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Background: Cancer is treated using multiple modalities (e.g. surgery, radiotherapy and systemic
therapies) and is frequently associated with adverse events that affect treatment delivery and quality
of life. Regular adverse event reporting could improve care and safety through timely detection and
management. Information technology provides a feasible monitoring model, but applied research is
needed. This research programme developed and evaluated an electronic system, called eRAPID,
for cancer patients to remotely self-report adverse events.

Objectives: The objectives were to address the following research questions: is it feasible to collect
adverse event data from patients’ homes and in clinics during cancer treatment? Can eRAPID be
implemented in different hospitals and treatment settings? Will oncology health-care professionals
review eRAPID reports for decision-making? When added to usual care, will the eRAPID intervention
(i.e. self-reporting with tailored advice) lead to clinical benefits (e.g. better adverse event control,
improved patient safety and experiences)? Will eRAPID be cost-effective?

Design: Five mixed-methods work packages were conducted, incorporating co-design with patients
and health-care professionals: work package 1 – development and implementation of the electronic
platform across hospital centres; work package 2 – development of patient-reported adverse event
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items and advice (systematic and scoping reviews, patient interviews, Delphi exercise); work package 3 –

mapping health-care professionals and care pathways; work package 4 – feasibility pilot studies to assess
patient and clinician acceptability; and work package 5 – a single-centre randomised controlled trial of
systemic treatment with a full health economic assessment.

Setting: The setting was three UK cancer centres (in Leeds, Manchester and Bristol).

Participants: The intervention was developed and evaluated with patients and clinicians. The systemic
randomised controlled trial included 508 participants who were starting treatment for breast, colorectal
or gynaecological cancer and 55 health-care professionals. The radiotherapy feasibility pilot recruited
167 patients undergoing treatment for pelvic cancers. The surgical feasibility pilot included
40 gastrointestinal cancer patients.

Intervention: eRAPID is an online system that allows patients to complete adverse event/symptom
reports from home or hospital. The system provides immediate severity-graded advice based on clinical
algorithms to guide self-management or hospital contact. Adverse event data are transferred to electronic
patient records for review by clinical teams. Patients complete an online symptom report every week and
whenever they experience symptoms.

Main outcome measures: In systemic treatment, the primary outcome was Functional Assessment
of Cancer Therapy – General, Physical Well-Being score assessed at 6, 12 and 18 weeks (primary end
point). Secondary outcomes included cost-effectiveness assessed through the comparison of health-
care costs and quality-adjusted life-years. Patient self-efficacy was measured (using the Self-Efficacy
for Managing Chronic Diseases 6-item Scale). The radiotherapy pilot studied feasibility (recruitment
and attrition rates) and selection of outcome measures. The surgical pilot examined symptom report
completeness, system actions, barriers to using eRAPID and technical performance.

Results: eRAPID was successfully developed and introduced across the treatments and centres.
The systemic randomised controlled trial found no statistically significant effect of eRAPID on
the primary end point at 18 weeks. There was a significant effect at 6 weeks (adjusted difference
least square means 1.08, 95% confidence interval 0.12 to 2.05; p = 0.028) and 12 weeks (adjusted
difference least square means 1.01, 95% confidence interval 0.05 to 1.98; p = 0.0395). No between-
arm differences were found for admissions or calls/visits to acute oncology or chemotherapy delivery.
Health economic analyses over 18 weeks indicated no statistically significant difference between
the cost of the eRAPID information technology system and the cost of usual care (£12.28, 95%
confidence interval –£1240.91 to £1167.69; p > 0.05). Mean differences were small, with eRAPID
having a 55% probability of being cost-effective at the National Institute for Health and Care Excellence-
recommended cost-effectiveness threshold of £20,000 per quality-adjusted life-year gained. Patient
self-efficacy was greater in the intervention arm (0.48, 95% confidence interval 0.13 to 0.83; p = 0.0073).
Qualitative interviews indicated that many participants found eRAPID useful for support and guidance.
Patient adherence to adverse-event symptom reporting was good (median compliance 72.2%). In the
radiotherapy pilot, high levels of consent (73.2%) and low attrition rates (10%) were observed. Patient
quality-of-life outcomes indicated a potential intervention benefit in chemoradiotherapy arms. In the
surgical pilot, 40 out of 91 approached patients (44%) consented. Symptom report completion rates were
high. Across the studies, clinician intervention engagement was varied. Both patient and staff feedback on
the value of eRAPID was positive.

Limitations: The randomised controlled trial methodology led to small numbers of patients simultaneously
using the intervention, thus reducing overall clinician exposure to and engagement with eRAPID.
Furthermore, staff saw patients across both arms, introducing a contamination bias and potentially
reducing the intervention effect. The health economic results were limited by numbers of missing data
(e.g. for use of resources and EuroQol-5 Dimensions).

Conclusions: This research provides evidence that online symptom monitoring with inbuilt patient
advice is acceptable to patients and clinical teams. Evidence of patient benefit was found, particularly
during the early phases of treatment and in relation to self-efficacy. The findings will help improve the
intervention and guide future trial designs.
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Future work: Definitive trials in radiotherapy and surgical settings are suggested. Future research during
systemic treatments could study self-report online interventions to replace elements of traditional
follow-up care in the curative setting. Further research during modern targeted treatments (e.g.
immunotherapy and small-molecule oral therapy) and in metastatic disease is recommended.

Trial registration: The systemic randomised controlled trial is registered as ISRCTN88520246. The
radiotherapy trial is registered as ClinicalTrials.gov NCT02747264.

Funding: This project was funded by the National Institute for Health Research (NIHR) Programme Grants
for Applied Research programme and will be published in full in Programme Grants for Applied Research;
Vol. 10, No. 1. See the NIHR Journals Library website for further project information.
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Plain English summary

Cancer patients experience various symptoms and side effects during and beyond treatment.
Although some can be minor, others can be life-threatening. Monitoring symptom severity when

patients are not in hospital is difficult. This research developed and tested an online system, called
eRAPID (electronic patient self-Reporting of Adverse-events: Patient Information and aDvice), for
patients to report symptoms from home and get advice on what to do. These data were available for
hospital staff to review in electronic health records.

eRAPID was originally developed for use with chemotherapy. During this research, it was adapted for
patients receiving radiotherapy and surgery. For the chemotherapy work carried out in Leeds, UK,
a large randomised controlled trial assessed the impact of eRAPID, compared with usual care, on patients’
quality of life and hospital contacts and on the financial costs for patients and health services. To adapt
eRAPID for radiotherapy and surgery, the information technology was developed and patient symptom
reports and self-management advice were created, following systematic reviews and input from patients
and clinicians. For radiotherapy, eRAPID, was assessed in a pilot study in Leeds and Manchester, UK.
A feasibility study in Bristol, UK, took place with patients who had received cancer surgery.

We successfully developed and delivered eRAPID in three treatment areas and at three hospitals.
Patient and staff feedback suggested that eRAPID was acceptable and largely well received. The
chemotherapy randomised controlled trial showed that eRAPID did not lead to significant improvement
in patient symptom control at the end of the study (18 weeks). However, in both the chemotherapy
randomised controlled trial and the radiotherapy pilot, eRAPID appeared to be beneficial earlier in
treatment. Not all doctors involved viewed the patient symptom information available to them.We
conclude that the eRAPID approach to supporting monitoring and management of cancer patients has
advantages. Future research should focus on how best this style of intervention can be implemented in
practice to maximise clinical benefit.
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Scientific summary

Background

Cancer is treated using multiple modalities, including surgery, radiotherapy and systemic drugs.
Treatments can cause acute and long-term adverse events that affect treatment delivery and quality
of life. Typically, adverse events are recorded by clinical staff, but usual-care practices have a number
of limitations. For example, patients can find it challenging to recall symptoms over longer time frames
and can be unsure how to manage adverse events experienced at home. Clinical staff may not accurately
record patients’ experiences. Improved adverse-event reporting has the potential to benefit care
through timely detection and management. Information technology offers potential for a feasible and
cost-effective solution, but applied research is required.

Aims and objectives

This research programme developed and evaluated an electronic system called eRAPID (electronic
patient self-Reporting of Adverse-events: Patient Information and aDvice). Key aims were to create a
secure online system for cancer patients to self-report adverse events that could:

l be adapted for treatment settings
l allow patient reporting from home or hospital
l be integrated into routine care by documenting adverse events in electronic patient records in

real time and generating clinician notifications
l provide patient advice to guide adverse event self-management or hospital contact.

The intervention was developed and tested in three treatment modalities (systemic therapy, pelvic
radiotherapy and upper gastrointestinal surgery). The overall aim was to improve the safe delivery of
treatment and enhance patient care.

Key research questions:

1. Is it feasible to collect routine adverse event data from patients’ homes and clinics during cancer
treatment and after discharge following cancer surgery?

2. Can eRAPID be implemented in different hospitals and treatment settings?
3. Will oncology health-care professionals review eRAPID reports during decision-making processes?
4. When added to usual care, will eRAPID lead to clinical benefits (improved adverse event/symptom

control and patient safety) and better patient experiences?
5. Will eRAPID be cost-effective (systemic treatment only)?

Methods

Five work packages were applied across the treatment modalities:

l work package 1 – develop and implement the electronic platform across the hospitals
l work package 2 – patients: develop adverse event items and advice
l work package 3 – map health-care professionals and care pathways
l work package 4 – feasibility pilot studies to assess patient and clinician acceptability
l work package 5 – large-scale evaluation: a randomised controlled trial in systemic treatment to

establish clinical effectiveness and cost-effectiveness.
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Electronic platform
An electronic platform was developed, comprising an online questionnaire for self-reported adverse
events and a web application for the transfer and display of adverse event data in electronic patient
records. The platform was created at the Leeds site (Leeds Cancer Centre, Leeds Teaching Hospitals
NHS Trust, Leeds, UK) and subsequently adapted for use at the Manchester (The Christie Hospital,
The Christie NHS Foundation Trust, Manchester, UK) and Bristol sites (Bristol Royal Infirmary,
University Hospitals Bristol NHS Foundation Trust, Bristol, UK).

Systemic treatment
During the development work, chemotherapy pathways were mapped and patient-reported adverse
event items were developed. Consensus meetings with clinical teams and patients finalised adverse
event reports, severity scoring and patient advice. Clinical usability testing was conducted.

A prospective, single-centre, randomised (1 : 1), two-arm, parallel-arm study with an internal pilot was
conducted. Eligible patients were starting systemic treatment for breast, colorectal or gynaecological
cancer. Participants were randomised to intervention (i.e. eRAPID) or usual care, stratified by cancer
site/sex/previous chemotherapy. Usual care involved recently introduced acute oncology services, in
which patients are typically reviewed before each treatment, most patients have specialist nurse support
and all have 24 hours per day/7 days per week access to an emergency hotline. eRAPID was added to
usual care. Intervention participants were asked to complete weekly symptom reports over 18 weeks.

The primary outcome was quality of life, measured using the Functional Assessment in Cancer Therapy
Scale – General, Physical Well-Being subscale, assessed at 6, 12 and 18 weeks (primary time point).
The main secondary outcomes were cost-effectiveness, assessed through comparison of health-care
costs (including use of health-care services/patient expenses), and quality-adjusted life-years accruing
to patients in the intervention and usual-care arms. Patient self-efficacy was assessed. End-of-study
interviews and written feedback captured patient/staff views of eRAPID.

Radiotherapy
Development work (work packages 2 and 3) included a systematic review in prostate cancer, mapping
of validated questionnaires, patient and clinician interviews, and a Delphi exercise to determine the
best adverse event items. Symptom severity thresholds were established with clinical teams and
management advice was prepared (guided by national/local resources). Patient pathways were mapped
to determine time points for adverse event completions. A clinical usability study was carried out.

Feasibility pilot study
The pilot feasibility study was designed to establish feasibility and recruitment/attrition rates and select
a primary outcome for a future randomised controlled trial. A prospective, two-centre, randomised
(1 : 1) trial was conducted in two distinct treatment arms: (1) radical radiotherapy for early prostate
cancer and (2) pelvic chemoradiotherapy for lower gastrointestinal (anal/rectal) and gynaecological
(cervical/endometrial/vaginal) cancer(s). Participants allocated to the intervention reported adverse
events/symptoms online for 12 weeks and at 18 and 24 weeks. We measured patient-reported
outcomes (Functional Assessment in Cancer Therapy Scale – General, Physical Well-Being score/
European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire
score), process of care (hospital contacts/admissions), EuroQol-5 Dimensions, five-level version,
score and use of resources. End-of-study patient and staff interviews were conducted.

Surgery
eRAPID development (work packages 1–3) included:

l creation of an online symptom report from a review of European Organization for Research and
Treatment of Cancer questionnaires, patient cognitive interviews and clinical opinion
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l development of clinical algorithms triggering symptom severity-dependent patient advice and
clinician alerts from (1) prospectively collected patient reported data, (2) stakeholder meetings and
(3) patient interviews

l development of patient advice from clinician–patient consultations and patient interviews, hospital
information and patient websites

l pathway mapping.

A pilot study (work package 4) evaluated the usability and feasibility of the intervention following
cancer-related upper gastrointestinal surgery at two sites: the Bristol site and the Birmingham site
(Birmingham Heartlands Hospital, University Hospitals Birmingham NHS Foundation Trust, Birmingham,
UK). Participants completed the online symptom report at discharge, twice during week 1 and then
weekly. Symptom report completeness, system alerts and barriers to the use of eRAPID were examined
along with participant and clinician interviews.

Results

Systemic treatment
Online adverse event reports, severity thresholds/scoring algorithms and advice were finalised. Clinical
usability testing of eRAPID was conducted (patients, n = 12; health-care professionals, n = 10), with the
results used to refine the intervention.

Randomised controlled trial with internal pilot (January 2015–June 2018)
Overall, 1484 patients were assessed for eligibility, 702 were excluded pre approach and 92 after full
eligibility assessment. Among the 690 fully eligible patients, 182 declined (26.4%) and 508 (73.6%)
consented and were randomly assigned to the eRAPID intervention (n = 256) or usual care (n = 252).
A total of 55 health-care professionals participated.

There was no statistically significant effect of the eRAPID intervention on the primary outcome at
18 weeks (pre-specified time point; adjusted difference least square means Functional Assessment in
Cancer Therapy Scale – General, Physical Well-Being score 0.20; 95% confidence interval 0.81 to 1.20;
p = 0.6992). There was a statistically significant intervention effect at the earlier time points of 6 weeks
(adjusted difference least square means Functional Assessment in Cancer Therapy Scale – General,
Physical Well-Being score 1.08, 95% confidence interval 0.12 to 2.05; p = 0.0280) and 12 weeks
(adjusted difference least square means Functional Assessment in Cancer Therapy Scale – General,
Physical Well-Being score 1.01, 95% confidence interval 0.05 to 1.98; p = 0.0395). The pre-planned
exploratory subgroup analysis showed no effect in patients with metastatic disease (n = 171). In patients
treated with curative intent (n = 377), a statistically significant positive effect was observed for the
eRAPID intervention at 6 weeks (adjusted difference least square means Functional Assessment in
Cancer Therapy Scale – General, Physical Well-Being score 1.45, 95% confidence interval 0.32 to 2.58;
p = 0.0112) and 12 weeks (adjusted difference least square means Functional Assessment in Cancer
Therapy Scale – General, Physical Well-Being score 1.13, 95% confidence interval 0.07 to 2.19; p= 0.0362),
but not at 18 weeks (adjusted difference least square means Functional Assessment in Cancer Therapy
Scale – General, Physical Well-Being score 0.04, 95% confidence interval –1.08 to 1.17; p = 0.9430).

No between-arm differences were found for admissions, calls/visits to acute oncology or
chemotherapy delivery.

Within-trial cost-effectiveness analyses indicated that there were higher quality-adjusted life-year
gains and lower costs in the eRAPID intervention arm than in the usual-care arm. Mean differences
were small and not statistically significant. At the National Institute for Health and Care Excellence-
recommended cost-effectiveness threshold of £20,000 per quality-adjusted life-year gained, the eRAPID
intervention had a 55% probability of being cost-effective.
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Patient intervention adherence levels were high: 3314 online symptom reports were completed
(median compliance per patient 72.2%). Emergency alerts were activated in 29 out of 3314 online
completions (0.9%), and serious symptoms not requiring immediate medical attention were reported
on 163 out of 3314 occasions (4.9%). The majority of completions triggered self-management advice
(2714/3314; 81.9%). Clinician engagement was variable. Post hoc exploratory analyses indicated that
better patient adherence was associated with clinician use of the data, higher baseline Functional
Assessment in Cancer Therapy Scale – General, Physical Well-Being score and older age. Patients
with high levels of adherence had better Functional Assessment in Cancer Therapy Scale – General,
Physical Well-Being scores over time than those with lower levels of adherence (eRAPID intervention:
adjusted mean 21.7, 95% confidence interval 21.0 to 22.5; usual care: adjusted mean 20.2, 95% confidence
interval 19.4 to 21.0; p < 0.0001).

The Self-Efficacy for Managing Chronic Diseases 6-item Scale scores showed a significant difference
in mean self-efficacy score in favour of the intervention (0.48, 95% confidence interval 0.13 to 0.83;
p = 0.0073). No differences were observed for Cancer Behaviour Inventory–Brief Version or Patient
Activation Measure scores.

No between-arm differences were found for Functional Assessment in Cancer Therapy Scale – General
and EuroQol-5 Dimensions, five-level version, scores. European Organization for the Research and
Treatment of Cancer Quality of Life Questionnaire summary scores suggested better symptom control
at 12 weeks in the intervention arm (p = 0.0111). The EuroQol-5 Dimensions visual analogue scale
showed better health in patients allocated to eRAPID at 12 weeks (difference in means 3.50, 95%
confidence interval 0.35 to 6.66; p = 0.0302) and 18 weeks (difference in means 4.48, 95% confidence
interval 1.11 to 7.86; p = 0.0095) but not at 6 weeks (difference in means 1.36, 95% confidence interval
–1.66 to 4.39; p = 0.3773).

Radiotherapy
The systematic review found that patient-reported outcome measures were rarely used in acute toxicity
reporting. The Male Pelvic Questionnaire and Female Pelvic Questionnaire had the best adverse event
coverage for prostate, lower gastrointestinal and gynaecological cancers. Additional items were drawn
from the Expanded Prostate Cancer Index Composite, European Organization for the Research and
Treatment of Cancer and eRAPID adverse events. A total of 26 cancer health-care professionals,
48 patients and nine carers were interviewed. Final items were agreed through a Delphi consensus
procedure. Final symptom reports included 51 items (prostate cancer, n = 25; gynaecological cancer,
n = 29; anorectal cancer, n = 47). The usability testing involved 10 prostate cancer patients from the Leeds
site, 10 gynaecology patients from the Manchester site and 12 health-care professionals.

Feasibility pilot study (December 2016–June 2018)
A total of 502 patients were screened for eligibility; 228 were approached and 167 provided informed
consent (73.2%) and were randomised to the eRAPID intervention (n = 83) or usual care (n = 84)
(prostate cancer, n = 87; gynaecological cancer, n = 45; lower gastrointestinal cancer, n = 34). The number
of withdrawals was small (16/167, 9.6%; intervention, n = 10; usual care, n = 6). Patient adherence to
weekly online reporting was 82% at week 1, 63% at week 12 and 40% at week 24. Prostate radiotherapy
patients had high levels of adherence [93% at weeks 1 and 2 and 69% at week 12, but only 43% post
treatment (i.e. at week 24)]. The adherence level was lower in chemoradiotherapy patients (between
74% and 52%, and down to 31% post treatment). The algorithms activated alerts for severe symptoms
(4% for chemoradiotherapy patients and 0.5% for prostate cancer patients). Patient-reported outcomes
suggested a trend in the eRAPID chemoradiotherapy arm towards reporting less deterioration over time
than in the usual-care arm, with greater differences at 6 weeks for Functional Assessment in Cancer
Therapy – General, European Organization for the Research and Treatment of Cancer Quality of Life
Questionnaire summary score, European Organization for the Research and Treatment of Cancer Quality
of Life Questionnaire global health score, EuroQol-5 Dimensions visual analogue scale scores. In the
prostate radiotherapy arm, there were no changes over time and no differences between the eRAPID
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intervention and usual care. However, these data should be interpreted with caution because of the
small numbers, wide 95% confidence intervals and an imbalance in the outcome measures at baseline.
Interviews revealed that the eRAPID intervention was acceptable to patients and staff. Clinicians felt
that a longer monitoring period would be valuable to capture late effects.

Surgery
Item development, including interviews with 18 patients, identified 35 symptom report items. The
prospective study of patient self-reported symptoms to inform clinical algorithms identified 130 eligible
patients among 300 (43%) screened patients. A total of 61 (47%) patients consented to participate
and 59 (97%) provided 444 complete self-reports. Self-report data (n = 27 patients), 66 patient
interviews (n = 59 patients) and two stakeholder meetings informed advice/alert development.
Comparisons between eRAPID symptom-report data, telephone consultations and clinical events/
outcomes (n = 27 patients) further refined clinical algorithms. A total of 15 telephone consultations,
seven patient interviews and review of 28 patient information leaflets and three websites identified
self-management advice for 22 symptoms.

In the pilot, 29 (71%) out of 41 eligible patients screened in the Bristol site and 11 (55%) out of
22 eligible patients screened in the Birmingham site consented. Symptom report response rates at
key assessment time points were high (range 63–100%). Out of 197 Bristol site eRAPID completions
analysed, 76 (39%) triggered self-management advice, 72 (36%) trigged advice to contact a clinician,
nine (5%) triggered a clinician alert and 40 (20%) did not require advice. A total of 63 Birmingham site
eRAPID completions were analysed, of which 36 (57%) triggered self-management advice, 20 (32%)
triggered advice to contact a clinician, one (2%) triggered a clinician alert and six (10%) did not require
advice. Participants found eRAPID reassuring, providing timely information and recovery advice.
All relevant clinicians participated in accessing and acting on alerts triggered by eRAPID. Clinicians
regarded the system as a valuable adjunct to care.

Limitations

The systemic randomised controlled trial, 1 : 1 trial design and pilot studies in radiotherapy and surgery
led to small patient numbers simultaneously using the intervention. Consequently, staff saw limited
numbers of patients using eRAPID and did not have regular opportunities to review adverse event
symptoms reports. This may have had a negative impact on clinician engagement. There was a potential
for contamination bias because staff saw patients across both study arms. The direction of the bias is
towards reducing the intervention effect and, therefore, could potentially explain the relatively limited
impact of eRAPID. The health economic results may also have been limited by levels of missing patient
outcome data (use of resources and EuroQol-5 Dimensions, five-level version, scores) and the fixed
data collection points, as fluctuations in patient health may have be missed. The cost-effectiveness
may be underestimated, as the software costs were split only across patients allocated to the eRAPID
intervention and not across a much larger patient group, resulting in a higher cost per patient.

Conclusions

This programme of online symptom monitoring in oncology was successfully delivered over 7 years.
A wide range of intervention development and evaluation activities across three main cancer treatment
modalities were conducted.

Systemic treatment
Online adverse event monitoring during chemotherapy, using self-reporting with severity-tailored
advice, did not lead to significant improvement in patient symptom control at 18 weeks. A small
positive effect was observed early within the treatment period (6 and 12 weeks) and mainly in the
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subgroup treated with curative intent, consisting of patients receiving (neo-)adjuvant treatment
(chemotherapy naive). There was no increase in hospital workload (hospital admissions, contacts
or chemotherapy delivery). The intervention was added to already good usual care with 24 hours
per day/7 days per week acute oncology services, and importantly did not increase the use of NHS
resources. Health economic analysis indicated eRAPID was less costly and more effective in the
management of adverse events than usual care, although mean differences were small and not
statistically significant. eRAPID supported patient self-efficacy and many reported how useful and
reassuring they found the intervention and management advice. Engagement from both patients
and clinicians is vital to maximise intervention effectiveness.

Radiotherapy
The systematic review and Delphi process informed the content of the pelvic radiotherapy symptom
reports. The two-centre pilot eRAPID randomised controlled trial confirmed recruitment feasibility and
intervention acceptability. Consent rates of > 70%, a withdrawal rate of < 10% and adherence rates to
online completions of 60–70% in prostate cancer and anorectal cancer patients are encouraging and
justify further studies to explore online monitoring during treatment. The eRAPID approach may not
be suitable for women aged < 40 years receiving intensive chemotherapy for advanced cervical cancer.

Surgery
The pilot study confirmed that the newly developed eRAPID information technology system for remote
symptom monitoring in patients recovering from upper gastrointestinal cancer surgery is feasible and
acceptable. A definitive study is planned to evaluate the impact of the system on patient recovery.

We implemented and maintained an innovative secure electronic system for the online reporting of
adverse events in three hospitals. Our solution was one of the first to allow patient online symptom
reporting (via a public-facing website), with data securely transferred in real time to electronic patient
records to support patient care.

Trial registration

The systemic randomised controlled trial is registered as ISRCTN88520246. The radiotherapy trial is
registered as ClinicalTrials.gov NCT02747264.

Funding

This project was funded by the National Institute for Health Research (NIHR) Programme Grants for
Applied Research programme and will be published in full in Programme Grants for Applied Research;
Vol. 10, No. 1. See the NIHR Journals Library website for further project information.
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SYNOPSIS

Overview

This research programme was established to develop, implement and evaluate a system for patients to
self-report adverse events (AEs) during and after cancer treatments. The programme was established in
2011 with a National Institute for Health Research (NIHR) Programme Development grant, followed in
July 2013 by a grant from the NIHR Programme Grants for Applied Research programme.

The eRAPID (electronic patient self-Reporting of Adverse-events: Patient Information and aDvice)
system is a secure online system that:

l can be adapted for patients receiving chemotherapy, surgery and radiotherapy
l allows patients to self-report AEs from home or hospital
l can be integrated into routine care by documenting AEs in existing electronic patient records (EPRs)

in real time and generating clinician notifications for severe AEs
l provides patient advice on AE management (guiding self-management or hospital contact).

The overall aims of the eRAPID approach were to improve the safe delivery of cancer treatments and
enhance patient care and experiences by integrating AE reports with timely symptom management.
The intervention was developed and evaluated in the three main cancer treatment modalities: systemic
cancer treatment (e.g. chemotherapy and targeted therapies), pelvic radiotherapy and upper gastrointestinal
cancer surgery.

Background

Over 250,000 patients in the UK are diagnosed with cancer each year. Cancer is treated with multimodality
treatments. Most patients will be treated with surgery, around 50% will have radiotherapy and increasing
numbers receive systemic treatment, such as chemotherapy, monoclonal antibodies and targeted agents.1

An estimated 1.8 million people in the UK are living with and beyond cancer.2 Cancer has a significant
financial impact on the NHS, which has an estimated expenditure on cancer services of £5.1B (2008/9).3

Cancer treatments can cause acute and long-term AEs. An AE is any unfavourable sign, symptom or
disease temporally associated with the use of a medical treatment/intervention. We use the accepted
term AE to indicate side effects, symptoms and toxicities of cancer treatments.

Reporting of AEs is an essential requirement in clinical trials to provide data on treatment safety,
prescribing and patient information. The standard system for AE reporting in cancer trials is the
Common Terminology Criteria for Adverse Events version 4.0 (CTCAE).4 Originally developed for
chemotherapy, CTCAE has been recommended since 2003 for reporting radiotherapy AEs and surgical
complications. CTCAE relies on clinician’s AE interpretation, focusing on ‘safety’ issues rather than
patient experiences.5

In routine oncology practice, AEs are typically monitored informally and are rarely systematically
documented. The UK National Confidential Enquiry into Patient Outcome and Death (NCEPOD) report
on patients dying within 30 days of systemic therapy found that in 35% of cases no chemotherapy
AEs were recorded, 43% had severe AEs and 17% delayed seeking advice for at least 24 hours.6 The
Department of Health and Social Care (DHSC) recommended improvements in the quality/safety of
chemotherapy services through better data collection on chemotherapy activity/outcomes and better
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patient information on treatment benefits/toxicities.1,3 However, 18% of cancer patients receiving
chemotherapy present to emergency services within 14 days of a scheduled hospital visit for symptom
management.2,7,8 Strategies to reduce preventable emergency admissions can reduce the cost of care.7

In the UK, an estimated 17,000 patients are treated annually with radical chemoradiotherapy for pelvic
cancers (e.g. gynaecological or lower gastrointestinal malignancies).9 Radical radiotherapy is frequently the
treatment of choice for prostate cancer. Patients typically have an intermediate/good prognosis (i.e. with a
5-year survival rate of 40–89%) but, because of the unavoidable inclusion of normal tissue in the radiotherapy
treatment volume, there can be significant acute, consequential and late AEs.These include pelvic radiation
disease (30%; symptoms include bowel urgency, diarrhoea, pain and urinary urgency/frequency) and altered
sexual/hormonal function (30–45%).10 These significantly impair patients’ quality of life (QoL) and increase the
utilisation of health services. Effective approaches are recommended for radiotherapy-related gastrointestinal
symptoms, but routine AE monitoring is necessary to identify and direct patients to specialised services.11–14

Furthermore, the need to systematically document radiotherapy AEs is critical to the evaluation of modern
technical radiotherapy [such as intensity-modulated radiotherapy and image-guided radiotherapy], which
promises higher tumour control and fewer and less severe AEs.The potential benefits need to be proven;
this will mainly be achieved through prospective practice audit rather than through trials.

Surgery for upper gastrointestinal cancer (e.g. pancreaticobiliary, oesophageal and gastric cancer) is
centralised, with one hospital providing services within a cancer network. In the postoperative period,
patients need significant specialist care, which may be unavailable at their local hospitals. They frequently
call the cancer centre post discharge, with a 28-day re-admission rate between 5% and 15%.15 Around
50% of patients are re-admitted within 12 months of surgery for a variety of reasons, including recurrent
disease.16 A recently published trial on post thoracic surgery17 suggested that automated remote
monitoring of patient symptoms with alerts to clinicians can improve symptom control.

The need to monitor cancer treatment AEs by cancer clinicians is at odds with health care that relies
increasingly on self-management/home-based care. Long-term follow-up of cancer patients is becoming
a burden on NHS resources.18 Remote monitoring of AEs could offer an alternative to hospital-based
follow-up, ensuring that AE information is routinely collected and individual patient needs are met by
appropriate advice/clinical support. Such an approach will educate patients about treatment-related
AEs, support self-management and give patients timely information on when and who to contact.
These aims are fundamental to improving cancer patient care.19

Patient-reported outcome measures
Patient-reported outcome measures (PROMs) are measurements of any aspect of a patient’s health status
that comes directly from the patient, without interpretation by anyone else.20 A range of PROMs have been
used as self-reporting tools for symptom monitoring, originally completed in the outpatient clinics and now
electronically both in hospitals and from home (relying on patient devices, e.g. home desktop computers,
laptops, tablets or smartphones). A growing body of evidence supports the measurement of symptoms,
functioning and health-related-quality of life (HRQoL) in clinical trials and patient care.21–23 Systematic
reviews have found that routine use of PROMs in clinical practice improves symptom monitoring,
physician–patient communication and decision-making.24–27 Our trial in chemotherapy showed better
communication, symptom control and patient well-being when oncologists used PROMs in consultations.28

In addition, oncologists expressed the need to see severity-graded AEs in the existing PROMs system.29

Pioneering research using CTCAE items adapted for patient self-report has shown concordance with
clinician-evaluated AEs but more patient-reported data on mild AEs.30,31 In 2009, the US National
Cancer Institute commissioned an ongoing programme [the Patient-Reported Outcomes version of
the Common Terminology Criteria for Adverse Events (PRO-CTCAE™)]32 to adapt CTCAE criteria
for patient self-reporting. The ultimate objective is for patient self-reporting to become part of the
Common Terminology Criteria for Adverse Events v5.0.33 The PRO-CTCAE has now been developed
and validated and is available for wider use in clinical trials and oncology practice.32
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There is rapidly growing interest to integrate patient self-reporting of symptoms and AEs into routine
clinical practice for monitoring clinical status. A growing body of evidence demonstrates that clinicians
miss about half of their patients’ symptoms during treatment.34 The consequences of missing symptoms
include patient suffering owing to poor symptom control, missed treatments, emergency department
visits and hospitalisations.35

Since 2015, a number of well-designed randomised controlled trials (RCTs) outside the UK36–38 have
shown that systematic monitoring of patients’ symptoms using PROMs improves patient–clinician
communication, clinician awareness of symptoms, symptom management, patient satisfaction, QoL
and overall survival in advanced cancers. Despite the demonstrated benefits, there are challenges in
integrating patient self-reporting into practice for monitoring owing to the need to modify existing
clinical processes.

Electronic and mobile reporting technology
Our research of 20 years (> 3000 patients) shows that patients can routinely complete PROMs on
touch-screen computers in the clinic.39 Patients are willing to use PROMs from home through the
internet or mobile devices.40–43 Cancer Care Ontario (Toronto, ON, Canada) has an online system for
interactive symptom assessment during treatment [Interactive Symptom Assessment and Collection
(ISAAC)].44 Mobile telephones have been used to collect patient-reported data on chemotherapy
AEs in Scotland and in Oxford, UK.45,46 A growing body of literature supports telehealth and remote
monitoring as a cost-effective approach in the management of chronic conditions, but the evidence
remains inconclusive.47–49 A growing number of web platforms [e.g. HealthUnlocked (HealthUnlocked,
London, UK) and PatientsLikeMe (PatientsLikeMe, Cambridge, MA, USA)] provide direct patient
support without integration in routine care.

Accessibility to patient population
In January to February 2020, 96% of households in the UK had access to the internet (as reported
by the Office for National Statistics).50 In our research (NIHR Research for Patient Benefit grant
PB-PG-0107-12239), patients aged > 65 years and those of lower socioeconomic status declined
participation in web-based studies because of lack of internet access.

Alignment with NHS policy
The NHSWhite Paper (2010)51 recommends wider use of PROMs and patient experience data to put
patients at the heart of the service. Our approach is in line with the NHS agenda, emphasising wider,
effective use of PROMs and improved use of technology, telehealth, remote monitoring and self-care. The
DHSC has recently reported results from the Whole System Demonstrators programme,52 showing that
telecare/telehealth helps people manage their health. A project is underway in elective surgery collecting
PROMs to evaluate NHS organisations’ performance and quality of care.26 The DHSC recommended the
introduction of an innovative quality-of-life metric to track and respond to the long-term impact of
cancer.53 The Independent Cancer Taskforce, in its strategy for England 2015–2053 and NHS Long Term
Plan,54 recommended the introduction and implementation of QoL data collection for cancer survivors in
England. Pilot projects are underway looking at electronic methods of patient self-reported questionnaires.

The need for applied health research
An increasing amount of evidence between 2004 and 2013 suggested that there are significant
advantages in improving AE reporting in patient care (e.g. earlier detection and timely/appropriate AE
management, supporting patient self-management and improving symptom control). Since 2014, further
evidence has been published, from RCTs and population data, showing patient benefits from online
reporting of AEs and other PROMs.37,38 The studies confirm better symptom control, reduced visits to
emergency departments and even improved survival of patients with advanced cancers.37,38 Those recent
studies were performed in the USA,36 Canada,55 Australia56 and France.38 There is relatively limited
experience of this approach in the UK,57 particularly of investigating the integration of AE online
reporting in electronic records and the addition of patient online self-reporting to the existing acute
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oncology patient care. There is a need for the development and robust evaluation of a feasible cost-
effective model for NHS cancer care. Furthermore, with the ever-increasing wider use of mobile technology,
an increasing number of commercial applications (apps) (e.g. smartphone apps) are available and being used
by patients and organisations without robust research on their impact on patients, families and health-care
professionals (HCPs).

A NIHR-funded applied health research programme, the eRAPID research programme, was set up in
2011, and ran until 2019, to address a range of issues in online AE monitoring in oncology, applicable
to the NHS, such as:

l the introduction of a secure electronic platform with real-time integration with EPRs
l development of a pool of items for patient AE reporting consistent with CTCAE severity grades,

with an algorithm for evidence-based patient advice and clinician alerts/guidelines
l integration of patient self-monitoring into existing care pathways, training and support for

responsible staff
l evaluation of the feasibility, patient/staff acceptability, clinical effectiveness, safety and

cost-effectiveness of the eRAPID model.

An applied health research programme: eRAPID

The eRAPID research programme aimed to develop and evaluate an online system for patients to
self-report AEs during and after cancer treatments. Essential features of the system were envisaged to
be the following:

l AE reporting from home/hospital using patients’ own electronic devices
l integration in routine care by documenting AEs in existing EPRs in real time and generating alerts

to HCPs for severe AEs
l patient advice on self-management of mild AE.

The overall aims of the eRAPID approach are to improve the safe delivery of cancer treatments and
enhance patient care/experiences by integrating AE reports with timely symptom management. eRAPID
is expected to benefit patients (e.g. better self-management of mild AEs and earlier detection/treatment
of severe AEs), clinicians (e.g. improved AE documentation and support for patient management) and the
NHS (e.g. reducing costs from hospital contacts and admissions).

Programme structure/overview
The eRAPID intervention was developed and tested in the three main cancer treatment modalities:

1. systemic treatment (e.g. chemotherapy and targeted therapies)
2. pelvic radiotherapy
3. upper gastrointestinal cancer surgery.

The programme is organised into five work packages (WPs) applied across the treatment modalities:

WP 1 – electronic platform: implement a secure, flexible electronic platform for patient AE
reporting, with real-time AE documentation in EPRs.
WP 2 – patients: AEs items and advice. Develop patient-reported adverse event (PRAE) items, with
defined severity grades and evidence-based patient advice and alerts.
WP 3 – HCPs and care pathways: understand/map the patient pathways aiming to integrate
eRAPID and identify key HCPs to deliver it.
WP 4 – feasibility pilot studies: pilot eRAPID, assessing patient and clinician feasibility/acceptability.
WP 5 – large-scale evaluation: a RCT to establish clinical effectiveness and cost-effectiveness in
systemic treatment.
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An overview of the eRAPID research programme pathways can be seen in Figure 1. Table 1 provides a
more detailed description of the WPs, including changes to the original plans and completion times.

The research plan follows the Medical Research Council (MRC) framework for complex interventions
and the whole-system informing self-management engagement (WISE) model, ensuring that patients
are informed, HCPs are trained and response services are appropriately structured.58,59 WPs 1–3
constitute the developmental phases of the MRC framework (identifying the active components of
the eRAPID intervention, modelling process and outcomes).

The three clinical areas/treatment modalities need AE reporting for different reasons (acute setting during
treatment or intermediate/long-term follow-up) and have different levels of routine use of AE reporting.

Systemic treatment
Chemotherapy (using cytotoxic drugs) remains the main systemic cancer treatment, despite significant
AEs. Chemotherapy increases cure rates in high-risk, early breast and colorectal cancer following
surgery, and in metastatic cancers chemotherapy provides disease and symptom control. Chemotherapy
utilisation has significantly increased over a 4-year period (60% increase between 2003 and 2007,
from around 40,000 to 65,000 programmes of chemotherapy per annum).1 Chemotherapy drugs cause
significant acute toxicity: neutropenia with risk of serious infections, gastrointestinal, fatigue, hair loss,
and skin and neurological toxicity. In a trial of adjuvant breast cancer chemotherapy, > 60% of patients
experienced at least one severe AE (grade 3 or 4).60 Methods for detecting and recording chemotherapy
AEs in routine practice are variable and often insufficient, as highlighted by the NCEPOD confidential
enquiry.6 The National Chemotherapy Advisory Group has recommended standardised processes for
recording AEs/toxicities during chemotherapy and proactive targeted support services to identify
problems before they become serious.61

WP 1 WP 2 WP 3 WP 4 WP 5

Systemic
treatment

RT

Surgery

AE item
selection
(cognitive

interviews and
consultation with

patients and
professionals)a

Patient advice
and scoring
algorithms

defineda

Electronic platform
development and
EPR integrationa

Systemic treatment
pathway mappinga

RCT with internal pilot phase
(single centre)

Clinical usability
study

AE item selection
(systematic

review and Delphi
exercise)

Patient advice
and scoring

algorithms defined
Clinical usability

IT development/EPR
integration

RT
pathway mapping

Pilot feasibility RCT
(two centres)

AE item selection
(scoping review)

Patient advice
and scoring
algorithms

defined

IT development/EPR
integration

Surgery pathway
mapping

Feasibility pilot
study

Prospective patient
follow-up study

FIGURE 1 The eRAPID research programme pathway diagram. a, Work started during the eRAPID NIHR Programme
Development grant. IT, information technology; RT, radiotherapy.
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TABLE 1 Overview of eRAPID WPs and timelines

WP Systemic treatment Radiotherapy Surgery

1: Electronic
platform

l 1.1 Design QToola platform
to capture PRAEs [2010–11]

l 1.2 Integrate QToola in EPRs
in Patient Pathway Managerb

[2012–13]
l 1.3 Usability tests: patients and

HCPs Extended field testing
[January–March 2014]

l 1.1 Integrate QToola in
Clinical Web Portalc

[2013–15]
l 1.2 Explore QToola linkage

with dMOSAIQ™ [2018]
l 1.3 Usability tests: patients

and HCPs [March–August
2016]

l 1.1 Integrate QToola in
Medwaye and Somerset
Cancer Registerf [2013–16]

l 1.2 Usability tests: patients
and HCPs

l Usability tests were included
in a larger feasibility study
adopting an iterative
approach [2016–17]

2: Patient AE
items and advice

l 2.1 Literature review and
selection of AE items

l 2.2 Cognitive interviews
with patients

l 2.3 Develop patient advice
and algorithm for alerts

l Website for extended
advice [2012–14]

l 2.1 Literature review and
selection of AE items for
acute and late radiotherapy
effects

l 2.2 Cognitive interviews to
evaluate extra radiotherapy-
specific items

l 2.3 Develop patient advice
and algorithm for alerts

l Website for extended
advice [2013–16]

l 2.1 Literature review and
selection of surgery-specific
AE items

l 2.2 Cognitive interviews
to evaluate extra items
[2013–15]

l 2.3 Develop patient advice
and algorithm for alerts
[2015–16]

3: HCPs and
care pathways

l 3.1 Map patient care
pathway to find key points to
introduce eRAPID. Identify
key HCPs to train in eRAPID

l 3.2 Identify process
measures, including health
economics forms, to evaluate
eRAPID intervention
[2012–13]

l 3.1 Map patient care
pathway at the Leeds siteg

and Manchester siteh during/
after radiotherapy. Identify
key HCPs to train in eRAPID

l 3.2 Identify process
measures, including health
economics forms, to evaluate
eRAPID intervention
[2013–14]

l 3.1 Map patient care
pathway post discharge.
Identify key HCPs to train
in eRAPID

l 3.2 Identify process
measures, including health
economics forms, to evaluate
eRAPID intervention
[2015–16]

4: Feasibility
pilot studies

l 4.1 Randomised pilot study
to evaluate –
¢ feasibility, acceptability

and adherence to the
eRAPID intervention

¢ refine the intervention
¢ select outcome measures

l Converted to internal pilot
[January–September 2015]

l 4.1 Randomised pilot study
to evaluate –
¢ feasibility, acceptability

and adherence to the
eRAPID intervention

¢ refine the intervention
¢ select outcome measures

l [December 2016–June 2018]

l 4.1 Pilot study to evaluate:
¢ feasibility, acceptability

and adherence to the
eRAPID intervention

¢ refine the intervention
¢ select outcome measures

l Two-centre feasibility study
[August 2017–October 2018]

5: Large-scale
evaluation trial

l 5.1 RCT to evaluate
hypothesised benefits
to patients, HCPs and
NHS (cost-effectiveness)
and evaluate/confirm patient
safety [May 2016–
October 2018]

l 5.1 In future work l 5.1 In future work

a QTool version 2 (University of Leeds, UK), a web-based questionnaire-building system.
b Patient Pathway Manager (PPM) (Leeds Cancer Centre, Leeds, UK).
c Clinical Web Portal (CWP) (Christie NHS Foundation Trust, Manchester, UK), a bespoke EPR system.
d MOSAIQ™ (Elekta Solutions AB, Stockholm, Sweden), radiotherapy software.
e Medway (System C, Maidstone, UK), EPR system.
f Somerset Cancer Register (SCR) (Somerset NHS Foundation Trust, Bridgwater, UK), EPR system.
g Leeds Cancer Centre, Leeds Teaching Hospitals NHS Trust, Leeds, UK.
h The Christie Hospital, The Christie NHS Foundation Trust, Manchester, UK.

Note
Bold signifies changes to the original plan. Dates in square brackets signify date/date range for completion.
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We aimed to implement eRAPID during systemic treatment to ensure timely detection/recording of
AEs, better patient information/support, improved patient safety by encouraging self-management of
mild AEs, appropriate hospital contacts and timely hospital admissions for serious AEs.

The key research questions were:

l Is it feasible to collect routine AE data during systemic treatment from patients’ homes and
in clinics?

l Will oncology HCPs review eRAPID reports during decision-making processes?
l Will the eRAPID intervention lead to clinical benefits (better control of AEs), increased patient

safety and better patient experiences?
l Will the eRAPID intervention be cost-effective?

WPs 1 and 2 were completed during the NIHR Programme Development grant period (2011–12).
During the programme, we planned the completion of WP 3 (finalising AE items, clinical algorithm
and patient advice) and the completion of the combined feasibility/pilot randomised study of the full
eRAPID intervention (WP 4) followed by a single-centre RCT in patients with early breast or colorectal
cancer or any stage ovarian cancer.

Changes to the original plans
Instead of performing a sequential pilot study followed by a RCT, on completion of WPs 2 and 3 we
decided to carry out a usability study to test all active components of the intervention together.
Afterwards, with permission from NIHR, we carried out an internal pilot in the RCT, allowing more
time-efficient progress to the large-scale RCT. After the internal pilot we decided to include metastatic
colorectal cancer patients as their treatment and pathway was similar to the adjuvant group. In 2017,
we also included metastatic breast cancer patients in an attempt to improve recruitment and complete
the RCT on time.

Radiotherapy
The focus was on two main patient groups: prostate cancer patients undergoing radical radiotherapy and
patients receiving pelvic radiotherapy (radical or adjuvant) with or without concurrent chemotherapy for
gynaecological or lower gastrointestinal malignancies. Prostate cancer is the most common cancer in men
and patients with localised cancer have good long-term prognoses, but have to live with long-term effects
of radiotherapy. About 20% of patients will have long-term gastrointestinal side effects, and 30–45% will
have post-radiotherapy sexual dysfunction, but the true extent of problems is probably underestimated,
because AEs are rarely systematically recorded. Patients receiving concurrent chemoradiotherapy for
gynaecological or lower gastrointestinal cancer experience more severe acute AEs, which require active
management and support and often limit the delivery of chemotherapy.

The late effects of radiotherapy fully develop and affect patients months or years after treatment,
when centralised follow-up in specialised radiotherapy clinics is infrequent. There is a need for a
feasible cost-effective model to allow remote measurement of radiotherapy AEs. Such data can help
patients get appropriate specialist support. Systematic data collection will allow comparison and
evaluation of new radiotherapy approaches.

The key questions were:

l Is it feasible to collect routine AE data during clinic visits and from patients’ homes after radiotherapy?
l Can we implement eRAPID in different clinical/treatment settings?
l Will eRAPID and management guidelines lead to better AE control and better patient experience?
l Can we monitor late AEs and develop predictive radiotherapy AE models?
l Can eRAPID data be linked with radiotherapy dosimetric and to treatment set-up information for

future exploratory research?
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The radiotherapy work was carried out at the Leeds site (Leeds Cancer Centre, Leeds Teaching Hospitals
NHS Trust, Leeds, UK) and the Manchester site (The Christie Hospital, The Christie NHS Foundation
Trust, Manchester, UK), allowing assessment of eRAPID feasibility in different settings. The research plans
comprised WPs 1–4. For radiotherapy, we had an opportunity to build research capacity by involving
our NIHR Academic Clinical Fellowship recipient at the Leeds site (Alexandra Gilbert, clinical oncology
trainee). She completed a doctoral project on the eRAPID approach during and following radiotherapy
for lower gastrointestinal and gynaecological cancers and addressed key questions 4 and 5. She holds a
prestigious national Cancer Research UK Clinical Trial Fellowship Award.

Changes to the original plans
In 2015, after completing WP 3, we established that the radiotherapy techniques/doses and side
effects differ substantially between prostate cancer patients receiving radiotherapy only and those in
the chemotherapy arms. We decided to stratify the pilot study and increase the sample size to recruit
42 intervention-arm and 42 control-arm patients in the prostate radiotherapy-only arm, and 42
intervention-arm and 42 control-arm patients in the chemoradiotherapy arm. Two websites were
introduced to more closely match local practices in terms of patient information, advice and
available services.

Surgery
Upper gastrointestinal cancer surgery is highly specialised and centralised, often with significant
post-operative morbidity that is managed centrally, far from patients’ homes. Upper gastrointestinal
cancer surgery is associated with 30% recurrence rates in the first post-operative year when patients
present with increasing symptoms and decreased function. Current follow-up for upper gastrointestinal
malignancies focuses on symptom assessment and functions; routine imaging is not recommended.62,63

Models for standardised reporting of surgical morbidity during post-operative recovery and follow-up
that lead to improved symptom management and patient support and earlier diagnosis of recurrence
are needed.

We aimed to develop the eRAPID information technology (IT) system for surgical teams to use
after hospital discharge following major cancer-related upper gastrointestinal surgery. Provision of
self-reported AE data from patients’ homes may allow timely detection of problems and access to
specialist care and support. It can be hypothesised that PRAE data may supplement/replace regular
telephone-based post-discharge consultations and hospital visits.

The key questions were:

l Can we integrate eRAPID in a different hospital and clinical setting?
l Can patients complete eRAPID from home after being discharged following major surgery?
l Does eRAPID provide added value to routine surgical follow-up (i.e. better control of

symptoms/morbidity)?
l How does eRAPID inform service organisation?

This work, comprising WPs 1–4, was carried out by the surgical research team in the Bristol site
(Bristol Royal Infirmary, University Hospitals Bristol NHS Foundation Trust, Bristol, UK). The pilot
study was originally planned as a prospective, randomised, parallel-arm design with repeated measures,
but with an option to consider quasi-experimental iterative designs if experience during WPs 2 and 3
suggested greater suitability of an alternative approach.

Changes to the original plans
Original plans included development, pathway mapping and usability work (WPs 1–3), followed by a
small randomised pilot study in the Bristol site (WP 4). In 2015, following initial work on WPs 1–3, we
proposed to undertake the development and mapping work prior to performing extensive usability and
feasibility testing in a larger, two-centre, non-randomised pilot study in the Bristol and Birmingham sites.
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A larger pilot study was considered beneficial for three reasons. First, AEs (e.g. hospital re-admission,
reoperation, sepsis, pneumonia) occur in relatively fewer patients undergoing major cancer-related upper
gastrointestinal surgery than in patients undergoing systemic therapy, during which toxicity is common.
Second, the use of electronic methods for patients to self-report AEs following surgery in the Bristol site
was novel, whereas at the Leeds site clinicians are experienced in using the online platform to collect
PROMs. Therefore, we needed to fully examine how HCPs interact with the eRAPID interface and the
acceptability of the eRAPID IT system and its integration into the clinical pathway before proceeding to a
randomised pilot study. In 2018, a second site, Birmingham, was added to the pilot study to explore the
acceptance of the intervention in a different surgical oncology setting (where electronic AE reporting and
monitoring is also novel) and to reflect a wider range of services. Third, the problems with IT integration
with EPRs that we experienced in the Bristol site meant that a more thorough evaluation over a longer
time period would be beneficial. Consequently, we undertook a larger, two-centre pilot study to allow
comprehensive exploration of the feasibility and acceptability of the eRAPID surgery system at a clinical
site at which the system had not been developed. The version of eRAPID tested at the Birmingham site
was not integrated within the hospital EPR system. Therefore, data from the Birmingham site enabled
full exploration of integration and ease of use of the online system where EPR system integration was
not viable.

Programme management

Working groups were assembled for each treatment modality (systemic treatment, radiotherapy and
surgery) to provide an ongoing forum for discussion, co-ordination and decision-making. The various
groups consisted of co-applicants and additional expert advisors and met every 6 weeks. A Trial Steering
Committee (TSC) was created, including independent members (as per NIHR requirements) alongside
local senior researchers, clinicians and a patient representative. The TSC met every 4–6 months. The
TSC was chaired by David Cameron, who drew on his extensive experience in managing large clinical
trials as a senior medical oncologist and former National Cancer Research Institute director. Other
independent members included Janet Dunn from the University of Warwick, who provided statistical
expertise in design and analysis of trials, and Sara Faithful from the University of Surrey, who has a
nursing background and an interest in the development of methodology for PROMs in radiotherapy.
Virginia Cucchi was the patient and public representative.

In addition, an independent Data Monitoring and Ethics Committee (DMEC) was established to
monitor the safety data and ethics of the RCT in systemic therapy. The DMEC had three members
[a statistician (chairperson), medical oncologist and senior research nurse] and met every 6 months.

Structure and overview of report

The eRAPID research programme was conducted in three parallel treatment strands: (1) systemic
treatment (chemotherapy), (2) radiotherapy and (3) surgery, with cross-cutting WPs underpinning
activities in each area. This subsequent sections of this report present the research methods and
results separately for the three treatment areas. This approach offers clear insight into the main
differences in patient experiences and clinical pathways between treatment modalities and how
eRAPID was adapted and assessed to reflect these variations.

Electronic platform
In Electronic platform, an overview of the electronic platform that was developed to deliver the eRAPID
programme is provided. The choice of technological approach is explained in the context of the wider
health informatics and EPR systems in place at the cancer centres participating in the eRAPID research
programme. Further IT experiences and learning points are covered in more detail in Systemic treatment,
Radiotherapy and Surgery.
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Systemic treatment
In Systemic treatment, the systemic (chemotherapy) strand of the eRAPID research programme is
described. The systemic work was the main focus on the research programme. The development of the
intervention in this setting is described along with the lessons learnt from the initial clinical usability
testing. The methods and results of the single-centre, large-scale RCT, which formally assessed the
impact of eRAPID on patient symptoms, QoL and clinical process outcomes, are presented. The health
economic analysis is included in the evaluation of the eRAPID intervention.

Radiotherapy
Radiotherapy describes the developmental work for the eRAPID intervention in pelvic radiotherapy
conducted across two sites (Leeds and Manchester), including a systematic review of patient-reported
measures in early prostate cancer, patient and staff interviews, and the Delphi consensus process to
select items for online reporting during pelvic radiotherapy, engaging staff and patient advisors to
develop the clinical algorithms, patient advice and websites design. The two-centre pilot RCT is
reported in this section as well.

Surgery
Surgery describes the iterative development and feasibility evaluation in a pilot study of the eRAPID
approach to support patients following major upper gastrointestinal surgery, led by the Bristol site.

Discussion
Discussion, conclusions and recommendations provides an overview of key results in the current research
and clinical environment, reflections, learning points and recommendations for future research.
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Electronic platform

Overview of the eRAPID intervention and supporting technology

The aim of the eRAPID IT WP was to create a secure and practical solution to (1) remotely capture
electronic PROMs from patients outside the hospital, (2) deliver immediate severity-tailored AE
management advice to patients and (3) give HCPs access in real time to patient-reported symptom
data in EPRs alongside clinical information. In addition, it was vital that the system was capable of
implementation across multiple hospital centres. The initial design of the eRAPID IT system was
established during the NIHR Programme Development grant, and was subsequently refined and
expanded in the current research programme. More detail on the technological methods can be
found in the published papers arising from the programme grant: (1) Warrington et al.64 describe
the evolution of our group’s approach to the collection of electronic PROMs that led to the eRAPID
research programme, (2) Holch et al.65 provide a technical overview of the eRAPID IT solution and
(3) Warrington et al.66 report the results and implications of the eRAPID clinical field usability testing
(the first full test of the system in a real-life clinical setting).

In summary, the technology underpinning the eRAPID intervention predominantly encompasses three
inter-related elements:

1. internet-based questionnaire software (QTool version 2; University of Leeds, Leeds, UK) for
collecting PROMs from patients and delivering severity-tailored AE advice

2. intranet-based web app interface allowing the transfer and display of PROMs data in local EPRs
(QStore; University of Leeds, Leeds, UK)

3. patient-facing website, with password protection, hyperlinked to access online symptom reporting
(on QTool), general symptom advice, and health and lifestyle information for patients receiving
cancer treatment.

Diagrammatic summaries of the eRAPID intervention are provided in the figures in this section. Figure 2
presents a flow diagram of the eRAPID intervention processes from the perspectives of patient and staff
users, and Figure 3 describes the flow of data and the underlying IT architecture.

Additional screenshots providing examples of the patient and staff views of the system are shown in
Figures 4 and 5.

The findings from clinical usability testing provided valuable additional information through staff and
patient feedback, which helped refine the intervention, including how patient symptom data were
presented in EPRs.66

Initial development work and electronic patient record integration
at the Leeds site

The approach that we took to facilitate the collection and incorporation of electronic PROMs in
routine care can be described as a ‘hybrid’ system,67 whereby a stand-alone PROM collection tool
interfaces with, but is not fully integrated with, an existing EPR.

Software for online reporting of patient-reported outcome measures: QTool
The eRAPID IT system was designed in conjunction with QTool, an existing web-based questionnaire-
building tool (developed by the private software company X-Lab Limited, with functional requirements
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FIGURE 2 Flow diagram of eRAPID process for patient and staff users. Adapted with permission fromWarrington et al.66

This is an open access article distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0)
license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative
works on different terms, provided the original work is properly cited, appropriate credit is given, any changes made indicated,
and the use is non-commercial. See: https://creativecommons.org/licenses/by-nc/4.0/.

FIGURE 3 Flow diagram of eRAPID data and underlying IT architecture. Adapted from Holch et al.65 © 2017 European
Society for Medical Oncology. Published by Elsevier Inc.
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(a)

(b)

FIGURE 4 Screenshots of the patient-facing eRAPID website and symptom reporting in QTool. (a) The eRAPID website
portal screen; (b) the eRAPID website homepage with hyperlink to QTool; (c) example symptom item in QTool; (d) example
of immediate advice to contact the hospital following report of a clinically severe symptom; (e) management advice provided
on completion of symptom report; and (f) graphical display of symptom report. (continued )
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(d)

(e)

(f)

FIGURE 4 Screenshots of the patient-facing eRAPID website and symptom reporting in QTool. (a) The eRAPID website
portal screen; (b) the eRAPID website homepage with hyperlink to QTool; (c) example symptom item in QTool; (d) example
of immediate advice to contact the hospital following report of a clinically severe symptom; (e) management advice provided
on completion of symptom report; and (f) graphical display of symptom report.
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provided by our research team). Intellectual property ownership is by University of Leeds, which also
provides ongoing support for QTool governance and use in other projects. QTool had been previously
commissioned by our research team for a study involving cancer survivors that demonstrated that it
was possible to link PROMs to cancer registry data.68

The QTool web app is hosted on University of Leeds servers and consists of two sites: (1) a participant
site where the patient logs in using an anonymous username and password to complete symptom
questionnaires that can be scheduled or left open to complete as frequently as the patient wants; and
(2) an administrator site that allows researchers/clinicians to design and make live (i.e. publish online)
the questionnaires along with setting up various other features such as scoring, dependencies and
general maintenance. From the administrator site, researchers can also download all participant results
into Microsoft Excel® (Microsoft Corporation, Redmond, WA, USA). QTool has a web service that can

(a)

(b)

FIGURE 5 Screenshots of clinician views of eRAPID symptom reports in EPRs. (a) Graphical display of symptom reports;
and (b) tabular display of symptom reports.
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be used by software apps to communicate automatically and download participant results in Extensible
Markup Language (XML). This web service is used by QStore to get the QTool results and match them
up to relevant patients for display in the EPR.

A series of developments to QTool were necessary to meet the requirements of eRAPID. The eRAPID
team worked closely with X-Lab Limited to incorporate the functionality to calculate scores and create
item dependencies and question branching to facilitate the use of symptom-based severity algorithms
into the symptom report. These could then be used to allow the display of automated patient advice
based on the questionnaire responses.

It was identified early in the testing of QTool that the randomly generated passwords were problematic
for patients (leading to mistakes and inability to log in). There was a clear need to generate patient-friendly
usernames and passwords so that patients could log in to the system reliably. Our chosen approach was to
create random passwords by concatenating random words from two separate ‘word banks’ and appending
random numbers to the end (e.g. redcar10, bluemoon8). As a result of this approach, we had very few
instances of patients unable to log in to the system. Unique usernames and passwords were generated
in advance for prospective patients and entered into QTool. When patients consented to join the study,
a researcher (with witness) would allocate the patient a username by linking the patient in QStore and
then sending out a welcome letter.

Integration of patient-reported outcome measure reports in electronic patient records:
QStore web application and QTool Response Fetcher
A key milestone of the eRAPID NIHR Programme Development grant was the successful creation
of the secure anonymised interface between QTool patient symptom reports and Patient Pathway
Manager (PPM; Leeds Cancer Centre, Leeds, UK), the Leeds Teaching Hospitals NHS Trust EPR
system. The main challenge of this task was to maintain security of patient data in EPRs and work in
accordance with the strict regulations of the national broadband network N3, used by the NHS. To
allow for the display of patient symptom reports in individual patient EPRs, a link was created between
QTool and PPM using a custom web service that we developed and named QStore. QStore is hosted
on NHS servers, at the Leeds site on Leeds Teaching Hospitals NHS Trust server alongside PPM. The
QStore app was developed to display the patient QTool responses (in both graphical and table format)
almost in real time (within 3–5 minutes) in clinician-friendly views in the individual EPR (without a
need to log in to other software). The app runs as an embedded web app in a host EPR system
and, therefore, is reliant on custom integration. An essential part of the QStore system is the QTool
Response Fetcher, a small server app that runs on a local NHS server and is designed to look for new
QTool responses from patients who are registered with QStore. If the patient is found, the results
are downloaded and stored on the QStore database, where they have been linked to the EPR patient
identity. This app is automatically run through the Windows Task Scheduler (Microsoft Corporation,
Redmond, WA, USA) and set to be run every 5 minutes, 24 hours per day, 7 days per week (24/7). In
QStore there is functionality to customise how the QTool data are presented. QStore has an interface
for administrators/researchers to set up QTool-linked studies, manually link from individual EPRs to
the usernames created in QTool and customise the display of patient-reported data in graphical and
tabulated form (see Figure 5).

The degree of integration between QStore and the host EPR system varied across the three centres
dependent on the flexibility and features of the EPR system in question.

Patient reminders
Following the clinical usability testing, patients requested to be sent reminders when they are due
to complete the online symptom reports. Therefore, a patient reminder system was developed that
would automatically send out e-mails or short message service (SMS) text messages to patients on a
pre-determined schedule. In the reminder system, a patient was automatically set to have no contact if
they were flagged as having left the trial or deceased.
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eRAPID website
The development of the eRAPID website was not part of the original application. The need for a
website that collates all patient advice was identified when the team started developing the self-
management advice. It became apparent that comprehensive advice may require more text than
QTool can accommodate. Furthermore, the TSC and our patient advisors felt that it would be useful
to have all relevant information on symptom management and lifestyle recommendations in one place
for patients to browse, if required. Therefore, we adopted an approach whereby the website contained
comprehensive information on symptom management, including relevant, locally available services.
The eRAPID website was developed using WordPress (Automattic, Inc., San Francisco, CA, USA)
(to allow easier modifications to the content by non-technical staff) and contains patient advice presented
in a clear manner, driven by a simple menu for easy patient navigation. The website provides an entry point
for patients on the eRAPID study and also contains, on the front page, a link to the QTool website, where
users can log in and complete their questionnaires. The patient advice content could easily be published
to the website by our researchers, with the ability to update the advice at any time, as required. Following
advice from the TSC, we added password protection to allow only patients randomised to eRAPID to
access the website and avoid contamination from the usual-care arm. The eRAPID intervention patients
were required to log in to the eRAPID webpage before they could access the advice and complete their
symptom report. The eRAPID website is hosted on University of Leeds servers, as access to those
servers is logistically simpler, and at the time Leeds Teaching Hospitals NHS Trust did not have a
patient-facing service.

Challenges

QTool software
QTool (version 2, hosted on University of Leeds servers) was stable and did not cause any problems
during the study period. There were a few planned downtimes for routine maintenance and upgrades,
but these were minimised thanks to the University of Leeds IT staff. The password generator worked
reliably for the entirety of the eRAPID study. Occasionally, a patient was linked to the wrong QTool
username; in such cases, the patient was unlinked in QStore by the IT manager. In 2017, QTool was
upgraded to meet requirements of other clinical trials, resulting in QTool version 4. We completed
eRAPID on version 2 but want to emphasise the importance of ongoing technical support for any
software that is live and developing.

QStore
QStore (the integration software app) generally worked quite well. However, owing to the bespoke
coupling of QStore with EPR systems, updating/upgrading an EPR system could break QStore
integration, requiring considerable work by us and hospital EPR IT teams to resolve and restore the
integration. QStore was hosted on secure NHS servers that the research team had no or very restricted
access to. Therefore, maintenance and upgrading of the QStore software could be carried out only with
the assistance of local NHS IT teams, for whom this was not a high priority.

In 2016, Leeds Teaching Hospitals NHS Trust started a phased introduction of a new EPR system,
Patient Pathway Manager+ (PPM+) (Leeds Cancer Centre, Leeds, UK), to replace PPM. The team
developed an adaptation of QStore to display patient symptom reports in PPM+, but PPM+ lacked
the full functionality of PPM in relation to setting up clinical studies. Therefore, the study set-up and the
linkage between patient identifiers (IDs) and patient usernames had to be carried out in PPM. To address
this significant problem, a new integration software was developed called Patient Reported Outcomes
Management Pathways Tracker (PROMPT) (University of Leeds, Leeds, UK) (see Further developments).

QTool Response Fetcher
The QTool Response Fetcher app periodically failed to run (and required manual rebooting) from the
NHS server (because of network issues or server updates), which caused patient QTool results to not
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show up in a timely manner in EPRs. The app was moved to another, more reliable, server and
subsequently continued running reliably with no further issues. During the time that Response Fetcher was
unreliable, we developed a ‘response fetcher monitor alert system’ that allowed immediate notification if
Response Fetcher failed.

Patient reminder application
The patient reminder app worked reliably, with a few problems related to:

l accounts for SMS and e-mail administration running out, without a facility to notify the team to
renew them

l a bug in the reminder system that resulted in a patient receiving duplicate reminders
l patients sometimes not receiving e-mails because of invalid e-mail addresses entered or because

their client e-mail provider incorrectly categorised the eRAPID e-mails as spam.

eRAPID website
Because the eRAPID website was a public WordPress website, it was subject to some cyber attacks,
and security updates were needed at times. It is important to state that no identifiable patient data
were held on the website, so there was no risk of breaching patient confidentiality. Owing to the cyber
attacks on WordPress websites, the University of Leeds had to change from a single-site to a multisite
WordPress-hosted solution. This meant that the eRAPID site had to be taken down and redesigned as
a multisite installation, which caused some disruption for patients in the study at the time (the site was
offline for approximately 13 days). During this downtime, eRAPID participants still had access to the
tailored advice through QTool and were able to ring the emergency hotline or their nurse, as usual.

Further developments

These challenges led the team to look for a solution that consolidates the multiple components of the
integration app and meets the need for ongoing adaptation to the evolving EPR. The programme IT
manager developed a new integration software, PROMPT, which has extended functionality and
addresses most of the challenges outlined in Challenges.

Key functions of PROMPT include the following:

l Easily create clinical PROMs pathways (schedules) to schedule required symptom report
completions over any pre-defined time period.

l Register patients on PROMs pathways with a unique start date.
l Automatically generate unique usernames and passwords at the point of registration of a patient

(on the EPR) with a clinical PROMs pathway.
l Automatically manage patient reminders to complete PROMs according to the pathway schedule,

with the addition of being able to automatically create printed letters (welcome letters, address
labels, etc.), as well as SMS and e-mail patient communications.

l Track patient compliance.
l Display patient PROMs results in real time in graphic or tabular format.
l Define PROMs thresholds, trigger notifications and show trends.
l Combine other clinically relevant patient data, such as chemotherapy events and blood biomarkers,

with the PROMs results.
l Integration with EPR systems.
l The Response Fetcher is integrated into the PROMPT system, running as a Windows (Microsoft

Corporation, Redmond, WA, USA) service instead of as an app. This has the advantage of being a
more reliable and robust solution, utilising inbuilt Windows functionality to enable specification of
automatic recovery procedures on failure.
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The PROMPT software contains identifiable patient data that can support patient care and, therefore,
is hosted on a Leeds Teaching Hospitals NHS Trust server behind an NHS firewall. However, the
PROMPT system was designed from the ground up, with the ability to run as a stand-alone web app
with a secure administration login feature. It is also possible to run and maintain a single version of
PROMPT across multiple hospitals, hosted centrally on a suitable cloud or NHS-approved central
server (suitable for multicentre trials). A centrally hosted solution greatly improves the ability to
maintain and keep the PROMPT system up to date.

The PROMPT system can work with QTool version 4, which has some new functionality and is hosted
by Leeds Institute of Data Analytics (LIDA), University of Leeds, a more secure server for patient-
sensitive data. PROMPT is currently used in all new research and clinical projects.

Integration of eRAPID information in the Manchester and Bristol sites

At the time of creation, the eRAPID IT approach was, to our knowledge, unique in the UK and superior
in design and function to its few international counterparts. The initial work at the Leeds site, conducted
during the NIHR Programme Development grant and early stages of the eRAPID research programme,
delivered a proof of principle that patients could provide data for their EPRs that could be accessed by
HCPs in real time. Moving forward through the eRAPID research programme, a fundamental aim was
to demonstrate that the technical concept of the system could be implemented in other centres in the
UK, specifically for the delivery of the multicentre eRAPID radiotherapy pilot (involving Leeds Cancer
Centre and the Christie Hospital) and for the surgical work undertaken at University Hospitals Bristol
NHS Foundation Trust.

From the outset we did not underestimate the practical and logistical challenges of interfacing QTool
with other NHS EPR systems outside the Leeds site. We were prepared to take a flexible approach to
the levels of integration with EPRs to ensure successful delivery of the overall research goals. By the
end of April 2016, live integration of QStore into the EPR systems in the Manchester site [Clinical
Web Portal (CWP); Christie NHS Foundation Trust, Manchester, UK] and Bristol [Medway (System C,
Maidstone, UK)] was successfully achieved. The preceding years of developmental work had, as
anticipated, presented a number of hurdles in driving the work forward.

eRAPID information technology in the Manchester site

Integration with electronic patient records
The eRAPID website at the Christie Hospital was developed with the same technology as at Leeds
Teaching Hospitals NHS Trust (WordPress) and hosted at the University of Leeds; however, research
staff at the Christie Hospital were given access to manage the content pages containing patient advice.

The version of QTool was the same as the version used at Leeds Teaching Hospitals NHS Trust (hosted
at University of Leeds), except that a separate organisation was created for the Christie Hospital, and
staff there were given access to manage their eRAPID questionnaires.

A bespoke version of QStore was developed for the Christie Hospital because it was required to be
integrated with the local bespoke EPR system, CWP, which is owned by and managed by the Christie
Hospital IT team (Christie NHS Foundation Trust). The integration was tailored specifically to work
with the CWP system, which involved the Christie Hospital IT team creating a small web service
that QStore could call to obtain patient demographic information directly from CWP and which was
subsequently used for patient identification in QStore. QStore was hosted locally at the Christie
Hospital on their development server and could be accessed and maintained only by the Christie
Hospital IT team.
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For managing patient reminders, research staff at the Christie Hospital were lent a University of Leeds
laptop that was installed with our reminder system front end, which linked via a virtual private
network to the University of Leeds server used to send out patient reminders.

Challenges
Initially, good progress was made with developing the test version of the system and early usability
testing with staff. However, during 2015 and the beginning of 2016, changes in IT staff in the Manchester
site caused delays in progress with making QStore live.

Once live, the system largely functioned well and worked reliably (bar some instances for downtime
when the Christie Hospital servers were taken down for maintenance purposes).

One issue that could not be resolved was the identification of patients reporting symptom notifications
in QStore. This became problematic because the real-time patient identification relied on a web service
developed by the Christie Hospital IT team on a test database, but was not implemented on the live
CWP server. This meant that the identification of patients with severe symptom notifications had to
be carried out by manual look-up rather than by having the patient’s name display in QStore.

eRAPID information technology in the Bristol site

Integration with electronic patient records
The eRAPID website at the Bristol site was developed with the same technology that was used at Leeds
Teaching Hospitals NHS Trust (WordPress) and hosted at the University of Leeds; however, research
staff at Bristol Royal Infirmary were given access to manage the content pages containing patient advice.

The version of QTool was the same as the version used at Leeds Teaching Hospitals NHS Trust (hosted
at University of Leeds) except that a separate organisation was created for the Bristol site, and staff
there were given access to manage their eRAPID questionnaires.

A bespoke version of QStore was developed for the Bristol site because it needed to be integrated
with Medway (a commercial EPR system); however, because Medway was supplied and managed by
a third-party software company, we had very limited ways in which we could integrate QStore into
Medway. The agreed web integration was via a secure, encrypted URL that required passing a unique
hospital code along with patient name, NHS number and date of birth. The encryption used a unique
128-bit Advanced Encryption Standard (AES) key. QStore could not be hosted locally at Bristol Royal
Infirmary; therefore, a version was hosted on a dedicated University of Leeds virtual server and
managed by the University of Leeds IT team. Administration rights to directly log in to access and
manage parts of QStore (such as alert reports) were given to research staff at the Bristol site.

For managing patient reminders at the Bristol site, a bespoke, stand-alone reminder app was installed
on a local computer connected to the Bristol Royal Infirmary network, so staff there could set up
reminders for their patients.

Challenges
At the start of the eRAPID research programme, a new release of Medway was being installed and
QStore IT integration could not begin until this was complete. Significant time and input from the
local eRAPID co-applicant/surgical lead was required to establish working relationships with key staff.
Between April 2016 and August 2017, there were four instances of loss of integration with Medway,
totalling 145 days, resulting in clinicians being unable to access eRAPID results through the EPR
system. A separate ‘Administration and Report’ section in QStore was developed, allowing staff to log
in directly to QStore via a secure login to administrate and see participant results and notification
reports during periods of downtime. From May 2016 to March 2018, there were five instances of
reminder system downtime, totalling 39 days.
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Conclusions and reflections on delivering the eRAPID information
technology work package

Over a period of 2 years, we successfully implemented and maintained the eRAPID IT system at the
Leeds, Manchester and Bristol sites to support the delivery of the systemic RCT and pilot trials in the
radiotherapy and surgical arms. Our solution was, to our knowledge, one of the first at the time to allow
patients to report symptoms online (via public-facing website), which are then securely transferred in
near real time and displayed in their EPR to be used for patient care. The technical solution is not difficult
and was developed within 6 months. The main challenges came, as expected, from the practicalities
of working with different hospital IT teams and different EPR systems across the UK. The eRAPID
requirements (however minimal) were not a priority for the IT departments and individual staff in the
hospital centres; therefore, a lot of effort was required to maintain working relationships and momentum
on the approval and tasks needed to integrate QStore in Medway and CWP.

The full IT system for eRAPID had multiple components, the maintenance of which was dependent on
different IT systems and organisations. This solution worked to a satisfactory degree but required close
and staff-intensive monitoring at each centre. Having three centres with bespoke integration engines
each (QStore versions) added to the complexity. In the beginning of the programme, we explored the
option for a centralised solution with the Health Informatics Service at Calderdale and Huddersfield
NHS Foundation Trust, but it proved too costly and unfeasible. To address these experienced challenges
we developed a new, more functional, integration engine, PROMPT. PROMPT meets the current needs
of this approach, but this may not be for long.

Our experience clearly shows the need for continuous development of any IT systems used for patient
care to match EPR systems and to keep up with the fast pace of IT development. For example, at the
start of eRAPID, the main access to the internet for the majority of the public was via laptops or
desktop computers. During the programme, the use of mobile internet, tablets and smartphones
became ubiquitous, and we had to adapt QTool to recognise mobile devices and automatically display
the questions for a smaller screen. However, in the programme, we have not had the time and financial
resources to develop an app for smartphones.

We learned how essential and difficult it is to engage hospital IT teams in the ongoing support of any
system for PROMs. Our system resulted in a ‘hybrid’ integration of online PROMs reporting with EPR,
and required efforts from hospital IT departments; these efforts were perceived to be additional and
not a priority. If a PROMs system is fully integrated, such as a patient portal, then it will be an integral
part of the EPR system and maintained as part of the EPR system. Such patient portals have been
recently introduced widely in the USA, but are still rare in UK. The PROMs component of the patient
portals would be less flexible in terms of allowing clinical teams to choose and easily change PROMs,
as the questions require technical programming. However, from a patient perspective, these systems
would be clearly linked to their care.
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Systemic treatment

Background

Systemic drug treatments for cancer (e.g. chemotherapy, hormonotherapy, biological therapy and
targeted agents) are associated with acute and long-term AEs. AEs are documented consistently in
clinical trials; however, the routine recording of treatment side effects experienced by cancer patients
is typically not well documented or easily accessible in medical records. Monitoring and documenting
side effects during chemotherapy are recognised to be essential for modern cancer care, because an
AE may lead to changes in drug dosage or cessation of treatment and can significantly compromise
patients’ QoL. Severe AEs can escalate to hospitalisation for potentially life-threatening toxicities
(e.g. neutropenic sepsis). Patients with breast, gastrointestinal or colorectal cancer and those with
metastatic disease are among those most likely to have emergency admissions. Not all patients are
able to understand or judge the clinical severity of particular symptoms or the appropriate care options
when outside the hospital environment. Furthermore, there is sufficient evidence suggesting that
clinicians often miss or underestimate patients’ symptoms during treatment.31

It has been recognised that a structured AE-reporting system would be useful to facilitate correct
documentation and grade responses, leading to tailored management for AEs. Many studies28,38,69,70 show
that systematic monitoring of patients’ symptoms using patient-reported outcomes contributes to better
care and improves patient–clinician communication, symptom management, QoL and overall survival.
However, despite the growing evidence of patient benefits, this approach is far from being implemented
in routine practice because it requires modifications to existing clinical processes. Many challenges exist,
including technical and administrative challenges and challenges relating to clinical workflow, clinical
engagement and engagement from management.

The eRAPID IT system was devised to address those challenges in the UK setting and the subsequent
programme of research aimed to provide a rigorous scientific evaluation of potential benefits.

The overall aims of the eRAPID IT system were to improve the safe delivery of cancer treatments,
enhance patient care and standardise documentation of AEs in the medical records. We expected that
eRAPID would benefit both patients and HCPs. For patients, it may enable earlier symptom detection
and self-management, timely admissions for serious toxicity and appropriate contacts with clinical
teams. For staff, it may reduce the number of contacts, save time spent recording AEs, improve
patient–professional communication and support shared decision-making.

The development and evaluation of the eRAPID approach in systemic treatment (i.e. chemotherapy
sometimes combined with targeted treatments) represents the main part of the research programme,
spanning and completing all five WPs. The work included the development and testing of the electronic
platform; the development of the AE items with accompanying clinical algorithm and patient advice;
mapping professional and care pathways; and usability testing of the full package, followed by a
pragmatic RCT with an internal pilot and embedded cost-effectiveness substudy.

The key research questions were as follows:

l Is it feasible and acceptable to collect routine AE data during systemic cancer treatment?
Will patients and clinicians engage with eRAPID?

l Will the eRAPID intervention lead to better symptom control and better patient experiences?
l Will eRAPID improve patient self-efficacy in managing treatment-related symptoms?
l Will eRAPID lead to earlier symptom detection, timely admissions and appropriate hospital calls?
l Will the eRAPID intervention be cost-effective?

Changes to the original plans are described in Synopsis.
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Patient and public involvement specific to eRAPID in systemic treatment

The aim of patient and public involvement (PPI) was to contribute to all aspects of the research
programme from study conception to dissemination. As the PPI co-applicant, Carolyn Morris provided
commentary on the grant application. Following confirmation of funding, the team introduced the
programme to the Leeds Research Advisory Group (RAG). Barbara Woroncow (RAG member)
volunteered to be the PPI representative, and TSC member initially with Shelley Mason, and was
later replaced by Virginia Cucchi, who was recruited through an advertisement in a NIHR newsletter.
All PPI members had past or ongoing experience of undergoing treatment for cancer and had worked
in advisory roles in other research settings (locally and/or nationally).

Input on the application of the patient outcomes measures and the management and design of the
eRAPID studies from a patient perspective has been invaluable. From the initial stages of eRAPID
conception in the Programme Development Grant, we collaborated with PPI representatives on the
research focus, study delivery and dissemination. To increase awareness of the research programme
and to ensure engagement from local clinicians and managers, we held a 1-day launch event at Leeds
General Infirmary (Leeds, UK), which was opened by our chief executive and included a presentation
from our patient representative Barbara Woroncow, as well as the research team.

Over the years, the PPI group has regularly attended and contributed to the direction of the eRAPID
research programme through membership of the systemic working groups (for both the systemic and
the radiotherapy workstreams) and the wider eRAPID Steering Committee meetings. Carolyn Morris
was an integral member of the systemic workgroup meetings throughout the programme to provide
strategic guidance. In 2016, at the 20th anniversary of the Patient Centred Outcomes Research
(PCOR) Group at the University of Leeds, Barbara Woroncow contributed to presentations of the
programme, which were later published in a University of Leeds bulletin, and presentations were
made available online. In addition, Barbara Woroncow presented an overview of the eRAPID systemic
study as part of a workshop at the 2019 Health Services Research conference.71 Carolyn Morris and
Barbara Woroncow have co-authored several publications.65,72–77

Members of our local Leeds RAG have been involved with the eRAPID research programme in terms
of both general updates and feedback on the research provided at the bi-annual meetings. They have
played a vital role in the development and ongoing refinement of the eRAPID intervention for systemic
therapy. To ensure clarity, the wording of questionnaires was considered both by patient advocates
who had undergone chemotherapy and by patient advocates who had not undergone chemotherapy.
Specifically, members informed some of the key decisions made on the wording of questionnaire
items and self-management advice, and improving the usability of the online platform. From all of
the comments and feedback received through our initial system usability testing with RAG members,
68% led to changes to the presentation, content and readability of the patient-facing content. In
addition, PPI members reviewed patient study materials, such as information sheets and eRAPID
IT system user guides. Further details of RAG involvement in the eRAPID research programme
throughout development and programme grants are provided in our published papers.73,76

Overall, we feel that our approach to PPI collaboration benefited from involving representatives
with experience of working in wider national research contexts and having the local insight from our
RAG. We are aware that our local PPI group was very committed and supportive of the research
conducted by our team; many of the members have been involved for a number of years. We have
found it challenging to recruit younger members to the RAG, and many of the members have
completed cancer treatment several years ago, which may influence their views and perceptions of
the eRAPID approach.
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Development of eRAPID intervention components

During the development of the eRAPID approach, we followed the MRC’s complex intervention
guidance78 to optimise the design and acceptability of the system. The eRAPID intervention consists of
active components that were developed individually and then evaluated collectively as a single, complex
system. For a detailed description of the developmental work, see Report Supplementary Material 1.

Information technology system
As described in Electronic platform and one of our published papers (see Holch et al.65), a robust, secure
online system was developed that allows patients to log in with a provided username and report their
symptoms remotely. The functionality of the online software allows the set-up of immediate automated
advice based on clinical algorithm. Furthermore, the self-reported data are pulled behind the NHS
firewall to a database linked to the electronic records, where the patient is identified and the results
are displayed for the clinical team.

Mapping professional and care pathways
We performed process mapping of patient treatment pathways and interviews with HCPs and patients
to identify where and how eRAPID will best fit in the clinical flow and the key HCPs to engage in
the new approach.79 The eRAPID studies started very soon after acute oncology procedures were
introduced at the Leeds Cancer Centre (Leeds, UK), leading to a major restructuring of the emergency
care pathways.

Selection of symptom items for patient self-reporting
During the eRAPID research programme development grant, we decided to use the CTCAE system
and conducted extensive work in selecting items and converting the AE items descriptors into patient
self-reporting language, preserving the severity grading. Cognitive patient interviews were performed
to ensure comprehension and clinical meaningfulness of the items. For further detail, see the published
paper on the cognitive interview to finalise items wording.76

Development of severity thresholds and a clinical algorithm
A unique feature of our system is the provision of immediate automated advice to patients on how
to self-manage mild symptoms and when to contact the hospital. This required set-up of severity
thresholds for mild, moderate and severe symptoms, plus combinations of symptoms that may not be
severe but taken together may require medical attention. We employed an iterative process, asking the
oncologists to determine the symptom severity thresholds, focusing on patient safety first, but also to
support patient education in symptom self-management. See Report Supplementary Material 1 for details
of the clinical algorithm’s categories.

Training of patients and health-care professionals
Patient and professional engagement with the system was recognised to be an essential factor that
would determine its regular use in clinical practice. We planned early and ongoing training for both
groups. After patients consented and were allocated to the eRAPID intervention, a researcher gave
patients a postcard with their username and password and showed them a brief demonstration version
of eRAPID with example questions, automated advice and graphs of their responses. Each patient was
provided with a manual for eRAPID.

At the start of the projects, we trained staff through brief presentations during regular team meetings.
Once the project was running, researchers showed individual clinicians how to view patient self-reports
in the electronic records and reminded them to discuss them during the consultation and note their
actions if they had notifications for severe symptoms. An e-learning package for staff training was
created later, which could be accessed using a hyperlink in patient records.
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See Report Supplementary Material 2 and 3 for full details of the patient user guides and clinician
training materials.

Usability field test of the live system in a clinical context
Once all of the components of eRAPID were individually developed, we performed usability testing of
the full system in a real clinical setting (for full details see our published paper by Warrington et al.66). We
approached 12 patients with breast cancer on adjuvant chemotherapy and asked them to use eRAPID
for four cycles (12 weeks). A total of 10 clinicians (oncologists and nurses) looked at the self-reports
during consultations. We monitored the use of eRAPID and interviewed all participants. Patients liked
the system, particularly the self-management advice and when to contact their team or the emergency
number. The clinical algorithm was modified because we observed that some alerts were generated
retrospectively, after the problem was addressed. We added a branching question for severe symptoms
to indicate if the severe symptom is still persistent or current (or not in the past 7 days).

Randomised controlled trial with internal pilot study

The aim of the RCT with internal pilot study72 was to evaluate the potential benefits of the eRAPID IT
system for patients and staff when added to usual care during cancer chemotherapy. Our hypothesis
was that the eRAPID intervention can bring benefit to patients, staff and the NHS. A cost-effectiveness
study was embedded in the trial design.

The specific objectives were to evaluate the impact of the intervention on patient experiences
(i.e. symptom control and patient self-efficacy) and process of care (i.e. number of hospital calls
and admissions) and to examine cost-effectiveness and patient and clinician engagement with the
intervention. The main research questions are listed in Background.

Methods

Design
The eRAPID study was a prospective, single-centre, randomised (1 : 1), two-arm, parallel-arm study
with an internal pilot phase. Full inclusion and exclusion criteria and trial procedures are described
in the published protocol.75 The sample included patient participants receiving systemic treatment
(i.e. chemotherapy with or without targeted therapies) for breast, colorectal or gynaecological cancer
at Leeds Cancer Centre. HCPs (i.e. senior oncologists, trainees and senior nurses) involved in the care
of those patients were invited to participate. Consenting patients were randomised to either the
intervention arm (i.e. eRAPID added to usual care) or the control arm (i..e. usual care). Randomisation
was stratified by cancer site (breast, colorectal and/or gynaecological), sex (breast and colorectal cancer
patients only) and previous chemotherapy. The eRAPID patients were asked to complete symptom
questionnaires weekly, and also when experiencing symptoms, for 18 weeks. The HCPs were trained on
how to access eRAPID reports through EPRs and they saw participants in both arms.

Outcome measures
The primary outcome measure was Functional Assessment in Cancer Therapy Scale – General (FACT-G)
Physical Well-Being (PWB) score at 18 weeks.80 The FACT-G PWB score was chosen as the primary
outcome as it performed well in previous trials and covered the most common treatment-related
symptoms and their impact on patients’ lives. We anticipated a cumulative effect of the intervention;
therefore, we selected 18 weeks (i.e. end of chemotherapy) as the primary end point, and 6 and
12 weeks as the secondary end points.

The main secondary outcome was cost-effectiveness assessed using clinical process measures (i.e. acute
admissions, calls to the emergency hotline and other hospital calls), use of health-care services [including
general practitioner (GP) contacts, medications and personal expenses], EuroQol-5 Dimensions, five-level
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version (EQ-5D-5L), utility scores81 and utility scores derived from the European Organization for the
Research and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-C30)82 (see Health
economics analysis of eRAPID in systemic treatment). We evaluated adherence to the eRAPID intervention
by patients and clinicians. Other secondary outcome measures included questionnaires on aspects of
patient self-efficacy and activation [e.g. the Self-Efficacy for Managing Chronic Disease 6-Item Scale
(SES),83 Cancer Behaviour Inventory–Brief (CBI-B)84 and Patient Activation Measure85 (PAM)].

To separate the possible effects of the online intervention questions from the outcome measures,
patients were given the outcome questionnaires on paper to complete at home and return by post at
baseline and at 6, 12 and 18 weeks post randomisation. Clinical process measures (e.g. acute admissions
and calls to hospital staff) were downloaded from the electronic hospital records. A subset of participants
(where feasible within the funding time frame) were also assessed at 12 months for further cost-
effectiveness analysis to examine any potential longer-term impact of the intervention on QoL and
clinical processes.

Statistical analysis
The sample size for the full trial was based on a patient-reported outcome measured by the FACT-G
PWB subscale at 18 weeks. At 80% power and 5% significance, a sample of 176 patients per arm was
necessary to detect a 2-point change in this subscale score. A 2-point change in score corresponds to
a small to moderate effect size (0.3). Allowing for 30% attrition, a minimum of 252 patients per arm
was required (i.e. 176/0.7), equalling 504 patients in total across the two arms.

Multivariable, multilevel, mixed-effects, repeated measures models were used to compare the
differences in patient outcome scores between the treatment arms over time [using PROC MIXED in
SAS® software version 9 (SAS Institute Inc., Cary, NC, USA)]. The model was adjusted for stratification
factors (i.e. cancer site, sex and previous chemotherapy), time (i.e. follow-up week), treatment arm,
treatment arm by time interaction, baseline PWB score and age at study entry as fixed effects.
Participant and participant by time interaction were modelled as random effects (by including the
‘repeated’ statement in the analysis model).

Multiple correlation structures appropriate to the repeated measures setting were fitted, including
compound symmetry, auto regressive and unstructured. The model using unstructured correlation had
the lowest Akaike information criterion score (measure of model fit) and the fewest assumptions
on the structure of the data. For these reasons, the unstructured correlation structure was chosen for
the final model. The normality of the residuals was checked and shown to be approximately normal.

Missing data patterns were explored. Baseline covariates were found to be associated with missingness
and the missing data mechanism was suggested to be missing at random. Therefore, multiple imputation
by predictive mean matching was performed. The main primary analysis was performed on the imputed
data, followed by sensitivity analysis using all observed data. An ad hoc exploratory subgroup analysis
of patients with metastatic cancer and patients with non-metastatic cancer was performed on the
imputed data. A negative binomial model was used for the analysis of the process of care measures.
No adjustment for multiple testing was undertaken. Post hoc analysis was conducted to explore
associations between patient adherence to online symptom reporting and clinician use of symptom data
in clinical consultations. A median split was used to categorise patients as ‘adherent’ or ‘non-adherent’
and a clinician use composite score was calculated per patient from clinician feedback checklists.

Patient and staff qualitative feedback
Qualitative feedback on the eRAPID IT system was obtained from a subset of patients and clinical staff
through end-of-study interviews. Additional written feedback was also received through free-text
comments in (1) patient end-of-study feedback forms and (2) clinician feedback forms (completed by
clinicians when reviewing online symptom reports during consultations).
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Interviews were transcribed and analysed using thematic analysis.86 Free-text comments were collated
and reviewed for key content and summarised under overarching key themes. A report of the
qualitative data is provided in Appendix 1, eRAPID systemic RCT qualitative findings.

Results

Internal pilot phase
Between 22 January and 23 September 2015, 134 patients were identified, of whom 25 were excluded
after screening as ineligible and 87 out of 109 eligible patients consented, giving a consent rate of
80%. Only 13 participants (15%) withdrew. No significant IT problems were encountered. The research
team improved the methods to gather data from the electronic records on clinical process measures
(e.g. admissions and changes to treatment). The overall recruitment (consent rate of > 60% of eligible
patients, recruitment rate of > 10 patients per month) and attrition (attrition rate of < 30%) targets
were met and the TSC recommended progression to the main trial.

Full trial
Between 22 January 2015 and 11 June 2018, 1484 patients were assessed for eligibility; 702 were
excluded pre approach and a further 92 were excluded after being approached for full eligibility
assessment. From 690 fully eligible patients, 182 (26.4%) declined participation and 508 (73.6%)
consented and were randomly assigned to the eRAPID intervention (n = 256) or usual care (n = 252).
A total of 55 HCPs participated (16 oncologists, 25 trainees, two trust oncologists, 10 senior nurses
and two pharmacists). Of these HCPs, 19 were regular team members and saw > 10 patients in the
eRAPID arm; the remaining 36 were either trainee oncologists who rotated between different teams
or temporary staff.

Primary outcome
For the main primary analysis on the imputed data, there were no clinical or statistical significant effects
of the eRAPID intervention at 18 weeks [adjusted difference in mean FACT-G PWB score between
treatment arms 0.20, 95% confidence interval (CI) –0.81 to 1.20; p = 0.6992]. There was a statistically
significant effect of the eRAPID intervention at 6 weeks (adjusted difference in mean FACT-G PWB score
1.08, 95% CI 0.12 to 2.05; p = 0.0280) and 12 weeks (adjusted difference in mean FACT-G PWB score
1.01, 95% CI 0.05 to 1.98; p = 0.0395). Neither point estimate is clinically relevant (change > 2 points);
however, 2 is contained in the upper end of the interval for 6 weeks, so clinical relevance cannot be ruled out.

The descriptive responder analysis of FACT-G PWB ‘change scores’ at an individual level suggests that
patients receiving the eRAPID intervention experience less clinically relevant deterioration at 6 and
12 weeks and more symptom stability (symptom control).

A sensitivity analysis on the unimputed observed data yielded similar estimated differences at the
follow-up time points. There was no statistically significant effect of the eRAPID intervention at
18 weeks (adjusted mean difference in mean FACT-G PWB score –0.05, 95% CI –1.08 to 0.98;
p = 0.920). There was a borderline statistically significant difference at 12 weeks (adjusted mean
difference in mean FACT-G PWB score 0.9, 95% CI –0.02 to 1.89; p = 0.055), but no statistically
significant difference at 6 weeks.

One limitation of using imputed data sets is the inability to robustly combine type-III global effects.
Because both analyses present similar results, the global effects from the unimputed data give
a practical estimate for the overall effect of treatment over time. The overall effect of eRAPID intervention,
compared with usual care over time, was not significant (treatment × time interaction p = 0.1233).

As expected in the model, the baseline FACT-G PWB score was highly statistically significant (p < 0.0001),
as was the effect of cancer site. Both participants with gynaecological cancer (p = 0.0026) and participants
with colorectal cancer (p = 0.0006) had better FACT-G PWB scores than participants with breast cancer,
after adjusting for baseline score.
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A pre-planned exploratory subgroup analysis was conducted on the imputed data to determine whether
or not there was any evidence of heterogeneity of the intervention effect for patients with metastatic
cancer and patients with non-metastatic cancer. The primary analysis was repeated separately on the
two new data sets. There was no evidence of an eRAPID effect in the metastatic cancer subgroup.

In the non-metastatic cancer arm, no effect was seen at 18 weeks (adjusted difference in mean FACT-G
PWB score 0.04, 95% CI –1.08 to 1.17; p = 0.9430). However, a small, statistically significant, positive
effect for the eRAPID intervention was observed at 6 weeks (adjusted difference in mean FACT-G PWB
score 1.45, 95% CI 0.32 to 2.58; p = 0.0112) and 12 weeks (adjusted difference in mean FACT-G PWB
score 1.13, 95% CI 0.07 to 2.19; p = 0.0362). At both time points, the CIs do not rule out a clinically
significant effect.

Process of care measures
There was no effect for the eRAPID intervention on admissions [estimate 0.13, standard error (SE)
0.18, Wald χ2 = 0.71, incidence rate ratio (IRR) 1.14, 95% CI 0.84 to 1.53; p = 0.4003] or calls/visits to
acute oncology (estimate 0.05, SE 0.12, Wald χ2 = 0.20, IRR 1.05, 95% CI 0.84 to 1.31; p = 0.6516). No
between-arm differences were found for the measures of chemotherapy delivery: dose reductions,
delays, number of delivered cycles and chemotherapy discontinuation.

Adherence to the intervention
A total of 3314 online symptom reports were completed during the study. The mean number of reports
per patient was 12.7 [standard deviation (SD) 12.6, median 14.0, range 0–117)]. The median compliance per
patient (defined as completed/expected reports adjusted for withdrawals) was 72.2%. Compliance per week
gradually decrease between week 1 (71.9%) and week 17 (56.7%; lowest compliance), and the average
weekly compliance was 64.7%.

A total of 18,867 individual online symptoms were reported (as part of 3314 logins); of those,
323 (1.7%) were severe and 4342 (23.0%) were moderately severe. Emergency alerts were activated
in 29 cases (of 3314 online completions; 0.9%) and serious symptoms not requiring immediate medical
attention were reported on 163 occasions (4.9%). The vast majority of self-reported symptoms triggered
self-management advice (2714/3314; 81.9%).

This was a pragmatic trial including all staff assessing patients during chemotherapy (i.e. 15 oncologists,
25 trainees, two staff doctors, 10 senior nurses and two pharmacists). Clinicians saw a variable number
of patients (mean 14.3, SD 23.4, median 3, range 1–123). Clinician engagement was evaluated by
self-reported use of the online data using a checklist completed after each consultation with a patient
allocated to the eRAPID intervention. Overall, 787 forms were completed. Broadly, in about 70%
of cases clinicians reported looking at the online reports, in 56% of cases they used them at least
‘somewhat’ and in 62% of cases found them at least ‘somewhat useful’. On 35–45% of occasions, the
online reports were not considered at all, suggesting somewhat limited buy-in from clinicians and
suboptimal intensity of the eRAPID intervention.

In an exploratory logistic regression analysis, we found that greater patient age, higher baseline FACT-G
PWB score and clinician use of the data during consultation were predictors of higher levels of patient
adherence (defined as ≥ 72.2% of expected completions). Furthermore, patients with high levels of
adherence had significantly better FACT-G PWB scores over time (eRAPID intervention: adjusted mean
FACT-G PWB score 21.7, 95% CI 21.0 to 22.5; usual care: adjusted mean FACT-G PWB score 20.2,
95% CI 19.4 to 21.0; p < 0.000) than those with lower adherence. The significant differences were
seen at 12 and 18 weeks.

In a post hoc exploratory logistic regression analysis, we found that greater patient age, higher baseline
FACT-G PWB score and clinician use of the data during the consultation were associated with higher
levels of patient adherence (defined as ≥ 72.2% of expected completions). In a post hoc, mixed-effects
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model, patients allocated to the eRAPID intervention with high levels of adherence had significantly
better FACT-G PWB scores over time (high level of adherence: adjusted mean FACT-G PWB score
21.7, 95% CI 21.0 to 22.5; low level of adherence: adjusted mean FACT-G PWB score 20.2, 95% CI
19.4 to 21.0; p < 0.0001) than those with lower adherence. The significant differences were seen at
12 and 18 weeks.

Patient and staff qualitative feedback
A total of 45 patients and 19 staff were interviewed, and 185 patients provided usable feedback
in end-of-study questionnaires. A total of 123 staff feedback forms contained free-text comments.
The qualitative findings provide vital insight into use of the eRAPID IT system and aid interpretation
of the quantitative results. A summary of the results are outlined in Table 2 and a report is provided in
Appendix 1, eRAPID systemic RCT qualitative findings.

From the patient feedback, it was apparent that many patients found the system easy to use and felt
that it enhanced connections with the hospital – ‘. . . it’s like keeping in touch . . . without making an
appointment to see anyone’ (study ID 44) – and helped guide decision-making: ‘. . . gave me and my family
more confidence to manage side effects especially early on in the treatment. Gave me “permission” to
contact the hospital if I was worried by side effects’ (study ID 402). Patients also mentioned that the
system served to heighten personal involvement with health care: ‘felt good to record my symptoms
every week – felt like I was taking an active role in my treatment’ (study ID 123).

TABLE 2 Summary of patient and staff feedback on the eRAPID IT system from interviews and written comments

Type of feedback Patients Clinical staff

Benefits/positive feedback on
the eRAPID IT system

l System was easy to use
l Provided connection with

hospital/medical care
l Provided reassurance and remote

support for guiding appropriate
symptom action/management

l Useful for personal symptom
monitoring and tracking progress and
patterns during treatment cycles

l Helped staff obtain a better picture of
patient experience

l Supported changes to medications

l Data were easy to access/view in EPRs
l Provided useful information for

preparing and structuring consultations
l Time-saving
l Identified trends in patients’ symptom

experience
l Provided an opportunity for identifying

symptoms that patients may not
have raised

l Improved patients’ personal
involvement in safety monitoring

l Data could be used flexibly by clinicians

Limitations/negative feedback
on the eRAPID IT system

l Staff not using or explicitly referring
to patient symptom reports

l Compliance with weekly symptom
reports affected by ill health and
forgetting

l Completion process (and advice)
became repetitive

l AE items/symptom reports were too
restrictive or lacked personal relevance

l Not clear what the most appropriate
time to complete symptom reports was

l Could add to consultation length
l Did not suit clinical style of some staff
l Queries regarding accuracy of the

symptom notifications/severity thresholds
l AE/symptom reports not always fully

representative of patients’ problems
l Could identify issues that were not

relevant to cancer/treatment

Recommendations for future
system development and use

l More scope in AE/symptom reports
to record additional symptoms
and personal information

l Further IT refinements and
development of an app

l Improve staff engagement with data
l System could be used over longer

time frame (beyond 18 weeks)

l Potential for widening of system use
into more cancer settings
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Patients valued explicit use of their AE symptom reports by staff: ‘at clinic visits I had sometimes
forgotten about some of the symptoms I had experienced over the 3-week period since my last visit,
however the consultants using the system were able to raise issues raised – prescribing additional
medication if necessary’ (study ID 216). Patients were disappointed when staff failed to use the data
and there was evidence that this could affect intervention adherence: ‘no feedback from anyone – was
expecting at least someone discussing usage of system but didn’t happen at all after using it for three
times – so stopped using it’ (study ID 82). In staff feedback, many acknowledged the benefit of the
eRAPID IT system and felt that it had been useful in practice, although others expressed reservations
about the relevance of AE reports and the potential increase in consultation length.

Secondary patient-reported outcomes

Self-efficacy measures
Self-efficacy measures were included to evaluate a hypothesised increase in patients’ ability and
confidence to manage effectively the side effects of cancer treatment by the provision of tailored
information and advice. SES scores showed a statistically significant difference in least squares means
at 18 weeks (p = 0.0073), with a small effect size of 0.433. Participants in the eRAPID intervention arm
reported a higher average score (by 0.48, 95% CI 0.13 to 0.83) at 18 weeks than those in the control
arm. There was no evidence of significant treatment effects for CBI-B or PAM score (although PAM
score was included to be evaluated as a predictor of patient engagement).

Other quality-of-life measures
No significant between-arm differences were found for FACT-G or EQ-5D-5L utility scores. On the
EuroQol-5 Dimensions (EQ-5D) visual analogue scale, eRAPID patients reported better overall health
at 12 weeks (difference in means 3.50, 95% CI 0.35 to 6.66; p = 0.0302) and 18 weeks (difference in
means 4.48, 95% CI 1.11 to 7.86; p = 0.0095), but not at 6 weeks (difference in means 1.36, 95% CI
–1.66 to 4.39; p = 0.3773). EORTC QLQ-C30 summary scores suggested better symptom control at
12 weeks in the intervention arm (p = 0.0111). However, these are results from secondary outcome
analyses and should be interpreted with caution.

Discussion
The primary hypothesis that eRAPID would have a significant positive impact on symptom control
during chemotherapy (measured by FACT-G PWB subscale at 18 weeks) has not been confirmed.
There is evidence that the addition of eRAPID to usual care brings a small statistically significant
difference at the early time points of 6 and 12 weeks. Clinical relevance of the intervention to patient
benefit was not confirmed at the 12 week follow-up; however, this cannot been ruled out at 6 weeks.

In addition, adding online self-reporting does not generate more NHS work (no difference in number
of triage calls, admissions and hospital calls). This is further supported by the cost-effectiveness analysis
below. Exploratory analysis of the intervention effect suggested that patients with early stage disease
treated with (neo)-adjuvant chemotherapy for the first time benefited, whereas those with metastatic
disease did not. The lack of effect in metastatic disease may mask the short-term benefit in non-
metastatic cancers (6 and 12 weeks but not at 18 weeks). These are exploratory analyses, which
would need to be confirmed in further research.

We found some evidence of the secondary hypothesis that the intervention will empower patients and
increase their self-efficacy to manage better treatment side effects.

Overall, it appears that eRAPID intervention had an early impact, soon after starting treatment
(6 and 12 weeks), with improvements in symptom/side effects control. However, towards the end of
treatment at 18 weeks, the effect on symptom control is not present but there is a reported patient
benefit in increased self-efficacy and perception of better overall health.
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The majority of patients adhered to the weekly online reporting schedule and many reported perceived
benefits from the monitoring and the provided advice. Patients with poor levels of compliance were
those who were well and didn’t have many side effects to report and those who were very ill. Clinician
engagement was variable. The exploratory analysis, examining the fidelity of the intervention, suggested
that patient adherence was associated with clinicians explicitly discussing the online reports. Patients
with higher adherence levels benefitted more than those with lower adherence levels. Therefore, both
patient and clinician components of the intervention are important.

To the best of our knowledge, this is the first randomised trial in the UK evaluating online self-
reporting of symptoms during cancer treatment and the first internationally to include detailed
patient advice on symptom management. Other trials have focused mainly on alerting clinicians
for severe symptoms.36,38

The eRAPID intervention was added to already good usual-care practice in a large cancer centre.
Acute oncology service reorganisation occurred at the start of the research programme, providing
high-quality pathways for managing acute treatment toxicity, consistent patient support via a 24/7
patient hotline and streamlined admissions directly to oncology.

Strength and limitations of the trial
This was a large, pragmatic trial of a complex online intervention with a classic parallel-arm design
that achieved good recruitment and retention rate. We recruited > 50% of the total chemotherapy
population, despite the strict requirement for patient internet access. This confirms the generalisability
of our findings.

However, it was a single-centre trial because of the complexities of setting up the secure online system
integrated with EPRs. We engaged a large number of clinicians with different skills (e.g. oncologists and
nurses) across several clinical teams, which is of course a strength. However, in practice, each clinician
saw a relatively small number of patients allocated to the intervention and needed ongoing reminders
to engage in the trial. These difficulties appear to have affected patient adherence and no doubt
diluted the intervention effects.

Health economics analysis of eRAPID in systemic treatment

An economic evaluation was conducted in the RCT to estimate the cost-effectiveness of the eRAPID
IT system for AE reporting from home or hospital, compared with usual care, for patients receiving
systemic treatment (i.e. chemotherapy or targeted therapies) for breast, colorectal or gynaecological
cancer. The analysis was guided by the recommendations of the National Institute for Health and Care
Excellence (NICE).87

Methods
The within-trial analysis evaluated the cost-effectiveness of the eRAPID IT system, compared with
usual care, in patients receiving systemic treatment for breast, colorectal or gynaecological cancer in
the UK. Costs, estimated from the health-care provider perspective (direct and indirect), and outcomes
[quality-adjusted life-years (QALYs)] of patients randomised to use the eRAPID IT system versus usual
care were compared over the 18-week time horizon of the trial. Because the time frame was < 1 year,
discounting of the costs and benefits was not required. An exploratory analysis was undertaken at
12 months post randomisation, replicating the methods in the primary analysis. For further description
of the methods, see Appendix 1, eRAPID health economics report.
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Measurement of outcomes, resource use and costs
Quality-adjusted life-years were calculated based on patient health state utility values obtained
from the EQ-5D-5L questionnaire at baseline, at 6, 12 and 18 weeks and at 12 months, which were
mapped to EuroQol-5 Dimensions, three-level version (EQ-5D-3L), utility values using the van Hout
mapping algorithm.81,88–90

All health-care resource use over the trial period was collected using hospital records and patient-
completed questionnaires at 6, 12 and 18 weeks and 12 months, and was converted to costs using
appropriate UK unit costs.91–93 Total costs for each patient were calculated as the sum of costs assigned
for hospital services, community health and social services, medications and the intervention cost.

Adjusting for baseline imbalance
Multiple regression analysis was used to estimate differential mean QALYs and predict adjusted QALYs,
controlling for utility at baseline.94,95

Missing data
Where there were missing quality-of-life or cost follow-up data, multiple imputation methods were
used to generate estimates of missing values based on the distribution of observed data, as per
recommended best practices for economic evaluation alongside clinical trials.96–98

Cost-effectiveness analysis
The primary analysis consisted of a cost–utility analysis over the 18-week period of the main trial and
included adjustment for baseline variables and imputation of missing data. The incremental cost per
QALY gained by patients randomised to use the eRAPID IT system compared with patients randomised
to usual care was calculated, producing an incremental cost-effectiveness ratio (ICER).

Sensitivity analyses were conducted to explore the impact of assumptions made in the primary analysis
and alternative perspectives for analysis.

The level of sampling uncertainty around the ICER was explored using a non-parametric bootstrap to
generate 10,000 estimates of incremental costs and benefits. This was used to illustrate the probability
that use of the eRAPID IT system is cost-effective at a range of cost-effectiveness threshold
values.99,100 The secondary analysis was undertaken from a societal perspective.

Results
For a description of the results, see Appendix 1, eRAPID health economics report.

Resource use and costs
Resource use over the trial and associated costs are presented in Appendix 1, eRAPID health economics
report, tables 1–4. There was little difference in use of health-care resources and associated costs
between arms, and multiple regression analysis indicated that the difference in total costs between
arms was not statistically significant (£25.28, 95% CI –£1240.91 to £1167.69; p > 0.05).

Quality of life
Patient and carer EQ-5D-5L scores are presented in Appendix 1, eRAPID health economics report, table 5.
EQ-5D-5L scores decreased over the trial period in both arms, but scores were higher at each time point
in the eRAPID arm than in the usual-care arm. Multiple regression analysis indicated that there was no
significant difference in total QALYs gained between arms (0.003, 95% CI –0.005 to 0.011; p < 0.05).

Missing data
The EQ-5D-5L scores were complete at all follow-up points for 349 (69%) patients. Resource use
questionnaires were complete at all follow-up points for 205 (40%) patients.
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Cost-effectiveness results
Cost-effectiveness results are presented in Table 3. The eRAPID arm had both the highest QALY gain
and the lowest costs over the trial period. This indicates that the eRAPID IT system dominates usual
care and may be preferred as the more cost-effective option.

Bootstrapped estimates of the incremental costs and effects indicated that use of the eRAPID IT system
may be a more cost-effective use of resources than usual care. However, mean differences in costs and
QALYs were small and not statistically significant and, consequently, at the NICE-recommended cost-
effectiveness threshold of £20,000 per QALY gained, the eRAPID IT system had a 55% probability of
being cost-effective.

Results of sensitivity analyses are presented in Appendix 1, eRAPID health economics report, table 9.
The results of the primary analysis were robust to all sensitivity analyses explored, with the eRAPID
IT system dominating usual care in each case.

Results of the secondary analysis are presented in Appendix 1, eRAPID health economics report, table 9.
This analysis shows that the eRAPID IT system has lower costs and higher QALY gains, indicating that
its use may be cost-effective even when societal perspective costs are included.

Based on data collected for the subsample with 12-month follow-up data (see Appendix 1, eRAPID health
economics report, table 11), the probability that eRAPID is cost-effective compared with usual care is 36%.

Discussion of health economic analysis

Principal findings
The primary within-trial cost-effectiveness analysis indicated that use of the eRAPID IT system may be
more cost-effective than usual care for the management of AEs in patients receiving systemic treatment
for breast, colorectal or gynaecological cancer. Higher QALY gains and lower costs were observed in the
eRAPID arm than in the usual-care arm. However, these mean differences were small and not statistically
significant, and the cost-effectiveness acceptability curve showed that eRAPID had only a 55% probability
of being cost-effective at the NICE-recommended cost-effectiveness threshold of £20,000 per QALY
gained. Nevertheless, the results were robust to all scenarios explored in the sensitivity analyses.

Secondary analysis indicated that use of the eRAPID IT system may also be more cost-effective than
usual care when costs are analysed from a societal perspective, although the difference in costs
remained small.

Strengths and weaknesses of the economic analysis
A strength of this analysis lies in the design of the study. The randomised controlled design enabled
the collection of good-quality data for use in this within-trial cost-effectiveness analysis. In addition,
the use of linked hospital data has provided more robust data and meant that some of the biases
common in self-reported data have been avoided.

TABLE 3 Cost-effectiveness results

Treatment
arm

Cost (£),
mean (SD)a

Incremental
cost (£)b

QALYs,
mean (SD)a

Incremental
QALYb ICER (£/QALY)

Usual care 8330.36 (435.23) 0.255 (0.004) eRAPID
dominates

eRAPID 8305.08 (450.5) –25.28 0.259 (0.004) 0.003

a Unadjusted values in mean (SD).
b Incremental values from regression output (accounting for baseline variables).
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However, the lack of a completely connected system for all health-care records meant that self-reported
data was nevertheless relied on to record use of non-hospital health-care services. Consequently, some
biases from self-report may have remained. In addition, health-care resource use questionnaires were
not well completed, with the number of missing resource use questionnaires increasing over the trial
period. This resulted in a large proportion of patients with missing community health-care use data.

The internal pilot phase of the trial provided a valuable opportunity to review the design of the trial
and the feasibility of data collection mechanisms. Following the pilot phase, some changes were made
to the data collection forms (hospital resource use was no longer collected in patient case report
forms because this would be collected directly from hospital records). However, this produced some
inconsistencies in the data collected for patients in the pilot phase compared with in the main trial,
which could be viewed as a limitation.

The exploratory analysis considered the longer-term impact of using data from a subsample with
12-month post-randomisation data, but results should be treated with caution given the small sample
size and differences in patient population compared with the main trial (particularly the increased
proportion of patients with metastatic cancer).

Meaning of the study
The economic analysis has followed recommended best practices for economic evaluations conducted
in UK settings and consequently uses QALYs based on responses to the EQ-5D-5L as the primary
outcome. The use of QALYs, preferably calculated based on the EQ-5D-5L, is mandated by NICE to
ensure consistency across evidence used to inform their recommendations and guidelines. However,
QALYs focus on the measurement of patient health and other important aspects, such as patient
experience and satisfaction, may not be captured. Furthermore, patient responses to the EQ-5D-5L
were necessarily collected at fixed time points according to pre-defined data collection schedules.
However, owing to the intermittent and cyclical nature of patient health care and the potential for
AEs during chemotherapy cycles, the use of fixed data collection points may mean that fluctuations in
patient health are missed.101

The results of this analysis indicate that the eRAPID IT system may be more cost-effective than usual
care in the management of patients receiving systemic treatment for breast, colorectal or gynaecological
cancer. However, the differences in QALYs and costs were small in real terms and were not statistically
significant. Therefore, other factors (such as patient and health-care provider acceptability of the
system) are also likely to be important.

Given that the cost of developing the eRAPID IT system, which was covered in earlier research
grants,102 represents a sunk cost, it was not included in the cost-effectiveness analysis presented here.
Instead, the intervention cost was calculated based on the costs that would apply if the system was
implemented more widely, including the maintenance cost of QTool and the cost of a training manual
for each patient. However, the costs included are likely to overestimate the per-patient cost because
the software maintenance cost was split only between the patients in the eRAPID intervention arm,
but in practice would be split across a much larger patient group. In addition, patient feedback on the
training manual indicated that this resource could be simplified and shortened significantly, which
would further reduce the cost in producing it. Consequently, the costs associated with the intervention
may be overestimated and the resulting cost-effectiveness of the eRAPID IT system underestimated.
For example, during the 1-year period between April 2019 and March 2020 there were approximately
1761 new patients with breast, gynaecological or lower gastrointestinal cancers across hospitals in
Leeds, compared with 508 in the intention-to-treat population of this study. However, the maintenance
costs for the system may apply to each region that implements eRAPID, with each having a different
number of eligible patients across which to split the costs. Therefore, we split only by the study
population to present a conservative estimate of likely costs and cost-effectiveness.
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Radiotherapy

Background

New radiotherapy approaches have improved the survival of patients with cancers of the pelvic
region.103 However, this success comes at the cost of acute and late treatment-related AEs.104 It is
increasingly recognised that timely and more standardised documentation of AEs is critical to
understanding the toxicity profile of modern radiotherapy techniques and to the provision of good
patient-centred support services.105 Monitoring online symptoms and AEs during systemic treatment
for advanced cancer has shown improved symptom control and survival.37,38

This purpose of the eRAPID radiotherapy work was to develop and assess the feasibility of collecting
electronically reported treatment-related AEs in an acute curative pelvic radiotherapy setting, building
on the eRAPID experience in systemic therapy. Typically, radiotherapy involves daily hospital attendance
during treatment, but often AEs peak weeks after treatment and late effects such as bowel and urinary
toxicity may develop months to years later.106–109 In this project, we initially decided to focus on establishing
and evaluating the feasibility of online symptom monitoring during and immediately after radiotherapy.
If our approach is proven to be feasible, future research should extend it to longer-term monitoring for
late effects (2–5 years following radiotherapy).

A developmental approach to AE item selection was undertaken because of the different treatment
types, schedules and patterns of AEs in radiotherapy. The CTCAE system, originally developed for
chemotherapy, does not sufficiently cover AEs pertinent to pelvic radiotherapy (e.g. bowel and
urinary urgency).

The radiotherapy eRAPID development work was undertaken at two sites: Leeds and Manchester.
It aimed to address the following questions:

1. Is it feasible to collect routine AE data during clinic visits and from patients’ homes
after radiotherapy?

2. Can eRAPID be implemented in different clinical/treatment settings?
3. Will eRAPID monitoring and the associated patient management advice and guidelines lead to

better AE control and better patient experience?

Changes to original plans

See Table 1 for an overview of the planned research activities. Some changes were made as the
study progressed:

l A systematic rather than a scoping review was conducted for PROM selection for radical
prostate radiotherapy.

l Cognitive interviews were not required because validated questionnaires were used with standard
wording. However, the Delphi consensus exercise was extended to include staff, patients and patient
advocates to strengthen the patient voice in item selection.

l Because there were differing treatment and toxicity profiles of prostate (radiotherapy only) and
other (chemoradiotherapy) pelvic radiotherapy groups, the planned sample size was increased and
stratified accordingly at each site.
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l In the usability study, endometrial cancer patients (in addition to cervical cancer patients) were
included to boost recruitment. The two cancer sites have a similar treatment trajectory and AE
profile and were involved in the usability study.

l Two tailored websites for patient advice for both the Leeds site and the Manchester site were
developed to accommodate local radiotherapy practice variations.

Patient and public involvement specific to eRAPID radiotherapy
system development

The aim and early involvement of PPI is described in Systemic treatment, Patient and public involvement
specific to eRAPID in systemic treatment. The development of the eRAPID IT system in radiotherapy had
substantial involvement from patient and public representatives. Carolyn Morris, a patient representative
and eRAPID co-applicant, was a member of the workgroup that managed the radiotherapy workstream.
The group met every 6 weeks and oversaw developments and guided decisions on recruitment, data
collection, data analysis and interpretation. As mentioned in Systemic treatment, Patient and public
involvement specific to eRAPID in systemic treatment, members of the Leeds site RAG and the equivalent
PPI group at the Manchester site have been involved with the programme in terms of both general
updates and feedback on the research provided at the biannual meetings. During and outside these
meetings they have provided input on an equal basis with HCPs and researchers, informing the
development and formatting of patient advice, website content and navigability, patient information
sheets and questionnaire wording, they have suggested optimal times to use eRAPID in care pathways
and they participated in beta-testing of the eRAPID IT system (including testing alerts and algorithms).
Carolyn Morris is a listed co-author on several of our publications.

Clinical trials day
On an annual basis, the eRAPID research programme was presented in the Leeds Cancer Centre
atrium, where there was engagement with patients, carers and members of the public about our
research. This gave team members experience of talking to the local community about our research
programme and gave us an opportunity to recruit new patients/carers to the RAG.

Patient adverse events and algorithm development (including self-management
advice and website)

Methods
We conducted a systematic review of RCTs110 to identify instruments used to monitor acute and late
AEs for prostate cancer. Subsequently, mapping exercises with clinical oncologists aimed to assess
the coverage of the instruments for prostate AEs to identify the most comprehensive tools available
and any AE gaps produced by adopting these tools. A Delphi exercise was conducted with staff and
patients to reach consensus on the best items to fill these gaps from other validated questionnaires
and tools [e.g. the EORTC QLQ C-3082 and European Organization for the Research and Treatment of
Cancer Quality of Life Questionnaire Prostate Cancer Module (EORTC QLQ-PR25),111 Short Form
questionnaire-36 items (SF-36),112 Expanded Prostate Cancer Index Composite (EPIC),113 eRAPID
systemic items,76 Eastern Cooperative Oncology Group criteria114 and FACT-G80].

To identify AEs associated with anal, rectal, cervical, endometrial and vulval cancers and to rate their
severity, patient interviews were carried out. Additional mapping exercises with clinical oncologists
were also conducted to map and assess severity for these disease sites. Finally, chemoradiation items
were selected from the item library developed in the eRAPID systemic therapy work programme.76

Working with clinicians, we developed algorithms to establish symptom severity thresholds to determine
appropriate severity-dependent symptom-specific management advice. To develop patient advice and
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information in QTool and on the patient websites, we reviewed and compiled this into patient-friendly
language. We sourced advice from reputable national resources and local patient information leaflets
about the management of common pelvic radiotherapy AEs. For more detail, please refer to Appendix 1,
eRAPID radiotherapy Delphi paper, and Appendix 1, eRAPID radiotherapy developmental paper.

Results
The systematic review demonstrated that PROMs were rarely used for acute toxicity reporting and
were largely employed for collecting data on late effects. Overall coverage of all relevant AEs could not
be gained from one PROM alone and required augmentation with additional items.76 Our mapping
exercises found that the Male Pelvic Questionnaire (MPQ)115 provided the best coverage for AEs
associated with prostate treatment; however, additional items were included to cover hormone and
social/emotional items drawn from EPIC,113 European Organization for the Research and Treatment
of Cancer (EORTC) measures82,111 and eRAPID AEs.76 The MPQ115 and Female Pelvic Questionnaire116

together provided best coverage for anal, rectal, cervical, endometrial and vulval cancers. Additional
items for chemotherapy were drawn from the eRAPID AE item library and stoma items from EORTC
modules. A new item was developed for skin toxicity and mapped to the CTCAE using the eRAPID
question format. The resulting questionnaire included 51 standard items, of which 25 were presented
to prostate cancer patients, 29 to gynaecological cancer patients and 47 to anorectal cancer patients,
covering urinary and bowel toxicity (stoma and non-stoma items), fatigue, physical limitations, sexual
problems and chemotherapy-related AEs.

Professional and care pathways

Methods
Semistructured interviews were carried out to assess staff and patient views of eRAPID at both sites
to map usual-care pathways for each disease site and determine the most appropriate clinical contact
and time points for completion of the eRAPID questionnaire.117,118 We asked about organisational
issues, patient trajectories and algorithms for clinical decision-making and determined the patients’
points of contact during and outside office hours. For more detail, see Appendix 1, eRAPID radiotherapy
developmental paper.

Results

Stakeholders interviews
A total of 48 patient interviews and nine relative interviews were carried out (across both sites) during
radiotherapy (n = 14), at the end of treatment (n = 21) and re-interviewed a proportion of patients
(n = 13) 6 weeks after treatment. A total of 26 key staff members (across both sites), including 10 clinical
oncologists, eight nurse specialists, two clinic nurses, four radiographers and two service managers,
were interviewed.

Care pathway maps were developed for patients receiving radiotherapy for prostate, cervical, anal, rectal,
endometrial and vulval cancer at both sites (six in total). Analysis of the pathways determined the most
appropriate clinical contacts. At the Leeds site, this was the oncology bleep holder (current treatment)
and the medical team (post treatment). At the Manchester site, it was the treatment hotline (current
treatment) and medical team (post treatment). The contact numbers were integrated into QTool advice.

The complexity of the symptom patterns and treatment pathways necessitated development of
new design features in the online symptom report to accommodate overlap from AEs associated
with different types of treatment and time dependencies across three disease sites. The resulting
questionnaire had a more complex structure than that developed for systemic therapy. This higher
degree of complexity was also reflected in the self-management advice. Two websites were developed,
one tailored to each hospital, because there was variation in local practices.
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Usability field study

Methods
At the end of the radiotherapy eRAPID development phase, a mixed-method usability field study was
carried out. This aimed to test the whole system with end users (staff and patients) in a real-world
clinical setting. This testing was in addition to rigorous technical testing of the eRAPID IT system by staff
and patients during the study. For more detail see Appendix 1, eRAPID radiotherapy developmental paper.

Results
The usability testing took place between March 2016 and August 2016 with 10 prostate patients
from the Leeds site and 10 gynaecological patients from the Manchester site, and 12 staff. All patients
completed eRAPID weekly during radiotherapy treatment (4 or 5 weeks). Patients were prepared to
report symptoms despite the fact that they were seeing their radiographer every day, and the length
of the questionnaire was not deemed too burdensome. The symptom report was seen by patients as a
useful reminder or prompt about what they should be looking out for and they felt that it helped them
prepare for their consultations with their clinical team. This usability study enabled observation of staff
and patient use of eRAPID in a clinical setting, and some modifications were made. Feedback from
staff and patients was positive, and there was great enthusiasm for using the system. For more details
see Appendix 1, eRAPID radiotherapy developmental paper.

Feasibility pilot randomised controlled trial

The aims of this randomised feasibility and pilot RCT study were to establish feasibility, recruitment
and attrition rates, select a primary outcome measure for a future RCT, and refine the intervention by
exploring staff and patient views. For full details see the published protocol.74

Methods
The study employed a prospective, two-centre, randomised (1 : 1), parallel-arm trial with repeated
measures and mixed-methods design. This used a basket trial design to test the eRAPID intervention
in two distinct treatment arms: (1) radical radiotherapy for early prostate cancer and (2) pelvic
chemoradiotherapy for lower gastrointestinal cancers (e.g. anal and rectal) and gynaecological cancers
(e.g. cervical, vaginal, vulval and endometrial). Randomisation was stratified by participating study site
and cancer site/treatment type (prostate cancer receiving radiotherapy with or without hormonotherapy
and gynaecology/lower gastrointestinal cancers on chemoradiotherapy). Sample size was based on the
recommendation for 30 patients per arm for each treatment type,119 allowing for 30% overall attrition
(i.e. 42 patients per arm, 84 for each treatment type, totalling 168 patients). Participants randomised
to eRAPID reported AEs from home weekly for 12 weeks, then at 18 and 24 weeks, in addition to
usual care.

We measured and descriptively analysed patient-reported outcomes (validated HRQoL questionnaires:
FACT-G80 and EORTC-QLQ-C30;82 measures of patient self-efficacy: SES83 and PAM;85 process of
care measures: hospital records of patient contacts and admissions; and health economic measures:
EQ-5D-5L81 and self-reported use of resources).

Semistructured interviews were conducted with staff and patients using eRAPID; in addition, they
completed a short end-of-study questionnaire that collected numerical and free-text data about their
experiences. Interviews were transcribed verbatim and subjected to thematic content analysis.86

Ethics approval was granted by Yorkshire and the Humber – Leeds East Research Ethics Committee
(reference 16/YH/0371). The trial was registered as ClinicalTrials.gov NCT02747264.
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Results
Between December 2016 and June 2018, 502 patients from the Leeds and Manchester sites were
screened for eligibility, 228 were approached and 167 provided informed consent (73.2%) and were
randomised [eRAPID intervention arm, n = 83; usual-care arm, n = 84; 87 had prostate cancer, 46
had gynaecological cancer and 34 had lower gastrointestinal cancer; 103 (61.7%) were male; and the
mean age was 61.7 years (SD 14.8 years)]. The active withdrawal rate was low: 16 out of 167 (9.6%;
eRAPID intervention arm, n = 10; usual-care arm, n = 6). Patient compliance with online self-reporting
was 82% of that expected in week 1, 63% in week 12 and 40% in week 24. Prostate cancer patients
completed the most reports (mean 14.4 reports, range 3–27 reports) per patient and gynaecological
cancer patients completed the least reports (mean 6.8 reports, range 0–15 reports). This low level of
adherence was because of patients with cancers of the cervix/endometrium (11/23 patients completed
none to three online reports). Non-adherent patients were younger (mean age 35.8 years) in comparison
with the adherent patients in the chemoradiotherapy arm (mean age 45.2 years). The algorithms
activated alerts for severe symptoms (4% for chemoradiotherapy and 0.5% for prostate cancer patients).
Over 50% of patients triggered the algorithm for milder symptoms and were given self-management
advice. No differences in recruitment and retention rates were seen between the two study sites. The
mean number of patient calls to hospital was 0.8 (range 0–8) for both arms (calls by nurses to patients:
eRAPID intervention arm, n = 1.1, range 0–15; usual-care arm, n = 0.8, range 0–9).

Return rates of outcome measures were 95.8% at baseline, 77.8% at 6 weeks and 73.7% at 24 weeks.
Missing item rates were low; only 0.6–5.4% of the returned questionnaires had a large number of
missing items, not allowing the calculation of the scores.

Descriptive statistical analysis of patient outcome measures suggested that patients randomised to
the eRAPID intervention reported less deterioration in scores over time than patients randomised to
usual care, with the biggest difference observed at 6 weeks. There was a notable difference between
chemoradiotherapy and prostate cancer patients: change scores were minimal in the prostate cancer
arm and larger in the chemoradiotherapy arm, suggesting that the between-arm differences are driven
by the chemoradiotherapy effects.

Interviews were performed with 11 patients and four clinicians from the Leeds site, three Manchester
site staff provided written feedback and 61 patients from across both sites returned the end-of-study
feedback questionnaire. Themes and example quotations are summarised in Appendix 1, eRAPID
radiotherapy pilot draft paper, and Appendix 1, eRAPID radiotherapy qualitative findings. Both staff
and patients found the system easy to use, albeit reflecting on different system interfaces and uses.
Reassurance from the information and support and monitoring of side effects was a strong positive
element for patient participants. However, motivation to use the system diminished when patients
felt ‘recovered’. Staff referring to and discussing the reports in consultations were a big incentive for
patients, and some staff did this regularly; however, patients were not always sure if staff were using
them. This was of concern because a major benefit of eRAPID for patients was its potential to inform
staff of the side effects experienced. However, patients did feel supported by the intervention and felt
that it connected them with the clinical team.

Staff reported finding it difficult to identify which patients were using the eRAPID IT system because
eRAPID patients formed a small number in the midst of their busy clinics. Prompting was often required
from the research team to remind clinicians to look at the reports. However, clinicians found eRAPID
useful in preparation for their clinics and thought it would be useful to extend the follow-up period
beyond 24 weeks to capture late effects.

For a more detailed description, see Appendix 1, eRAPID radiotherapy pilot draft paper.
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Conclusions from the pilot randomised controlled trial
This two-centre pilot RCT of online monitoring of AEs during and after pelvic radiotherapy confirmed
that recruitment was feasible and that the eRAPID intervention was acceptable to both patients and
staff. A consent rate of > 70%, withdrawal rate of < 10% and rate of compliance with online completions
of 60–70% met our a priori criteria in the prostate and lower gastrointestinal cancer arms. However, the
eRAPID approach may not be suitable for young women aged < 40 years with lower education levels
who receive intensive chemotherapy for advanced cervical cancer. Patient outcome measures suggest
potential differences in the expected direction mainly in the chemoradiotherapy groups, with most
impact at 6 weeks; however, this observation needs confirming in a formally powered RCT. The trialled
patient outcome measures, FACT-G and EORTC QLQ-C30, showed similar properties and detected
differences in the expected direction. The team had a slight preference for recommending the EORTC
QLQ-C30 summary score, because most of the scales comprising the summary score (including
functional and symptom scales) showed differences in the same direction.

The qualitative findings, similar to those in the systemic RCT, emphasised the importance of engaging
clinicians to discuss the reported symptoms. This was seen by patients as a major incentive. Other patient
benefits were acknowledged, such as personal reassurance and support for symptom management.

Conclusions for eRAPID radiotherapy study

The eRAPID radiotherapy strand successfully delivered a wide range of research activity, developing
and integrating the electronic platform, identifying suitable questionnaires for self-reporting AEs,
selecting item thresholds, developing advice and delivering a two-centre feasibility pilot RCT.

We showed that it is possible, with robust developmental work, to use symptom items or fully validated
pelvic-specific PROMs (and additional items to cover gaps) to report treatment-related AEs in radiotherapy.
We successfully delivered a systematic review identifying PROMs used in prostate cancer RCTs and
conducted a Delphi consensus exercise (with staff and patients) to select the items for online reporting.
Engaging patients and key clinicians, we developed item thresholds and severity-tailored patient advice
applicable to local radiotherapy practice at each centre.

The methodology used for developing the eRAPID radiotherapy intervention can be recommended for
future projects. Our experience confirmed again that the eRAPID approach is a complex health-care
intervention that requires a high level of tailoring to the cancer site, treatment and hospital. One size
does not fit all, although the proof of principle remains intact.

The pilot RCT established the feasibility and acceptability of the eRAPID approach at two leading
cancer centres in the UK. We noted the similar recruitment and retention rate at both sites (at the
Leeds site with a lot of eRAPID experience and at the Manchester site with minimal prior experience),
which supports generalisability. We noted very high levels of adherence to weekly eRAPID reporting
among the prostate cancer patients (i.e. among male and older patients) and noticeably lower levels of
adherence in the young women with cervical cancer.

It is reassuring that differences in the expected direction were observed in the patient outcome
measures, confirming that the selected eRAPID items and tailored advice were appropriate. Perhaps
unexpected was the observation that the eRAPID intervention appears to have had an impact in
patients receiving chemoradiotherapy and no detectable effect in those with prostate cancer. The
observed, encouraging trends in the data will enable hypothesis generation for a future RCT. In
addition, this study enabled us to identify a primary outcome measure for a future definitive trial,
with the EORTC QLQ-C30 identified as the main candidate. The SES also performed well.
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A limitation in the pilot RCT was the inability to integrate the eRAPID reports into MOSAIQ™ (Elekta
Solutions AB, Stockholm, Sweden) radiotherapy software within the time frame of the programme;
as a consequence, radiographers did not have easy access to patient self-reports. The patients told
us clearly that they expected their clinician to use the AE reports and, if they did not, this was a
disincentive. However, recent successful integration of the eRAPID IT system into MOSAIQ will enable
radiographers to access the AE reports during a future trial.

Research recommendations

This two-centre trial has generated sufficient evidence on the feasibility and acceptability of the
eRAPID IT system in radiotherapy to recommend a multicentre RCT to formally evaluate the utility in
routine care during and immediately after radiotherapy. We recommend that, even when the eRAPID
intervention is delivered in a multicentre setting, it has to be adapted to local radiotherapy care
pathways and adhere to local patient information and support.

The importance of engaging clinicians to regularly review and act on the AE reports was highlighted;
therefore, we recommend that the design of a future trial considers alternatives to the traditional
parallel-arm RCT to enable clinicians to see larger number of patients with self-reports. Stepped-wedge
designs or cluster randomisation may be considered.

It was challenging integrating and maintaining the bespoke IT platform across two sites with
differences in infrastructure and compatibility. This model is unlikely to be sustainable for a multicentre
trial. We recommend an IT set-up that allows HCPs to access patient online reports via a centrally
hosted software.

Clinicians strongly recommended a longer follow-up period (of up to 5 years) to allow late-effects
monitoring. However, the feasibility of longer-term monitoring will require further investigation and
must explore the costs and benefits for patients because our study did not provide long-term data.
Furthermore, patients indicated less willingness to engage in online reporting when they felt ‘well’.

Reflections on the work programme in radiotherapy

Although we successfully delivered the radiotherapy work across two sites, we underestimated the
length of time required for both IT aspects and the adaptation of the eRAPID intervention at each
site. We did not anticipate the need for two patient websites, to accommodate differences in patient
advice owing to variable lengths in radiotherapy schedules and patient care pathways for managing
acute toxicity. This highlights the issues with a lack of standardisation of radiotherapy processes and
pathways, which will continue to be a challenge. Our results suggest that the key is to engage with
key staff members and patients to enable the smooth integration of the system elsewhere.

Our study provided a proof of concept to enable staff to see the benefits of integrating patient-reported
AEs in EPRs. Following the eRAPID programme, The Christie NHS Foundation Trust has started a new
programme introducing routine PROMs into mainstream oncology care using a commercial software.
Furthermore, the study has demonstrated a proof of principle that symptom items can be adapted for
online reporting and severity thresholds can be established with clinical input.
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Surgery

Background

Major surgery for cancer aims to cure patients but can have serious side effects; it is associated
with a significant length of hospital stay, AE risk and a detrimental impact on patients’ QoL. Recovery
(i.e. resolution of symptoms/post-operative complications) takes months. Up to 50% of patients
experience resource-intensive short- or long-term complications or AEs (e.g. infection, sepsis or
pneumonia) following surgery for oesophageal cancer.120 Up to 13% of patients are re-admitted within
30 days.121,122 During the first month, patients typically also report significantly reduced physical
function123 and frequent, distressing and potentially problematic symptoms.

Enhanced recovery after surgery (ERAS) programmes are increasingly used to improve clinical outcomes
and are directly associated with early discharge from hospital.124 Although this is beneficial in many
ways, it means that patients are required to deal with distressing and potentially problematic symptoms
post discharge. Historically, these symptoms would have been detected and managed in hospital.121

Some of these post-discharge problems will escalate to serious complications and require re-admission.
Therefore, it is important to equip patients post discharge with the correct advice and information.
Currently, ERAS protocols are not standardised125 and do not extend beyond the hospital stay.126

Post-discharge care is fragmented between different services127 and inconsistent.125,128 It predominantly
involves costly and infrequent outpatient appointments or telephone calls from clinical nurse specialists.
Provision of such care is inconsistent and services are threatened by NHS pressures.17,129 The timing
of clinic follow-up varies between hospitals, with patients often not reviewed until several weeks post
discharge.129 Detection of problems post discharge depends on the patient’s ability to recognise and
distinguish between typical and clinically concerning symptoms. Barriers include patient concerns about
contacting care teams outside scheduled appointments and lacking knowledge about when to seek
help.64,130 Late reporting of problems can exacerbate symptoms and delay AE detection, resulting in more
severe complications, increased NHS burden, poorer outcomes and delayed adjuvant treatment.28,131–134

Little previous research has investigated how using electronic patient reporting and monitoring of
symptoms post discharge can improve post-hospital care and detect AEs.

The aim of the eRAPID surgery study was to develop and examine the feasibility of a real-time, remote
electronic system to monitor patients’ symptoms and problems after discharge from hospital following
cancer-related major abdominal surgery. The eRAPID surgery system was intended to be integrated
into hospital EPR and provide tailored feedback to patients and clinicians based on the severity of
reported symptoms.

Changes to the original research plan

Original plans for testing the eRAPID surgery system included development work and usability
testing with patients and HCPs prior to a small pilot study at a single site (the Bristol site) to examine
feasibility acceptability and adherence ahead of a future main trial. Changes were made to the original
surgery research plan to undertake development work followed by more extensive usability and
feasibility testing within a larger, two-centre, non-randomised pilot study (to include the Birmingham site).
A larger usability study was considered beneficial for three reasons:

1. Patients in this surgery cohort experienced relatively fewer AEs than systemic therapy patients.
2. Patients and HCPs in the Bristol site cohort (and in surgical cohorts more generally) were relatively

unfamiliar with systems for electronic reporting of patient-reported outcomes (including AEs)
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compared with those in the systemic cohort in the Leeds site. Therefore, we needed to examine how
HCPs interact with the eRAPID interface and the acceptability of the eRAPID IT system and its
integration into the clinical pathway before proceeding to a randomised pilot study. A second site
(the Birmingham site) was included in the pilot study to explore the feasibility of the system as an
intervention in a different surgical oncology setting (where electronic AE reporting and monitoring
is also novel) and to reflect a wider range of services.

3. We experienced delays and complications related to IT integration with EPRs at the Bristol site
that would benefit from more comprehensive evaluation over a longer time period. The version of
eRAPID tested at the Birmingham site was not integrated in hospital EPRs. Therefore, data from the
Birmingham site enabled a full exploration of integration and ease of use of the online web-based
system where EPR integration was not viable. Data were analysed separately and focused primarily on
examining participant recruitment, eRAPID symptom report response rates and data completeness.

Patient and public involvement specific to eRAPID surgery
system development

The eRAPID surgery system was developed with input from PPI representatives throughout the study.
An established local patient support group for patients and family/friends of patients affected by upper
gastrointestinal cancer at the Bristol site was consulted by members of the research team. Proposals for
the eRAPID surgery study were presented during a meeting attended by 15 support group members.
Feedback was sought on the relevance and design of the proposed study. In addition, members were
asked to complete a brief questionnaire regarding which symptoms had been the most difficult to
manage during their recovery and what advice they had encountered that they considered had been the
most useful. The findings from the PPI meeting highlighted the importance of including qualitative work
(e.g. interviews) with patients to explore their experiences and perceptions of using the eRAPID IT
system and receiving system advice and alerts, and informed the research plans to develop the eRAPID
surgery system clinical algorithms that would trigger feedback and advice based on symptom report
data. In addition, findings from the PPI consultation were considered at the algorithm-development
stakeholder meetings.

Patient adverse event items and algorithm development135

This section contains text reproduced or adapted from Avery et al.135 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 text below
includes minor additions and formatting changes to the original text.

Methods
The eRAPID surgery system was developed between February 2014 and August 2017, and the
developmental work is now published.135

Patient adverse event item development
A scoping review was conducted of existing, established, validated items from the EORTC QLQ-C30
and related modules identified for inclusion in the patient symptom report. This measurement system
is appropriate for patients undergoing cancer surgery and is established and routinely used as a
PROM in international trials to improve patient outcomes and care. Items of relevance to symptoms
and complications experienced by patients after cancer-related major abdominal surgery (e.g. surgery
for oesophageal, gastric and hepatopancreatobiliary upper gastrointestinal cancer) were selected.
Face-to-face cognitive interviews with a purposively selected broad sample of upper gastrointestinal
cancer surgery patients aged ≥ 18 years evaluated the suitability, acceptability and comprehension of
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the items selected. Participants’ thoughts during item completion were explored using verbal probes to
identify problems experienced with understanding or responding to items. Sampling and data analyses
proceeded iteratively until no further refinements were required.

Algorithm development
Clinical algorithms to determine when tailored feedback/advice would be triggered based on patient-
reported symptoms were developed from the following:

1. Data from eRAPID patient-generated symptom report data from consecutive patients discharged
from the Bristol site from 15 April 2016 to 15 August 2017 following cancer-related upper
gastrointestinal surgery. Patients completed the symptom self-report at discharge (baseline),
twice in the first week post discharge (days 2 and 7) and weekly thereafter for 8 weeks (although
participants could complete the symptom report at additional time points if they wished, e.g. if
experiencing new symptoms).

2. Data from weekly telephone interviews between participants and a study researcher/research
nurse, focusing on patients’ reflections of the nature and severity of post-discharge symptoms and
contact with and use of health-care services in the previous week.

3. Two stakeholder meetings with clinicians responsible for the clinical care of patients undergoing
major cancer-related upper gastrointestinal surgery and a patient representative. The objective
of the stakeholder meetings was to determine symptom severity thresholds to categorise which
symptoms or symptom combinations would be considered clinically important/concerning at a
given time point post discharge. Discussions focused on identifying bothersome or concerning
(e.g. indicative of a potential AE) symptoms that may warrant advice from either a patient or a
clinician perspective, and appropriate advice content. A patient participant attended stakeholder
meetings to facilitate discussion of patients’ perspectives on the findings from earlier PPI work
(described in Patient and public involvement specific to eRAPID surgery system development) around
which symptoms patients find concerning and may warrant advice/reassurance.

4. End-of-study interviews with a purposively sampled 10% subset of participants, approximately
10 weeks post discharge. Interview topic guides were developed, which were informed by
literature, analysis of nurse-led telephone consultations and study team discussion (including a
professor of upper gastrointestinal surgery and cancer nurse specialist). Data were analysed in an
iterative, cyclical manner as data collection proceeded to develop and refine the clinical algorithms.

Algorithms were further refined by comparing patient symptom report data and associated actions and
advice triggered by the system with (1) data from the weekly telephone interviews; (2) advice and
reassurance about symptoms and problems provided by a cancer nurse specialist and participants
during audio-recorded routine (i.e. usual care) telephone consultations; and (3) post-discharge clinical
events or outcomes of participants (e.g. re-intervention, re-admission to hospital or visit to a GP or
primary health-care provider) identified from hospital EPRs, re-admission alerts and patient-reported
health-care use.

Patient advice development
Three data sources informed the development of tailored patient self-management advice: (1) end-of-
study interviews, (2) audio-recorded routine telephone consultations between a cancer nurse specialist
and participants during the first week (at approximately days 2 and 7) post discharge and (3) a scoping
review and thematic content analysis of NHS-recommended patient recovery information and patient
information leaflets (conducted between September 2016 and January 2017). Relevant targeted
sections of audio-recordings were transcribed verbatim. Data were analysed to identify themes relating
to post-operative advice and reassurance, and options for appropriate phrasing and terminology for the
self-management advice were identified from transcriptions and from NHS patient information and
patient information leaflets. Draft advice was iteratively refined through discussion with the study
team and clinicians involved in the stakeholder meetings.
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Results

Patient adverse event item development
A total of 30 relevant items were identified from 95 potential items included in seven validated
EORTC questionnaires. Five additional items were included following consultation with clinicians,
resulting in a total of 35 items included in the patient symptom report. Item comprehensiveness and
acceptability were verified through interviews with 18 participants (men, n = 16; mean age, 66.3 years).

Algorithm development
Some 300 patients were screened, of whom 130 (43%) were eligible and invited to participate and of
whom 61 (47%) consented. A total of 59 (97%) participants (men, n = 34; mean age, 61 years) accessed
the eRAPID IT system a total of 459 times, and 444 completed symptom self-reports were obtained.
Weekly follow-up interviews with these 59 participants (men, n = 34; mean age, 61 years) and end-of-
study interviews with seven participants (men, n = 4; mean age, 58 years) led to refinements to patient
symptom report branching logic, and the addition of nine subitems to distinguish between ‘typical’ and
‘atypical’ symptoms, and eight subitems to distinguish between ongoing and resolved symptoms.

One patient representative, six nurses, two dieticians and one surgeon from four hospital sites
participated in two stakeholder meetings. Findings indicated that algorithms should account for
date since hospital discharge to allow more accurate evaluation of whether or not symptoms were
typical and atypical (i.e. indicative of an AE) depending on the individual patient’s stage of recovery.
The importance of reassurance that some symptoms are expected during recovery was also identified.

A comparison between data sets (e.g. system-triggered actions/advice, clinician consultations and
clinical events/outcomes) from 27 participants (men, n = 18; mean age, 63 years) reporting clinically
significant symptoms resulted in several further refinements to the patient symptom report
questionnaire (e.g. addition of items to evaluate wound problems, feeding tubes and contact with
HCPs) and algorithms (e.g. refinement of symptom severity thresholds and addition of subitems and
branching logic) over an 8-month period of system testing.

Patient advice development
Analysis of data from 15 routine care telephone consultations between a cancer nurse specialist and
eight participants (men, n = 5; mean age, 62 years) identified four themes relating to post-operative
advice and reassurance around pain, other physical symptoms, diet/nutrition and managing recovery
sought by participants.135 Data from seven end-of-study participant interviews (men, n = 4; mean age,
58 years) confirmed that the self-management advice was acceptable and relevant. This was combined
with data from analysis of 28 patient information leaflets identified from 16 NHS trusts and three cancer
support charities to develop draft self-management advice for 22 symptoms, tailored to individual
patient symptom severity. Draft advice was reviewed and refined at two stakeholder meetings.

Professional and care pathways135

This section contains text reproduced or adapted from Avery et al.135 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 text below
includes minor additions and formatting changes to the original text.

Methods
To ensure that the eRAPID IT system was developed and integrated in harmony with existing care
pathways and that it would optimally inform the post-discharge follow-up care of surgical patients,
analysis of care pathways at the Bristol site was conducted by study researchers and the hospital

SURGERY

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

48

https://creativecommons.org/licenses/by/4.0/


cancer nurse specialist team. The most appropriate time points for eRAPID symptom report completion
and the most suitable clinical contacts for patients experiencing potential AEs were identified to inform
development of system-triggered feedback/advice.

Results

Analysis showed that patients are not routinely reviewed in a clinic by a surgeon until several weeks
post discharge, by which time most symptoms and problems are expected to have resolved (Figure 6).
Instead, the cancer nurse specialist team is responsible for telephone follow-up of patients to monitor
patients’ progress with recovery and to detect problems or AEs during the early post-discharge period.
Therefore, the specialist nurse team was identified as the most appropriate clinical contact for patients
experiencing potential AEs, except for minor to moderate wound problems, for which GP or local
community health-care teams were most appropriate. Analyses also confirmed that the most appropriate
time points for patient completion of the eRAPID symptom self-report were twice in the first week then
weekly for 8 weeks post discharge, to reflect the time points that the specialist nurse team typically
contacts patients. The timing of follow-up contact points reflects the expected symptom profile and
expected typical recovery trajectory of patients undergoing major cancer-related upper gastrointestinal
surgery, where post-discharge symptoms and problems are frequent but expected to gradually improve.

Staff
involved

How patients
can report
problems 

CNS/senior upper
gastrointestinal nurse aims to
see all upper gastrointestinal
patients on/a few days prior
to the day of discharge.
Prepares patients for
discharge

CNS/senior upper
gastrointestinal nurse,
researcher/research nurses

Patient given standard post-
operation booklet outlining
potential side effects of
surgery and when to contact
CNS/senior upper
gastrointestinal nurse

Patient given standard
post-operation postcard
with CNS/senior upper
gastrointestinal nurse and
dietician contact details. CNS/
senior upper gastrointestinal
nurse explains the follow-up
call process. If patient is not
seen, CNS posts information

CNS updates board in office 
detailing discharged patients

CNS CNS/senior upper gastrointestinal nurse,
Macmillana support worker

Macmillana support worker books patient a
telephone appointment with CNS if required,
using discharge list

Days 2–3 post discharge: senior upper
gastrointestinal nurse calls patient (usually a
Tuesday/Thursday). Confirms patient has
received details of their 2-week follow-up
appointment and encourages them to call back
if any further issues. May make further calls if
considered necessary
Days 4–7 post discharge: as above

If Macmillana support worker becomes aware
of any issues requiring a clinical decision, they
notify the CNS/senior upper gastrointestinal
nurse immediately

2 weeks post discharge:
patient has consultant
appointment (also at
3 months). Nurses cannot
always see every patient so
prioritise the patients they do
see. There are flyers for patient
support groups in the clinics
(e.g. GOSH)

Patient offered ‘next steps’
day centre appointment, which
is a multidisciplinary team of
occupational therapists,
physiotherapists, dietitians,
psychologists and CNS/senior
upper gastrointestinal nurses
who provide information on
exercising, getting back to
normal life and coping with
tiredness

CNS/senior upper
gastrointestinal nurse,
consultant

Postcard prompts patient who to call
for certain symptoms (CNS/senior
upper gastrointestinal nurse,
dietitian, GP or general practice
nurse). They are advised to call 111,
ward or out-of-hours GP if they
cannot contact CNS or, in an
emergency, to call 999

Patients can report problems 
to CNS/senior upper
gastrointestinal nurse who can
offer advice, consult with upper
gastrointestinal consultant or
nurse practitioner, re-admit
patient to hospital or get
medicine prescribed

Bath, Weston and Taunton have their own
CNS/senior upper gastrointestinal nurses
who have different processes. Issues
include getting patients back to the BRI
with surgery-related problems 

Appointment with dietician
(if needed)

eRAPID
process 

Patients recruited to eRAPID
and given training on QTool.
Researcher/research nurse
completes baseline data
collection (baseline
questionnaires)

Days 2–3 post discharge: patient completes
online eRAPID AE questionnaire
Days 5–7 post discharge: patient completes
online eRAPID AE questionnaire
Week 1: all staff members record any
patient-reported issues on an eRAPID
follow-up prompt sheet

Weekly post discharge: patient
completes questionnaire
weekly for the first 8 weeks
post discharge
4 and 8 weeks post discharge:
researcher/research nurse
posts outcome measures

CNS/senior upper
gastrointestinal nurse
and surgeon(s) will
receive e-mail alerts
when their patient
has reported a serious
AE on the online 
eRAPID AE 
questionnaire

Immediately pre discharge At discharge Week 1 post discharge Weeks 2–8 post discharge

CNS rings patient at specified appointment
time, arranged by Macmillana support worker.
CNS triages any problems reported by the
patient

Process
followed

FIGURE 6 Patient care pathway analysis. a, Macmillan Cancer Support, London, UK. BRI, Bristol Royal Infirmary;
CNS, clinical nurse specialist; GOSH, Gastro/Oesophageal Support and Help Cancer Group Bristol.
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This contrasts with chemotherapy regimen symptom patterns. It was acknowledged, however, that it would
be important for patients to have the option to complete the symptom report at additional time points
(e.g. if they experienced new symptoms). Findings from the care pathway analysis were used to inform
the development of the clinical algorithms and feedback/advice generated by the eRAPID IT system.

Feasibility pilot study
A mixed-methods feasibility pilot study of the eRAPID surgery system was developed between
August 2017 and March 2018. Two publications reporting the findings have been published;136,137

see Appendix 1, eRAPID radiotherapy developmental paper.

Methods
Following development of the eRAPID surgery system, a mixed-methods approach was undertaken
to assess the system’s usability and feasibility. The study took place at two sites (the Bristol and
Birmingham sites). The rationale for including a second site in which the eRAPID IT system was not
accessible through EPRs is provided in Changes to original research plan.

Piloting of the eRAPID surgery system
Consecutive patients from each centre who had undergone cancer-related upper gastrointestinal
surgery were recruited. Eligible patients had undergone cancer-related upper gastrointestinal surgery,
were ready for hospital discharge to their home, were aged ≥ 18 years, had access to a computer/
mobile device and the internet at home, and were fluent in English. Participating patients were asked
to prospectively complete the symptom self-report at discharge (baseline), twice in the first week
(at approximately days 2 and 7) and weekly thereafter for 8 weeks. However, participants were
told that they could complete the symptom report at additional time points if they wished (e.g. if they
experienced new symptoms). Data analysis was conducted separately for the two sites and focused
on symptom report response rates, reasons for non-completion, data completeness, frequency and
severity of symptoms reported, and any system actions generated.

Rates of participation of relevant HCPs in monitoring the shared e-mail inbox to which alerts triggered
by the eRAPID IT system were sent were evaluated. Although HCPs at the Bristol site were able to
access eRAPID IT system patient symptom report data through EPRs during patient post-discharge
follow-up consultations (telephone and/or face-to-face clinic appointments), which either took place
as part of usual care or resulted from the eRAPID IT system alert, it was not possible to monitor rates
of use owing to administrative and time constraints. However, weekly interviews were undertaken
with participating HCPs to explore their engagement with and perspectives of the eRAPID IT system
(described in Qualitative interviews with patients and health-care professionals).

Qualitative interviews with patients and health-care professionals
Semistructured qualitative interviews with participants were conducted weekly (all participants) to
coincide with eRAPID symptom self-report time points and at the end of the study (a 10% purposive
subsample). Interviews explored patients’ experiences of using the system and receiving tailored
feedback and/or advice to contact a health-care professional. Weekly interviews were conducted
with the lead cancer nurse specialist (Bristol site only) to examine engagement with the system and
perspectives on the frequency, nature and relevance of patient contact resulting from eRAPID advice/
alerts. End-of-study interviews with the lead nurse and hospital dietician (Bristol site only) were
also conducted to explore views towards the practicality and usefulness of the eRAPID IT system
in the context of routine clinical care. Interview topic guides were developed, informed by literature,
nurse-led telephone consultations and study team discussion. Interviews containing data relevant to
the study objectives were transcribed verbatim (targeted transcription) and textual data analysed in
accordance with the principles of thematic analysis. Emerging codes were refined through iterative
discussion with the study team as analyses progressed and until thematic saturation was reached.

SURGERY

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

50



Technical performance
The technical functionality of the eRAPID IT system, including integration with EPRs and the number
of failed logins, HCP e-mail alerts and participant text/e-mail reminders, was monitored throughout
the study.

Piloting of potential outcome measures for a main trial
The timing and acceptability of potential outcome measures for use in a future definitive main trial were
examined. Participants completed paper-based FACT-G and EQ-5D questionnaires at baseline, week 3
(week 4 post surgery) and week 7 (week 8 post surgery). Methods for health-care resource use data
collection were also examined. Patients completed a paper-based health resource use questionnaire at
the end of the study, which recorded use of prescription and non-prescription medication and other
costs associated with patients’ recovery from surgery. In addition, patients were telephoned by the
study researcher at weekly intervals to record the frequency and reasons for HCP (e.g. GP and
community nurse) contact.

Results136,137

This section contains text reproduced or adapted from Richards et al.136 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 text below
includes minor additions and formatting changes to the original text.

This section contains text reproduced or adapted from Richards et al.137 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 text below
includes minor additions and formatting changes to the original text.

Piloting of the eRAPID surgery system
Between August 2017 and March 2018 at the Bristol site, 109 patients were screened; 41 (38%) were
eligible and 29 (71%) consented to participate (men, n = 19; mean age, 64.2 years). A total of 17 (25%)
patients were ineligible because they did not undergo their planned surgical procedure and 15 (14%)
were ineligible because they lacked a computer/mobile device/internet access. There did not appear
to be any major differences between patients who did and patients who did not take part. Seven (24%)
participants withdrew because they felt too tired/unwell or had experienced a prolonged re-admission
to hospital. A total of 11 (55%) of the 20 Birmingham site patients screened between November 2017
and October 2018 consented to participate, of whom two (18%) withdrew. At the Bristol site, response
rates to the eRAPID IT system symptom report questionnaire at key assessment time points exceeded
70% (range 72–93%), excluding day 2 to 3 post discharge (55%) when patients might have felt too
unwell to access the system. The most frequent reasons for non-completion were participants starting
adjuvant chemotherapy (12%) and not wanting to complete the symptom report at that time point
(10%). These findings indicate that it may be beneficial to incorporate non-responses at critical time
points as an indicator of potentially concerning symptoms that could trigger an alert to clinicians.
At the Birmingham site, eRAPID symptom report response rates exceeded 60% at all time points
(range 63–100%), excluding week 8 (response rate 50%) when participants are expected to have
achieved a good level of recovery from surgery.

At the Bristol site, all four members of the upper gastrointestinal specialist team responsible for the care of
patients post discharge after surgery, including three cancer nurse specialists and one dietician, agreed to
participate in the study. All nurses participated in accessing and acting on alerts triggered by the eRAPID
IT system and communicated to the shared e-mail account. Although exact frequencies are not available,
all four team members utilised eRAPID patient symptom report data to inform their routine patient
follow-up care (during nurse–patient telephone consultations and/or face-to-face clinic appointments).
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At the Birmingham site, all three upper gastrointestinal cancer nurse specialists in the team participated
in the study and accessed and acted on eRAPID alerts. Ad hoc administrative discussions with nursing
staff at the Birmingham site indicated that the clinical nurse specialist team considered the lack of
integration with hospital EPRs a barrier to the usefulness of the eRAPID IT system for contributing to
routine clinical care and limited their engagement with the system.

Between 30 August 2017 and 17 April 2018, 29 Bristol site participants completed the eRAPID
symptom report a total of 197 times (median 9, range 1–11); of these reports, nine (5%) triggered a
level-3 action (clinician alert), 72 (36%) triggered a level-2 action (advice to contact a clinician), 76
(39%) triggered a level-1 action (self-management advice) and 40 (20%) triggered no advice (Table 4).
Seven (78%) of the nine level-3 complications triggering HCP feedback and patient advice to contact
a HCP immediately were reported during the first 4 weeks post discharge. Potentially concerning
symptoms decreased thereafter, coinciding with milder/expected symptoms. A further eight level-3
alerts triggered by baseline (i.e. pre-discharge) symptom report completion were removed from the
data set following discussion with clinicians because they were considered irrelevant because the
patients were still in hospital. A total of 60% (n = 43) of the 72 level-2 actions (i.e. participant advised
to call a HCP) were triggered during the first 2 weeks post discharge. Just 15% (n = 11) of level-2
actions were triggered after 6 weeks post discharge. Most (n = 48, 63%) of the 76 level-1 actions
(i.e. self-management advice) were triggered after 3 weeks post discharge, most commonly at weeks 4
and 5. A total of 27 (68%) of the 40 level-0 actions (i.e. no participant advice required) were triggered

TABLE 4 Frequency of self-reported symptoms and eRAPID IT system actions by patients in the Bristol site (n= 29)

Reported symptoms and subsequent actions

Number of times
symptom triggered
action (N= 197), n (%)

Number of patients
triggering actions at any
time point (N= 29), n (%)

Level 3 action: alert to cancer nurse specialista 9 (4.6) 3 (10.3)

Pain 7 (3.6) 2 (6.9)

Fever and chills 2 (1.0) 1 (3.4)

Level 2 action: advised to contact HCPa 72 (36.5) 24 (82.8)

Wound problems 32 (16.2) 14 (48.3)

Appetite loss 26 (13.2) 12 (41.3)

Fever and chills 18 (9.1) 6 (20.7)

Physical function 10 (5.1) 8 (27.6)

Nausea and vomiting 8 (4.1) 8 (27.6)

Shortness of breath 7 (3.6) 5 (17.2)

Level 1 action: symptom adviceb 76 (38.6) 22 (75.9)

Fatigue 58 (29.4) 20 (70.0)

Pain 27 (13.7) 12 (41.3)

Physical function 22 (11.2) 10 (34.5)

Constipation 20 (10.2) 10 (34.5)

Nausea and vomiting 20 (10.2) 8 (27.6)

Reflux 17 (8.6) 8 (27.6)

Level 0 (no/minimal symptoms): no advice required 40 (20.3) 9 (31.0)

a Reporting of multiple symptoms possible.
b Following completion of the eRAPID symptom report, advice for a maximum of the top six reported symptoms

(ranked by HCPs a priori) is provided.
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after 5 weeks post discharge. The findings support literature indicating that most complications and
problematic/distressing symptoms occur within 30 days post surgery, with reduced symptoms from
4 weeks post discharge.137 At the Birmingham site between 10 November 2017 and 22 November 2018,
participants completed the eRAPID symptom report a total of 63 times (median 7, range 1–10); of these
reports, one (2%) triggered a level-3 action, 20 (32%) triggered a level-2 action, 36 (57%) triggered a
level-1 action and six (10%) triggered no advice. The pattern of timing of these actions was similar to
the pattern at the Bristol site. One level-3 alert was triggered at week 3. Most (n = 14, 70%) level-2
actions were triggered in the first 3 weeks post discharge, most (n = 25, 69%) level-1 self-management
advice was triggered after 3 weeks post discharge and the majority (n = 5, 83%) of level-0 feedback was
triggered after 4 weeks post discharge.

At the Bristol site, most level-3 actions (n = 7, 78%) were generated by pain symptoms. Level-2 actions
were most commonly triggered by problems with wounds (44%), appetite loss (36%), fever (24%),
physical function (13%) and nausea/vomiting (11%). Level-1 actions were generated most frequently
for problems with fatigue (n = 58) and/or pain (n = 27), physical function (n = 22), nausea or vomiting
(n = 20) and constipation (n = 20). The eRAPID IT system ensures that patients are not overburdened
with self-management by limiting advice to a maximum of the six most clinically concerning symptoms
per eRAPID self-report completion.135 Level 1 actions were triggered for a median of three (range 1–6)
symptoms per level-1 action triggered.

A total of 109 weekly interviews were conducted with patient participants. Analyses indicated that
some level-3 system actions had been triggered by symptoms for which the patient had already
received treatment from another care team or symptoms relating to pre-existing conditions and,
therefore, that no action needed to be taken by the participating cancer nurse specialist team. This
indicated that further minor refinements to the level-2 and level-3 algorithms were needed to ensure
that symptoms relating to underlying health conditions and relevant symptoms that are already
being well-managed do not trigger HCP alerts. Corresponding weekly telephone interview data were
available for 36 (50%, 17 participants) of the 72 level-2 actions triggered. In most cases (23/36, 64%),
participants contacted a HCP for only new or previously unreported symptoms, in accordance with
level-2 advice. In eight (35%) cases, all participants with new symptoms adhered to advice and contacted
a HCP. Of these, four participants contacted a GP and four contacted the cancer nurse specialist team.
This led to four participants receiving advice and/or reassurance from clinicians, three undergoing
clinical interventions or investigations (e.g. appointments and blood tests) and one receiving antibiotics
for a wound infection. In 15 cases (65%), participants appropriately followed advice not to contact a
HCP, either because they had an upcoming clinical appointment and/or because their symptoms were
already being appropriately managed. Among the 13 (36%) instances when participants did not adhere
to level-2 advice, reasons for not contacting a HCP included feeling that their symptoms did not warrant
reporting (e.g. because they already had an appointment scheduled, n = 6, 46%), not recalling receiving
the advice (n = 6, 46%) and choosing not to contact a HCP (n = 1, 8%).

Five Bristol site participants were re-admitted to hospital for complications (fevers/infections, n = 3;
nausea and vomiting, n = 1; and bile leak, n = 1). These participants completed the eRAPID symptom
report a total of 14 times within 7 days prior to re-admission, resulting in two level-3 events (14%),
nine level-2 events (64%) and one level-1 event (7%). This indicates that, in most cases, the eRAPID IT
system produced appropriate advice regarding the symptoms reported by patients. Interviews indicated
that some other participants may not have completed the symptom self-report prior to hospital
re-admission because they had recognised the severity of their symptoms and instead contacted
the care team without being prompted by the eRAPID IT system.

Qualitative interviews with patients and health-care professionals
Of the 173 potential weekly interviews, 109 (63%) were conducted, including at least one interview with all
29 patient participants. Of these, 35 interviews from 16 participants were selected because they contained
data of relevance to the research questions, in accordance with the principles of targeted transcription.
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Most participants reported positively on their experience of using the eRAPID IT system. Data confirmed
that patients found the system valuable and reassuring, particularly with regards to receiving confirmation
that their symptoms were typical for their stage of recovery and having a method for objectively tracking
progress with symptom improvement over time. Patients reported feeling empowered to take a central
role in their own recovery because the system provided new and tailored symptom self-management
advice and reminded them of and reinforced the guidance that they had previously received. Patients also
stated that the system enabled them to overcome feelings of isolation and uncertainty post discharge136

(see Appendix 1, eRAPID radiotherapy developmental paper).

Health-care professional interviews (n = 10 nurses/dieticians) indicated that the system was a valuable
adjunct to routine surgical follow-up care, particularly for interpreting the clinical significance of patients’
symptoms and progress in their individual recovery. Most system-initiated patient contact was regarded
as appropriate and timely and, in some cases, directly informed patients’ subsequent clinical management.
HCPs indicated that symptom self-report data collected by the system were useful to facilitate and
enhance nurse–patient telephone consultations and acknowledged the value of the system to provide
reassurance to patients outside ongoing nurse–patient consultations. The potential for technical problems
with hospital systems (e.g. accessing EPRs) and problems with accessing computers in clinic were regarded
as factors that may influence the use of the eRAPID surgery system in routine clinical practice.

Technical performance
At the start of the eRAPID research programme, a new Medway release was being installed, which
delayed QStore IT integration. Establishing working relationships with key staff took time and significant
input from the local eRAPID co-applicant/surgical lead. Between April 2016 and August 2017 there
were four instances of loss of Medway integration, resulting in clinicians being unable to access eRAPID
results through EPRs. There were two instances where integration was lost for 1 day and one instance
where integration was lost for 6 days. A Medway software update resulted in the longest incident of
integration loss, from 13 June 2016 to 28 October 2016. A separate ‘Administration and Report’ section
in QStore was developed, allowing staff to log in directly to QStore using a secure login to administrate
and see participant results and notification reports during periods of downtime. From May 2016 to
March 2018, there were five instances of reminder system downtime, totalling 39 days.

Piloting of potential outcome measures for a main trial
The FACT-G and EQ-5D questionnaires were completed by 19 (66%) and 20 (69%) participants at
week 4 post discharge and by 15 (52%) participants at week 8. Health resource use forms were
completed by 15 (52%) participants.

Discussion

A real-time, hospital-integrated symptom-monitoring system has been developed and tested to
optimise the effective management of symptoms and complications experienced by patients after
hospital discharge following cancer-related surgery. At the Bristol site, initial system development
included creating the symptom report questionnaire using validated items and mapping patient care
and recovery pathways. The system was then successfully integrated with the EPR system at the
Bristol site, and algorithms were developed to set thresholds for triggering feedback to patients/
clinicians. The system has been co-developed with stakeholder input at all stages and in harmony with
existing care pathways to ensure that system actions are relevant and meaningful to patients and
HCPs, and to optimise the functionality and usability of the system in an NHS setting. System feedback
was designed to be immediate, patient tailored and symptom dependent, developed with input from
patients, patient representatives and various HCPs (e.g. cancer nurse specialists, dietitians and
surgeons) and multiple data sources, including patient interviews and patient symptom report data.
Feedback providing patient advice was developed from HCP–patient telephone consultations, patient
interviews, hospital patient information leaflets and patient support websites.
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Findings from a pilot study at two sites show that the use of the eRAPID surgery system for real-time
remote monitoring of symptoms in patients recovering from cancer-related upper gastrointestinal
surgery is feasible and acceptable to both patients and HCPs. This mixed-methods study evaluated
system functioning, intervention adherence, data quality and completeness and patients’ and clinicians’
views on the acceptability of using the system alongside usual care. The level of engagement with
the eRAPID surgery system during the pilot study was high, with good rates of patient recruitment.
The proportion of patients who were ineligible because they lacked access to a computer/laptop/
mobile device or the internet is in keeping with internet usage trends of UK households for people
aged ≥ 65 years.138 The number of patients declining to participate was similar to the number reported
in other pilot studies and studies of surgical patients,139,140 and probably reflects how unwell patients
typically feel after major cancer surgery. Similarly, the number of participants who withdrew from the
study or who did not complete a symptom self-report at the earliest time point because they felt too
unwell was as expected because of the frequent and severe symptoms experienced after such major
surgery. Because the eRAPID surgery system has been designed to detect symptoms indicative of
problems/complications that may require clinical intervention, it is important that mechanisms for
monitoring patients who decline to use or feel too unwell to access the system are considered. For
example, non-completion of symptom reports at key time points may be interpreted as an indicator of
concerning symptoms that could trigger an alert to clinicians.

Rates of adherence to completing symptom self-reports and data completeness were good. Problematic
symptoms and those indicative of AEs were detected in a timely manner, and associated actions triggered by
the system, including those prompting contact with HCPs and subsequent interventions, were considered
appropriate. This indicates the utility of the eRAPID surgery system to detect, capture and generate new
representations of data is of relevance to both clinical management and patient self-management. Patients
reported the system to be valuable, reassuring and empowering, particularly when there was uncertainty
about whether or not symptoms required clinical intervention. HCPs regarded the patient-reported data as
clinically informative to the prompt and timely monitoring and management of patients’ symptoms and
complications. Based on findings from the pilot study, it is now recommended that the eRAPID surgery
system is further evaluated in the context of a clinical effectiveness study.

A systematic review conducted by the study team of studies using electronic patient-reported outcome
data systems post discharge after surgery shows that evidence of the benefit of electronic patient-
reported outcome data feedback post discharge after major cancer surgery is lacking, with just one
RCT identified.141 This US study was in colorectal cancer and evaluated electronic patient-reported
outcome data collection only, despite the importance of feedback and clinical system integration.
The review concluded that, before wider adoption of this technology, high-quality RCT evidence is
required to generate evidence to understand the effectiveness and economic impact of tailored
feedback from real-time, electronic symptom monitoring on the quality of patients’ post-discharge
recovery from cancer-related upper gastrointestinal surgery as an adjunct to usual care. Data from
the eRAPID surgery pilot study indicate that a definitive RCT is appropriate and feasible. Planning for a
full-scale RCT commenced in 2019.

Reflections on the work programme in surgery

Although clinicians at the Bristol site accessed and made use of patient symptom reports in EPRs,
they did not do so for all participants or at all time points. Clinicians reported that time restraints,
difficulty identifying which patients in the clinic workload were eRAPID participants and limited
access to computers prevented use of patient symptom reports in EPRs in some cases.

Time and resource constraints meant that it was not possible to integrate eRAPID into the EPR system
at the Birmingham site. Clinicians could access participants’ symptom reports only by logging into
a secure online server using anonymised study identifiers. Findings indicated that the system can
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be successfully implemented in hospital sites outside that in which it was developed and with less
experience of electronic capture/monitoring of patient-reported data. However, anecdotal evidence
from the Birmingham site clinical nurse specialist team indicated that this lack of integration with
existing hospital record systems limited clinician engagement and the usefulness of the eRAPID IT
system in routine clinical care.

Pilot study data indicate that minor refinements to the system may further optimise the system’s
performance. E-mail alerts generated for severe symptoms before hospital discharge were not clinically
relevant and confused clinicians, indicating that this function should be removed. Similarly, a minority
of the severe alerts resulted in unnecessary clinical contact. Changes to the wording of symptom
report items may ensure that symptoms that have resolved or are already being treated do not trigger
alerts. Participant interviews indicated that some hospital re-admissions for AEs occurred as a result of
participants contacting care teams without prompting by eRAPID alerts. In these instances, participants
recognised the severity of their symptoms, indicating that the eRAPID IT system may be the most
beneficial for providing guidance regarding moderate/severe symptoms or instances where patients are
uncertain about their symptoms’ clinical significance.

Research recommendations

Clinician feedback indicated that the eRAPID surgery system would benefit from additional tailoring
according to surgical specialty (e.g. hepatobiliary surgeries) to better reflect differences in recovery
symptom profiles. This could be achieved by creating tailored versions of the eRAPID IT system
based on type of surgery or adjusting inclusion criteria to recruit patients who have undergone
specific procedures.

The feasibility of the eRAPID surgery system has been demonstrated and evaluation of its clinical
effectiveness through a multicentre RCT is recommended. A funding application to undertake a
multicentre, parallel-arm RCT with an internal pilot phase was submitted in November 2019. The
primary objective of this RCT will be to compare the quality of recovery over the 4 weeks post
discharge following oesophagogastric cancer surgery between patients receiving tailored feedback
from electronic symptom reporting and monitoring through the eRAPID IT system plus usual care and
patients receiving usual care alone. The study will generate evidence about the economic impact and
affordability of the eRAPID IT system in major cancer surgery patients.
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Discussion, conclusions and recommendations

Summary of key findings, limitations and conclusions

During cancer treatment, patients can experience a wide range of symptoms and side effects. Typically,
these are monitored and recorded by clinical staff as part of routine or acute assessments during
treatment. Usual-care practices are associated with a number of limitations: for example, patients
can find it challenging to recall symptoms over longer time frames and to know how best to manage
problems that arise at home. Clinical staff may not accurately record all of the symptoms and issues
that patients experience. Consequently, there is considerable variation in AE documentation in medical
records. This 7-year programme of research set out to develop and evaluate an online approach to
symptom monitoring during cancer treatment.

Overall, we successfully delivered and evaluated a new approach to online symptom monitoring in
oncology. A wide range of activities was conducted across the three main cancer treatment modalities
(i.e. systemic treatment, radiotherapy and surgery) covering all stages of the research process:

l Designing and developing the IT platform and EPR integration.
l Identifying, developing and testing the components of the intervention in collaboration with patients

and HCPs (e.g. selecting symptom items for self-reporting, agreeing on clinically relevant thresholds
and clinical algorithms for alerts, and preparing patient advice). Furthermore, the intervention was
specifically tailored for each treatment modality and site.

l Implementing the full intervention package (i.e. electronic system with the items, algorithm and
advice) across three geographical sites.

l Completing a feasibility study (in surgery) and randomised pilot studies (in radiotherapy and
systemic treatment).

l Completing a definitive, single-centre RCT in systemic treatment, including cost-effectiveness analysis.

An essential feature of the secure eRAPID IT system was the functionality for clinicians to view patient
reports from within EPRs without the need to open and log in to an additional system. This greatly
facilitated the practical clinical usefulness of the eRAPID IT system. Developing a secure system to
provide such a feature was a significant achievement at the time (2012) and is still a rare occurrence in
the NHS. This approach brought challenges because of the bespoke levels of integration required at each
site. There is a need for significant ongoing maintenance and support from central IT departments. Patient
portals that provide access to medical records can accommodate online reporting.142,143 We believe that
this will be the main approach in the future, although patient portals may have less flexibility for tailoring
the questions, scoring algorithms and patient advice than the approach taken in this programme.

Although we originally anticipated that the eRAPID intervention would require tailoring to each cancer
site and specific treatment, we found that the level of adaptation required to make the intervention
clinically relevant and useful was much higher than expected. High-level tailoring of the content was
needed for each cancer site, treatment type and study site.

To the best of our knowledge, the eRAPID intervention is one of the first internationally to include
detailed severity-dependent advice to patients on how to self-manage mild/moderate symptoms and
when to contact their medical team. This makes the educational and supportive effect stronger, as
reflected in the observed improvement in self-efficacy. It is important to point out that the eRAPID
intervention was still closely integrated in the site’s care pathway and, therefore, our studies do not
provide evidence in support of the growing number of stand-alone smartphone apps for monitoring
and managing cancer treatment side effects.
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Working in collaboration with clinical teams and patients, we adopted different approaches to the
selection of items for online symptom reporting across the three treatment modalities (either adhering
to accepted CTCAE reporting systems or selecting pertinent items from validated PROMs). Thus,
we provided a proof of principle that any symptom items can be adapted for online reporting and a
severity threshold set-up with clinical input.

Across the feasibility study, pilot studies, RCT and the study sites, we note the highly consistent patient
consent rates (> 60%) and adherence to online reporting (broadly 60–75%). These results are encouraging
and confirm the feasibility and acceptability of this approach across treatments and centres.

Interviews and feedback from patient participants revealed a range of perceived benefits, such as
improved connection with the hospital, reassurance that symptoms were in line with those expected,
provision of valuable advice on symptom management, supporting decisions on when to contact the
hospital and as a general aide memoir or diary of symptom patterns and recovery during treatment.
Many patients welcome the increased levels of personal engagement the eRAPID IT system provided
in their cancer care. Patients expected clinicians to discuss the online reports to support their clinical
assessments and management and were dissatisfied when this did not occur.

The descriptive quantitative results from the pilot RCT in pelvic radiotherapy showed consistent
positive trends in symptom and AE control, in functional domains (e.g. emotional, social and role
functioning), global health/QoL and self-efficacy. The positive differences were observed early
(during the first 6 weeks) and mainly in patients receiving chemoradiotherapy.

The systemic RCT primary outcome analysis did not find a benefit from the eRAPID intervention at
18 weeks, the selected primary time point at the end of chemotherapy. However, a small positive
effect was observed at the secondary time points early in the treatment period (at 6 weeks and
12 weeks) and in patients treated with curative intent who are chemotherapy naive. Over 60% of
patients were treated with curative intent and > 75% of them reported mild/moderate symptoms/side
effects. Benefits in symptom control were seen early (at weeks 6 and 12) as patients started toxic
treatments, which stabilised by week 18 in both arms. Most side effects usually occur in the first few
weeks, diminishing later as chemotherapy doses are adjusted and patients learn how to handle the
toxicity. The results suggest that most benefit was seen in patients who had mild/moderate symptom
burden at baseline and early during treatment, who received self-management advice, who adhered
to > 70% of the weekly reports and whose clinicians explicitly discussed the self-reports. Our findings
extend the existing evidence from metastatic disease, demonstrating benefits on symptom control
during curative neoadjuvant or adjuvant chemotherapy, in particular early in the course of treatment.
Importantly, adding online self-reporting to usual care does not generate more hospital-based NHS work
as measured by numbers of emergency calls, acute admissions and calls to clinical nurse specialists.
Health economic analysis did not indicate a statistically significant difference in the cost of eRAPID
compared with the cost of usual care. There was evidence that the intervention increases patient
self-efficacy at 18 weeks as well as patient-reported overall health.

Limitations
The methods and overall findings generated from the programme should be considered in the context
of a number of key limitations.

We were able to deliver WPs across the main treatment groups: systemic treatment, radiotherapy and
surgery. However, we focused on certain cancer diagnoses within each of these. Consequently, results
may not be generalisable to broader cancer populations. In addition, the components of the eRAPID
intervention (e.g. choice of items, patient advice and symptom scoring algorithms) would require
tailoring and refinement to be clinically appropriate for use with different patient and HCP groups.

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS
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The 1 : 1 RCT research methodology meant that staff saw a limited number of eRAPID intervention
patients throughout the systemic treatment and radiotherapy trials. This reduced the opportunities for
cancer HCPs to become familiar with incorporating patient-reported data into their patient interactions,
which may have played a part in reducing the overall impact of the intervention. In addition, oncology
staff saw patients across both study arms, creating the potential for contamination bias. This too may
have reduced the intervention effect and could help explain the relatively limited impact of eRAPID.

Findings from the health economic analysis of the systemic RCT were limited by numbers of missing
data (particularly use of resources and EQ-5D score). In addition, as software costs were spread over
trial participants, only the overall cost-effectiveness may have be underestimated. It is also important
to acknowledge that the collection of health economic and quality-of-life outcome data at fixed time
points throughout the trial may mean that changes and fluctuations in patient health are missed.

The intervention was focused on online home reporting. With hindsight, supplementing online home
reporting with opportunities for in-clinic reporting would have increased clinical visibility and patient
engagement and adherence, and widened the eligibility to those without internet access. Approaches
that combine these administration methods are recommended in future clinical projects.

We were unable to collect quantitative data on the extent to which the patients followed the eRAPID
self-management advice. The results from patient interviews supported this explanation. Future work
that explores the underlying mechanisms (at both the patient and the professional level) that lead to
improved clinical management and outcomes is warranted.

We worked closely to co-design the intervention with patients and staff and collected important
quantitative and qualitative data across the programme to assess the acceptability and clinical value
of eRAPID. However, we recognise that our methodological approach was not formally guided by
theoretical frameworks, such as normalisation process theory.

Implications for practice
Findings from this research indicate that the eRAPID intervention was acceptable to patients and staff.
eRAPID was associated with better QoL and self-efficacy in patients receiving systemic treatment with
curative intent, supporting future use of the intervention in this setting.

Recommendations for research

With the widespread use of smartphones, apps and mobile technology by a large proportion of the
population, it is increasingly important to provide robust evidence on the benefits and potential risks of
using this technology in cancer care. Research recommendations are provided for each treatment area.

In systemic anticancer treatment:

l A meta-analysis of clinical trials of electronic symptom monitoring during chemotherapy given with
curative intent is needed to examine the growing evidence in this patient group. Our trial is, to our
knowledge, the largest study to suggest benefits in a population of patients treated predominantly
with curative intent, adding to the growing evidence of benefits in advanced cancers. Results from
another ongoing UK and European multicentre trial [electronic Symptom Management using the
Advanced Symptom Management System (ASyMS) Remote Technology (eSMART)] have recently
been published.57,144

l Further research examining, the integration of eRAPID-type interventions in newly designed care
pathways (e.g. nurse- or pharmacist-led face-to-face or telephone clinics), replacing elements of
traditional care rather than just adding to usual care.
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l Further research into approaches to enhance clinicians’ use of the online reports should be included.
For example, in our RCT we demonstrated that that patient adherence to the intervention was
associated with clinician engagement, which was variable.

l Further studies should target the recently introduced immunotherapies and small-molecule oral
therapies. These drugs have a different AE profile and the treatment is over long time periods.

l Further research can be recommended in patients with metastatic disease. International trials
suggested significant patient benefit in metastatic cancers, including better symptom management,
QoL and survival.38,70 It is important to replicate those findings in a UK oncology setting.

We have assessed the feasibility of the eRAPID intervention during acute pelvic radiotherapy
treatment. In radiotherapy:

l We recommend a multicentre trial to formally evaluate an eRAPID-type eHealth intervention during
and immediately after pelvic radiotherapy.

l Research, initially in the form of feasibility studies, is needed to evaluate online symptom reporting
long term following radiotherapy to monitor morbidity and inform and develop interventions for late
effects. Oncologists recognise the gap in radiotherapy evidence created by the lack of a mechanism
for collecting late-effects information (at 6 months and beyond). Rapid technical developments in
radiotherapy have led to new treatment approaches but we lack the methodology to capture their
long-term effects.

The feasibility of the eRAPID surgery system has been demonstrated for surgical patients. In surgery:

l Future research should focus on a formal evaluation of clinical effectiveness through a multicentre RCT.
l Additional tailoring of eRAPID according to surgical specialties will be advisable to better reflect

differences in post surgical recovery.

Finally, some methodological considerations should be contemplated:

l We recommend designs that serve to increase the exposure of clinical staff to the intervention
(e.g. 2 : 1 randomisation or quasi-experimental designs, such as cluster randomisation and stepped-
wedge design).

l Attention should be paid to optimising sustainable clinician training in the use and interpretation of
patient-reported outcome data.

l From a cost-effectiveness perspective, because the AEs of cancer treatment often persist (or worsen)
for months or years after completion, a robust evidence on the cost-effectiveness of the eRAPID IT
system over a longer follow-up trajectory is needed.

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS
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Appendix 1 Reports of studies not
yet published

Work programme in systemic treatment: two reports

1. eRAPID systemic randomised controlled trial qualitative findings: a summary of the
qualitative findings from the eRAPID systemic randomised controlled trial

Introduction
To help to understand the value of the eRAPID system in supporting patient care during systematic
cancer treatment, a qualitative substudy was embedded within the RCT. Interviews and written
feedback were obtained from patients and staff to gain insight into how the intervention was received
and used, and its impact on clinical management. Summarised below are the main findings from this
qualitative work, which helped to underpin and provide wider context to the main trial findings.

Methods

Interview procedures
Patients: we aimed to conduct interviews with 5–10 intervention participants per cancer group (in the
internal pilot and then for the main trial). A purposive sampling strategy was applied for the main trial
phase. A semistructured interview schedule covered questions around experiences and views of the
eRAPID system and any impact on medical encounters and care.

Staff: end-of-study interviews with up to five health professionals (specialist nurses and oncologists)
from each disease group were planned. A semistructured interview explored the access to and use of
the eRAPID symptom reports and the perceived value of the patient data in clinical practice.

Additional feedback
Additional feedback was obtained from patients and oncology staff via the following:

l Patient end-of-study feedback forms (completed at 18 weeks), which included free-text items
covering the good and bad things about using eRAPID, suggestions for improvement and further
comments about study participation.

l Clinician feedback forms (completed by clinicians throughout the study when reviewing online
symptom reports during face-to-face patient consultations). These included free-text boxes in which
staff could describe how the symptom reports were used and provide additional comments.

Analysis

Interviews
Interview recordings were transcribed verbatim, transferred to NVivo 11 (QSR International,
Warrington, UK) and were analysed by a core group of eRAPID researchers. A thematic framework
approach was applied.86,145

Feedback forms
The free-text comments (from patients and staff) were collated, reviewed for key content and
summarised under the overarching coding framework developed from the interview analysis.
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Results

Summary of qualitative data obtained
In total, 45 patients and 19 staff were interviewed. Fifty-five members of staff participated in the trial,
providing a total of 784 clinician feedback forms following consultations with eRAPID intervention
patients. Data from 185 patient end-of-study feedback forms were used for analysis.

Patient perspectives of eRAPID
Patient feedback covered three key themes:

1. general acceptability and functionality of the system
2. personal value of using eRAPID
3. impact of eRAPID on clinical care.

General acceptability and functionality of the system:

l Patients found the system to be straightforward and easy to use.
l The e-mail/text reminders were useful triggers to help to maintain regular completion, although

symptom reporting became established in the weekly routine for some participants.
l Issues with health were a common explanation for missing report completions (e.g. tiredness,

impaired cognitive functioning and hospital admission).
l The repetitiveness of the weekly completions and advice was seen as a downside by some patients

(particularly when symptoms had not changed).
l In terms of ideas for system improvement, suggestions included developing an eRAPID app and

functionality to add information and context around symptom experience.

The personal value of eRAPID was described in a number of ways:

l Helped to maintain a connection with the hospital – ‘Felt closer to the medical system’ (ID 166).
l Gained reassurance from the trusted advice and information provided by eRAPID to help monitor

symptoms. This was in addition to confidence that patients and caregivers were taking the right
action, including when to seek medical advice, particularly in the early weeks of starting treatment.

l Empowerment gained from personal symptom tracking – . . . ‘felt like I was taking an active role in
my treatment’ (ID 123).

l It was a useful memory aid to help recall symptom experience between treatments.

One participant commented that their use of the system had been primarily driven by the fact they
had agreed to take part in a study and provide information.

Impact of eRAPID on clinical care. Varied responses around the impact of eRAPID on care were
provided. Some felt that their reports had led staff to better understand the patient’s experiences
and that explicit reference to their data had been made to guide treatment dosages or other
supportive medication:

. . . the consultants using the system were able to raise issues raised – prescribing additional medication
if necessary.

ID 216

Others, however, reported being surprised and confused that symptom reports were not used at all by
the medical team. This was massively off-putting for some, leading to complete dissociation with online
report completion. A key recommendation that came from the patient end-of-study feedback was to
improve staff engagement with the reported data.
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Staff perspectives
Staff feedback largely came under three themes:

1. general acceptability and functionality of the system
2. impact of eRAPID on clinical assessments
3. perceptions of patient views of eRAPID.

General acceptability and functionality of the system. Staff found eRAPID patient-reported data easy
to access within the electronic records: ‘you just have to click a button, all the information is there,
so it was easy to use, readily available’ (colorectal, senior oncologist).

Both the table and the graph presentation options were considered helpful to meet different
informational needs and personal preferences.

Some practical issues were reported to have influenced viewing/using the data, including not being
able to access a computer in some assessment areas and lack of time.

Impact on clinical assessments. A number of positive examples described how the symptom reports
had been useful:

l helping to structure or prepare for the consultation (possibly time saving in some instances)
l building a connection/rapport with the patient
l helping to track symptom changes over time
l identifying issues that would not otherwise have been discussed.

Others felt that it added time to the consultation and one staff participant mentioned that the use of
the patient-reported data was a challenge to their usual clinical practice and way of doing things.

There were some criticisms that, on occasion, patients reported symptoms that were not associated
with cancer or treatment and that there could be discordance between what patients reported online
and what they described in person.

In addition, the RCT methodology was recognised as giving staff limited experience of seeing patients
with symptom data (and made it easy to forget which patients were on the trial).

Perceptions of patient views of eRAPID. Although some professionals were aware that patients had
found the eRAPID system acceptable and useful, others did remember any particular feedback. Staff
identified a range of potential barriers to effectively using eRAPID routinely, including variation in
patient adherence with online reporting, issues for non-English speakers and access to IT.

Conclusions

l The qualitative aspects of the eRAPID systemic RCT provided useful additional information on how
the intervention worked and was well received by patients and staff.

l Both participant groups reported that eRAPID was easy to use/access.
l From the patient point of view, the positives of eRAPID were that it was a trusted information and

support tool and helped to maintain a link with the hospital.
l Patients expressed a range of ways in which the system could be improved (through advances with

the technology) and better use of the data (more engagement from the clinical teams).

From the staff perspective, some professionals were positive about the potential benefit of the system
for assisting with consultation preparation and focusing discussions. In practice, we realise that the
design of the RCT meant that some staff had limited exposure to patients allocated to the eRAPID
intervention, which meant that they could forget to check for or use the patient reports.
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The qualitative findings presented here are limited in a number of ways. For example:

l Interviews and feedback from patients were gathered at the end of the 18-week study period rather
than routinely throughout. This may bias or limit what was recalled about how eRAPID was used.

l Clinicians were relied on to provide written summaries of how they had used the eRAPID data in
clinical encounters. Observations or audio-recordings would have provided supplementary insight
on how patient data were used in consultations.

As adoption of PROMs into current practice is becoming increasingly commonplace, it remains vital to
explore how systems work in practice to ensure that they meet the needs of both patients and clinical
teams. An important element of this will be to help support and train both patients and staff on
methods to maximise the use and clinical value of PROMs data.

2. eRAPID health economics report

Background
An economic evaluation was conducted to estimate the cost-effectiveness of the eRAPID system
for AE reporting from home or hospital compared with usual care for patients receiving systemic
treatment (chemotherapy or targeted therapies) for colorectal, breast or gynaecological cancers.
The analysis was guided by the recommendations of the NICE methods guide.146

Methods
An embedded health economic evaluation was conducted alongside the eRAPID trial, consisting of a
within-trial analysis evaluating the costs and benefits accruing to patients over the 18 weeks of the
trial. An exploratory analysis was undertaken at 12 months post randomisation.

Aims and end points
The primary aim of this analysis was to produce estimates of the cost-effectiveness of the eRAPID
system compared with usual care for patients receiving systemic treatment for colorectal, breast or
gynaecological cancers. The primary end point was the cost per incremental QALY gained when using
the eRAPID system compared with usual care at 18 weeks post randomisation.

Perspective and time frame
The study adopted a health-care provider perspective for the main analysis and an additional analysis was
undertaken from a societal perspective. Costs (direct and indirect) and outcomes of patients randomised to
the eRAPID arm of the trial were compared with those randomised to usual care over the 18-week time
horizon of the trial. Given that the time frame was less than 1 year, discounting of costs and benefits was
not required.

Measurement of outcomes
Health state utility values were obtained from patient responses to the EQ-5D-5L questionnaire,81,89 which
was administered at baseline and 6, 12 and 18 weeks post randomisation, and at 12 months post
randomisation for a subset of patients. In November 2018, NICE updated their position statement with
regards the use of EQ-5D-5L in reference case analyses and recommended using a mapping function
to map EQ-5D-5L responses to the EQ-5D-3L value set.88 Consequently, patient responses to the
EQ-5D-5L questionnaire were mapped to EQ-5D-3L utility values using the van Hout et al.90 crosswalk.
The utility values represent patients’ quality of life and were multiplied by duration (t) in each health
state to generate QALYs, which were used as the main outcome measure for this analysis, using an area
under the curve approach:

QALY = (((EQ5DBaseline + EQ5D6)/2) × t) + (((EQ5D6 + EQ5D12)/2) × t) + (((EQ5D12 + EQ5D18)/2) × t), (1)

where EQ5DBaseline, EQ5D6, EQ5D12 and EQ5D18 are the EQ-5D scores at baseline, 6 weeks, 12 weeks
and 18 weeks, respectively. If an individual died during the trial, we assumed that their utility value was
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zero from the date of death to trial end and assumed a linear transition to this value from their last
completed EQ-5D.

Multivariate regression was used to analyse the difference in QALYs between treatment groups,
controlling for baseline quality of life, age and gender.

Measurement of resource use and costs
All health-care resource use data were collected for the trial period of 18 weeks from randomisation
using patient-completed questionnaires administered at 6, 12 and 18 weeks and 12 months, along with
data obtained directly from hospital records. This included use of primary and secondary care services
along with prescription medications. Patient out-of-pocket costs, including travel, non-prescription
medications and other health-care-related expenses, were also collected.

Cost analysis
All use of health-care services within the trial period was converted to costs using appropriate UK unit
costs estimated for the price year 2018. Unit costs were assigned to health-care resource use from the
Personal Social Services Research Unit’s Unit Costs of Health and Social Care147 and the DHSC’s National
Schedule of Reference Costs,148 and costs were assigned to medications using prices from the British
National Formulary.93 Unit costs of health-care resource use items used in the analysis are presented in
Table 5. Patients’ use of health-care resources and total costs were calculated for the intention-to-treat
population.

TABLE 5 Unit costs of health-care resource use items

Resource item Location Unit cost (£) Source Details

Community health-care services

GP surgery Clinic 37.40 PSSRU 201891 Per-patient contact lasting 9.22 minutes

Home 85.00 (Per-patient contact lasting 9.22 minutes
+ average 12-minute travel time) × 4.00/minute

Telephone 15.10 GP-led triage, per call lasting 4 minutes

Nurse Clinic 10.85 PSSRU 201891 Per 15.5-minute consultation (PSSRU 2015),149

based on 42 per hour (PSSRU 2018)91

Home 18.05 Consultation+ 7.20 (based on 12-minute
travel time)

Telephone 7.70 Practice nurse, nurse-led triage, per call lasting
6.56 minutes

Physiotherapist Clinic 57.00 NHS Reference
Costs 2017–1892

Clinical psychologist, band 7, per working hour

Home 68.40 Consultation+ 11.40 (average 12-minute
travel time)

Telephone 22.80 Assumeda

Psychologist Clinic 55.00 NHS Reference
Costs 2016–17148

Physiotherapist, adult, one to one

Home 66.00 Consultation+ 11 (average 12-minute
travel time)

Telephone 22.00 Assumeda

Counsellor Clinic 55.00 NHS Reference
Costs 2016–17148

Occupational therapist, adult, one to one

Home 66.00 Consultation+ 11 (average 12-minute
travel time)

Telephone 22.00 Assumeda
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TABLE 5 Unit costs of health-care resource use items (continued )

Resource item Location Unit cost (£) Source Details

Hospital services

Inpatient stay
(24 hours)

431.11 NHS Reference
Costs 2017–1892

Elective inpatients excess bed-days

Outpatient visit 139.59 NHS Reference
Costs 2017–1892

Outpatient procedures

A&E 160.32 NHS Reference
Costs 2017–1892

Emergency medicine

Hospital consultations

Allied health professional

Dietetics Telephone 54.00 NHS Reference
Costs 2017–1892

Dietetics, non-admitted, non-face-to-face
attendance, first

Gynaecological
oncology

Telephone 23.00 NHS Reference
Costs 2017–1892

Gynaecological oncology, non-consultant led,
non-admitted non-face-to-face attendance, first

Visit 116.00 NHS Reference
Costs 2017–1892

Gynaecological oncology, non-consultant led,
non-admitted face-to-face attendance, first

Occupational
health

Telephone 72.00 NHS Reference
Costs 2017–1892

Occupational therapy, non-admitted
non-face-to-face attendance, first

Visit 74.00 NHS Reference
Costs 2017–1892

Occupational therapy, non-admitted
face-to-face attendance, first

Speech and
language therapy

Telephone 85.00 NHS Reference
Costs 2017–1892

Speech and language therapy, non-admitted
non-face-to-face attendance, first

Visit 117.00 NHS Reference
Costs 2017–1892

Speech and language therapy, non-admitted
face-to-face attendance, first

Consultant

Breast oncology Telephone 159.00 NHS Reference
Costs 2017–1892

Medical oncology, consultant led,
non-admitted non-face-to-face attendance, first

Visit 229.00 NHS Reference
Costs 2017–1892

Medical oncology, consultant led, non-admitted
face-to-face attendance, first

Palliative
medicine

Telephone 447.00 NHS Reference
Costs 2017–1892

Palliative medicine, consultant led,
non-admitted non-face-to-face attendance, first

Visit 330.00 NHS Reference
Costs 2017–1892

Palliative medicine, consultant led,
non-admitted face-to-face attendance, first

Nurse

Oncology Telephone 30.00 NHS Reference
Costs 2017–1892

Medical oncology, non-consultant led,
non-admitted non-face-to-face attendance, first

Visit 162.00 NHS Reference
Costs 2017–1892

Medical oncology, non-consultant led,
non-admitted face-to-face attendance, first

Breast surgery Telephone 210.00 NHS Reference
Costs 2017–1892

Breast surgery, non-consultant led,
non-admitted non-face-to-face attendance, first

Visit 127.00 NHS Reference
Costs 2017–1892

Breast surgery, non-consultant led,
non-admitted face-to-face attendance, first

Clinical oncology Telephone 82.00 NHS Reference
Costs 2017–1892

Clinical oncology, non-consultant led,
non-admitted non-face-to-face attendance, first

Visit 126.00 NHS Reference
Costs 2017–1892

Clinical oncology, non-consultant led,
non-admitted face-to-face attendance, first
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TABLE 5 Unit costs of health-care resource use items (continued )

Resource item Location Unit cost (£) Source Details

Colorectal surgery Telephone 82.00 NHS Reference
Costs 2017–1892

Colorectal surgery, non-consultant led,
non-admitted non-face-to-face attendance, first

Visit 109.00 NHS Reference
Costs 2017–1892

Colorectal surgery, non-consultant led,
non-admitted face-to-face attendance, first

Gynaecological
oncology

Telephone 23.00 NHS Reference
Costs 2017–1892

Gynaecological oncology, non-consultant led,
non-admitted non-face-to-face attendance, first

Visit 116.00 NHS Reference
Costs 2017–1892

Gynaecological oncology, non-consultant led,
non-admitted face-to-face attendance, first

Palliative
medicine

Telephone 214.00 NHS Reference
Costs 2017–1892

Palliative medicine, non-consultant led,
non-admitted non-face-to-face attendance, first

Visit 111.00 NHS Reference
Costs 2017–1892

Palliative medicine, non-consultant led,
non-admitted face-to-face attendance, first

Research Telephone 36.00 NHS Reference
Costs 2017–1892

Other specialist nursing, adult non-face to face

Visit 79.00 NHS Reference
Costs 2017–1892

Other specialist nursing, adult face to face

Surgery Telephone 85.00 NHS Reference
Costs 2017–1892

General surgery, non-consultant led,
non-admitted non-face-to-face attendance, first

Visit 107.00 NHS Reference
Costs 2017–1892

General surgery, non-consultant led,
non-admitted face-to-face attendance, first

Thoracic medicine Telephone 109.00 NHS Reference
Costs 2017–1892

Thoracic surgery, non-consultant led,
non-admitted non-face-to-face attendance, first

Visit 133.00 NHS Reference
Costs 2017–1892

Thoracic surgery, non-consultant led,
non-admitted face-to-face attendance, first

Adjuvant
chemotherapy
nurse specialist

Visit 89.00 NHS Reference
Costs 2017–1892

Specialist nursing, cancer related, adult,
face to face

Other

Clinical nurse
specialist helpline

Telephone 35.00 NHS Reference
Costs 2017–1892

Specialist nursing, cancer related, adult,
non-face to face

Leeds Cancer
Centre

Telephone 35.00 NHS Reference
Costs 2017–1892

Specialist nursing, cancer related, adult,
non-face to face

Other health-care services (specified by participants)

111 service 8.00 BBC News150

Acupuncture 129.00 NHS Reference
Costs 2016–17148

Acupuncture for pain management

Audiology 48.00 NHS Reference
Costs 2016–17148

Audiology, non-admitted non-face to face

Breast care nurse 78.00 NHS Reference
Costs 2016–17148

Specialist nursing, breast care nursing/liaison,
adult face to face

Cancer nurse 89.00 NHS Reference
Costs 2016–17148

Specialist nursing, cancer related, adult face
to face

Chiropodist/
podiatrist

41.00 NHS Reference
Costs 2016–17148

Podiatrist, tier 1, general podiatry

Community mental
health worker

95.00 NHS Reference
Costs 2016–17148

Mental health specialist teams, IAPT, adult and
elderly, per care contact
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Total costs for each patient were calculated as the sum of costs assigned for hospital services, community
health and social services, chemotherapy, hormone/targeted therapies and medications, as well as the
intervention cost. The eRAPID intervention was developed before this trial and those development costs
are, therefore, sunk costs and not relevant to the wider implementation of the system. The intervention
cost included in this cost-effectiveness analysis, therefore, consists of the cost of the patient manual, which
provided training and guidance on using the eRAPID system, and the cost of maintenance of the QTool
software. Only the cost of printing the manual was included (not its development) and this was calculated
based on University of Leeds printing charges.151 A maintenance cost for the QTool software for the
18 weeks of the trial was calculated based on an annual maintenance cost of £10,000, which was divided
by the number of patients in the eRAPID intervention group. Time taken off work by patients was included
in the societal perspective analysis using a human capital approach and a median hourly pay of £11.31 for
UK adults.152 In the absence of additional information, patients who reported working full time were
assumed to work 7.5 hours per day and patients who reported working part time were assumed to work
4 hours per day. Multivariate regression was used to analyse the difference in costs between treatment
groups controlling for age and gender.

TABLE 5 Unit costs of health-care resource use items (continued )

Resource item Location Unit cost (£) Source Details

Community stoma
nurse

51.00 NHS Reference
Costs 2016–17148

Specialist nursing, stoma care services, adult
face to face

Dentist 92.00 NHS Reference
Costs 2016–17148

General dental service, attendance

Diabetic nurse 67.00 NHS Reference
Costs 2016–17148

Specialist nursing, diabetic nursing/liaison,
adult face to face

Dietitian 86.00 PSSRU 201891 Dietitian

Home care 16.88 PSSRU 201891 Home care worker, based on 30-minute visit
(80% of total time)+ travel time (20% of total
time) at 27 per hour

Midwife 56.00 NHS Reference
Costs 2016–17148

Community midwife, ante natal visit

Paramedic 192.00 NHS Reference
Costs 2016–17148

Ambulance, see and treat or refer

Parkinson’s nurse 76.00 NHS Reference
Costs 2016–17148

Specialist nursing, parkinson’s and alzheimer’s
nursing/liaison, adult, face to face

Pharmacist 6.76 PSSRU 201891 Pharmacist, band 6, based on 9.22-minute
consultation (assumed same as GP) at 44 per
working hour

Psychiatrist 109.00 PSSRU 201891 Consultant: psychiatric, per working hour

Social worker 61.00 PSSRU 201891 Social worker, per hour of client-related work

Specialist nurse 76.00 NHS Reference
Costs 2016–17148

Other specialist nursing, adult face to face

Specialist ophthalmic 118.00 NHS Reference
Costs 2016–17148

Ophthalmology, consultant led, non-admitted
face-to-face attendance, first

Surveillance
sigmoidoscopy

182.00 NHS Reference
Costs 2016–17148

Diagnostic flexible sigmoidoscopy, aged
≥ 19 years

A&E, accident and emergency; CNS, clinical nurse specialist; IAPT, Improving Access to Psychological Therapies;
PSSRU, Personal Social Services Research Unit.
a Assumed 40% of face-to-face consultation cost based on ratio of GP face-to-face and GP telephone

consultation costs.
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Adjusting for baseline imbalance
Given that patients’ baseline utility is likely to be correlated with their utility over the follow-up period,
any imbalance in baseline utilities must be accounted for when calculating differential effects between
treatment groups.94,95 Multiple regression analysis was used to estimate differential mean QALYs
controlling for utility at baseline.

Missing data
Based on the descriptive analysis of the missing data, the analysis was conducted under the
assumption that the missing data were missing at random.97 Consequently, where there was missing
quality-of-life or cost follow-up data, multiple imputation methods were used to generate estimates of
missing values based on the distribution of observed data, as per recommended best practices for
economic evaluation alongside clinical trials.96

When choosing the level at which to impute missing data (more or less aggregated), a balance needs
to be struck between maintaining the data structure and achieving a stable imputation model.97

Consequently, for quality-of-life data, missing EQ-5D index values were imputed at each follow-up. For
costs, missing data were imputed for each follow-up at the level of total community health and social
care costs, not at the unit of resource level. Missing baseline EQ-5D values were imputed using mean
imputation to ensure that imputed values were independent of treatment allocation.98 EQ-5D index
values were recorded as missing if any EQ-5D items were missing for a given time point. Costs were
counted as missing if all resource items on the case report form were missing.

The imputation was performed in Stata® Version 15 (StataCorp LP, College Station, TX, USA) using
predictive mean matching to perform multiple imputation by chained equations. Predictive mean
matching ensures that only plausible values of the missing variable are imputed as the imputed value is
drawn from another individual whose predicted value is close to the predicted value of the individual
with the missing observation.97

Cost-effectiveness analysis

Primary analysis The cost-effectiveness analysis adopted an intention-to-treat perspective for
analysing and summarising the health economic trial data. The primary analysis consisted of a
cost–utility analysis over the 18-week trial period and included adjustment for baseline variables and
imputation of missing data. The incremental cost-per-QALY gained by patients using the eRAPID
system compared with usual care was calculated, producing an ICER153 as follows:

ICER = (CostA −CostB) / (QALYA −QALYB) (2)

NICE considers a cost per QALY within the range of £20,000–30,000 to be acceptable.146 Therefore,
the lower limit of this threshold (£20,000) was used to guide the analysis of cost-effectiveness.

Secondary analysis In addition to the primary analysis conducted from the health-care provider
perspective, a secondary analysis was also undertaken from the societal perspective. This analysis was
also conducted over the 18-week trial period, but, in addition to the costs included in the primary
analysis, the secondary analysis included costs to patients, such as travel expenses and over-the-
counter medicines, and productivity losses. The secondary analysis was carried out using the same
methods outlined for the primary analysis.

The exploratory analysis at 12 months replicates the methods used in the primary analysis.

Sensitivity analyses Sensitivity analyses were conducted to explore the impact of assumptions made
in the primary analysis and alternative perspectives for analysis. ICERs from each of the sensitivity
analyses were compared to the main trial results to identify areas of uncertainty.
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The effect of adjusting for baseline imbalance on cost-effectiveness was explored in an analysis with no
adjustment for baseline differences between groups. In addition, the effect of not imputing missing
data was considered in an analysis including complete cases only. The effect of using generic versus
condition-specific measures of HRQoL was explored in a sensitivity analysis using EORTC QLQ-C30 to
calculate QALYs rather than EQ-5D. As NICE recently updated their position statement88 advising the
use of the van Hout mapping algorithm for obtaining health state utility values, the effect of this was
explored in a sensitivity analysis using the EQ-5D-5L value set provided by Devlin et al.154

An additional sensitivity analysis had been planned to explore the impact of favouring data extracted
directly from hospital records by undertaking an analysis using patient reported data only. However,
following the pilot phase of the trial, hospital resource use was not collected from patients, so this
analysis was not possible.

Uncertainty analysis The level of sampling uncertainty around the ICER was determined using a
non-parametric bootstrap to generate 10,000 estimates of incremental costs and benefits. The
bootstrapped estimates were plotted on the cost-effectiveness plane to illustrate the uncertainty
surrounding the cost-effectiveness estimates.100 A CEAC illustrating the probability that the eRAPID
system is cost-effective at a range of threshold values (£0–100,000) was also constructed using the
bootstrapped samples.99

Results

Sample
Of the 508 patients recruited to the trial, 191 patients had complete resource use and EQ-5D-5L data
for all follow-ups.

Resource use and costs
Table 6 shows the average resource use of patients for community health-care services in each trial
arm over the 18-week duration of the trial.

Hospital resource use is presented in Table 7. Given that these data were extracted directly from
hospital records and, therefore, do not relate to data collected in case report forms at each follow-up,
hospital resource use is presented as a total for the trial period.

Average health-care costs over the trial period are presented in Table 8. Multiple regression analysis
indicated that the difference in total costs between groups was not statistically significant (95% CI
–£1240.91 to £1167.69, p > 0.05).

Quality of life
Mean (SD) EQ-5D scores for each trial arm at each follow-up are presented in Table 9. EQ-5D scores
decreased over the trial period in both arms, but scores were higher at each time point in the eRAPID
arm. However, baseline scores were also slightly higher in the eRAPID arm. Multiple regression
analysis indicated that the difference in QALYs gained between groups was not statistically significant
(95% CI –0.004 to 0.011, p > 0.05).

Missing data
Complete and missing community health-care use and EQ-5D-5L data are presented in Tables 10 and 11,
respectively. Missing data for hospital resource use are not presented because these data were extracted
from hospital records directly and, therefore, it is assumed to be complete in the absence of information
to indicate otherwise. A total of 205 (40%) patients completed resource use questionnaires for all
follow-ups. A total of 349 (69%) patients had complete EQ-5D-5L scores for all follow-up.
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TABLE 6 Mean (SD) use of community health-care services

Item Location

Baseline 6 weeks 12 weeks 18 weeks

Usual care
(n= 26)

eRAPID
(n= 33)

Usual care
(n= 160)

eRAPID
(n= 136)

Usual care
(n= 128)

eRAPID
(n= 134)

Usual care
(n= 114)

eRAPID
(n= 108)

GP Clinic 1.115 (1.071) 1.455 (1.148) 0.825 (0.858) 0.809 (0.985) 0.656 (0.943) 0.649 (0.998) 0.623 (0.78) 0.796 (1.174)

Home 0.077 (0.272) 0.212 (0.927) 0.025 (0.157) 0.022 (0.147) 0.078 (0.409) 0.022 (0.148) 0.018 (0.132) 0.037 (0.19)

Telephone 0 (0) 0 (0) 0.425 (0.765) 0.603 (1.137) 0.398 (0.934) 0.47 (1.249) 0.386 (0.698) 0.426 (0.739)

Nurse Clinic 0.462 (1.303) 0.333 (0.736) 0.338 (1.223) 0.221 (0.767) 0.344 (1.031) 0.396 (1.377) 0.474 (1.483) 0.37 (1.01)

Home 2.885 (8.524) 3 (9.189) 1.481 (2.592) 2.051 (4.146) 2.414 (4.56) 1.993 (3.082) 1 (1.829) 1.815 (3.523)

Telephone 0 (0) 0 (0) 0.2 (0.853) 0.191 (0.923) 0.18 (1.16) 0.09 (0.607) 0.07 (0.318) 0.083 (0.435)

Physiotherapist Clinic 0.269 (0.533) 0.091 (0.384) 0.088 (0.468) 0.015 (0.121) 0.023 (0.152) 0.015 (0.122) 0.018 (0.132) 0.019 (0.135)

Home 0 (0) 0 (0) 0.013 (0.111) 0 (0) 0 (0) 0 (0) 0.026 (0.281) 0 (0)

Telephone 0 (0) 0 (0) 0 (0) 0.007 (0.086) 0 (0) 0.015 (0.122) 0.009 (0.094) 0 (0)

Psychologist Clinic 0.115 (0.588) 0.061 (0.242) 0.019 (0.237) 0.029 (0.209) 0.008 (0.088) 0.037 (0.285) 0.079 (0.464) 0.139 (1.089)

Home 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Telephone 0 (0) 0 (0) 0.069 (0.87) 0.015 (0.171) 0 (0) 0 (0) 0 (0) 0 (0)

Counsellor Clinic 0 (0) 0 (0) 0.038 (0.334) 0.044 (0.295) 0.094 (0.553) 0.067 (0.28) 0.105 (0.522) 0.019 (0.135)

Home 0 (0) 0 (0) 0.013 (0.158) 0.007 (0.086) 0 (0) 0 (0) 0.009 (0.094) 0.019 (0.192)

Telephone 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0.044 (0.336) 0 (0)
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TABLE 8 Health-care costs (£) by trial arm

Total costs

Usual care eRAPID

Mean (SD), n
Minimum,
maximum Mean (SD), n

Minimum,
maximum

Community health
and social services

259.84 (222.09), 114 0, 1798 282.01 (243.81), 97 0, 1314.75

Hospital services 1629.95 (2520.48), 252 0, 18,968.84 1921.24 (3546.28), 256 0, 31,094.81

Chemotherapy 4583.97 (2489.91), 252 0, 24120 4463.29 (2493.92), 256 514, 15229

Hormone/targeted
therapies

1791.27 (4813.59), 252 0, 27,226.52 1548.75 (4643.52), 256 0, 27,226.52

Prescription
medications

76.34 (140.65), 234 0, 1275.17 57.59 (77.07), 231 0, 525.8

Intervention cost 0 (0), 252 0, 0 15.59 (0), 256 15.59, 15.59

Out-of-pocket costs 313.97 (559.23), 252 0, 5340 327.4 (788.64), 256 0, 9200

Time out of work 1176.67 (2163.37), 250 0, 10,687.95 1029.76 (1937.39), 256 0, 9670.05

Total cost (health-
care provider)

9044.22 (7056.23), 112 2522.76, 41,196.16 8603.34 (7901.21), 93 1871.53, 43,064.25

Total cost (societal) 10,976.03 (7342.09), 112 2895.93, 41,652.16 10,830.49 (8006.2), 93 1879.52, 43,198.25

This table reports data from patients with complete cost data only.

TABLE 7 Use of hospital services

Item

Usual care eRAPID

Mean (SD), n
Minimum,
maximum Mean (SD), n

Minimum,
maximum

Inpatient visits 2.757 (1.804), 115 1, 9 3 (2.526), 112 1, 15

Inpatient days 6.661 (6.584), 115 1, 44 8.143 (9.975), 112 1, 71

Hospital
consultation

2.04 (1.549), 101 1, 8 2.409 (2.181), 110 1, 12

Outgoing telephone
consultation

2.589 (2.632), 95 1, 20 2.861 (2.302), 108 1, 12

Incoming telephone
consultation

1.676 (1.628), 34 1, 9 1.935 (1.931), 31 1, 10

CNS helpline 1.286 (0.488), 7 1, 44 2.375 (3.114), 8 1, 10

Other hospital visit
(assessment)

1.813 (1.125), 107 1, 6 1.748 (1.065), 107 1, 7

A&E 1.071 (0.267), 14 1, 2 1 (0), 13 1, 1

A&E, accident and emergency; CNS, clinical nurse specialist.

TABLE 9 Patient EQ-5D scores (mapped to 3L)

Time point

Usual care, mean (SD), n eRAPID, mean (SD), n

EQ-5D score
Change from
baseline EQ-5D score

Change from
baseline

Baseline 0.753 (0.18), 248 0.758 (0.185), 250

6 weeks 0.752 (0.197), 226 0 (0.176), 224 0.776 (0.175), 213 –0.001 (0.183), 209

12 weeks 0.734 (0.18), 210 –0.025 (0.178), 208 0.747 (0.192), 202 –0.028 (0.191), 196

18 weeks 0.708 (0.213), 202 –0.05 (0.212), 200 0.739 (0.216), 189 –0.052 (0.209), 184
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Cost-effectiveness results
Cost-effectiveness results are presented in Table 12. The eRAPID group had both the highest QALY
gain over the trial period and the lowest costs. This indicates that the eRAPID system dominates usual
care and may be preferred as a cost-effective option.

Uncertainty analysis
Bootstrapped estimates of the incremental costs and incremental effects are plotted on the cost-
effectiveness plane in Figure 7. This shows the joint distribution of the incremental costs and effects for
patients using the eRAPID system compared with usual care. The majority of the points lie to the right
of the y-axis, indicating that use of the eRAPID system is likely to increase QALYs gained. The spread
of points both above and below the x-axis indicates the uncertainty around the impact of the eRAPID
system on costs.

The probability that use of the eRAPID system is cost-effective compared with usual care is presented
on the cost-effectiveness acceptability curve shown in Figure 8. Based on data collected over the
18 weeks of the main trial and a cost-effectiveness threshold of £20,000 per QALY, the eRAPID
intervention has a 55% probability of being cost-effective.

TABLE 10 Complete (missing) resource use data: community health-care services

Time point

Usual care eRAPID

n valid (missing) Percentage complete n valid (missing) Percentage complete

6 weeks 160 (92) 63 136 (116) 53

12 weeks 128 (124) 51 134 (118) 52

18 weeks 114 (138) 45 108 (144) 42

TABLE 11 Complete (missing) patient EQ-5D scores

Time point

Usual care eRAPID

n valid (missing) Percentage complete n valid (missing) Percentage complete

Baseline 248 (4) 98 250 (6) 98

6 weeks 226 (26) 90 213 (43) 83

12 weeks 210 (42) 83 202 (54) 79

18 weeks 202 (50) 80 189 (67) 74

TABLE 12 Cost-effectiveness results

Treatment
group

Costa (£), mean
(SD)

Incremental
costb (£)

QALY,a mean
(SD)

Incremental
QALYb ICER (£/QALY)

Usual care 8330.36 (435.23) 0.255 (0.004) eRAPID
dominates

eRAPID 8305.08 (450.5) –25.28 0.259 (0.004) 0.003

a Unadjusted values in mean (SD).
b Incremental values from regression output (accounting for baseline variables).
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Sensitivity analysis
The cost-effectiveness results for each scenario explored in the sensitivity analyses are presented in
Table 13. The results of the primary analysis are robust to all sensitivity analyses conducted. In each
case, higher QALY gains and lower costs are observed in the eRAPID group than in the usual-care
group, indicating that the eRAPID system is likely to be a more cost-effective use of resources.

Secondary analysis
Results from the secondary analysis, conducted from the societal perspective, are also presented in
Table 13. This shows that even when societal perspective costs, including patient out-of-pocket costs
for food, travel, non-prescription medications, additional expenses and time out of work, are included
in the analysis, lower costs are still observed in the eRAPID group. Although the difference in costs
remains small, this difference is larger than is observed in the primary analysis, conducted from a
health-care provider perspective. This indicates that the eRAPID system may have an additional
impact on the wider societal costs, over and above the difference in health-care resource use.
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As in the primary cost-effectiveness analysis, higher QALY gains and lower costs are observed in the
eRAPID group than in the usual-care group, indicating that the use of the eRAPID system may be a
cost-effective use of resources even when costs are analysed from a societal perspective.

Exploratory analysis
Sample characteristics for the participants with 12-month post-randomisation data are shown in Table 14.
For demographic variables, the samples are comparable; however, there are some differences in the clinical
compositions of the patients in the main trial compared with the subsample with 12-month follow-up data,
with a higher proportion of patients with colorectal cancers and a lower proportion of patient with breast
cancer. The proportion of patients having previous chemotherapy is also higher in the 12-month
subsample, reflecting a higher proportion of patients with metastatic disease than in the main trial.

Similar to the main trial analysis, the exploratory 12-month analysis (Table 15) shows small differences
in costs and QALYs between the eRAPID and the usual-care groups. However, although higher QALYs
gained in the eRAPID group are maintained over 12 months, costs are also higher in the eRAPID group.

Based on data collected for the subsample with 12-month follow-up data, the probability that eRAPID
is cost-effective compared with usual care is 36%.

Discussion

Principal findings
The primary within-trial cost-effectiveness analysis indicated that the use of the eRAPID system may be
more cost-effective than usual care for the management of AEs in patients receiving systemic treatment
for colorectal, breast or gynaecological cancers at 18 weeks. Higher QALY gains and lower costs were

TABLE 13 Sensitivity and secondary analyses: cost-effectiveness results

Treatment
group Costa (£), mean (SE)

Incremental
costb (£)

QALY,a

mean (SE)
Incremental
QALYb ICER (£/QALY)

Sensitivity analysis: intention to treat – no adjustment for baseline

Usual care 8330.36 (435.23) 0.255 (0.004) eRAPID
dominates

eRAPID 8305.08 (450.5) –25.28 0.259 (0.004) 0.004

Sensitivity analysis: complete case

Usual care 11,069.05 (7400.83) 0.254 (0.051) eRAPID
dominates

eRAPID 10,971.14 (8242.43) –97.90 0.264 (0.044) 0.003

Sensitivity analysis: alternative measures of HRQoL – EORTC QLQ-C30

Usual care 8330.60 (435.16) 0.264 (0.003) eRAPID
dominates

eRAPID 8307.04 (450.54) –23.55 0.268 (0.003) 0.004

Sensitivity analysis: using EQ5D-5L value set

Usual care 8331.48 (435.17) 0.278 (0.003) eRAPID
dominates

eRAPID 8307.11 (450.44) –24.37 0.282 (0.003) 0.003

Secondary analysis: societal perspective

Usual care 9811.67 (453.53) 0.255 (0.004) eRAPID
dominates

eRAPID 9662.24 (463.3) –149.42 0.259 (0.004) 0.003

a Unadjusted values in mean (SE).
b Incremental values from regression output (controlling for baseline variables unless stated).
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observed in the eRAPID group than in the usual-care group. However, these mean differences were
small and not statistically significant, and the cost-effectiveness acceptability curve showed that
eRAPID had only a 55% probability of being cost-effective at the NICE-recommended cost-effectiveness
threshold of £20,000 per QALY gained. Nevertheless, the results were robust to all scenarios explored
in the sensitivity analyses. Secondary analyses indicated that the use of the eRAPID system may also
be more cost-effective than usual care when costs are analysed from a societal perspective, although
the difference in costs remained small.

Strengths and weaknesses of the economic analysis
A strength of this analysis lies in the design of the study. The randomised controlled design enabled
the collection of good-quality data for use in this within-trial cost-effectiveness analysis. In addition,
the use of linked hospital data has provided more robust data and meant that some of the biases with
self-reported data have been avoided.

However, the lack of a completely connected system for all health-care records meant that self-reported
data were still relied on to record the use of non-hospital health-care services. Consequently, some

TABLE 14 Sample characteristics

Characteristics

Main trial
Subsample with 12-month follow-up
data

eRAPID Usual care eRAPID Usual care

Sample, N 256 252 135 132

Age at baseline (years), mean
(SD); minimum, maximum

55.95 (12.27);
22, 86

56.06 (11.37);
18, 79

56.4 (12.84);
22, 82

56.59 (11.62);
18, 79

Gender, n (%)

Male 51 (19.92) 51 (20.24) 33 (24.44) 29 (21.97)

Female 205 (80.08) 201 (79.76) 102 (75.56) 103 (78.03)

Weight (kg), mean (SD) 75.01 (17.69) 77.07 (18.68) 77.17 (19.17) 74.72 (16.99)

BMI (kg/m2), mean (SD) 27.48 (5.95) 28.38 (6.46) 27.97 (6.32) 27.72 (6.26)

Baseline EQ-5D score, mean
(SD); n

0.758 (0.185); 250 0.753 (0.180); 248 0.751 (0.185); 129 0.750 (0.191); 130

Cancer site, n (%)

Breast 117 (45.70) 116 (46.03) 49 (36.30) 51 (38.64)

Gynaecological: ovarian 37 (14.45) 41 (16.27) 20 (14.81) 25 (18.94)

Gynaecological: cervical 6 (2.34) 2 (0.79) 4 (2.96) 1 (0.76)

Gynaecological: endometrial 10 (3.91) 10 (3.97) 7 (5.19) 5 (3.79)

Colorectal 86 (33.59) 83 (32.94) 55 (40.74) 50 (37.88)

Had previous chemotherapy, n (%)

Yes 55 (21.48) 51 (20.24) 37 (27.41) 34 (25.76)

No 201 (78.52) 201 (79.76) 98 (72.59) 98 (74.24)

Baseline disease status, n (%)

Early cancer (primary and
local recurrence)

161 (62.89) 156 (61.90) 72 (53.33) 71 (53.79)

Metastatic cancer 95 (37.11) 96 (38.10) 63 (46.66) 61 (46.21)
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biases from self-reporting may have remained. In addition, health-care resource use questionnaires were
not well completed, with the number of missing resource use questionnaires increasing over the trial
period. This resulted in a large proportion of patients with missing community health-care use data.

The internal pilot phase of the trial provided a valuable opportunity to review the design of the trial
and the feasibility of data collection mechanisms. Following the pilot phase, some changes to the data
collection forms were made (hospital resource use was no longer collected in patient case report forms
as this would be collected directly from hospital records). However, this produced some inconsistencies
in the data collected for patients within the pilot phase as compared with the main trial, which could
be viewed as a limitation.

The economic analysis followed recommended best practices for economic evaluations conducted in
UK settings and consequently uses QALYs based on responses to the EQ-5D as the primary outcome.
The use of QALYs, preferably calculated based on EQ-5D, is mandated by NICE87 to ensure consistency
across evidence used to inform their recommendations and guidelines. However, QALYs focus on the
measurement of patient health and other important aspects, such as patient experience, and satisfaction
may not be captured. Furthermore, patient responses to the EQ-5D questionnaire were necessarily
collected at fixed time points according to predefined data collection schedules. However, owing to the
intermittent and cyclical nature of patient health care and the potential for AEs over chemotherapy
cycles, the use of fixed data collection points may mean that fluctuations in patient health are missed.101

TABLE 15 Cost-effectiveness results: exploratory analysis 12 months post randomisation

Treatment group Costa (£), mean (SE)
Incremental
costb (£)

QALY,a

mean (SE)
Incremental
QALYb ICER (£/QALY)

Exploratory analysis for subsample with 12-month follow-up: intention to treat

Usual care (n= 132) 10,023.78 (641.66) 0.663 (0.021)

eRAPID (n= 135) 10,635.43 (699.15) 611.65 0.673 (0.022) 0.009 64,455.74

Exploratory analysis for subsample with 12-month follow-up: societal perspective costs

Usual care (n= 132) 11,467.41 (669.27) 0.663 (0.021)

eRAPID (n= 135) 11,843.72 (707.83) 376.31 0.673 (0.022) 0.009 39,662.81

Exploratory analysis for subsample with 12-month follow-up: complete case

Usual care (n= 81) 9923.68 (6909.49) 0.706 (0.207) eRAPID dominates

eRAPID (n= 69) 9603.93 (7341.43) –635.86 0.738 (0.187) 0.015

Exploratory analysis for subsample with 12-month follow-up: EORTC QLQ-C30, intention-to-treat sample

Usual care (n= 132) 10,023.12 (641.84) 0.716 (0.018) Usual care dominates

eRAPID (n= 135) 10,637.44 (699.67) 614.32 0.707 (0.020) –0.008

Exploratory analysis for subsample with 12-month follow-up: EORTC QLQ-C30, complete case

Usual care (n= 77) 9919.67 (7023.03) 0.716 (0.018) eRAPID dominates

eRAPID (n= 67) 9713.63 (7406.84) –271.144 0.707 (0.020) 0.009

a Unadjusted values in mean (SE).
b Incremental values from regression output (controlling for baseline variables unless stated).
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Meaning of the study
The results of this analysis indicate that the eRAPID system may be more cost-effective than usual care
in the management of patients receiving systemic treatment for colorectal, breast or gynaecological
cancers. However, the differences in QALYs and costs were small in real terms and were not statistically
significant. Therefore, other factors (such as patient and health-care provider acceptability of the system)
are also likely to be important.

Given that the cost of developing the eRAPID system, which was covered in earlier research grants,102

represents a sunk cost, it was not included within the cost-effectiveness analysis presented here.
Instead, the intervention cost was calculated based on the costs that would apply if the system was
implemented more widely, including the maintenance cost of the QTool software and the cost of a
training manual for each patient. However, the costs included are likely to overestimate the per-patient
cost because the maintenance cost was split only between the patients in the eRAPID intervention
group, but in practice this cost would be split across a much larger patient group. In addition, patient
feedback on the training manual indicated that this resource could be simplified and shortened
significantly, which would further reduce the cost in producing it. Consequently, the costs associated
with the intervention may be overestimated and the resulting cost-effectiveness of the eRAPID system
underestimated. For example, in the year April 2019 to March 2020 there were approximately 1761
new patients with breast, gynaecological or lower GI cancers across Leeds hospitals, as compared with
508 in the intention-to-treat population of this study. However, the maintenance costs for the system
may apply to each region that implements eRAPID, with each having a different number of eligible
patients across whom to split the costs. We, therefore, split only by the study population to present a
conservative estimate of likely costs and cost-effectiveness.

Unanswered questions and further research
The analysis reported here provides useful insights into the costs and effects associated with the use of
the eRAPID system over the trial period of 18 weeks. However, the duration of cancer treatment and the
associated effects may mean that use of the system over a longer time frame would be relevant. The
exploratory analysis using data from a subsample with 12-month follow-up data found small differences
in costs and QALYs between the groups. However, although higher QALY gains in the eRAPID group were
maintained, higher costs were also observed, driving down the probability that eRAPID is cost-effective
over this time horizon and for this subsample. The exploratory results should be treated with caution given
the small sample size and differences in patient population compared with the main trial (particularly the
increased proportion of patients with metastatic cancer). Consequently, further research is required to
provide robust evidence on the cost-effectiveness of the eRAPID system over a longer time horizon.

Work programme in radiotherapy treatment: four reports

1. eRAPID radiotherapy Delphi paper: a selection of patient-reported adverse event items for
radical prostate radiotherapy patients – a Delphi consensus study with staff and patients

Introduction
Traditionally, radiotherapy AEs are reported by clinicians; however, the timing and accuracy of
reporting and clinician–patient communication can be improved by asking patients to report their own
symptoms via PROMs. Well-timed and appropriate documentation of AEs throughout the patient
journey is essential to both understand the toxicity profile of the treatments and comprehensively
support patients.105 eRAPID is a programme to develop, evaluate and implement an online system for
reporting and managing AEs during cancer treatment, developed for use with radiotherapy patients,
including those receiving radical treatment to the prostate. Patients report AEs from home during and
post treatment. Thus, the selection of appropriate self-report items to report treatment-related AEs
was crucial to the success of the programme in capturing patient experiences.
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In the preliminary work, we identified the AE and existing validated PRO questionnaires in radical
prostate radiotherapy through a systematic review of RCTs, staff and patient interviews, and local
clinical use.We found that PROMs were not used to report acute AEs (AEs occurring within 3 months of
completion of radiotherapy) within trials and, for late AEs, the augmentation of existing questionnaires
with additional items was required to provide comprehensive coverage.110 The aim of this developmental
phase was to reach consensus on appropriate items to include for online reporting of AEs using Delphi
consensus methodology with an expert panel of HCPs and patients.

Method
The validated PROM questionnaires mapped against the identified AEs were MPQ,115 EPIC SF
(the Expanded Prostate Cancer Index Composite Short Form),113,155 National Cancer Institute (NCI)
PRO-CTCAE,33 EORTC QLQ-C30,82 EORTC QLQ-PR25,111 FACT-G,80 FACT-P (Functional Assessment of
Cancer Therapy – Prostate),156,157 SF-36,112,158 eRAPID PRAE76 and Toxicity and Response Criteria of
The Eastern Cooperative Oncology Group.114 The MPQ was selected because of the comprehensive
coverage of urinary and bowel symptoms. However, the MPQ did not provide full coverage and certain
AEs needed more in-depth coverage (e.g. hormonal, sexual, social and emotional functioning). To enable
the selection of appropriate PRO AE items to augment the MPQ, 45 participants took part in the
Delphi process. This included 20 patients and 25 HCPs from St James’s Institute of Oncology in Leeds
and The Christie Hospital Manchester.

Patient-reported outcome items relating to 11 symptom areas not covered by the MPQ were ranked
by participants via a secure online questionnaire and survey tool (Bristol Online Surveys, now known
as Online Surveys159) over a series of three rounds. Participants were sent a copy of the MPQ and
advised that patients would complete the eRAPID questionnaire weekly/fortnightly. Participants were
asked to rank questions corresponding to symptoms and side effects not covered in the MPQ and
were asked to consider (1) how well the question reflected the symptom/side effect in question,
(2) how well the questions would fit in with the MPQ and (3) the potential questionnaire burden for
patients. Figure 9 below shows an example question from the survey on weight gain.

Typically, the number of PROM options varied from as small as two (Figure 9) to as many as six (when
there were more PROM options to select from). Participants were advised to select whether some
additional items should be included in the eRAPID questionnaire. Figure 10 below is a schematic
representation of the process and shows which areas were put forward in each round. Where the
pre-determined 55% consensus threshold was not achieved, the two highest options and a summary
of free-text comments were presented back to participants to inform further selections.

FIGURE 9 Example question from the Delphi survey on weight gain; participants indicate preference via radio buttons
and can comment in the expanding free-text box.
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Results
Consensus was reached for 4 out of 11 areas in round 1 of the survey (range 62–77%), including
weight gain, relationship/social impact, inclusion of questions on quality of orgasm (68%) and frequency
of erections (56%). In round 2, consensus was achieved on the remaining seven areas, including
depression, performance status and fatigue (range 55–89%). Generally, EORTC and eRAPID PRAE
items were preferred owing to their conciseness and significance to patients. Interestingly, when HCPs
were given feedback from patients, their subsequent selection of items converged more with the
patient view (and vice versa). In round 3, weekly reporting of sexual issues was deemed excessive by
all participants: 43% of patients suggested monthly reporting, and 57% of patients and 77% of HCPs
recommended less frequent reporting. Table 16 below provides a summary of the results.

Conclusion
This work has contributed to the development of patient reporting of AEs during radiotherapy
treatment. It highlighted the lack of patient-reported AEs in the acute setting in prostate radiotherapy
RCTs (systematic review). The MPQ was selected and supplemented with additional items, resulting in
a comprehensive questionnaire covering hormonal, emotional and sexual AEs experienced by prostate
cancer patients. It was determined that a baseline assessment followed by a monthly or quarterly
assessment would be welcomed, and online reporting of sexual problems seemed to be acceptable
to patients. Endorsed by patients and staff, the included questions are a balance of items clinically
relevant to HCPs and those reflecting patient voices. The items have been utilised in the pilot study
of the eRAPID intervention during pelvic radiotherapy. We recommend including patient-reported
outcomes to evaluate radical radiation therapy along the treatment trajectory and advocate working
towards a consistent approach to PROM assessment of radiation therapy-related AEs.

Where 55% consensus
was not reached, the

two highest-ranked PRO
options and a summary
of comments were put

forward to round 2 to aid
selection  

A summary of percentages
and comments was

provided for the PRO items
chosen in round 1

PRO items put forward (two
highest-ranked options)
• Breast tenderness
• Hot flushes
• Depression/low mood
• Anxiety
• Sexual Impact
• Performance status
• Fatigue

Round 2
How frequently do you think the
questions relating to sexual
relationships/erectile function/orgasm/
masculinity should be asked?
1. Weekly
2. Monthly
3. Other (3, 6, 12 monthly)

Round 3

A summary of percentages
and comments was

provided for the PRO items
chosen in round 2 

Participants were asked to
stipulate ideal frequency of

sexual questions 

PRO items put forward options
ranged from two to six
• Breast tenderness
• Hot flushes 
• Weight gain
• Depression/low mood
• Anxiety
• Sexual function
• Sexual impact
• Performance status
• Fatigue
• Social impact
• Relationship impact

Round 1 

FIGURE 10 Schematic showing question areas put forward to participants on the Delphi panel in each round.
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TABLE 16 Consensus decisions on items selected per round including overall, patient and HCPs percentages

Round 1> 55% consensus (N= 45) (20 patients, 25 HCPs) Round 2> 55% consensus (N= 39) (18 patients, 21 HCPs) Round 3> 55% consensus (N= 37) (17 patients, 20 HCPs)

Area Item selected
Overall
(%)

Patient
(%)

HCP
(%) Area

Item
selected

Overall
(%)

Patient
(%)

HCP
(%) Area

Item
selected

Overall
(%)

Patient
(%)

HCP
(%)

Weight gain EORTC-PR-25 62.2 75.0 52.0 Breast
tenderness

EPIC 55.3 52.9 57.1

Relationship/
family

EORTC QLQ
C-30

77.8 80.0 76.0 Performance
status

EORTC
QLQ-C30

57.9 41.2 75.0

Social impact EORTC QLQ
C-30

70.5 75.0 66.7 Fatigue EPIC 59.0 58.8 61.9

Sexual function

Should we include
questions on:

Orgasm? Y/N

EPIC 68.2 75.0 54.2 Hot flushes EORTC
QLQ-PR25

71.1 76.5 70.0 Frequency
of sexual
questions

Weekly 0 0 0

Frequency of
erections? Y/N

Did not reach
consensus on
PRO optiona

Put forward
to second
round

56.8 65.0 50.0 Depression PRAE 78.9 62.5 90.5 Monthly 32.4 47.1 20.0

Sexual impact:
Infertility? Y/N

47.7 65.0b 33.3 Anxiety PRAE 82.1 70.6 95.2 Other (3, 6,
12 monthly)

67.6 52.9 80.0

Sexual
function

Erectiona EPIC 89.7 82.4 95.2

Sexual
impact

Masculinity EORTC
QLQ-PR25

82.1 82.4 81.0

a PROM options put forward to next round.
b Thought appropriate to ask only in younger men so not taken forward.
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2. eRAPID radiotherapy developmental paper

Development of the eRAPID system for pelvic radiotherapy
Radiotherapy for pelvic malignancies typically involves daily attendance for treatment, often with
surgery, chemotherapy and biological therapies.160–163 These produce acute and late effects, peaking
after treatment finishes (typically bowel and urinary toxicity).106,110 To capture these late effects,
radiotherapy patients need a longer and often multidisciplinary follow-up, and, for this reason, the
pathways may be unclear.164,165

Stage one: the development of the eRAPID symptom questionnaires, clinical alerts and self-management
advice, mapping of patient care pathways and the integration of the system into the EPRs at both cancer
centres. Clinical algorithms were developed and tested to establish symptom severity thresholds and
symptom-specific management advice, including locally tailored self-management information, was
developed on two specifically designed websites.

Stage two: a usability study at both the Leeds and the Christie centres was conducted and refinements
were made to components of the intervention based on feedback from patients and staff. The
intervention would then be ready for evaluation in the randomised pilot study.

Stage one of development of adverse event questionnaires and items for prostate,
gastrointestinal and gynaecological cancers
A systematic review and mapping exercise with oncologists found that the MPQ116 was the most
comprehensive PROM used in RCTs for acute and late AEs during and after radical radiotherapy for
prostate cancer. A Delphi exercise with patients and staff was undertaken to reach consensus on which
items from other questionnaires would augment the MPQ. Eleven items were added to cover hormonal,
emotional, sexual, social and general domains. The outcome of the development work was an augmented
eRAPID pelvic radiotherapy AE questionnaire fully addressing AEs associated with radiotherapy for
prostate, anal, rectal, cervical, vaginal, endometrial and vulval cancer (Figure 11).

Chemoradiation groups
Anal, rectal, cervical, vaginal, endometrial and vulval

Core questionnaires
MPQ and FPQ

Prostate
Core questionnaire

MPQ

eRAPID pelvic radiotherapy AE questionnaire

Additional items
Hormone

Social/emotional
EPIC

EORTC
eRAPID PRAE items

Additional items
Chemotherapy

eRAPID PRAE items

Additional items
Stoma

EORTC ANAL module
Skin toxicity

New item developed to map onto
CTCAE using eRAPID PRAE format

FIGURE 11 Core questionnaire and additional items in the prostate and chemoradiation groups used to develop the
eRAPID pelvic radiotherapy AE questionnaire for prostate, gastrointestinal and gynaecological cancer.
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Mapping patient care pathways
We conducted 26 semistructured interviews with staff and patients from both trusts exploring views
of the clinical work flow, acceptability, timing and potential utility of eRAPID.117,118 Patient care
pathway maps were developed for patients receiving radiotherapy for prostate, cervical, anal, rectal,
endometrial and vulval cancer. Perceived benefits included improved communication, increased
reporting of sensitive subjects, reassurance and support to self-manage symptoms.

Development of clinical algorithms
The algorithms determine the generation of suitable and timely symptom management advice
according to patient-reported severity and generation of alerts to clinicians. They were developed using
an iterative approach. Consultations with clinicians enabled the development of clinical priority lists for
the symptoms. For each question, the patient’s response was allocated a level of 1, 2, or 3, with 3 being
the most severe. Algorithms were based on the structure developed for systemic therapy.

Less-severe symptoms were mapped to scores of between 0 and 2. Three levels of advice were given
(Table 17). Each item was mapped against CTCAE scores (0–3) and levels of advice (L1–3) for each
disease site for each trust for use in the pilot.

New design features for radiotherapy Radiotherapy treatment pathways are complex, which leads to
a larger number of symptoms and symptom clusters elevating moderate symptoms to a more serious
level, as well as late effects. New design features were developed, and greater use was made of
dependencies to keep the number of items short and relevant to the patient at each time point.

Another new feature was making some levels dependent on ‘time zero’ (first treatment time point) or
responses to the previous item. For example, ‘intense or excruciating dysuria’ was upgraded to level 3
for prostate patients 1 week after finishing radiotherapy.

Some items were dependent on the recording of a patient’s ‘time zero’ on the EPR (e.g. linking
chemotherapy, sexual and patient understanding questions to appropriate time points in their
treatment). If ‘time zero’ was inadvertently not recorded, then QTool failed to show any questions.
The system was changed to present a default questionnaire (covering all symptoms), not assuming
patients’ stage in treatment and defaulting to the safest option.

New features to communicate scoring were developed, including combining numerical and textual
data to enable a score of 0, 1, 2, 3 or ‘declined to answer’ or ‘not applicable’ for items that provided
both options.

TABLE 17 Summary of the algorithms, severity level in relation to questionnaire scoring and the corresponding advice
given to the patient

Algorithm Severity Advice given to patient

A1 Level 3 (severe) current problems Advice to contact hospital immediately and notification
sent to hospital

A2 Level 3 (severe) resolved problems Ring hospital or mention at next appointment

B Level 2 (moderate symptoms) or

l if symptoms are new or have
changed recently

l most clinically important symptoms

Self-management advice provided for three or more
Level 2 (moderate problems). Ring hospital or mention
at next appointment

C Level 1 (mild) symptoms Self-management advice provided for each symptom

D No symptoms Patient thanked and asked to complete again next week
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Development of patient self-management advice
Relevant advice was obtained through a literature search of reputable national sources and local NHS
patient information. The information was consolidated and streamlined using WordPress. Advice was
clarified and verified through an iterative consultation process with clinical staff and the PCOR RAG.
Changes were made in line with comments and recommendations received. Opinions on the websites
content, structure and navigability were sought across both sites from 244 health-care staff and patients.

Self-management advice was created for > 30 low-level AEs (e.g. urinary frequency and diarrhoea).
More in-depth self-management advice was hosted on two purpose-built, accessible websites.

Stage two of development usability study of the erapid system in radiotherapy
The aim of usability testing was to evaluate how the eRAPID system worked in real-world clinical
settings with patients and staff at Leeds Cancer Centre and the Christie Manchester. Patient and staff
feedback adapted and improved system performance and integration into standard practice prior to
the pilot.

Usability testing was carried out with patients receiving radical and post-surgical radiotherapy for
prostate cancer (n = 10) and patients receiving pelvic chemoradiotherapy for cervical or endometrial
cancer (n = 10). Patients were given a demonstration of eRAPID, a unique username and password, a
user guide and a feedback booklet to complete during the evaluation. Patients were asked to complete
the symptom monitoring questionnaire (electronic PRO radiotherapy AE) each week during radiotherapy
treatment: 5 weeks for cervical and endometrial patients and 4 weeks for prostate patients.

Health professional staff involved as lead clinicians for the patient were provided with an eRAPID
training session and a practitioner information sheet, which included instructions on how to retrieve
patient data from the EPR. If a patient reported a severe toxicity, a nominated oncologist received an
e-mail alert.

Usability of eRAPID and general feedback were collected in a range of methods:

l Patient evaluation – feedback form, semistructured interview and end-of-study system
usability questionnaire.

l Patient health-care episodes – health economic questionnaire and collection of demographic and
clinical data.

l Staff evaluation and system performance issues – interviews and ongoing feedback from oncologists
and radiographers. Issues discussed and acted on at the regular radiotherapy workgroup meeting.

Results
Testing took place between March and August 2016. Twelve staff took part, including oncologists, a
clinical nurse specialist and a radiographer. Ten prostate patients from Leeds and 10 gynaecological
patients from the Christie participated, with a combined total of 92 completions.

Following feedback (Figure 12) and prior to the pilot, tweaks were made to the wording and timings of
the, and significant changes to the, grading of some alerts.

Patients (n = 20)

• Patient feedback forms in user manual, n = 20
• System usability questionnaires, n = 20
• Feedback at week 3, n = 20
• Patient interviews, n = 14

Staff (n = 5)
• Staff interviews: oncologists (Leeds, n = 3; Christie,
    n = 1), radiographer (Leeds, n = 1; Christie, n = 0)

FIGURE 12 Type and amount of feedback collected from staff and patients during the study.
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Feedback was positive and indicated that the system had value for patients. There was a high level of
completion of symptom reports and the reports were not seen as burdensome. Reminders (text or
e-mail) were developed for patients. Feedback from staff taking part in the usability study indicated
that reminders, training and support were essential to the regular use of eRAPID, even for those staff
who had had substantial involvement in the development.

Technical IT issues were encountered. Although the feasibility of developing further use of eRAPID
in radiotherapy across two sites was established, there were significant issues throughout the
development phase relating to the integration of IT systems, with both trust EPRs and radiotherapy-
specific systems, such as MOSAIQ (radiotherapy delivery software). Issues with integration into the
CWP at the Christie was a key cause of delay to the start of the recruitment for the pilot RCT.

There were limitations to the field testing. It was possible to evaluate the system using only
questionnaires developed for gynaecological and prostate cancer. However, some of the lessons
learned were general and applicable across the questionnaire design, irrespective of cancer site.

Conclusions
The outcome of the development work was an augmented eRAPID pelvic radiotherapy adverse event
questionnaire that fully addressed AEs associated with radiotherapy for prostate, anal, rectal, cervical,
vaginal, endometrial and vulval cancer. Extensive mapping of radiotherapy care pathways revealed a
complex situation and required the development of new design features in the electronic questionnaire
to take into the account the larger number of dependencies within pelvic radiotherapy, which
encompassed the need to understand the side effects of multiple cancer types and combined systemic
radiation treatment pathways.

3. eRAPID radiotherapy feasibility pilot study

Introduction
Radiotherapy in cancer care improves patient survival, but the potent multimodal regimes166 lead to
significant treatment-related pelvic side effects.167 PROMs can improve the timing and accuracy of
symptom reporting,28 the timely preventative management and survival, particularly when captured
electronically.70 Self-management interventions are effective in reducing cancer symptom severity and
improving QoL.168

Patient-reported outcome measures in radiotherapy110,165 are becoming more integrated into clinical
oncology practice.169 Electronic reporting for post radiotherapy symptoms is being trialled for bowel and
lung toxicity.170,171 We are piloting the eRAPID system in pelvic radiotherapy in two cancer groups with
differing treatment and side effect profiles. We aimed to determine the feasibility and acceptability of
the eRAPID intervention for patients and staff. Primary end points included recruitment/attrition rates
and adherence to symptom reporting. Secondary aims were to establish the number of hospital calls/
admissions and aid the selection of outcome measures for a definitive trial.

Methods

Study design and participants
A prospective, randomised, two-arm parallel-group design with repeated mixed-methods measures was
employed. The basket trial concept enabled testing eRAPID in two distinct treatment groups: (1) receiving
radical radiotherapy for early prostate cancer and (2) receiving pelvic chemoradiotherapy for lower
gastrointestinal cancers (i.e. anal, rectal) and gynaecological cancers (i.e. cervical, vaginal, vulval endometrial).

Procedures
Procedures and randomisation are described in the published protocol.75 Figure 13 is a summary of
patient and process outcome measures collected.74
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BL 1 2        3            4        5       6        7        8         9       10       11       12                              

End points and analysis
• Recruitment rates, attrition over time, proportion of missing data
• Patient-reported outcomes: QoL, FACT-G, EORTC QLQ-C30 (role and
    social function scales), EQ-5D, PAM, Lorig self-efficacy scale and SUS
• Clinical process measures: hospital contacts, alerts and hospital
    admissions, re-admissions (with reasons), changes to supportive
    medications and chemotherapy dose changes, contacts with GP/district
    nurse community services will be extracted from hospital records

Longitudinal completion of eRAPID symptom/AE questionnaire from home

Patients
consented  

18                         24

eRAPID eRAPID
intervention

Receive eRAPID
training 

Usual care

Randomised 

eRAPID AE symptom questionnaire completed
weekly/when experiencing symptoms (up to 6 weeks)
and weekly for 6 weeks post treatment (12 weeks total)
and at 18 and 24 weeks. First symptom report completed
within 24-hours to form BL symptom report

Key

Completion of QoL, use-of-resources forms, on paper at
BL then 6, 12 and 24 weeks after (dependent on timings
of radiotherapy and chemotherapy schedules, and
follow-up)

FIGURE 13 Study diagram. BL, baseline; PAM, patient activation measure; SUS, system usability scale.

A
P
P
E
N
D
IX

1

N
IH

R
Jo
u
rn
als

Lib
rary

w
w
w
.jo

u
rn
alslib

rary.n
ih
r.ac.u

k

1
0
2



Usual care
Patients received health-care professional assessment before treatment and were given verbal and
written information on AE management and contacting the hospital 24/7. Patients had regular
radiographer reviews and a 6–8-week follow-up with oncologists post discharge.

eRAPID intervention
In addition to usual care, participants reported AEs weekly online (or when experiencing symptoms) for
12 weeks, and then at 18 and 24 weeks. Results were displayed in the EPRs. Immediate automated
advice was generated to self-manage mild AEs or a prompt was given to contact the hospital for
serious AEs, supported with more detailed advice via the eRAPID websites. Severe alerts were sent to
the clinical team, monitored by senior nurses. Patients and staff were trained in using the system.

Statistical analysis
Sample size. Based on 30 patients per group for each treatment type,119 we aimed to recruit 42 patients
per group, 84 in each treatment group: a total of 168. All analyses were performed by arm and
treatment type using SAS® software version 9 (SAS Institute Inc., Cary, NC, USA) and SPSS version 26
[Statistical Product and Service Solutions (SPSS Inc., Chicago, IL, USA)].

Results

Recruitment, attrition, and completion rates
Over 15 months, a total of 253 patients were identified. Of the 228 fully eligible patients, 61 declined
and 167 patients were consented (recruitment rate of 73.3%). A total of 103 males and 64 females
took part [mean age prostate radiotherapy 70.0 (SD 7.0) years; chemoradiotherapy 52.1 (SD 15.1)
years]. The chemoradiotherapy group had a lower education level and lower co-morbidity rates than
the prostate group.

Sixteen patients withdrew: 10 (12.0%) from the eRAPID arm and six (7.1%) from the usual-care arm
(one patient in the chemoradiotherapy usual-care arm died). Most eRAPID withdrawals (n = 8) were
from the chemoradiotherapy arm (n = 7, gynaecological cancers) by 6 weeks. Three withdrawals from
each treatment group were noted in the usual-care arm. Reasons for withdrawals included ‘too ill’
(n = 3), ‘too much to think about/too busy’ (n = 2), ‘being well, no symptoms’ (n = 1), ‘wanting to move
on’ (n = 2) and ‘not confident using internet/prefer paper’ (n = 2).

A total of 88% of eRAPID patients and 92% of usual-care patients completed the study; completion was
lower in the chemoradiotherapy arm (eRAPID, 80%; usual care, 90%) than the prostate radiotherapy
arm (eRAPID, 95%; usual care, 93%). Completion of outcome measures at 24 weeks was excellent in
the prostate radiotherapy arm (eRAPID, 95%; usual care, 95%) but less in the chemoradiotherapy arm
(eRAPID, 63%; usual care, UC). Chemoradiotherapy patients had lower outcome completion rates across
all time points (between 75% and 60%) than prostate radiotherapy patients (between 91% and 97%).

Adherence to eRAPID online symptom reports and algorithm generation Prostate radiotherapy
patients had high adherence to weekly symptom reporting but adherence was lower for chemoradiotherapy
patients (Figure 14). This low adherence was because of the patients with cancers of the cervix/endometrium
(11/23 patients completed 0–3 online reports). Non-adherent patients were younger (mean age 35.8 years;
9/11 were aged < 40 years) than adherent patients in the chemoradiotherapy arm (mean age 45.2 years;
4/12 were aged < 40 years).

The algorithms activated alerts for severe symptoms (4% for chemoradiotherapy patients and 0.5%
for prostate patients) (Figure 15). Moderately severe symptoms were similar between treatments
(40.5% and 38.3%, respectively) and just over 50% of reports generated self-management advice.
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Clinical process measures
The mean number of calls to hospital staff in the 24 weeks was small [1.3, chemoradiotherapy arm
(SD 1.9) vs. 1.6, usual care arm, (SD 2.2); 0.4, prostate radiotherapy arm (SD 1.1) vs. 0.1 usual care arm
(SD 0.3)]. The mean number of unscheduled hospital visits was close to 0 in both treatment groups.

Missing items, floor and ceiling effects
The number of missing items affecting score calculations was ≤ 4.1%. No floor effects were seen.
Ceiling effects were seen for EQ-5D utility score (24.1%) 28.5% of this total were in the prostate
group, 6-item SES (16.9%) and the FACT-PWB (17.4%).

Data trends
Less deterioration over time was reported by participants in the eRAPID chemoradiotherapy arm than
in the usual-care arm. Greater differences were seen at 6 weeks for FACT-G scores, EORTC QLQ-C30
summary scores, QLQ-C30 Global health/QoL score and EQ5D-VAS scores, remaining after adjustment
for baseline scores. Figures 16 and 17 show graphically these trends over time. No trends were
observed from the prostate radiotherapy arm.

Conclusion
This pilot established the feasibility and acceptability of online symptom reporting with severity-
dependent immediate advice for patients undergoing two main modalities of pelvic radiotherapy
(chemoradiotherapy for lower GI cancers) and radiotherapy for early prostate cancer in two major UK
cancer centres. To the best of our knowledge, this is one of the first studies in pelvic radiotherapy to
add immediate severity-dependent advice to address self-reported symptoms and enable clinicians to
view online reports from within EPRs.

A recruitment rate of > 70% and a withdrawal rate of < 10% was achieved. Prostate radiotherapy
patients were the most consistent and prolific symptom reporters, followed by patients with anorectal
cancers consistent with previous chemotherapy studies.36,72 Younger gynaecological patients did not
adhere to the online symptom reporting; they received more intensive concurrent chemoradiotherapy
and had a lower level of education. Those gynaecological patients who did report had more severe
and prolonged problems (e.g. bowel and urinary urgency, pain, skin reactions) than those who did not,
suggesting that when they were ill they were less likely to report. These findings suggest that eRAPID
may not be useful for women aged < 40 years with lower education levels receiving intensive
chemotherapy for advanced cervical cancer.

eRAPID did not generate extra hospital visits or calls. Alerts for severe symptoms were low. The
potential outcome measures performed well. Trends towards less symptom deterioration over time
were demonstrated for eRAPID chemoradiotherapy patients (particularly at 6weeks); however, baseline
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FIGURE 14 Adherence to eRAPID online symptom reports: proportion of QTool completions by protocol and
treatment group.
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score imbalances and missing data from gynaecological patients must be considered. Limited benefits
were seen for prostate radiotherapy patients; however, the willingness to report and self-manage
symptoms could be translated into longer-term supportive care interventions.172

The encouraging feasibility and patient adherence findings for prostate and anorectal cancers justify
further studies exploring reporting and management of persistent late effects. This study adds to
evidence on clinical benefits from regular online symptom monitoring in cancer and informs future
randomised trials/health services development projects.

4. eRAPID radiotherapy qualitative findings

Introduction
The eRAPID radiotherapy feasibility pilot included an embedded qualitative element. Through this
work we captured the views of patients and staff around the use and value of the eRAPID system
to help to understand how the intervention was received, its impact on patient care and the scope for
future refinement.
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FIGURE 16 Mean EORTC QLQ-C30 Global QoL scores. Higher QLQ-C30 scores = better QoL.
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FIGURE 17 Mean FACT-G scores. Range 0–108; high score= good function.
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Methods and analysis
Qualitative feedback was gathered from several sources:

l End-of-study semistructured interviews with patients explored views about the practicalities of
using the system, the relevance of the symptom reports and self-management advice, and the
impact on their treatment or consultations.

l Free-text comments in end-of-study patient surveys in which a series of questions explored
experiences of using eRAPID and suggestions for refinement.

l End-of-study semistructured staff interviews explored challenges and benefits of the practicalities of
using eRAPID, as well as the impact on clinical work and relationship with patients.

l Staff end-of-study feedback captured further information on the challenges and benefits of
the system.

Interviews were digitally recorded and transcribed verbatim, and data were subsequently managed
using NVivo 11 software. Written feedback and comments from the end-of-study feedback
questionnaires were analysed for content. A core group of the eRAPID research team conducted the
qualitative analysis collaboratively173 using the principles of thematic analysis.86

Results
Eleven patients and four staff from Leeds were interviewed, three staff from the Christie provided
written feedback and 61 patients from across both sites returned the end-of-study survey (Table 18).

System relevance and ease of use

Patients’ perspectives The electronic system was seen as easy to use even by participants who did
not regard themselves as confident IT users. The training provided by the research team was valued,
especially around how to find the login page, and some patients also required some support from
relatives. Overall, the symptom items and questions were considered to be written in easy-to-follow
language. Patients highlighted some difficulties in distinguishing between pre-existing conditions and
side effects of treatment, or wanting more space to describe symptoms in their own words. Several
patients suggested introducing more comment boxes so that patients could add in concerns that they
wanted to raise with their health-care professional or to describe the complexity of their symptom that
may not marry with the predetermined questions.

TABLE 18 End-of-study feedback by cancer site

Feedback Patients (n) Staff (n)

Interviews

Urology 4 0

Anorectal 6 2

Gynaecological 1 2

Subtotal 11 4

Written feedback

Urology 40 1

Anorectal 13 0

Gynaecological 8 2

Subtotal 61 3

Total 72 7
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The items were considered relevant, corresponding with what could be experienced during the course of
radiotherapy treatment. However, patients with few side effects or whose side effects had diminished at
the end of treatment found that the questions were less relevant and found the completion repetitive.

Staff perspectives Staff felt that eRAPID reports were easy to access and view in the EPRs. It was
evident from staff interviews that there was limited use of eRAPID symptoms reports by staff. This was
evident for the radiographers, who saw the patients every day during treatment but did not have easy
access to the eRAPID patient reports. At the Leeds Cancer Centre, this was because integration with
the radiotherapy-specific system MOSAIQ had not been achieved in time for the pilot study. Despite
this, there was positive feedback from those staff who had been able to engage with the system. The
symptom items and questions were seen as relevant and mirroring those usually asked in consultations.

Benefits of using eRAPID

Patient perspectives Many patients felt that a primary benefit of using eRAPID was that it was a
source of reassurance. Personal symptom monitoring had an educational role, particularly in developing
a better knowledge of the kinds of side effects that could be experienced and by providing advice on
how to deal with them. Some participants appreciated the tailored aspect of the self-management
information (i.e. they were given advice relevant to their answers to their questions rather than having
to read a whole booklet or website):

After the first time I used it, I thought that was really good, because obviously your symptoms change as
you’re going through, so the answers that the system is giving you was sometimes different, so I found
that really useful.

P0140, anorectal

Having ready access to relevant tailored information could provide a kind of security blanket. There
were examples when eRAPID had directly supported early detection, clinical management of AEs and
also changes in supportive medications:

Absolutely, yeah, it was, you know, spot on, the right number rang, got straight through to the right
person, and then within like an hour I was in hospital.

P0125, anorectal

It could be used to bolster confidence and encourage calling the hospital, as noted by a patient who
did not have anyone on hand to help with the decision about whether or not to call. Finally, it was seen
as a means of providing staff with a better understanding of a patient perspective of any side effects
experienced, and in this way it may benefit symptom detection.

Staff perspectives Health-care professionals reported that eRAPID provided a useful basis for their
preparation for clinic in terms of either targeting problematic symptoms or preparing supportive
medications. Some staff also felt that the symptom report encouraged patients to disclose symptoms
that they may not realise were clinically significant, things they may forget or were embarrassed to
bring up, or issues that needed to be volunteered by the patient as they were not standard areas to
explore. Staff also saw potential benefit of using eRAPID in standard care for toxicity/late effects
recording and potentially enabling stratified follow-up.

Difficulties with eRAPID

Patient perspectives Participants reported that symptom reporting required a degree of effort,
especially when they were feeling unwell or tired from that day’s treatment. Furthermore, patients had
to remember to do it and this could be difficult, especially when people were feeling well and/or had
other priorities to deal with.
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Another difficulty identified by patients was that they could not necessarily identify whether or not
staff were using their symptom reports; although some staff referred to the reports or talked them
through with patients, this was not usual practice.

Staff perspectives An issue identified by staff was that the pilot eRAPID time frame was not
sufficient to identify any late effects of radiotherapy, which could occur months or years after the end
of treatment.

During the study, staff reported finding it difficult to remember which patients were using the eRAPID
system and felt that prompts from the research team were required to remember to look at the
reports. Some staff felt that if it was a part of routine care this problem may be overcome. Staff also
noted that the adoption of eRAPID would need consideration around how to meet the needs of
patients without computer access at home or who did not want to use, or did not feel confident in
using, online systems.

Conclusions
The qualitative data collected in the eRAPID radiotherapy pilot RCT adds nuance to our understanding
of the feasibility and acceptability of online approaches to patient monitoring. Both staff and patients
found the system easy to use. From the patients’ perspective, the reassurance the system provided was
one of the key positive elements. However, there were issues with motivation in maintaining symptom
report completions over the longer term, especially when feeling well. Staff, on the other hand, felt
that it would be useful to consider extending the follow-up period to capture late effects of treatment.
Further attention will need to be given to the patient views of the benefit of continuing monitoring
over the longer term when they may want to move on from frequent surveillance.
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