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Abstract

Introduction

More people are living with and beyond a cancer diagnosis. There is limited understanding
of the long-term effects of cancer and cancer treatment on quality of life and personal and
household finances when compared to people without cancer. In a separate protocol we
have proposed to link de-identified data from electronic primary care and hospital records
for a large population of cancer survivors and matched controls. In this current protocol, we
propose the linkage of Patient Reported Outcomes Measures data to the above data for a
subset of this population. The aim of this study is to investigate the full impact of living with
and beyond a cancer diagnosis compared to age and gender matched controls. A second-
ary aim is to test the feasibility of the collection of Patient Reported Outcomes Measures
(PROMS) data and the linkage procedures of the PROMs data to electronic health records
data.

Materials and methods

This is a cross-sectional study, aiming to recruit participants treated at the Leeds Teaching
Hospitals National Health Service Trust. Eligible patients will be cancer survivors at around
5 years post-diagnosis (breast, colorectal and ovarian cancer) and non-cancer patient
matched controls attending dermatology out-patient clinics. They will be identified by
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running a query on the Leeds Teaching Hospitals Trust patient records system. Approxi-
mately 6000 patients (2000 cases and 4000 controls) will be invited to participate via post.
Participants will be invited to complete PROMs assessing factors such as quality of life and
finances, which can be completed on paper or online (surveys includes established instru-
ments, and bespoke instruments (demographics, financial costs). This PROMs data will
then be linked to routinely collected de-identified data from patient’s electronic primary care
and hospital records.

Discussion

This innovative work aims to create a truly ‘comprehensive patient record’ to provide a
broad picture of what happens to cancer patients across their cancer pathway, and the long-
term impact of cancer treatment. Comparisons can be made between the cases and con-
trols, to identify the aspects of life that has had the greatest impact following a cancer diag-
nosis. The feasibility of linking PROMs data to electronic health records can also be
assessed. This work can inform future support offered to people living with and beyond a
cancer diagnosis, clinical practice, and future research methodologies.

Introduction

Cancer survivorship

Improvements in cancer screening, early detection, and treatments mean there are an esti-
mated 2.5 million people living with and beyond cancer in the United Kingdom, which is
expected to rise to 4 million by 2030 [1]. Cancer is increasingly viewed as a chronic condition
[2, 3], with median overall survival in cancer patients increasing since the 1970s [4]. Though
improvements in treatments are reducing mortality and extending life, cancer continues to
impact upon people’s lives long after treatment is over. Cancer survivorship refers to the time
of diagnosis until the end of life and focuses on aspects of life such as physical, mental, emo-
tional, social, and financial implications that occur from diagnosis, throughout treatment, and
beyond [5]. Cancer survivors can face profound and lasting, physical, social, financial and psy-
chological complications secondary to cancer diagnosis and treatment, with an estimated 25%
of cancer survivors facing poor health or disability [6, 7].

Cancer survivorship has moved from being marginal to being mainstream on the health
agenda [8-10], with survivorship care now perceived as a societal, third sector, and govern-
ment priority [11]. Aftercare is increasingly provided through risk-stratified pathways, as hos-
pital follow-up is being reduced and more care is being delivered within primary care [8, 10].
A primary care electronic health record (EHR) study reported an increased incidence of
chronic illnesses, such as heart failure, coronary artery disease, dementia and diabetes mellitus
were identified among survivors of different types of cancers, as compared to matched controls
[12]. However, there is currently little evidence concerning: (i) the magnitude and variability
between patients in terms of late morbidity, (ii) the costs for primary care, hospitals and
patients associated with life after primary cancer treatment, (iii) the cost effectiveness of after-
care services, or (iv) the requirements of users of these services [11].
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Patient Reported Outcome Measures (PROMs)

Healthcare providers strongly focus on the clinical outcomes and tend to give limited consid-
eration to symptom intensity, particularly with subjective symptoms such as fatigue and dys-
pnoea [13-15]. The importance of capturing the patients’ own perspectives is becoming
recognised and incorporated into clinical practice and research [16-18]. PROMs (Patient
Reported Outcome Measures) are validated questionnaires completed directly by patients on
their health and symptoms. In the UK, the National Health Service (NHS) White Paper, Equity
and Excellence [19], recommends the wider use of PROMs and patient experience data to
place patients at the heart of the health service. PROMs studies have revealed the significant
unmet needs of cancer survivors, for example: for breast cancer, studies have shown deficits in
physical and social functioning, arm and/or shoulder pain, fatigue, sexual difficulties, insomnia
and financial issues [20-25]; for colorectal cancer survivors, studies have indicated bowel and/
or urinary control issues, constipation, diarrhoea, sexual difficulties, fatigue, pain [26-28]; and
within ovarian cancer, sexual dysfunction and psychosocial issues such as distress depression
and anxiety [29-31].

Conversely, some studies have found that for certain cancers, survivors score similarly to
the general population for some aspects of quality of life [22, 28, 31-33]. However, there
remains a lack of high-quality large-scale studies comparing the quality of life (QoL) for long-
term cancer survivors with age and gender matched controls and larger sample sizes. The
department of Health recommended the introduction of an innovative quality of life metric to
track and respond to the long-term impact of cancer. The Independent Cancer Taskforce in
their strategy for England 2015-2020 [9] and NHS Long Term Plan [34] have recommended
the introduction and implementation of Quality of Life data collection for cancer survivors in
England. Pilot projects are underway looking at electronic methods of patient self-reported
questionnaires. Therefore, this paper proposes a protocol to test the feasibility of integrating
PROM:s data into NHS systems in order to link with PROMs and healthcare records, and to
gain a broader picture of life following a cancer diagnosis compared to matched controls.

Comprehensive Patient Records (CPR)

The study outlined in this paper is part of a larger programme of work called Comprehensive
Patient Records for Cancer Outcomes (known as CPR) [35, 36]. CPR aims to develop a clearer
picture of what happens to people living with and beyond cancer, and the costs to individuals
and the healthcare system associated with their care, by securely linking de-identified informa-
tion from patient questionnaires, electronic primary care and hospital records. The analysis is
based upon data drawn from the records of 100,000 cancer patients and 500,000 matched con-
trols. The CPR study comprises five workstreams: (1) data linkage, (2) co-morbidity and late
effects of cancer, (3) identifying and predicting recurrence, (4) a health economic analysis of
the long term costs of cancer to individuals and the healthcare system, and (5) patient reported
costs of living with and beyond cancer (known as the Patient Reported Outcome Measures
(PROM:s) workstream). The PROMs workstream is the focus of this paper.

CPR PROM:s involves collecting PROM:s data directly from a subset of the main study pop-
ulation, and integrating it with an identical duplicate of the data collected from Electronic
Health Records (EHR) in the main CPR study for this subset of patients. In doing so, CPR
PROMs will test the feasibility of collecting PROMs from patients, and linking the PROMs
data to patient records. This will enable a truly ‘comprehensive patient record’ to provide a
broad picture of what happens to cancer patients across their cancer pathway, and the long-
term impact of cancer treatment. Comparisons can be made between the cases and controls, to
identify the aspects of life that has had the greatest impact following a cancer diagnosis.
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Aim

The primary aim of this CPR PROM:s study is to examine the long-term QoL, personal
finances, psychological health, physical health, and social impacts of people living with and
beyond a cancer diagnosis. The secondary aim of the study is to test the feasibility of the collec-
tion of PROMs data and the linkage procedures of the PROMs data to routine data, to investi-
gate the full impact of cancer on individuals across a wide range of domains. Linkage of the
PROMs data to routine data could enable a truly ‘comprehensive patient record’ to be created
showing the long-term effects of cancer on factors such as quality of life, health, co-morbidi-
ties, and well-being.

Objectives

1. To collect PROMs data from a cohort of cancer survivors in breast, colorectal and ovarian
cancer, and compare these with PROMs data collected from matched individuals without
cancer. Data will include: long-term QoL, personal finances, psychological, and social
impacts.

2. To integrate PROMs data with de-identified routinely collected primary care and hospital
records data using the secure systems for data linkage approved for our wider programme
of work [35, 36].

3. To test the feasibility of the PROM:s collection and data linkage procedures for use in other
research studies and patient care.

An overview of the data collection procedures and pseudonymisation is displayed in Fig 1.

Materials and methods
Study design

The study uses a cross-section of matched-control PROMs survey with data linkage to de-
identified hospital data (via Leeds Teaching Hospitals NHS Trust, LTHT) and primary care
(via The Phoenix Partnership, TPP).

Study setting

Patients will be recruited from LTHT, one of the largest teaching hospitals in Europe. The hos-
pital provides local and specialist services for the immediate population of 770,000 and
regional specialist cancer care for up to 5.4 million people. TPP provide ResearchOne as a pri-
mary care research database containing de-identified data extracted from consenting Syst-
mOne GP practices. Some primary care practices using SystmOne have agreed for their
practice data to be included in a de-identified format on ResearchOne (a health and care
research database which contains linked data from primary and secondary health care), which
is also provided by TPP. Full details of the health records linkage is provided in the protocol
for our wider programme of work [35, 36].

Participants

Patients will be eligible for this study if they are registered on the LTHT electronic patient
record and listed as using a Leeds Clinical Commissioning Group primary care practice. Spe-
cific inclusion and exclusion criteria for the cases and matched controls are specified below.
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Note. PPM (Patient Pathway Management) is an electronic patient record to record and deliver patient records across the Leeds Teaching Hospital Trust; NHS Spine supports
the IT infrastructure for health and social care in England and enables information to be exchanged across local and national computer systems; Clinical Research Facility
conducts early stage and experimental trials in a range of disease specialities

Fig 1. Diagram illustrating a brief over view of CPR PROM:s data collection and pseudonymisation. Note. PPM (Patient Pathway Management) is an
electronic patient record to record and deliver patient records across the Leeds Teaching Hospital Trust NHS Spine supports the IT infrastructure for health
and social care in England and enables information to be exchanged across local and national computer systems Clinical Research Facility conducts early stage
and experimental trials in a range of disease specialities.

https://doi.org/10.1371/journal.pone.0266804.9001

Inclusion criteria for cancer cohort

1. A diagnosis of colorectal cancer (ICD-10 C18—C20), breast cancer (ICD-10 C50) or ovar-
ian cancer (ICD-10 C56)

2. Approximately five years beyond their first cancer diagnosis (e.g., index date = 2013 + 4
years). Date. Index date was the patient’s clinic appointment date. The year band is
expanded incrementally until the full cancer cohort is obtained.

3. 18-100 years old on date of diagnosis

Inclusion criteria for control cohort

1. Reviewed by LTHT dermatology services on a two week wait for potential skin cancer, but
were not diagnosed with cancer

2. No cancer diagnosis recorded within LTHT records at any time.

3. One dermatology appointment within 12 month of the matched case’s cancer diagnosis
(their index date).

4. Age 18-100 on appointment date.
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5. No further dermatology appointment in the 12 months following their index date.

6. Could be matched to cases by age, sex and primary care practice.

Sample size

The survey will be sent out to around 6,000 potential respondents. The estimated consent rate
for cases is around 60% which is based on similar postal PROMs surveys recruitment rates of:
63% [37], 68% [38], 49.1% [39]. The anticipated consent rate for controls is lower and esti-
mated at between 23.9% [39] and 30% based on recent returns from a control study matched
to cases of men with prostate cancer [40]. Based on expected consent rates, this should result
in a sample size of around 1,000 to 1,200 in each group (cases, controls). A power sample size
calculation was undertaken using the study’s main measure the QLACS (Quality of Life in
Adult Cancer Survivors), and this number exceeds the number of respondents required for
90% power for all the data analysis subsets.

Matching process. Cancer cases to control cases will be at a ratio of one to two (2,000 con-
trols and 4,000 cases).

Match the cancer case (2:1 ratio of controls to cancer cases)

a. Sex.
b. By primary care practice.

c. Age: date of birth is within (+/-) 30 months. The time band is expanded incrementally until
the PROMs cancer cohort has two matches. If an expansion of the band is necessary, the
matching process will be re-run for the whole PROMs cohort to avoid bias from some cases
being closer matched than others (other than at random).

Exclusion criteria cases and controls

All patients must have a valid NHS number. Patients will be excluded if they are on the
national opt out register, are identified by LTHT clinicians as not meeting the eligibility crite-
ria (e.g., at risk of lacking decision-making capacity), or if patients have informed LTHT they
want to opt out of research. The primary care data available from the main CPR study may not
be available for all patients within the CPR PROMs cohort. This is due to some patients who
have opted out of R1 (an electronic database which stores non-identifiable patient records that
have ethical approval to be used in research) being excluded from the main study dataset and
some patients not attending a practice that uses R1.Thus, primary care data will only be linked
where it is eligible and available.

Identification

Potential participants will be identified from LTHT’s internal computer patient management
system, Patient Pathway Manager using a computerised search query created from the inclu-
sion and exclusion criteria. If the query search produces too many results, potential partici-
pants will be randomly selected using a randomisation process. We will check the NHS Spine
immediately prior to the mail out to ensure surveys are not mailed out to patients who have
been recorded as deceased, and that ‘up to date’ names and addresses are retrieved.

Survey and invitation letter design

The survey content comprises psychometrically sound questionnaires relevant to the cancer
survivor groups under investigation. The content was informed by the results of extensive
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engagement with patients and clinical staff. This included: clinical shadowing in consultant-
led and nurse-led follow-up clinics for breast, colorectal and ovarian cancer; conversations
with cancer clinicians and specialists; a ‘word wall” activity in patient clinics to allow cancer
patients to rank and discuss issues of importance to them (the ‘word wall’ is a novel visual
method which allows participants to rank items by moving them around a board); and an elec-
tronic online ‘word wall’ activity undertaken by active service users from the websites Macmil-
lan ‘Cancer Voices’ [41] and ‘use MY data’ [42, 43]. The survey was limited to be less than 120
items as a recent PROMs survey of cancer survivors had a response rate of 60% with 120 items

[37]. A final review by patients and staff was undertaken to ensure the full scope of topics was
included without being too burdensome. The survey takes around 30 minutes to complete.
Patient and public involvement was also utilised to inform the letter that was sent out with the
survey to invite people to participate in the study. People who have not been diagnosed with
cancer provided feedback on receiving a letter about an oncology study and minimising

anxiety.

Survey measures

The survey comprises four sections with 108 items for cases and 100 items for controls (see
Table 1 for overview of survey). The same questions will be used for cancer survivors and the
controls unless specific item changes are required for the control group.

Section 1: Questions about you

Patients will be asked to provide basic background information about ethnicity, height and
weight, relationship status (at the time of the survey, and at the time of their cancer diagnosis/
or 5 years ago for controls), highest level of education, co-morbidities.

Table 1. An overview of the PROMs included in the survey.

Survey section

Section 1: Questions
about you

Section 2: Questions
about your health

Questionnaire title and brief description

Demographics. Seven questions on participants demographics (e.g.,
ethnicity, height, weight, relationship status, education, health
conditions)

EQ-5D-3L and Visual Analogue Scale (VAS) [44]. 6 item scale
measuring respondent health ‘today’. Subscales include mobility, self-
care, usual activities, pain, anxiety/depression. Visual analogue scale
provides a single index value for health status

Quality of Life in Adult Cancer Survivors (QLACS) [45]. 47 item
questionnaire to assess Health related quality of life in cancer
survivors and non-cancer populations. Scores five cancer-specific
domains (financial problems, distress family, distress recurrence,
appearance problems, benefits) subscales, as well as a total score
which does not include the benefits subscale. Generic scales scores
are physical pain, negative feelings, positive feelings, cognitive
problems, sexual problems, social avoidance, fatigue.

Cancer survivor identify question [46]. Measures the extent of
adoption of cancer related identify for cases, and perceptions of
person living with cancer for control group.

European Organisation for Research and Treatment of Cancer
(EORTC) [47] 14 items from the EORTC question bank used to
assess health related functioning and symptoms. Subscales include
tingling, muscular pain, urinary frequency, urinary incontinence,
urinary symptoms, gastrointestinal symptoms, diarrhoea,
constipation, abdominal/Gastrointestinal symptoms

Item information/response format and scoring
N/A

5 items rated from 1 (no problems) to 3 (severe problems). Visual
analogue scale measured from 0 (worst imaginable health state) to
100 (best imaginable health state)

Items rated on a 7 point scale from 1 (never) to 7 (always) based
on how respondent has felt in last 4 weeks. Scores provided for
each domain

Respondents can select from one of five options: ‘a cancer
survivor’, ‘a person who has had cancer’, ‘a cancer patient’, ‘a
victim of cancer’, or ‘other’

Items rated on a 4 point Likert scale from 1 (not at all) to 4 (very
much). Score provided for each subscale

(Continued)
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Table 1. (Continued)

Survey section

Section 3: Questions
about your lifestyle

Section 4: Questions
about your healthcare and
finances

Questionnaire title and brief description

Godin Leisure-Time Exercise Questionnaire [48]. 4 item instrument
to assess time spent in light, moderate, and strenuous physical
activity.

Exercise Benefits and Barriers Scale (EBBS)- 14 item barriers subscale
[49]. Subscales measured include family discouragement, exercise
milieux, physical discomfort, time expenditure

Cancer Care Coordination Questionnaire (CCCQ) [50]. 7 item
navigation subscale

Financial costs questionnaire. Measures Employment status, social
security entitlements, number of days absence from work due to
illness (and associated loss of income); care and support received
from informal carers; out-of-pocket expenses on prescriptions,
hospice, hospital or community health services; travel to and from
health and social care appointments; and any other out-of-pocket
expenses, use of other health care services funded by the NHS or
voluntary and charity sector services

https://doi.org/10.1371/journal.pone.0266804.t001

Item information/response format and scoring

Respondents state how many minutes were spent in light,
moderate, and vigorous intensity physical activity in a week. This
produces an overall score of ‘active’, ‘moderately active’, and
‘insufficiently active/sedentary’.

Exercise barrier items scored on subscale from 1 (strongly
disagree) to 4 (strongly agree)

Respondents rate statements on a 5-point Likert scale from 1
(never) to 5 (always)

N/A

Section 2: Questions about your health

EQ-5D-3L. EQ-5D is a standardised measure of health status providing a simple, generic
measure of health related quality of life for clinical and economic appraisal [44]. The EQ-5D is
the NICE preferred measured for capturing health related QoL [51]. The EQ-5D asks respon-
dents about their health ‘today’, on the day on which they respond to create a profile of their
health in the following subscales mobility, self-care, usual activities, pain, anxiety/depression.

This profile is then converted to a health related QoL score via a validated algorithm based on
UK population stated preferences. The scale is anchored on 1 representing full health and 0
representing the health related quality of life associated with death. Values worse than death
are possible and represented by negative scores. In addition, there is a Visual Analogue Scale
(EQ-VAS) which records self-rated health on a 0 to 100 scale. The EQ-5D has been used in
previous studies with cancer patients, including those with breast, colorectal and ovarian can-

cer, and has been shown to be reliable and valid in this population [52-56]. Normative popula-
tion data are available for the 3 level version [57].

Quality of Life in Adult Cancer Survivors (QLACS). QLACS is a 47-item measure of
QoL amongst adult survivors of cancer at least five years post diagnosis [45]. The instrument
comprises of cancer specific scales and generic scales. The generic scales do not mention can-
cer and thus make the instrument an appropriate measure to make comparisons between can-
cer and non-cancer populations [58]. QLACS was highlighted in the 2010 National Cancer
Survivor Initiative ‘Vision’ document [17], and has been previously used with breast, colorectal
and gynaecological cancer patients [45, 58, 59]. For the cancer specific domains items with the
term “cancer” or “cancer treatment” are changed to “health” or “healthcare treatment” within
the control group questionnaire. Two subscales are not included in the control group survey as
they are deemed as not appropriate: the ‘Benefits of cancer’ and ‘Distress over recurrence”.

Cancer survivor identity question.

This comprises a single item examining the extent of

adoption of four cancer-related identities. The item for the cancer cases group was: ‘Which
one of the statements below best describes you/do you relate to most?’ Participants responded

selecting one of the following options: *

: > < > <
a cancer survivor’, ‘a person who has had cancer’, ‘a

cancer patient’, ‘a victim of cancer’, or ‘other’[46]. Similar versions of this question have been
used with prostate cancer survivors [60], and with older cancer survivors at least 5 years from
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Box 1. EORTC subscales included in survey and the EORTC module that
they are from

Tingling/numbness (1 item — Endometrial module)

Muscular pain (1 item — Endometrial module)

Urinary frequency (2 items — Colorectal module)

Urinary incontinence (1 item — Colorectal module)

Urinary symptoms (1 item — Bladder module)

Gastrointestinal symptoms (5 items — Endometrial module)
Diarrhoea (1 item — Core module)

Constipation (1 item — Core module)
Abdominal/Gastrointestinal symptoms (1 item - Ovarian module)

diagnosis [61]. This question will be adapted for the control population to relate to their per-
ception of people who have had cancer: “Which one of the statements below best describes
how you view someone who has had cancer?

European Organisation for Research and Treatment of Cancer (EORTC) Quality of
Life Questionnaires. The EORTC questionnaires have been developed for international use
to assess health-related QoL in cancer patients [47]. The EORTC has an Item Library of more
than 900 individually validated items from over 60 EORTC questionnaires. Its aim is to help
users create relevant custom-made item lists specific to their studies. The present study did not
use the EORTC QLQ-30 as it was originally developed to cover QoL during cancer treatment
as opposed to survivorship. The questionnaires comprise a core generic cancer questionnaire
(EORTC QLQ-30), and a number of cancer site-specific modules, which measure health-
related functioning and symptoms in a range of scales. The survey included questions from the
EORTC item bank, as shown in Box 1.

Section 3: Questions about your lifestyle

Godin Leisure-Time Exercise Questionnaire (GLTEQ). The Godin Leisure-Time Exer-
cise Questionnaire (GLTEQ) [48] assesses leisure time physical activity, and has been used
within oncology research [62, 63]. Examples of activities are provided for each intensity cate-
gory, for this study, examples of exercise have been adapted to the UK cultural context. A scor-
ing algorithm provides an overall exercise score.

Exercise Barriers and Benefits Scale (EBBS). The EBBS is a 43-item summated rating
scale consisting of two subscales, Benefits and Barriers [49]. To focus on the barriers to exercise
for those living with and beyond cancer, this study uses the ‘barriers’ subscale only; consisting
of 14 items. The EBBS was developed for a general population and has been used widely in
groups such as the elderly [64-66], and in diseases such as Multiple Sclerosis (MS) [67], cardio-
vascular disease [68], and cirrhosis [69], but has not been used previously within cancer.

Section 4: Questions about your healthcare and finances

Cancer Care Coordination Questionnaire (CCCQ). The Cancer Care Coordination
Questionnaire (CCCQ) is a recently developed tool to measure patients’ experiences of health-
care coordination, it has two subscales: communication and navigation [50]. This study uses
the ‘Navigation’ subscale only; comprising seven items asking ‘how often’ difficulties were
experienced over a range of issues such as, making appointments or waiting for test results.
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The CCCQ has shown to be psychometrically robust in initial testing [50], but has yet to be
tested widely.

Financial costs questionnaire. The financial costs questionnaire was developed by the
health economics team working within the CPR research programme to measure the personal
financial impact of cancer. It is an adapted version of the ‘financial cost of cancer’ question-
naire used in the electronic Patient-reported Outcomes from Cancer Survivors study [70].

Survey administration

The survey may be completed on paper (delivered by post) or online.

Paper completion

A paper survey with a unique Participant Identification number (PID) and a freepost envelope
for return to the research team will be mailed to each potential participant.

Online completion

The invitation letter will provide a website address for the survey and a unique participant log
in (based on the PID) and password. The web-based system (QTool) is hosted securely by the
Integrated Research Campus (IRC) at the University of Leeds [71].

Pilot study

A pilot study of 5% of total research population will be undertaken using the processes detailed
below. Should negative responses be received, the study methods and processes will be
reviewed and amendments undertaken if required.

Recruitment

Participant identification and recruitment are undertaken entirely within LTHT, the research
team have no access to patient identifiable data (approved by the UK’s Health Research
Authority (HRA) Confidentiality Advisory Group (CAG) (Reference: 18/CAG/0119)). The
stages are summarised in Fig 1 and outlined in more detail below.

LTHT data analysts will generate a list of potential respondents by creating and running a
query on the internal electronic patient management system derived from the eligibility and
exclusion criteria. A list of identifiable data (name, address and NHS number) will be extracted
and sent to LTHT IT Services using secure LTHT computer systems. A member of the LTHT
IT Services team will check the list of potential respondents on the NHS Digital Spine (https://
digital.nhs.uk/spine) for name, address and death. The updated list will be sent to the LTHT
Clinical Research Facility who will manage the lists. The LTHT Clinical Research Facility con-
ducts early stage and experimental trials in a range of disease specialities.

The clinical Research Facility will allocate PIDs using an automated process and will be the
‘key-holder’ for linking the PID to the individual patient within the secure LTHT systems. An
automated ‘mail merge’ process will be used to merge the list of patients’ names and addresses
with an invitation letter and survey. The completed ‘mail merge’ templates will be sent to
LTHT medical secretaries for printing. Printed letters, signed by a consultant on behalf of the
relevant treating Multi-Disciplinary Team (MDT), and containing the Participant Information
Sheet will be mailed via the LTHT post room. Following a second NHS Digital spine check, a
reminder letter will be sent after four weeks to those who have not responded at all and who
have not contacted the research team requesting study withdrawal.
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Consent

Informed consent (ticking or dating the front page of the paper survey or clicking the first page
of the online survey) will be sought from participants for taking part in the PROMs survey and

for the data linkage to de-identified data from hospital and primary care records, in accordance
with the Data Protection Act 2018. The invitation letter and Participant Information Sheet will

provide detail of the study aims, methods and processes for participation and withdrawal.

Data
PROMs data

All collected PROMs data is non-identifiable and participants are asked not to include any identi-
fiable data on their survey return. Each PROMs survey has a research participant ID. LTHT, who
send the invitation and survey, retain a link between the research ID and the patient record (i.e.
the PROMs data is reversibly pseudonymous from the perspective of LTHT).

Electronic health records data. The EHR data that can be linked to the PROMs data will
mirror the data collected in the main CPR study (see S1 Appendix). This includes data such as
co-morbidities, appointments, frailty score, and treatment received for diagnosis. All data
received will be de-identified. “De-identified data” refers to data that has had all identifiable
personal markers removed such as name, address, date of birth and NHS number. De-identi-
fied data will come from two data providers:

(1) Hospital data will come from patient hospital records and financial data held to support
patient care at LTHT.

(2) Primary care data will come from ResearchOne, where available. ResearchOne is a research
database consisting of de-identified data derived from electronic patient records from healthcare
providers who use the TPP SystmOne clinical computing system [72]. SystmOne is among the
largest clinical databases in the world, containing the electronic records of more than 40 million
patients. The data are drawn from a variety of health and care settings across England, including
both primary, secondary, and social care providers. Health and social care providers using Syst-
mOne can opt for data to be de-identified and included in the ResearchOne database; individual
patients also have the opportunity to opt-out of supplying their de-identified data [73].

Pseudonymisation and data linkage

LTHT will derive a project-specific pseudonym (called a “digest”) for each patient involved in
the project and retain a link from this to the patient record ID. Participants consent to be part
of the PROMs study and have their data linked by returning a completed survey. A list of
research IDs is derived from the completed surveys and provided to the LTHT data analysts
who use this to determine the pseudonymous digest for the PROM:s participants. The digests
are linked to the non-identifiable PROMs survey data. This is then transferred to a NHS and
University of Leeds approved physical or cloud computing environment and linked with hos-
pital data from LTHT and de-identified primary care data from ResearchOne via project spe-
cific digests (where the data is available and eligible). The process of linkage, with the linkage
field subsequently being destroyed, will mirror the procedure of the main study, so that the
research dataset cannot be linked back to data sources. A full explanation of the data linkage
and pseudonymisation methodology has been previously published [35, 36]. This process uses
the open source software OpenPseudonymiser [74]. The computing systems have advanced
computational highly secure infrastructure with accredited certification to the international
standard for information security management, ISO/IEC 27001:2013 and Level 2 NHS Infor-
mation governance (IG) Toolkit.
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Data on non-responders

Invited participants who do not respond to the survey are defined as ‘non-responders’. De-
identified double-pseudonymised data will be requested on non-responders for the purpose
of testing the response bias of the sample. This will be collected by the process described
above, though necessarily without any PROMs data. The Research ID of non-responders is
linked with the project-specific digest under the LTHT Fair Processing Notice. The data han-
dling is similarly in accordance with the common law duty of confidentiality because the
data is rendered anonymous through de-identification processes. The data providers (LTHT
and TPP) have reviewed the data processing (as advised by the Health Research Authority
Confidentiality Advisory Group) as part of the main study: Comprehensive Patient Records
(CPR) for Cancer Outcomes, Research Ethics Committee reference: 16/NE/0155), and
deemed the data to be de-identified. It is under the data providers’ approval that this data is
used.

Data input

For those participants choosing to complete online, the weblink provided will allow partici-
pants to input their data directly onto QTool. For those choosing to return the paper survey,
the surveys will be input onto QTool by LTHT medical and university secretarial staff.

Data storage

Electronic non-identifiable survey data storage. Survey data will be stored and managed
initially on secure University of Leeds servers. The data (with PIDs) will be transferred to the
Clinical Research Facility for secure linkage to LTHT project-specific digests and then trans-
ferred using the methods described above.

Paper survey storage. The returned hard copy paper questionnaires will be securely
stored in locked filing cabinets in the PROMs research team office. The paper questionnaires
will be destroyed at the end of the study, after the data have been uploaded and validated.

Linked de-identified data storage. The linked de-identified data will be held in an NHS
and University of Leeds approved physical or cloud computing environment. A number of
cloud computing services have undergone detailed analysis and review by the Leeds Teaching
Hospitals NHS Trust information governance team. This process included a detailed analysis
of the security arrangements relating to the storing and access of data in addition to reviews of
the external accreditation that has been provided such as NHS Digital Data Security and Pro-
tection Toolkit certification and international organisation for standardisation 27001 accredi-
tation [75].

Long-term data storage and data sharing. Identifiable personal data will be destroyed at
the end of the study. De-identified data will be stored for 10 years. Derived (aggregated)
PROMS survey datasets may be made available for data sharing to underpin and validate
research findings. The IRC Data Services Team will assess datasets for disclosure, and release
these for storage in an open repository such as the Research Data Leeds Repository. They will
be given a Digital Object Identifier (DOI).

Ethical issues
Compliance and approvals

This study will be conducted in accordance with both the Data Protection Act (2018) and the
General Data Protection Regulation 2018. All clinical staff and research staff involved in the
study have NHS (or honorary NHS) contracts and work to NHS codes of practice concerning
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confidentiality, information security management and records management (NHS Code of
Confidentiality, 2003). This project was approved by the HRA (04/10/2018 IRAS Reference:
233983); HRA NHS Research Ethics Committee (10/09/2018 Research Ethics Committee Ref-
erence: 18/L0O/1043); HRA NHS Confidentiality Advisory Group (CAG) approval (02/08/2018
CAG Reference: 18/CAG/0119); LTHT Capability and Capacity approval (14/03/2018); and
received NIHR Portfolio study (12/09/2018 Reference: CPMS 39154).

Data analysis

Response bias will be examined using the de-identified data from the non-responders.
Descriptive statistics will be used to describe the participation characteristics and the PROMS
outcome measures. Inferential statistics will explore the differences between the cancer cases
and matched controls. Missing item-level data will be reported and checked for systematic
biases. Where possible, and subject to questionnaire guidance, missing values may be imputed
using multiple imputation techniques.

Primary outcome

The QLACS is the primary outcome measure. The generic summary scores of the cancer survi-
vor’s cohort will be compared to those of the matched controls to identify statistically and clin-
ically significant differences. Comparisons will also be made on the individual domains of the
QLACS, excluding those where comparative data is not available for controls (distress-recur-
rence and benefits of cancer). Subgroup analysis will be undertaken by cancer type.

Secondary outcomes

Secondary measures will be used to further explore the differences between the cancer survi-
vors and the matched controls using the PROMs measure and the linked primary and second-
ary data, on the topics of:

o Health and quality of life using the EQ-5D-3L and VAS, and items from the EORTC bank.

« Difficulties navigating the healthcare system, using the PROMs measure CCCQ (Cancer
Care Coordination Questionnaire) and de-identified healthcare appointment and co-mor-
bidities data from primary and secondary care;

o Exercise, using the PROMs measures EBBS (Exercise Barriers and Benefits Scale) and
GLTEQ (Godin Leisure-Time Exercise Questionnaire);

o Cancer survivor identity, using the included question on identity;

« Financial costs of cancer and personal financial impact, using the data collected in the
questionnaire

Feasibility assessment

Feasibility assessment is the secondary aim of this protocol. Feasibility of the collection
of PROMs and linkage to EHRs will be assessed at the end of the study by the research team.
The key outcome for testing feasibility will be the response rate (defined as the participant con-
senting and returning data). Based on previous research, our desired response rate is at least
50% for cases and 30% for controls [37, 38]. These rates have taken into account the challenge
of recruiting participants who are five years after diagnosis or have not been diagnosed with
cancer. The research team will also meet to discuss: feedback offered from participants,
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method of completion (online versus paper), the representativeness of the sample, quality of
collected PROMs data, ease of using systems, and costs.

Discussion

PROMs have been reported to have the potential to transform healthcare by enabling patients
and clinicians to make better decisions, and by allowing comparisons of different services to
stimulate improvements [18]. However, a number of significant challenges were identified
that need to be overcome to maximise their contribution, including; minimising costs, achiev-
ing high participation, providing appropriate outputs and overcoming methodological chal-
lenges [18]. CPR PROMs seeks to address these challenges. To our knowledge, CPR PROMs is
the largest scale study worldwide to date to link non-identifiable PROMs data from long-term
cancer survivors with de-identified primary and secondary data for cancer survivors and age
and gender matched controls, and the first to do so utilising routine NHS systems. The find-
ings from CPR PROMs will go some way to overcoming the challenges for routine PROMs
use, as previously outlined [18]. The findings will provide detailed data on cancer survivors’
health and quality of life outcomes which may inform improvements in service provision,
improved information for patients and clinical teams, optimising post-treatment support, and
informing future research.

This study will test the feasibility and acceptability of collecting PROMs data within an
NHS system (i.e., data entered onto QTOOL), using no external survey provider or other
external organisations. As such it is a real test of the feasibility of collecting PROMs data within
such settings. This is of particular importance because the Independent Cancer Taskforce in
their strategy for England 2015-2020 [9] and the NHS Long Term Plan [34] both recom-
mended the introduction and implementation of Quality of Life data collection for cancer sur-
vivors in England. The methods trialled during this study will indicate the feasibility of
adopting such processes into routine care.

This study has involved considerable input from patient and public involvement and
Engagement and clinical staff in the study design and consideration of ethical issues. Active
service user input on document content and style, such as the invitation letter and participant
information sheet was of crucial importance. A separate publication on the patient and clini-
cian engagement in the study design is forthcoming.

Strengths and limitations

A strength of the current protocol is that it is, to our knowledge, the largest scale study to link
non-identifiable PROMs data from long-term cancer survivors with de-identified primary and
secondary data for cancer survivors and age and gender matched controls. It does so utilising
routine NHS systems. This demonstrates the potential for future research to take a more holis-
tic approach through incorporating PROMs data with EHRs (e.g., appointments, treatment,
co-morbidities), as well as providing insights for healthcare decision making. A further
strength of this study is that all processes are conducted within the NHS without the use of
external providers.

One limitation of the current protocol is that the data linkage of routine health records and
PROMs can only take place for patients who are part of an R1 surgery and have not opted out
of sharing their data.

Supporting information

S1 Appendix. Data list from the main study.
(PDF)

PLOS ONE | https://doi.org/10.1371/journal.pone.0266804  April 15, 2022 14/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0266804.s001
https://doi.org/10.1371/journal.pone.0266804

PLOS ONE

Linkage of PROMs data and electronic care records data in cancer survivors and matched controls

Acknowledgments

The study is supported by the National Institute for Health Research Leeds Clinical Research
Facility and the National Institute for Health Research Clinical Research Network Portfolio.
This work uses data provided by the NHS as part of their care and support. We wish to thank
the LTHT administration team and IT service for their input and time. The design of this
study involved considerable input from active services users. The research team would like to
extend their thanks and appreciation to the members of the Research Advisory Group (RAG)
based at St James’s Hospital, and the two active service user members of the Research team,
Barbara Woroncow and David Wilkinson.

Author Contributions
Conceptualization: Penny Wright, Galina Velikova, Adam W. Glaser, Geoff Hall.
Funding acquisition: Adam W. Glaser, Geoff Hall.

Investigation: Elizabeth Stamp, Gemma Clarke, Penny Wright, Galina Velikova, Adam W.
Glaser, Geoff Hall.

Methodology: Elizabeth Stamp, Gemma Clarke, Penny Wright, Galina Velikova, Samantha S.
R. Crossfield, Kieran Zucker, Ciaran McInerney, Chris Bojke, Adam Martin, Paul Baxter,
Barbara Woroncow, David Wilson, Dermot Burke, Graeme I. Stables, Angana Mitra, Rich-
ard Hutson, Adam W. Glaser, Geoff Hall.

Writing - original draft: Elizabeth Stamp, Gemma Clarke, Penny Wright.

Writing - review & editing: Elizabeth Stamp, Gemma Clarke, Penny Wright, Galina Velikova,
Samantha S. R. Crossfield, Kieran Zucker, Ciaran McInerney, Chris Bojke, Adam Martin,
Paul Baxter, Barbara Woroncow, David Wilson, Lorraine Warrington, Kate Absolom, Der-
mot Burke, Graeme I. Stables, Angana Mitra, Richard Hutson, Adam W. Glaser, Geoft
Hall.

References
1.  Macmillan. Statistics Factsheet. London; 2019.

2. Tritter JQ, Calnan M. Cancer as a chronic illness? Reconsidering categorization and exploring experi-
ence. European Journal of Cancer Care. 2002; 11(3):161-5. https://doi.org/10.1046/j.1365-2354.2002.
00345.x PMID: 12296831

3. Macmillan. The burden of cancer and other long term conditions. London; 2015.
4. Macmillan. Living After Diagnosis: Median cancer survial times. London; 2011.

National Cancer Institute. 2021 [Available from: https://www.cancer.gov/publications/dictionaries/
cancer-terms/def/survivorship.

6. Macmillan. Throwing light on the consequences of cancer and its treatment. London; 2013.

Martin A, Hall PS. Accurate Measurement of Financial Toxicity Is a Prerequisite to Finding a Remedy.
Breast Care (Basel). 2017; 12(2):78-80. https://doi.org/10.1159/000475656 PMID: 28559762

DoH. Living with and beyond cancer: Taking action to improve outcomes. London; 2013.

9. NHS-England. Achieving World-Class Cancer Outcomes: A Strategy for England 2015-2020. One year
on 2015-2016. London; 2016.

10. Jefford M, Rowland J, Grunfeld E, Richards M, Maher J, Glaser A. Implementing improved post-treat-
ment care for cancer survivors in England, with reflections from Australia, Canada and the USA. Br J
Cancer. 2013; 108(1):14-20. https://doi.org/10.1038/bjc.2012.554 PMID: 23257892

11. Richards M, Corner J, Maher J. The National Cancer Survivorship Initiative: new and emerging evi-
dence on the ongoing needs of cancer survivors. Br J Cancer. 2011; 105 Suppl 1:S1—4. https://doi.org/
10.1038/bjc.2011.416 PMID: 22048027

PLOS ONE | https://doi.org/10.1371/journal.pone.0266804  April 15, 2022 15/18


https://doi.org/10.1046/j.1365-2354.2002.00345.x
https://doi.org/10.1046/j.1365-2354.2002.00345.x
http://www.ncbi.nlm.nih.gov/pubmed/12296831
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/survivorship
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/survivorship
https://doi.org/10.1159/000475656
http://www.ncbi.nlm.nih.gov/pubmed/28559762
https://doi.org/10.1038/bjc.2012.554
http://www.ncbi.nlm.nih.gov/pubmed/23257892
https://doi.org/10.1038/bjc.2011.416
https://doi.org/10.1038/bjc.2011.416
http://www.ncbi.nlm.nih.gov/pubmed/22048027
https://doi.org/10.1371/journal.pone.0266804

PLOS ONE

Linkage of PROMs data and electronic care records data in cancer survivors and matched controls

12

13.

14.

15.

16.

17.
18.

19.
20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Khan NF, Mant D, Carpenter L, Forman D, Rose PW. Long-term health outcomes in a British cohort of
breast, colorectal and prostate cancer survivors: a database study. Br J Cancer 2011; 105 Suppl 1:
S29-37.

Basch E, Jia X, Heller G, Barz A, Sit L, Fruscione M, et al. Adverse symptom event reporting by patients
vs clinicians: relationships with clinical outcomes. JNCI. 2009; 101(23):1624-32. https://doi.org/10.
1098/jnci/djp386 PMID: 19920223

Basch E, lasonos A, McDonough T, Barz A, Culkin A, Kris MG, et al. Patient versus clinician symptom
reporting using the National Cancer Institute Common Terminology Criteria for Adverse Events: results
of a questionnaire-based study. Lancet Oncol. 2006; 7(11):903-9. https://doi.org/10.1016/S1470-2045
(06)70910-X PMID: 17081915

Montemurro F, Mittica G, Cagnazzo C, Longo V, Berchialla P, Solinas G, et al. Self-evaluation of Adju-
vant Chemotherapy-Related Adverse Effects by Patients With Breast Cancer. JAMA oncology. 2016; 2
(4):445-52. https://doi.org/10.1001/jamaoncol.2015.4720 PMID: 26720497

Dawson J, Doll H, Fitzpatrick R, Jenkinson C, Carr AJ. The routine use of patient reported outcome
measures in healthcare settings. BMJ. 2010; 340:186—190. https://doi.org/10.1136/bmj.c186 PMID:
20083546

DoH, Macmillan. National Cancer Survivorship Initiative Vision. London; 2010.

Black N. Patient reported outcome measures could help transform healthcare. BMJ. 2013; 346:346—
350. https://doi.org/10.1136/bmj.f167 PMID: 23358487

DH. Equity and excellence: Liberating the NHS. London: Department of Health (DH); 2010.

Arndt V, Merx H, Stegmaier C, Ziegler H, Brenner H. Persistence of restrictions in quality of life from the
first to the third year after diagnosis in women with breast cancer. Journal of clinical oncology: Am. J.
Clin. Oncol. 2005; 23(22):4945-53.

Koch L, Jansen L, Herrmann A, Stegmaier C, Holleczek B, Singer S, et al. Quality of life in long-term
breast cancer survivors—a 10-year longitudinal population-based study. Acta oncologica. 2013; 52
(6):1119-28. https://doi.org/10.3109/0284186X.2013.774461 PMID: 23514583

Hsu T, Ennis M, Hood N, Graham M, Goodwin PJ. Quality of Life in Long-Term Breast Cancer Survi-
vors. JCO. 2013; 31(28):3540-8. https://doi.org/10.1200/JC0O.2012.48.1903 PMID: 23980087

Mols F, Vingerhoets AJUM, Coebergh JW, van de Poll-Franse LV. Quality of life among long-term breast
cancer survivors: A systematic review. EJC. 2005; 41(17):2613-9. https://doi.org/10.1016/j.ejca.2005.
05.017 PMID: 16226458

Meeske K, Smith AW, Alfano CM, McGregor BA, McTiernan A, Baumgartner KB, et al. Fatigue in breast
cancer survivors two to five years post diagnosis: a HEAL Study report. Qual Life Res. 2007; 16
(6):947-60. https://doi.org/10.1007/s11136-007-9215-3 PMID: 17457697

Klein D, Mercier M, Abeilard E, Puyraveau M, Danzon A, Dalstein V, et al. Long-term quality of life after
breast cancer: a French registry-based controlled study. Breast Cancer Res Treat. 2011; 129(1):125—
34. https://doi.org/10.1007/s10549-011-1408-3 PMID: 21340477

Downing A, Morris EJ, Richards M, Corner J, Wright P, Sebag-Montefiore D, et al. Health-related quality
of life after colorectal cancer in England: a patient-reported outcomes study of individuals 12 to 36
months after diagnosis. JCO. 2015; 33(6):616—24. https://doi.org/10.1200/JC0O.2014.56.6539 PMID:
25559806

Farkkila N, Sintonen H, Saarto T, Jarvinen H, Hanninen J, Taari K, et al. Health-related quality of life in
colorectal cancer. Colorectal Dis. 2013; 15(5):e215-22. https://doi.org/10.1111/codi.12143 PMID:
23351057

Jansen L, Herrmann A, Stegmaier C, Singer S, Brenner H, Arndt V. Health-related quality of life during
the 10 years after diagnosis of colorectal cancer: a population-based study. JCO. 2011; 29(24):3263-9.
https://doi.org/10.1200/JC0O.2010.31.4013 PMID: 21768465

Roland KB, Rodriguez JL, Patterson JR, Trivers KF. A literature review of the social and psychological
needs of ovarian cancer survivors. Psycho-oncology. 2013; 22(11):2408-18. https://doi.org/10.1002/
pon.3322 PMID: 23760742

Lutgendorf SK, Shinn E, Carter J, Leighton S, Baggerly K, Guindani M, et al. Quality of life among long-
term survivors of advanced stage ovarian cancer: A cross-sectional approach. Gynecol. Oncol. 2017;
146(1):101-8. https://doi.org/10.1016/j.ygyno.2017.05.008 PMID: 28527672

Ahmed-Lecheheb D, Joly F. Ovarian cancer survivors’ quality of life: a systematic review. J Cancer Sur-
viv. 2016; 10(5):789-801. https://doi.org/10.1007/s11764-016-0525-8 PMID: 26884372

Harrison SE, Watson EK, Ward AM, Khan NF, Turner D, Adams E, et al. Primary Health and Supportive
Care Needs of Long-Term Cancer Survivors: A Questionnaire Survey. JCO. 2011; 29(15):2091-8.
https://doi.org/10.1200/JC0.2010.32.5167 PMID: 21519023

PLOS ONE | https://doi.org/10.1371/journal.pone.0266804  April 15, 2022 16/18


https://doi.org/10.1093/jnci/djp386
https://doi.org/10.1093/jnci/djp386
http://www.ncbi.nlm.nih.gov/pubmed/19920223
https://doi.org/10.1016/S1470-2045%2806%2970910-X
https://doi.org/10.1016/S1470-2045%2806%2970910-X
http://www.ncbi.nlm.nih.gov/pubmed/17081915
https://doi.org/10.1001/jamaoncol.2015.4720
http://www.ncbi.nlm.nih.gov/pubmed/26720497
https://doi.org/10.1136/bmj.c186
http://www.ncbi.nlm.nih.gov/pubmed/20083546
https://doi.org/10.1136/bmj.f167
http://www.ncbi.nlm.nih.gov/pubmed/23358487
https://doi.org/10.3109/0284186X.2013.774461
http://www.ncbi.nlm.nih.gov/pubmed/23514583
https://doi.org/10.1200/JCO.2012.48.1903
http://www.ncbi.nlm.nih.gov/pubmed/23980087
https://doi.org/10.1016/j.ejca.2005.05.017
https://doi.org/10.1016/j.ejca.2005.05.017
http://www.ncbi.nlm.nih.gov/pubmed/16226458
https://doi.org/10.1007/s11136-007-9215-3
http://www.ncbi.nlm.nih.gov/pubmed/17457697
https://doi.org/10.1007/s10549-011-1408-3
http://www.ncbi.nlm.nih.gov/pubmed/21340477
https://doi.org/10.1200/JCO.2014.56.6539
http://www.ncbi.nlm.nih.gov/pubmed/25559806
https://doi.org/10.1111/codi.12143
http://www.ncbi.nlm.nih.gov/pubmed/23351057
https://doi.org/10.1200/JCO.2010.31.4013
http://www.ncbi.nlm.nih.gov/pubmed/21768465
https://doi.org/10.1002/pon.3322
https://doi.org/10.1002/pon.3322
http://www.ncbi.nlm.nih.gov/pubmed/23760742
https://doi.org/10.1016/j.ygyno.2017.05.008
http://www.ncbi.nlm.nih.gov/pubmed/28527672
https://doi.org/10.1007/s11764-016-0525-8
http://www.ncbi.nlm.nih.gov/pubmed/26884372
https://doi.org/10.1200/JCO.2010.32.5167
http://www.ncbi.nlm.nih.gov/pubmed/21519023
https://doi.org/10.1371/journal.pone.0266804

PLOS ONE

Linkage of PROMs data and electronic care records data in cancer survivors and matched controls

33.

34.
35.

36.

37.

38.

39.

40.

4,

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Downing A, Wright P, Hounsome L, Selby P, Wilding S, Watson E, et al. Quality of life in men living with
advanced and localised prostate cancer in the UK: a population-based study. Lancet Oncol. 2019; 20
(3):436—47. https://doi.org/10.1016/S1470-2045(18)30780-0 PMID: 30713036

NHS. The NHS Long Term Plan. London: NHS; 2019.

University of Leeds. Comprehensive Patient Records for Cancer Outcomes Data Flow Protocol [cited
2021 8th February]. Available from: https://lida.leeds.ac.uk/wp-content/uploads/2017/01/Data-Flow-
Protocol-V3.pdf.

Crossfield SSR, Zucker K, Baxter P, Wright P, Fistein J, Markham AF, et al. A data flow process for con-
fidential data and its application in a health research project. PLoS One. 2022; 17(1):e0262609. https://
doi.org/10.1371/journal.pone.0262609 PMID: 35061834

Downing A, Wright P, Wagland R, Watson E, Kearney T, Mottram R, et al. Life after prostate cancer
diagnosis: protocol for a UK-wide patient-reported outcomes study. BMJ Open. 2016; 6(12):e013555.
https://doi.org/10.1136/bmjopen-2016-013555 PMID: 27927667

Glaser AW, Fraser LK, Corner J, Feltbower R, Morris EJ, Hartwell G, et al. Patient-reported outcomes
of cancer survivors in England 1-5 years after diagnosis: a cross-sectional survey. BMJ Open. 2013; 3
(4). https://doi.org/10.1136/bmjopen-2012-002317 PMID: 23578682

Kerleau C, Guizard AV, Daubisse-Marliac L, Heutte N, Mercier M, Grosclaude P, et al. Long-term qual-
ity of life among localised prostate cancer survivors: QALIPRO population-based study. EJC. 2016;
63:143-53. hitps://doi.org/10.1016/j.ejca.2016.05.020 PMID: 27318002

Donelly D, Donelly C, Kearney T, Weller D, Sharp L, Downing A, et al. Urinary, bowel and sexual health
in older men from Northern Ireland. BJU International. 2018; 122(5):845-57. https://doi.org/10.1111/
bju.14182 PMID: 29489050

Macmillan. Cancer Voices 2018 [Available from: https://www.macmillan.org.uk/get-involved/
volunteering/share-your-experience/cancer-voices.

UseMYData. Use MY data: Movement of patients, relatives and carers harnessing the patient voice to
build confidence in the use of patient data to save lives and improve outcomes 2018 [Available from:
usemydata.org]

Stamp E, Clarke G., Wright P., Velikova G., Glaser A., & Hall G. Using the “Word-Wall” as a method to
identify research priorities in cancer survivorship. Psycho-Oncology. 2019; 28(S2):9-22.

EuroQol—a new facility for the measurement of health-related quality of life. Health Policy. 1990; 16
(8):199-208. https://doi.org/10.1016/0168-8510(90)90421-9 PMID: 10109801

Avis NE, Smith KW, McGraw S, Smith RG, Petronis VM, Carver CS. Assessing quality of life in adult
cancer survivors (QLACS). Qual Life Res. 2005; 14(4):1007-23. https://doi.org/10.1007/s11136-004-
2147-2 PMID: 16041897

Park CL, Zlateva |, Blank TO. Self-identity after cancer: "survivor", "victim", "patient", and "person with
cancer". J Gen Intern Med. 2009; 24 Suppl 2(Suppl 2):S430-5.

Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, et al. The European Organization
for Research and Treatment of Cancer QLQ-C30: a quality-of-life instrument for use in international clin-
ical trials in oncology. J Natl Cancer Inst. 1993; 85(5):365-76. https://doi.org/10.1093/jnci/85.5.365
PMID: 8433390

Godin G, Shephard RJ. A simple method to assess exercise behavior in the community. Can J Appl
Sport Sci. 1985; 10(3):141-6. PMID: 4053261

Sechrist KR, Walker SN, Pender NJ. Development and psychometric evaluation of the exercise bene-
fits/barriers scale. Res Nurs Health. 1987; 10(6):357-65. https://doi.org/10.1002/nur.4770100603
PMID: 3423307

Young JM, Walsh J, Butow PN, Solomon MJ, Shaw J. Measuring cancer care coordination: develop-
ment and validation of a questionnaire for patients. BMC Cancer. 2011; 11:298. https://doi.org/10.1186/
1471-2407-11-298 PMID: 21756360

National Institute for Health and Care Excellence. Guide to the methods of technology appraisal 2013.
2013.

Kim S-H, Jo M-W, Lee J-W, Lee H-J, Kim JK. Validity and reliability of EQ-5D-3L for breast cancer
patients in Korea. Health and Quality of Life Outcomes. 2015; 13(1):203. https://doi.org/10.1186/
$12955-015-0399-x PMID: 26694964

Kim SH, Hwang JS, Kim TW, Hong YS, Jo M-W. Validity and reliability of the EQ-5D for cancer patients
in Korea. SCC. 2012; 20(12):3155-60. https://doi.org/10.1007/s00520-012-1457-0 PMID: 22488293

Pickard AS, Ray S, Ganguli A, Cella D. Comparison of FACT- and EQ-5D—Based Utility Scores in Can-
cer. Value in Health. 2012; 15(2):305—11. https://doi.org/10.1016/j.jval.2011.11.029 PMID: 22433762

PLOS ONE | https://doi.org/10.1371/journal.pone.0266804  April 15, 2022 17/18


https://doi.org/10.1016/S1470-2045%2818%2930780-0
http://www.ncbi.nlm.nih.gov/pubmed/30713036
https://lida.leeds.ac.uk/wp-content/uploads/2017/01/Data-Flow-Protocol-V3.pdf
https://lida.leeds.ac.uk/wp-content/uploads/2017/01/Data-Flow-Protocol-V3.pdf
https://doi.org/10.1371/journal.pone.0262609
https://doi.org/10.1371/journal.pone.0262609
http://www.ncbi.nlm.nih.gov/pubmed/35061834
https://doi.org/10.1136/bmjopen-2016-013555
http://www.ncbi.nlm.nih.gov/pubmed/27927667
https://doi.org/10.1136/bmjopen-2012-002317
http://www.ncbi.nlm.nih.gov/pubmed/23578682
https://doi.org/10.1016/j.ejca.2016.05.020
http://www.ncbi.nlm.nih.gov/pubmed/27318002
https://doi.org/10.1111/bju.14182
https://doi.org/10.1111/bju.14182
http://www.ncbi.nlm.nih.gov/pubmed/29489050
https://www.macmillan.org.uk/get-involved/volunteering/share-your-experience/cancer-voices
https://www.macmillan.org.uk/get-involved/volunteering/share-your-experience/cancer-voices
http://usemydata.org
https://doi.org/10.1016/0168-8510%2890%2990421-9
http://www.ncbi.nlm.nih.gov/pubmed/10109801
https://doi.org/10.1007/s11136-004-2147-2
https://doi.org/10.1007/s11136-004-2147-2
http://www.ncbi.nlm.nih.gov/pubmed/16041897
https://doi.org/10.1093/jnci/85.5.365
http://www.ncbi.nlm.nih.gov/pubmed/8433390
http://www.ncbi.nlm.nih.gov/pubmed/4053261
https://doi.org/10.1002/nur.4770100603
http://www.ncbi.nlm.nih.gov/pubmed/3423307
https://doi.org/10.1186/1471-2407-11-298
https://doi.org/10.1186/1471-2407-11-298
http://www.ncbi.nlm.nih.gov/pubmed/21756360
https://doi.org/10.1186/s12955-015-0399-x
https://doi.org/10.1186/s12955-015-0399-x
http://www.ncbi.nlm.nih.gov/pubmed/26694964
https://doi.org/10.1007/s00520-012-1457-0
http://www.ncbi.nlm.nih.gov/pubmed/22488293
https://doi.org/10.1016/j.jval.2011.11.029
http://www.ncbi.nlm.nih.gov/pubmed/22433762
https://doi.org/10.1371/journal.pone.0266804

PLOS ONE

Linkage of PROMs data and electronic care records data in cancer survivors and matched controls

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.
74.

75.

Friedlander M, Rau J, Lee CK, Meier W, Lesoin A, Kim J-W, et al. Quality of life in patients with
advanced epithelial ovarian cancer (EOC) randomized to maintenance pazopanib or placebo after first-
line chemotherapy in the AGO-OVAR 16 trial. Measuring what matters—patient-centered end points in
trials of maintenance therapy. Annals of Oncology. 2017; 29(3):737—43.

Naik H, Howell D, Su S, Qiu X, Brown MC, Vennettilli A, et al. EQ-5D Health Utility Scores: Data from a
Comprehensive Canadian Cancer Centre. Patient. 2017; 10(1):105-15. https://doi.org/10.1007/
s$40271-016-0190-z PMID: 27567613

Szende A, Janssen B, Cabases J, editors. Self-Reported Population Health: An International Perspec-
tive based on EQ-5D. Netherlands: Springer; 2014.

Avis NE, Ip E, Foley KL. Evaluation of the Quality of Life in Adult Cancer Survivors (QLACS) scale for
long-term cancer survivors in a sample of breast cancer survivors. Health and quality of life outcomes.
2006; 4:92. https://doi.org/10.1186/1477-7525-4-92 PMID: 17140438

Pearce NJ, Sanson-Fisher R, Campbell HS. Measuring quality of life in cancer survivors: a methodolog-
ical review of existing scales. Psycho-oncology. 2008; 17(7):629—40. https://doi.org/10.1002/pon.1281
PMID: 17973235

Bellizzi KM, Blank TO. Cancer-related identity and positive affect in survivors of prostate cancer. J. Can-
cer Surviv.2007; 1(1):44-8. https://doi.org/10.1007/s11764-007-0005-2 PMID: 18648944

Deimling GT, Bowman KF, Wagner LJ. Cancer Survivorship and ldentity among Long-Term Survivors. Clin.
Cancer Investig. J. 2007; 25(8):758-65. https:/doi.org/10.1080/07357900600896323 PMID: 17952742

Su CC, Lee KD, Yeh CH, Kao CC, Lin CC. Measurement of physical activity in cancer survivors: a valid-
ity study. J. Cancer Surviv. 2014; 8(2):205—-12. https://doi.org/10.1007/s11764-013-0325-3 PMID:
24317970

Liu RDK, Buffart LM, Kersten MJ, Spiering M, Brug J, van Mechelen W, et al. Psychometric properties
of two physical activity questionnaires, the AQUAA and the PASE, in cancer patients. BMC Med. Res.
Methodol. 2011;11:30-. https://doi.org/10.1186/1471-2288-11-11 PMID: 21272364

Akbari Kamrani AA, Zamani Sani SH, Fathire-Zaie Z, Bashiri M, Ahmadi E. The Psychometric Charac-
teristics of the Exercise Benefits/Barriers Scale among Iranian Elderly. Iran. J. Public Health. 2014; 43
(3):362-6. PMID: 25988097

Enriquez-Reyna MC, Cruz-Castruita RM, Ceballos-Gurrola O, Garcia-Cadena CH, Hernandez-Cortes
PL, Guevara-Valtier MC. Psychometric properties of the Exercise Benefits/Barriers Scale in Mexican
elderly women. Rev. Lat.-Am. 2017; 25:2902. https://doi.org/10.1590/1518-8345.1566.2902 PMID:
28591306

Sjors C, Bonn SE, Trolle Lagerros Y, Sjolander A, Balter K. Perceived reasons, incentives, and barriers
to physical activity in Swedish elderly men. Interact. J. Med. Res. 2014; 3(4):e15. https://doi.org/10.
2196/ijmr.3191 PMID: 25488655

Stroud N, Minahan C, Sabapathy S. The perceived benefits and barriers to exercise participation in per-
sons with multiple sclerosis. Disabil. Rehabil. 2009; 31(26):2216—-22. https://doi.org/10.3109/
09638280902980928 PMID: 19903131

Grace SL, Gravely-Witte S, Brual J, Suskin N, Higginson L, Alter D, et al. Contribution of Patient and
Physician Factors to Cardiac Rehabilitation Enrollment: A Prospective Multi-Level Study. Eur J Cardio-
vasc Prev Rehabil. 2008; 15(5):548-56. https://doi.org/10.1097/HJR.0b013e328305df05 PMID:
18830085

Ney M, Gramlich L, Mathiesen V, Bailey RJ, Haykowsky M, Ma M, et al. Patient-Perceived Barriers to
Lifestyle Interventions in Cirrhosis. SJG. 2017; 23(2):97—-104. https://doi.org/10.4103/1319-3767.
203357 PMID: 28361840

Marti J, Hall PS, Hamilton P, Hulme CT, Jones H, Velikova G, et al. The economic burden of cancer in
the UK: a study of survivors treated with curative intent. Psycho-Oncology. 2016; 25(1):77-83. https://
doi.org/10.1002/pon.3877 PMID: 26087260

Ashley L, Jones H, Thomas J, Forman D, Newsham A, Morris E, et al. Integrating cancer survivors’
experiences into UK cancer registries: design and development of the ePOCS system (electronic
Patient-reported Outcomes from Cancer Survivors). Br. J. Cancer. 2011; 105 Suppl 1:S74-81. https:/
doi.org/10.1038/bjc.2011.424 PMID: 22048035

TPP. ResearchOne Horsforth, UK: The Phoenix Partnership (TPP); 2018 [Available from: http://www.
researchone.org/].

TPP. ResearchOne: Database System Summary. Horsforth, UK; 2013. Contract No.: 2.0.

Hippisley-Cox J. Open Pseudonymiser 2011 [12 December 2017]. Available from: https://www.
openpseudonymiser.org/

International Organization for Standardization. ISO 25237: 2017 Health Informatics—Pseudonymiza-
tion.; 2017.

PLOS ONE | https://doi.org/10.1371/journal.pone.0266804  April 15, 2022 18/18


https://doi.org/10.1007/s40271-016-0190-z
https://doi.org/10.1007/s40271-016-0190-z
http://www.ncbi.nlm.nih.gov/pubmed/27567613
https://doi.org/10.1186/1477-7525-4-92
http://www.ncbi.nlm.nih.gov/pubmed/17140438
https://doi.org/10.1002/pon.1281
http://www.ncbi.nlm.nih.gov/pubmed/17973235
https://doi.org/10.1007/s11764-007-0005-2
http://www.ncbi.nlm.nih.gov/pubmed/18648944
https://doi.org/10.1080/07357900600896323
http://www.ncbi.nlm.nih.gov/pubmed/17952742
https://doi.org/10.1007/s11764-013-0325-3
http://www.ncbi.nlm.nih.gov/pubmed/24317970
https://doi.org/10.1186/1471-2288-11-11
http://www.ncbi.nlm.nih.gov/pubmed/21272364
http://www.ncbi.nlm.nih.gov/pubmed/25988097
https://doi.org/10.1590/1518-8345.1566.2902
http://www.ncbi.nlm.nih.gov/pubmed/28591306
https://doi.org/10.2196/ijmr.3191
https://doi.org/10.2196/ijmr.3191
http://www.ncbi.nlm.nih.gov/pubmed/25488655
https://doi.org/10.3109/09638280902980928
https://doi.org/10.3109/09638280902980928
http://www.ncbi.nlm.nih.gov/pubmed/19903131
https://doi.org/10.1097/HJR.0b013e328305df05
http://www.ncbi.nlm.nih.gov/pubmed/18830085
https://doi.org/10.4103/1319-3767.203357
https://doi.org/10.4103/1319-3767.203357
http://www.ncbi.nlm.nih.gov/pubmed/28361840
https://doi.org/10.1002/pon.3877
https://doi.org/10.1002/pon.3877
http://www.ncbi.nlm.nih.gov/pubmed/26087260
https://doi.org/10.1038/bjc.2011.424
https://doi.org/10.1038/bjc.2011.424
http://www.ncbi.nlm.nih.gov/pubmed/22048035
http://www.researchone.org/
http://www.researchone.org/
https://www.openpseudonymiser.org/
https://www.openpseudonymiser.org/
https://doi.org/10.1371/journal.pone.0266804

