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ABSTRACT

Introduction Some cancers are diagnosed late, making
them harder to treat. People with an undiagnosed cancer
may use over-the-counter medications to manage non-
specific cancer-related symptoms that often mimic other
more common, easily treatable conditions. Results from
the original Cancer Loyalty Card Study (CLOCS) suggest
there may be an increase in purchases of pain and
indigestion medication 8-9 months before an ovarian
cancer diagnosis. We aim to validate the CLOCS findings
by exploring whether a significant change in medication
purchases could be an indication for early signs of the
following cancer types: oesophageal, stomach (gastric),
colorectal (bowel), pancreatic, liver, bladder, endometrial,
uterine sarcoma, ovarian and vulval, using data collected
through store loyalty cards.

Methods and analysis Using a retrospective case-control
design, we aim to recruit 1450 participants with one of the
cancers of interest (cases) and 1450 participants without
cancer (controls) in the UK who (or whose household
members) hold a loyalty card with at least one participating
high street retailer. We will use pre-existing loyalty card
data to compare past purchase patterns of cases with
those of controls. To assess cancer risk in participants and
their purchasing patterns, we will collect information on
demographic characteristics, health risk factors, lifestyle
habits and behaviours, family history of cancer and any
symptoms experienced prior to diagnosis (cases) and in the
last year prior to study recruitment (controls). In addition,
cases will be asked about their cancer diagnosis.

Ethics and dissemination CLOCS-2 was reviewed and
approved by the East Midlands-Leicester South Research
Ethics Committee (23/EM/0224). Study outcomes will

be disseminated through peer-reviewed publications,
conferences, presentations to the research communities
as well as patients and the public, the study website and
other social media outlets.

Trial registration number NCT06447064, CPMS58679;
pre-results.

INTRODUCTION
Cancer is one of the leading causes of death
worldwide, accounting for an estimated
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= A key strength is the use of longitudinal purchase
data recorded up to 6 years prior to enrolment,
enabling analysis of temporal patterns before
diagnosis.

= Afurther strength is the inclusion of multiple cancer
types within a single study design, allowing compar-
ison across groups.

= A key limitation is the incomplete capture of pur-
chasing behaviour due to inconsistent loyalty card
use and transactions outside participating retailers.

= Another limitation is the potential for exposure mis-
classification due to reliance on self-reported health
survey data among cases and controls.

9.6 million deaths each year.! With significant
advancements in cancer care and treatment,
cancerrelated deaths can be reduced when
diagnosis and treatment occur at an early
stage.! However, for several major cancer
types, diagnosis frequently occurs only after
the disease has progressed, resulting in a
poor prognosis.*®

Early cancer diagnosis is essential to
ensure timely treatment and improve patient
outcomes.”® Unfortunately, delays can occur
at any stage of the diagnostic spectrum/
pathway, from the first observation of symp-
toms to the start of treatment. There are
more than 200 types of cancer, each associ-
ated with different signs and symptoms. Some
symptoms are disease-specific, whereas others
are more general, such as weight loss, tired-
ness (fatigue) or unexplained pain which are
often called non-specific cancer symptoms.
The type of symptoms experienced can vary
between individuals.**

In many cancers, patients may experience
vague and/or non-alarming symptoms that
resemble common illnesses, which could
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often seem to resolve or ease with the use of over-the-
counter medications and home remedies.*” As a result,
individuals may often self-care for their symptoms or
seek advice from other sources such as from pharmacists,
family or the internet, rather than from a general practi-
tioner (GP).*? Common reasons for not presenting to the
GP are the perception of “not wanting to waste the GP’s
time” or because they have normalised their symptoms,® '’
not being able to make an appointment due to the lack
of appointments available and looking for information
online after not being able to make an appointment.’
For example, patients may downplay or normalise their
symptoms, attributing them to something harmless, non-
threatening or simply accept them as minor or everyday
causes linked to their comorbidities."" While persistence
or worsening of symptoms, social influences and health
literacy can encourage people to seek help from health-
care professionals, few believe their symptom(s) might
actually be a sign of cancer until symptoms become
persistent or debilitating.” '

While advances in cancer care have been significant,
the patient factors associated with earlier presentation to
healthcare when individuals are experiencing symptoms
are less understood."" The Model of Pathway to Treat-
ment stipulates that an individual’s symptom appraisal
involves the evaluation of new symptoms, which is influ-
enced by psychological, social and cultural factors, and
may be through self-medication, symptom monitoring
and changes in behaviour."” Historically, research on
these behaviours has been largely qualitative;'' however,
more recent studies have begun exploring interventions
to promote earlier help-seeking.'*"°

In 2023, the findings from the Cancer Loyalty Card
Study (CLOCS) offered a novel observational case-control
study approach to test whether purchasing patterns
captured through loyalty cards (store reward cards that
record customers’ purchase histories) could provide early
warning signals of ovarian cancer.'” The results showed
that, compared with participants without ovarian cancer,
those with ovarian cancer had a significant increase
in purchases of indigestion and pain medications up
to 9months before a diagnosis of ovarian cancer was
received (OR 1.38, 95% CI 1.04 to 1.83, p=0.03)."”

Ovarian cancer was chosen to be the first type of cancer
to be explored due to its non-specific symptoms and
patientreported experiences using the over-the-counter
medication. Building on the findings of the original
CLOCS, CLOCS-2 aims to validate these findings across
ovarian cancer as well as nine additional cancers: oesoph-
ageal, stomach (gastric), colorectal (bowel), pancreatic,
liver, bladder, endometrial, uterine sarcoma, ovarian and
vulval cancers. These cancer types have been identified as
cancers in which patients experience non-specific symp-
toms and self-care for'' and with highest gains in patient
treatment outcomes and survival if diagnosed early.

A phased approach will be used. Four cancers (oesoph-
ageal, colorectal (bowel), pancreatic and ovarian), for
which symptom profiles and patient pathways are better

characterised, will be prioritised for full evaluation. The
remaining six cancers will initially be piloted, as there is
greater uncertainty regarding symptom presentation and
the feasibility of recruitment within these groups. The
pilot phase will inform the feasibility of wider inclusion of
these cancers in the study.

If successful this study may lead to future interventions
that might include sending an alert to individuals who
exceed the ‘alert threshold’, advising them to visit a GP
to discuss their symptoms, or delivering a potential public
health message about purchase thresholds and the risks
of self-treating potential cancer symptoms.

STUDY OBJECTIVES
The primary objective of this case-control study is to
identify the time points at which participants with
the following cancers (cases): oesophageal, stomach
(gastric), colorectal (bowel), pancreatic, liver, bladder,
endometrial, uterine sarcoma, ovarian and vulval, show
statistically significant differences in their purchasing
behaviours compared with purchase behaviours of partic-
ipants without a cancer diagnosis (controls) over the
previous 6 years. For controls, the purchases included are
those recorded from participant consent to the study, up
to a maximum of 6 years prior. For cases, the purchases
included are those recorded up to the date of cancer
diagnosis, to a maximum of 6 years, depending on when
the diagnosis occurred. These behaviours include the
purchase of items suspected of being used for symptom
management (eg, painkillers, indigestion tablets) as well
as changes in the frequency or quantity of other items
purchased leading up to diagnosis. Participants’ historic
loyalty card data will be collected from two major high
street retailers.

The secondary objectives of CLOCS-2 are to: (1) Define
a purchase threshold that may act as an “alert” for potential
cancer symptoms in individuals and assess the predictive
value of purchasing behaviours in the early detection of
these cancers, (2) Develop a predictive model to determine
the accuracy and efficacy of these purchasing behaviours for
early cancer detection and (3) Create risk profiles from the
participants’ selfreported health data and incorporate these
into the analyses.

METHODS AND STATISTICAL ANALYSIS

We have completed the Strengthening the Reporting of
Observational Studies in Epidemiology checklist, which is
provided as online supplemental material S1.

Study design and setting

CLOCS-2 will use an observational retrospective case-control
design to compare past purchase patterns of participants
(men and women) with and without a cancer diagnosis
using already existing data gathered by two major high street
retailers, one of which is a health and beauty retailer (Boots),
and the other a groceries and general merchandise retailer
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(Tesco). Furthermore, we will collect data on risk factors
for the following cancers: oesophageal, stomach (gastric),
colorectal (bowel), pancreatic, liver; bladder, endometrial,
uterine sarcoma, ovarian and vulval.

CLOCS-2 is a secure online study delivered via Research
Electronic Data Capture (REDCap), a web-based applica-
tion designed to support data capture for research studies,
providing secure data storage, audit trails and easy survey
administration."®

The study documents, including the informed consent
form, patient information sheet (PIS), and the health survey,
are available in English, Gujarati and Polish. This represents
an improvement over the original CLOCS study. Gujarati
and Polish were selected as additional languages because
they were the most commonly spoken within the relevant
Research Delivery Networks (RDNs) and Primary Care
Networks (PCNs) in the study area.

Study timeline
CLOCS-2 study recruitment is planned to take place from 4
February 2026 until January 2028.

Participants

Inclusion/exclusion criteria

The CLOCS-2 will recruit up to 2900 people for the study.
This will comprise two participant groups: cases (n=1450)
and controls (n=1450). The eligibility criteria for both partic-
ipant groups (men and women) are that participants must
be at least 18 years old, reside in the UK at the time of giving
informed consent, and be registered with an NHS GP prac-
tice. Participants must own, or have a household member

who owns, at least one participating high street retailer
loyalty card to be eligible to join the CLOCS-2 case-control
study. Finally, all participants must be able to provide written
informed consent and willingness to comply with all required
study activities (figure 1).

Eligibility for cases

Men and women diagnosed and living with an eligible
cancer type within the 2 years prior to the recruitment date
are eligible to join the CLOCS-2 case-control study as cases.
Patients’ usual care will continue to be provided by their
usual healthcare professionals, and CLOCS-2 participation
does not exclude patients from participating in other clinical
or non-clinical studies.

Eligibility for controls

Men and women who have not been diagnosed with any
cancer in the last 6 years prior to recruitment (except where
the diagnosis was non-melanoma skin cancer).

Recruitment

The CLOCS-2 case-control study recruitment and consent

process is outlined in figure 1 and described further below.
Participants (cases and controls) will be recruited across

the UK through individual GP practices and Be Part of

Research. Additional cases will be recruited through NHS

cancer clinics.

GP practices
After submitting an expression of interest, new RDNs or
PCNs will receive further study information and set up

also be referred by someone else in their household.

Participants receive a link to the study (held on REDCap) from their GP
Practice, Cancer Clinic, or through Be Part of Research. Participants may

Participants choose their preferred language: English, Gujarati, or Polish.

to confirm eligibility (Y/N). Participants must:
* Beaged=z18years
* Reside in the United Kingdom (UK)
* Be aregistered primary cardholder of one of the participating high

cardholder)

Interested participants continue to Set 1 of Screening/Eligibility questions

street retailers (or live in a household where someone is the primary

whether they would be interested in taking part

Participant is directed to the Patient Information Sheet (PIS) to decide

Yes/No sections. The participant is asked to indicate:
* Consentto take part in the CLOCS-2 study.
* Consent for the CLOCS-2 research team to request their data from

participating high street retailers as the registered cardholder.

* Optional: consent to be contacted about future research studies.

Participant is presented with Informed Consent Form (ICF), splitinto three

1 | -
No F | Cannot continue
| I — i
No — | Does not join CLOCS-2

Figure 1

Cancer Loyalty Card Study-2 (CLOCS-2) recruitment and consent process. Overview of participant identification,

invitation, eligibility screening and informed consent. GP, general practitioner; REDCap, Research Electronic Data Capture.
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an organisation information document (OID) for each
participating GP practice. The OID developed with the
North London RDN will serve as a template for other
networks. A brief'site initiation visit (SIV) will be held with
each new RDN/PCN conducted by the CLOCS-2 team.

Clinical team members at each GP practice will identify
potential study participants with a primary diagnosis of
one of the eligible cancers, received in the last 2 years
prior to recruitment date. Eligible cases will be randomly
selected if the number of potential participants exceeds
the required size. GP practices will match invited cases
with eligible controls based on age bracket, sex and
the number of inhabitants. Controls will be randomly
sampled from participants without a cancer diagnosis
who meet the matching criteria, typically selecting one
control per case. Once eligible participants are identified,
the GP practice will send a text message (drafted by the
CLOCS-2 team).

Be part of research

Be Part of Research is a UK-based participant recruit-
ment service run by the National Institute for Health
and Care Research, which is open to anyone living in
the UK. Registered volunteers provide demographic
and health information and can indicate the types of
studies they are interested in. The platform then pre-
screens individuals based on this information and their
stated interests to identify those who may be eligible
for specific studies. Individuals who meet these criteria
may be contacted by email with information about
the CLOCS-2. All respondents will undergo further
screening against the study’s inclusion and exclusion
criteria prior to enrolment.

NHS cancer clinics
Recruitment may also take place at NHS cancer clinics if
we are unable to meet our recruitment target for cases.
An OID will be created for each recruited clinic in the
same way as the RDNs/PCNs. Capacity and capability
will be sought from each cancer clinic, with an SIV held
prior to recruitment. Cancer clinics will follow the same
procedures as the GP practices, that is, identify potential
study participants with a primary diagnosis of one of the
eligible cancer types received in the last 24 months. As
with GP practices, the only way a person can access our
recruitment site is via a link received by a text message.
Eligible patients with a cancer diagnosis from one of
the ten eligible cancers will be recruited by members of
their healthcare teams at selected NHS trusts and hospi-
tals across the UK that have agreed to approach patients
at clinics. These healthcare teams will be registered
as a research site and will have a principal investigator
(PI) leading the recruitment to CLOCS-2. The PI and
the research nurses will facilitate recruitment by iden-
tifying patients (cases) when they think it is suitable to
approach patients with the study information to consider
participation.

Informed consent

Both cases and controls will need to complete a digital
consent form to participate in the CLOCS-2. The
consent form includes three sections. The first section
details consent to take part in CLOCS-2. The second
section is for participants to consent to the research
team requesting their data from high street retailers as
the registered keeper. The third section is optional and
relates to participation in future research. Participants
who are not the primary registered card holder but share
the use of the loyalty card or live in a household where
the primary cardholder makes purchases on their behalf
are still eligible to take part in the study. However, to
access their shared loyalty data, the primary registered
cardholder must also register for the study. If the primary
cardholder does not join the study, the CLOCS team will
not request shopping data from the high street retailer
and will use only the data from the health survey they
completed.

All individual consents will be transferred from
REDCap to the secure and encrypted server within Impe-
rial College London’s Certified Secure Research Environ-
ment (CSRE), formerly known as the ‘Secure Enclave’,
once study recruitment is complete. Participant loyalty
card details will be entered into a comma-separated
values (CSV) file and encrypted for secure data requests
from retailers using a secure file transfer protocol. After
recruitment is finished and all transfers are complete,
individual consent forms will be permanently deleted
from REDCap.

Data sources and variables

Loyalty card data (for cases and controls)

CLOCS-2 participants orsomeone in their household will
hold a loyalty card at one or both participating retailers
that can be accessed by the UK population within all
precincts, allowing the study to assess purchases of
over-the-counter medications (ie, painkillers and indi-
gestion medications) and eating habits. Eating habits
will be used to identify dietary risk factors for specific
cancers and to examine changes in dietary behaviour in
response to potential cancer symptoms. The study will
not include prescription-based pharmacy data which
are notrecorded in loyalty cards. After participants have
provided consent, the CLOCS-2 team or the participant
through the retailers’ OpenlD platform (an interop-
erable authentication protocol that simplifies the way
to verify the identity of users) will request their loyalty
card data from the retailer, which will include individ-
uals’ past purchase records from up to 6 years prior to
the relevant cut-off date (study consent for controls or
date of cancer diagnosis for cases). The purchase data
will include each individual purchase, date of purchase,
the location (ie, store postcode) and the product cate-
gorisation that is provided by the retailers. No addi-
tional individual information will be requested from
the retailers.
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Health survey

After completing consent, participants will be required
to complete an online questionnaire (approximately
50min) about their health, medical history and lifestyle
(figure 2). The design of this questionnaire has been
informed by our understanding of well-established cancer
risk factors and symptoms reported by patients across the
target cancers in previous research.'' Participants with a
cancer diagnosis will also be asked to provide details on the
cancer type (oesophageal, stomach (gastric), colorectal
(bowel), pancreatic, liver, bladder, endometrial, uterine
sarcoma, ovarian and vulval) and stage (I, II, III and IV)
of cancer. We will use this information to inform risk
assessment and to stratify loyalty card purchasing data
for cases and controls by time of diagnosis. Purchasing
patterns will then be examined by cancer type and stage
at diagnoses.

Data extraction from the high street retailers

For both high street retailers, we will request up to 6 years
in total of back-dated purchase data. The exact amount
of data available for each participant will depend on how
long they have had their loyalty card. Following partici-
pant consent, this data will be backdated from the date
of study consent for controls or from the date of cancer
diagnosis for cases.

The process for requesting data will differ between
the two participating high street retailers. For Tesco, we
will also use their Open ID Connect platform (figure 3).
To facilitate this, a custom landing page was built which
directs participants from REDCap to the retailer’s
OpenlD platform where participants will be able to sign
in using their store login details. This ensures the retailer

receives direct consent from the participants to share
their loyalty card data with the CLOCS-2 research team.
This approach eliminates the need for manual identity
verification (eg, uploading ID documents), which was a
barrier in the original CLOCS. It streamlines the process,
reduces participant burden and improves data security by
allowing the retailer to authenticate participants directly.
It also ensures compliance with the retailer policies for
sharing purchase data with third parties.

For both participating retailers, a barcode ID will be
generated for each primary registered cardholder by the
CLOCS-2 team prior to transfer from Imperial College
London to the high street retailer (figure 3). We will ask
participants to provide their full name (as written on the
loyalty card) and loyalty card number. The CLOCS-2 team
will send the CSV file that contains a unique study ID,
name of the individual and the exact loyalty card number
specific to the retailer using the secure file transfer. The
respective high street retailers will validate the participant
information from the consent form and their loyalty card
data from the health questionnaire. High street retailers
will then centrally generate a dataset for all consenting
individuals, in accordance with data sharing agreements,
and will share participants’ past purchase data with
the CLOCS-2 team for the period prior to the date of
recruitment.

Data merge

The CLOCS-2 team will receive the encrypted participant
purchase history from the high street retailers through
the SFTP, save and store all data to a secure and encrypted
server based on the CSRE at Imperial College London,

Consented participants continue to Set 2 of Screening/Eligibility questions
to confirm eligibility (Y/N) and based on the answers they provided they
will be assigned as either a CASE (Cancer diagnosis) or a CONTROL

Does not join CLOCS-2

Asked to provide contact details and loyalty card details

Everyone is presented with CLOCS-2 survey

About You (baseline data- cases & controls)

Medical History’ section (cases & controls)
Reproductive History’ section (female participants only)
Lifestyle section (cases & controls)

Loyalty Card Use (cases & controls)

apbod=

END
Participants may be contacted later if:

the high street retailer cannot match their identity,
* orforclarification on responses

optional consents)

¢ Participants may also be contacted for future research (if they gave

If sharing Tesco Loyalty Card details,

customer is presented with single sign-on

Figure 2 CLOCS-2 questionnaire flow following informed consent. Flow diagram showing the sequence of the online
questionnaire completed after consent including sections on health status, medical history and lifestyle factors and the
approximate duration of each section. CLOCS-2, Cancer Loyalty Card Study-2.
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described in the Data Management section. All data will
be pseudonymised and analysed on the secure server.

Data deletion

The information relating to the participants’ consents
to providing past purchase data will be retained in line
with each high street retailer’s data retention policy. Ten
years after the study is complete, all paper-based and elec-
tronically held identifiable data including the electronic
consent forms will be destroyed or deleted in accordance
with Imperial College London’s data deletion and reten-
tion processes.

Contact details will be kept in REDCap at Imperial
College London only for project management and facil-
itation purposes while the project is actively recruiting
and participant data is stored on REDCap. Once the
data has been fully transferred from REDCap to the
CSRE, contact details will be permanently deleted
unless participants have authorised us to retain them
for follow-up research or to receive study results once
published.

Past purchase loyalty card data and health data (as
entered by participants through REDCap) will be kept
pseudonymised either until all the results are published
or until 5 years after the study has completed, whichever
comes first. Then all past purchase data and health data
will be fully anonymised and any link to identifiable data
deleted.

Sample size and statistical power

A power calculation was conducted for the following four
cancers: ovarian, pancreatic, oesophageal and colorectal.
This calculation was based on the former CLOCS study'
which was conducted using conditional logistic regression
of matched pairs. The calculation assumes an effect size
of OR=1.38, with 80% power at alpha=0.05and estimates
n=223 case-control pairs are needed for each cancer type.
To allow for attrition of ~10%, the total number we will
aim to recruit for each of these four cancers will be 250
(n=1000). No power calculation has been done for the
remaining six types of cancer as these are being piloted,
but the aim is to recruit 75 participants per cancer.

Statistical methods

We will use descriptive statistics to provide details on
the characteristics of cases and controls by sociodemo-
graphic (eg, age, sex and ethnicity), cancer type and by
risk factors."" We will report feasibility factors, including
the number of participants with a loyalty card from either
participating retailer, the number with cards from both
retailers and the number of years of data available for
analysis.

We will aim to define the time by which cases and
controls become statistically significantly different in their
purchase behaviours using a multivariable, conditional
logistic regression model with cancer as the outcome and
‘purchase proportion’ at different timepoints to diagnosis

[ Participantenters CLOCS-2 ]

Participantenters CLOCS-2 ]

f $ :

If no matchis

R 2

Participant-specific barcodeis
generated and savedintorecord

Participant-specific barcodeis
generated and savedintorecord

made, the high
streetretailerwill

provide the
reason, which

L 4

N ; J
Participantconsentsin RedCap to
share loyalty card data securely for

(" Participantconsentsin RedCap to

will be followed

L research purposes )
s i N

Participantlogs in via secure OpenlID
Connect. High streetretailer verifies

accountdetails and consent L

forrespective high streetretailer(s)

share loyalty card data securely for up by the CLOCS-
research iurposes y 2 team
Participant loyalty card details and h
barcode are entered into encrypted list -
High street

, &

retailer checks
participant details

¥

Purchasedatais encrypted and
anonymized, excluding personally
identifiable information

-

Participantloyalty card details and
barcode are entered into encrypted list
forrespective high streetretailer(s)

and returns
purchasingdatais
matched

a s B
Encrypted datais sent securelyto

Imperial College London and linked to
L study records )

.

¥

Encrypted listis sent to High street
retailer, with password sent separately

Figure 3 Automated and manual process for obtaining loyalty card purchasing data from high street retailer(s) (a)

Automated

process showing secure data transfer between retailer (Tesco) and the CLOCS-2 research team following participant consent.

(b) Manual process illustrating participant-mediated data sharing, including data request, download and submission
steps.
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as the exposure, adjusting for potentially confounding
variables. This analysis will be repeated and stratified by
cancer type, stage at diagnosis and sociodemographic
factors. Analyses will be performed for different types of
medications and cancers separately and combined.

We will compare proportions using Fisher’s exact
tests comparing target (items suspected to be used to
treat cancer symptoms) and non-target (all other items)
purchases. These comparisons will be made between
cases and controls at each month prior to diagnosis.
For controls, the reference will be the average monthly
proportions of purchases across the observation period.
Target items for analysis will include, but will not be
limited to, medications for pain, indigestion, bloating
relief and fatigue, along with other items commonly used
to alleviate cancer-related and non-specific symptoms."!

We will conduct exploratory analyses to establish a
potential risk profile for each participant and cancer
type. This will be defined as a mathematical summa-
tion of all relevant risk factors, based on the published
literature."" In line with the findings from the original
CLOCS, this analysis will be exploratory.'” Furthermore,
we will investigate additional methods that leverage auto-
correlation in the longitudinal data. Specifically, we will
examine the evolution of individual purchasing frequen-
cies and purchase trajectories to identify patterns—such
as increases in purchases prior to diagnosis or distinct
purchase peaks—that may be indicative or predictive of
disease onset and time to onset.

All analyses will be done using statistical software R.

Interim analysis

An interim analysis will be conducted after 6 months of
CLOCS-2 recruitment to provide an initial exploratory
analysis of the data and assess recruitment and the demo-
graphics of CLOCS-2 participants. This will help deter-
mine whether recruitment efforts need to be re-focused
to target specific demographics (eg, age groups and sex)
or cancer types to ensure a representative distribution of
cases and controls for the matched analysis.

Study risks and sources of bias
There are no known risks to participants in the CLOCS-2
study, in line with the original CLOCS." However, some
participants may find it emotionally difficult to think
about cancer or to recall when they first noticed bodily
changes (ie, symptoms). The CLOCS-2 team has care-
fully designed the survey to be sensitive and respectful,
aiming to minimise any potential discomfort and to
protect participants’ well-being, with input from patient
and public representatives during the design of the study
and the health survey. Participants are advised, via the
PIS, to consult a healthcare professional if they have
any concerns about any symptoms or signs they may be
experiencing.

The key limitations of the CLOCS-2 are consistent
with those identified in the original CLOCS." As noted
previously, loyalty card data may not capture all relevant

purchases, as participants may not use their loyalty cards
for every transaction and may shop at other retail stores
not included in this study. Additionally, purchases may be
made for other household members, making it difficult
to determine precisely which items were consumed by
the participant. However, reasonable assumptions will be
made to account for household purchasing patterns in
the analysis including information collected through the
health survey (eg, frequency of loyalty card use, primary
shopping locations and comorbidities). Finally, as all study
procedures (including consent, questionnaire comple-
tion and submission of loyalty card details) are conducted
digitally, individuals with limited digital skills may find it
difficult to participate. While some participants may be
able to receive assistance, those without access to such
support may be less likely to take part, which could intro-
duce selection bias.

The original CLOCS protocol also recognised and
outlined that some over-the-counter purchases may relate
to other comorbidities rather than to symptoms of cancer.
As prescribed medications are not captured within loyalty
card data, we will interpret findings cautiously and adjust
for relevant self-reported comorbidities and GP visit
frequency. The generalisability of the study results may
also be limited to populations with loyalty cards from
participating retailers, and differences in demographics,
healthcare systems or purchasing behaviours may affect
applicability to other populations.

Data management

The CLOCS-2 will follow the data management framework
noted in the original CLOCS," in which data processing
and storage will adhere to strict confidentiality and secu-
rity standards. Under this framework, the CLOCS-2 study
team will actas data processors when handling retailer data
and as data controllers for self-reported and health survey
data. The high street retailers would be data controllers
of the shopping data. All participant data will be pseud-
onymised, stored in Imperial College’s ISO27001-CSRE
and accessible only to the research team. A rigorous data
protection model has been established to ensure security
of personal and medical data. The consenting partici-
pants will be data owners, data handling complies with
GDPR and institutional data governance procedures,
ensuring participants’ right to withdraw consent at any
time.

The study website complies with Imperial College
London’s data security standards and GDPR, employing
public key encryption to ensure that all online survey
data reside solely within the CSRE. The platform is also
designed to be userfriendly and accessible to mobile
users.

Strict data processing agreements are maintained
with commercial partners to guarantee ongoing data
protection, and these partners will not have access to any
research data and will not receive financial benefit from
the study.
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Public, patient involvement and engagement (PPIE)
The original CLOCS was supported by two ovarian cancer
patients and other patient representatives. For CLOCS-2,
further meetings were held, and we have gained further
support from patient advocates representing colorectal
(bowel), oesophageal, pancreatic and ovarian cancer.
Multiple public engagement activities have been carried
out, accompanied by extensive media coverage of the
original CLOCS findings. We have also held public meet-
ings at the Maggie’s Centre (London), Imperial Lates,
the Imperial Great Exhibition Road Festival and the Park-
life Cafe (Harrow Weald). Public engagement efforts will
continue throughout the duration of the CLOCS-2 study,
with activities focused on reducing participation barriers
and increasing public awareness of the study. These activ-
ities will include annual scientific meetings (involving
patient advocates), public webinars and targeted work
with other community organisations. Co-design work-
shops will also be conducted with patient representatives
and other key stakeholders. Collectively, these activi-
ties will help us determine how candidate “early cancer
symptom” alert mechanisms could be implemented and
inform design of a future intervention study.

Ethics

CLOCS-2 was reviewed and approved by the East
Midlands-Leicester South Research Ethics Committee
(Ref: 23/EM/0224). The study is registered as an NIHR
portfolio study and is registered on ClinicalTrials.gov.
This paper describes the ethics-approved protocol dated
18 July 2025 (V.5.0).

Data Sharing Policy

Access to CLOCS-2 data collected from retailers will be
strictly restricted and will not be shared with external
researchers, in accordance with the data sharing agree-
ments with the retailers. However, researchers interested
in collaboration are encouraged to contact the CLOCS-2
team. Where appropriate, they may be granted the
opportunity to review metadata after contacting the team
and submitting a research proposal. Proposals will be
reviewed on a case-by-case basis by the Principal Investi-
gator (PI) and the research team. All data analyses will be
conducted by a member of the CLOCS-2 team.
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