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Background

Brain and central nervous system (CNS) tumours are the second commonest cancer in children
and young people (CYP), affecting around 400 individuals in Great Britain every year (1).
Although survival outcomes for CYP with brain and CNS tumours has improved significantly
over the past few decades, there is still variation in outcomes across tumour types, meaning
they account for a disproportionate number of deaths in CYP with cancer (2, 3).

Medulloblastoma is the most common malignant brain tumour in CYP, affecting around 58 CYP
in the UK every year (4). Medulloblastoma includes four different subgroups, which vary in their
clinical and genetic features and in their prognosis (5, 6). Ependymomas are another type of
malignant brain tumours which affect around 37 CYP in the UK every year (4). Although a greater
proportion of patients with ependymoma will experience a relapse [around 50% (7)], compared
to medulloblastoma [around 30% (6)] the prognosis for relapsed medulloblastoma is much
worse, with less than 5% surviving, and treatments following relapse are typically non-curative
(8). Patterns of relapse in ependymoma are more heterogenous: children and young people
with ependymoma may experience a relatively short survival period following relapse, others
experience chronically relapsing disease (9, 10).

A brain/CNS tumour relapse can be detected in two ways: either by the presence of symptoms,
or asymptomatically- where a tumour is detected on an MRl scan that was administered as part
of aregular schedule of follow-up appointments. Surveillance imaging aims to detect a
recurrence before clinical symptoms develop, with the presumption that earlier detection of
relapse will lead to improved outcomes (11-13).

The utility of surveillance imaging in medulloblastoma and ependymoma has long been
debated (11, 14-16). Issues of lead-time bias (which produces a perceived improved survival
when using surveillance imaging, as tumour recurrences are detected earlier) often impact the
validity of the results (17). This is evidenced in study which found that although CYP with
medulloblastoma whose relapse was detected symptomatically had shorter survival if
measured from the point of relapse compared to those detected using MRI, overall survival
when measured from primary diagnosis did not differ (18). Many studies exploring the utility of
surveillance imaging in ependymoma that find significant improvement in outcomes measure
survival from relapse. Given the potential impact of lead-time bias means there is uncertainty in
the utility of surveillance imaging in this population (15, 19). Where survival is measured from
the same point in the disease trajectory, survival —while longer in the surveillance group —was
not significantly different to those whose relapse was detected by symptoms (11). Furthermore,
length bias may be an issue, where the tumours detected by scans are prognostically different
(slower growing in more favourable places, more amenable to be treated with local therapies)
to those detected by symptoms (faster growing, disseminated, harder to treat with local
therapies), meaning the efficacy of surveillance imaging can be confounded by other prognostic
variables (11, 14, 20). Finally, in the case of medulloblastoma, some argue that surveillance
imaging is currently futile, as an early detection of a relapse will unlikely change outcomes
given the lack of curative options at second-line (14, 16).

The provision of surveillance imaging also has cost implications on health care services and
resources. Despite this, there are no studies evaluating the cost-effectiveness of surveillance



imaging in CYP with medulloblastoma or ependymoma. One cost-minimisation analysis study
suggested that there were no significant differences between the cost of surveillance imaging
for all paediatric brain tumours and standard follow-up care. However the limited description of
the methods used, and lack of consideration of quality of life or any other measurement of
health benefit, mean the results are unlikely to be representative or applicable in the UK health
sector and cannot inform decision makers regarding the value for money of surveillance
imaging (21).

Notwithstanding, the biggest source of uncertainty-related anxiety for families was the fear of
cancer recurrence (22). While surveillance imaging can reassure CYP and their families that the
tumour has not recurred, it has a considerable impact on families’ quality of life (23). One
qualitative study found that while having scans can reassure families, and improve their sense
of control, waiting for results can be a difficult and anxious time (24).

Therefore, in order for earlier asymptomatic detection of relapse to be valuable and worthwhile,
itis important to weigh up the broader benefits, risks, and costs of early detection.

Methods

The SCAN-ME study has three workstreams. Each workstream of this study aims to assess the
value of surveillance imaging for CYP with medulloblastoma and ependymoma. The objectives
are:

- Workstream 1: To understand CYP with medulloblastoma and ependymoma and their
parents’ experiences and expectations of surveillance imaging.

- Workstream 2: To determine whether identifying an asymptomatic medulloblastoma and
ependymoma relapse in CYP using surveillance imaging is clinically effective and improves
overall and event-free survival following relapse.

- Workstream 3: To establish the cost-effectiveness of surveillance imaging compared to the
use of symptomatic detection alone in CYP with medulloblastoma and ependymoma.

Workstream 1
Workstream 1 is a qualitative study which will explore the experiences and expectations of
surveillance imaging for CYP with medulloblastoma and ependymoma and their parents.

Participants

CYP with medulloblastoma or ependymoma who have finished treatment, and their parents will
be invited to participate in this study (see Table 1 for the eligibility criteria). To ensure the
sample is reflective of families with experience of medulloblastoma or ependymoma, we will
actively seek to recruit participants with a range of different familial and tumour-specific
characteristics (e.g., ethnicity, socioeconomic status, age of child, tumour subgroup,
requirement of general anaesthetic for the scans, and experience of tumour relapse).



Table 1. Eligibility Criteria for Workstream 1

Eligibility Criteria: Children and Young People

- Child oryoung person must with a diagnosis of medulloblastoma or ependymoma

- Are currently receiving surveillance imaging following treatment

- Experienced/are currently in a period of remission, i.e., the patient did not have refractory disease

- Young people whose clinical condition precludes their meaningful involvement in interviews,
including those 16 years and older who do not have the capacity to consent will be excluded

Eligibility Criteria: Parents

- Parent or guardian of a child or young person who has had a diagnosis of medulloblastoma or
ependymoma.

- Their child was treated in the UK or Ireland’s paediatric oncology services

- Their child is currently or was receiving surveillance imaging following treatment

- Their child experienced/are currently in a period of remission, i.e., the patient did not have
refractory disease

Eligibility Criteria: All Participants

- Participants who are likely to experience high levels of distress (e.g., Parents who are recently
bereaved, if the child/young person is very unwell, or following advice from the clinical team) will be
excluded.

Recruitment

CYP with ependymoma or medulloblastoma and their parents will be recruited to this study
using two methods:

a) Arecruitment advert for the qualitative study will be posted on social media by the
research team, and charities (Candlelighters and the Brain Tumour Charity). The post
will also be shared by our patient public involvement (PPl) members on closed
Facebook groups for parents of CYP with cancer (the research team will not access
these groups).Those who are interested will be signposted to the contact details for the
researcher (LS), who will send those interested in taking part an information sheet
providing details about the study and will follow-up with them after at least 24 hours to
check whether they wish to participate in the study.

b) Eligible participants will also be identified following dialogue with the clinical team at
one National Health Service (NHS) site (Leeds Children's Hospital). Potentially eligible
participants will be approached by members of the clinical team, who will provide
interested individuals with a study information pack: including an invitation letter, a
participant information sheet, and a consent to contact form. These can be filled in for
both the parent and CYP who may wish to take part. Those who complete the consent to
contact form will be contacted after at least 24 hours to check whether they wish to
participate.

Data Collection

Interviews will be conducted either in person, or on a video call. The participants can choose
where (if in-person) and when the interview takes place (i.e., at the weekend or in the evening).



Participants will have the option to use interpreters if their first language is not English, or if they
have a speech or hearing impairment. CYP recruited at Leeds Children’s Hospital will have the
option to use a play-specialist that they know to facilitate their interview.

Before the start of the interview, written or recorded (in a separate video recording) informed
consent will be obtained. Following consent, the interview will be audio and video recorded and
transcribed as verbatim. Only the audio recording will be used for transcription, and video
recordings will be immediately deleted following the interview. See the Supplementary Material
for further details.

A toolkit of resources including activities such as toys, photography or an activity book, which
have been used in this population previously (25-27) will be used to facilitate conversations
about surveillance imaging with CYP. For CYP who do not wish to use these resources, informal
semi-structured interviews will be offered. Depending on the preference of the child, parents
may be present during the interview, and we anticipate that children aged six or younger will
wish to have their parents to stay with them during the interview. The impact of the parent’s
presence will be assessed during analysis. It is anticipated that interviews will last between 15
and 45 minutes.

Parents will be invited to participate in a semi-structured interview, which is anticipated to last
around 45-60 minutes. If both parents of a child wish to take part, they will be offered the
opportunity to be interviewed together as a group, or individually.

A topic guide used for the interviews with CYP and parents has been developed deductively
based on previous literature (24, 28, 29), before being validated by the study’s PPI group. The
full topic guide is provided in the Supplementary Material.

Participants will receive a voucher as recognition of them giving time to the research study. CYP
will receive a £20 voucher, and adults will receive a £40 voucher. This is consistent for
members of the public considering involvement in research as per the National Institute for
Health and Care Research INVOLVE guidelines (30).

Analysis

Anintegrated approach to data analysis, known as ‘following the thread' will be used (31, 32).
First, analysis will be completed separately for each group of participants (children, young
people and parents). Key themes identified in one group will then be explored in the transcripts
from the other groups to create a constellation of findings (a ‘thread’). This is repeated for other
themes identified in the transcripts. Finally, all threads are integrated and analysed as a whole.

Analysis will be conducted by one researcher (LS) using the NVivo software (33). To maintain
high quality analysis, preliminary findings from the research will be discussed with the wider
research team and the study’s PPI group to ensure credibility and authenticity. Member
checking, whereby the participants will be able to comment on the results of the study, will also
be conducted to ensure the participant’s experiences are captured in the results of the study.



Workstream 2
Individual Participant Data

Medulloblastoma Dataset

In collaboration with Newcastle University, we aim to access to the Newcastle
Medulloblastoma (NMB) dataset to use in the analysis. This retrospective cohort includes
children and young people aged 0-18 with relapsed medulloblastoma who have been treated in
the UK (6). This cohort provides a comprehensive dataset of children and young people with
relapsed medulloblastoma and includes important information on some of the prognostic
factors that may impact outcomes, such as the principal molecular group of medulloblastoma
and genetic alterations.

Additional ethical approval is required obtain additional data on method of relapse detection to
supplement the NMB dataset, to allow additional data on method of relapse detection to be
collected.

IPD from the cohort will be received in a de-identified format, via a secure internet transfer. All

data will be transferred in encrypted form, or with password protection. The study coordinator
will email the relevant password or decryption key to the researcher separately from the data.

Inclusion and Exclusion Criteria

For Workstream 2 analysis, CYP aged 0-18 with a diaghosis of medulloblastoma (either by MRI
imaging or biopsy) who were treated from 2000 in the UK will be included. CYP must have
experienced a clinical remission on MRl imaging at the end of treatment, and then have had a
confirmed relapse on MRl imaging or biopsy. Further eligibility for the SCAN-ME study will be
based on the medulloblastoma cohort’s inclusion/exclusion criteria (34).

Core Variables

A variety of variables will be collected, based on availability of data and clinical importance
based on experience of a number of paediatric oncologists and the PPI group:

- Method of relapse detection: relapse detected on a routinely scheduled MRl scan;
relapsed detected by the presence of symptoms, confirmed by MRI scan outside normal
scanning routine.

- Frequency of scans: details of surveillance imaging protocol and duration between
routine appointments.

- Age

- Sexorgender

- Radiation therapy at diagnosis: dose, field, location

- Surgical resection at diagnosis

- Priorchemotherapy: drug, dose, frequency, and duration of administration

- Pattern and location of relapse: local or distant; disseminated or nodular relapse

- Molecular subtype (5): WNT-type; SHH-type; Group 3 and Group 4 medulloblastoma



- Histological diagnosis: Classic; large cell anaplastic and desmoplastic/nodular

Data Analysis

Data analysis will be conducted by the lead researcher (LS) with support from the wider
research team (BP, AM and KA). A statistical analysis plan (see Supplementary Material) which
provides additional details on the analyses, will be reviewed by an external medical statistician
(MS) prior to data analysis. All analyses will be conducted in R (36).

The efficacy of surveillance imaging will be measured by evaluating overall survival (OS). The
primary outcome measure will be overall survival from diagnosis until death, to avoid the
impact of lead time bias. In addition, analysis of OS from relapse will be used as for illustrative
purposes to explore the impact of lead-time bias on the association between OS and method of
relapse detection.

Survival analysis will be used to assess whether CYP whose relapse was identified by scansin a
pre-symptomatic stage have improved overall survival compared to those whose tumour was
detected as a result of clinical signs and symptoms. The type of analysis will be determined
following clinical advice and will depend on the availability of the data. Hazard ratios will be
calculated for each time-to-event outcome.

If sufficient data are available, multivariable analysis will be used to determine whether,
detecting a relapse asymptomatically on a scan is more beneficial for some patients,
depending on their specific characteristics, compared to others. These characteristics could
include whether the child’s tumour was subject to gross-total resection (GTR), and tumour-
specific predictors (such as molecular subgroup or tumour location). We will look at- where
available - whether ethnicity and sex are effect modifiers.

Additional logistic regression analyses will be conducted, to determine whether surveillance
imaging is more likely to detect slower growing tumours (as more aggressive tumours are
asymptomatic for shorter periods of time). For the logistic regression analyses, the outcome of
interest is an asymptomatic relapse - whereby a relapse is detected as a part of a routine
surveillance imaging protocol. Analyses will be used to explore the association between patient
and disease characteristics and the likelihood of a relapse being detected on a scan. Caution
will be taken to ensure a sufficient number of participants are being included in each analysis.

Workstream 3

Economic modelling will be used to establish whether surveillance imaging is cost-effective
method of detecting a relapse in CYP with medulloblastoma, by using the effectiveness
outcomes estimated in Workstream 2, quality adjusted life year (QALY) estimates and
associated costs and resource use.



Identifying Relevant Literature

A systematic literature review will be conducted to identify any relevant evidence on the cost-
effectiveness of surveillance imaging for CYP with medulloblastoma and relevant studies with
data on health-related quality of life, cost and healthcare resource use. A search strategy will
be developed with an information specialist, with input from clinical specialists to guide
appropriate data cut-offs and search terms. One reviewer will review title and abstracts, and
then full texts for inclusion. Studies that meet the inclusion criteria will be summarised in
tables.

Model Structure

The final model structure will not be determined until the extent of the available data is known;
however, it is anticipated that it will include a number of health states that capture the period of
remission following primary treatment, treatable and untreatable relapse, and death. Transition
probabilities between these health states will be informed by Workstream 2 analyses. This
model will be developed using a life-time horizon, so additional epidemiological evidence to
support long-term outcomes for CYP with medulloblastoma will be used. We will discuss
potential sources of evidence with clinical experts.

This model will explore whether the addition of surveillance imaging to detect an asymptomatic
relapse alongside symptomatic detection, compared to offering no surveillance imaging where
relapse can only be detected based on symptoms. Frequency of scans will be obtained from
currently open trial protocols for CYP with medulloblastoma, or from clinical expertise.

The following parameters will be sought from the individual participant data from Workstream
2, the systematic literature review, and from clinical advice.

a) Transition Probabilities: Clinical effectiveness parameters will be obtained from the
individual participant data analysis from Workstream 2. This will include overall
survival, progression-free survival (following first, and later lines of therapy), and
incidence of disease relapse.

b) Quality of Life: Each health state will be associated with a quality of life which will be
obtained from the systematic literature review.

c) Resource Use and Unit Costs: Costs associated with conducting surveillance imaging,
and other clinical appointments, as well as costs linked to management of relapse, and
supportive care will be identified. Resource utilisation will be obtained from published
data and advice from clinical experts. Costs will be obtained from resources such as
Personal Social Services Research Unit (PSSRU) and NHS reference costs.

d) Time Horizon and Discounting of Future Outcomes: In accordance with the National
Institute of Health and Care Excellence (NICE) reference case, the analysis will adopt a
lifetime horizon. Future QALYs and costs will be discounted at an annual rate of 3.5%
(37). A scenario analysis using a societal perspective, to account for the additional
costs and impact on quality of life associated with surveillance imaging for CYP and
their parents will be conducted.



Modelling Uncertainty

A probabilistic sensitivity analysis (PSA) will be performed to reflect the fact that the model
parameters are estimated with uncertainty, and in the case of the transition probabilities are
likely to be obtained from small sample sizes. From this, it is possible to evaluate the impact
that this uncertainty may have on the conclusions of the cost-effectiveness analysis. This is
achieved by estimating the probability that surveillance imaging is cost-effective as a function
of different cost-effectiveness threshold levels and plotting this information in a cost-
effectiveness acceptability curve (38).

Subgroup Analysis

Owing to heterogeneity in the tumour characteristics and prognosis, medulloblastoma and
ependymoma will be modelled separately, and separate ICERs will be presented. Depending on
the availability of the data, further subgroups, such as whether patients receive radiotherapy as
a first-line therapy or whether radiotherapy-sparing treatments were used may be considered.
Any decisions to conduct subgroup analyses will be made following clinical advice.

Value of Information Analysis

Uncertainty in results will be characterised and explored in the economic evaluation through a
value of information analysis, which quantifies the monetary value in conducting additional
research to reduce uncertainties within the research question (39).

The output from the PSA will be used to conduct a value of information analysis to quantify the
value of conducting further research compared to the costs of additional investigation Using
the output from the PSA, the value of information analysis will estimate the value of perfect
information (EVPI) - the cost at which all uncertainties in the current analysis (including the
clinical-effectiveness of surveillance imaging and the associated quality of life benefits) are
removed, and the expected value of partially perfect information (EVPPI)- the cost at which
some of the uncertainties within the current analysis are addressed. If there is sufficient data,
the EVPI and EVPPI will be conducted for particular subgroups to determine whether there is a
greater need for further research in particular groups of CYP (based on particular prognostic
characteristics) compared to others.

Combining Results from the Workstreams

Once data analysis has been conducted separately in each workstream, the findings will be
combined, and analysis will focus on the extent to which the findings regarding the value of
surveillance imaging from the three elements of the PhD converge or diverge (40). First, the key
findings from each workstream relating to the value of surveillance imaging will be collated
before comparing the results by assessing how valuable scans were in terms of clinical
effectiveness, their value for money, and their importance and meaning to families of CYP with
ependymoma and medulloblastoma. The combined results will be presented side-by-side in a
summary table and explored further in a discussion.

As this study will combine data from distinct samples (participants the clinical trials and
participants recruited for the qualitative work), differences between the patient demographics
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will be explored and the discussion will include a description on how this may have affected the
results.

Discussion

Families with experience of surveillance imaging who we have worked with when developing
this project described a sawtooth of emotions during the period of surveillance imaging
following treatment (described in the literature as ‘scanxiety’ (41, 42)) and talked about their
dependence on surveillance imaging to reassure them that the tumour had not recurred. The
PPl group considered it important to determine whether surveillance imaging improved
outcomes for CYP with medulloblastoma and ependymoma, but also to explore the
experiences of those who have undergone surveillances as they considered that these may vary
substantially.

This paper describes a protocol for the SCAN-ME study: a mixed-methods study evaluating the
value of surveillance imaging for CYP with medulloblastoma and ependymoma. The study has
the potential to impact families, clinicians, and decision makers by providing a holistic picture
about the value of surveillance imaging within this population.

The qualitative workstream of this the SCAN-ME study will explore family’s experiences of
surveillance imaging following treatment for medulloblastoma and ependymoma. This will
provide important insight into their perspective of scans and have the potential to impact future
care and support for CYP and their parents in the period of follow-up care after treatment ends.

The efficacy of surveillance imaging for ependymoma and medulloblastoma remains uncertain,
especially in the cases where prognosis after relapse is poor (14, 16). Difficulties in accurately
measuring survival, owing to the impact of lead-time bias have made it more uncertain. The
SCAN-ME study will utilise individual participant data to evaluate the effectiveness of
surveillance imaging accurately by minimising the impact of lead-time bias. Not only this but
the study will also evaluate the issue of length time bias by controlling for potential confounding
variables. This will provide more clarity to decision makers as to whether surveillance imaging is
effective for medulloblastoma, or whether it should only be utilised in particular subgroups.

Not only do decision makers need to consider the clinical effectiveness of surveillance imaging,
but also whether surveillance imaging is value for money for healthcare reimbursement
agencies. This will be addressed by comparing whether the additional costs associated with
providing surveillance imaging is value for money compared to any improvements in clinical
benefits and health-related quality of life. To our knowledge, this is the first economic analysis
of surveillance imaging in this population.

The findings from the study will be discussed with stakeholders including clinicians and our PPI
group, to ensure that the conclusions and implications to clinical practice are relevant. This is
likely to be especially important in a situation where the results of the workstreams conflict —
for example, if scans are found to not improve survival outcomes and is cost-ineffective but are
deemed an important aspect of follow-up care to families of a child with medulloblastoma or
ependymoma.
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Protocol including Track Changes

Background

Brain and central nervous system (CNS) tumours are the second commonest cancer in children and young people
(CYP), affecting around 400 individuals in Great Britain every year (1). Although survival outcomes for CYP with brain
and CNS tumours has improved significantly over the past few decades, there is still variation in outcomes across
tumour types, meaning they account for a disproportionate number of deaths in CYP with cancer (2, 3).

Medulloblastoma is the most common malignant brain tumour in CYP, affecting around 58 CYP in the UK every year
(4). Medulloblastoma includes four different subgroups, which vary in their clinical and genetic features and in their
prognosis (5, 6). Ependymomas are another type of malignant brain tumours which affect around 37 CYP in the UK
every year (4). Although a greater proportion of patients with ependymoma will experlence arelapse {[around 50%
(7)%]4 compared to medulloblastoma {[around 30% (6) 2 3 mon

resecﬁoﬁ-f-roﬂﬁ-swgefy—Progﬁos% the prognosis for relapsed medulloblastoma is much worse, W|th less than 5%

surviving, and treatments following relapse are typically non-curative (8). Patterns of relapse in ependymoma are

more heterogenous: children and young people with ependymoma may experience a relatively short survival period

following relapse, others experience chronically relapsing disease (9, 10).

A brain-and/CNS tumour relapse can be detected in two ways: either by the presence of symptoms, or
asymptomatically- where a tumour is detected on an MRI scan that was administered as part of a regular fottow-tup
schedule of eheckfollow-up appomtments Surveillance |mag|ng aims to detect a recurrence before clinical
symptoms develop, with the intentionte i

mn%ﬁﬂseﬁe—eomp%aﬁeﬁs—ﬁrmﬂﬁreaﬂﬁeﬂ{—presumotlon that earlier detectlon of relapse will lead to improved

outcomes (11-13).

The utility of surveillance imaging in medulloblastoma and ependymoma has long been debated (11, 14-16);
espectattyasissues. Issues of lead-time bias (which produces a perceived improved survival when using
surveillance imaging, as tumour recurrences are detected earlier) often impact the validity of the results (17). This is
evidenced in study which found that although CYP with medulloblastoma whose relapse was detected
symptomatically had shorter survival if measured from the point of relapse compared to those detected using MRI,

overall survival when measured from primary diagnosis did not differ (18)-. Many studies exploring the utility of
surveillance imaging in ependymoma that find significant improvement in outcomes measure survival from relapse.

Given the potential impact of lead-time bias means there is uncertainty in the utility of surveillance imaging in this

population (15, 19). Where survival is measured from the same point in the disease trajectory, survival — while longer
in the surveillance group — was not significantly different to those whose relapse was detected by symptoms (11).

Furthermore, length bias may be an issue, where the tumours detected by scans are prognostically different (slower
growing in more favourable places, more amenable to be treated with local therapies) to those detected by
symptoms (faster growing, disseminated, harder to treat with local therapies), meaning the efficacy of surveillance
imaging can be confounded by other prognostic variables {+6;-+2;-16}(11, 14, 20). Finally, in the case of
medulloblastoma, some argue that surveillance imaging is currently futile, as an early detection of a relapse will

unlikely change outcomes given the lack of curative options at second-line (14, 16).

FhereThe provision of surveillance imaging also has cost implications on health care services and resources. Despite

this, there are no studies evaluating the cost-effectiveness of surveillance imaging in CYP with medulloblastoma or
ependymoma. One cost-minimisation analysis study suggested that there were no significant differences between
the cost of surveillance imaging for all paediatric brain tumours and standard follow-up care;however. However the
limited description of the methods used, and lack of consideration of quality of life or any other measurement of
health benefit, mean the results are unlikely to be representative or applicable in the UK health sector and cannot
inform decision makers regarding the value for money of surveillance imaging (21).

Notwithstanding, the biggest source of uncertainty-related anxiety for families was the fear of cancer recurrence
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surveillance imaging can reassure CYP and their families that the tumour has not recurred, it has a considerable
impact on families’ quality of life (23). One qualitative study found that while having scans can reassure families, and
improve their sense of control, waiting for results can be a difficult and anxious time (24).

Therefore, in order for earlier asymptomatic detection of relapse to be valuable and worthwhile, it is important to
weigh up the broader benefits, risks, and costs of early detection.

Methods

The SCAN-ME study has three workstreams. Each workstream of this study aims to assess the value of surveillance
imaging for CYP with medulloblastoma and ependymoma. The objectives are:

- Workstream 1: To understand CYP with medulloblastoma and ependymoma and their parents’ experiences and
expectations of surveillance imaging.

- Workstream 2: To determine whether identifying an asymptomatic medulloblastoma and ependymoma relapse
in CYP using surveillance imaging is clinically effective and improves overall and event-free survival following
relapse.

- Workstream 3: To establish the cost-effectiveness of surveillance imaging compared to the use of symptomatic
detection alone in CYP with medulloblastoma and ependymoma.

Workstream 1
Workstream 1 is a qualitative study which will explore the experiences and expectations of surveillance imaging for
CYP with medulloblastoma and ependymoma and their parents.

Participants

CYP with medulloblastoma or ependymoma who have finished treatment, and their parents will be invited to
participate in this study (see Table 1 for the eligibility criteria). To ensure the sample is reflective of families with
experience of medulloblastoma or ependymoma, we will actively seek to recruit participants with a range of different
familial and tumour-specific characteristics (e.g., ethnicity, socioeconomic status, age of child, tumour subgroup,
requirement of general anaesthetic for the scans, and experience of tumour relapse).

Table 1. Eligibility Criteria for Workstream 1

Eligibility Criteria: Children and Young People

- Child or young person must with a diagnosis of medulloblastoma or ependymoma

-—Treatedinteeds-Chitdren’sHospitat

- Arecurrently receiving surveillance imaging following treatment

- Experienced/are currently in a period of remission, i.e., the patient did not have refractory disease

- Young people whose clinical condition precludes their meaningful involvement in interviews, including those
16 years and older who do not have the capacity to consent will be excluded

Eligibility Criteria: Parents

- Parent or guardian of a child or young person who has had a diagnosis of medulloblastoma or ependymoma.
- Their child was treated in the UK or Ireland’s paediatric oncology services

- Their child is currently or was receiving surveillance imaging following treatment

- Their child experienced/are currently in a period of remission, i.e., the patient did not have refractory disease

Eligibility Criteria: All Participants

- Participants who are likely to experience high levels of distress (e.g., Parents who are recently bereaved, if the
child/young person is very unwell, or following advice from the clinical team) will be excluded.
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Recruitment

CYP with ependymoma or medulloblastoma and their parents will be recruited to this study using two methods:

c) Arecruitment advert for the qualitative study will be posted on social media by the research team, and
charities (Candlelighters and the Brain Tumour Charity). The post will also be shared by our patient public
involvement (PPl) members on closed Facebook groups for parents of CYP with cancer (the research team
will not access these groups).-PPHmembers-wittsignpoestthoseThose who are interested will be signposted
to the contact details for the researcher (LS), who will send those interested in taking part an information
sheet providing details about the study and will follow-up with them after at least 24 hours to check
whether they wish to participate in the study.

d) Eligible participants will also be identified following dialogue with the clinical team at one National Health
Service (NHS) site (Leeds Children's Hospital). Potentially eligible participants will be approached by
members of the clinical team, who will provide interested individuals with a study information pack:
including an invitation letter, a participant information sheet, and a consent to contact form. These can be
filled in for both the parent and CYP who may wish to take part. Those who complete the consent to contact
form will be contacted after at least 24 hours to check whether they wish to participate.

Data Collection

Interviews will be conducted either in person, or on a video call. The participants can choose where (if in-person) and
when the interview takes place (i.e., at the weekend or in the evening). Participants will have the option to use
interpreters if their first language is not English, or if they have a speech or hearing impairment. CYP recruited at
Leeds Children’s Hospital will have the option to use a play-specialist that they know to facilitate their interview.

Before the start of the interview, written or recorded (in a separate video recording) informed consent will be
obtained. Following consent, the interview will be audio and video recorded and transcribed as verbatim. Only the
audio recording will be used for transcription, and video recordings will be immediately deleted following the

interview. See the Supplementary Material for further details.

A toolkit of resources including activities such as toys, photography or an activity book, which have been used in this
population previously (25-27) will be used to facilitate conversations about surveillance imaging with CYP. For CYP
who do not wish to use these resources, informal semi-structured interviews will be offered. Depending on the
preference of the child, parents may be present during the interview, and we anticipate that children aged six or
younger will wish to have their parents to stay with them during the interview. The impact of the parent’s presence
will be assessed during analysis. It is anticipated that interviews will last between 15 and 45 minutes.

Parents will be invited to participate in a semi-structured interview, which is anticipated to last around 45-60
minutes. If both parents of a child wish to take part, they will be offered the opportunity to be interviewed together as
a group, or individually.

A topic guide used for the interviews with CYP and parents has been developed deductively based on previous
literature (24, 28, 29), before being validated by the study’s PPI group. The full topic guide is provided in the
Supplementary Material.

Participants will receive a voucher as recognition of them giving time to the research study. CYP will receive a £20
voucher, and adults will receive a £40 voucher. This is consistent for members of the public considering involvement
in research as per the National Institute for Health and Care Research INVOLVE guidelines (30).

Analysis

An integrated approach to data analysis, known as ‘following the thread' will be used (31, 32). First, analysis will be
completed separately for each group of participants (children, young people and parents). Key themes identified in
one group will then be explored in the transcripts from the other groups to create a constellation of findings (a
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‘thread’). This is repeated for other themes identified in the transcripts. Finally, all threads are integrated and
analysed as a whole.

Analysis will be conducted by one researcher (LS) using the NVivo software (33). To maintain high quality analysis,
preliminary findings from the research will be discussed with the wider research team and the study’s PPl group to
ensure credibility and authenticity. Member checking, whereby the participants will be able to comment on the
results of the study, will also be conducted to ensure the participant’s experiences are captured in the results of the
study.

Workstream 2

Individual Participant Data

Medulloblastoma Dataset

In collaboration with Newcastle University, we aim to access to the Newcastle Medulloblastoma (NMB) dataset to

use in the analysis. This retrospective cohort includes children and young people aged 0-18 with relapsed

medulloblastoma who have been treated in the UK (6). This cohort provides a comprehensive dataset of children and
young people with relapsed medulloblastoma and includes important information on some of the prognostic factors

that may impact outcomes, such as the principal molecular group of medulloblastoma and genetic alterations.

Additional ethical approval is required obtain additional data on method of relapse detection to supplement the NMB

dataset, to allow additional data on method of relapse detection to be collected.

IPD from the cohorts will be received in a de-identified format, via a secure internet transfer. All data will be

transferred in encrypted form, or with password protection. The study coordinator will email the relevant password
or decryption key to the researcher separately from the data.

Inclusion and Exclusion Criteria

For Workstream 2 analysis, CYP aged 0-18 with a diagnosis of medulloblastoma erependymoma-(either by MRI
imaging or biopsy) who were treated from 2000 in the UK will be included. CYP must have experienced a clinical
remission on MRI imaging at the end of treatment, and then have had a confirmed relapse on MRl imaging or biopsy.
Further eligibility for the SCAN-ME study will be based on the medulloblastomafependymoma cohort’s
inclusion/exclusion criteria (34;-35).

Core Variables

A variety of variables will be collected, including but not limited to those described in Table 2, based on availability of

data and clinical importance based on experience of a number of paediatric oncologists and the PPl group (see Table
2).
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Table 2. Variables to be obtained from individual participant data.

Generic Variables

- Method of relapse detection: relapse detected on a routinely scheduled MRI scan; relapsed detected by the
presence of symptoms, confirmed by MRI scan outside normal scanning routine.

- Frequency of scans: details of surveillance imaging protocol and duration between routine appointments.

- Age

- Sex or gender

- Radiation therapy at diagnosis: dose, field, location

- Surgical resection at diagnosis

- Prior chemotherapy: drug, dose, frequency, and duration of administration

- Pattern and location of relapse: local or distant; disseminated or nodular relapse

Medulloblastoma-Specific Variables

- Molecular subtype (5): WNT-type; SHH-type; Group 3 and Group 4 medulloblastoma
- Histological diagnosis: Classic; large cell anaplastic and desmoplastic/nodular
- Extent of surgical resection at diagnosis: gross total resection (GTR); near total resection (<1-5cm?); subtotal

resection (= 1-5cm?)

Data Analysis

Data analysis will be conducted by the lead researcher (LS) with support from the wider research team (BP, AM and
KA). A statistical analysis plan (see Supplementary Material) which wittbe-devetoped-whenr-provides additional
details on the-extentof avaitabtedataisknownanalyses, will be reviewed by an external medical statistician (MS)
prior to data analysis. All analyses will be conducted tsingin R (36).

The efficacy of surveillance imaging will be measured tsingouteomesby evaluating overall survival (OS)-and-event-
free. The primary outcome measure will be overall survival tEFS-OSand-EFSwittbe measuredfrom the-end-ofinitiat

treatmentdiagnosis until death, retapse;ortheendofstudyto avoid the impact of lead time bias. In addition
analysis of OS from relapse will be used as for illustrative purposes to explore the impact of lead-time bias on the

association between OS and method of relapse detection.

Survival analysis will be used to assess whether CYP whose relapse was identified by scans in a pre-symptomatic
stage have improved event=free-survivatand-overall survival compared to those whose tumour was detected as a
result of clinical signs and symptoms. The type of analysis will be determined following clinical advice and will
depend on the availability of the data. Hazard ratios will be calculated for each time-to-event outcome.

If sufficient data are available, multivariable analysis will be used to determine whether, detecting a relapse
asymptomatically on a scan is more beneficial for some patients, depending on their specific characteristics,
compared to others. These characteristics could include whether the child’s tumour was subject to gross-total
resection (GTR), and tumour-specific predictors (such as molecular subgroup or tumour location). We will look at-
where available - whether ethnicity and sex are effect modifiers.
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Additional logistic regression analyses will be conducted, to determine whether surveillance imaging is more likely to

detect slower growing tumours (as more aggressive tumours are asymptomatic for shorter periods of time). For the

logistic regression analyses, the outcome of interest is an asymptomatic relapse - whereby a relapse is detected as a
part of a routine surveillance imaging protocol. Analyses will be used to explore the association between patient and

disease characteristics and the likelihood of a relapse being detected on a scan. Caution will be taken to ensure a

sufficient number of participants are being included in each analysis.
Workstream 3
Economic modelling will be used to establish whether surveillance imaging is cost-effective method of detecting a

relapse in CYP with medulloblastoma-and-ependymoma, by using the effectiveness outcomes estimated in
Workstream 2, quality adjusted life year (QALY) estimates and associated costs and resource use.

Identifying Relevant Literature

A systematic literature review will be conducted to identify any relevant evidence on the cost-effectiveness of
surveillance imaging for CYP with medulloblastoma and ependymema-andrelevant studies with data on health-
related quality of life, cost and healthcare resource use. A search strategy will be developed with an information
specialist, with input from clinical specialists to guide appropriate data cut-offs and search terms. FworeviewersOne

reviewer will review title and abstracts, and then full texts for inclusion;with-discrepanciesresotved-bydiscussion.
Studies that meet the inclusion criteria will be summarised in tables.

Model Structure

The final model structure will not be determined until the extent of the available data is known; however, itis
anticipated that it will include a number of health states that capture the period of remission following primary
treatment, treatable and untreatable relapse, and death. Transition probabilities between these health states will be
informed by Workstream 2 analyses. This model will be developed using a life-time horizon, so additional
epidemiological evidence to support long-term outcomes for CYP with ependymema-and-medulloblastoma will be
used. We will discuss potential sources of evidence with clinical experts.

This model will explore whether the addition of surveillance imaging to detect an asymptomatic relapse alongside
symptomatic detection, compared to offering no surveillance imaging where relapse can only be detected based on
symptoms. Frequency of scans will be obtained from currently open trial protocols for CYP with medulloblastoma-or

ependymorma, or from clinical expertise.

The following parameters will be sought from the individual participant data from Workstream 2, the systematic
literature review, and from clinical advice.

e) €EtinicatEffectivenessTransition Probabilities: Clinical effectiveness parameters will be obtained from
the individual participant data analysis from Workstream 2. This will include overall survival, progression-
free survival (following first, and later lines of therapy), and incidence of disease relapse.

f)  Quality of Life: Each health state will be associated with a quality of life which will be obtained from the
systematic literature review.

g) Resource Use and Unit Costs: Costs associated with conducting surveillance imaging, and other clinical
appointments, as well as costs linked to management of relapse, and supportive care will be identified.
Resource utilisation will be obtained from published data and advice from clinical experts. Costs will be
obtained from resources such as Personal Social Services Research Unit (PSSRU) and NHS reference
costs.
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h) Time Horizon and Discounting of Future Outcomes: In accordance with the National Institute of Health
and Care Excellence (NICE) reference case, the analysis will adopt a lifetime horizon. Future QAL Ysand
costswittbe-discountedatanannuatrate of 3:5%(35)-Future QALYs and costs will be discounted at an
annual rate of 3.5% (37). A scenario analysis using a societal perspective, to account for the additional
costs and impact on quality of life associated with surveillance imaging for CYP and their parents will be
conducted.

Modelling Uncertainty

A probabilistic sensitivity analysis (PSA) will be performed to reflect the fact that the model parameters are estimated
with uncertainty-, and in the case of the transition probabilities are likely to be obtained from small sample sizes.

From this, it is possible to evaluate the impact that this uncertainty may have on the conclusions of the cost-
effectiveness analysis. This is achieved by estimating the probability that surveillance imaging is cost-effective as a
function of different cost-effectiveness threshold levels and plotting this information in a cost-effectiveness
acceptability curve (3638).

Subgroup Analysis

Owing to heterogeneity in the tumour characteristics and prognosis, medulloblastoma and ependymoma will be
modelled separately, and separate ICERs will be presented. Depending on the availability of the data, further
subgroups, such as whether patients receive radiotherapy as a first-line therapy or whether radiotherapy-sparing
treatments were used may be considered. Any decisions to conduct subgroup analyses will be made following
clinical advice.

Value of Information Analysis

Uncertainty in results will be characterised and explored in the economic evaluation through a value of information

analysis, which quantifies the monetary value in conducting additional research to reduce uncertainties within the

research question (39).

The output from the PSA will be used to conduct a value of information analysis to quantify the value of conducting

further research compared to the costs of additional investigation {37)—This-wittinctude-estimatingUsing the output
from the PSA, the value of information analysis will estimate the value of perfect information (EVPI) - the cost at

which all uncertainties in the current analysis (including the clinical-effectiveness of surveillance imaging and the
associated quality of life benefits) are removed, and the expected value of partially perfect information (EVPPI)- the
cost at which some of the uncertainties within the current analysis are addressed. If there is sufficient data, the EVPI
and EVPPI will be conducted for particular subgroups to determine whether there is a greater need for further
research in particular groups of CYP (based on particular prognostic characteristics) compared to others.
Combining Results from the Workstreams

Once data analysis has been conducted separately in each workstream, the findings will be combined, and analysis
will focus on the extent to which the findings regarding the value of surveillance imaging from the three elements of
the PhD converge or diverge {36}:(40). First, the key findings from each workstream relating to the value of
surveillance imaging will be collated before comparing the results by assessing how valuable scans were in terms of
clinical effectiveness, their value for money, and their importance and meaning to families of CYP with ependymoma
and medulloblastoma. The combined results will be presented side-by-side in a summary table and explored further
in a discussion.

As this study will combine data from distinct samples (participants the clinical trials and participants recruited for
the qualitative work), differences between the patient demographlcs will be explored and the discussion will include
a descrlptlon on how this may have affected the results. Fh om i

Discussion

Families with experience of surveillance imaging who we have worked with when developing this project described a
sawtooth of emotions during the period of surveillance imaging following treatment (described in the literature as

22



‘Seanxiety’scanxiety’ (39,4641, 42)) and talked about their dependence on surveillance imaging to reassure them
that the tumour had not recurred. The PPl group considered it important to determine whether surveillance imaging
atimprovingimproved outcomes for CYP with medulloblastoma and ependymoma, but also to explore the
experiences of those who have undergone surveillances as they considered that these may vary substantially.

This paper describes a protocol for the SCAN-ME study: a mixed-methods study evaluating the value of surveillance
imaging for CYP with medulloblastoma and ependymoma. The study has the potential to impact families, clinicians,
and decision makers by providing a holistic picture about the value of surveillance imaging- within this population.

The qualitative workstream of this the SCAN-ME study will explore family’s experiences of surveillance imaging
following treatment for medulloblastoma and ependymoma. This will provide important insight into their perspective
of scans and have the potential to impact future care and support for CYP and their parents in the period of follow-up
care after treatment ends.

The efficacy of surveillance imaging for ependymoma and medulloblastoma remains uncertain, especially in the
cases where prognosis after relapse is poor (16,1314, 16). Difficulties in accurately measuring survival, owing to the
impact of lead-time bias have made it more uncertain. The SCAN-ME study will use-two-Uik-based-cohorts-withutilise
individual participant data to evaluate the effectiveness of surveillance imaging accurately by minimising the impact
of lead-time bias. Not only this but the study will also evaluate the issue of length time bias by controlling for
potential confounding variables. This will provide more clarity to decision makers as to whether surveillance imaging
is effective infor medulloblastoma-erependymoma, or whether it should only be utilised in particular subgroups.

Not only do decision makers need to consider the clinical effectiveness of surveillance imaging, but also whether
surveillance imaging is value for money for healthcare reimbursement agencies. This will be addressed-inthe-SCAN-=
MEprofectworkstreams by comparing whether the additional costs associated with providing surveillance imaging is
value for money compared to any improvements in clinical benefits and health-related quality of life. To our
knowledge, this is the first economic analysis of surveillance imaging in this population.

The findings from the study will be discussed with stakeholders including clinicians and our PPl group, to ensure that

the conclusions and implications to clinical practice are relevant. This is likely to be especially importantin a

situation where the results of the workstreams conflict — for example, if scans are found to not improve survival
outcomes and is cost-ineffective but are deemed an important aspect of follow-up care to families of a child with

medulloblastoma or ependymoma.
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