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Abstract

The importance of patient centricity and keeping the patient at the heart of research design
is now well recognised within the healthcare community. The involvement of patient, care-
giver and clinician representatives in the study design process may help researchers to
achieve this goal and to ensure robust and meaningful data generation. Real-world data col-
lection allows for a more flexible and patient-centred research approach for gaining impor-
tant insights into the experience of disease and treatments, which is acutely relevant for rare
diseases where knowledge about the disease is more likely to be limited. Here, we describe
a practical example of a patient-centric, multi-stakeholder approach that led to the co-design
of a prospective observational study investigating the lived experience of adolescents with
the rare disease, X-linked hypophosphataemia. Specifically, we describe how the knowl-
edge and expertise of a diverse research team, which included expert physicians, research
and technology specialists, patients and caregivers, were applied in order to identify the rel-
evant research questions and to ensure the robustness of the study design and its appropri-
ateness to the population of interest within the context of the current clinical landscape. We
also demonstrate how a structured patient engagement exercise was key to informing the
selection of appropriate outcome measures, data sources, timing of data collection, and to
assessing the feasibility and acceptability of the proposed data collection approach.
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Introduction

Patient-centred medicine development, involving patients and health service end-users, is
now considered to be integral to the development of new treatments [1]. With the existing
framework of medicine development being criticised for failing to sufficiently focus on
patients, the eventual recipients of medicines [2-5], it is widely acknowledged that the patient
should be placed at the centre of research design [6]. Multistakeholder co-design of research
that includes patients and/or their caregivers, treating physicians and methodology specialists
may be more resource intensive, but it not only offers an important opportunity to amplify the
patient voice in a robust and structured manner but also ensures that real-world observational
studies address questions of significance to those who will be impacted by or need to make
decisions based on the study’s findings [7, 8].

International initiatives and consortia [9] have produced best practice guidance to guide
patient centricity in research and to facilitate the implementation of patient-relevant out-
comes, according to recommended and robust methodology [10-13]. It is also common for
scientific journals and ethics committees to require evidence of patient involvement in
research approaches prior to approving content. Furthermore, it has been suggested that
engaging patients in the study design process may lead to later efficiencies; for example, by
reducing the need for protocol amendments and/or improving rates of enrolment, adherence
or retention [14].

Not only are patient-centred and co-design approaches growing in importance, real-world
evidence continues to attract interest for the evaluation of new medicines [15, 16]. Alternative
methods of data collection that extend beyond the randomised controlled trial (RCT) are
being adopted more readily, such as registries, prospective observational studies, mixed-
methods research and qualitative interviews [8]. Although the RCT remains the gold standard
for establishing treatment efficacy and safety for regulatory purposes, an understanding of
how patients experience their disease and treatments in real life is critical to continue to
gather evidence of the value of medicines. Real-world data capture is particularly important
in rare diseases, where there may be little or no published information on the natural history
or course of the disease. The capture of patient experience data with sufficient rigour therefore
allows for a better understanding of the real world and the patient-specific impact of new
therapies [17].

Given this evolving research landscape, case examples of patient-centric, co-design
approaches become increasingly noteworthy, particularly in the rare diseases. To that end, this
article describes an example of a patient-centric, multistakeholder co-design approach for a
prospective observational study investigating the lived experience of adolescents with a rare
disease, X-linked hypophosphataemia (XLH) (NCT05181839). Our approach involved the
early partnership of a diverse research team to inform the research questions and methodol-
ogy. The variety of perspectives were gathered from relevant stakeholders, including patient-
centred outcome research specialists, adolescents with XLH, a caregiver of an adolescent with
XLH, expert physicians from across Europe and specialist technology providers (Fig 1). The
multidisciplinary input to the research design was intended to enable the generation of robust,
meaningful and patient-centred outcomes for this rare disease population.

We took a stepwise approach to developing and finalising the research study in adolescents
with XLH, which started with defining the research questions and methodology (Section 1).
Our description of the final study design and the multi-stakeholder involvement in each subse-
quent component is presented in the following sections, structured according to the PICOT
framework: 2.) Population (P), 3.) Intervention (1), 4.) Comparison (C), 5.) Outcomes (O) 6.)
Time / duration (T) [18, 19].
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Fig 1. Overview of stakeholders involved in co-design of mixed-methods real-world study about the lived experience of adolescents with XLH at the end
of skeletal growth.

https://doi.org/10.1371/journal.pone.0295080.9001

Materials and methods
Defining the research questions and methodology

Our overall research aim was to understand the lived experience of adolescents with XLH at
the end of skeletal growth, a crucial phase during the adolescent’s transition to adulthood.
XLH is a rare, genetic, life-long disease that is associated with progressive accumulation of
multiple musculoskeletal features that evolve across the patient’s lifetime [20-23]. Some
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knowledge of the disease burden for children and adults exists [24-27]. However, data are lim-
ited for adolescents with XLH. Furthermore, medical management of adolescents varies
between countries [28]. For these reasons, adolescents’ experiences of XLH and the impact of
treatment at the end of skeletal growth were considered to be an evidence gap worth investigat-
ing. Traditionally, treatment for children and adolescents with XLH has been oral phosphate
and active vitamin D analogues; however, in February 2018, burosumab, a recombinant
human monoclonal immunoglobulin G1 antibody that inhibits fibroblast growth factor 23
(FGF23), received European Medicines Agency approval for individuals aged 1 year or older
with radiographic evidence of bone disease and adolescents with growing skeletons [29]. This
approval was subsequently expanded in September 2020 to include older adolescents who had
stopped growing, as well as adults, offering a new treatment option targeting the underlying
pathophysiology of XLH [30]. Given the changing treatment landscape and known variation
in treatment pathways for adolescents with XLH across different geographical locations, the
research team acknowledged the importance of studying the experiences of adolescents in rela-
tion to burosumab treatment as part of the study.

As well as a lack of data on adolescents’ experiences, very little is known about the caregiv-
ers of adolescents with XLH during the period of ending skeletal growth. Although there is
some literature on the experience of caregivers of people with other rare bone disorders [31-
34], there is a dearth of literature about the experience of caregivers of adolescents with XLH,
particularly relating to during the period of ending skeletal growth. An understanding of the
caregiver experience may allow for increased knowledge of the impacts of caring for an adoles-
cent with XLH, which in turn may identify the wider support requirements of caregivers.
Hence, the main research questions to investigate were defined as:

What is the experience of adolescents with XLH as they approach the end of skeletal
growth while receiving treatment with burosumab?

How do the experiences of adolescents with XLH vary in the 6 months following end of
skeletal growth according to treatment received?

What is the experience of caregivers at the time that the adolescent with XLH reaches
the end of skeletal growth?

Next, the most appropriate research methodology to address the research questions was
identified as a mixed-methods approach, which is the combination of quantitative and qualita-
tive data for the purpose of increasing the breadth and depth of understanding [35]. It is most
suitable when a quantitative or qualitative methodology is inadequate by itself to address the
study purpose [36]. When considering the lived experience of XLH, it was apparent that quan-
titative data on symptoms, activity, duration and intensity, alongside pharmacodynamics data,
would illuminate disease impact over the study period, whereas qualitative data via interviews
would complement and expand understanding of the quantitative findings. A more complete
understanding of the lived experience of adolescents during the study period would therefore
rely on the totality of evidence derived from both quantitative and qualitative data.

Furthermore, the mixed-methods approach is underpinned by a pragmatic research para-
digm, which proposes that researchers adapt their methodological approach for the particular
problem being investigated [35]. Importantly, assessment of individual experience is vital,
whilst maintaining flexibility to embrace both objective and subjective knowledge [37, 38].
Given the rare nature of XLH and limited available knowledge about the treatment-related
experiences of adolescents in particular, a degree of flexibility was needed and therefore a
mixed-methods design was considered to be the most appropriate choice.

An observational, prospective design was selected to examine the lived experiences of ado-
lescents during the period occurring immediately before and after the end of skeletal growth
and to describe any treatment-related variation in a real-world clinical setting. A fully
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integrated, convergent mixed-methods design was thus deemed to be optimal for addressing
the research questions, with both qualitative and quantitative data collected separately
throughout the study and later merged for an overall interpretation [39].

Study population (P) & study setting

Study population. The study population is that which best informs the research question,
ensuring rich and relevant data, as well as enabling transference of the study findings to similar
contexts [40]. Following discussion with treating physicians, the target population was defined
as adolescents aged 12-17 years with a confirmed diagnosis of XLH (documented diagnosis of
XLH in medical records, and evidence of at least one of the following: hypophosphataemia
and/or impaired phosphate reabsorption due to elevated FGF23; PHEX mutation) who had
been treated with burosumab for at least 12 months and were, in the opinion of their treating
physician, approaching the end of skeletal growth (based on the treating physician’s routine
growth tracking methods). Adolescents who were non-adherent to treatment, defined as miss-
ing >2 injections of burosumab in the previous 12 months, and those scheduled for orthopae-
dic surgery during the study, were considered to be important to exclude as these criteria
could bias study outcomes.

A sample size of up to 30 adolescents was considered to be sufficient for this mixed-meth-
ods study, which is not hypothesis testing [41, 42]. Although some heterogeneity is expected,
recruiting up to 30 subjects should represent the population sufficiently to allow for analyses
according to treatment after the end of skeletal growth. This sample size was also considered
to be feasible from a practical perspective, following consultation with potential participating
specialist paediatric centres and expert treating physicians, in terms of the likely numbers of
eligible adolescents at those centres. Purposive sampling was deemed to be appropriate,
whereby physicians would use their knowledge to identify adolescents that met inclusion crite-
ria [41]. This approach was considered to be feasible, as well as appropriate, to the research
question and was expected to generate data that was generalisable to similar contexts.

Caregivers will be included in the study if they are a parent or guardian who provides day-
to-day support or care for the adolescent with XLH who is taking part in this study. The care-
givers in the sample will be interviewed about their experiences and support needs as a princi-
pal caregiver of an adolescent with XLH. It was determined that a sample of 15 caregivers
would likely be more than sufficient to reach theme saturation, considering the homogeneity
of the data to be collected [43]. To ensure sufficient geographical diversity, at least three repre-
sentatives from each of the participating countries will be targeted for participation.

In this real-world study, a specific definition for the “end of skeletal growth” was not
applied. Instead, the methods used to determine this stage aligned with local practices, which
may vary across countries and among clinicians. However, clinicians were expected to docu-
ment their approach to assessing the end of growth at the time of enrolment. This assessment
included factors such as projected index dates, confirmed index dates, specific growth velocity
thresholds, final height measurements or imaging results. Additionally, it is important to note
that the prediction of “4 weeks before the end of skeletal growth” was determined by
clinicians.

Study setting. The research literature indicates that the study setting should be accessible,
appropriate for recruitment of the study population, and have staff at the study centre who are
interested in and able to support the conduct of the research project [41]. Well-established spe-
cialist centres in the UK and across Europe that treat adolescents with XLH with burosumab
were deemed to be suitable for inclusion and were subsequently approached by the study spon-
sor. An important consideration for centre inclusion was their potential to recruit enough
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eligible participants. The lead physicians at these specialist centres were informed of the pur-
pose of the study, its methodology and the mutual role that centres would play in study design,
conduct, analysis and reporting.

Intervention

At the time of designing the study, burosumab had been studied in pivotal RCTs for ages 1-12
years, as well as in adults (aged 18-65 years) [44-48]. The initial indication for burosumab in
Europe (February 2018) was for the treatment of XLH in children aged 1 year and older with
growing skeletons and radiographic evidence of bone disease. The indication was extended in
September 2020 for the treatment of XLH in children and adolescents aged 1-17 years with
radiographic evidence of bone disease, and in adults, thus enabling adolescents to be treated
after the end of skeletal growth [30]. As this is a real-world observational study, the decision to
continue burosumab will depend on reimbursement approvals in the different countries, with
some patients required to discontinue treatment with burosumab at the end of skeletal growth
and instead be offered alternative treatment, such as oral phosphate and active vitamin D.

Outcomes

Appropriate outcomes relevant to the population need to be identified to sufficiently answer
the research questions. In other words, what data should be collected (i.e. the data variables),
how should the data be collected (i.e. the data sources), and when should data be collected to
be most informative but also not overburden the study participants (i.e. the timing).

Data collection from medical records would be required to understand the characteristics
of this population and key pharmacodynamics and clinical information relating to the XLH
disease course. However, for meaningful insights into the experiences of adolescents with
XLH, the majority of the data should be derived directly from the patient. To assist with this
aspect of the study design, adolescents with XLH were invited to participate in a structured
patient engagement exercise to inform the selection of appropriate outcome measures, data
sources and timing, and to assess the feasibility and acceptability of the proposed method of
data collection. Principal investigators would not have access to data to identify individual
patients during or after data collection. The patient advocacy group (PAG) XLH UK was
approached to help with recruiting adolescents with XLH to participate in a 60-minute, one-
to-one telephone interview with experienced interviewers from OPEN Health. A structured
interview guide was developed with input from expert physicians to gather insights into ado-
lescents’ experiences of living with XLH, their treatment and their opinions of the proposed
study. Four adolescents consented to participate in the interviews and provided insights into
the selection of outcomes and data sources in the study [49].

The interviews verified insights from clinical trials that symptoms of pain, stiffness and
fatigue were important to measure and likely to be impacted by treatment. The physician
experts reported that it would be relevant to capture the location of pain and use of analgesia,
so these outcomes were also incorporated into the study design. The collection of data before
and after the end of skeletal growth would then enable an evaluation of any changes in symp-
toms depending on the treatment regimen received after the end of skeletal growth.

In the interviews, adolescents described how their ability to participate in social and leisure
activities was affected by their symptoms (S1 Fig). Participants reported being slower at keep-
ing up with their friends; for example, when climbing stairs, catching the bus and during phys-
ical education at school. They also stated that, although they felt more tired/fatigued than their
friends and found activities more difficult, they continued nonetheless to take part in them.
Overall, the discussion suggested that there was a significant interplay between physical
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activity levels and symptoms of XLH (such as pain, stiffness and fatigue), to warrant monitor-
ing activity closely in order to interpret changes.

To capture data on the duration and level of physical activity, as well as their participation

in social and leisure activities, a wearable device was used, as well as collecting information on
their participation in social and leisure activities. To further understand any wider impact of
symptoms, the research team considered it appropriate to collect information on any time
missed from school/work, as well as utilisation of healthcare resource (Fig 2).

Treatment
support and
future
aspirations

Physical,
emotional
and social
wellbeing

Physical
activity

Participation
in social and
leisure
activities

Symptoms
of pain,

stiffness,

fatigue Time missed

from
school/work

Healthcare
resource
utilisation

Fig 2. Concepts derived from patient interviews and following discussions with the research team.

https://doi.org/10.1371/journal.pone.0295080.g002
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The adolescents did not consider that there was a notable impact on sleep quantity or qual-
ity. However, the view of the expert physicians consulted on the study design was that sleep
may be an interesting variable to measure, particularly given that this is something anecdotally
reported as being affected due to levels of pain experienced (Fig 2). Given that the subjects
would be wearing a device to capture activity levels in the daytime, and such devices have been
used to collect data in the night, the research team proposed that participants should be given
the option to wear the device at night to gain a proxy measurement of sleep quantity and qual-
ity activity data. Qualitative interviews would also provide another opportunity for adolescents
to express their own views on sleep quality.

In addition, the team considered measuring the overall physical, emotional and social well-
being of the subjects, with a general health-related quality of life outcome (HRQoL) measure
(Table 1 and Fig 2). The EuroQol-5 dimensions-Youth (EQ-5D-Y) was chosen by the study
team, as a short, widely used and well-validated HRQoL tool for the youth age range [50, 51].

Given the nature of the selected endpoints and the age of the study participants, the
research team considered that the outcomes could be measured using a bespoke designed
smartphone app (Atom5™; Aparito, Wrexham, Wales, UK), as well as a wearable device (Gar-
min Vivosmart4™; Garmin, Ltd., Olathe, KS, USA). During the patient engagement exercise,
adolescents were asked for their opinions about the use of smartphone apps and wearable
devices (e.g. commercially available fitness watches) for data collection. All of the adolescents
verified that they would be happy to input data via a smartphone app and they also expressed

Table 1. Overview of data collection schedule for quantitative and qualitative data relating to XLH symptoms and activity levels.

Topics

Pain

Stiffness
Fatigue
Physical activity

Social and leisure
activities

School/work
HCRU

HRQoL
Sleep

Adolescent
experience

Caregiver
experience

Endpoints

« Worst pain
 Location

« Use of analgesia

» Worst stiffness

» Worst fatigue

« Daytime duration
« Daytime intensity

« Participation in social &
leisure activities

« Missed time

o Scheduled and
emergency appointments

« EQ-5D-Y
o Duration
« Quality

« Lived experience

« Identifying support
needs

Source Before end of skeletal growth® (4 After end of skeletal growth" (26 weeks)
weeks)
Daily | End of Atstartof | Daily for 1 week | End of week for End of post-index
each week | 4-week period | every 4 weeks | other study weeks | period (Weeks 21-25)

App

X X X
App X X X
App X X X
Wearable X X
App X X
App X X
App X X
App X X
Wearable

X X
Telephone X X
interview
Telephone X
interview

EQ-5D-Y: EuroQol-5 dimensions-Youth; HCRU: Healthcare resource use; HRQoL: Healthcare-related quality of life; XLH: X-linked hypophosphataemia.

*Data will be collected prospectively for a 4-week period (as agreed in advance with the adolescent) to occur 4-12 weeks prior to the predicted date of end of skeletal

growth.

PData will be collected prospectively for 26 weeks from the confirmed date of end of skeletal growth (index date).

https://doi.org/10.1371/journal.pone.0295080.t001
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openness to wearing a wrist-based fitness device to track activity during the day, with the
majority being happy to use this at night. This feedback endorsed the wider research team’s
view around the wearable being an optimal and non-invasive tool for capturing data on physi-
cal activity levels and for sleep monitoring.

Finally, to collect qualitative data on the experiences of adolescents that would sufficiently
complement and expand understanding of the quantitative findings, the research team
included two one-to-one interviews with the adolescents before end of skeletal growth and at 6
months following end of skeletal growth as part of the overall study design. Interviews, based
on a semi-structured discussion guide, would allow for an in-depth understanding of symp-
toms and an exploration of the social and emotional impacts of experiences, coping strategies
and future aspirations, and provide further context to questions that are being asked during
the app-administered surveys. This particular point was highlighted as being important by our
caregiver member of the research team who was able to verify each of the outcomes identified
by the adolescents from a patient and caregiver perspective.

By scheduling an interview at the end of the study, it would be possible to explore changes
in symptoms and experiences over time and to examine the relationship between these
changes on social and emotional experiences. In addition to interviewing adolescents with
XLH, a separate interview with the adolescent’s caregiver during this same period following
end of skeletal growth will provide an opportunity to gain insight into caregiver experiences.

Time

Our patient engagement exercise also allowed for probing about the feasibility and acceptabil-
ity of the overall timing of the study. The adolescents stated that a 12-month study was accept-
able. All the adolescents stated that they would not expect any compensation for taking part in
the study, but monetary vouchers would be welcomed, if offered.

Physicians with experience of treating adolescents with XLH advised that, due to the stan-
dard frequency of healthcare follow-up appointments, a period of up to 6 months was needed
to identify, recruit and train participants on the study requirements, and to enable the collec-
tion of at least 4 weeks of prospective data before the end of skeletal growth experience. Fur-
thermore, adolescents would need to be followed for at least 6 months after the confirmed date
of the end of skeletal growth to ensure that any treatment-related effects had time to appear.

Another important consideration was the data collection schedule. Due to a lack of any pre-
vious studies, it is unclear how the presentation of symptoms of XLH around the time of end
of skeletal growth may vary both within and between adolescents. As such, the research team
considered it valuable to collect data for 4 weeks before the end of skeletal growth. In the inter-
views, the adolescents indicated that daily data collection using the app and wearable device
for a defined period was considered to be acceptable (Table 1). Similarly, the pattern of change
in symptoms and impact after end of skeletal growth is currently unknown. To provide a
detailed picture of change without over-burdening the subjects, the data collection was sched-
uled to be periodic over 6 months (Table 1). During the interviews with the adolescents, they
indicated that they would be happy to report on symptoms every day, but most preferred more
detailed questions to be reported monthly, hence not overburdening them with too many
questions on a daily basis, so these insights were implemented into the overall methodology.

Patient engagement

As this study would require long-term engagement from the young participants, it was impor-
tant to ensure that participants would be sufficiently supported throughout the study. In order
to facilitate engagement and to minimise burden, a number of additional measures were put
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in place; for example, reminder notifications and features within the smartphone app to enable
participants to request study-related support. Regular quarterly updates and newsletters will be
provided and copy editors will be consulted to ensure that the language used in all study mate-
rials is accessible and appropriate for the age group.

Data analyses

This is a mixed-methods research study, whereby descriptive analyses of quantitative data
(medical records, app, wearable device and EQ-5D questionnaire) will be synthesised with
qualitative data (interviews) to describe the lived experience of XLH for adolescents at the end
of skeletal growth in the pre-index and post-index periods [39]. To address missing data, there
will be no imputation for symptom diary and wearable parameters, with a threshold of 3 days’
data in a week being required to calculate a weekly average. A sensitivity analysis will be per-
formed using a minimum of 4 days required to calculate a weekly average score for symptoms
and wearable parameters.

Distributions and descriptive statistics of central tendency (medians and arithmetic or geo-
metric means) and dispersion (standard deviation, interquartile range [IQR], range) will be
presented for quantitative variables. Any categorical variables will be described with frequen-
cies and percentages; where appropriate, distributions, modes, medians, IQR and range will be
reported. Daily measurements (e.g. pain, stiffness and fatigue measurements collected using
the app) will be summarised per adolescent for key time-points pre- and post-index, to aid
interpretation of change post-index and individual data trends visualised over time. EQ-5D-Y
scores will be converted to a single utility value during data analysis. Visual Analogue Scale
and scores for each of the five domains assessed in the EQ-5D-Y (mobility, self-care, usual
activities, pain/discomfort and anxiety/depression) will also be summarised separately. Statisti-
cal analyses will be carried out using Stata version 14.2 (StataCorp LLC).

Qualitative/thematic data analyses will be conducted using the Framework approach,
engaging the use of matrices to manage data, allowing for easy movement across the whole
dataset in order to explore patterns in the themes across different groups of participants, as
well as trajectories within individual participants [52]. Analyses on patient data will be con-
ducted cross-sectionally at baseline and for the post-index interview to allow for analysis
between individuals, in addition to being analysed longitudinally for each individual, in order
to capture a narrative for each adolescent and the trajectory of change. Carer data will be ana-
lysed separately.

Recruitment began on 24 November 2021 and is ongoing. Data collection is expected to
end in 2023. The first data entry from medical records was on 24 November 2021. Data analy-
sis is planned to commence in 2024.

Discussion

Here, we have outlined an example showing how multistakeholder engagement, including
(outcome) research specialists, and partnering with other relevant stakeholders, including ado-
lescents with XLH, a caregiver and expert physicians from specialist centres across Europe,
and technology providers, can facilitate the design of a patient-centric study in rare disease.
The approach is aligned with a number of international initiatives aiming to engage patients in
study design and to keep the patient voice at the centre of research and throughout the medi-
cine lifecycle [10-13, 53]. The pragmatic, mixed-methods design has also been endorsed by
the International Rare Disease Research Consortium as the “best fit for rare diseases” [54] and
has been used successfully within clinical trials and wider studies investigating experiences of
therapy [55, 56].
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The study’s inherent flexibility may help to overcome some of the challenges associated
with conducting studies in patients with rare disease and offers a more holistic insight into the
experiences of patients that would not be as possible using the more traditional RCT design.
Furthermore, our chosen approach of merging qualitative and quantitative data [39] after ini-
tial analysis will allow for further exploration of individual case studies and will help to capture
any wider reasons (beyond treatment) that might have influenced any changes in symptoms or
experiences observed over the study period.

It is also apparent that early engagement with patients who are representative of the target
population to input on study design is possible and will improve feasibility of the study. We
have demonstrated how a patient engagement approach can be successfully implemented in
studies involving adolescents as well as adults, and that doing so can help the research team to
select the most appropriate methodological approaches and tools for the intended study popu-
lation to maximise data quality and meaning. This exercise verified that a mixed-methods
design could be used to evaluate symptoms in this specific age group in a small group of
patients with a rare disease.

Our study focused on the care of adolescents with XLH receiving burosumab treatment in
specialist centres. XLH is usually diagnosed by a paediatrician or paediatric endocrinologist
[57]. Knowledge and treatment of XLH is generally limited to specialist centres, with the con-
dition demanding care from multidisciplinary teams [29], including endocrinologists,
nephrologists and geneticists [58]. Furthermore, burosumab is increasingly becoming the
standard of care, evidenced by its reimbursement in many European countries and its approval
for use in children prior to reaching the end of skeletal growth [28, 29].

The multistakeholder approach described here will not be restricted to the study design
phase of this project; indeed, consultations with a wider study steering committee, including a
patient, caregiver and physicians, are planned throughout the study duration to review prog-
ress and ultimately ensure that outputs are robust, meaningful and accessible to those living
with XLH, as well as the wider clinical community. Lay summaries of the study report and any
resulting publications will also be shared with the study participants.

There are some limitations associated with our approach. Although critical to informing
our design, the participants in the patient engagement exercise were recruited via a UK-based
PAG and so it is unclear whether these views are representative of adolescents with XLH
treated in other countries. However, our multistakeholder approach, involving patients, care-
givers and healthcare professionals, does require more resources, but it significantly enriches
our understanding of XLH. This collaborative approach ensures a comprehensive perspective,
facilitates data-sharing, and promotes interdisciplinary insights, thus advancing knowledge in
underexplored areas. Additionally, we must acknowledge our reliance on clinicians’ judge-
ment, and practices for assessing "end of skeletal growth" introduces inherent variability across
assessments. The complexity of skeletal maturation, influenced by genetics, environment and
clinical factors, makes standardisation challenging [59]. Given these complexities, further
research is needed to establish more precise and standardised methods for assessing skeletal
growth endpoints.

With advancement in technology and integrated data systems, we anticipate that wearable
technology linked with patient self-reports, interview and medical record data will enable bet-
ter characterisation of adolescents with XLH and aid physicians in clinical decision-making.

Our multistakeholder engagement approach to designing this research study has facilitated
the robust design of this patient-centric study in a rare disease and offers an inclusive
approach, which could potentially be used as a possible template for future patient-centric
study designs in other rare disease areas.

PLOS ONE | https://doi.org/10.1371/journal.pone.0295080 January 19, 2024 11/15


https://doi.org/10.1371/journal.pone.0295080

PLOS ONE

The adolescent experience of treatment for X-linked hypophosphataemia

Supporting information

S1 Fig. Example quotes from patient engagement exercise.
(TIF)

S1 File. Plain language summary.
(PDF)

S1 Checklist. Inclusivity in global research.
(DOCX)

Author Contributions

Conceptualization: Vrinda Saraff, Annemieke M. Boot, Agneés Linglart, Oliver Semler, Pol
Harvengt, Angela Williams, Karen M. A. Bailey, Fiona Glen, Elin Haf Davies, Sue Wood,
Stephen Greentree, Angela J. Rylands.

Writing - original draft: Vrinda Saraff, Annemieke M. Boot, Agnés Linglart, Oliver Semler,
Pol Harvengt, Angela Williams, Karen M. A. Bailey, Fiona Glen, Elin Haf Davies, Sue
Wood, Stephen Greentree, Angela J. Rylands.

Writing - review & editing: Vrinda Saraff, Annemieke M. Boot, Agneés Linglart, Oliver Sem-
ler, Pol Harvengt, Angela Williams, Karen M. A. Bailey, Fiona Glen, Elin Haf Davies, Sue
Wood, Stephen Greentree, Angela J. Rylands.

References

1. Lacombe D, Bogaerts J, Tombal B, Maignen F, Osipienko L, Sullivan R, et al. Late translational
research: Putting forward a new model for developing new anti-cancer treatments that addresses the
needs of patients and society. Mol Oncol. 2019; 13(3):558-66. Epub 20190119. https://doi.org/10.
1002/1878-0261.12431 PMID: 30561901.

2. Mullins CD, Vandigo J, Zheng Z, Wicks P. Patient-centeredness in the design of clinical trials. Value
Health. 2014; 17(4):471-5. Epub 20140505. https://doi.org/10.1016/j.jval.2014.02.012 PMID:
24969009.

3. loannidis JP. Why most clinical research is not useful. PLoS Med. 2016; 13(6):e1002049. Epub
20160621. https://doi.org/10.1371/journal.pmed.1002049 PMID: 27328301.

4. Lacombe D, O’Morain C, Casadei B, Hill K, Mateus E, Lories R, et al. Moving forward from drug-centred
to patient-centred research: A white paper initiated by EORTC and developed together with the BioMed
Alliance members. Eur Respir J. 2019; 53(2). Epub 20190221. https://doi.org/10.1183/13993003.
01870-2018 PMID: 30792235.

5. Wieseler B, McGauran N, Kaiser T. New drugs: where did we go wrong and what can we do better?
BMJ. 2019; 366:14340. Epub 20190710. https://doi.org/10.1136/bmj.14340 PMID: 31292109.

6. EPRS (European Parliamentary Research Service). Treatment optimisation in drug development 2020.
https://www.europarl.europa.eu/RegData/etudes/STUD/2020/641511/EPRS_STU(2020)641511_EN.
pdf.

7. Harrington RL, Hanna ML, Oehrlein EM, Camp R, Wheeler R, Cooblall C, et al. Defining patient engage-
ment in research: Results of a systematic review and analysis: Report of the ISPOR Patient-Centered
Special Interest Group. Value Health. 2020; 23(6):677—-88. Epub 20200523. https://doi.org/10.1016/j.
jval.2020.01.019 PMID: 32540224.

8. Berger ML, Sox H, Willke RJ, Brixner DL, Eichler HG, Goettsch W, et al. Good practices for real-world
data studies of treatment and/or comparative effectiveness: Recommendations from the joint ISPOR-
ISPE Special Task Force on real-world evidence in health care decision making. Pharmacoepidemiol
Drug Saf. 2017; 26(9):1033-9. https://doi.org/10.1002/pds.4297 PMID: 28913966.

9. Patient-Centred Outcomes Research Institute (PCORJ). [cited 2021 10 Nov]. https://www.pcori.org/.

10. U.S. Food and Drug Administration. Patient-focused drug development: Collecting comprehensive and
representative input 2018 [cited 2021 10 Nov]. https://www.fda.gov/regulatory-information/search-fda-
guidance-documents/patient-focused-drug-development-collecting-comprehensive-and-
representative-input.

PLOS ONE | https://doi.org/10.1371/journal.pone.0295080 January 19, 2024 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0295080.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0295080.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0295080.s003
https://doi.org/10.1002/1878-0261.12431
https://doi.org/10.1002/1878-0261.12431
http://www.ncbi.nlm.nih.gov/pubmed/30561901
https://doi.org/10.1016/j.jval.2014.02.012
http://www.ncbi.nlm.nih.gov/pubmed/24969009
https://doi.org/10.1371/journal.pmed.1002049
http://www.ncbi.nlm.nih.gov/pubmed/27328301
https://doi.org/10.1183/13993003.01870%26%23-%3B2018
https://doi.org/10.1183/13993003.01870%26%23-%3B2018
http://www.ncbi.nlm.nih.gov/pubmed/30792235
https://doi.org/10.1136/bmj.l4340
http://www.ncbi.nlm.nih.gov/pubmed/31292109
https://www.europarl.europa.eu/RegData/etudes/STUD/2020/641511/EPRS_STU%282020%29641511_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2020/641511/EPRS_STU%282020%29641511_EN.pdf
https://doi.org/10.1016/j.jval.2020.01.019
https://doi.org/10.1016/j.jval.2020.01.019
http://www.ncbi.nlm.nih.gov/pubmed/32540224
https://doi.org/10.1002/pds.4297
http://www.ncbi.nlm.nih.gov/pubmed/28913966
https://www.pcori.org/
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-focused-drug-development-collecting-comprehensive-and-representative-input
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-focused-drug-development-collecting-comprehensive-and-representative-input
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-focused-drug-development-collecting-comprehensive-and-representative-input
https://doi.org/10.1371/journal.pone.0295080

PLOS ONE

The adolescent experience of treatment for X-linked hypophosphataemia

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

U.S. Food and Drug Administration. Patient-focused drug development: Methods to identify what is
important to patients 2019 [cited 2021 10 Nov]. https://www.fda.gov/regulatory-information/search-fda-
guidance-documents/patient-focused-drug-development-methods-identify-what-important-patients.

Innovative Medicines Initiative. Paradigm. Patients active in research and dialogues for an improved
generation of medicines: Advancing meaningful patient engagement in the life cycle of medicines for
better health outcomes [cited 2021 16 Aug]. https://www.imi.europa.eu/projects-results/project-
factsheets/paradigm.

National Institute for Health Research. What is public involvement in research? [cited 2021 12 Oct].
https://www.invo.org.uk/find-out-more/what-is-public-involvement-in-research-2/.

Levitan B, Getz K, Eisenstein EL, Goldberg M, Harker M, Hesterlee S, et al. Assessing the financial
value of patient engagement: A quantitative approach from CTTI's Patient Groups and Clinical Trials
Project. Ther Innov Regul Sci. 2018; 52(2):220-9. Epub 20170717. https://doi.org/10.1177/
2168479017716715 PMID: 29714515.

Sherman RE, Anderson SA, Dal Pan GJ, Gray GW, Gross T, Hunter NL, et al. Real-world evidence—
what is it and what can it tell us? N Engl J Med. 2016; 375(23):2293-7. https://doi.org/10.1056/
NEJMsb1609216 PMID: 27959688.

Orsini LS, Berger M, Crown W, Daniel G, Eichler HG, Goettsch W, et al. Improving transparency to
build trust in real-world secondary data studies for hypothesis testing-why, what, and how: Recommen-
dations and a road map from the Real-World Evidence Transparency Initiative. Value Health. 2020; 23
(9):1128-36. https://doi.org/10.1016/j.jval.2020.04.002 PMID: 32940229.

Contesse MG, Valentine JE, Wall TE, Leffler MG. The case for the use of patient and caregiver percep-
tion of change assessments in rare disease clinical trials: A methodologic overview. Adv Ther. 2019; 36
(5):997—-1010. Epub 20190316. https://doi.org/10.1007/s12325-019-00920-x PMID: 30879250.

Richardson WS, Wilson MC, Nishikawa J, Hayward RS. The well-built clinical question: a key to evi-
dence-based decisions. ACP J Club. 1995; 123(3):A12-3. PMID: 7582737.

Fineout-Overholt E, Johnston L. Teaching EBP: Asking searchable, answerable clinical questions.
Worldviews Evid Based Nurs. 2005; 2(3):157-60. https://doi.org/10.1111/j.1741-6787.2005.00032.x
PMID: 17040536.

Javaid MK, Ward L, Pinedo-Villanueva R, Rylands AJ, Williams A, Insogna K, et al. Musculoskeletal
features in adults with X-Linked hypophosphatemia: An analysis of clinical trial and survey data. J
Clin Endocrinol Metab. 2022; 107(3):e1249—-e62. https://doi.org/10.1210/clinem/dgab739 PMID:
34636401.

Carpenter TO, Imel EA, Holm IA, Jan de Beur SM, Insogna KL. A clinician’s guide to X-Linked hypopho-
sphatemia. J Bone Miner Res. 2011; 26(7):1381-8. Epub 20110502. https://doi.org/10.1002/jomr.340
PMID: 21538511.

Cremonesi |, Nucci C, D’Alessandro G, Alkhamis N, Marchionni S, Piana G. X-Linked hypophosphate-
mic rickets: Enamel abnormalities and oral clinical findings. Scanning. 2014; 36(4):456—61. Epub
20140327. https://doi.org/10.1002/sca.21141 PMID: 24677288.

Linglart A, Biosse-Duplan M, Briot K, Chaussain C, Esterle L, Guillaume-Czitrom S, et al. Therapeutic
management of hypophosphatemic rickets from infancy to adulthood. Endocr Connect. 2014; 3(1):
R13-30. Epub 20140314. https://doi.org/10.1530/EC-13-0103 PMID: 24550322.

Che H, Roux C, Etcheto A, Rothenbuhler A, Kamenicky P, Linglart A, et al. Impaired quality of life in
adults with X-Linked hypophosphatemia and skeletal symptoms. Eur J Endocrinol. 2016; 174(3):325—
33. https://doi.org/10.1530/EJE-15-0661 PMID: 26783348.

Ferizovic N, Mak C, Marshall J, Shaw N, Mughal Z. A qualitative analysis of the burden-of-illness asso-
ciated with X-Linked hypophosphataemia (XLH) in children and adolescents. Bone Abstracts. 2019;
7:204. https://doi.org/10.1530/boneabs.7.P204

Skrinar A, Dvorak-Ewell M, Evins A, Macica C, Linglart A, Imel EA, et al. The lifelong Impact of X-Linked
hypophosphatemia: Results from a burden of disease survey. J Endocr Soc. 2019; 3(7):1321-34. Epub
20190507. https://doi.org/10.1210/js.2018-00365 PMID: 31259293.

Cheung M, Rylands AJ, Williams A, Bailey K, Bubbear J. Patient-reported complications, symptoms,
and experiences of living with X-Linked hypophosphatemia across the life-course. J Endocr Soc. 2021;
5(8):bvab070. Epub 20210423. https://doi.org/10.1210/jendso/bvab070 PMID: 34258488.

Mughal MZ, Baroncelli Gl, de Lucas-Collantes C, Linglart A, Magnolato A, Raimann A, et al. Burosumab
for X-Linked hypophosphatemia in children and adolescents: Opinion based on early experience in
seven European countries. Front Endocrinol (Lausanne). 2022; 13:1034580. Epub 20230131. https://
doi.org/10.3389/fendo.2022.1034580 PMID: 36798486.

Haffner D, Emma F, Eastwood DM, Duplan MB, Bacchetta J, Schnabel D, et al. Clinical practice recom-
mendations for the diagnosis and management of X-linked hypophosphataemia. Nat Rev Nephrol.
2019; 15(7):435-55. https://doi.org/10.1038/s41581-019-0152-5 PMID: 31068690.

PLOS ONE | https://doi.org/10.1371/journal.pone.0295080 January 19, 2024 13/15


https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-focused-drug-development-methods-identify-what-important-patients
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-focused-drug-development-methods-identify-what-important-patients
https://www.imi.europa.eu/projects-results/project-factsheets/paradigm
https://www.imi.europa.eu/projects-results/project-factsheets/paradigm
https://www.invo.org.uk/find-out-more/what-is-public-involvement-in-research-2/
https://doi.org/10.1177/2168479017716715
https://doi.org/10.1177/2168479017716715
http://www.ncbi.nlm.nih.gov/pubmed/29714515
https://doi.org/10.1056/NEJMsb1609216
https://doi.org/10.1056/NEJMsb1609216
http://www.ncbi.nlm.nih.gov/pubmed/27959688
https://doi.org/10.1016/j.jval.2020.04.002
http://www.ncbi.nlm.nih.gov/pubmed/32940229
https://doi.org/10.1007/s12325-019-00920-x
http://www.ncbi.nlm.nih.gov/pubmed/30879250
http://www.ncbi.nlm.nih.gov/pubmed/7582737
https://doi.org/10.1111/j.1741-6787.2005.00032.x
http://www.ncbi.nlm.nih.gov/pubmed/17040536
https://doi.org/10.1210/clinem/dgab739
http://www.ncbi.nlm.nih.gov/pubmed/34636401
https://doi.org/10.1002/jbmr.340
http://www.ncbi.nlm.nih.gov/pubmed/21538511
https://doi.org/10.1002/sca.21141
http://www.ncbi.nlm.nih.gov/pubmed/24677288
https://doi.org/10.1530/EC-13-0103
http://www.ncbi.nlm.nih.gov/pubmed/24550322
https://doi.org/10.1530/EJE-15-0661
http://www.ncbi.nlm.nih.gov/pubmed/26783348
https://doi.org/10.1530/boneabs.7.P204
https://doi.org/10.1210/js.2018-00365
http://www.ncbi.nlm.nih.gov/pubmed/31259293
https://doi.org/10.1210/jendso/bvab070
http://www.ncbi.nlm.nih.gov/pubmed/34258488
https://doi.org/10.3389/fendo.2022.1034580
https://doi.org/10.3389/fendo.2022.1034580
http://www.ncbi.nlm.nih.gov/pubmed/36798486
https://doi.org/10.1038/s41581-019-0152-5
http://www.ncbi.nlm.nih.gov/pubmed/31068690
https://doi.org/10.1371/journal.pone.0295080

PLOS ONE

The adolescent experience of treatment for X-linked hypophosphataemia

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

European Medicines Agency. Summary of product characteristics, Crysvita 2021. https://www.ema.
europa.eu/en/documents/product-information/crysvita-epar-product-information_en.pdf.

Szczepaniak-Kubat A, Kurnatowska O, Jakubowska-Pietkiewicz E, Chlebna-Sokol D. Assessment of
quality of life of parents of children with osteogenesis imperfecta. Adv Clin Exp Med. 2012; 21(1):99—
104. PMID: 23214306.

Dogba MJ, Rauch F, Tre G, Glorieux FH, Bedos C. Shaping and managing the course of a child’s dis-
ease: parental experiences with osteogenesis imperfecta. Disabil Health J. 2014; 7(3):343-9. Epub
20140420. https://doi.org/10.1016/j.dhjo.2014.03.002 PMID: 24947576.

Arabaci LB, Bozkurt S, Vara S, Ozen S, Darcan S, Simsek DG. Difficulties experienced by caregivers of
patients diagnosed with osteogenesisimperfecta (Ol): Example of a hospital. J Pak Med Assoc. 2015;
65(7):764—70. PMID: 26160088.

Yanes M, Curiel M, Calderdn C, Bernal P, del Barrio S, Krauel M, et al. PRO132 disease burden of X-
Linked hypophosphatemia. Value in Health 2019; 22:S865. https://doi.org/10.1016/j.jval.2019.09.2461

Teddlie C, Tashakkori A. Foundations of mixed methods research: Integrating quantitative and qualita-
tive approaches in the social and behavioral sciences. London, UK: SAGE; 2009.

Greene JC, Carcelli VJ, Graham WF. Towards a conceptual framework for mixed-method evaluation
designs. Educational Evaluation and Policy Analysis. 1989; 11:255-74.

Burke Johnson R, Onwuegbuzie AJ. Mixed methods research: A research paradigm whose time has
come. Educational Researcher. 2004; 33:14-26. hitps://doi.org/10.3102/0013189X033007014

Brown MEL, Duenas AN. A medical science educator’s guide to selecting a research paradigm: Building
a basis for better research. Med Sci Educ. 2020; 30(1):545-53. Epub 20191227 https://doi.org/10.
1007/s40670-019-00898-9 PMID: 34457699.

Creswell JW, P C, V L. Designing and conducting mixed methods research. 9th ed. London, UK:
SAGE; 2017.

Guba EG. ERIC/ECTJ annual review paper: Criteria for assessing the trustworthiness of naturalistic
inquiries. Educational Communication and Technology. 1981; 25:75-91. https://doi.org/10.1007/
BF02766777

Berg BL. Qualitative research methods for the social sciences. 4th ed. Boston, MA, US: Allyn and
Bacon; 2001.

Patton MQ. Qualitative research and evaluation methods. 3rd ed. Thousand Oaks, CA, US: SAGE;
2002.

Guest G, Bunce A, Johnson L. How many interviews are enough?: An experiment with data saturation
and variability. Field Methods 2006; 18:59-82. https://doi.org/10.1177/1525822X05279903

Insogna KL, Briot K, Imel EA, Kamenicky P, Ruppe MD, Portale AA, et al. A randomized, double-blind,
placebo-controlled, phase 3 trial evaluating the efficacy of burosumab, an anti-FGF23 antibody, in
adults with X-Linked hypophosphatemia: Week 24 primary analysis. J Bone Miner Res. 2018; 33
(8):1383-93. Epub 20180626. https://doi.org/10.1002/jbmr.3475 PMID: 29947083.

Imel EA, Glorieux FH, Whyte MP, Munns CF, Ward LM, Nilsson O, et al. Burosumab versus conven-
tional therapy in children with X-Linked hypophosphataemia: a randomised, active-controlled, open-
label, phase 3 trial. Lancet. 2019; 393(10189):2416—27. Epub 20190516. https://doi.org/10.1016/
S0140-6736(19)30654-3 PMID: 31104833.

Briot K, Portale AA, Brandi ML, Carpenter TO, Cheong HI, Cohen-Solal M, et al. Burosumab treatment
in adults with X-Linked hypophosphataemia: 96-week patient-reported outcomes and ambulatory func-
tion from a randomised phase 3 trial and open-label extension. RMD Open. 2021; 7(3). https://doi.org/
10.1136/rmdopen-2021-001714 PMID: 34548383.

Padidela R, Whyte MP, Glorieux FH, Munns CF, Ward LM, Nilsson O, et al. Patient-reported outcomes
from a randomized, active-controlled, open-label, phase 3 trial of burosumab versus conventional ther-
apy in children with X-Linked hypophosphatemia. Calcif Tissue Int. 2021; 108(5):622—-33. Epub
20210123. https://doi.org/10.1007/s00223-020-00797-x PMID: 33484279.

Portale AA, Carpenter TO, Brandi ML, Briot K, Cheong HI, Cohen-Solal M, et al. Continued beneficial
effects of burosumab in adults with X-Linked hypophosphatemia: Results from a 24-week treatment
continuation period after a 24-week double-blind placebo-controlled period. Calcif Tissue Int. 2019; 105
(3):271-84. Epub 20190604. https://doi.org/10.1007/s00223-019-00568-3 PMID: 31165191,

Rylands AJ, Williams A, Davis EH, Vincent SA, Bailey KMA. PRO115 a patient-centric approach to
designing a mixed-methods observational study involving adolescents with X-Linked hypophosphate-
mia. Value in Health. 2020; 23:S710. https://doi.org/10.1016/j.jval.2020.08.1851

Kreimeier S, Greiner W. EQ-5D-Y as a health-related quality of life instrument for children and adoles-
cents: The instrument’s characteristics, development, current use, and challenges of developing its
value set. Value Health. 2019; 22(1):31-7. https://doi.org/10.1016/j.jval.2018.11.001 PMID: 30661631.

PLOS ONE | https://doi.org/10.1371/journal.pone.0295080 January 19, 2024 14/15


https://www.ema.europa.eu/en/documents/product-information/crysvita-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/crysvita-epar-product-information_en.pdf
http://www.ncbi.nlm.nih.gov/pubmed/23214306
https://doi.org/10.1016/j.dhjo.2014.03.002
http://www.ncbi.nlm.nih.gov/pubmed/24947576
http://www.ncbi.nlm.nih.gov/pubmed/26160088
https://doi.org/10.1016/j.jval.2019.09.2461
https://doi.org/10.3102/0013189X033007014
https://doi.org/10.1007/s40670-019-00898-9
https://doi.org/10.1007/s40670-019-00898-9
http://www.ncbi.nlm.nih.gov/pubmed/34457699
https://doi.org/10.1007/BF02766777
https://doi.org/10.1007/BF02766777
https://doi.org/10.1177/1525822X05279903
https://doi.org/10.1002/jbmr.3475
http://www.ncbi.nlm.nih.gov/pubmed/29947083
https://doi.org/10.1016/S0140-6736%2819%2930654-3
https://doi.org/10.1016/S0140-6736%2819%2930654-3
http://www.ncbi.nlm.nih.gov/pubmed/31104833
https://doi.org/10.1136/rmdopen-2021-001714
https://doi.org/10.1136/rmdopen-2021-001714
http://www.ncbi.nlm.nih.gov/pubmed/34548383
https://doi.org/10.1007/s00223-020-00797-x
http://www.ncbi.nlm.nih.gov/pubmed/33484279
https://doi.org/10.1007/s00223-019-00568-3
http://www.ncbi.nlm.nih.gov/pubmed/31165191
https://doi.org/10.1016/j.jval.2020.08.1851
https://doi.org/10.1016/j.jval.2018.11.001
http://www.ncbi.nlm.nih.gov/pubmed/30661631
https://doi.org/10.1371/journal.pone.0295080

PLOS ONE

The adolescent experience of treatment for X-linked hypophosphataemia

51.

52.
53.

54.

55.

56.

57.

58.

59.

EuroQol. EQ-5D-Y (Youth) 2021 [cited 2021 13 Jan)]. https://euroqgol.org/eg-5d-instruments/eq-5d-y-
about/.

Ritchie J, Lewis J, McNaughton NC, Ormston R. Qualitative research practice. London, UK2014.

National Institute for Health and Care Research. PPI (Patient and Public Involvement) resources for
applicants to NIHR research programmes [cited 10 Nov 2021]. https://www.nihr.ac.uk/documents/ppi-
patient-and-public-involvement-resources-forapplicants-to-nihr-research-programmes/23437.

Morel T, Cano SJ. Measuring what matters to rare disease patients—reflections on the work by the
IRDIRC taskforce on patient-centered outcome measures. Orphanet J Rare Dis. 2017; 12(1):171. Epub
20171102. https://doi.org/10.1186/s13023-017-0718-x PMID: 29096663.

Bharmal M, Guillemin |, Marrel A, Arnould B, Lambert J, Hennessy M, et al. How to address the chal-
lenges of evaluating treatment benefits-risks in rare diseases? A convergent mixed methods approach
applied within a Merkel cell carcinoma phase 2 clinical trial. Orphanet J Rare Dis. 2018; 13(1):95. Epub
20180618. https://doi.org/10.1186/s13023-018-0835-1 PMID: 29914528.

Kyle SD, Morgan K, Spiegelhalder K, Espie CA. No pain, no gain: an exploratory within-subjects mixed-
methods evaluation of the patient experience of sleep restriction therapy (SRT) for insomnia. Sleep
Med. 2011; 12(8):735—47. Epub 20110909. https://doi.org/10.1016/j.sleep.2011.03.016 PMID:
21907616.

Baroncelli Gl, Mora S. X-Linked Hypophosphatemic Rickets: Multisystemic Disorder in Children Requir-
ing Multidisciplinary Management. Front Endocrinol (Lausanne). 2021; 12:688309. Epub 20210806.
https://doi.org/10.3389/fendo.2021.688309 PMID: 34421819.

Kubota T. X-Linked Hypophosphatemia Transition and Team Management. Endocrines. 2022; 3
(3):411-8. https://doi.org/10.3390/endocrines3030032

Becks-Nielsen SS, Greggio NA, Hagenas L. Defining a growing and maturing skeleton and its relevance
in diseases that affect skeletal growth, such as X-Linked hypophosphataemia (XLH). Int J Rare Dis Dis-
ord. 2021; 4(1):029. https://doi.org/10.23937/2643-4571/1710029

PLOS ONE | https://doi.org/10.1371/journal.pone.0295080 January 19, 2024 15/15


https://euroqol.org/eq-5d-instruments/eq-5d-y-about/
https://euroqol.org/eq-5d-instruments/eq-5d-y-about/
https://www.nihr.ac.uk/documents/ppi-patient-and-public-involvement-resources-forapplicants-to-nihr-research-programmes/23437
https://www.nihr.ac.uk/documents/ppi-patient-and-public-involvement-resources-forapplicants-to-nihr-research-programmes/23437
https://doi.org/10.1186/s13023-017-0718-x
http://www.ncbi.nlm.nih.gov/pubmed/29096663
https://doi.org/10.1186/s13023-018-0835-1
http://www.ncbi.nlm.nih.gov/pubmed/29914528
https://doi.org/10.1016/j.sleep.2011.03.016
http://www.ncbi.nlm.nih.gov/pubmed/21907616
https://doi.org/10.3389/fendo.2021.688309
http://www.ncbi.nlm.nih.gov/pubmed/34421819
https://doi.org/10.3390/endocrines3030032
https://doi.org/10.23937/2643-4571/1710029
https://doi.org/10.1371/journal.pone.0295080

