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Abstract

Objective Chronic nonbacterial osteomyelitis (CNO) is an autoinflammatory bone disorder that predominantly affects
children and young people. The pathophysiology and molecular mechanisms of CNO remain poorly understood, and
diagnostic criteria and biomarkers are lacking. As a result, treatment is empiric and follows personal experience, case
series and expert consensus plans.

Methods A survey was designed to gain insight on clinician and patient experiences of diagnosing and treating CNO
and to collate opinions on research priorities. A version containing 24 questions was circulated among international
expert clinicians and clinical academics (27 contacted, 21 responses). An equivalent questionnaire containing 20
questions was shared to explore the experience and priorities of CNO patients and family members (93 responses).

Results Responses were used to select topics for four moderated roundtable discussions at the “International Confer-
ence on CNO and autoinflammatory bone disease” (Liverpool, United Kingdom, May 25-26™ 2022). The group identi-

fied deciphering the pathophysiology of CNO to be the highest priority, followed by clinical trials, necessary outcome
measures and classification criteria. Surprisingly, mental wellbeing scored behind these items.

Conclusions Agreement exists among clinicians, academics, patients and families that deciphering the pathophysiology
of CNO is of highest priority to inform clinical trials that will allow for the approval of medications for the treatment of CNO
by regulatory agencies.
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Introduction

Chronic nonbacterial osteomyelitis (CNO) is an auto-
inflammatory bone disease that predominantly affects
children and young people (CYP) [1]. CNO is charac-
terised by sterile bone inflammation that may result
in local swelling, pain, and reduced function. Clinical
manifestations cover a spectrum, ranging from mild and
sometimes self-limiting mono-focal disease to chroni-
cally active or recurrent disease affecting multiple bones.
The latter is also referred to as chronic remitting/recur-
rent multifocal osteomyelitis (CRMO) [2]. The preva-
lence of CNO was initially estimated to range between
1-2/1,000,000, although newer studies suggested it is
higher [3]. A recent German incidence surveillance study
estimated annual incidences of 4/1,000,000 [4], and a sin-
gle-centre study reported disease prevalence to be much
higher and comparable to infectious osteomyelitis [5].
While differences between studies may be partially due
to geographic and socioeconomic factors, differences in
awareness may play a more significant role [6].

Currently, CNO remains a diagnosis of exclusion, with
differential diagnoses (among others) including malig-
nancy, infection, metabolic bone disease, and trauma
[7]. The absence of diagnostic criteria or disease-specific
biomarkers for CNO causes diagnostic delay and missed
patients [8]. The observation that signs and symptoms of
CNO can be insidious, intermittent and variable make
the diagnosis challenging [9].

Imbalanced production of pro- and anti-inflamma-
tory cytokines from innate immune cells is a hallmark
in CNO, but the exact molecular underpinnings remain
incompletely understood [1]. As a result, treatment of
CNO is empiric, targets altered cytokine expression and
bone remodelling, and largely relies on expert opinion
and retrospective case collections [7]. First-line treat-
ment includes non-steroidal anti-inflammatory drugs
(NSAIDs), usually naproxen. In patients with primary
involvement of vertebral bodies, especially in the pres-
ence of structural damage, second-line treatments are
used, including corticosteroids, bisphosphonates, and/
or Tumour Necrosis Factor-alpha (TNFa) inhibitors
(TNFi) [9]. Anti-infective treatment, though used in most
patients before the diagnosis of CNO is established, is
ineffective [10].

Over recent years lived experience has been recognised
as an invaluable resource and incorporated into research.
As a result, patient and public involvement (PPI) has been
increasingly recognised as a marker of good research
practice [11]. Principles of PPI include the design and
focus of research relevant to those affected, involvement
of patients at all stages, and ensuring that research is
planned and delivered ‘with and by’ rather than ‘on and
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for’ patients and the public [11, 12]. To share current
knowledge, agree on research priorities, and strengthen
collaboration, a 2-day meeting was organised in Liver-
pool, UK, addressing equally CNO patients and their
families, charities, clinicians, and academic researchers.

To inform the “International Conference on CNO and
Autoinflammatory Bone Disease” (Liverpool, United
Kingdom, May 25-26™, 2022) and allow actionable out-
comes, two online surveys were conducted to explore and
compare all stakeholder groups’ concerns and research
priorities. The survey results facilitated round-table dis-
cussions at the face-to-face conference. This manuscript
summarises results from the online surveys shared with
stakeholder groups and outcomes from round table dis-
cussions involving CNO patients and families, clinicians
and researchers involved in the field of CNO.

Materials and methods

Survey

Two questionnaires were designed to collate experience
with diagnosis and treatment, as well as opinions on
research priorities among CNO patients and families,
health care professionals and CNO researchers. Ques-
tionnaires were developed by the Experimental Arthri-
tis Treatment Centre for Children (EACT4Children),
involving paediatric rheumatologists from the UK (CMH,
CP) and the USA (PJF), the EATC4Children’s manager
(JEG) and administrator (LW), a former CNO patient
and paediatric trainee (ER), the EATC4Children’s Public
Involvement and Engagement (PPIE) manager (JP), and
the scientific lead of the CRMO Foundation USA (AT)
(Supplements 1 & 2).

A 24-item questionnaire (Supplement 1), designed in
2020, was circulated in 2021 among 27 expert clinicians
and clinical academics using Google Forms. Proportional
representation of North America, the UK, and continen-
tal Europe was targeted during the selection of experts
which included members of the Childhood Arthritis and
Rheumatology Research Association (CARRA), the Pae-
diatric Rheumatology European Society (PReS), the Brit-
ish Society of Rheumatology (Paediatric and Adolescent
members) (BSR), and the German Society of Paediatric
and Adolescent Rheumatology (GKJR). Proportional rep-
resentation of North America, the UK, and continental
Europe were targeted during the selection of experts. All
experts were consultant-grade clinicians who diagnose
and treat a minimum of 10 patients with CNO per year
and have clinical experience with CNO for >5 years. All
have published work on CNO’s clinical and/or patho-
physiological aspects with an impact factor>4 within
the past five years (2016—2021). Experts who responded
proportionally represented geographic regions as follows:
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seven from North America, seven from the UK, and
seven from continental Europe.

A second 20-item questionnaire was designed using lay
language to explore the experience and priorities of CNO
patients and family members (Supplement 2). The sur-
vey was circulated internationally (Google Forms) in 2021
via the EATC4Children’s social media pages (Facebook:
50 followers, Twitter: 618 followers), the UK CRMO
Facebook group (486 members), the CRMO Founda-
tion USA (Facebook: 1300 followers, Twitter: 284 follow-
ers), and individuals at European Network for Children
with Arthritis (ENCA) and Rare Autoinflammatory Con-
ditions Community (RAAC-UK) who distributed it to
their patient contacts/groups.

Both questionnaires included qualitative and quan-
titative questions. For analysis, quantitative data were
grouped, and graphics were produced to summarise
differences and similarities between clinicians’ versus
patients’ experiences and priorities. A thematic analy-
sis of free-text data was conducted by two investigators
(MM and ER) to collate the information and highlight
key areas of concern and research priorities. The efforts of
the two investigators were then compared and moderated
(CMH and PJF) to confirm themes.

Roundtable discussion
Results from the questionnaires, as outlined in this
report, were used to assign topics for four moderated

A
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roundtable discussions at the “International Conference
on CNO and autoinflammatory bone disease” in Liv-
erpool, May 25%-26", 2022. Facilitated discussion top-
ics included: i) Clinical Trials (facilitators: CP, ER), ii)
Pathophysiology and Molecular Mechanisms (PF, AT),
iii) Mental and Emotional Well-being (MH, MM), and
iv) (to allow tracing and comparison of future studies)
Nomenclature (HJG, CA). Roundtable discussion partici-
pants included patients and families (N~ 15), academics,
and clinical staff (consultants, medical subspecialty train-
ees, specialist nurses) (N ~30). Moderation by facilitators
was minimal to allow for free and uninterrupted discus-
sion amongst parties. It included agreeing a framework
for discussion (e.g. discussing Population, Intervention,
Control, and Outcomes in the “clinical trials” discussion),
reminding participants of timing of session, note-keeping
and encouragement of contribution from all parties. At
the end of each discussion session, facilitators moved
from table to table, so all participants discussed all top-
ics (20 min each). Results were recorded and presented to
the groups after the subsequent conference sessions.

Results

Survey

There were 93 responses to the patient questionnaire
(Fig. 1A). Of these, 23% (21/93) were from children
and young people (CYP) affected by CNO (Age range:
8-31 years, median age: 20 years), and 77% (72/93) were
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Fig. 1 Survey sharing strategy and responses. Surveys addressing patients/families (A) and clinicians/academics (B) were shared through
email lists and online groups as indicated. For one question, initially, not all responses were usable. Thus, in addition to 29 initially viable responses
from patients and 11 from clinicians/academics, more usable responses were collected through contacting individuals who provided their email
contacts. A total of 34 additional viable responses were collected from patients/families (63 total), and 6 additional viable were received from

clinicians/academics (17 total)
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from parents or carers on behalf of the young person they
care for (on behalf of children and young people aged
5-20 years, median: 12 years) (S1Q2, Q3) (Supplement
3A). Of patient/carer responses, 58% (54/93) were from
North America, 21% (19/93) were from the UK and Ire-
land, 11% (10/93) were from continental Europe, and 10%
(10/93) were from other regions (including Australia,
New Zealand, Central and South America) (S1Q4).

A total of 21 expert clinicians and clinical academics
responded to the questionnaire (21/27: 78%, Fig. 1B).
Of these, 71% (15/21) had been practising as a special-
ist rheumatologist for > 10 years (S2Q5). All respondents
treated paediatric patients, with 19% (4/21) also treating
adults (52Q6). Responses from clinicians/clinical aca-
demics were equally distributed between North Amer-
ica, the UK, and continental Europe (all 7/21, 33.3%)
(S2Q3) (Supplement 3B).

The patient/carer questionnaire asked about their expe-
rience with time to (correct) diagnosis, initial incorrect
diagnoses, and clinical phenotypes and treatment, and
the clinicians/clinical academics were asked about their
experience in practice with the aforementioned aspects
of CNO (Fig. 2). Patients and carers reported a median
time to diagnosis of approximately 6 months, with a
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mean of 14 months (S1Q8). Clinicians/clinical academ-
ics estimated a median and mean of 6 months (S2Q11)
(Fig. 2A). As many as 56% of CYP/carers reported they
had received an alternative diagnosis before they were
diagnosed with CNO (S1Q9). The most common initial
diagnoses included osteoarticular infections (28%), bio-
mechanical joint pain (23%), “inflammation” (13%), and
cancer (13%) (S1Q10) (Fig. 2B). Among expert clinicians/
clinical academics, 100% reported that, in their experi-
ence, CNO patients receive an incorrect working diag-
nosis before CNO was diagnosed (S2Q13), with the most
common being infectious causes (61%) (52Q13) (Fig. 2B).

Because CNO can be associated with inflammatory
involvement of extraosseous structures that can aid
in diagnosing CNO, CYP/families and clinicians were
asked about their experience with these. Of all CYP/car-
ers responding, 46% reported inflammatory conditions
alongside CNO (S1Q12); 41% of these patients experi-
enced psoriasis, 21% had inflammatory bowel disease
(IBD), and 18% had arthritis (S1Q13) (Fig. 2C). All cli-
nicians had treated patients with an additional inflam-
matory condition (S2Q14), the most common being
arthritis (39%), followed by psoriasis (35%) and IBD
(26%) (S2Q14) (Fig. 2C).
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Fig. 2 Experience with diagnosis and comorbidities. A Asked about time to diagnosis, patients and carers reported a median time to diagnosis
of approximately 6 months (mean: 14 months). Clinicians/clinical academics estimated a median and mean of 6 months. B 56% of CYP/carers
reported they had received an alternative diagnosis prior to correct diagnosis. Most common initial diagnoses included osteoarticular infections,
biomechanical joint pain, “inflammation’, and cancer. Among expert clinicians/clinical academics, 100% reported that, in their experience, CNO
patients receive an incorrect working diagnosis before CNO is diagnosed, with the most common being infectious causes. C Of all CYP/carers
responding, 46% reported inflammatory conditions alongside CNO; 41% of these patients experienced psoriasis, 21% had inflammatory bowel
disease (IBD), and 18% had arthritis. All clinicians had treated patients with an additional inflammatory condition, the most common being arthritis,

followed by psoriasis and IBD
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Treatment of CNO is empiric and not standard-
ised across centres, and therefore is largely based on
the personal experience of the treating clinician, case
series, and expert opinion [8]. Therefore, Patients/car-
ers and clinicians were surveyed about their experience
with treatment choices. Among CYP/carers respond-
ing to the survey, the most common medications taken
were nonsteroidal anti-inflammatory drugs (NSAIDs)
(34%), followed by bisphosphonates (28%), biological
(15%), and conventional (14%) disease-modifying anti-
rheumatic drugs (DMARDs) (S1Q14). Clinicians were
asked to rank medications, with one being the medica-
tion they most frequently prescribed for their patients
with CNO. Responses were in close agreement with
patient/carer experience (Fig. 3) (S2Q16).

Lastly, patients/carers and clinicians were asked to
rank research topics/areas of interest (namely: patho-
physiology, medication trials, outcome measures,
diagnosis and classification criteria, mental and emo-
tional well-being) to allow future prioritisation of joint
efforts. While both groups agreed on the highest pri-
ority of deciphering the pathophysiology of CNO, cli-
nicians did not come to an agreement on how to rank
closely related medication trials, outcome measures,
and diagnosis and classification criteria (Fig. 4A). Both
groups ranked impacts on emotional and mental well-
being as their lowest research priority (§51Q15, S2Q17).
Notably, this question had to be re-shared with a sub-
set of respondents (both patients/carers and clinicians/
academics) with additional clarification. The ques-
tion was worded in a way that a subset of respondents
responded in a different manner than intended. Several
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respondents isolated each topic and rated them each
out of 5, resulting in incomparable data. Thus, we redis-
tributed this question to those who did not answer as
intended, hence giving a lower number of respondents
to this specific item (Fig. 1).

In addition to the ranking exercise, open questions
were asked, allowing free text responses. Patients/carers
were asked what their biggest concerns were regarding
the impact of CNO on their well-being. Most commonly
occurring themes were ‘long-term outcomes and future
quality of life when living with CNO’ (42%), followed by
both ‘treatment choice and safety including side effects’
(16%) and ‘disease management monitoring of response
and remission’ (16%) (Fig. 4B) (S1Q17).

From aforementioned responses to questionnaires,
final themes for roundtable discussions, including free-
text responses. Notably, research priorities aligned
closely with the five topics previously ranked, includ-
ing ‘Investigations into the underlying causes of CNO
(Pathophysiology)’ (patients/carers: 45%, clinicians: 34%),
‘Medication trials testing drugs’ (patients/carers: 18%,
clinicians: 33%), ‘Defining the ways we diagnose and clas-
sifty CNO’ (patients/carers: 11%, clinicians: 14%), ‘Find-
ing outcome measures that help us to treat patients more
effectively in clinic, and research studies’ (patients/carers:
3%, clinicians: 14%), and ‘Studies into how the disease
affects your mental and emotional wellbeing’ (patients/
carers: 1%, clinicians: N/A), (Fig. 4C). The top 3 themes
were chosen for roundtable discussions.

Considering variable nomenclature for CNO across the
existing literature, an additional topic ‘nomenclature’ was
added by the organizers.

Median Frequency
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Biologic

Classical DMARD

Corticosteroids

Clinician

Fig. 3 Experience with treatment. Among CYP, the most common medications taken were NSAIDs (34%), followed by bisphosphonates (28%),
biological (15%), and conventional (14%) disease-modifying antirheumatic drugs (DMARDs). Clinicians shared views of what patients had reported



Mohanna et al. Pediatric Rheumatology (2023) 21:65

Page 6 of 11

Median Rank
Pathophysiology

Medication trials
Outcome measures
Diagnosis and classification

Mental and emotional wellbeing

Patient

Median Rank

Clinician

C

Measu
3%

Equal Cure
qua 8%
opportunity/ ;

Mental wellbeing

Long term/Quality
of life
42%

Patient and Publi
Involvement and

Engagement
20% =9 39% Diagnosis and J/
\/ Classification
\ 11%
Treatment and L Pathophysiology/
| Genetics

Management

0,
and remission 3%

16%

Outcome

Remissionand

Mental and Emotional
Wellbeing 1%

res—___ Epidemiology,

5%

Outcome
Measures
14%

Diagnosis and
Classification
14%

Pathophysiology

34%
Pathophysiology °

45%
Long-Term
14%

Medication
Trials
Medication Trials 33%

18%

Fig. 4 Identification of research priorities. A Patients/carers and clinicians were asked to rank research topics/areas of interest (namely:

pathophysiology, medication trials, outcome measures, diagnosis and cl
prioritisation of joint efforts. B Furthermore, open questions were asked,
were identified from free-text responses. Notably, research priorities alig

assification criteria, mental and emotional well-being) to allow future
allowing free text responses. C Final themes for roundtable discussions
ned closely with the five topics previously ranked, including ‘Investigations

into the underlying causes of CNO (Pathophysiology),‘Medication trials testing drugs; ‘Defining the ways we diagnose and classify CNO;, ‘Finding
outcome measures that help us to treat patients more effectively in clinic, and research studies, and ‘Studies into how the disease affects your

mental and emotional wellbeing’

Roundtable discussions
The four aforementioned topics were discussed at a
face-to-face meeting in Liverpool, involving expert cli-
nicians, clinical academics, patients and carers. Discus-
sions were moderated and recorded, and outcomes are
outlined below (Fig. 5).

1. Pathophysiology and molecular mechanisms

The discussion around pathophysiology and molecular
mechanisms of CNO was extensive and detailed, with
themes extending from individual predisposition/sus-
ceptibility to associated long-term outcomes. Equally,
patients, carers and experts recognised the vast need for
research into this field. Parents/carers wish for a greater
understanding of modifiable factors that may allow for
disease prevention or early and “mild” interventions, i.e.,
dietary interventions, smoking, geographic variability,
etc. The urgent need for collaboration was recognized,
especially considering logistical issues around sharing
comparable samples, i.e., sample handling, shipment,
variability in reagents used.

2. Clinical trials in CNO

Discussions around designing clinical trials for patients
with CNO naturally considered the PICO’ framework,
discussing Population, Intervention, Controls and Out-
come measures. Most participants felt that trials should,
ideally, be accessible to all CNO patients and not limited
to sub-cohorts, e.g., only those with multifocal bone dis-
ease. However, it was agreed that some CNO patients
may be harder to study - i.e., those with vertebral frac-
tures, where treating with NSAIDs alone as a comparator
may be considered unethical. Consideration was given
to classification of CNO patients and eligibility criteria,
reflecting diagnostic challenges and lack of criteria used
for diagnosis in clinical practice. Soon to be published
suggestions for EULAR/ACR criteria were agreed as a
valuable tool [13]. Discussion around appropriate inter-
ventions was broad, likely reflecting the lack of clini-
cal trials in this field. Interestingly there were differing
opinions between CYP, parents and clinicians regard-
ing controls. Families favoured the generation of evi-
dence for the efficacy of current and future treatments
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Pathophysiology and Molecular Mechanisms

Basic biology & early translational research:
* Understanding cytokine dysregulation

* Molecular signatures/mechanisms

* Genetic/demographic/environmental risk
* Dysregulated bone growth/remodelling

* Mechanisms of proposed therapeutics

* Gene editing as future treatment?

Biomarkers:

* Diagnosis & treatment response

* Prediction of flares & understanding variable
nature of disease

Imaging:

» Standardization of imaging protocols

* Correlation of imaging findings and clinical
complaints

* Correlate imaging & molecular/cellular studies

Pain:
* Causes, prediction & treatment of chronic pain
* Molecular definition of remission

Mental and Emotional Wellbeing

Clinical care:

* Accessible, child friendly resources &
dissemination

* Careful use of language & nomenclature

* Personalised road map of care

Living with CNO:

* Enhancing understanding improves mental
wellbeing

* Time out of school & impact on education

* Fear of uncertainty - diagnosis & prognosis

* lllness as part of child's identity

* Maintaining treatment compliance at difficult
times

Family:

¢ Guilt & strain on family relationships

* Siblings' wellbeing

* Financial burden - travel & time out of work

* Give parents the tools for difficult conversations
* Preparing for flare- ups in illness

Clinical Trials in CNO

Study population:

* Expert diagnosis and/or

* (New) Classification criteria

* Inclusion of all (sub-)groups of CNO patients

Interventions:

* Biological DMARDs/cytokine blockers
* Bisphosphonates

* Treatment discontinuation studies

Control groups:
* Placebo vs head to head

Measurable outcomes:

* Physician assessment

¢ Imaging studies (MRI)

* Molecular signatures in blood (protein markers)
* Psychological /patient wellbeing

* Time to symptom/lesion resolution

¢ Time to flare

* Treatment-associated side-effects

¢ Health economics

Study access & execution:

* Child friendly design and execution
* Use of satellite sites

* Financial support for study visits

¢ Participant communication

Nomenclature

Issues:

e Comprehension

* Pronunciation

* 'Chronic' and 'recurrent' emotive words

« Difficult to explain condition - name does not
assist

Considerations:

* Need to specify regional affection/ anatomical
site within nomenclature

e Umbrella term of autoinflammatory osteitis vs

¢ CNO with sub-types

¢ CRMO describes the cohort less precisely but is
an advocacy term for non-profits

Options:

* Bone inflammation

 Sterile bone inflammation

¢ Chronic non-bacterial osteomyelitis

* Non-infective autoinflammatory osteitis
* Delegate preference for CNO
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Fig. 5 Outcomes from roundtable discussions. Aforementioned topics were discussed at a face-to-face meeting in Liverpool, involving expert
clinicians, clinical academics, patients and carers. Outcomes of moderated discussions are displayed
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in placebo-controlled trials, whilst clinicians expressed
their preference for head-to-head comparisons. This was
based on their concerns around ongoing pain and dam-
age accrual in the placebo group. There was a unanimous
understanding that the measured outcomes, including
physical exam, biomarkers and imaging, were required to
be patient centred. It was recognised that outcome meas-
ures important to patients and families (particularly pain,
sleep, health economics, school attendance) are difficult
to quantify and validate reliably. Thus, additional objec-
tive tools must be included. Acknowledging the current
lack of prospectively and independently validated scoring
tools is important for future research in the field of CNO
and in paediatrics in general.

3. Mental and emotional wellbeing

This round table was an opportunity for all delegates to
share their experiences of living with or caring for people
with CNO. Many common issues were shared. Families
emphasized uncertainties of diagnosis, many referring to
frightening conversations where the differential diagnosis
of malignancy was discussed. The insidious and relaps-
ing/remitting pattern of the disease was also acknowl-
edged, with many patients/carers expressing frustrations
around the unpredictable course of symptoms and having
to explain to others why their levels of functional abil-
ity may vary depending on whether they are experienc-
ing flares or remission. Other themes included helping
children/patients to understand their diagnosis, and the
implications for the wider family, including emotional
and financial impacts.

4. Nomenclature

Varying nomenclature was a concern equally for clini-
cians/scientists and patients and their families. Clini-
cians recognised the importance of nomenclature for
classification, both for diagnostic purposes and for future
laboratory and clinical research. For example, the acro-
nym CRMO may disadvantage patients with monofocal
disease in their access to certain/future treatments. Par-
ents/patients felt the use of the word ‘chronic’ sounded
“scary’; and took away hope for recovery, commenting
that many other chronic diseases do not reference chro-
nicity in name, e.g., asthma or epilepsy. Overall, there
was consensus that CNO may be a good "umbrella term”
and that sub-type nomenclature may be of use, especially
because some sub-groups of CNO require more “aggres-
sive” management plans, e.g., CNO of the jaw. Because of
its inclusivity, there was an overall preference for CNO.
Because families and some charities use CRMO as a
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“brand’; the combination of “CNO/CRMO” may be use-
ful when publishing data.

Discussion

This initiative brought together opinions and experiences
of patients, carers/families, clinicians, academics, and char-
ity representatives from across the world and culminated in
setting a list of priorities to focus research into CNO.

While, overall, experience and opinions largely over-
lapped between patients/carers and clinicians, one
interesting and unexpected difference was observed. All
clinicians reported to exclusively care for patients who
had received an incorrect diagnosis before CNO, whilst
only 56% of patients reported experiencing misdiagno-
sis. This difference could be due to working diagnoses
not being considered ‘misdiagnoses’ by patients, or a lack
of communication with patients regarding diagnostic
uncertainty during the investigation. The most common
misdiagnosis mentioned by both groups was infection,
including infective osteomyelitis and arthritis. In agree-
ment with the published literature, a broad range of
additional differential diagnoses was reported, includ-
ing biomechanical joint pain, injury, inflammation, and
malignancy [7, 14-16].

Diagnosis may be informed by the presence of CNO-
associated extra-osseous inflammation which was pre-
sent in almost half of all patients responding to the
survey. Indeed, soon to be published EULAR/ACR clas-
sification criteria for CNO also include associated organ
involvement [13]. Notably, it is likely that overlapping fea-
tures between CNO and associated diseases blurs lines
when it comes to diagnosis and treatment and may have
affected aforementioned discrepancies in the response to
diagnostic delay and false diagnoses [2, 17, 18].

Research priorities showed alignment between patients
and clinicians in both surveys and round table discus-
sions. However, ranking of priorities by clinicians was
slightly less “clear” when compared to patients/carers,
and delivered “pathophysiology” as highest priority as it
may allow individualized and target-directed treatments,
followed by “medication trials’, “outcome measures” and
“diagnosis and classification” as shared next priorities.
The high priority of studies investigating the molecular
pathophysiology of CNO may be explained by its poten-
tial to inform several aspects affecting patients and carers,
including the development of biomarkers that may allow
for early diagnosis and treatment initiation, and the devel-
opment of effective, target-directed and individualized
treatments [2]. Clinicians/academics may, furthermore,
not have been able to distinctly rank “medication trials’,
“outcome measures” and “diagnosis and classification”
because of their related character and the fact that the
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definition of representative study populations and out-
come measures are necessary for the delivery of clinical
trials and laboratory studies. In line with outcomes from
this initiative, an expert consensus meeting following the
“International Conference on CNO and Autoinflamma-
tory Bone Disease” suggested use of expert diagnosis and
meeting EULAR/ACR classification criteria for CNO [13]
as inclusion criteria for clinical trials [19].

It appears surprising that only relatively few responders
to the survey identified mental and emotional impacts on
patient wellbeing as the highest priority. This may have
been caused by an understanding amongst all stakehold-
ers that an improved understanding of disease mecha-
nisms and better treatments will reduce negative impacts
on mental health. In addition, the mental and emotional
impact may have been seen as a therapeutic priority,
rather than a research priority. Treatment trials, out-
come measures, and diagnosis and classification criteria
are each closely related areas of research and rely on each
other, likely factoring into the difficulty in ranking their
order of priority.

Despite mental and emotional well-being initially rank-
ing lowest in the order of research priorities, there were
many critical points raised at the round table, particularly
from patients and loved ones of those suffering. One was
that the stigma surrounding the invisible nature of the ill-
ness is perpetuated by having good days and can lead to
the disease becoming a part of the child’s identity and a
sense that they must prove themselves. Interestingly, the
literature reports differences in perceived health-related
quality of life and objective measures of physical activity
amongst CNO patients, further suggesting that support
for mental wellbeing is important for these patients [20].
Dealing with such things at a young age also created strain
within the family unit, and the emotional well-being of
those around them, most importantly siblings, who may
be affected just as much but perhaps in different ways.

Collating patient/carer opinion alongside clinician
opinion and facilitating mixed groups for the roundtable
discussions is a particular strength of this priority set-
ting exercise. Informed by feedback to surveys, during
the face-to-face meeting, round-table discussions started
broad and were delivered with enthusiasm, narrowing
down to actionable research priorities that will benefit
patients with CNO and their families. Two members of
the organisation team, MM (medical student) and ER
(junior doctor), were relatively close in age to the patient
population. Their involvement, particularly in facilitating
the round-table discussions at the conference, was a key
enabler of the young persons’ participation. Involvement
in this research as a medical student has enhanced both
the research findings and student learning, as has been
previously noted [12].
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Limitations of this exercise are caused largely by sur-
vey bias with the sample of patient/carer responses being
small relative to the estimated prevalence of CNO (1-2
million patients) [3]. Notably, a majority of those con-
tacted already were involved with CNO support groups
and/or research. Therefore, patients and carers less con-
nected to the community had less opportunity to con-
tribute to the discussion. The survey was most accessible
to individuals able to read English with access to sites
of publications (e.g., social media groups). Whilst these
respondents may not differ in any significant way from
the population overall, limitations could in the future be
resolved by widening outreach to participants to avoid
potential for the creation of “echo chambers”.

Lastly, questionnaires provide easily curatable and
comparable quantitative data and are more likely to get a
greater number of responses [21, 22]. Especially in times
of the COVID-19 pandemic, electronic questionnaires
were easier and safer to distribute. The impersonal for-
mat, however, may have made it difficult for an individ-
ual person’s comment to spark ideas and corroboration
amongst the group [23]. Offering the choice to partici-
pate via questionnaire or interview may have increased
participation rates and avoided confusion but could
have created challenges in comparing data via these two
modes of collection [24]. Although the questionnaire
was shared internationally, the meeting with face-to-face
round-table discussions took place in Liverpool, UK.
Whilst much of the meeting was broadcast via an online
meeting platform (Zoom), the round-table discussions
were held in person only. While financial support for
travel and accommodation was offered where possible,
this limited accessibility.

Conclusions

Based on an international survey comprised of two
questionnaires, and moderated round-table discussions
including patients, carers, clinicians and academics,
research priorities in CNO have been identified. Col-
laborative efforts are necessary to deliver meaningful
research to understand the pathomechanisms of CNO
and develop disease biomarkers and target-directed
treatments. Clinical trials are urgently needed to generate
evidence for safe and effective treatment and receive reg-
ulatory approval. Mental wellbeing is heavily impacted
by delayed diagnosis, uncertainty around disease course,
and lack of individualized treatment.
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