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Abstract

Objectives. Chronic non-bacterial osteomyelitis (CNO) or chronic recurrent multifocal osteomyelitis
(CRMO) is an autoinflammatory disorder characterized by sterile bone osteolytic lesions. The aim of
this study was to evaluate the demographic data and clinical, instrumental and therapeutic features at
baseline in a large series of CNO/CRMO patients enrolled in the Eurofever registry.

Methods. A web-based registry collected retrospective data on patients affected by CRMO/CNO. Both
paediatric and adult centres were involved.

Results. Complete baseline information on 486 patients was available (176 male, 310 female). The mean
age of onset was 9.9 years. Adult onset (>18 years of age) was observed in 31 (6.3%) patients. The mean
time from disease onset to final diagnosis was 1 year (range 0-15). MRI was performed at baseline in 426
patients (88%), revealing a mean number of 4.1 lesions. More frequent manifestations not directly related
to bone involvement were myalgia (12%), mucocutaneous manifestations (5% acne, 5% palmoplantar
pustulosis, 4% psoriasis, 3% papulopustular lesions, 2% urticarial rash) and gastrointestinal symptoms
(8%). A total of 361 patients have been treated with NSAIDs, 112 with glucocorticoids, 61 with bispho-
sphonates, 58 with MTX, 47 with SSZ, 26 with anti-TNF and 4 with anakinra, with a variable response.

Conclusion. This is the largest reported case series of CNO patients, showing that the range of associated
clinical manifestations is rather heterogeneous. The study confirms that the disease usually presents with an
early teenage onset, but it may also occur in adults, even in the absence of mucocutaneous manifestations.
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Rheumatology key messages

o Chronic non-bacterial osteomyelitis showed a heterogeneous range of clinical manifestations.
o Chronic non-bacterial osteomyelitis usually presents with an early teenage onset but may occur in adults.
o Treatment of chronic non-bacterial osteomyelitis with NSAIDs or disease-modifying agents was favourable in the

majority of patients.

Introduction

Chronic recurrent multifocal osteomyelitis (CRMO) in chil-
dren has been recognized as a disease entity for the last
45 years [1]. Since then its definition has varied signifi-
cantly, but seems to have become more consistent with
chronic non-bacterial osteomyelitis (CNO) describing the
inflammation of bone regardless of the number of lesions
[2] and CRMO being the chronic and/or recurrent and par-
ticularly multifocal form with a more severe course [3].
Recently, primarily based on the clinical course of the dis-
ease and the lack of detectable autoantigens/autoantibo-
dies, CNO/CRMO has been subsumed under chronic
autoinflammatory bone disorders [4-6]. Deviations in
IL-1 and IL-10 biology [7] support the theory of autoinflam-
mation. Thus a constitutive activation of the immune
system seems to contribute to chronic bone inflammation
followed by bone erosions and hyperostosis [8, 9].
Clinically, patients complain about bone and also joint
pain, sometimes quite debilitating, especially if spinal le-
sions are present. Additional inflammatory conditions
predominantly affecting the skin (acne, palmoplantar pus-
tulosis, psoriasis) and the gut (Crohn disease, ulcerative
colitis) are frequent [4, 10, 11]. Affection of tissues other
than bone has been described and reviewed [12]. Patients
severely affected by several significant bone lesions
(CRMO) have been shown to have a higher prevalence
of concomitant arthritis or psoriasis [13, 14]. CRMO is
considered to be the paediatric form of the adult
SAPHO syndrome [15, 16]. Histologically, bone lesions
in CNO as well as SAPHO reveal acute and chronic in-
flammatory as well as reparative bone features like hyper-
ostosis [8, 9, 17-20].

In contrast to antibiotics, treatment with NSAIDs has
been reported to be quite effective in the initial therapy
in the majority of patients [8, 9, 21-24]. Glucocorticoids
[24, 25], SSZ [4], IFN-« [26], bisphosphonates [27-29] and
TNF neutralizing agents [12, 30] have been used in the
treatment of either chronic or acute relapsing cases.
Even though informative observations of the long-term
outcome of larger cohorts of affected children exist in dif-
ferent countries/centres [2, 13, 14, 31-37], prospective
and controlled evaluations of therapeutic strategies
are still very limited [38] and, to our knowledge, do not
include long-term follow-up. For now, further insights
into the pathogenesis and treatment strategies of CNO
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may be gathered by very large international cohorts as
long as controlled trials or prospectively followed treat-
ment-controlled cohorts are not available. In this regard,
CNO has been included in the follow-up Eurofever inter-
national registry of autoinflammatory diseases [39].

Methods

Patients and study design

Patient characteristics were extracted from the Eurofever
registry database, which has been enrolling patients since
2009 [39]. Independent ethical committee approval for
entering patients into the registry was obtained in the
participating countries in accordance with local require-
ments. The study was performed according to the prin-
ciples of the Declaration of Helsinki.

The criteria for the inclusion of patients as CNO/CRMO
in the registry were mono-, oligo- or multifocal inflamma-
tory bone lesions (osteomyelitis, osteitis, osteosclerosis);
duration of complaints for >6 weeks; exclusion of infec-
tions and malignancy and diagnosis made after 1 July
2004. Monogenic autoinflammatory diseases associated
to osteolytic lesions, such as deficiency of IL-1 receptor
antagonist, Majeed’s syndrome or pyogenic arthritis, pyo-
derma gangrenosum and acne syndrome, were excluded
by the study.

H.G. and M.G. validated cases with a recorded diagno-
sis of CNO/CRMO/SAPHO. Patients without sufficient
imaging data confirming the presence of one or more in-
flammatory bone lesion or with incomplete clinical data
were excluded from analysis. Final database extraction
was done in September 2016.

Detailed epidemiological, demographic and clinical data
were collected anonymously. The clinical characteristics
included different organ, musculoskeletal, mucocutaneous,
ocular, gastrointestinal, lymphoid, cardiac or neurological
involvement. Constitutional symptoms (including fever,
fatigue, malaise and mood disorders) were noted. Skin
involvement was characterized as acne, psoriasis,
palmoplantar pustulosis, panniculitis, apthous stomatitis,
papulopustular lesions, maculopapular lesions and urti-
caria. Musculoskeletal manifestations were reported in the
categories arthralgia, bone pain, osteitis, bone deformity,
osteoporosis, osteolytic lesions, hyperostosis, monoarth-
ritis, oligoarthritis and polyarthritis. Laboratory data primarily
focusing on inflammation parameters such as ESR, CRP,
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The Eurofever international CRMO cohort

TaeLe 1 Patients original home country

Country Patients (N = 486)

Germany 190
Italy 144
Denmark 66
France 31
Spain 17
Saudi Arabia
Switzerland
Australia
Romania
Russia
Argentina
India
Hungary
Croatia
Lithuania
Netherlands
Japan

Chile

Greece
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white blood cell count, serum amyloid A, IgD, IgG, IgM and
IgA were reported. As stated before for the Eurofever regis-
try, complete response denoted complete control of the
clinical manifestations and normalization of laboratory par-
ameters and imaging (except for residual asymptomatic
signs on MRI). Partial response was noted in patients with
persistence of some clinical manifestations or perturbation
of laboratory examinations and imaging. No response/fail-
ure denoted an absence of any substantial impact on dis-
ease activity. Worsening of disease was not reported [40].

Statistical analysis

Descriptive statistics were reported as means and per-
centages. The patients’ imaging characteristics were
compared according to the presence of bone lesions in
the different modalities (MRI, bone scintigraphy or con-
ventional X-rays). Intergroup comparisons were per-
formed with Fisher’'s exact or chi-square tests, as
appropriate. All tests were two-sided. The threshold for
statistical significance was set to P < 0.05. All data collec-
tion and analyses were performed using Excel software
(Microsoft, Redmond, WA, USA).

Results

Demographic data and clinical characteristics

Through September 2016, 486 patients had been enrolled
from 19 countries (see Table 1). Of these, 310 were female
and 176 were male, mainly of Caucasian origin (n=460),
as well as 8 of Arab descent, 2 Hispanic, 3 Asian and 3
African American. A total of 455 were children and ado-
lescents with disease onset (appearance of the first clin-
ical manifestations) at a mean age of 9.9 years (range
1-17.7) and a mean age at diagnosis of 10.9 years
(range 1.4-17.7). Thirty-one patients were adults [mean

https://academic.oup.com/rheumatology

Fic. 1 Inflammatory mucocutaneous manifestations
associated with chronic non-bacterial osteomyelitis
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Mucocutaneous manifestations were reported in 88 pa-
tients. Relative frequencies of a total of 486 patients are
given. Palplanpust: palmoplantar pustulosis.

age of onset 33 years (range 19.0-62.4), mean age at
diagnosis 40 years (range 19.4-68.1)]. The course of dis-
ease was described as continuous in 42%, recurrent in
52% and continuous and recurrent in 5% of patients. All
patients reported musculoskeletal problems; 19% re-
ported mucocutaneous manifestations, 8% gastrointes-
tinal, 3% lymphoid (hepatosplenomegaly, enlargement of
lymph nodes), 2% ocular and 1% cardiac manifestations
(pericarditis). Of the mucocutaneous manifestations, 5%
of patients had acne, 4% psoriasis, 5% palmoplantar pus-
tulosis, 3% papulopustular lesions, 1% maculopapular le-
sions, 2% urticaria and 1% an apthous stomatitis. Of the
486 patients, 14 were reported to have a CNO-affected
relative (2.8%) (Fig. 1).

Laboratory analysis revealed elevated ESR (above the
local normal range, physicians’ estimation) in 59% of pa-
tients, elevated CRP in 49%, elevated white blood cell
count in 14% and elevated serum amyloid A in 12%. No
relevant elevation was noted for IgD, 1gG, IgA or IgM.
HLA-B27 was present in 7.9% of 163 tested individuals
and 38% of 222 tested patients were reported to have
elevated ANA titres.

Imaging studies

Patients were diagnosed with CNO/CRMO on the basis of
clinical signs of osteomyelitis (bone pain 92%, joint pain/
arthralgia 65%, bone deformity 15%) and diagnostic ima-
ging procedures including primarily regional X-rays of the
clinically overt lesions in 302 patients, technetium bone
scan in 318, MRI in 426 (66% regional MRI, 34% whole
body MRI) and CT in 48. Imaging led to the diagnosis of
osteitis in 327 patients (70%), osteoporosis in 14 (3%),
osteolytic lesions in 105 (22%) and hyperostosis in 68
(15%) (Fig. 2). The number of bone lesions per individual
patient is depicted in Fig. 3. Unifocal CNO was depicted
by MRI, scintigraphy or X-ray in 124, 74 and 95 patients,
respectively. Thus CRMO (more than one lesion) could be
noted in 71, 77 and 69% of patients, respectively. The
mean number of the detected lesions by different imaging
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Fic. 2 Inflammatory musculoskeletal manifestations
associated with chronic non-bacterial osteomyelitis
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Musculoskeletal manifestations were reported in 486 pa-
tients. Relative frequencies of (A) clinical and (B) imaging
features of patients are given.

techniques were MRI 4.1, scintigraphy 3.5 and X-ray 1.9
lesions per person (s.n. 4.12, 3.2 and 1.3, respectively).
Thus MRI revealed more lesions per person than the
other two modalities (Fig. 3). Overall, 37% of patients dis-
played metaphyseal, 23% epiphyseal, 15% diaphyseal,
25% pelvic, 23% vertebral, 10% chest, 15% tarsal, 3%
carpal, 3% cranial and 19% clavicle lesions.

Histologic and microbial analysis of bone biopsies

A total of 281 single bone biopsies were reported (60% of
467 patients). Histologic results were categorized as pre-
dominantly lymphocytic [n=88 (31%)], granulocytic
[n=40 (14%)], a mixture of both [n=89 (32%)] and scler-
otic [n=64 (23%)], in addition to inconclusive results
[n=58 (21%)]. Microbial analysis was done in 215 of 281
biopsies (77%); however, results were not reported in the
registry. Mycobacterial analysis was done in 112 biopsies
(40%). Eubacterial PCR amplifying ribosomal RNA of
eubacteria was done in 90 probes (32%) and specific
mycobacterial PCR (Mycoplasma hominis) was reported
in 40 patients (14%).

Arthritis

Based on clinical and/or imaging studies, arthritis was
described as monoarthritis in 72 patients (15%), oligoar-
thritis (two to four joints affected) in 54 patients (12%) and
polyarthritis (five or more joints affected) in 10 patients
(2%). Data on the regional relation of arthritis to the
bone lesion were not available. Overall, 29% of patients
were reported to be affected by arthritis (Fig. 2).
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Efficacy of therapy

Since there is no established definition of response to
therapy in CNO, it was up to the reporting physician to
categorize the patients’ therapeutic response as remis-
sion, partial response, no response and worsening of dis-
ease. It was not possible to define the particular effect of
therapy with regards to concomitant or parallel medica-
tion, duration and intensity of medication. The Eurofever
working group is well aware of this particular limitation of
the registry, thus a follow-up registry addressing these
questions has recently been implemented. Overall no wor-
sening of disease was reported. Of 486 patients, 74%
(n=361) received NSAIDs, 23% (n=112) glucocorticoids,
9.6% (n=47) SSZ, 12% (n=58) MTX, 0.8% (n=4) ana-
kinra, 1.8% (n=9) infliximab, 3.5% (n=17) etanercept,
1.6% (n=28) adalimumab and 12.5% (n=61) bisphospho-
nates. Response to CNO-relevant mediation is summar-
ized in Fig. 4.

Thirty-nine percent of patients treated with NSAIDs dis-
played a remission under medication, 52% displayed a
partial response and 9% were classified as non-
responders.

Among second-line treatments, a complete response
was found in 37% of patients in the glucocorticoid
group, 38% in the SSZ group, 22% in the MTX group,
41% in the etanercept group and 51% in the bisphospho-
nate group. Partial response was noted in 54% of patients
in the glucocorticoid group, 49% in the SSZ group, 50% in
the MTX group, 29% in the etanercept group and 46% in
the bisphosphonate group. No response was noted in 8%
of patients in the glucocorticoid group, 13% in the SSZ
group, 28% in the MTX group, 29% in the etanercept
group and 3% in the bisphosphonate group.

In the remission group a significant difference
was noted when comparing glucocorticoids with MTX
(P=0.046, x> test), and bisphosphonates with MTX
(P=0.0013, x® test), suggesting a lesser therapeutic
effect of MTX compared with the glucocorticoid and
bisphosphonate treatment regimen. No other significant
difference was noted between the groups. In the no-re-
sponse group, when tested against MTX, glucocorticoids
(P=0.0006, x? test) and bisphosphonates (P=0.0002, x2
test), no response was reported to be significantly lower,
again suggesting a lesser therapeutic effect of MTX when
compared with glucocorticoids, etanercept and bispho-
sphonates. When tested against bisphosphonates,
only etanercept and MTX were reported to be less effect-
ive statistically (P=0.0008 and P=0.0002, respectively,
x° test). Of four anakinra-treated patients, two were
noted to reach remission, one had a partial response
and one had no response. For infliximab (n=9), the num-
bers were three, four and two, respectively. For adalimu-
mab, out of eight treated patients, four were noted to
reach remission and four had a partial response.

Characteristics of adult patients

The analysis included 31 adult patients. The description of
symptoms included more mucocutaneous manifestations
than in children (41 vs 19%). This was mainly due to
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Fie. 3 Number of bone lesions detected by different imaging modalities

140

120 |

Mumber of patierts

60 -

40

20

= MRI (N=426 patients)
O Scintigraphy (N=318 patients)
o X rays (N=302 patients)

12 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22 23 24 25 26
Number of lesions

Bone lesions were reported in 486 patients. Absolute numbers of lesions detected in patients are depicted. MRI has been
shown to depict more CNO lesions than conventional X-rays or technetium bone scan.

Fic. 4 Response categories by different therapeutic modalities
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Response criteria were reported in 486 patients. Remission, partial response and no response are depicted in absolute
numbers of patients with regards to different treatment modalities. The percentage of patients who reached the different

efficacies is given in parentheses.

more palmoplantar pustulosis cases (22 vs 5%).
Musculoskeletal manifestations were comparable. Solely
lytic bone lesions were more common in adult patients (89
vs 22%; P=7.10""5, 42 test). Therapeutic efficacy does
seem to be less effective in adults than in children. Only
22% of adults were categorized as complete response (vs
37% in children; P=0.07, x* test) using NSAIDs. Using
glucocorticoids, 15% of patients reached complete re-
sponse (39% in children; P=0.02, x? test). However,
using bisphosphonates, the same efficacy was noted in

https://academic.oup.com/rheumatology

adults (62 vs 51%; P=0.5, x? test). The other medications
were only noted in a few patients, thus no further analysis
was done.

Discussion

The present analysis of the CNO cohort in the Eurofever
registry constitutes a detailed description of the clinical
phenotype and the therapeutic response of the largest
reported cohort of CNO patients. Predominantly the
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The Eurofever international CRMO cohort

patients were reported from Germany, Italy, Denmark and
France (Table 1). Thus it seems obvious that the current
analysis reflects the larger cohorts reported from these
countries so far in the literature [33, 34, 36, 38, 41, 42].
The cohort is certainly biased to Caucasian, European pa-
tients, which comprise 95% of the reported individuals. By
arbitrarily selecting international large-sized cohorts from
Canada, Germany, the USA, Denmark, Switzerland,
France, the UK and ltaly [13, 14, 32, 33, 35, 36, 37, 43,
44] and comparing the data with the current analysis, the
description of the disease can now be based on a large
data set. We found that 68% of CNO patients are female
(Eurofever 64%) (Table 2). The disease is generally diag-
nosed at ~10 years of age (Eurofever 9.9 years). There is
still an overall significant delay in diagnosis of ~1 year.
The mean number of lesions has been reported to be
~4, however, the denomination of an unifocal lesion
varies between the cohorts from 7 to 43%, with a mean
of 22.2% (Eurofever 29%). In the Eurofever registry, MRI
has been shown to depict more CNO lesions than con-
ventional X-rays or technetium bone scan, thus confirming
previous reports [45, 46].

It has been a long-standing debate whether arthritis is a
feature of this disease. Overall, 26.6% of patients (range
6-56) were affected by arthritis (Eurofever 32%). It seems
of relevance that there is a considerable overlap with pa-
tients diagnosed with enthesitis-related arthritis or SpA
[31]. Generally it seems to be difficult to make either one
of the diagnoses when bone lesions of the pelvis and
sacrum are involved. Diagnostic criteria have been formu-
lated to distinguish CNO from other bone lesions, like in-
fections [43]. However, internationally agreed upon
diagnostic criteria to distinguish PsA or enthesitis-related
arthritis from CNO are not available. Since a clinical lab
test or genetic analysis is also not available [7, 47], one
would assume that a consensus strategy defining such
criteria would have limitations. Even though there seems
to be clinical overlap, the presence of HLA-B27 does not
seem to be a hallmark of paediatric CNO disease; in
Eurofever, HLA-B27 was present in 7.9% of 163 tested
paediatric individuals. This is close to the HLA-B27 mean
frequency throughout Europe. Of note, in Eurofever eight
adult CNO patients were tested for HLA-B27, but none
was reported positive. Skin lesions have been consistently
described as features of CNO [mean 17.7% (range
10-30%); Eurofever 19%]. IBD ranged from 0 to 30%
with a mean of 5% (Eurofever 8%). Again, as with arthritis
as a symptom of CNO, this documents a relevant differ-
ence in the cohorts.

It appears that CNO overall does not seem to be a
monogenetic disease, since a relevant familial occurrence
is not prevalent. In Eurofever, only 2.8% of patients have a
family history of CNO. However, it seems of interest that in
some CNO cohorts a few patients with genetically in-
herited disease can be identified, like hypophosphatasia
mimicking CNO [48] or deficiency of IL-1 receptor antag-
onist [49]. Thirty-eight percent of 222 tested patients in
Eurofever were reported to have elevated ANA titres.
With the concept of autoinflammation, this finding would

https://academic.oup.com/rheumatology

be contradictory. Titre levels were reported in Eurofever
and all were <1:480, predominantly 1:120 and 1:240. Thus
it seems that ANA elevation reflects a bystander inflam-
mation, suggested in part by a minor immunoglobulin ele-
vation seen in some patients in a previous cohort [2].
However, in Eurofever only 1, 6 and 0.6% of patients
were reported to have elevations of IgG, IgM or IgA. In
the literature, comparable ANA presence has been docu-
mented. Jansson et al. [41] report up to 39% (14/36) of
CRMO patients have ANA present, and in less severe
CNO forms the frequency was ~28% of patients (13/46).
Wipff et al. [34] reported 12% (9/74) of patients being
positive for ANA. Schwarz et al. [44] also reported 12%
(9/74). We performed an extensive analysis to define
whether patients with ANAs present show clinical features
different from those lacking ANAs. No significant differ-
ence was found with regards to ESR elevation; CRP ele-
vation; the frequencies of palmoplantar pustulosis,
psoriasis, monoarthritis, oligoarthritis or polyarthritis; the
frequencies of metaphyseal, diaphaseal or epiphyseal le-
sions and the response rate when using NSAIDs, gluco-
corticoids, SSZ, MTX, etanercept or bisphosphonates.
Only the mean number of lesions were different: ANA-
positive patients had a mean number of 3.3 lesions and
ANA-negative patients had a mean number of 4.0 lesions.
Thus the presence of ANAs cannot be considered a risk
factor for disease severity when considering the number
of lesions. Further analysis to define the relevance of the
presence of ANA is subject to further analysis and beyond
the scope of the registry.

Currently, national and international consensus treat-to-
target strategies to establish treatment protocols for CNO
are being developed. Physicians’ estimation of treatment
efficacy in Eurofever may assist in the generation of such
protocols. Overall, in the mentioned national cohorts, 52%
of patients were affected by active disease after a follow-
up of 22-68 months (Eurofever 50%) (supplementary Fig.
S1, available at Rheumatology online). Almost all patients
received NSAIDs (91%; Eurofever 74%), SSZ was used in
11% (Eurofever 10%), glucocorticoids in 26% (Eurofever
23%), bisphosphonates in 16% (Eurofever 13%), TNF
blocking agents in 8% (Eurofever 7%) and MTX in 17%
(Eurofever 12%). In Eurofever, response (partial response
and remission together) was particularly noted with
bisphosphonates, NSAIDS, glucocorticoids and SSZ (91,
91, 92 and 87%, respectively). MTX and etanercept were
considered less effective, particularly when compared
with glucocorticoids and bisphosphonates (71 and 71%,
respectively). There is a limitation in the comparison of the
depicted treatment regimen, because with the registry a
prospectively controlled setting is not present. Thus treat-
to-target protocols are urgently needed to identify pa-
tients’ characteristics associated with a predictable posi-
tive treatment response. At the moment, such
characteristics are not available. Of note, a lot of patients
are treated with antibiotics at some time during the course
of disease (mean 38% in the national cohorts). No data
from Eurofever are available in this regard.
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This international registry of CNO patients in Eurofever
is the largest reported case series of CRMO/CNO pa-
tients. This study shows that the disease can present
with a range of clinical manifestations. At least in the
early phases of the disease, NSAIDs are the most widely
used drugs, with a complete response in almost 40% of
patients. Eurofever treatment efficacy using DMARDs may
be the basis for treat-to-target protocols of the future.

Acknowledgements

The Eurofever registry was sponsored by the
Autoinflammatory Diseases Working Group of the
Paediatric Rheumatology European Society (PRES) and
supported by the Executive Agency for Health and
Consumers (EAHC; project 2007332). Novartis and Sobi
have granted unrestricted educational grants. The authors
would like to thank Dr E. Mosci and E. Patrone for their
precious secretarial assistance.

Funding: No specific funding was received from any
bodies in the public, commercial or not-for-profit sectors
to carry out the work described in this article.

Disclosure statement. H.G. is a full-time employee of
Vivantes Hospital, which has received a contribution
from Novartis that has been reinvested in full in research
activities. 1.K.-P. has received consulting fees from
AbbVie, Novartis, Pfizer, Roche and Sobi. N.R. is a full-
time employee of G. Gaslini Hospital, which has received
contributions from the following for coordination activity of
the PRINTO network: Bristol-Myers Squibb,
GlaxoSmithKline, Hoffman-La Roche, Novartis, Pfizer,
Sanofi Aventis, Schwarz Biosciences, Abbott, Francesco
Angelini, Sobi and Merck Serono; and has received
speaker’s bureaus and consulting fees from AbbVie,
Amgen, Biogenidec, Alter, AstraZeneca, Baxalta
Biosimilars, Biogenidec, Boehringer, Bristol-Myers
Squibb, Celgene, Crescendo Bioscience, EMD Serono,
Hoffman-La Roche, ltalfarmaco, Janssen, Medimmune,
Medac, Novartis, Novo Nordisk, Pfizer, Sanofi Aventis,
Servier, Takeda and UCB Biosciences. A.M. is a full-
time employee of G. Gaslini Hospital, which has received
contributions from the following for the coordination ac-
tivity of the PRINTO network: Bristol-Myers Squibb, GSK,
Hoffman-La Roche, Novartis, Pfizer, Sanofi Aventis,
Schwarz Biosciences, Abbott, Francesco Angelini, Sobi
and Merck Serono, which has been reinvested in the re-
search activities of the hospital in a fully independent
manner; and has received speaker’s bureaus and consult-
ing fees from AbbVie, Boehringer, Celgene, Crescendo
Biosciences, Janssen, Medimmune, Novartis, Novo
Nordisk, Pfizer, Sanofi Aventis, Vertex and Servier. M.G.
has received unrestricted grants from Sobi and Novartis.
All other authors have declared no conflicts of interest.

Supplementary data

Supplementary data are available at Rheumatology online.

1210

References

1 Giedion A, Holthusen W, Masel LF, Vischer D. [Subacute
and chronic symmetrical osteomyelitis]. Ann Radiol
1972;15:329-42.

2 Girschick HJ, Raab P, Surbaum S et al. Chronic non-
bacterial osteomyelitis in children. Ann Rheum Dis
2005;64:279-85.

3 Jurik AG, Helmig O, Ternowitz T, Moller BN. Chronic re-
current multifocal osteomyelitis: a follow-up study.
J Pediatr Orthop 1988;8:49-58.

4 Girschick HJ, Zimmer C, Klaus G et al. Chronic recurrent
multifocal osteomyelitis: what is it and how should it be
treated? Nat Clin Pract Rheumatol 2007;3:733-8.

5 Morbach H, Hedrich CM, Beer M, Girschick HJ.
Autoinflammatory bone disorders. Clin Immunol
2013;147:185-96.

6 Hedrich CM, Hofmann SR, Pablik J, Morbach H, Girschick
HJ. Autoinflammatory bone disorders with special focus
on chronic recurrent multifocal osteomyelitis (CRMO).
Pediatr Rheumatol Online J 2013;11:47.

7 Hofmann SR, Schnabel A, Rosen-Wolff A et al. Chronic
nonbacterial osteomyelitis: pathophysiological concepts
and current treatment strategies. J Rheumatol
2016;43:1956-64.

8 Girschick HJ, Huppertz HI, Harmsen D et al. Chronic re-
current multifocal osteomyelitis in children: diagnostic
value of histopathology and microbial testing. Hum Pathol
1999;30:59-65.

9 BijOrksten B, Boquist L. Histopathological aspects of
chronic recurrent multifocal osteomyelitis. J Bone Joint
Surg Br 1980;62:376-80.

10 Tlougan BE, Podjasek JO, O’Haver J et al. Chronic re-
current multifocal osteomyelitis (CRMO) and synovitis,
acne, pustulosis, hyperostosis, and osteitis (SAPHO)
syndrome with associated neutrophilic dermatoses: a
report of seven cases and review of the literature. Pediatr
Dermatol 2009;26:497-505.

11 Omidi CJ, Siegfried EC. Chronic recurrent multifocal
osteomyelitis preceding pyoderma gangrenosum and
occult ulcerative colitis in a pediatric patient. Pediatr
Dermatol 1998;15:435-8.

12 Costa-Reis P, Sullivan KE. Chronic recurrent multifocal
osteomyelitis. J Clin Immunol 2013;33:1043-56.

13 Schnabel AR, Range U, Hahn G, Berner R, Hedrich CM.
Treatment response and longterm outcomes in children
with chronic nonbacterial osteomyelitis. J Rheumatol
2017;44:1058-65.

14 Borzutzky A, Stern S, Reiff A et al. Pediatric chronic non-
bacterial osteomyelitis. Pediatrics 2012;130:e1190-7.

15 Kahn MF, Chamot AM. SAPHO syndrome. Rheum Dis Clin
North Am 1992;18:225-46.

16 Hayem G, Bouchaud-Chabot A, Benali K et al. SAPHO
syndrome: a long-term follow-up study of 120 cases.
Semin Arthritis Rheum 1999;29:159-71.

17 Carr AJ, Cole WG, Roberton DM, Chow CW. Chronic

multifocal osteomyelitis. J Bone Joint Surg Br
19983;75:582-91.

https://academic.oup.com/rheumatology

1202 YOJB G| UO Jasn 1jodeN Ip Ipnjs 1169p eNsIeAIun AQ €6€GS6Y/E0Z L/L/LG/RI0ME/ABOjOJEWINAY/WOO"dNO"dlUSPEOE/:SANY WOI) PEPEOJUMO(]


Deleted Text: side the
Deleted Text: e
Deleted Text: the 
Deleted Text: V
Deleted Text: can
Deleted Text:  
Deleted Text:  
Deleted Text: manuscript
Deleted Text:  
Deleted Text: The 
Deleted Text:  in full
Deleted Text: <?A3B2 show [AuthorQuery id=
Deleted Text: OBIN
Deleted Text:  
Deleted Text: The 
Deleted Text: industries 
Deleted Text: the 
Deleted Text: <?A3B2 show [AuthorQuery id=
Deleted Text:  (GSK)
Deleted Text:  S.P.A.
Deleted Text: ,
Deleted Text: <?A3B2 show [AuthorQuery id=
Deleted Text: ,
Deleted Text: <?A3B2 show [AuthorQuery id=
Deleted Text:  GmbH
Deleted Text:  
Deleted Text: The 
Deleted Text: industries 
Deleted Text: GlaxoSmithKline (
Deleted Text: )
Deleted Text:  S.P.A.
Deleted Text: ,
Deleted Text: . This money
Deleted Text: for 
Deleted Text: s besides any commitment with third parties
Deleted Text: v
Deleted Text: d
Deleted Text: ,
Deleted Text: s
Deleted Text: OBI
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/key058#supplementary-data

The Eurofever international CRMO cohort

18 Jurik AG, Moller BN. Inflammatory hyperostosis and
sclerosis of the clavicle. Skeletal Radiol 1986;15:284-90.

19 Yu L, Kasser JR, O’Rourke E, Kozakewich H. Chronic re-
current multifocal osteomyelitis. Association with vertebra
plana. J Bone Joint Surg Am 1989;71:105-12.

20 Reith JD, Bauer TW, Schils JP. Osseous manifestations of
SAPHO (synovitis, acne, pustulosis, hyperostosis, osteitis)
syndrome. Am J Surg Pathol 1996;20:1368-77.

21 Tan BS, Nayanar V, Mansberg R, Murray IP, Rossleigh
MA. Two cases of chronic recurrent multifocal osteo-
myelitis: radiological and scintigraphic findings. Australas
Radiol 1996;40:437-41.

22 Sundaram M, McDonald D, Engel E, Rotman M, Siegfried
EC. Chronic recurrent multifocal osteomyelitis: an evolving
clinical and radiological spectrum. Skeletal Radiol
1996;25:333-6.

23 Van Howe RS, Starshak RJ, Chusid MJ. Chronic, recurrent
multifocal osteomyelitis. Case report and review of the
literature. Clin Pediatr 1989;28:54-9.

24 Job-Deslandre C, Krebs S, Kahan A. Chronic recurrent
multifocal osteomyelitis: five-year outcomes in 14 pediat-
ric cases. Joint Bone Spine 2001;68:245-51.

25 Pelkonen P, Ryoppy S, Jaaskelainen J et al. Chronic
osteomyelitislike disease with negative bacterial cultures.
Am J Dis Child 1988;142:1167-73.

26 Andersson R. Effective treatment with interferon-alpha in
chronic recurrent multifocal osteomyelitis. J Interferon
Cytokine Res 1995;15:837-8.

27 Schilling F, Coerdt W, Eckardt A et al. [Pelvic type of
chronic recurrent multifocal osteomyelitis]. Klin Padiatr
2001;213:277-84.

28 Hedrich CM, Hahn G, Girschick HJ, Morbach H. A clinical
and pathomechanistic profile of chronic nonbacterial
osteomyelitis/chronic recurrent multifocal osteomyelitis
and challenges facing the field. Expert Rev Clin Immunol
2013;9:845-54.

29 Miettunen PM, Wei X, Kaura D et al. Dramatic pain relief
and resolution of bone inflammation following pamidro-
nate in 9 pediatric patients with persistent chronic recur-
rent multifocal osteomyelitis (CRMO). Pediatr Rheumatol
Online J 2009;7:2.

30 Wagner AD, Andresen J, Jendro MC, Hulsemann JL,
Zeidler H. Sustained response to tumor necrosis factor
alpha-blocking agents in two patients with SAPHO syn-
drome. Arthritis Rheum 2002;46:1965-8.

31 Vittecoq O, Said LA, Michot C et al. Evolution of chronic
recurrent multifocal osteitis toward spondylarthropathy
over the long term. Arthritis Rheum 2000;43:109-19.

32 Huber AM, Lam PY, Duffy CM et al. Chronic recurrent
multifocal osteomyelitis: clinical outcomes after more than
five years of follow-up. J Pediatr 2002;141:198-203.

33 Ziobrowska-Bech A, Fiirgaard B, Heuck C, Ramsgaard
Hansen O, Herlin T. Ten-year review of Danish children
with chronic non-bacterial osteitis. Clin Exp Rheumatol
2013;31:974-9.

34 Wipff J, Costantino F, Lemelle | et al. A large national
cohort of French patients with chronic recurrent multifocal
osteitis. Arthritis Rheumatol 2015;67:1128-37.

https://academic.oup.com/rheumatology

35 Kaiser D, Bolt I, Hofer M et al. Chronic nonbacterial
osteomyelitis in children: a retrospective multicenter
study. Pediatr Rheumatol Online J 2015;13:25.

36 Pastore S, Ferrara G, Monasta L et al. Chronic nonbac-
terial osteomyelitis may be associated with renal disease
and bisphosphonates are a good option for the majority of
patients. Acta Paediatr 2016;105:e328-33.

37 Roderick MR, Shah R, Rogers V, Finn A, Ramanan AV.
Chronic recurrent multifocal osteomyelitis (CRMO) -
advancing the diagnosis. Pediatr Rheumatol Online J
2016;14:47.

38 Beck C, Morbach H, Beer M et al. Chronic nonbacterial
osteomyelitis in childhood: prospective follow-up during
the first year of anti-inflammatory treatment. Arthritis Res
Ther 2010;12:R74.

39 Toplak N, Frenkel J, Ozen S et al. An international registry
on autoinflammatory diseases: the Eurofever experience.
Ann Rheum Dis 2012;71:1177-82.

40 Ter Haar N, Lachmann H, Ozen S et al. Treatment of
autoinflammatory diseases: results from the Eurofever
registry and a literature review. Ann Rheum Dis
2013;72:678-85.

Jansson A, Renner ED, Ramser J et al. Classification of
non-bacterial osteitis: retrospective study of clinical, im-
munological and genetic aspects in 89 patients.
Rheumatology 2007;46:154-60.

42 Hospach T, Langendoerfer M, von Kalle T, Maier J,
Dannecker GE. Spinal involvement in chronic recurrent
multifocal osteomyelitis (CRMO) in childhood and effect of
pamidronate. Eur J Pediatr 2010;169:1105-11.

43 Jansson AF, Muller TH, Gliera L et al. Clinical score for
nonbacterial osteitis in children and adults. Arthritis
Rheum 2009;60:1152-9.

44 Schwarz T, Hofmann C, Morbach H et al. Long term
follow-up of a large institutional CNO cohort. Pediatr
Rheumatol 2015;13(Suppl 1):178.

45 Morbach H, Schneider P, Schwarz T et al. Comparison of
magnetic resonance imaging and 99mTechnetium-
labelled methylene diphosphonate bone scintigraphy in
the initial assessment of chronic non-bacterial osteomye-
litis of childhood and adolescents. Clin Exp Rheumatol
2012;30:578-82.

46 von Kalle T, Heim N, Hospach T et al. Typical patterns of
bone involvement in whole-body MRI of patients with
chronic recurrent multifocal osteomyelitis (CRMO). Rofo
2013;185:655-61.

47 Hofmann SR, Roesen-Wolff A, Hahn G, Hedrich CM.
Update: cytokine dysregulation in chronic nonbacterial
osteomyelitis (CNO). Int J Rheumatol
2012;2012:310206.

48 Girschick HJ, Mornet E, Beer M, Warmuth-Metz M,
Schneider P. Chronic multifocal non-bacterial osteomye-
litis in hypophosphatasia mimicking malignancy. BMC
Pediatr 2007;7:3.

49 Beck C, Girschick HJ, Morbach H et al. Mutation screen-
ing of the IL-1 receptor antagonist gene in chronic non-

bacterial osteomyelitis of childhood and adolescence. Clin
Exp Rheumatol 2011;29:1040-3.

4

—_

1211

1202 YOJB G| UO Jasn 1jodeN Ip Ipnjs 1169p eNsIeAIun AQ €6€GS6Y/E0Z L/L/LG/RI0ME/ABOjOJEWINAY/WOO"dNO"dlUSPEOE/:SANY WOI) PEPEOJUMO(]



