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Abstract

CINCA/NOMID is an autoinflammatory disorder characterized by the triad of neonatal onset of cutaneous symp-
toms, chronic meningitis, and recurrent fever and it presents with distinctive osteoarthropathy, synovitis mainly of
the large joints and overgrowth of epimetaphyseal cartilage, particularly of the long bones. The cartilage over-
growth eventually causes osseous overgrowth and deformity that persists beyond skeletal maturity and leads to
limb length discrepancy, joint contracture, and early degenerative arthropathy. Autoinflammation in CAPS/NOMID
has been proven to derive from excessive release of interleukin-1 (IL-1). It has been well documented that the IL-1
receptor antagonist anakinra (Kineret(R)) helps mitigate systemic inflammation in the disorder. However, a general
consensus has not been reached on its beneficial effect on osteoarthropathy. The case of a girl with CINCA/NOMID
syndrome who showed dramatic improvement of osteoarthropathy after anakinra treatment is reported. A 4-year-
old girl suffered at the age of 10 months from a generalized urticarial skin lesion with recurrent episodes of fever
and growth disorder. Blood examination revealed persistent massive neutrophilia, anemia and intense acute phase
response. She manifested knee joint swelling with limited ROM when she was 20 months old and was diagnosed
as being CINCA/NOMID based on characteristic findings of radiograph despite negative CIAS1 mutation. Radiologi-
cal examination demonstrated metaphyseal fraying and cupping and widening of the growth plate in the distal
femur. MR imaging showed mottled gadolinium enhancement at the chondrosseous junction. Neither significant
joint effusion nor synovitis was identified. At 2 years and 7 months of age, anakinra, 2 mg/kg/day given by regular
daily subcutaneous injections, was started. A few days after the initiation of the treatment, her clinical symptoms
and laboratory findings of active inflammation were promptly alleviated. She was not able to walk unaided prior to
the treatment, but she walked independently 1 month after the treatment. Follow-up radiographs and MR imaging
showed that growth plate widening and gadolinium enhancement at the chondrosseous junction were less con-
spicuous. Furthermore, longitudinal growth of the femur and tibia was identified during 20 months of observation.

Background
CINCA/NOMID is an autoinflammatory disorder char-
acterized by the triad of neonatal onset of cutaneous
symptoms, chronic meningitis, and recurrent fever [1-4]
Since many cases are attributed to heterozygous gain-of-
function mutations in NLRP3 (CAIS1), the gene encoding
cryopyrin [5,6], it is classified into cryopyrin-associated
periodic syndromes (CAPS). CAPS include three allelic
variants, ranging in order of increasing severity from
Familial Cold Auto-inflammatory Syndrome (FCAS), pre-
viously termed Familial Cold Urticaria, through Muckle-
Wells Syndrome (MWS) to Chronic Infantile Neurologic

Cutaneous Articular Syndrome or Neonatal-Onset Multi-
system Inflammatory Disease (CINCA/NOMID) [7,8].
However, CINCA/NOMID may be heterogeneous, and
only 60% of affected individuals have NLRP3 mutations.
CINCA/NOMID presents with distinctive osteoarthro-

pathy, mainly of the large joints and overgrowth of epi-
metaphyseal cartilage, particularly of the long bones.
Histological examination for overgrown cartilage shows
complete disorganization of the cartilage cell columns
and irregular metachromasia of the cartilage substance,
but no inflammatory cell infiltrates [4]. The cartilage
overgrowth eventually causes osseous overgrowth and
deformity that persists beyond skeletal maturity
and leads to limb length discrepancy, joint contracture,
and early degenerative arthropathy [3,9,10] In particular,
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osteocartilaginous overgrowth in the patella and distal
femur is so characteristic that its presence warrants a
diagnosis of CINCA/NOMID.
Autoinflammation in CAPS has been proven to derive

from excessive release of interleukin-1b (IL-1b) [11].
Interestingly, deficiency of the IL-1 receptor antagonist
due to mutations of IL1RN gives rise to the phenotype
sharing some features with CINCA/NOMID but with
some clinical peculiarities regarding skin and bone man-
ifestations [12]. It has been well documented that the
IL-1 receptor antagonist anakinra (Kineret®) helps miti-
gate systemic inflammation in both disorders [12-14].
However, a general consensus has not been reached on
its beneficial effect on osteoarthropathy. The case of a
girl with CINCA/NOMID syndrome who showed dra-
matic improvement of overgrowth osteoarthropathy
after anakinra treatment is reported.

Case presentation
The girl was born by normal vaginal delivery following an
unremarkable pregnancy. The parents were healthy and
nonconsanguineous. At 10 months of age, the girl pre-
sented with recurrent episodes of fever and growth disor-
der associated with a generalized, maculopapular,
urticaria-like skin rash. Blood examination revealed mas-
sive neutrophilia, anemia, and intensely elevated acute

phase reactants. Antibiotic treatment failed to alleviate the
clinical symptoms. At 20 months of age, she developed
knee joint swelling with limited ROM resulting in pro-
blems with standing and walking. Radiological examina-
tion demonstrated metaphyseal fraying and cupping and
widening of the growth plate in the distal femur (Figure 1).
MR imaging showed mottled gadolinium enhancement at
the chondrosseous junction (Figure 2). Neither significant
joint effusion nor synovitis was identified. She was diag-
nosed as having CINCA/NOMID on clinical and radiologi-
cal grounds; however, analysis of cerebrospinal fluid (CSF)
showed neither pleocytosis nor increased protein levels, and
a molecular examination did not show NARLP3 mutations.
At 2 years and 7 months of age, anakinra, 2 mg/kg/day
given by regular daily subcutaneous injections, was started.
A few days after the initiation of the treatment, her consti-
tutional symptoms, fever and urticaria-like rash, and acute-
phase reactant levels were promptly alleviated. She was not
able to walk unaided prior to the treatment, but she walked
independently 1 month after the treatment. Follow-up
radiographs and MR imaging (Figure 3) showed that
growth plate widening and gadolinium enhancement at the
chondrosseous junction were less conspicuous.
Furthermore, longitudinal growth of the femur and tibia
was identified during 20 months of observation (Data not
shown).

Figure 1 Radiographs at 24 months of age. (A: frontal view of the lower extremities, B: lateral view of the right knee, C: lateral view of the left
knee) show metaphyseal fraying and cupping and widening of the growth plate in the distal femur (arrow).
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Discussion
Although no NARLP3 mutations were found in the
present case, a diagnosis of CINCA/NOMID was war-
ranted on clinical and radiological grounds. Her der-
matological manifestation differed from that of
deficiency of the IL-1 receptor antagonist (urticaria-

like skin rash vs. pyoderma). Her clinical and radiologi-
cal evolution following anakinra treatment implied that
the therapy was effective not only in mitigating clinical
symptoms of autoinflammation but also in preventing
progression of osteoarthropathy. The beneficial effect
of anakinra on arthropathy has been controversial.

Figure 2 Sagittal MR images and lateral radiograph of the left knee at 2 years and 7 months of age, prior to introduction of anakinra.
(A: MRI T1-weighted, B: MRI T2-weighted, C MRI T1-weighted with fat suppression and gadolinium-enhancement, D radiograph): T1- and T2-
weighted MR images show widening of the growth plate (arrow 1), and a gadolinium-enhanced MR image shows mottled enhancement at the
chondroosseous junction (arrow 2).
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The case represented here indicated that the earlier
anakinra was initiated, the better arthropathy was over-
come. If the treatment had not been introduced, the
osteoarthropathy eventually would have led to severe
joint deformations, limb length discrepancy, and
growth retardation, as previously reported. Once bone

deformations develop in patients with CINCA/
NOMID, they are very difficult to reverse [14]. How-
ever, the tragic consequences can be prevented by
early medical intervention in this case.
The imaging findings in the present girl included widen-

ing of the growth plate and gadolinium enhancement at

Figure 3 MR images and radiograph of the left knee at the age of 4 years and 3 months, after more than 20 months of anakinra
treatment. (MRI A: T1-weighted, B: MRI T2-weighted, C: MRI T1-weighted with fat suppression and Ga enhancement, D radiograph). The growth
plate widening previously seen (Figure 2) has alleviated with anakinra treatment. A gadolinium-enhanced MR image demonstrates less
conspicuous enhancement at the chondroosseous junction after the anakinra treatment.
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the chondrosseous junction. These findings are in a broad
sense termed ‘’metaphyseal dysplasia’’, and are consistent
with the known histological findings in CINCA/NOMID.
According to a previous report, the histological findings
for biopsy specimens from a ‘’bony mass’’ were 1) disorga-
nized cartilage at the growth plate and 2) thin metaphyseal
trabeculae mixed with relatively acellular cartilage, fibrous
tissues, and foci of calcification [10] The latter finding may
correspond with gadolinium enhancement of the chon-
drosseous junction. In the present case, the anakinra treat-
ment provided remodeling of the ‘’metaphyseal dysplasia’’
with alleviation of gadolinium enhancement. This fact sug-
gests that osteoarthropathy in CINCA/NOMID is caused
by overproduction of IL-1b, as are the symptoms of auto-
inflammation and disappearance of them by specific
receptor antagonist of IL-1b.
Osteoarthropathy is significant in approximately 60%

of CINCA/NOMID patients, and it is more prevalent in
cases with deficiency of the IL-1 receptor antagonist.
The mechanism to explain why the excessive production
of IL-1b causes distinctive osteocartilaginous overgrowth
in CINCA/NOMID still remains unclear. Though it has
been reported that IL-1b exerts inhibitory effects on
murine ATDC5 chondrocyte dynamics and metatarsal
longitudinal growth [15], recent observation suggested
that overgrowth arthropathy in CINCA/NOMID is not
driven by IL-1b, but such overgrowth may be due to
abnormal apoptosis at the site of enchondral ossification
as NALP3 is expressed in cartilage [16,17].

Conclusion
This report indicated the importance of earlier indica-
tion of anakinra for better outcome of arthropathy in
CINCA/NOMID syndrome. Once once bone deforma-
tions develop in the patients, they are very difficult to
reverse even with anakinra.

Consent
Written informed consent was obtained from the patient
for publication of this case report and any accompany-
ing images. A copy of the written consent is available
for review by the Editor in Chief of this journal.

Author details
1Department of Pediatrics, Yokohama City University, Yokohama, Japan.
2Department of Orthopedics, Yokohama City University, Yokohama, Japan.
3Department of Radiology, Tokyo Metropolitan Kiyose Children’s Hospital,
Tokyo, Japan.

Authors’ contributions
TM drafted the manuscript and participated in its design. MK, TK, RH, UK, TS
and TI participated in drafting of the manuscript and participated in its
design. YI and GN participated in the drafting of the manuscript and
supplied the radiological images used for the manuscript. SY conceived of
the case report, participated in drafting the manuscript and gave final
approval for the version to be submitted for publication.

Competing interests
The authors declare that they have no competing interests.

Received: 9 September 2009 Accepted: 16 March 2010
Published: 16 March 2010

References
1. Prieur AM, Griscelli C: Arthropathy with rash, chronic meningitis, eye

lesions, and mental retardation. J Pediatr 1981, 99:79-83.
2. Hassink SG, Goldsmith DP: Neonatal onset multisystem inflammatory

disease. Arthritis Rheum 1983, 26:668-673.
3. Torbiak RP, Dent PB, Cockshott WP: NOMID-a neonatal syndrome of

multisystem inflammation. Skeletal Radiol 1989, 18:359-364.
4. Prieur AM: A recently recognised chronic inflammatory disease of early

onset characterised by the triad of rash, central nervous system
involvement and arthropathy. Clin Exp Rheum 2001, 19:103-106.

5. Agostini L, Martinon F, Burns K, McDermott MF, Hawkins PN, Tschopp J:
NALP3 forms an IL-1beta-processing inflammasome with increased
activity in Muckle-Wells autoinflammatory disorder. Immunity 2004,
20:319-325.

6. Hoffman HM, Mueller JL, Broide DH, Wanderer AA, Kolodner RD: Mutation
of a new gene encoding a putative pyrin-like protein causes familial
cold autoinflammatory syndrome and Muckle-Wells syndrome. Nat Genet
2001, 29:301-5.

7. Aksentijevich I, D Putnam C, Remmers EF, Mueller JL, Le J, Kolodner RD,
Moak Z, Chuang M, Austin F, Goldbach-Mansky R, Hoffman HM, Kastner DL:
The clinical continuum of cryopyrinopathies: novel CIAS1 mutations in
North American patients and a new cryopyrin model. Arthritis Rheum
2007, 56:1273-85.

8. Hull KM, Shoham N, Chae JJ, Aksentijevich I, Kastner DL: The expanding
spectrum of systemic autoinflammatory disorders and their rheumatic
manifestations. Curr Opin Rheumatol 2003, 15:61-9.

9. Kaufman RA, Lovell DJ: Infantile-onset multisystem inflammatory disease:
radiologic findings. Radiology 1986, 160:741-746.

10. Hill SC, Namde M, Dwyer A, Poznanski A, Canna S, Goldbach-Mansky R:
Arthropathy of neonatal onset multisystem inflammatory disease
(NOMID/CINCA). Pediatr Radio 2007, 37:145-52.

11. Dinarello CA: Unraveling the NALP-3/IL-1b inflammasome: a big lesson
from a small mutation. Immunity 2004, 20:243-6.

12. Aksentijevich I, Masters SL, Ferguson PJ, Dancey P, Frenkel J, van Royen-
Kerkhoff A, Laxer R, Tedgård U, Cowen EW, Pham TH, Booty M, Estes JD,
Sandler NG, Plass N, Stone DL, Turner ML, Hill S, Butman JA, Schneider R,
Babyn P, El-Shanti HI, Pope E, Barron K, Bing X, Laurence A, Lee CC,
Chapelle D, Clarke GI, Ohson K, Nicholson M, Gadina M, Yang B,
Korman BD, Gregersen PK, van Hagen PM, Hak AE, Huizing M, Rahman P,
Douek DC, Remmers EF, Kastner DL, Goldbach-Mansky R: An
autoinflammatory disease with deficiency of the interleukin-1-receptor
antagonist. N Engl J Med 2009, 360:2426-37.

13. Goldbach-Mansky R, Dailey NJ, Canna SW, Gelabert A, Jones J, Rubin BI,
Kim HJ, Brewer C, Zalewski C, Wiggs E, Hill S, Turner ML, Karp BI,
Aksentijevich I, Pucino F, Penzak SR, Haverkamp MH, Stein L, Adams BS,
Moore TL, Fuhlbrigge RC, Shaham B, Jarvis JN, O’Neil K, Vehe RK, Beitz LO,
Gardner G, Hannan WP, Warren RW, Horn W, Cole JL, Paul SM, Hawkins PN,
Pham TH, Snyder C, Wesley RA, Hoffmann SC, Holland SM, Butman JA,
Kastner DL: Neonatal-onset multisystem inflammatory disease responsive
to interleukin-1beta inhibition. N Engl J Med 2006, 355:581-92.

14. Neven B, Marvillet I, Terrada C, Ferster A, Boddaert N, Couloignier V,
Pinto G, Pagnier A, Bodemer C, Bodaghi B, Tardieu M, Prieur AM, Quartier P:
Long term efficacy of the Interleukin-1 receptor antagonist anakinra in
ten patients with Neonatal-onset multisystem inflammatory disease/
Chronic Infantile neurologic, cutaneous, articular syndrome. Arthritis
Rheum 2010, 62:258-267.

15. MacRae VE, Farquharson C, Ahmed SF: The restricted potential for
recovery of growth plate chondrogenesis and longitudinal bone growth
following exposure to pro-inflammatory cytokines. J Endocrinol 2006,
189:319-28.

16. eldmann J, Prieur AM, Quartier P, Berquin P, Certain S, Cortis E, Teillac-
Hamel D, Fischer A, de Saint Basile G: Chronic infantile neurological
cutaneous and articular syndrome is caused by mutations in CIAS1, a
gene highly expressed in polymorphonuclear cells and chondrocytes.
Am J Hum Genet 2002, 71:198-203.

Miyamae et al. Pediatric Rheumatology 2010, 8:9
http://www.ped-rheum.com/content/8/1/9

Page 5 of 6

http://www.ncbi.nlm.nih.gov/pubmed/7252669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7252669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6847730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6847730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2781338?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2781338?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15030775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15030775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11687797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11687797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11687797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17393462?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17393462?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12496512?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12496512?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12496512?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3737913?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3737913?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15030767?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15030767?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19494218?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19494218?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19494218?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16899778?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16899778?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20039428?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20039428?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20039428?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16648299?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16648299?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16648299?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12032915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12032915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12032915?dopt=Abstract


17. McCall SH, Sahraei M, Young AB, Worley CS, Duncan JA, Ting JP, Marriott I:
Osteoblasts express NALP3, a nucleotide-binding domain and leucine-
rich repeat region containing receptor implicated in bacterially induced
cell death. J Bone Miner Res 2008, 23:30-40.

doi:10.1186/1546-0096-8-9
Cite this article as: Miyamae et al.: Effect of anakinra on arthropathy in
CINCA/NOMID syndrome. Pediatric Rheumatology 2010 8:9.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Miyamae et al. Pediatric Rheumatology 2010, 8:9
http://www.ped-rheum.com/content/8/1/9

Page 6 of 6

http://www.ncbi.nlm.nih.gov/pubmed/17907925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17907925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17907925?dopt=Abstract

	Abstract
	Background
	Case presentation
	Discussion
	Conclusion
	Consent
	Author details
	Authors' contributions
	Competing interests
	References

