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Adult onset Still’s disease / sJIA

Spiking Fever
Evanescent rash
Serositis 
Hepatosplenomegaly
Lymphadenopathy

ESR and CRP +++
Neutrophilic leucocytosis
Thrombocytosis
Αnemia

ANA and RF negative

Arthritis

Sir George Frederic Still 1897                            Eric Bywaters 1971



«Οι αυτοφλεγμονώδεις νόσοι είναι κλινικά σύνδρομα που 

προκαλούνται από βλάβη ή απορρύθμιση της έμφυτης 

ανοσίας και χαρακτηρίζονται από υποτροπιάζουσα ή συνεχή

φλεγμονή (αυξημένοι δείκτες οξείας φάσης) και την 

απουσία ενός πρωτοπαθούς παθογενετικού ρόλου της 

επίκτητης ανοσίας (αυτοαντιδραστικά κύτταρα ή 

αυτοαντισώματα)»

Ann Rheum Dis. 2018 Nov;77(11):1558-1565



Monogenic autoinflammatory diseases: 
FMF, TRAPS, Cryopirinopaties etc. 

Polygenic autoinflammatory diseases: 
sJIA, AOSD, inflammatory bowel 
diseases etc

Mixed pattern diseases: ankylosing   
spondylitis, psoriatic arthritis 

Polygenic autoimmune diseases: 
ANA+ JIA, RF+ JIA, SLE, organ 
specific autoimmune diseases

Monogenic autoimmune diseases:
ALPS, IPEX, APECED 

From Mc Dermott MF



Η παιδική συστεμική νεανική ιδιοπαθής αρθρίτιδα (sJIA) και η νόσος Still’s
του ενήλικα (AOSD) αποτελούν συνέχεια της ίδιας νοσολογικής οντότητας

Νόσος του Still

Συστηματική νεανική ιδιοπαθής αρθρίτιδα (sJIA)

Νόσος του Still με έναρξη στην ενήλικη ζωή (AOSD)
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Επίπτωση και επιπολασμός της νόσου Still’s ενηλίκων

0.16 - 0.62 0.73 - 6.77

Ετήσια επίπτωση/105 Επιπολασμός/105

0.22(Μ), 0.34 (F) * 0.73(Μ), 1.47 (F) *

* Γυναίκες προσβάλλονται πιο συχνά από τους άντρες

Orphan disease

Συχνότερη έναρξη νόσου σε ηλικία 16-35 έτη

Efthymiou et al. Seminars Arthritis Rheum 2021

Συνολικά
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Pivotal role of IL-1 in Still’s disease



• LACC1 encodes the enzyme laccase domain–containing 
1, a member of the blue multicopper oxidoreductases.    

• Mutation in this gene has been linked to polyarticular
and systemic JIA, Crohn’s disease and Behcet’s disease.

• Functional studies have shown that LACC1 may be 
involved in inflammasome activation as well as 
macrophage autophagy and metabolism.

• An autosomal recessive inheritance has been observed 
in sJIA.

• Patients usually present with polyarthritis +/- fever, +/-
rash, inflammatory response, leucocytosis with 
increased number of neutrophils, thrombocytosis. 
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New gene locus (LACC1/FAMIN) being identified in sJIA, especially in 
families with many affected members

Cytogenetic location: 13q14.11 

LACC1 gene variants
in JIA

Singh et al. ARD 2019

Wakil et al. A&R 2015



Pivotal role of IL-1 in Still’s disease



Λειτουργική δοκιμασία του φλεγμονοσώματος μετά από διέγερση με ειδικά
ερεθίσματα: μέτρηση των εκκρινόμενων κυτταροκινών

Οι ασθενείς με νόσο Still’s εμφανίζουν μία ειδική ήπιου
βαθμού απορρύθμιση του φλεγμονοσώματος NLRP3, ενώ
άλλα φλεγμονοσώματα (NLRC4) δεν είναι ενεργοποιημένα

From Mc Dermott MF

NLRP3
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Hu et al. Arthritis Res Ther 2019



Pivotal role of IL-1 in Still’s disease



“ Υπερφερριτιναιμικά σύνδρομα ”

Severe COVID19 Septic shock AOSD MAS

Colafrancesco et al. Autoimmunity Rev 2020 
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Κλινικές μορφές της νόσου

ØΜονοκυκλική / αυτοπεριοριζόμενη                        21-64 %

ØΠολυκυκλική / επαναλαμβανόμενη                        9-50 %

ØΧρόνια με ανθεκτική αρθρική προσβολή 12-56 %
(προγν. παράγοντες: é φερριτίνη, καθυστέρηση διάγνωσης >6 μήνες)

Efthymiou et al. Seminars Arthritis Rheum 2021

Ø Συστηματική

ØΠολυαρθρική

Maria et al. Autoimmun Rev 2014
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Υψηλότερες συγκεντρώσεις κυτταροκινών στο πλάσμα στη 
συστηματική συγκριτικά με την αρθρική μορφή της νόσου

Gohar F, et al. Ann Rheum Dis 2019 



Cardinal symptoms
Skin rash
Fever >39 °C
Leucocytes >10000/mm3

Neutrophils >80%
Arthritis and/or arthralgia

Other manifestations
Sore throat
Myalgia
Lymphadenopathy
Splenomegaly
Pericarditis
Myocarditis
Pleuritis
Lung disease
Hepatitis
é ESR and CRP levels
é Ferritin
ê Glycosylated ferritin <20%

Εκδηλώσεις της νόσου Still’s των ενηλίκων



Efthymiou et al. Seminars Arthritis Rheum 2021

Εκδηλώσεις της νόσου Still’s των ενηλίκων – μεγαλύτερες σειρές ασθενών



Εργαστηριακά
ευρήματα

Αυξημένη φερριτίνη
(45-60%)

Γλυκοζυλιωμένη
φερριτίνη <20%

(70-75%)



Ο πυρετός της ASD είναι συνήθως αμφημερινός με μία αιχμή ημερησίως. 
Στο 20% των περιπτώσεων ο πυρετός επιμένει μεταξύ των αιχμών.



5-19% των ασθενών με FUO έχουν νόσο Still’s

Crispin et al. 2005

≥30 points; Specificity 98%

Efthymiou et al. Seminars Arthritis Rheum 2021



• Ιστολογικά παρουσιάζει ήπια περιαγγειακή
φλεγμονή των επιπολής στιβάδων του χορίου,
κυρίως από λεμφοκύτταρα και ιστιοκύτταρα.

• Ο ανοσοφθορισμός μπορεί να δείξει μικρές
εναποθέσεις C3 στα τοιχώματα των
αιμοφόρων αγγείων.

•Το κλασσικό εξάνθημα είναι εφήμερο,
χρώματος σολομού, κηλιδώδες ή
κηλιδοβλατιδώδες και εμφανίζεται με
τον πυρετό.
•Εντοπίζεται κυρίως στον κορμό και τα
άκρα, και σε περιοχές πιεζόμενες από
τα ενδύματα.

Τα ιστολογικά ευρήματα δεν είναι ειδικά.



Αρθραλγίες / Αρθρίτιδα

• 73-94%
• καρποί, PIPs, γόνατα, ΠΔΚ, 

αγκώνες

Kλασικό ακτινολογικό εύρημα είναι η μη διαβρωτική στένωση των
καρπομετακάρπιων (ιδιαίτερα του 2ου και 3ου μετακαρπίου) και των
μεσοκάρπιων αρθρώσεων, η οποία συχνά εξελίσσεται σε οστική αγκύλωση.

Ασυνήθιστη επιπλοκή είναι η καταστροφή του ισχίου και, λιγότερο συχνά, του
γόνατος, η οποία μπορεί να χρειασθεί ολική αρθροπλαστική.



Mitrovic et al. Rheumatology 2022

8 ασθενείς – 5 ενήλικες, 3 παιδιά

3 αξονική SpA
1 περιφερική SpA
3 PsA
1 SAPHO

ΟΛΟΙ HLA-B27 αρνητικοί

SpA
76 ασθενείς με 
νόσο του Still 
ενηλίκων

6.58%

30 ασθενείς με sJIA 10%

Γενικός πληθυσμός 0.3% ενήλικες
0.016-0.15% 

παιδιά
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Classification criteria – adult onset Still’s disease

Yamaguchi criteria Fautrel criteria

Yamaguchi et al.J Rheumatol 1992                                     Fautrel et al. Medicine 2002

4 or more major OR 3 major + 2 minor
81% sensitivity; 98.5% specificity

Major criteria

Minor criteria



Χρόνος μέχρι τη διάγνωση της νόσου

Efthymiou et al. Seminars Arthritis Rheum 2021



Routine biomarkers

Feist et al. Nat Rev Rheumatol 2018 



Non routine biomarkers

IL-37

Leucine-rich                  Sensitivity 92%
a2-glycoprotein Specificity 98%

Feist et al. 2018
Nat Rev Rheumatol

Lipocain-2 Liver damage



Guerber et al.

Γλυκοζυλιωμένη φερριτίνη ως διαγνωστικός δείκτης για τη νόσο 
του Still (ειδικότητα 89%, ευαισθησία 63%)

– δείκτης ενεργότητας της νόσου



Sensitivity 92%; Specificity 99%
>366ng/l

Feist et al. Nat Rev Rheumatol 2018
Girard et al. Rheumatology 2021 

• Διαγνωστικός δείκτης
• Αντανακλά την ενεργότητα της νόσου
• Δείκτης θεραπευτικής ανταπόκρισης
• Συσχέτιση με MAS, ηπατική νόσο

IL-18



Holzinger et al. Molecular and Cellular Pediatrics 2018
Luo et al. Clin Rheumatol 2016

Η καλπροτεκτίνη (S100A8/A9) ως 
διαγνωστικός δείκτης στη νόσο του Still

- πρωτεϊνη που εκκρίνεται από ουδετερόφιλα και 
μακροφάγα, δεσμεύει το Ca2+

- Λειτουργεί ως DAMP σχηματίζοντας ενεργά διμερή
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Rau et al. J Rheumatol 2010 

Modified Pouchot score

Fever
Evanescent rashes
Sore throat
Arthritis
Myalgia
Pleuritis
Pericarditis
Pneumonitis
Lymphadenopathy
Hepatomegaly or
abnormal liver function tests
Elevated leukocyte count > 15,000/µl
Serum ferritin > 3000 µg/l

άθροισμα 12 κλινικών 
/ εργαστηριακών

εκδηλώσεων
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Organ damage

Joint erosion

Amyloidosis

Life-threatening

MAS

Tamponade

Myocarditis

Fulminant hepatitis

DIC
Τhrombotic
microangiopathy

ARDS

Επιπλοκές της νόσου

Efthymiou et al. Seminars Arthritis Rheum 2021



Θνησιμότητα	10-22%

- Διέγερση	του	δικτυοενδοθηλιακού
συστήματος

- Ενεργοποίηση των κυτταροτοξικών Τ-
κυττάρων, που εκκρίνουν IFN-γ

- Φαγοκυττάρωση	των	αιμοποιητικών	
κυττάρων	από	ιστικά μακροφάγα

Αιμοφαγοκυτταρικό – σύνδρομο ενεργοποίησης μακροφάγου (ΜΑS)

Υψηλός	πυρετός
Λεμφαδενοπάθεια
Ηπατοσπληνομεγαλία
Πανκυτταροπενία
Υψηλή	φερριτίνη
Αυξημένα	τριγλυκερίδια
Αυξημένα	ηπατικά	ένζυμα
Ασηπτη μηνιγγίτιδα



Αιμοφαγοκυτταρικό – σύνδρομο ενεργοποίησης μακροφάγου (ΜΑS)

Fardet et al. Arthritis 
Rheumatol 2014

splenomegaly and hepatomegaly: 38 pt) Hscore for MAS
adults

(Sens 93%; Spec 86%)

Cut off >169



Yang et al. Clin Exp Rheumatol 2019

Δυσμενείς προγνωστικοί παράγοντες στη διάγνωση της νόσου για 
την εμφάνιση αιμοφαγοκυτταρικού συνδρόμου



Shiga et al.  Frontiers Immunol 2021

Sens 90%
Spec 94%

Αιμοφαγοκυτταρικό σύνδρομο σε νόσο Still’s vs. άλλα αίτια 
δευτεροπαθούς αιμοφαγοκυτταρικής λεμφο-ιστιοκυττάρωσης

Sens 77%
Spec 70%



Pre-biologic Era
1950s-2000s

Biologic Era
2000-2010 2012 -

now

NSAIDs
Corticosteroids
Methotrexate

Anti-TNF agents
Abatacept (CTLA4- Ig)

SJIA Then

Dramatic  improvement 
in the outcome of typical SJIA 

features

SJIA Now

Anti-IL1β and anti-IL6
biologics

Anakinra (Anti-IL1α/β biologic)

Increasing numbers of SJIA patients with seemingly new parenchymal lung disease
(not reported in other diseases; occurred also in patients with no exposure to biologics)

Kimura et al. AC&R 2013
Schulert et al. A&R 2019
Saper et al. ARD 2019

MAS rates have not changed 

Τα τελευταία χρόνια παρατηρείται μια νέα μορφή πνευμονικής νόσου στη
νόσο του Still που εμφανίζεται συχνά σε ασθενείς με MAS, προσομοιάζει
στην κυψελιδική πρωτεϊνωση, και συμπίπτει με την θεραπευτική εισαγωγή
των αντι-IL1 και αντι-IL6 βιολογικών παραγόντων.



Eυρήματα στη HRCT και στη βιοψία

• Πρώτα κλινικά σημεία
– Ηπια ταχύπνοια στη δραστηριότητα
– Πληκτροδακτυλία

• Τυπικά ευρήματα στη HRCT
– Εκτεταμένη πάχυνση των υπουπεζωκοτικών και μεσολόβιων 

διαφραγμάτων, διογκωμένοι λεμφαδένες μεσοθωρακίου, 
περιοχές θολερότητας ground glass

• Παθολογοανατομία: ανομοιόμορφη “patchy” προσβολή
– Διάμεσα λεμφοπλασματοκυτταρικά διηθήματα 

συμπεριλαμβανομένων CD4+ και CD8+ T-κυττάρων
– Χαρακτηριστικά κυψελιδικής πρωτεϊνωσης (PAP) και 

ενδογενούς λιποειδούς πνευμονίας (ELP) (λιποπρωτεϊνικό
υλικό, αφρώδη μακροφάγα, χοληστερόλη)

– Ινωση υπουπεζωκοτικά και σε μεσολόβια διαφράγματα
– Αγγειοπάθεια σε κάποιες περιπτώσεις

From Schulert et al. 2019



Πνευμονική νόσος στη νόσο του Still μετά την 
εισαγωγή των βιολογικών παραγόντων

– Επιπολασμός 2-5%?
– Οι ασθενείς έχουν συχνότερα επίμονη συστηματική φλεγμονή και 

λιγότερο συχνά αρθρίτιδα
– MAS (80-85%) συχνά υποτροπιάζον
– Αναφυλακτική αντίδραση σε βιολογικούς παράγοντες (κυρίως 

tocilizumab) σε 30-40% των ασθενών
– Κάποιοι έχουν κνιδωτικό κηλιδοβλατιδώδες εξάνθημα και ηωσινοφιλία
– HLA DRB1*1501 σε ≈80% συγκριτικά με 20-25% στο γενικό πληθυσμό

Saper et al. Ann Rheum Dis 2022

– Εχουν συνήθως πολύ αυξημένα επίπεδα ολικής IL-18 (>50.000 pg/ml)

Schulert et al. A&R 2019



Ενδείξεις σε BAL και βιοψίες για απορρύθμιση της ενεργοποίησης του 
άξονα IL18 –IFNγ και των Τ-κυττάρων στους πνεύμονες

Nanostring NCounter Platform with the Human Autoimmune Panel
Targeting 750 genes related to inflammation and autoimmunity

From Schulert et al. A&R 2019

Total IL-18 increased in BAL Gene expression profiling
in SJIA-LD lung biopsies reveals 
strong T cell activation and IFN-

induced signatures



Κνιδωτικό εξάνθημα και πνευμονική νόσος

• Το κνιδωτικό εξάνθημα και η ηωσινοφιλία
σε ασθενείς με Still συνηγορούν υπέρ 
αντίδρασης υπερευαισθησίας

ωστόσο
• Μπορεί να εμφανιστούν στην έναρξη της 

νόσου πριν από την έναρξη οποιασδήποτε 
θεραπείας

– 4 SJIA ασθενείς με αυτό το φαινότυπο 
στην κλινική του Cincinnati τα 
τελευταία 2 έτη

– 14% των ασθενών με AOSD σε 
πρόσφατη μελέτη από την Ισπανία

– Το εξάνθημα και η ηωσινοφιλία
βελτιώθηκε σε κάποιους ασθενείς με 
τη χορήγηση anakinra ή tocilizumab

Narvaez-Garcia et al. AOSD with atypical cutaneous 
manifestations. Medicine 2017;11:e6318 
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Treatment of Still’s disease

ü to achieve rapid and complete remission

ü prevent disease complications, specifically
life- threatening manifestations such as
MAS, as well as organ damage, mainly joint
erosion and amyloidosis

ü to limit or avoid side effects of GCs

Treatment Efficacy

NSAIDs <20-30%

Corticosteroids 60%

Conventional 
DMARDs
• Methotrexate
• Cyclosporine

60-70%

Biological 
DMARDs
• TNFa inh.
• IL-1 inh.
• IL-6 blockade
• IVIG
• Rituximab
• Abatacept

Junge et al. Semin Arthritis Rheum 2017



Guidelines for the management of AOSD ?

Mimura et al. Modern rheumatol 2018 

Colafrancesco et al. Arthritis Res & Ther 2019 

Hinze et al. Pediatr Rheumatol Online J 2018
Practice	and	consensus-based	strategies	in	diagnosing	
and	managing	systemic	juvenile	idiopathic	arthritis	in	
Germany



• IL-1 inhibitors
Anakinra; Canakinumab; Rilonacept

• IL-6 blockade
Tocilizumab, Sarilumab

• JAK kinase inhibitors
Tofacitinib; Baricitinib

• IL-18 blockade
Tadekinig alpha

Νεότερες στοχευμένες θεραπείες στη νόσο Still’s ενηλίκων

Περισσότερα 
randomized controlled 

trials

Αυτή τη στιγμή οι πιο 
αποτελεσματικές 

θεραπείες



• IL-1 inhibitors
Anakinra; Canakinumab; Rilonacept

• IL-6 blockade
Tocilizumab, Sarilumab

• JAK kinase inhibitors
Tofacitinib; Baricitinib

• IL-18 blockade
Tadekinig alpha

Νεότερες στοχευμένες θεραπείες στη νόσο Still’s ενηλίκων



IL-1 inhibition in Still’s disease

• Fully human IgG1 anti-
IL-1β mAb

Action
• Direct binding to IL-1β

Canakinumab 

Canakinumab

• Direct binding to IL-1β
• Half life > 21 days
• No cross-reactivity with human 

IL-1α or IL-1Ra
IL-1β

Anakinra

Approved for
Rheumatoid
Arthritis in 
2001 

Hoffman JACI  2009

Rilonacept • Trap fusion protein
• Half life 8 days

• IL1-R antagonist
• Half life 6h

Anakinra

Approved by EMA Approved by EMA and FDA

Dose: 100mg/d sc
If <50kg: 1-2mg/kg/d

Dose: 4mg/kg - max 300mg/month sc

Λιγότερο συχνά δερματική αντίδραση 
στο σημείο της ένεσης 



100 mg (sometimes 200 mg) daily subcutaneously 

In total >200 patients

§ Case reports

§ Case series

§ National surveys

§ One randomized multicenter controlled trial (12 pts)
(EULAR abstract 2020)

§ Recently terminated randomized, double- blind,
placebo-controlled phase III (NCT03265132)
(Clinical Trials, 2020) 

ANAKINRA   - short acting IL-1R inhibitor 

days



RESEARCH ARTICLE Open Access

Efficacy and long-term follow-up of IL-1R
inhibitor anakinra in adults with Still’s disease:
a case-series study
Katerina Laskari*, Athanasios G Tzioufas and Haralampos M Moutsopoulos

Abstract

Introduction: To assess the efficacy and safety of the interleukin-1 receptor (IL-1R) inhibitor anakinra in adult
patients with refractory Still’s disease.

Methods: Twenty-five patients (13 males and 12 females, median age 32 years, median disease duration seven
months) with Still’s disease were treated with subcutaneous injections of anakinra (100 mg/day). Treatment was
given as adjunct therapy in 16 patients and as standalone in 9 patients for a median time of 15 months (range
1.5-71). The clinical and laboratory parameters during follow-up were recorded.

Results: In 84% of patients the clinical activity resolved completely within a few days (median time 0.2 months),
and response was maintained until the last visit in all but one patient. A complete response of all disease-related
symptoms (clinical and laboratory) occurred subsequently within a median time of three months in 80% of
patients. A partial clinical and laboratory improvement was shown in 12% and 16% of patients, respectively. The
Visualized Analogue Scale and Health Assessment Questionnaire scores significantly decreased during treatment.
The proportion of patients achieving the American College of Rheumatology 20 (ACR20) score (20% improvement)
was 82% at one month and improved to 100% at one year. The mean oral corticosteroid dose was significantly
reduced at each visit. Anakinra was discontinued due to unresponsiveness in one patient and due to relapsing
disease in another. Treatment was also withdrawn in three patients with severe skin reactions (urticaria). Seven
patients experienced an infection during follow-up.

Conclusions: The rapid and sustained response in the majority of our patients encourages the use of anakinra in
adults with Still’s disease.

Introduction
Still’s disease is a rare systemic inflammatory disorder of
unknown etiology characterized by quotidian spiking
fevers, evanescent rash, arthritis, and elevated acute-phase
reactants in the serum linked to alterations in the produc-
tion of proinflammatory cytokines. Treatment has been
empirical, with data on treatment efficacy extrapolated
from case reports and small scale retrospective studies.
Non-steroidal anti-inflammatory drugs and corticosteroids
have been a mainstay for decades in treating adults with
Still’s disease; however, resistance to treatment as well as
drug-related complications have been observed [1,2].

Immunosuppressants, mainly methotrexate (MTX), used
as steroid-sparing drugs, have shown modest efficacy
across studies [3,4]. In recent years, advances in the under-
standing of the role of cytokines in the disease pathogen-
esis has led to the application of anticytokine agents, often
in combination with traditional immunosuppressive drugs,
which opened a new, promising horizon in the treatment
of adult Still’s disease. Hence, TNF-a inhibitors have been
successfully employed in some cases unresponsive to con-
ventional treatment [5-10]. More recently, IL-1 activity
has been linked to the pathogenesis of Still’s disease as
well as other systemic inflammatory diseases characterized
in part by recurrent fevers, leucocytosis, anemia, and ele-
vated acute-phase proteins, because rapid and sustained
resolution of systemic and local inflammation is observed
upon specific blockade of IL-1 receptors (IL-1R) [11]. The
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4 mg/kg up to max. 300 mg per month subcutaneously 

In total < 100 patients

§ Case reports

§ Case series

§ One randomized placebo-controlled, double-blind multicentre phase 2 
trial (CONSIDER) was terminated prematurely due to enrolment issues 
(18 patients)

§ Post hoc analysis from randomized trials in adolescents with sJIA led to 
the approval of the drug for adults based on the concept that sJIA and 
AOSD are a single disease entity.

CANAKINUMAB   - long acting anti-IL-1b monoclonal antibody 
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Adult Still’s disease

Figure 2 Flowchart of patients screened and randomised.

Table 1 Baseline characteristics

Parameter

Canakinumab Placebo

n=18 n=17

Female n (%) 10 (55.6) 13 (76.5)
Age Mean (SD) 41.06 (13.2) 40.53 (13.2)
Time since diagnosis (years) Median (IQR) 2.6 (0.3–4.7) 1.6 (0.3–3.8)
Diagnosis since <1 year n (%) 6 (33.3) 8 (47.1)
Diagnosis since ≥5 years n (%) 4 (22.2) 4 (23.5)
Previous bDMARDs n (%) 13 (72.2) 13 (76.5)
Previous anakinra n (%) 12 (66.7) 13 (76.5)
Previous TNF inhibitors n (%) 6 (33.3) 6 (35.3)
Previous tocilizumab n (%) 4 (22.2) 2 (11.8)
28- tender joint count Mean (SD) 6.94 (4.4) 7.29 (5.2)
28- swollen joint count Mean (SD) 5.22 (1.5) 6.65 (4.7)
DAS28(ESR) Mean (SD) 5.4 (0.8) 5.3 (1.2)
ESR (mm/hour) Median (IQR) 44 (28–70) 50 (17.5–63)
CRP (mg/L) Median (IQR) 40.4 (20.5–85.8) 38 (9.4–101.2)
Ferritin (ng/mL) Median (IQR) 448 (220–772) 173.4 (60–664)
Fever n (%) 9 (50) 8 (47.1)
Lymphadenopathy n (%) 2 (11.1) 0
Serositis n (%) 0 0
Skin manifestation (rash) n (%) 4 (22.2) 6 (35.3)
Sore throat n (%) 1 (5.6) 0
Myalgia n (%) 1 (5.6) 0
bDMARD, biological disease- modifying antirheumatic drug; CRP, C- reactive protein; 
DAS28 (CRP), disease activity score 28 (using C- reactive protein value); DAS28 
(ESR), disease activity score 28 (using erythrocyte sedimentation rate value) ; ESR, 
erythrocyte sedimentation rate; TNF, tumour necrosis factor.

figure 4). Of note, in the PP analyses, none of the remaining 
placebo patients achieved DAS28(CRP) or extended remis-
sion with a significant difference in favour of canakinumab 
(DAS28(CRP) remission, n=7, p=0.01, and extended remis-
sion, n=5, p=0.05, respectively; online supplementary table 
S4).

By using ANCOVA, a significantly higher improvement in 
disease activity score 28 (using erythrocyte sedimentation 
rate value) DAS28(ESR) and disease activity score 28 (using 
C- reactive protein value) DAS28(CRP) was observed in the 
canakinumab group at week 12 (online supplementary table 
S2). Further secondary outcome measures such as physician’s 
global assessment of disease activity, pain, ferritin levels, 
HAQ, SF-36 and LOM are shown for the PP analyses in online 
supplementary table S5.

Clinical outcomes from weeks 12 to 24
Placebo non- responders who switched to canakinumab 
according to the protocol had a similar outcome after 12 
weeks of treatment with canakinumab (at week 24) than those 
randomised to verum at baseline (BL) (online supplementary 
table S6).

Ten out of 12 canakinumab DAS28(ESR) responders at week 
12 remained DAS28(ESR) responders until week 24, while the 
other two remained responders until week 20.

Four placebo responders who were not withdrawn after week 
12 remained DAS28(ESR) responders until week 24. Of note, 
two of them had received one dose of canakinumab at week 4 
(mistakes by independent pharmacists).

Ν=18 pts CKN vs. 18 pts placebo

Primary end point NOT met



Conclusion: High rates of sustained remission were observed in this, largest so far, real-life cohort of adult
patients with refractory Still’s disease treated with canakinumab.

© 2020 Elsevier Inc. All rights reserved.

Introduction

Advances in the understanding of the pathogenetic role of proin-
flammatory cytokines in Still’s disease, including an excessive IL-1 activ-
ity, have opened new promising horizons in the treatment of these
patients [1]. Along this line, administration of the IL-1b inhibitor canaki-
numab, a human monoclonal antibody selectively blocking IL-1b,
approved for use in various autoinflammatory disorders, seems a sound
approach for patients with refractory Still’s disease [2]. Nonetheless, the
current evidence on the efficacy of canakinumab as biologic agent in
adults with Still’s disease is restricted to case reports and small case
series, and one randomized controlled clinical trial which was prema-
turely terminated due to recruitment issues [3]. Post hoc analysis from
adolescents with systemic juveline idiopathic arthritis (sJIA) has led to
conditional approval of canakinumab for adults in Europe, based on the
concept that sJIA and adult onset Still’s disease are a single disease entity
[4!7]. The United States Food and Drug Administration approved Cana-
kinumab for the treatment of adult onset Still’s disease in 2020. Herein,
we sought to describe the efficacy and safety of canakinumab in all adult
patients with refractory to conventional and/or biologic treatment Still’s
disease in our country.

Materials and methods

Patient selection and follow-up

All adult Greek patients with Still’s disease for whom canakinumab
was prescribed until January 2020 were identified from the files of the
National Organization For Medicines. Canakinumabwas prescribed after
obtaining approval from the national high-cost medication review com-
mittee for refractory to corticosteroids and/or conventional and syn-
thetic disease modifying anti-rheumatic drugs (csDMARDs), and/or
biologics Still’s disease, and the drug was reimbursed by health insur-
ance. In total, 50 patients, followed in 13 different hospital rheumatol-
ogy units and by 9 private rheumatologists in Greece between 2011 and
2020, were identified. Information was retrieved retrospectively from
the patients’ medical records. All patients fulfilled the Yamaguchi dis-
ease classification criteria [8] and all had active disease despite treat-
ment with non steroidal anti-inflammatory drugs (NSAIDs) and/or
corticosteroids (n = 11), csDMARDs (n = 34) and/or biologics (n = 30)
[tumor necrosis factor inhibitors (n = 12), IL-6 blockade (n = 7), abata-
cept (n = 2), anakinra (n = 24), intravenous immunoglobulin (IVIG)
(n = 1); !2 biologics (n = 12), !3 biologics (n = 8)]. Canakinumab is rec-
ommended at the dose of 4 mg/kg per month as in the clinical trials in
patients with sJIA [4!6]. Nevertheless, a lower dose of 150 mg or larger
administration intervals in adults have been also shown to be effective
[9!14]. Thus, in our country, most patients were treated with the classi-
cal scheme of 4 mg/kg (maximum 300 mg) subcutaneously every 4
weeks (n = 37), and fewer patients received a less intensive schedule of
150 mg monthly (n = 10) or bimonthly (n = 3) from the beginning,
according to physician's judgment. Concomitant treatment included
corticosteroids (n = 41), methotrexate (n = 12), leflunomide (n = 3) or
IVIG (n = 1) (Table 1).

Data were collected at baseline (initiation of canakinumab), at 1, 3,
6, 12 months and the latest follow-up. Recorded parameters from
medical files included age, sex, disease duration, systemic symptoms
(fever, rash, lymphadenopathy, hepatosplenomegaly, serositis, sore
throat), arthralgias and arthritis, hematological profile, erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), liver enzymes and
serum ferritin levels, as well as drug-related adverse events. The

modified Pouchot score for the assessment of adult onset Still’s dis-
ease severity was also recorded [15].

The study was approved by the Laikon University Hospital scien-
tific and ethics committee and each patient provided informed con-
sent to his/her responsible physician according to the Declaration of
Helsinki. All patient data are available to access.

Definitions

Active disease was considered the presence of at least one of the
above described disease-related systemic symptoms and/or arthral-
gias/arthritis and at least one abnormal laboratory marker (hemato-
logical profile, ESR, CRP, liver enzymes, serum ferritin). Refractory
disease was defined as remaining active disease for at least 1-month
despite treatment with corticosteroids and NSAIDs, csDMARDS and/
or biologics. Complete response was defined as the complete resolu-
tion of all disease-related clinical symptoms and normalization of all
laboratory parameters. Partial response was defined as improvement
in one or more related clinical or laboratory manifestations, but with-
out complete resolution of disease activity. Relapse was defined as
worsening in disease activity requiring treatment intensification or
switching to another therapeutic agent.

Statistical analysis

Scaled and/or ordinal patient characteristics were compared dur-
ing follow-up using the Wilcoxon test for paired observations and
nominal parameters using the McNemar test. Disease activity out-
come was compared between patient subgroups using the Chi2 test
and binary logistic regression models. Results with a p value of 0.05

Table 1
Baseline demographic, disease-related and treatment characteristics of 50 patients
with refractory Still’s disease.

Baseline patient characteristics Values

Age, median (range) years 39 (16!72)
16!18 years, N 6
>18 years, N 44
Sex, ,: <, N 31: 19
Age at disease onset, median (range) years 30 (3!71)
Juvenile onset disease, N 11
Adult onset disease, N 39
Disease duration at canakinumab initiation, median (range)
months

36 (1!480)

Yamaguchi disease criteria fulfilled at canakinumab initiation,
median (range)

6 (5!8)

Previous treatment, N
- NSAIDs and/or corticosteroids 11
- csDMARDs 34
- Biologic DMARDs 30
Anakinra 24

- Refractory 17
- Responsive but intolerant 5
- D/C to avoid daily injections 2

Tocilizumab 7
TNFa inhibitors 12
Abatacept 2
IVIG 1

!2 biologics 12
!3 biologics 8

NSAIDs, Non-Steroidal Anti-Inflammatory Drugs; csDMARDs, conventional and syn-
thetic Disease Modifying Anti-Rheumatic Drugs; D/C, Discontinuation; TNF, Tumor
Necrosis Factor; IVIG, Intravenous Immunoglobulin.
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• 50 adult pts – 11 juvenile / 39 adult onset disease

• Active disease resistant to GCs (n=11), csDMARDs (n=34) or bDMARDs (n=30)

• 150-300mg every 4 (n=47) or 8 weeks (n=3)

• Combination therapy or monotherapy (n=7)

• Median follow-up of 27 (3-84) months



Outcomes
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Ø Improvement within 1 month in most
parameters.

Ø Different dosing schemes may be efficient.

Ø Efficacy in anakinra- and TCZ-resistant cases.

Ø Pts treated with >2 biologics in the past were
less likely to achieve complete response (Exp(B)
0.1, p=0.007).

Ø Disease outcome irrespective of age at disease
onset and of combination vs. monotherapy.

Ø Tx de-escalation was safe in responders 
(relapses 7%).
Relapses more frequent after Tx D/C (52% vs. 
22% during Tx; 35% higher risk, p=0.039) -
most cases successfully treated with CKN re-
initiation or intensification. 

Ø MAS was successfully treated in 1 pt and led to
treatment cessation in 2 other pts.

Ø Severe infections: 4%; severe leucopenia: 1 pt

Drug withdrawal rates by cause at last visit:



Ø Rapid control of 
syst. symptoms, 
and often joint 
symptoms

Ø Very few AEs, 
except for 2 
mycobacterial 
infections, and 
1 SAE of MAS.

risk with immune modulators, and 1 SAE of MAS [44], a known
complication of AOSD.

Canakinumab

Canakinumab (fully human antibody against IL-1β), is a long-
acting inhibitor of IL-1β, generally given as a 150 mg monthly or
bimonthly injection. It has been used in 10 patients with AOSD
that was refractory to NSAIDS, DMARDS, and often also to other
anti-cytokine therapies, 7 of whom showed rapid and sustained
efficacy with 150 mg every 8 weeks and 1 showed some benefit
with 2 doses of 150 mg every week, and are summarized in
Table 6.

Kontzias and Efthimiou [40] reported 2 patients with refractory
AOSD who lost response to anakinra and also to rilonacept in
1 case, who were then treated with 150 mg canakinumab every
8 weeks. Symptoms resolved completely, laboratory values nor-
malized, there was no relapse in 6 or 12 months, and steroids were
tapered.

Banse et al. [17] reported 1 case of refractory AOSD with lost
response to anakinra, given 150 mg canakinumab per week. After
2 doses, MAS developed, so that the effects of canakinumab are
confounded by the MAS and other treatments given. At 3 and
6 months after MAS, the patient was asymptomatic and joint
symptoms were reduced.

Eriksson et al. [45] described 1 case of refractory AOSD
responsive to but intolerant of anakinra, who then received
150 mg canakinumab every 8 weeks. All symptoms resolved,

laboratory values normalized, and steroids were stopped
6 months later.

Lo Gullo et al. [46] reported 1 case of refractory AOSD with
arthritis treated with 150 mg canakinumab every 8 weeks. Symp-
toms and laboratory abnormalities completely resolved over 10
months, with some reductions in steroid use, but recurring
arthritis prompted a new increase in steroids.

Maria et al. [32] described 1 case in which a refractory patient
also unresponsive to anakinra was successfully treated with
canakinumab (unspecified dose). The patient went into a rapid
and complete remission, which was maintained over 30 months.

Barsotti et al. [41] reported 1 case of refractory AOSD, respon-
sive to anakinra for 2 years before relapse, who was treated with
150 mg canakinumab every 4 weeks, followed by every 8 weeks
thereafter. Joint and systemic symptoms improved then resolved,
and remission persisted for over 18 months.

Athanassiou et al. [47] reported 1 case of AOSD that developed
after pregnancy and was partially responsive to steroids and refrac-
tory to anakinra. Canakinumab 180 mg every 4 weeks led to full
remission of symptoms, allowing the dose of steroids to be reduced.

Canakinumab was effective at treating arthritic symptoms as
well as systemic symptoms in 5/5 patients [17,40,41,45] and was
initially effective in 1 patient, but joint symptoms later recurred
and then progressed [46].

Canakinumab in these reports (Table 6) was effective in the most
difficult to treat cases of refractory AOSD, after other anticytokines
or other IL-1 inhibitors had failed, and also controlled joint
symptoms. It was well-tolerated and only 1 AE was reported, which
was a SAE of MAS [17], suggested to be related to canakinumab,
even though MAS is a frequent complication of AOSD.

Table 3
Laboratory data before and after anakinra treatment

Before and after anti-IL-1 treatment

Patient 1 Patient 2 Patient 3 Patient 4 Normal ranges

Systemic markers
CRP (mg/dL) 13.6-0.17 29.23-0.15 13.84-0.55 5.64-0.26 o0.5
ESR (mm/h) 30-2 79-8 80-4 13-5 o10
Ferritin (μg/dL) 9.6-1.3 1418-1.8 165-84.4 7.1-3.4 1–30,50 (F, M)
Leukocytes (/μL) 22,940-7400 17,880-4260 16,150-6410 14,660-7390 4000–9500

Pro-inflammatory cytokines
IL-1β (pg/mL) 0.27-0.15 2.11-0.41 2.53- 0.83 0.23-0.34 o0.5
IL-6 (pg/mL) 0-0 5.7-0 134-4 2.4-0 o15
TNF-α (pg/mL) 8.5-0 15.4-7.7 13.5- 5 8.5-0 o8
IL-18 (pg/mL) 2122-1007 412,500-649 412,500-1540 3699-1540 36–275
IL-1RA (pg/mL) 939-430,000 ND-430,000 8628-430,000 1076-430,000 o1500

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IL, interleukin; IL-1Ra, interleukin-1 receptor antagonist; TNF, tumor-necrosis factor; F, female; M, male. From:
Kötter et al. [24].

Table 4
Reports of rilonacept use in refractory adult-onset Still’s disease

Degree of remission Steroid use

n Full Partial None n Stopped Reduced

Case reports
[42] 2 0 2 0 – – –

[43] 3 3 0 0 3 3 0
[40] 1 0 1 0 – – –

Case series
[44] 5 3 2 0 5 – 3

TOTALS 11 6 (55%) 5 (45%) 0 8 3 (38%) 3 (38%)

Denominators are all patients in all articles for remissions or all patients in the
articles reporting steroid use. Fisher exact test: p ¼ 0.0009 for 100% (full or partial
remissions) and 0% (none) versus 50% (no effect) for each.

Table 5
Clinical and laboratory data before and after rilonacept

Patient 1 Patient 2 Patient 3

Age (years)/sex 44 F 41 F 36 F
Fever (oF) 100.7-98.2 105.7-98 100.8-98.6
Rash Yes-No Yes-No Yes-No
Swollen joints 6-0 6-0 8-0
White blood cells/mm3 19.2-10.2 5-3.5 8.8-6.0
CRP (mg/L) 26-3 21-0.6 0.3-0.02
ESR (mm/h) 33-10 32-1 80-2
Ferritin (ng/mL) 1125-94 1486-111 4523-58
Methotrexate dose (mg) 20 0 15
Prednisone dose (mg) 60-0 20-0 20-0

Comparison of data when starting rilonacept with those after 12 months of
treatment. CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; 1F, degree
Fahrenheit; F, female; M, male. From: Petryna et al. (Table 1) [43].
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risk with immune modulators, and 1 SAE of MAS [44], a known
complication of AOSD.

Canakinumab

Canakinumab (fully human antibody against IL-1β), is a long-
acting inhibitor of IL-1β, generally given as a 150 mg monthly or
bimonthly injection. It has been used in 10 patients with AOSD
that was refractory to NSAIDS, DMARDS, and often also to other
anti-cytokine therapies, 7 of whom showed rapid and sustained
efficacy with 150 mg every 8 weeks and 1 showed some benefit
with 2 doses of 150 mg every week, and are summarized in
Table 6.

Kontzias and Efthimiou [40] reported 2 patients with refractory
AOSD who lost response to anakinra and also to rilonacept in
1 case, who were then treated with 150 mg canakinumab every
8 weeks. Symptoms resolved completely, laboratory values nor-
malized, there was no relapse in 6 or 12 months, and steroids were
tapered.

Banse et al. [17] reported 1 case of refractory AOSD with lost
response to anakinra, given 150 mg canakinumab per week. After
2 doses, MAS developed, so that the effects of canakinumab are
confounded by the MAS and other treatments given. At 3 and
6 months after MAS, the patient was asymptomatic and joint
symptoms were reduced.

Eriksson et al. [45] described 1 case of refractory AOSD
responsive to but intolerant of anakinra, who then received
150 mg canakinumab every 8 weeks. All symptoms resolved,

laboratory values normalized, and steroids were stopped
6 months later.

Lo Gullo et al. [46] reported 1 case of refractory AOSD with
arthritis treated with 150 mg canakinumab every 8 weeks. Symp-
toms and laboratory abnormalities completely resolved over 10
months, with some reductions in steroid use, but recurring
arthritis prompted a new increase in steroids.

Maria et al. [32] described 1 case in which a refractory patient
also unresponsive to anakinra was successfully treated with
canakinumab (unspecified dose). The patient went into a rapid
and complete remission, which was maintained over 30 months.

Barsotti et al. [41] reported 1 case of refractory AOSD, respon-
sive to anakinra for 2 years before relapse, who was treated with
150 mg canakinumab every 4 weeks, followed by every 8 weeks
thereafter. Joint and systemic symptoms improved then resolved,
and remission persisted for over 18 months.

Athanassiou et al. [47] reported 1 case of AOSD that developed
after pregnancy and was partially responsive to steroids and refrac-
tory to anakinra. Canakinumab 180 mg every 4 weeks led to full
remission of symptoms, allowing the dose of steroids to be reduced.

Canakinumab was effective at treating arthritic symptoms as
well as systemic symptoms in 5/5 patients [17,40,41,45] and was
initially effective in 1 patient, but joint symptoms later recurred
and then progressed [46].

Canakinumab in these reports (Table 6) was effective in the most
difficult to treat cases of refractory AOSD, after other anticytokines
or other IL-1 inhibitors had failed, and also controlled joint
symptoms. It was well-tolerated and only 1 AE was reported, which
was a SAE of MAS [17], suggested to be related to canakinumab,
even though MAS is a frequent complication of AOSD.

Table 3
Laboratory data before and after anakinra treatment

Before and after anti-IL-1 treatment

Patient 1 Patient 2 Patient 3 Patient 4 Normal ranges

Systemic markers
CRP (mg/dL) 13.6-0.17 29.23-0.15 13.84-0.55 5.64-0.26 o0.5
ESR (mm/h) 30-2 79-8 80-4 13-5 o10
Ferritin (μg/dL) 9.6-1.3 1418-1.8 165-84.4 7.1-3.4 1–30,50 (F, M)
Leukocytes (/μL) 22,940-7400 17,880-4260 16,150-6410 14,660-7390 4000–9500

Pro-inflammatory cytokines
IL-1β (pg/mL) 0.27-0.15 2.11-0.41 2.53- 0.83 0.23-0.34 o0.5
IL-6 (pg/mL) 0-0 5.7-0 134-4 2.4-0 o15
TNF-α (pg/mL) 8.5-0 15.4-7.7 13.5- 5 8.5-0 o8
IL-18 (pg/mL) 2122-1007 412,500-649 412,500-1540 3699-1540 36–275
IL-1RA (pg/mL) 939-430,000 ND-430,000 8628-430,000 1076-430,000 o1500

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IL, interleukin; IL-1Ra, interleukin-1 receptor antagonist; TNF, tumor-necrosis factor; F, female; M, male. From:
Kötter et al. [24].

Table 4
Reports of rilonacept use in refractory adult-onset Still’s disease

Degree of remission Steroid use

n Full Partial None n Stopped Reduced

Case reports
[42] 2 0 2 0 – – –

[43] 3 3 0 0 3 3 0
[40] 1 0 1 0 – – –

Case series
[44] 5 3 2 0 5 – 3

TOTALS 11 6 (55%) 5 (45%) 0 8 3 (38%) 3 (38%)

Denominators are all patients in all articles for remissions or all patients in the
articles reporting steroid use. Fisher exact test: p ¼ 0.0009 for 100% (full or partial
remissions) and 0% (none) versus 50% (no effect) for each.

Table 5
Clinical and laboratory data before and after rilonacept

Patient 1 Patient 2 Patient 3

Age (years)/sex 44 F 41 F 36 F
Fever (oF) 100.7-98.2 105.7-98 100.8-98.6
Rash Yes-No Yes-No Yes-No
Swollen joints 6-0 6-0 8-0
White blood cells/mm3 19.2-10.2 5-3.5 8.8-6.0
CRP (mg/L) 26-3 21-0.6 0.3-0.02
ESR (mm/h) 33-10 32-1 80-2
Ferritin (ng/mL) 1125-94 1486-111 4523-58
Methotrexate dose (mg) 20 0 15
Prednisone dose (mg) 60-0 20-0 20-0

Comparison of data when starting rilonacept with those after 12 months of
treatment. CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; 1F, degree
Fahrenheit; F, female; M, male. From: Petryna et al. (Table 1) [43].
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Rilonacept (initial dose 4.4 mg/kg up to 
320 mg sc, maintenance 2.2 mg/kg up to 
max 160 mg sc/week) or placebo 

Ø Shorter time to response and 
higher response rate, also in 
anakinra-resistant cases
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Rilonacept in adult-onset Still’s disease

Rilonacept  – intermediate-acting IL1 trap fusion protein

100–320 mg/week 



Remission and steroid sparing in adult-onset 
Still’s disease with anti-IL-1 treatments 

Anti-IL-1 agents compared to standard therapies

Anti-IL-1 agents in these cases of refractory AOSD, often led to
full remission (73% with anakinra, 55% with rilonacept, and 75%
with canakinumab) and with high rates of full or partial remission
(91% with anakinra and 100% with rilonacept or canakinumab)
(Table 7, panel A). Among classical therapies NSAIDs provided
remission in o20–30% of patients, steroids in approximately 60%
of cases, and methotrexate in 60–70% of patients (Table 7, panel B).

The rate of full or partial remissions comes mostly from case
reports or case series, which may reflect some reporting bias.
However, with anakinra, the overall rate of remission calculated
(91%) was very similar to rates in surveys, which consider all
patients in succession (Table 2), and matches the 91% (Table 2)
seen in the last French survey [38]. This suggests minimal report-
ing bias in these case reports or case series.

Steroid reduction was also achieved in most patients, many
being able to stop steroids completely (29% on anakinra, 38% on
rilonacept, and 25% on canakinumab) and most being able to
either lower the dose or stop steroids (68% on anakinra, 76% on
rilonacept, and 100% on canakinumab) (Table 7, panel C). This level
of steroid sparing exceeds that previously reported for anakinra
derived from a meta-analysis of 3 reports [2].

Thus, existing data with IL-1 inhibitors in the most hard-to-
treat cases of refractory AOSD indicate response rates slightly
above those of conventional therapy with methotrexate, even in
patients who did not respond to multiple standard or biological
therapies, and considerable levels of steroid sparing. Anti-IL-1
treatments should therefore improve efficacy in AOSD and con-
siderably reduce the reliance on steroids.

Discussion

Anti-IL-1 treatments in AOSD

The response to all types of anti-IL-1 treatment, regardless of
the exact means by which this is achieved (inhibition of IL-1
receptor, use of the IL-1 trap molecule, or specific blockade of
IL-1β) indicate that IL-1 is intimately involved in the pathogenesis
of this disease, as it is in its namesake pediatric disease (SJIA or
Still’s disease).

Based on similar signs and symptoms, SJIA and AOSD are seen
by most experts as either the same disease or two very similar
diseases that are parts of a single disease continuum.

New data show that in SJIA the genes that respond to canaki-
numab (controlling innate immunity and immune cell activity) [50],
are the same ones that are dysregulated in untreated AOSD [51].
This suggests that canakinumab treatment in AOSD will likely
produce the same genetic response as in SJIA, further supporting
a common immunopathology in both of these conditions.

The large number of patients treated off-label with anti-IL-1
agents indicates the unmet medical need for such treatments.
An investigator-initiated controlled clinical trial in AOSD
(NCT02204293) (a multicenter, placebo-controlled, 12-week trial
of the efficacy, safety and tolerability of canakinumab in 68 AOSD
patients) is currently ongoing. This will provide pre- and post-
treatment genetic data and more robust efficacy data.

The 3 anti-IL-1 agents reviewed show no clear evidence for
differences in initial efficacy, but later losses in efficacy with
anakinra are thought to reflect low drug levels, as once daily
dosing may be insufficient for a half-life that is short (4–6 hours). A
later loss of efficacy was also seen with rilonacept, whose weekly
dosing indicates its moderate half-life (9 days), but not with
canakinumab, whose monthly/bimonthly dosing reflects its long
half-life (26 days).

There is evidence that the tolerability for anakinra is less than
that for rilonacept and canakinumab. The lesser tolerability for
anakinra, is often related to frequent injection site reactions.
Injection site reactions are also a common side-effect of rilonacept,
which is a fusion protein. In contrast, canakinumab, as a fully
human antibody, causes little to no injection site reactions or
immunogenicity. Neutralizing antibodies have not been detected
and no apparent impact on canakinumab pharmacokinetics, total
IL-1 beta concentration or any evidence of immune-related loss of
efficacy have been described to date.

Based on the published evidence that all anti-IL-1 agents are
effective in AOSD, Health Authority applications were made in late
2015 to approve the use of canakinumab in refractory AOSD. Since
AOSD is considered to be related to SJIA (as the adult form or as
one component of a disease continuum), and canakinumab is
approved for use in SJIA, similar efficacy and safety profiles are
expected in AOSD as already observed in SJIA.

Drug-sparing effects

A major benefit of anti-IL-1 therapy has been the ability to stop
or reduce steroid use, as noted in most reports. The 37% frequency
of steroid reduction calculated in the meta-analysis of data from

Table 7
Remission and steroid sparing in adult-onset Still’s disease with varying treatments

Agent Frequency Reference

(A) Remissions with anti-IL-1 agents (%)
Anakinra !80% [2]
Anakinra 73% (full) 91% (full or partial) Table 1
Rilonacept 55% (full) 100% (full or partial) Table 4
Canakinumab 75% (full) 100% (full or partial) Table 6

(B) Treatment success with classical therapies (%)
NSAIDs o20–30% [33,26,31]
Corticosteroids !60% [26,48,31]
Methotrexate 60–70% [49,31]

(C) Steroid use with anti-IL-1 agents (%)
Anakinra 37% (lowered) [2]
Anakinra 29% (stopped) 68% (lowered) Table 1
Rilonacept 38% (stopped) 76% (lowered) Table 4
Canakinumab 25% (stopped) 100% (lowered) Table 6

(A) Remissions with anti-IL-1 agents, showing full remissions or any remission (full
plus partial remissions). (B) Success with classical therapies. (C) Steroid use with
anti-IL-1 agents, showing completely stopped and lowered (stopped plus reduced
dose). IL-1, interleukin-1; NSAIDs, non-steroidal anti-inflammmatory drugs.

Table 6
Reports of canakinumab use in refractory adult-onset Still’s disease

Degree of Remission Steroid use

n Full Partial None n Stopped Reduced

Case reports
[40] 2 1 1 0 – – –

[45] 1 1 0 0 1 1 0
[17] 1 0 1 0 – – –

[46] 1 1 0 0 1 0 1
[32] 1 1 0 0 – – –

[41] 1 1 0 0 1 0 1
[47] 1 1 0 0 1 0 1
[38] 2 1 0 1 – – –

TOTALS 10 7 (70%) 2 (20%) 1 (10%) 4 1 (25%) 3 (75%)

Denominators are all patients in all articles for remissions or all patients in the
articles reporting steroid use.
Fisher exact test: p ¼ 0.0114 for 90% (full or partial remissions) and 10% (none)
versus 50% (no effect) for each.
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Anti-IL-1 agents compared to standard therapies

Anti-IL-1 agents in these cases of refractory AOSD, often led to
full remission (73% with anakinra, 55% with rilonacept, and 75%
with canakinumab) and with high rates of full or partial remission
(91% with anakinra and 100% with rilonacept or canakinumab)
(Table 7, panel A). Among classical therapies NSAIDs provided
remission in o20–30% of patients, steroids in approximately 60%
of cases, and methotrexate in 60–70% of patients (Table 7, panel B).

The rate of full or partial remissions comes mostly from case
reports or case series, which may reflect some reporting bias.
However, with anakinra, the overall rate of remission calculated
(91%) was very similar to rates in surveys, which consider all
patients in succession (Table 2), and matches the 91% (Table 2)
seen in the last French survey [38]. This suggests minimal report-
ing bias in these case reports or case series.

Steroid reduction was also achieved in most patients, many
being able to stop steroids completely (29% on anakinra, 38% on
rilonacept, and 25% on canakinumab) and most being able to
either lower the dose or stop steroids (68% on anakinra, 76% on
rilonacept, and 100% on canakinumab) (Table 7, panel C). This level
of steroid sparing exceeds that previously reported for anakinra
derived from a meta-analysis of 3 reports [2].

Thus, existing data with IL-1 inhibitors in the most hard-to-
treat cases of refractory AOSD indicate response rates slightly
above those of conventional therapy with methotrexate, even in
patients who did not respond to multiple standard or biological
therapies, and considerable levels of steroid sparing. Anti-IL-1
treatments should therefore improve efficacy in AOSD and con-
siderably reduce the reliance on steroids.

Discussion

Anti-IL-1 treatments in AOSD

The response to all types of anti-IL-1 treatment, regardless of
the exact means by which this is achieved (inhibition of IL-1
receptor, use of the IL-1 trap molecule, or specific blockade of
IL-1β) indicate that IL-1 is intimately involved in the pathogenesis
of this disease, as it is in its namesake pediatric disease (SJIA or
Still’s disease).

Based on similar signs and symptoms, SJIA and AOSD are seen
by most experts as either the same disease or two very similar
diseases that are parts of a single disease continuum.

New data show that in SJIA the genes that respond to canaki-
numab (controlling innate immunity and immune cell activity) [50],
are the same ones that are dysregulated in untreated AOSD [51].
This suggests that canakinumab treatment in AOSD will likely
produce the same genetic response as in SJIA, further supporting
a common immunopathology in both of these conditions.

The large number of patients treated off-label with anti-IL-1
agents indicates the unmet medical need for such treatments.
An investigator-initiated controlled clinical trial in AOSD
(NCT02204293) (a multicenter, placebo-controlled, 12-week trial
of the efficacy, safety and tolerability of canakinumab in 68 AOSD
patients) is currently ongoing. This will provide pre- and post-
treatment genetic data and more robust efficacy data.

The 3 anti-IL-1 agents reviewed show no clear evidence for
differences in initial efficacy, but later losses in efficacy with
anakinra are thought to reflect low drug levels, as once daily
dosing may be insufficient for a half-life that is short (4–6 hours). A
later loss of efficacy was also seen with rilonacept, whose weekly
dosing indicates its moderate half-life (9 days), but not with
canakinumab, whose monthly/bimonthly dosing reflects its long
half-life (26 days).

There is evidence that the tolerability for anakinra is less than
that for rilonacept and canakinumab. The lesser tolerability for
anakinra, is often related to frequent injection site reactions.
Injection site reactions are also a common side-effect of rilonacept,
which is a fusion protein. In contrast, canakinumab, as a fully
human antibody, causes little to no injection site reactions or
immunogenicity. Neutralizing antibodies have not been detected
and no apparent impact on canakinumab pharmacokinetics, total
IL-1 beta concentration or any evidence of immune-related loss of
efficacy have been described to date.

Based on the published evidence that all anti-IL-1 agents are
effective in AOSD, Health Authority applications were made in late
2015 to approve the use of canakinumab in refractory AOSD. Since
AOSD is considered to be related to SJIA (as the adult form or as
one component of a disease continuum), and canakinumab is
approved for use in SJIA, similar efficacy and safety profiles are
expected in AOSD as already observed in SJIA.

Drug-sparing effects

A major benefit of anti-IL-1 therapy has been the ability to stop
or reduce steroid use, as noted in most reports. The 37% frequency
of steroid reduction calculated in the meta-analysis of data from

Table 7
Remission and steroid sparing in adult-onset Still’s disease with varying treatments

Agent Frequency Reference

(A) Remissions with anti-IL-1 agents (%)
Anakinra !80% [2]
Anakinra 73% (full) 91% (full or partial) Table 1
Rilonacept 55% (full) 100% (full or partial) Table 4
Canakinumab 75% (full) 100% (full or partial) Table 6

(B) Treatment success with classical therapies (%)
NSAIDs o20–30% [33,26,31]
Corticosteroids !60% [26,48,31]
Methotrexate 60–70% [49,31]

(C) Steroid use with anti-IL-1 agents (%)
Anakinra 37% (lowered) [2]
Anakinra 29% (stopped) 68% (lowered) Table 1
Rilonacept 38% (stopped) 76% (lowered) Table 4
Canakinumab 25% (stopped) 100% (lowered) Table 6

(A) Remissions with anti-IL-1 agents, showing full remissions or any remission (full
plus partial remissions). (B) Success with classical therapies. (C) Steroid use with
anti-IL-1 agents, showing completely stopped and lowered (stopped plus reduced
dose). IL-1, interleukin-1; NSAIDs, non-steroidal anti-inflammmatory drugs.

Table 6
Reports of canakinumab use in refractory adult-onset Still’s disease

Degree of Remission Steroid use

n Full Partial None n Stopped Reduced

Case reports
[40] 2 1 1 0 – – –

[45] 1 1 0 0 1 1 0
[17] 1 0 1 0 – – –

[46] 1 1 0 0 1 0 1
[32] 1 1 0 0 – – –

[41] 1 1 0 0 1 0 1
[47] 1 1 0 0 1 0 1
[38] 2 1 0 1 – – –

TOTALS 10 7 (70%) 2 (20%) 1 (10%) 4 1 (25%) 3 (75%)

Denominators are all patients in all articles for remissions or all patients in the
articles reporting steroid use.
Fisher exact test: p ¼ 0.0114 for 90% (full or partial remissions) and 10% (none)
versus 50% (no effect) for each.
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• IL-1 inhibitors
Anakinra; Canakinumab; Rilonacept

• IL-6 blockade
Tocilizumab, Sarilumab

• JAK kinase inhibitors
Tofacitinib; Baricitinib

• IL-18 blockade
Tadekinig alpha

Νεότερες στοχευμένες θεραπείες στη νόσο Still’s ενηλίκων



Kaneko et al. ARD 2018

Τocilizumab 8 mg/kg or placebo iv every 2 weeks during the 12-week, 
double-blind phase, subsequently open-label tocilizumab for 40 weeks.

Ν=27 pts



Njonnou et al. Rheumatology 2019

fully human anti-IL-
6R monoclonal IgG1 

antibody

Ανθεκτική νόσος
σε Tocilizumab



• IL-1 inhibitors
Anakinra; Canakinumab; Rilonacept

• IL-6 blockade
Tocilizumab, Sarilumab

• JAK kinase inhibitors
Tofacitinib; Baricitinib

• IL-18 blockade
Tadekinig alpha

Νεότερες στοχευμένες θεραπείες στη νόσο Still’s ενηλίκων



Hu et al. ARD 2020

Πλήρης ύφεση 50% εντός 1-16 μηνών

Συμπεριλαμβανόμενοι και ασθενείς με νόσο ανθεκτική σε IL-1 ή IL-6 αναστολείς



Ladhari et al. Rheumatology 2019

Case report: νόσος πολυανθεκτική σε προηγούμενες βιολογικές θεραπείες 

CLINICAL CASE

Mixed results with baricitinib in
biological-resistant adult-onset Still’s
disease and undifferentiated systemic
autoinflammatory disease

Mark Kacar,1 John Fitton,2 Andrew K Gough,3 Maya H Buch ,1
Dennis G McGonagle,2 Sinisa Savic 2,4

ABSTRACT
This clinical case series describes our experience with the
use of Janus kinase 1/2 inhibitor baricitinib in two patients
suffering from refractory adult-onset Still’s disease (AOSD)
as well as in one case suffering from AOSD-like
autoinflammatory disease in the context of myelodysplastic
syndrome. All patients suffered from disease non-
responsive to conventional Disease-modifying
antirheumatic drugs (DMARDs) as well as biological
therapies including interleukin (IL)-1 and IL-6 blockade,
relying instead on high daily doses of prednisolone. We also
report the first case of Pneumocystis jirovecii infection
following baricitinib use.

INTRODUCTION
Adult-onset Still’s disease (AOSD) is a rare sys-
temic autoinflammatory disorder characterised
by a combination of fever, generalised evanes-
cent salmon-pink rash, pharyngodynia, arthri-
tis/synovitis, lymphadenopathy, serositis and
splenomegaly. None of these clinical features
are disease-specific, and a wide spectrum of
conditions including autoimmune, infectious
and malignant diseases need to be considered
as part of differential diagnosis. Several classifi-
cation criteria have been developed for
research purposes that can aid the diagnosis of
AOSD. The most commonly used are
Yamaguchi’s1 and Fautrel’s2 criteria with the
latter one not requiring exclusion of other con-
ditions for diagnosis of AOSD to be made. The
diagnosis can be particularly difficult in patients
with pre-existing conditions such as myelodys-
plastic syndrome (MDS) or in patients who do
not fulfil all classification criteria, but have
a condition closely resembling AOSD and who
are ultimately treated and respond to therapies
used for AOSD. A frequently used diagnostic
label in such cases is that of undifferentiated

systemic autoinflammatory syndrome
(uSAID).3

Treatment of AOSD has been revolutio-
nised by the introduction of biologicals
DMARD particulary those targeting interleu-
kin (IL)-1 and IL-6.4–7 The Janus kinase (JAK)
inhibitors—tofacitinib, baricitinib and others
—are highly effective in refractory inflamma-
tory arthritis, including patients who have
failed biological therapy.8 9 Here, we describe
our experience using the JAK-1/JAK-2 inhibi-
tor baricitinib in two patients with biological-
resistant AOSD meeting Yamaguchi’s diag-
nostic criteria, as well as in one patient suffer-
ing from anAOSD-like disorder in the context
of low-grade MDS. Results of relevant investi-
gations are shown in table 1, a summary of
medications used (and their doses) are
shown in table 2, and clinical characteristics,
laboratory results and concomitant medica-
tion prebaricitinib and postbaricitinib imple-
mentation are shown in table 3.

CASE REPORT
A 43-year-old Sudanese woman (P1) was first
treated at in Sudan (at 41 years) for fever and
flitting arthralgia. She relapsed in the UK
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Key messages

What is already known about this subject?
► Cytokine inhibition (IL-1 and IL-6) using bilogicals is

now established treatment approach in AOSD.

What does this study add?
► JAKi should be tried in patients who fail bilologics 3.

How might this impact on clinical practice?
► Additional studies are needed to determine optimal

place for use of JAKi in treatment AOSD.

Autoinflammatory disorders
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kin (IL)-1 and IL-6.4–7 The Janus kinase (JAK)
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tory arthritis, including patients who have
failed biological therapy.8 9 Here, we describe
our experience using the JAK-1/JAK-2 inhibi-
tor baricitinib in two patients with biological-
resistant AOSD meeting Yamaguchi’s diag-
nostic criteria, as well as in one patient suffer-
ing from anAOSD-like disorder in the context
of low-grade MDS. Results of relevant investi-
gations are shown in table 1, a summary of
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Exemplary data: Treatment of refractory AOSD pts



• IL-1 inhibitors
Anakinra; Canakinumab; Rilonacept

• IL-6 blockade
Tocilizumab, Sarilumab

• JAK kinase inhibitors
Tofacitinib; Baricitinib

• IL-18 blockade
Tadekinig alpha

Νεότερες στοχευμένες θεραπείες στη νόσο Still’s ενηλίκων
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Gabay et al. ARD 2018

§ 23 ασθενείς με νόσο ανθεκτική σε scDMARDs ή/και bDMARDs
§ IL-18 binding protein Tadekinig alpha sc 80mg ή 160mg 3x/εβδ ± csDMARD
§ Στις 3 και 12 εβδ ανταποκρίθηκαν 50% των ασθ. (>50% μείωση CRP, χωρίς πυρετό)
§ Παρόμοια ανταπόκριση σε ασθ. με και χωρίς αρθρική προσβολή
§ D/C: αντίδραση στο σημείο της ένεσης, n=3; τοξική οπτική νευροπάθεια, n=1



Treatment for MAS

JAK inh
TOFACITINIB

αλλογενής μεταμόσχευση

IL-1 inh.

------------------------I

JAK inh
TOFACITINIB

IL-1

Merli et al. 2020
Frontiers Immunol



IL-1 αναστολείς και MAS

- Εχουν περιγραφεί περιστατικά όπου το αιμοφαγοκυτταρικό σύνδρομο 
εμφανίστηκε μετά την έναρξη θεραπείας με IL-1 αναστολείς.

- Ωστόσο, σημαντικός αριθμός ασθενών με αιμοφαγοκυτταρικό
σύνδρομο έχει αντιμετωπιστεί επιτυχώς με αναστολείς της IL-1.

Είναι άγνωστος ο αιτιοπαθογενετικός μηχανισμός που συσχετίζει την
εμφάνιση MAS με τις αντι-IL-1 θεραπείες σε κάποιους ασθενείς.



• Mild ?

• Moderate ?

• Severe ?

• Chronic articular ?

• Chronic systemic ?

Tomaras S et al. J Clin Med 2021

Αναμένουμε σαφείς διεθνείς οδηγίες για τον ορισμό της ήπιας – σοβαρής νόσου 
και την εξατομικευμένη επιλογή θεραπείας



Window of opportunity for AOSD?

Altering the course of AOSD

Πότε είναι το ιδανικό χρονικό παράθυρο για έναρξη θεραπείας? 

Πρώιμη έναρξη αγωγής σχετίζεται με καλύτερη έκβαση νόσου?

- υπάρχουν μέχρι στιγμής βιβλιογραφικά δεδομένα στη sJIA



Ø Βιολογική θεραπεία ως 1η επιλογή?
Ø Υφεση κλινική? Εργαστηριακή? Και τα δύο?
Ø Υφεση χωρίς GC? Στόχος 3-6 μήνες?
Ø Μείωση βιολογικών σε ύφεση και πότε?

Διεθνείς οδηγίες σχετικά με τη 
θεραπευτική στρατηγική βάσει στόχου ?
‘’Τreat to target’’



§ Νόσος του Still - Ορισμός
§ Επιδημιολογία
§ Παθογένεια
§ Κλινικοεργαστηριακές εκδηλώσεις
§ Διάγνωση

- κριτήρια
- βιοδείκτες

§ Μέτρηση ενεργότητας νόσου
§ Επιπλοκές

- σοβαρές επιπλοκές και χρόνιες βλάβες
- MAS (σύνδρομο ενεργοποίησης μακροφάγου)

§ Θεραπεία
§ Πρόγνωση

- θνησιμότητα

Διάγραμμα παρουσίασης



Efthymiou et al. Seminars Arthritis Rheum 2021

Θνησιμότητα



έτος

sS
M

R

Borciuch e al. J Clin Med 2021 

§ Cardiovascular diseases  18.8%
§ Infections                           16.2%
§ Blood disorders                   7.1%

including cases with MAS 



Προγνωστικοί δείκτες επιβίωσης/θνησιμότητας 

Soo et al. J Rheumatol 2017


