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Non-Infectious Inflammatory Diseases (NIID)
Major causes of inflammation in Internal Medicine

✓ Autoimmune diseases

✓ Autoinflammatory diseases

Vanderschueren S, et al. Arch Intern Med 2003 - Bleeker-Rovers CP, et al. Medicine (Baltimore) 2007 - Horowitz HW. N Engl J Med 2013 - Fusco FM et al BMC Infect Dis 2019

• McGonagle D, McDermott MF. PLoS Med. 2006 
• Peckham et al. J Pathol. 2016 

autoinflammation and autoimmunity are the two 
opposite poles of the same spectrum disorders 

that are characterized by immune response 
dysregulation and chronic inflammation
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• Systemic inflammation/recurrent fever/neutrophilia

• Dysregulation of innate immunity

• Absence of autoantibodies /autoreactive Τ-cells

• Absence of active infection

• Monogenic periodic fever syndromes

• Multifactorial diseases or common metabolic disorders

• If untreaded, progressive organ damage, morbidity & increased mortality

Common characteristics of 
systemic autoinflammatory diseases (SAIDs)

6

IL-1-mediated autoinflammatory diseases: most frequent 
monogenic periodic fevers (HPFs)

• Characterized by recurrent attacks of fever; rash; serositis; lymphadenopathy; and 
musculoskeletal involvement

• In HPFs, genetic mutations lead to dysregulation of the innate immune system and to 
episodic manifestations of systemic inflammation

– Familial Mediterranean fever (FMF)

– Hyperimmunoglobulinemia D and periodic fever syndrome (HIDS)

– Tumor necrosis factor receptor–associated periodic syndrome (TRAPS)

– Cryopyrin-associated periodic syndromes (CAPS)

https://www.autoinflammatorydiseases.com/autoinflammatory-diseases
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Gattorno M et al. Ann Rheum Dis. 2019

CLINICAL classification criteria for hereditary recurrent fevers

CAPS FMF TRAPS MVK

Diagnostic features and differential diagnosis of recurrent febrile syndromes

Hoffman HM and Simon A. Nat Rev Rheumatol 2009 

Variable disease courses
No fever (especially in adults)
Longer or shorter febrile episodes
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Identification of the “inflammasome”: 
a major breakthrough in the field 

of innate immunity & autoinflammation

Martinon F, Burns K, Tschopp J. 
Mol Cell. 2002Figure modified by P. Skendros

Ozen & Bilginer. Nat Rev Rheumatol. 2014 
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New Eurofever/PRINTO classification criteria for HRFs

Gattorno M et al. Ann Rheum Dis. 2019

• confirmatory genetic test (pathogenic or likely pathogenic variant)
• not confirmatory genetic test (variants of unknown significance-VUS)

Timeline of monogenic autoinflammatory disorder discovery 
and genetic sequencing technique used

Moghaddas F, Masters SL. Clin Sci (Lond). 2018 
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Στοχευμένη Αλληλούχηση Νέας Γενιάς (targeted-NGS)
αλληλούχηση του πλήρους τμήματος των εξoνίων (whole exome seq) 16 γονιδίων 

ΕΘΝΙΚΟ ΚΑΙ ΚΑΠΟΔΙΣΤΡΙΑΚΟ ΠΑΝΕΠΙΣΤΗΜΙΟ 
ΙΑΤΡΙΚΗ ΣΧΟΛΗ 
ΠΑΘΟΛΟΓΙΚΗ ΦΥΣΙΟΛΟΓΙΑ
ΕΡΓΑΣΤΗΡΙΟ ΣΥΝΔΡΟΜΩΝ ΠΕΡΙΟΔΙΚΟΥ ΠΥΡΕΤΟΥ
Διευθυντής: Καθηγητής Αθανάσιος Γ. Τζιούφας

Somatic mutations in myeloid lineage as a cause of 

later-onset auto-inflammatory disorders

• NLRP3-associated (somatic CAPS)

• VEXAS (Vacuoles, E1 ubiquitin ligase, X-linked, Auto-inflammatory, Somatic)

Acquired auto-inflammatory disorders (AAIDs)
Adult-onset autoinflammation 

Poulter JA and Savic S. Semin Hematol 2021

de Koning HD et al. J Allergy Clin Immunol. 2015 
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Louvrier C et al. J Allergy Clin Immunol 2020

The phenotypic spectrum of NLRP3-
AIDs appears to be related to the 
germinal/mosaic status and localization 
of the underlying mutations

Somatic and germline 
NLRP3 mutations

Spectrum of systemic autoinflammation today
✓ Over 40 autoinflammatory diseases

✓ Classification according to pathomechanism

Georgin-Lavialle S, et al. Best Pract Res Clin Rheumatol. 2020



8/4/2023

9

Autoinflammatory diseases
“the model of FMF”

FMF: The prototype 
autoinfammatory disease

Timeline of the main contribution of 
Inflammation Research Group DUTH, in the study of FMF

Skendros et al J Autoimmun 2019
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M694V (38.1%)

M680I (19.7%)

V726A (12.2%)

E148Q (10.9%) 

E230K (6.1%)

Giaglis S et al. Clin Genet 2007: 71: 458–467

R202Q (9,2%)

FMF - Γενετικό «φορτίο» και Φαινότυπος

Μεταλλάξεις 
στο MEFV

Ασθενείς
(N=152)
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(N=140)
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p <0.048

Giaglis S et al. Clin Genet 2007: 71: 458–467

“Genetic dose effect”
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ARD 2014

IL-1 positive 
neutrophils/NETs in 

FMF episodes

Ben-Zvi I, Livneh A. Chronic inflammation in FMF: markers, risk factors,
outcomes and therapy. Nat Rev Rheumatol. 2011
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✓Unpredictable, recurrent 
and self limited 
inflammatory attacks of 
fever and serositis 

✓Several factors 
associated with 
emotional and physical 
stress are proposed to 
trigger FMF attacks

FMF & stress

• Ben-Zvi I, Livneh A. Nat Rev Rheumatol. 2011
• Yenokyan G, Armenian HK. Am J Epidemiol 2012
• Ozen S, et al. Ann Rheum Dis 2016
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Aramine® (metaraminol)
(stress analogue)

FMF
attack

FMF patient

Metaraminol 
Provocative 
Test

Recommendation 8
“Periods of physical or emotional stress can trigger FMF
attacks, and it may be appropriate to increase the dose of
colchicine temporarily”
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Skendros P et al. J Allergy Clin Immunol. 2017

The stress-related protein REDD1 emerges as a novel
regulator of IL-1b–driven inflammation in neutrophils
of patients with FMF by both activating autophagy 
mediated NET release and affecting IL-1β maturation

Enviromental
inflammatory signals 
and stressfull events

NETs
IL-1β+

REDD1

FMF patient

Skendros et al. J Allergy Clin Immunol 2017
Skendros et al J Autoimmun 2019
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Dephosphorylation of pyrin and loss 
of 14-3-3 inhibition

activates pyrin inflammasome

Savic S, Caseley EA, McDermott MF. Nat Rev Rheumatol. 2020

14-3-3 protein 
“ the break of 

pyrin activation”

Pyrin acts as a receptor for the selective autophagic degradation of inflammasome 
components, a function that is significantly impaired in mutated protein

Kimura T et al J Cell Biol 2015

PYRIN FMF mutant of PYRIN
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Gordon BS et al. Am J Physiol Endocrinol Metab. 2016 

Autophagy inductionAutophagy inhibition

IL-1β

inflammasome

FMF proposed model of autoinflammation



8/4/2023

17

Translation Medicine

Papagoras C, Lampropoulou V, Mavraki E, Chrysanthopoulou A, Deftereos S, Aróstegui JI, Skendros P, Ritis K. Clin Immunol. 2021 

Targeting IL-1α & IL-1β in CAPS 
NLRP3 E304K/0
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FMF Is Divided Into 3 Phenotypes

*Only 60% of patients bear 2 mutations (30% have 1, and 10% have 0); †rates of 

phenotype III in Israeli population are very high (1:50 vs 1:400 for phenotype I).
Ben-Zvi I, Livneh A. Nat Rev Rheumatol. 2011;7:105-12.

▪ Only manifestation is 
AA amyloidosis

▪ Diagnosis based on 
family history of 
phenotype I disease, or 
presence of MEFV
mutations 

Phenotype II Phenotype IIIPhenotype I

▪ Clinically overt disease

▪ Manifested with 
episodes of fever and 
arthritis, or peritonitis, 
pleuritis, or rash 
(erysipelas-like 
erythema); or

▪ Combination of above 
with AA amyloidosis

▪ Genetic diagnosis is not 
required*

▪ Genetic positive (≥2 
mutations)

▪ Clinically silent disease†

Analgesics

1990

3yrs-old: Recurrent 
episodes (24-48 h) 

of high fever, 
abdominal pain, 
erysipelas-like 

erythema, 
arthralgia/arthritis 

of the knees

Prednisolone
1 mg/kg BW

19971988

FMF??

1998 2000

Large joint 
arthritis 

(shoulders/knees)
Abdominal pain 

attacks

FMF
(M694V homo)

Colchicine
Prednisolone
MTX (2 years) 

2005 2008 2010

Inflammatory attacks
(1-2/8 weeks)

Arthritis of knees
Onset of arthritis of the hips

Colchicine
Prednisolone

Etanercept

Severe allergic 
reactions to 

Anakinra

Colchicine
Prednisolone

EtanerceptHCQ 
(2 years)

Colchicine
Prednisolone
(high doses)

Colchicine
Prednisolone

Off-label Anakinra 
(4 weeks)

Etanercept

Weekly episodes of 
febrile abdominal 

pain attack/arthritis

SJIA??

Destructive arthritis 
(hips/shoulders)

Replacement right hip
No physical activity 
Depression/anxiety

25-year-old woman with refractory FMF 
and longstanding destructive arthritis

http://www.ncbi.nlm.nih.gov/pubmed/21060333


8/4/2023

19

2007

2010
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• 2010: Initiation of canakinumab 150 mg/8 weeks, step-up 150 mg/6 weeks

• Colchicine 2 mg/day, prednisolone 2.5-5 mg/day

25-year-old woman with refractory FMF and 
longstanding destructive arthritis

Mitroulis I, Skendros P, Oikonomou A, et al. Ann Rheum Dis. 2011 

Baseline

MRI Coronal short tau inversion recovery (STIR) images of the left knee

Follow-up 6 months

Mitroulis I, Skendros P, Oikonomou A, et al. Ann Rheum Dis. 2011

Skendros P, Papagoras C, Oikonomou A , et al. Ann Rheum Dis. 2014 (suppl 2)

Follow-up 42 months
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Before IL-1β
inhibition

Cessation 
of IL-1β 

inhibition

months

CRP ESR

• Up to 45% of FMF patients

• Monoarticular/oligoarticular mainly involving lower limbs (hip, knee, ankle)

• Sacroiliitis up to 14%

• Self-limited, non-erosive

• Chronic destructive arthritis (mainly hips) 3-5%

• Association with M694V mutation, erysipelas-like erythema, and protracted 
febrile myalgia 

• Unresponsiveness to colchicine was found in 21% [EULAR 2022]

• Jarjour RA, Dodaki R. Mol Biol Rep. 2011
• Avar-Aydın PO, et al. Clin Rheumatol. 2022
• Yenigun S, et al Ann Rheum Dis 2022 (suppl 1).

Arthritis in FMF

• Garcia-Gonzalez A, Weisman MH. Semin Arthritis Rheum 1992
• Uthman I, et al. Rheumatol Int 2001;20:145–8.
• Yalçinkaya F, et al. Br J Rheumatol 1997;36:1228–30. 
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FMF and subclinical inflammation
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CRP and ESR may remain high during the attack free periods

Korkmaz C, et al. Ann Rheum Dis. 2002

Ben-Zvi I, Livneh A. Nat Rev Rheumatol. 2011 
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Kaplan-Meyer stroke free survival times for FMF patients 
without disease-related comorbidities vs. controls

Kaplan-Meyer stroke free survival times for 
the entire FMF cohort vs. controls

FMF patients have higher stroke incidence and younger 
stroke onset compared to the general population, 
regardless of the presence of amyloidosis and renal failure

52-years-old male with newly diagnosed FMF-Renal Amyloidosis 
(MEFV 694 +/-)

HI #6 ISO HI #6 CitH3 CYT14 CitH3CYT14 ISO

ANC: 7.570/μL
CRP< 0.5 mg/dL
T=36.6oC
Nephrotic syndrome

40X Healthy donor (control) 40X FMF Amyloidosis

First Department of Internal Medicine 
& Laboratory of Molecular Hematology, 
Democritus University of Thrace 
CYTONET project 2018-2022 
(unpublished data)

Peripheral blood 
neutrophils

IL-1+ NETs
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M694V M694V M694V

Chronic 
Kidney 
Disease

? ? ?

54 yrs 97 yrs 62 yrs86 yrs

Family pedigree of the patient

Βάση όλων των θεραπευτικών προσεγγίσεων του FMF
από το 1972

• Αποτροπή της κρίσης, μείωση της βαρύτητας της κρίσης
• Μη αποτελεσματική στην διάρκεια της κρίσης
• Προστασία από εκδήλωση αμυλοείδωσης
• Απαιτείται καθημερινή χορήγηση
• Σημαντικά χαμηλό κόστος
• Σημαντική ασφάλεια - εγκυμοσύνη/θηλασμός
ήπια τρανσαμινασιαμία, περιφερική νευροπάθεια, μυοπάθεια (ΧΝΝ!)
statins, ketoconazole, ritonavir, clarithromycin, verapamil, diltiazem

1-2 mg 24ωρο/pos

Κολχικίνη 
(Colchicine)

Goldfinger SE. Colchicine for familial Mediterranean fever. N Engl J Med. 1972 
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Χρήση αναστολέων της IL-1 
στη θεραπεία ασθενών με FMF

• Ασθενείς με FMF και κολχικίνη: 

5% είναι ανθεκτικοί, 5% δεν την ανέχονται, 30% μερική απόκριση

• FMF δύσκολες περιπτώσεις:

διαβρωτική αρθρίτιδα, αμυλοείδωση, αγγείτιδα

• Αnakinra (recombinant IL-RA)

• Canakinumab (humanized anti-IL-1β)

• Ben-Chetrit E, Aamar S. Clin Exp Rheumatol. 2009 
• Ben-Chetrit E, Levy M. Lancet. 1998
• Ozturk MA, et al. Clin Exp Rheumatol. 2011
• Mitroulis I, Skendros P, et al Ann Rheum Dis. 2011

• Hentgen V, et al. Semin Arthritis Rheum. 2013
• van der Hilst JCh et al. Biologics: Targets and Therapy 2016
• Laskari K et al. Rheumatol. 2017
• De Benedetti F et al . N Eng J Med. 2018

Broderick L, Hoffman HM. Nat Rev Rheumatol. 2022
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Broderick L, Hoffman HM. Nat Rev Rheumatol. 2022

Drugs in 
development 
targeting the 
IL-1 pathway

✓ Κλινική εικόνα/ιστορικό, επιδημιολογία - αυξημένη κλινική υποψία

✓ Η αδυναμία γενετικού ελέγχου δεν πρέπει να καθυστερήσει την έγκαιρη έναρξη
κολχικίνης (βασική θεραπεία) στην ανώτερη ανεκτή δόση

✓ Εκτός από την πρόληψη των οξέων προσβολών, η θεραπεία πρέπει να στοχεύει στη
μείωση της χρόνιας υποκλινικής φλεγμονής και στην παρεμπόδιση της επιβλαβούς
κλινικής έκβασής της

✓ Η χρόνια διαβρωτική αρθρίτιδα δεν είναι συχνή, μπορεί όμως να οδηγήσει σε
σημαντική αναπηρία

✓ Οι αναστολείς της IL-1 έχουν αλλάξει το πεδίο, ιδιαίτερα στις δύσκολες και
ανθεκτικές στην κολχικίνη περιπτώσεις

✓ Τροποποίηση δόσεων (step-up/down) ανάλογα με την πορεία της νόσου και τον
φλεγμονώδη φαινότυπο

FMF: Μηνύματα από την καθημερινή κλινική πρακτική
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Autoinflammatory Disorders

Η σπάνια μαύρη λεοπάρδαλη που έχει 
αγαπήσει όλος ο πλανήτης

"Οι σπάνιες ασθένειες είναι σπάνιες, αλλά κάθε 
ασθενής είναι μοναδικός"
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