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The main inflammation mediator for many autoinflammatory diseases (periodic fever syndromes,
PFS) is interleukin 1f (IL 1f). Cryopyrin associated periodic syndromes (CAPS) became first
diseases for which the effectiveness of inhibitors IL I was shown with a high degree of
substantiality. Canakinumab (fully human monoclonal antibodies to IL 1p) since 2011 is
registered in the Russian Federation as a treatment for CAPS. Currently, there are studies
evaluating the efficacy and tolerability of IL 1 inhibitor in patients with other PFS. Accumulated
practical experience and some randomized controlled studies demonstrate the successful use of
IL 1 inhibitor in colchicine-resistant patients in cases of familial Mediterranean fever with the
blockage of inflammatory attacks and reducing acute-phase activity, as well as in patients with
other monogenic (TRAPS, HIDS, and others) and multifactorial pathologies (systemic
Jjuvenile arthritis, Still's disease in adults, gout, etc.). The use of IL I inhibitors, in particular of
canakinumab, in patients with a variety of PFS, according to Russian and foreign studies,
showed good tolerability and high efficacy in all patients, regardless of age. Thus, canakinumab,
due to its therapeutic opportunities, has broad prospects in facilitating the disease, improving
the survival, quality of life and overall prognosis.
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Introduction

Autoinflammatory diseases and syndromes (periodic fever syndromes, PFS)are a
group of diseases which are united by recurrent episodes of spontaneously occurring non-
infectious inflammation of known genetic nature, associated with the activation of an innate
immune response in the absence of autoantibodies and antigen-specific T cells [1]. P. Fietta
indicates that the term "autoinflammation" was proposed by D. Kastner and J. O. Shea in the late
twentieth century, and since then it has firmly established in the lexicon of doctors [2, 3].

Common features of this group of diseases are recurrent episodes of fever, polysystem
and increase in acute-phase markers (ESR, CRP, and others). For most PFS, debut in childhood
is typical, for many so is the debut in the first year and even in the first weeks of life. Most
nosologies, currently attributed to the classic PFS, have a monogenic hereditary nature, i.e., they
are caused by a pathological mutation of one specific gene, which is now transcribed. PFS are
diseases of natural (congenital, antigen non-specific) immunity, the central mediator of which is
interleukin (IL) 1B [4-6]. Thus, the activation of Toll-like receptors (or their intracellular
functional analogues responsive to various damaging factors) causes inflammasome activation,
which in its turn activates the procaspase-1. The active form - caspase-1 — transforms the
inactive form of pro-IL 1B into active, and after stimulation of the P2X7 receptor, the active
cytokine is released into the extracellular space. Thus, each of these stages is the "point of
regulation" of IL 1P expression [4, 7, 8].

Initially, the PFS group consisted of few rare congenital monogenic diseases, the so-
called periodic fevers with frequent involvement of the skin, serous membranes, mucous
membranes, eyes, joints, lymph nodes, gastrointestinal tract, and nervous system. At present, the
list of PFS is wide enough and is regularly updated with new nosologies - monogenic and
multifactorial diseases (Table 1) — with a different mechanism of development, in which,

possibly, the genetic defect is not set [1, 9].

Table 1. Clinical classification of hereditary and multifactorial autoinflammatory diseases [9]

Clinical signs Hereditary PFS (gene, Multifactorial PFS
transmission path)

Recurrent episodes of FMF (MEFV, AR) Marshall Syndrome

inflammation TRAPS (TN FRSF1A, AD) Recurrent idiopathic
Hyper IgD- pericarditis
syndrome (MVK, AR) Mollaret syndrome

(recurrent meningitis)

Systemic inflammation CINCA / NOMID (NLRP3, AD) System JA

with urticarial rash Muckle Wells Syndrome / Adult Still's disease
FCAS (NLRP 3 AD) Schnitzler syndrome
FCAS2 (NLRP12, AD)

Sterile inflammation of PAPA syndrome (CD2BP1, AD) | SAPHO

skin / bones / joints DIRA syndrome (IL1RN, AR) Gout and pseudogout
DITRA syndrome (IL36RN, Spondyloarthropathy
AR) Reactive arthritis




CRMO (LPINZ, AR) Sweet's Syndrome
CAMPS syndrome (CARD14, Generalized pustular

AD) psoriasis
Acrodermatitis

Panniculitis / Nakajo-Nishimura syndrome Neutrophilic panniculitis
lipodystrophy (PSMB8 AR) Erythema nodosum and

JMP syndrome (PSMB8, AR) panniculitis

CANDLE

syndrome (PSMBS, AR)
Inflammatory bowel Early onset of inflammatory Crohn's Disease
disease bowel disease (IL10, IL10RA,

IL10RB)
Hemophagocytosis FHL 1 (unknown) System JA - associated MAS

lymphohistiocytosis (FHL) | FHL 2 (PFR1 / perforin 1, AR) | Infection - associated MAS
FHL 3 (UNC13D / Munc 13-4,
AR)

FHL 4 (STX11 / syntaxin 11,
AR)

FHL 5 (STXBZ2 / syntaxin
binding protein, AR)

Note: PFS - autoinflammatory diseases, blood pressure - autosomal dominant, AR - autosomal recessive, TRAPS -
Tumor necrosis factor receptor-associated periodic syndrome; JA - juvenile arthritis, FMF - Familial
Mediterranean fever, MAS - macrophage activation syndrome,; FCAS - familial cold autoinflammatory

syndrome; CRMO - chronic recurrent multifocal osteomyelitis, SAPHO - syndrome, including synovitis, acne,
pustulosis, hyperostosis, osteitis.

The PFS problem has been studied for nearly half a century. Each of the PFS is
characterized by the predominance and combination of certain symptoms, varying in severity,
frequency and nature of the flow. The presence of acute-phase markers at increased levels during
attacks is pathognomonic.

The accumulated clinical experience shows that most of the PFS have a severe course and
a serious prognosis. Treating such patients is very difficult. Use of genetically engineered
biological agents (GEBA) in the last decades led to a breakthrough in the treatment of
PFS. According to several studies with a high validity level, it is possible to virtually eliminate
manifestations of these syndromes, previously considered incurable and leading to permanent
disability and death of the patient.

Today, a fundamentally new approach to the treatment is the use of drugs that block the
function of the main cytokine IL 1 involved in the process of autoinflammation. Currently, the
representatives of IL 1 inhibitors are anakinra (recombinant soluble IL 1 receptors antagonists),
rilonacept (recombinant receptor fragment connected with an additional protein of receptor to
IL 1 and an immunoglobulin G to IL 1) canakinumab (fully human monoclonal antibodies to IL
1B) (Table 2). Registration of these preparations is carried out only for cryopyrin associated
periodical syndromes and for gout. However, attempts at prescribing them in various PFS are
available. Other therapeutic options, that are at the stage of clinical trials, related to the
suppression of IL 1 activity, are considered, including, for example, IL 1a neutralization, and

inhibition of caspase-1 [9]. Accumulated practical experience and some randomized controlled




studies demonstrate the successful use of IL 1 inhibitor in colchicine-resistant patients with
familial Mediterranean fever, which results in the blockage of inflammatory attacks and acute-
phase activity reduction [9-11], as well as in patients with other monogenic (TRAPS, HIDS,
Blau syndrome, PAPA, DITRA and others) and multifactorial (systemic juvenile arthritis, Still's
disease in adults, Behcet's disease, Schnitzler syndrome, gout and pseudogout, CRMO, SAPHO,
etc.) diseases [9].

Table 2. Genetically engineered biological agents that block the function of IL 1.

The preparation Anakinra Rilonacept Canakinumab
Type Recombinant soluble Recombinant soluble Fully
antagonists of IL -1 receptors IL -1 human monoclonal

antibody to IL -1

[njection way Subcutaneously Subcutaneously Subcutaneously
Dose 1 - 3 mg / kg (max 2-4mg/kg
100mg)
Multiplicity ofiDaily 1 per week 1 per 8 weeks
injection
Register at CAPS US FDA 02/2008, the US FDA forj06. 2009, US FDA for
for CINCA / NOMID the treatment of CAPS[FCAS and MWS in
(CAPS - FCAS or MWS injadults and children
adults and children olderjolder than 4
than 12 years) years; EMEA for the

treatment of all types
of CAPS in 10.2009,
in Russia since]
01.2011

Note: FDA- Food and Drug Administration, CAPS — cryopyrin associated periodic syndromes; CINCA /
NOMID - Chronic Infantile Onset Neurologic Cutaneous Articular / Neonatal Onset Multisystem Inflammatory
Disease; FCAS - Familial Cold Autoinflammatory Syndrome; MWS - Muckle - Wells Syndrome; EMEA - European

Medicines Agency

CRYOPYRIN-ASSOCIATED PERIODIC SYNDROMES

Classic PFS example are the Cryopyrin-Associated Periodic Syndromes (CAPS), which
are a group of rare autoinflammatory diseases, including Familial Cold Autoinflammatory
Syndrome / Familial Cold Urticaria (FCAS / FCU); Muckle - Wells Syndrome (MWS), Chronic
Infantile Onset Neurologic Cutaneous Articular / Neonatal Onset Multisystem Inflammatory
Disease (CINCA / NOMID). The development of the above syndromes, actually representing a
single disease with different severity of clinical manifestations, severity of the pathological
process and outcome, is caused by a mutation of the CIAS I / NLRP 3 gene, encoding cryopyrin
protein [12-16].

Type of inheritance of the disease - autosomal dominant.



Clinical manifestations. Mutation is found in about 60% of patients with CAPS. The
overall clinical picture of CAPS, except fever, includes the skin, neurological, ophthalmological
and articular manifestations, which are characterized by an early onset (usually in the first year
of life) [3, 16].

Fever - Episodic, recurrent or persistent.

Skin Syndrome is localized in different parts of the body and limbs urticaria rashes, which
can migrate and disappear during the day, their intensity increases in the evening. Rash character
is diverse: spotted, Separated popular, or discoid. The rash resembles the hives, but by the nature
of morphological changes, it is not a true allergic [16].

Neurological symptomatology is caused by lesions of the central and peripheral nervous
systems, is various in manifestations and severity depending on the form of CAPS, ranges from
headaches, hearing loss, increased intracranial pressure prior to the development of meningitis
[17]. Sensorineural hearing loss may develop in adolescence and adulthood, and progress to the
extent of the disease.

Ophthalmic symptoms include conjunctivitis, uveitis, and sometimes swelling of the optic
nerve and its atrophy.

Articular manifestations. There is a wide range of joint damage - from arthralgias to
severe arthropathy (more characteristic for CINCA / NOMID) - with involvement of large joints,
usually the knee, resulting in hypertrophy with joint deformity and functional impairment, which
is based on progressive ossification of cartilage with the formation of calcifications in joints.

Renal function. Amyloidosis develops in 25% of patients with CAPS with the most
frequent localization in the kidney, which is often a cause of death. This complication is causing
the extremely unfavorable projections for patients with CAPS.

Mortality during adolescence in patients with CINCA/NOMID is about 20%, mainly due
to the development of infectious complications or neurological disorders.

Treatment. For the treatment of patients with CAPS in previous years anti-inflammatory,
antihistamine, traditional immunosuppressive and cytotoxic drugs (methotrexate, cyclosporine,
azathioprine, and cyclophosphamide) were used; however, the results were disappointing. Some
improvement was noted when using high-doses therapy with glucocorticoids and thalidomide
[3, 12, 18]: they could to a certain extent alleviate the symptoms and even interrupt the attack,
but did not change the course of the disease and the prognosis, which in patients with the MWS
syndrome and especially with CINCA/NOMID was sad. In number of patients, the efficacy of
etanercept against articular manifestations was demonstrated. However, it did not affect the rash,
fever, and acute phase reactants [19].

Canakinumab in CAPS therapy. Since IL 1 plays central role in the pathogenesis of
CAPS, its blockade is the main therapeutic option. The only possible for an official prescription
to patients with CAPS in the Russian Federation currently is canakinumab (Ilaris, Novartis
Pharma AG, Switzerland). In 2009, the product has been registered by Food and
Drug Administration (FDA; USA) for the treatment of FCAS and MWS, EMEA from age of 4

years; in 2011 it was registered in Russia for the treatment of CAPS. The drug is injected



subcutaneously 1 time every 8 weeks. The dose for children older than 4 years with a body
weight > 15 kg and <40 kg is 2 mg/kg, with a weight of > 7.5 kg and <15 kg - 4 mg/kg. In
patients, weighing > 40 kg the drug injects subcutaneously at a dose of 150 mg.

Canakinumab binds to soluble IL 1B and neutralizes its biological functions - blocks the
binding with IL 1 receptor. The level of IL 1B production in patients with CAPS is 5 times higher
than that in healthypeople, and this causes significant increase in acute phase inflammatory
markers (CRP, SAA) in the blood. Reduce in IL 1P level leads to normalization of indicators of
inflammatory markers. Canakinumab does not bind and inactivate neither IL 1o, nor IL 1RA
[9, 20, 21].

Randomized controlled studies on the use of canakinumab in patients with CAPS are not
numerous [9, 20-27]. H. Lachmann et al. [23] published the results of a multicenter 48-week
double-blind randomized research (third phase) on evaluating the effectiveness on canakinumab
in patients with CAPS. Research consisted of 3 parts. In the first were included 35 pacients in
age from 4 to 75 years with a body weight of 15 to 100 kg. At the first open stage by a single
subcutaneous injection, patients with weigh t>40 kg were given 150 mg/kg, <40 kg - 2
mg/kg. The effect was assessed on the 15th day, and after 8 weeks, after which patients were
included into the next phase of the study, taking canakinumab at 150 mg (n = 15) or placebo (n =
16) every 8 weeks up to 24th week. Upon completion of the second phase or during
exacerbation, the patients (n = 31) in the third open phase took twice the dose compared to the
first stage. In all patients in the first open phase, all symptoms were cropped during 24 hours,
97% had a complete response by the 15-th day after injection. On completion of the initial phase,
residuary patients (n = 31) were randomized into the second phase: in 15 patients treated with
canakinumab, clinical and laboratory remission is fixed, in 13 of the placebo group -
exacerbation within 100 days, and increase in the level of inflammatory markers. By the end of
the study, 30 patients of the 31 had absent or minimal signs of activity. Rash disappeared in
94%. The production of antibodies to the canakinumab was not found.

In the J. B. Kuemmerle-Deschner study (third phase), canakinumab was given to 166
adults and children with CAPS [24]. Complete response was obtained in 78% of patients within
8 days. In patients with incomplete response and residual symptoms (24.1%), among which
dominated children and patients with severe CAPS phenotype, the dose was increased to
600 mg, or 8 mg/kg, in some patients the interval between injections was cut. During prolonged
observation, there were no noted exacerbations in 90% of patients.

In R. Goldbach-Mansky et al. research,6 patients aged 11-34 years with
CINCA/NOMID received the drug at 150 mg (2 mg/kg) or 300 mg (4 mg/kg) every 4-8 weeks
[25]. If necessary, doses were increased to 600 mg (8 mg/kg). In 5 patients remission was
observed, in accordance with the evaluation of the patient. However, the continuing increase in
CRP level in 1, persisting sleukocytosis in the cerebrospinal fluid in 5, and the progression of
hearing loss in 1 patient led to the increase of dose to 8 mg/kg in all patients. Tolerability in both

adults and children was good.



About the need for regulation and increasing doses of canakinumab in severe patients
with CINCA/NOMID also reports R. Caorsi [26]. Published results on the application of
canakinumab in 13 patients with CAPS demonstrate the need to increase dose and to reduce the
intervals between injections.

As reference points for monitoring, except general inflammatory manifestations, serve an
assessment of the dynamics of eye disorders, audiogram, kidney function; magnetic resonance
imaging of the brain. Efficiency of canakinumab in terms of the impact on hearing loss was
studied in 63 patients [24]: improvement was seen in 13, as well as the absence of progression of
hearing loss (in 29) and of complaints of hearing loss in the period of observation. Unfortunately,
data on the canakinumab impact on severe arthropathy, ocular and central nervous system
manifestations, as well as on the reverse development of amyloidosis and other symptoms, are
extremely few and inconclusive.

The results of the research on the canakinumab use distant safety are demonstrated in the
H. Hoffman et al. work in 234 patients [27]: adverse events occurred in 27.8%. The most
common were upper respiratory tract infections (13.2%) urinary tract infections. Serious adverse

effects were registered in 8.5%.

TRAPS-SYNDROME

TRAPS (TNF Receptor-Associated Periodic Syndrome) is a periodic syndrome
associated with mutation of the tumor necrosis factor receptor — it also is a classic representative
of PFS. It is noteworthy, that in the basis of the autoinflammation concept, formulated by
eminent American researcher D. L. Kastner et al., laid information about exactly TRAPS-
syndrome [28, 29]. Initially TRAPS was described in 1982 by the example of a large Irish family
and was called a familial Irish fever similar to the familial Mediterranean fever [29-32]. In the
futire cases of TRAPS have been identified in many different ethnic groups, both European and
non-European (African Americans, Puerto Ricans, Arabs)[3, 33].

TRAPS is monogenic disease, induced by mutation of TNFRSF1A gene, located on the
short arm of 12 chromosome (12p13) [30]. Today there are more than 100 TNFRSF14 mutations
associated with the development of TRAPS [28, 33]. They are located in those areas of the gene
that encodes the extracellular portion of the receptor molecule. The vast majority of mutations is
located in 2, 3,4 exons, encoding the first two N-terminal located cysteine-enriched domains
(CRD 1 and CRD 2) of 55 kDa receptor molecule.

Type of inheritance - dominant autosomal. Tumor necrosis factor (TNF) a is the most
important proinflammatory cytokine produced mainly by monocytes/macrophages, lymphocytes,
NK-cells, and polymorphonuclear leukocytes [3, 32].

Pathogenesis. The pathogenesis mechanisms of TRAPS are not fully disclosed. The
following are the leading hypothesis [34-36]:

e mutations lead to a violation of metalloproteinase-dependent cleavage of the receptor
molecule and its shedding from the cell surface, resulting in a reduction of pTNF -

natural antagonist of ligand molecule — content in biological fluids, especially in



serum. Such mechanism was experimentally demonstrated for some mutations (C33Y,

T50M, C52F) [34-36];

e reduction of TNF a-induced apoptosis of neutrophils and fibroblasts (for mutations
affecting cysteine residues of the receptor molecule), as well as violations of motion of
the molecule receptor I from cytoplasm to the cell surface.

Note that the last hypothesis becomes a dominating one. Demonstrated that the mutant
molecules pTNF55 with modified stacking of peptide chain accumulates in the endoplasmic
reticulum, is perceived as an internal factor of damage, i.e., as proinflammatory stimulus, leads
to violations of mitochondrial functions increasing the production of active oxygen forms, and
alsoto reducing the sensitivity to external natural immunity stimuluses (e.g., to
lipopolysaccharides of gram negative bacteria), resulting in overproduction of other
proinflammatory cytokines [34, 36].

The age of disease inception varies from 2 weeks to 53 years of life, but most often the
debut develops at the average age of 3 years. Cases of illness onset in adulthood are not
uncommon, which distinguishes TRAPS of most others PFS. Fever attacks are characterized by
significant duration - from 1-3 to 5-6 weeks, the average interval between attacks - 21 days, but
it can vary within wide limits (there are cases of short intervals - 2-3 days) [3, 10, 12, 16
,32,34].

Clinical manifestations. The attacks are characterized by febrile fevers, accompanied
with rash (erythematous, maculopapular, annular, urticarial), conjunctivitis, periorbital erythema
with edema (often single-direction), and sometimes with uveitis, myalgia, arthralgia, and
abdominal pain. In rare cases, non-erosive arthritis is noted, touching usually large joints. One of
the characterizing distinguish clinical manifestations of TRAPS is centrifugal myalgia, which is
the based on fasciitis, identified with the help of magnetic resonance imaging. Frequently, over
the myalgia area, locates the spreading centrifugal erythema [3, 10, 34, 37]. The most serious
complication of TRAPS - development of renal amyloidosis - is noted in 24% of patients with
mutations affecting cysteine residues, and only in 2% of patients with different type of mutations
[34, 37, 38].

Treatment. Prior to the GEBA era, in the treatment of TRAPS for the attack blockage,
non-steroidal anti-inflammatory drugs and glucocorticoids in doses greater than 20 mg per day
were used [3, 32]. Such approach is still allowed for mild cases, rare attacks and the presence of
mutations, not affecting the cysteine residues in the protein molecule, when the risk of
amyloidosis is low. However, it must be remembered that this therapy is, in fact, symptomatic
and does not affect the prognosis of the disease. Effect of colchicine in TRAPS is significantly
lower than in familial Mediterranean fever; when using a drug in patients with TRAPS
significant amount of therapeutic failures was noted, but at the same time, there are evidences
that of its effectiveness in some patients [3, 39]. With the advent of GEBA, the first drugs that
have been used for the treatment of TRAPS were TNF a-inhibitors. Drugs that are monoclonal
antibodies to TNF a (infliximab, adalimumab), showed unsatisfactory efficacy and even served

the cause of exacerbation of symptomatology [37]. Use of the drug based on recombinant



receptor (etanercept) was much more successful, and resulted in state improvement or remission
of the disease in most patients, but in the treatment process a secondary ineffectiveness
developed (average in 3.3 years) [37, 40, 41]. The most effective among GEBA in patients with
TRAPS were IL linhibitors [11,29,37]. They have led, on the one hand, to quick relief of
inflammatory manifestations, and to less frequent attacks, and on the other hand - to prevention
and even regression of amyloidosis [37]. The greatest experience in the world has accumulated
on the drug anakinra, which is the recombinant receptor antagonists to IL 1. Most patients with
initially successful etanercept use, by virtue of its secondary inefficiency subsequently demanded
on transfer to IL 1-inhibitor anakinra. Primary or secondary inefficiency in patients with TRAPS
rarely became a reason for the cancellation of this drug. There are individual data about good
results when using tocilizumab in patients with TRAPS [33, 37]. The experience of successful
use of monoclonal antibodies to IL 1P - canakinumab, one advantage of which is the infection 1
time per 8 weeks (unlike the daily injections of anakinra) is accumulating [11, 29, 33, 37, 40-
43]. Results of 33-month open research evaluating the efficacy and safety of canakinumab in 20
patients with TRAPS, published by M. Gattorno et al. [42], showed the onset of clinical
remission in all participants on the 15th day of the drug injection. It should be noted that after the
drug cancelation, exacerbation of the disease developed in the period from 71.5 to 121.5 days,
that is, the period of the disease symptoms absence has been long enough, that can probably
serve as an occasion to discuss the multiplicity of injection in some patients. Adverse events
occurred infrequently and were represented in the majority of pations as infections of the

respiratory tract.

CLINICAL CASE

Canakinumab usage in patients with PFS in Russia is at the initial stages and is
represented by single participants. This publication provides the experience Medical Genetic
Research Centre of inhibitor IL 1 canakinumab usage in patients suffering from CAPS and
TRAPS. The study included 7 patients with CAPS: 4 - with MWS, 2 - with CINCA/NOMID,
and 1 - with TRAPS syndrome.

Characteristics of patients (table 3): 5 female patients aged from 3.5 to 41 year, 2
males, one of which is aged 9 years (TRAPS), and the other - 18 (with CINCA/NOMID). Two
patients - daughter (18 years) and mother (41 years) - are a familial happening of MWS. The
disease remoteness - from 3.5 to 33 years. In all the patients, the molecular genetic analysis of
genes mutation is carried out. In 4 patients with MWS, identified mutations NLRP3 gene
(Thr436lle u Thr438lle, Thr350Met in mother and daughter); two patients with clinically
significant phenotype CINCA/NOMID were negative for mutations. In TRAPS patient identified
pHis51Tyr mutation. MVK mutations were found in none of them. All patients before
prescribing canakinumab had some signs of active disease: rash (in 7); fever (in 7); ocular
symptoms in form of conjuctivitis (in 3), uveitis (in 5); sensorineural hearing loss (in 2); articular
manifestations (in 6), CNS lesions (in 2; in 1 - in the anamnesis); abdominal pain, vomiting in

anamnesis (in 1 with TRAPS); the lag in physical development in patients with



CINCA/NOMID (in 1 with  impaired intellectual = development and  cognitive
function); improvement of acute-phase markers (in 7).
Table 3. Clinicogenetic characteristics of patients receiving canakinumab.
Options D.V, 35| KYU, 6 | M.T.18years M.V. 41 years P.L, 9,5 | B.A. 18 years | V.D.9years
years years years
Debut age From birth 1 month 10 Months 7 years From birth From birth 6 Months
Diagnosis MWS MWS MWS MWS CINCA / | CINCA/NOMID | TRAPS
NOMID
Fever + + + + + + +
Rash + + + + + + +
Ocular Conjunctiviti | - Conjunctivitis, uv | Conjunctivitis Stagnation Chorioretinitis | -
symptoms s eitis of the optic |,
nerve Partial
atrophy of the
optic nerve
Sensorineura | - - - + - + -
1 hearing loss
Joints Arthralgia /| - Arthralgia / | Arthralgia Arthralgia / | Arthralgia / | Arthralgia
arthritis arthritis arthritis arthritis arthritis
CNS - - - - Hydrocephaly, | Serous meningitis,
multiple convulsions
arachnoid
cysts
Other signs - - - - Physical Physical / | Abdominal pain,
developmen | mental vomiting, pericarditi
t delay development s
delay
Acute-phase + + + + + + +
markers
Mutation Thr436lle Thr438Il | Thr350Met Thr350Met No No pHis 51 Tyr
e
Treatment Response to treatment
A/B No Effect No effect | No Effect No Effect No Effect No Effect No Effect
GC No Effect No data Incomplete Incomplete No data No data Incomplete
NSAIDs No Effect No Effect No Effect No Effect No Effect No Effect
No Effect

Note: A/ B — antibacterial drugs;, GC - glucocorticoids, NSAIDs - non-steroidal anti-inflammatory drugs

Concomitant therapy. One patient with MWS, and one - with TRAPS by the time of the
study took glucocorticoids at 0.1 and 0.7 mg/kg per day, and the rest received NSAIDs

symptomatically. During the previous years of the disease, almost all patients received some

anti-theumatic drugs, including glucocorticoids, azathioprine, cyclosporine A, colchicine and
other, which did not have the desired effect. One patient with CINCA/NOMID was attempted to

prescribe TNF-inhibitor adalimumab, which led to the deterioration. Canakinumab was




prescribed at a dose of 4 mg/kg for the weighing up to 15 kg, and 2 mg/kg — for the weighing
more than 15 kg; it was injected subcutaneously every 8 weeks. To date, therapy is carried out
for 1.5 years, maximum 10 injections are done.

Results. On the background of treatment with canakinumab, in all patients within a few
days there was a significant clinical improvement: normalization of health, blockage of fever,
disappearance of the rash (Fig.1), decrease in severity of lymphadenopathy and
hepatosplenomegaly, blockage or decrease the severity of ocular symptomes, improvement of
hearing (Fig. 2), decline in acute-phase markers, significant improvement of mood (Fig. 3-
5). The effect of the same intensity was maintained in all the study participants during the whole
observation period. Nevertheless, the level of acute-phase markers (CRP, ESR) in the heaviest
patient with CINCA / NOMID with a long period of illness remained heightened. In two patients
taken glucocorticoids, it was impossible to completely cancel them, herewith prior occurred
manifestations of medical syndrome of Cushing disappeared. The tolerability of therapy was
generally good. In two patients adverse events were registered: the girl with MWS had skin
changes in the form of annular granuloma, which, after detailed examination, and eliminating all
the possible causes, were regarded as manifestations of fungal infection (on the background of
antifungal therapy, significantly improvement was noted, after which the temporary suspenssed
canakinubaum therapy was continued). Patient TRAPS had recurrent furunculosis on the
background of the first three canakinubaum injections, regarded as adverse events during the
canakinubaum therapy (furunculosis responded to standard therapy and did not recur in the
future). Other undesirable effects have not been identified. In the period of use of the drug in
almost all children and adults, there were some euphoria, excitability and disinhibition, a
significant increase in the emotional background. Such adverse events did not look unexpected,
since abnormal weakness, fatigue, drowsiness and others are also associated with the

overproduction of IL 1p.

Fig. 1. Dynamics of the skin changes during the canakinubaum treatment in patient
with CINCA / NOMID before treatment




Fig. 2. Changes in the severity of sensorineural hearing loss during canakinubaum
treatment in patient with CINCA / NOMID a) sensorineural hearing loss of 2 degree before
the treatment; b) sensorineural hearing loss of 1 degree during therapy.
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Fig. 3 a, b. Dynamics of laboratory markers of inflammation during the canakinumab
treatment of patients with Muckle Wells Syndrome
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Fig. 4 a, b. Dynamics of laboratory markers of inflammation during the canakinumab
treatment of patients with CINCA / NOMID
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Thus, the little experience that the Centre possesses for canakinumab use in patients with
CAPS and TRAPS showed a high efficacy and good tolerability. The decline in acute-phase
markers was slower in the patient with CINCA/NOMID syndrome - the most severe CAPS

representative. The results of treatment once again confirmed the concept of IL 1 role as a key

factor in the pathogenesis of CAPS, as well as of other PFS. The effect of canakinumab can be

assessed as excellent in all patients regardless of their age. No serious adverse events were




observed. The use of IL 1 inhibitors in patients with different variants of PFS has broad

therapeutic potential in the prospects of alleviate the disease, improving the survival, quality of

life and overall prognosis.

CONFLICT OF INTEREST

The authors have indicated they have no financial support / conflict of interest relevant to

this article to disclose.

10.

11.

REFERENCES

Federici S., Gattorno M. A practical approach to the diagnosis of autoinflammatory
diseases in childhood. Best Practice and Research Clin. Rheumatol. 2014; 28: 263-276.
Fietta P. Autoinflammatory disease: the hereditary periodic fever syndromes. Acta Biol.
Ateneo Parmense. 2004; 75: 92-99.

Kuz'mina N.N., Salugina S.O., Fedorov E.S. Autovospalitel'nye zabolevaniya i sindromy u
detei. Uchebno—metodicheskoe posobie [Autoinflammatory Diseases and Syndromes in
Children. Textbook]. Moscow, IMA-PRESS, 2012. 104 p.

Dinarello C. Bloking IL—-1 in systemic inflammation. JEM. 2005; 201: 1355-1359.

Simon A., van der Meer J.W.S. Pathogenesis of familial periodic fever syndromes or
hereditary inflammatory syndromes. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2007;
292: 86-98.

Goldbach—Mansky R., Kastner D.L. Autoinflammation: The prominent role of IL-1 in
monogenic autoinflammatory diseases and implication for common illnesses. J. Allergy
Clin. Immunol. 2009; 124: 1141-1151.

Dinarello C. A Signal for the Caspase—1 Inflammasome Free of TLR. Immun. 2007; 26:
383-385.

Drenth J.P.H., van der Meer W.M. The Inflammasome A Linebacker of Innate Defense.
N. Engl. J. Med. 2006; 355: 730-732.

Federici S., Martini A., Gattorno M. The central role of anti-IL-1 blockade in the
treatment of monogenic and multifactorial autoinflammatory diseases. Frontiers un
Immunology. 2013; 4: 351.

Gattorno M. Autoinflammatory diseases in children. Voprosy sovremennoi pediatrii =
Current pediatrics. 2014; 13: 55-64.

Ter Haar N., Lachmann H.J., Ozen S., Woo P., Uziel Y., Modesto C., Kone—Paut I.

Treatment of autoinflammatory disease: results from the Eurofever Registry and a


http://www.ncbi.nlm.nih.gov/pubmed/?term=Lachmann%20HJ%5Bauth%5D

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

literature review. Ann. Rheum Dis. 2013; 72: 678-685. Available from:
http://fmf.igh.cnrs.fr/ISSAID/infevers/index.php (accessed: 14.04.2015).

Kuijk L.M., Hoffman H.L., Neven B., Frenkel J. Episodic Autoinflammatory Disorders in
Children. In Handbook of Systemic Autoimmune Disease. Pediatrics in Systemic
Autoimmune Disease. Eds. R. Cimas, Lehman T. New York: Elsevier Saunders. 2008. V.
6. P. 119-135.

Feldman J. Prieur A.M., Quartier P., Berquin P., Certain S., Cortis E., Teillac—-Hamel D.,
Fischer A., de Saint Basile G. Chronic infantile neurological cutaneouse and articular
syndrome is caused by mutations in CIASI, a gene highly expressed in
polymorphonucleare cells and chondrocytes. Am. J. Hum. Genet. 2002; 71: 198-203.
Hoffman H.M.. Mueller J.L., Broide D.H., Wanderer A.A., Kolodner R.D. Mutation of a
new gene encoding a putative pyrine like protein causes familial cold autoinflammatory
syndrome and Muckle—Wells syndrome. Nat. Genet. 2001; 29: 915-921.

Cuisset L., Jeru 1., Dumont B., Fabre A., Cochet E., Bozec J., Delpech V., Amselem S.,
Touitou I., and the French CAPS study group. Mutation in the autoinflammatory
cryopyrin associated periodic syndrome gene: epidemiological study and lessons from
eight years of genetic analysis in France. Ann. Rheum. Dis. 2011; 70: 495-499.

Barron K., Athreya B., Kastner D. Periodic fever syndromes and other inherited
autoinflammatory diseases. In: Textbook of pediatric rheumatology. Ed. Cassidy J.T.
New York: Elsevier Saunders. 2011. P. 642-660.

Kitley J.L., Lachmann H.J., Pinto A., Ginsberg L. Neurologic manifestations of the
cryopyrin-associated periodic syndrome. Neurology. 2010; 2074 (16): 1267-1270.

Yu J.R. and Leslie K. S. Cryopyrin Associated Periodic Syndrome: An Update on
Diagnosis and Treatment Response. Curr. Allergy Asthma Rep. 2011; 11 (1): 12-20.
Federico G., Rigante D., Pugliese A.L., Ranno O., Catania S., Stabile A. Etanercept
induces improvement of arthropathy in chronic infantile neurological cutaneous articular
(CINCA) syndrome. Scand. J. Rheumatol. 2003; 32: 312-314.

Kuemmerle-Deschner J., Haug I. Canakinumab in patients with cryopyrin associated
periodic syndrome: an update for clinicians. Ther. Adv. Musculoskel Dis. 2013; 5 (6):
315-319.

Toker O., Hashkes P.J. Critical appraisal of canakinumab in the treatment of adults and
children with cryopyrin associated periodic syndrome (CAPS). Biologics: Targets
&Therapy. 2010; 4: 131-138.


http://fmf.igh.cnrs.fr/ISSAID/infevers/index.php
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kitley%20JL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lachmann%20HJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pinto%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ginsberg%20L%22%5BAuthor%5D

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Bonner J., Lloyd P., Lowe P., Lowe P., Golor G. PK/PD, safety and tolerability of a
human anti—IL—1 monoclonal antibody (ACZ885) in healthy subjects. Annual Congress
of the European Respiratory Society. 2006. Abstract 748.

Lachmann H., Kone-Paut I., Kuemmerle-Deschner G.B., Leslie K.S., Hachulla E.,
Quartier P., Gitton X., Widmer A. Use of canakinumab in the cryopyrin associated
periodic syndrome. N. Engl. J. Med. 2009; 360: 2416-2425.

Kuemmerle-Deschner J.B., Hachulla E., Gartwright R., Hawkins P.N., Tran T.A., Bader—
Meunier B., Hoyer J., Gattorno M., Gul A., Smith J., Leslie K.S., Jiménez S., Morell—-
Dubois S., Davis N., Patel N., Widmer A., Preiss R., Lachmann H.J. Two year results
from an open label, multicentre, phase Il study evaluating the safety and efficacy of
Canakinumab in pts with cryopyrin associated periodic syndrome across different severity
phenotypes. Ann. Rheum. Dis. 2011; 70 (12): 2095-2102.

Goldbach—Mansky R., Sibley C., Felix S., Dailey N.J., Canna S.W., Gelabert A., Jones J.,
Rubin B.I. Efficacy and safety of canacinumab in patients with NOMID/CINCA. Ann.
Rheum. Dis. 2012; 71 (suppl.3): 291.

Caorsi R., Lepore L., Zulian F., Alessio M., Stabile A., Insalaco A., Finetti M., Battagliese
A., Martini G., Bibalo C., Martini A., Gattorno M. The schedule of administration of
Canakinumab in cryopyrin associated periodic syndrome is driven by the phenotype
severity rather than the age. Arthritis Res. Ther. 2013; 15 (1): 33.

Hoffman H., Kuemmerle-Deschner J., Hawkins P. et al. Safety of canacinumab in a large
cohort of patients with cryopirin associated periodic syndrome: results from the confident
registry. Arthritis Rheum. 2012; 64 (10): 78.

Galon J., Aksentijevich 1., Mc Dermott F., O'Shea J.J., Kastner D.L. TNFRSFIA
mutations and autoinflammatory syndromes. Curr. Opin. Immunol. 2000; 12: 479-486.
Williamson L.M., Hull D., Mehta R., Reeves W.G., Robinson B.H., Toghill P.J. Familial
Hibernian fever. Q. J. Med. 1982; 51: 469-480.

Lachmann H.J., Papa R., Gerhold K., Obici L., Touitou I., Cantarini L., Frenkel J., Anton
J., Kone—Paut I., Cattalini M., Bader—Meunier B., Insalaco A., Hentgen V., Merino R.,
Modesto C., Toplak N., Berendes R., Oze, S., Cimaz R., Jansson A., Brogan P.T.,
Hawkins P.N., Ruperto N., Martini A., Woo P., Gattorno M. The phenotype of TNF
receptor-associated autoinflammatory syndrome (TRAPS) at presentation: a series of 158
cases from the Eurofever/EUROTRAPS international registry. Ann. Rheum. Dis. 2014;
73:2160-2167. doi: 10.1136/annrheumdis-2013-204184368.

Aksentijevich 1., Galon J., Soares M., Mansfield E., Hull K., Oh H.H., Goldbach—-Mansky

R. The tumor necrosis factor receptor associated periodic syndrome: new mutations in


http://www.ncbi.nlm.nih.gov/pubmed/?term=Alessio%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23442610
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stabile%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23442610
http://www.ncbi.nlm.nih.gov/pubmed/?term=Insalaco%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23442610
http://www.ncbi.nlm.nih.gov/pubmed/?term=Finetti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23442610
http://www.ncbi.nlm.nih.gov/pubmed/?term=Battagliese%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23442610
http://www.ncbi.nlm.nih.gov/pubmed/?term=Battagliese%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23442610
http://www.ncbi.nlm.nih.gov/pubmed/?term=Martini%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23442610
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bibalo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23442610
http://www.ncbi.nlm.nih.gov/pubmed/?term=Martini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23442610
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gattorno%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23442610
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reeves%20WG%5BAuthor%5D&cauthor=true&cauthor_uid=7156325
http://www.ncbi.nlm.nih.gov/pubmed/?term=Robinson%20BH%5BAuthor%5D&cauthor=true&cauthor_uid=7156325
http://www.ncbi.nlm.nih.gov/pubmed/?term=Toghill%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=7156325
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lachmann%20HJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Papa%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gerhold%20K%5Bauth%5D
http://dx.doi.org/10.1136%2Fannrheumdis-2013-204184
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aksentijevich%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11443543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Galon%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11443543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Soares%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11443543

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

TNFRSF1A, ancestral origins, genotype-phenotype studies, and evidence for further
genetic heterogeneity of periodic fevers. Am. J. Hum. Genet. 2001; 692: 301-314.

Drenth G., van der Meer G.W. Hereditary Periodic fever. New Engl. J. of med. 2001: 345:
1748-1757.

Jesus A.A., Goldbach—-Mansky R. Monogenic autoinflammatory diseases: concept and
clinical manifestations. Clin. Immunol. 2013; 147 (3): 155-174.
doi:10.1016/5.clim.2013.03.016

Cantarini L., Lucherini O.M., Muscari 1., Frediani B., Galeazzi M., Brizi M.G., Simonini
G, Cimaz R. Tumor necrosis factor receptor — associated syndrome (TRAPS): State of
the art and future perspectives. Autoimmunity Rev. 2012; 12: 38-43. DOI
10.1016/j.autrev.2012.07.020

Aganna E., Hammond L., Hawkins P.N. et al. Heterogeneity among patients with tumor
necrosis factor receptor-associated periodic syndrome phenotypes. Art. Rheum. 2003; 48:
2632-2644.

Aksentijevich 1., Galon J., Soares M., Mansfield E., Hull K., Oh H.H., Goldbach—-Mansky
R. The tumor-necrosis-factor receptor-associated periodic syndrome: new mutations in
TNFRSF1A, ancestral origins, genotype-phenotype studies, and evidence for further
genetic heterogeneity of periodic fevers. Am. J. Hum. Genet. 2001; 692: 301-314.

Caso F., Rigante D., Vitale A., Lucherini O.M., Costa L., Atteno M., Compagnone A.,
Caso P., Frediani B., Galeazzi M., Punzi L., Cantarini L. Monogenic autoinflammatory
syndromes: state of the art on genetic, clinical, and therapeutic issues. Intern. J. of Rheum.
2013;2013: 513782. DOI 10.1155/2013/513782.

Dode C., Cuisset L., Delpech M., Grateau G. TNFRSFIA associated periodic syndrome
(TRAPS), Muckle—Wells syndrome (MWS) and renal amyloidosis. J. Nephrol. 2003; 16:
435-437.

Hull K.M., Drewe E., Aksentijevich I., Singh H.K., Wong K., McDermott E.M., Dean J.,
Powell R.J., Kastner D.L. The TNF receptor associated autoinflammatory syndrome
(TRAPS): emerging concepts of an autoinflammatoty disorders. Medicine (Baltimore).
2002; 81: 349-368.

Bulua A.C., Mogul D.B., Aksentijevich I., Singh H., He D.Y., Muenz L.R., Ward M.M.,
Yarboro C.H., Kastner D.L., Siegel R.M., Hull K.M. Efficacy of Etanercept in the Tumor
Necrosis Factor Receptor — Associated Periodic Syndrome: A Prospective Open Label,
Dose Escalation Study. Artritis Rheum. 2012; 64: 908-913. doi: 10.1002/art.33416

Caorsi R., Federici S., Gattorno M. Biologic drugs in autoinflammatory syndromes.

Autoimmunity Rev.2012; 12: 81-86.


http://www.ncbi.nlm.nih.gov/pubmed/11443543##
http://www.ncbi.nlm.nih.gov/pubmed/?term=Frediani%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22884554
http://www.ncbi.nlm.nih.gov/pubmed/?term=Galeazzi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22884554
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brizi%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=22884554
http://www.ncbi.nlm.nih.gov/pubmed/?term=Simonini%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22884554
http://www.ncbi.nlm.nih.gov/pubmed/?term=Simonini%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22884554
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cimaz%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22884554
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aksentijevich%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11443543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Galon%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11443543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Soares%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11443543
http://www.ncbi.nlm.nih.gov/pubmed/11443543##
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lucherini%20OM%5BAuthor%5D&cauthor=true&cauthor_uid=24282415
http://www.ncbi.nlm.nih.gov/pubmed/?term=Costa%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24282415
http://www.ncbi.nlm.nih.gov/pubmed/?term=Atteno%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24282415
http://www.ncbi.nlm.nih.gov/pubmed/?term=Compagnone%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24282415
http://www.ncbi.nlm.nih.gov/pubmed/?term=Caso%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24282415
http://www.ncbi.nlm.nih.gov/pubmed/?term=Frediani%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24282415
http://www.ncbi.nlm.nih.gov/pubmed/?term=Galeazzi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24282415
http://www.ncbi.nlm.nih.gov/pubmed/?term=Punzi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24282415
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cantarini%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24282415
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aksentijevich%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11443543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aksentijevich%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11443543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22006113
http://www.ncbi.nlm.nih.gov/pubmed/?term=He%20DY%5BAuthor%5D&cauthor=true&cauthor_uid=22006113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Muenz%20LR%5BAuthor%5D&cauthor=true&cauthor_uid=22006113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ward%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=22006113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yarboro%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=22006113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kastner%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=22006113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Siegel%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=22006113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hull%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=22006113
http://dx.doi.org/10.1136%2Fannrheumdis-2013-204184

42. Gattorno M., Obici L., Meini A., Tormey V., Abrams K., Davis N., Andrews C.,
Lachmann H.J. Efficacy and safety of Canakinumab in patients with TNF receptor
associated periodic syndrome. Arthritis Rheum. 2012; 64 (10): 322.

43. Brizi M.G., Galeazzi M., Lucherini O.M., Cantarini L., Cimaz R. Successful treatment of
tumor necrosis factor receptor-associated periodic syndrome with canacinumab. Ann. of

Intern. Med. 2012; 156 (12): 907-908.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Cantarini%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22711098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cimaz%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22711098

