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Abstract
Behçet’s syndrome (BS) is a chronic (auto)-inflammatory disorder characterized by different clusters of symptoms, including 
mucocutaneous and ocular involvements. Interleukin-1 inhibitors anakinra (ANA), canakinumab (CAN), and gevokizumab 
(GEV) represent a promising therapeutic alternative in BS. To date, evidence on the use of ANA, CAN, and GEV is mainly 
based on small isolated studies or case series, and the real place of anti-IL1 agents in the treatment of BS is still unclear. We 
performed a systematic review of current evidence on the efficacy and safety of anti-IL1 agents in BS. The PubMed search 
yielded a total of 398 references, from which we retrieved 24 studies for inclusion (4 clinical trials, 6 observational studies, 
14 case reports, case series or letters to the editor). Four studies evaluated the overall efficacy of IL-1 inhibitors, 15 studies 
focused on the specific efficacy of ANA, whereas efficacy of CAN and GEV was evaluated in 8 and 3 studies, respectively. 
Both ANA and CAN were associated with good control of mucocutaneous and ocular manifestations. ANA resulted effective 
also for osteoarticular manifestations. GEV was studied only for ocular manifestations, but gave contrasting results. Discord-
ant evidence supports the use of ANA and CAN in pediatric setting and for first-line treatment of general BS manifestations. 
Most frequent side effects were local or diffuse cutaneous reactions and injection site reactions, particularly for ANA treat-
ment. Blocking the IL-1 pathway could be an effective therapeutic strategy in particular BS involvements.
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Introduction

Behçet’s syndrome (BS) is a chronic (auto)-inflammatory 
disorder characterized by a complex pathogenesis [1–10]. 
Main BS involvements include recurrent oral aphthosis, 
genital ulcers, cutaneous lesions, and ocular inflammatory 
manifestations [1, 11].

Rheumatology
INTERNATIONAL 

Alessandra Soriano, Giacomo Emmi are joint senior authors.

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s0029 6-019-04259 -y) contains 
supplementary material, which is available to authorized users.

 * Giacomo Emmi 
 giacomo.emmi@unifi.it

1 Department of Neuroscience Psychology, Drug Research 
and Child Health (NEUROFARBA), University of Firenze, 
Florence, Italy

2 Department of Experimental and Clinical Medicine, 
University of Firenze, Florence, Italy

3 Department of Experimental and Clinical Biomedical 
Sciences “Mario Serio”, University of Firenze, Florence, 
Italy

4 Department of Emergency and Organ Transplantation, 
Rheumatology Unit, University of Bari, Bari, Italy

5 Rheumatology Unit, Istituto di Ricovero e Cura 
a CarattereScientifico, Reggio Emilia, Azienda USL di 
Reggio Emilia, Università di Modena e Reggio Emilia, 
Modena, Italy

6 Research Center of Systemic Autoinflammatory Diseases 
and Behçet’s Disease Clinic, Department of Medical 
Sciences, Surgery and Neurosciences, University of Siena, 
Siena, Italy

7 Center for Rare Immunological and Cardiovascular Diseases, 
Behçet Centre and Lupus Clinic, AOU Careggi, Largo 
Brambilla 3, 50134 Florence, Italy

http://orcid.org/0000-0001-9575-8321
http://crossmark.crossref.org/dialog/?doi=10.1007/s00296-019-04259-y&domain=pdf
https://doi.org/10.1007/s00296-019-04259-y


972 Rheumatology International (2019) 39:971–990

1 3

According to the 2018 European League Against 
Rheumatism (EULAR) recommendations [12], therapeu-
tic approach to BS should be tailored to specific disease 
manifestations. Current treatment relies mainly on synthetic 
disease-modifying anti-rheumatic drugs (DMARDs), and 
on biologic agents, particularly anti-tumor necrosis factor 
(TNF)-α drugs [13–23]. When conventional immunosup-
pressive and anti-TNFα agents are ineffective, treatment of 
BS relies on new therapeutic alternatives, targeting key mol-
ecules such as the interleukin (IL)-6 [24, 25], or blocking 
the IL-17 pathway [26, 27]. More recently, evidence sug-
gests that the IL-1 inhibitors anakinra (ANA), canakinumab 
(CAN), and gevokizumab (GEV) may play a relevant role in 
other therapeutic indications including BS [28–31].

ANA is the recombinant form of the natural IL-1 receptor 
antagonist (IL-1Ra), and acts by preventing the binding of 
IL-1α and IL-1β to IL-1R1 [32]. On the other hand, CAN 
is a recombinant human monoclonal antibody specifically 
targeting IL-1β [33]. GEV is a recombinant humanized 
allosteric monoclonal antibody that specifically binds to a 
unique IL-1β epitope, thus neutralizing IL–1β and inhibiting 
its activation of the IL-1 receptors [34]. ANA and CAN are 
currently approved for the treatment of rheumatoid arthritis, 
familial Mediterranean fever (FMF), cryopyrin-associated 
periodic syndrome, Still’s disease and gout arthritis, while 
GEV has no specific indications at present.

However, the real place of anti-IL1 agents in the treat-
ment of BS is still unclear. In this context, this systematic 
review aims to provide an overview of published articles and 
to summarize evidence on the efficacy and safety of anti-IL1 
agents ANA, CAN, and GEV on the management of BS.

Materials and methods

Criteria for considering studies

Given the small number of clinical trials and observational 
studies on this topic, all types of original studies were con-
sidered, including clinical trials, observational studies, 
case series, case reports, and letters to the editor. Narrative 
and systematic literature reviews and meta-analysis were 
excluded. Only studies written in English were considered, 
independently from the date of publication. Studies per-
formed on either pediatric or adult patients with a BS diag-
nosis were considered; BS diagnosis was defined either as 
fulfillment of ISG/ICBD criteria for BS or based on authors’ 
definitions. Only studies on ANA or CAN or GEV were 
included, independently from the treatment regimen.

All reported data on either efficacy or safety were con-
sidered. Definitions used for both response achievement and 
adverse events were those reported by the authors of the 
studies.

Search methods for identification of studies

The PubMed and Embase databases were searched 
from inception to January 14th 2019. The literature 
search strategy used for PubMed is “(Anakinra*[tiab] 
OR Canakinumab*[tiab] OR XOMA 052*[tiab] OR 
Gevokizumab*[tiab] OR Interleukin 1 inhibitor*[tiab] OR 
“Interleukin 1 Receptor Antagonist Protein”[Mesh] OR 
“canakinumab” [Supplementary Concept] OR “gevoki-
zumab” [Supplementary Concept]) AND (Behcet*[tiab] 
OR “Behcet Syndrome“[Mesh] OR (safety[tiab] 
AND clinical practice[tiab]) OR off label[tiab] OR 
desensitization*[tiab])”. The literature search strategy used 
for Embase is “(Anakinra*:ti,ab OR Canakinumab*:ti,ab OR 
XOMA 052:ti,ab OR Gevokizumab*:ti,ab OR Interleukin 1 
inhibitor*:ti,ab OR ‘anakinra’/exp OR ‘canakinumab’/exp 
OR ‘gevokizumab’/exp) AND (Behcet*:ti,ab OR ‘Behcet 
disease’/exp OR (safety:ti,ab AND clinical practice:ti,ab) 
OR off label:ti,ab OR desensitization:ti,ab)”.

Data collections and analysis

Two review authors (AB and GE) independently identi-
fied studies for inclusion by screening titles and abstracts 
yielded by search. Articles were sought for all references that 
at least one of the review authors had identified for poten-
tial inclusion. Studies were selected for inclusion on the 
basis of the review of the full articles. Discrepancies were 
resolved through discussion. Two review authors (AB and 
GE) independently extracted the following data: (1) patients’ 
demographic data; (2) clinical data (BS manifestations and 
comorbidities); (3) previous treatments and reasons for inter-
ruption; (4) treatment data (active principle and dosage); (5) 
outcome data (achievement of responses, adverse events, 
treatment discontinuation and reason); and (6) other data 
(study design; year of publication; country in which partici-
pants were recruited).

The risk of bias of the included controlled clinical trials 
was assessed following the Cochrane Handbook for Sys-
tematic Reviews of Interventions [35]. The risk of bias of 
observational studies was assessed following the Newcas-
tle-Ottawa Quality Assessment Scale [36].For single arm 
interventional studies, case reports, case series or letters to 
the editor, assessment of the risk of bias was not performed.

Results

The reference flow is summarized in Fig. 1. 106 refer-
ences were identified through electronic search of Pub-
Med and 327 through electronic search of Embase. After 
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the removal of 35 duplicated records, 398 references were 
assessed by title and abstract. Of them, 338 were excluded, 
while 60 references were retrieved for further assessment. 
36 references were excluded for the reasons listed in 
Fig. 1. In total, 24 references met the inclusion criteria 
[37–60]. Four studies were clinical trials (of these, three 
were controlled trials), six were observational studies, and 
14 were case reports, case series or letters to the editor.

The quality assessment of the included clinical trials 
and observational studies is reported in Supplementary 
Table 1. The included clinical trial on ANA was judged at 
high risk of performance and detection bias, at unclear risk 
of selection bias (unclear risk for random sequence genera-
tion; low risk for allocation concealment), and at low risk 
of attrition and reporting bias [54]. One controlled trial 
on GEV [50] was judged at unclear risk of selection bias 
(unclear risk for random sequence generation; low risk for 
allocation concealment), and at low risk of performance, 
detection, attrition, and reporting bias. The other trial on 
GEV [51] was judged at high risk of performance and 
detection bias, and at low risk of selection, attrition, and 
reporting bias.

The included observational studies were of high quality, 
with two of them scoring 9/9 [38, 59], and four scoring 8/9 
on the Newcastle-Ottawa quality assessment scale [37, 55, 
56, 60].

The characteristics of the 24 included studies are summa-
rized in Table 1. The main findings reported in the included 
studies are described in Table 2. Studies evaluating the effi-
cacy of ANA and CAN on specific BS manifestations are 
reported in Fig. 2.

Overall efficacy of anti‑IL1 inhibitors

Overall efficacy of IL-1 inhibitors, with no distinction 
between ANA and CAN, was reported in four studies [37, 
55, 59, 60]. In a case–control study by Fabiani [37], use of 
ANA or CAN was associated with complete response in 25 
out of 36 patients. Particularly, achievement of response was 
significantly more frequent in patients with BS-related uvei-
tis (66.7% vs 16.7% of patients with uveitis among respond-
ers vs non-responders, respectively; p = 0.006), whereas 
presence of all other disease manifestations did not influence 
the achievement of the response. Among responders, relapse 

Fig. 1  Study flow diagram, 
retrieved on January 14th 2019
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occurred in six out of 18 cases, and recovery was obtained 
in five of them following increase in IL-1 inhibitor dose 
(n = 4) or introduction of DMARD co-treatment (n = 1). In 
the retrospective cohort study by Emmi [60], 30 BS patients 
were treated with either ANA or CAN for different disease 
involvements. Complete response was achieved in all sub-
jects with at least 12 months of follow-up (13/13), after a 
median time of 6 (± 2.2) and 3 (± 0.9) weeks for ANA and 
CAN, respectively. At 24 months, persistence to the initial 
treatment regimen was poor (overall cumulative survival of 
26.3% and 40.6% for ANA and CAN, respectively), and a 
significant proportion of patients switched to other non-anti-
IL1 treatment or from ANA to CAN. In another retrospective 
cohort study [59], treatment discontinuation during ANA or 
CAN therapy was reported in seven out of 18 subjects, due 
to inefficacy or loss of efficacy. In particular, three subjects 
switched to anti-TNF-α agents and four switched from ANA 
to CAN. The retrospective observational study by Fabiani 
[55] focused on the efficacy of ANA and CAN on subjects 
with refractory uveitis. Treatment with either ANA or CAN 
accounted for a significant reduction in the rate of ocular 
flares (from 200/100 patients/year to 48.8/100 patients/year; 
p < 0.0001), in the proportion of subjects experiencing ocu-
lar flares (19/19 vs 6/19; p < 0.0001), and in the percentage 
of eyes with vasculitis. Previous use of other biologics did 
not influence the response to ANA or CAN. Of note, the 
number of ocular flares was significantly higher in subjects 
with concomitant DMARDs treatment, while the best-cor-
rected visual acuity (BCVA) was significantly higher in sub-
jects with no DMARDs co-administration. Steroid dosage 
was significantly decreased at 12-month visit compared to 
baseline. ANA was interrupted in three out of 13 subjects for 
lack of efficacy and in one subject for loss of efficacy. CAN 
was interrupted in one out of six subjects for reactivation of 
BS at central nervous system level.

Efficacy of anakinra

Fifteen studies focused on the specific efficacy of ANA 
[39–49, 52, 54, 56, 58]. Among these, nine were letters to 
the editor, four were case reports or case series, one was an 
observational cohort study and one was a clinical trial.

Overall efficacy of anakinra

Efficacy of ANA 100 mg/day in inducing rapid clinical 
improvement and normalization of acute-phase reactants 
in adult population was reported by Emmi [40]. In another 
cohort study by Vitale [56], ANA was associated with com-
plete and partial response in 15 and 19 out of 40 treated 
subjects. In a case series by Cantarini [43], of a mixed adult 
and pediatric population, ANA 100 mg/day or 2 mg/kg 
day induced complete BS resolution in seven out of nine Ta
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subjects, after a median time of 2 weeks (range 1–4); never-
theless, relapse occurred in all seven subjects, after a median 
time of 18 weeks (range 9–72).

Efficacy for osteoarticular and mucocutaneous involvement

In a two-phase clinical trial by Grayson [54] on six adult BS 
subjects, complete and partial response to ANA 100 mg/
day occurred in two subjects each. ANA was associated 
with improvement in joint pain (4/6), skin lesions (1/4), 
oral ulcers (5/6), and genital ulcers (2/2), and with no ocu-
lar inflammation. Compared to ANA 100 mg/day, ANA 
200 mg/day accounted for higher proportion of improve-
ment of oral and genital ulcers, as well as for milder severity 
of oral ulcers, but not of the genital ones. Dose escalation 
to ANA 300 mg/day did not result in fewer oral or genital 
ulcers or in milder ulcer severity. ANA 100 mg/day proved 
effective also in inducing complete resolution of sacroiliac 

subchondral bone marrow oedema in a man who failed pre-
vious DMARDs and infliximab (IFX) [41]. Also in a letter 
to the editor by Botsios [48], ANA 100 mg/day successfully 
controlled oral and genital ulcers and fever in a subject who 
failed previous treatments with DMARDs and IFX.

Efficacy for ocular manifestations

In a letter to the editor by Orlando [49], ANA was adminis-
tered at the initial dose of 100 mg/day after ocular relapse 
following etanercept and IFX treatment, but an increase to 
150 mg/day was required to obtain complete control of ocu-
lar manifestations. In a case reported by Emmi [44], a young 
woman suffering from bilateral retinal vasculitis and reduced 
visual acuity, was treated with ANA 100 mg/day after failure 
of adalimumab (ADA) and Rituximab. ANA 100 mg/day 
accounted for complete clearing of the vitreous opacity and 
restoration of the retinal-blood barrier in both eyes within 

Fig. 2  Studies assessing the efficacy of anakinra and canakinumab in different Behçet’s syndrome manifestations
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3 months from beginning of treatment, as well as for rapid 
and persistent disappearance of joint pain, mucocutaneous 
and bowel manifestations. Treatment with ANA 100 mg/
day plus prednisone cleared ocular manifestations in a sub-
ject with monolateral panuveitis [42], but did not improve 
oral aphthosis and pseudofolliculitis. In another man with 
progressive worsening of vision associated with fever and 
recurrent oral ulcerations and with latent tuberculosis (TB), 
ANA 100 mg/day plus corticosteroids was associated with 
dramatic visual improvement and marked reduction of the 
optic nerve head swelling within the first weeks of treat-
ment [58].

Efficacy for neuro-BS

In a letter to the editor by Vitale [52], use of ANA (100 mg/
day) in a 30-year-old woman with neuro-BS and refractory 
ocular involvement was associated with complete disease 
control within few days from treatment beginning, headache 
disappearance, and stable neurological picture at magnetic 
resonance evaluation, while allowing steroid tapering. How-
ever, ANA was discontinued after 18 months due to reoccur-
rence of bilateral uveitis.

Efficacy for reduction of serum amyloid A (SAA) 
concentration

In the letter to the editor by Cantarini [45], ANA 100 mg/day 
provided remarkable decrease in serum amyloid A (SAA) 
concentrations to normal value in a young woman with a 
10-year history of mucocutaneous and articular symptoms, 
abdominal pain, headache, and recurrent prolonged fever 
episodes. Normalization of SAA concentrations follow-
ing ANA 100 mg/day treatment was reported also in a case 
report by Vitale [42].

Role of anakinra in children and adolescents

In a male child with BS since the age of 5, ineffectively con-
trolled with DMARDs and intolerant to ADA treatment, the 
use of ANA at the initial dose of 2 mg/kg day, subsequently 
increased to 4 mg/kg day, was associated with poor disease 
control [39]. Unsuccessful ANA treatment was also reported 
in a letter by Ugurlu [46], in which ANA 2 mg/kg was asso-
ciated with ocular failure. In the retrospective observational 
study by Vitale [56], use of ANA in one child was associ-
ated with partial response. On the other hand, ANA 1 mg/
kg day was successfully used as first biologic treatment for 
secondary amyloidosis in a girl with FMF and BS, and high 
reactivity to tuberculin test [47].

Attempts of ANA discontinuation or reduction

Unsuccessful treatment discontinuation because of lack 
of supplies was reported by Bilginer [47]. Response was 
achieved again following treatment restart. In the study by 
Botsios [48], the attempt of reducing ANA dosage following 
disease remission was associated with the reoccurrence of 
ulcers and fevers, that disappeared after dose re-increase.

Efficacy of canakinumab

Efficacy of CAN as first-line IL-1 inhibitor was evaluated 
in two studies [40, 56]. In the case described by Emmi [40], 
CAN 150 mg/8 weeks was prescribed after failure of IFX 
and ADA treatment, and accounted for good control of eye 
symptoms and the absence of flares in the first 6 months of 
treatment. In the retrospective observational study by Vitale 
[56], use of CAN was associated with partial response in the 
treated child, and with seven and six complete and partial 
responses in the 14 adults treated with this drug.

Efficacy of canakinumab following anakinra treatment

Efficacy of CAN as second line IL-1 inhibitor following 
ANA discontinuation was evaluated in six studies [39, 42, 
45, 46, 49, 52]. CAN (150 mg/8 weeks) proved effective in 
inducing complete remission and control of SAA levels in a 
young woman following ANA interruption for side effects 
[45]. Similarly, in three cases described by Vitale [42], CAN 
(150 mg/8weeks or 150 mg/6 weeks) accounted for com-
plete response with no disease relapse after a follow-up of 
6–12 months. In a letter to the editor by Orlando [49], CAN 
gave full control of ocular manifestations in a subject dis-
continuing ANA for adverse events, with complete ocular 
control at 36-month follow-up. In a letter to the editor by 
Vitale [52], CAN (150 mg every 4 weeks) was given to a 
30-year-old woman with neuro-BS and refractory ocular 
involvement, following ANA ocular failure. In this patient, 
CAN accounted for good ocular efficacy, but was discontin-
ued because of poor control of the neurologic involvement.

Role of canakinumab in children and adolescents

CAN (4 mg/kg every 28 days) was effectively used in a 
9-year-old boy who failed previous ANA treatment. Within 
4 months from CAN beginning, complete clinical and labo-
ratory remission was obtained, and steroid was gradually 
tapered; the boy remained completely asymptomatic during 
a 6-month follow-up [39]. In the case letter by Ugurlu [46], 
a 16-year-old girl with ocular failure unsuccessfully treated 
with DMARDs, IFX, ADA, and ANA, had successful reso-
lution of eye inflammation and improvement of visual acuity 
following treatment with CAN 150 mg in a single dose.
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Efficacy of gevokizumab

Use of GEV in BS was evaluated in three clinical studies 
[50, 51, 53], all conducted on patients with ocular involve-
ment. In a first non-controlled pilot study on seven BS 
patients with acute posterior or panuveitis and/or retinal vas-
culitis, a single intravenous infusion of GEV 0.3 mg/kg was 
associated with complete resolution of retinal involvements 
within 4–21 days, and with improvement in visual acuity in 
five patients [53].However, exacerbations occurred in five 
cases, and four patients needed a second GEV infusion.

In a prospective, open-label, randomized, parallel-group 
phase 2 trial conducted on 21 patients with acute uveitis or at 
risk of exacerbations, GEV was initially administered intra-
venously at the dose of 30 or 60 mg, and was then adminis-
tered at the dose of 30 mg subcutaneously or 60 mg subcu-
taneously or 30 mg intravenously every 4 weeks. GEV was 
discontinued in 17 patients, mainly because of ocular exac-
erbations (n = 11). In the remaining 14 patients with acute 
uveitis, response was achieved within 21 days in all cases 
and main ophthalmologic parameters significantly improved, 
with no difference between the three dose regimens.

In an international, randomized, double-blinded phase III 
study [50], 83 BS patients with uveitis involving the poste-
rior segment were randomized to GEV 60 mg every 4 weeks 
or placebo. Results failed to demonstrate a superiority of 
GEV as compared to placebo in controlling the number and 
the timing of ocular exacerbations, although GEV was asso-
ciated with a significantly lower decrease in BCVA score.

Safety profile

Occurrence of adverse events during ANA or CAN treat-
ment was reported in eight studies [37, 38, 42, 45, 49, 54, 
57, 60].

In a case–control study by Fabiani [37], most common 
adverse events reported during ANA or CAN treatment were 
injection site-reactions (ISR; five cases out of 36 patients), 
whereas anaphylaxis, papillary carcinoma of urinary blad-
der, recurrent urinary and high respiratory tract infections 
occurred in one patient each. In an observational study by 
Emmi [60], use of ANA was associated with local cutane-
ous reactions in four out of 27 cases, whereas use of CAN in 
three subjects for a 24-month follow-up was not associated 
with any side effect. In the two-phase clinical trial by Gray-
son [54] conducted on six subjects, one patient was diag-
nosed with pulmonary arterial hypertension during the trial, 
however, onset was suspected prior to enrolment. No rela-
tionship was found between the frequency of adverse events 
and the dose of ANA. Discontinuation of ANA treatment 
due to adverse events was reported by Cantarini [45], Vitale 
[42], and Orlando [49]. In Cantarini [45], ANA was associ-
ated with pruritic urticarial lesions of increasing severity. In 

the two cases described by Vitale [42], ANA was associated 
with diffuse pruritic urticarial lesions. In the case described 
by Orlando [49], ANA was discontinued following the onset 
of generalized urticarial rash.

As for CAN, in the case described by Vitale [42], deep 
venous thrombosis occurred 16 months after the beginning 
of CAN treatment, and needed dose adjustment. In a recent 
observational study by Sota [38], the safety profile of ANA 
and CAN was evaluated in 475 subjects with BS or with 
other immune-mediated pathologies requiring IL-1 inhibi-
tion. 89 adverse events were recorded; of them, 13 (14.61%) 
were serious and 2 led to death. Treatment duration was the 
only variable inversely associated with the risk of adverse 
events. Age, concomitant DMARDs treatment, gender, pre-
vious biologic treatment, and posologic regimen did not 
influence the occurrence of adverse events or serious adverse 
events. Drug retention rate was significantly influenced by 
the occurrence of adverse events, particularly for ANA.

GEV was associated with a good safety profile and 
poor drug-related adverse events. In the pilot study by Gül 
et al., [53], out of seven treated patients, only one patient 
experienced two (drug-unrelated) adverse events, namely 
mild upper respiratory tract infection and a traffic accident. 
Similarly, in the phase II trial by Tugal-Tutkun [51], no 
drug-related adverse events and no allergic reactions were 
reported, while drug-unrelated adverse events and serious 
drug-unrelated adverse events occurred in 18 and 4 out of 21 
patients, respectively. In the randomized, placebo-controlled 
phase III trial by Tugal-Tutkun [50], adverse events and seri-
ous adverse events involved 92.7% and 31.7% of patients, 
respectively, although similar proportions were found in 
the placebo group. Specifically, drug-related AEs involved 
17.1% vs 18.6% of patients in the GEV vs placebo group, 
and most frequent AEs included BS-related manifestations, 
visual blurring, fatigue, and arthralgia. Treatment-related 
infections were detected in 2.4% of patients treated with 
GEV.

Desensitisation

Successful desensitisation to previous ANA treatment inter-
rupted for severe delayed ISR, was described in two sub-
jects. The 4-day procedure was well tolerated and allowed 
a successful reintroduction of ANA (100 mg/day) during a 
6-month follow-up [57].

Discussion

BS is a disease of unknown etiology characterized by clus-
ters of heterogeneous symptoms. Mucocutaneous lesions 
represent the hallmark of BS [61, 62]. Despite BS was origi-
nally considered a dermatological disease, morbidity and 
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mortality for BS are mainly related to ocular, major vascular 
and neurological involvements [63]. Thus, BS might indeed 
not be a single nosological entity, but rather a complex syn-
drome with different phenotypes [64].

It is well described in BS literature that single drugs 
account for different organ responses [13, 24, 25, 64–67], 
suggesting that therapeutic approach to BS should be tai-
lored to the specific patients’ manifestations, rather than the 
presence of BS per se.

Evidence from the present systematic review suggests that 
IL-1 inhibitors may represent an effective therapeutic option 
in limited clusters of BS involvement. Specifically, treat-
ment of either ANA (100 mg/day or 200 mg/day) or CAN 
(150 mg/8 weeks or 150 mg/6 weeks) could be effectively 
used to control mucocutaneous symptoms. In particular, 
ANA 200 mg/day has been associated with a better control 
of oral and genital ulcers as compared to ANA 100 mg/day. 
Nevertheless, evidence on the efficacy of ANA and CAN in 
controlling mucocutaneous symptoms comes from a limited 
number of observed patients [42, 48, 54].

Results from this systematic review also suggest that 
ANA 100 mg/day is good for osteoarticular manifestations, 
although this evidence comes from a clinical trial with a 
limited number of patients [54] and a single case report [41].

ANA 100 mg/day (eventually increased to ANA 150 mg/
day) and CAN represent an effective and safe therapeutic 
option for BS-related uveitis, with evidence suggesting a sig-
nificant reduction of the rate of ocular inflammatory flares, 
the resolution of active retinal vasculitis, the preservation of 
visual acuity, and the significant decrease of steroid dosages. 
Evidence of the effective use of ANA and CAN to control 
ocular manifestations is supported by data from a high-qual-
ity cohort study on 19 subjects [55] and from a case–control 
study on 36 subjects [37]. In addition, specific evidence on 
ANA is supported by two letters to the editor and two case 
reports [42, 44, 49, 58], whereas specific evidence on CAN 
comes only from a letter to the editor [49]. On the other 
hand, use of GEV for the control of ocular BS involvements 
is controversial, as current trials provided unclear evidence 
on its efficacy [50, 51, 53].

Notably, findings from an observational study [55] and a 
case report [39] suggest a possible contribution of anti-IL-1 
treatments in steroid sparing, although further evidence is 
needed.

Interestingly, some evidence suggests a possible role of 
both ANA 100 mg/day and CAN 150 mg/8 weeks in normal-
izing SAA levels and preventing secondary amyloidosis in 
subjects with increased SAA concentration. However, given 
that this evidence is based only on two letters to the editor 
[42, 45], the real benefits of IL-1 inhibitors for the SAA 
control should be further investigated in details.

As for the use of anti-IL-1 treatments in the pediatric 
population, discrepant evidence was found; particularly, 

CAN might represent an effective treatment in this popula-
tion subset, although further investigation is needed [39, 46].

Based on the results of this systematic review, current evi-
dence does not support the use of ANA or CAN for the gen-
eral management of BS, i.e., for the treatment of BS mani-
festations other than ocular, mucocutaneous, and articular.

Notably, findings from this review do not support ANA 
discontinuation or dose reduction following achievement of 
BS control.

Of particular relevance, findings from included studies 
suggest a poor persistence to anti-IL-1 treatment, with con-
sistent percentages of switch between anti-IL-1 inhibitors or 
to different immunosuppressive treatments, due to inefficacy 
or side effects [37–39, 42, 47, 49, 59, 60].

During anti-IL-1 treatment, most frequent side effects 
are local or diffuse cutaneous reactions and ISR. Based on 
current evidence, such safety concerns are more relevant in 
patients treated with ANA. Given that occurrence of side 
effects appeared as unrelated to patients’ age, gender, con-
comitant DMARDs treatment, previous biologic treatment, 
and posologic regimen, these factors cannot be considered 
as determinants for the choice or the avoidance of anti-IL-1 
treatment. In patients effectively treated with ANA who 
develop severe delayed ISR to this drug, desensitisation 
protocols can be applied with successful restart of ANA 
treatment [57]. In patients that need ANA discontinuation 
due to treatment failure or adverse events, results from this 
systematic review further suggest that CAN could be effec-
tively used to control BS. This finding is supported by four 
letters to the editor and one case report [39, 42, 45, 46, 49].

This study represents the first systematic review evalu-
ating the efficacy and safety of ANA, CAN, and GEV in 
different BS manifestations, and is strengthened by the fact 
that both randomized trials and observational studies have 
been included.

Of course, this review has some limitations. First, more 
than half of included studies were letters to the editor, case 
reports or case series. Second, the baseline clinical charac-
teristics and disease manifestations of subjects varied among 
included studies. Finally, since BS is typically characterized 
by intermittent phases of spontaneous remissions and exac-
erbations, the true effect of the treatment cannot be easily 
defined, particularly in uncontrolled studies.

Current evidence suggests that the choice of the most 
appropriate pharmacological treatment of BS should be eval-
uated in relation to different disease manifestations [43, 60]. 
Over the past decade, new therapeutic options have become 
available for treatment of BS, such as cytokine blocking 
agents, and in particular anti-IL-1 agents. Since evidence 
on these treatments mainly derives from limited local expe-
riences, the results from this systematic review suggest the 
potential benefits of the use of IL-1 inhibitors in specific BS 
involvements such as ocular, mucocutaneous, and articular 
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manifestations. The possible contribution of IL-1 inhibi-
tors in reducing SAA levels, as well as their efficacy in the 
pediatric population should be further investigated. On the 
other hand, use of IL-1 inhibitors in general BS involve-
ments (especially as first-line treatment) is not yet clearly 
supported by literature.
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