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Abstract This study aimed to evaluate the role of inter-
leukin (IL)-1 inhibitors anakinra (ANA) and canakinumab
(CAN) in the treatment of Behget’s disease (BD)-related
uveitis. Multicenter retrospective observational study in-
cludes 19 consecutive BD patients (31 affected eyes) re-
ceived treatment with anti-IL-1 agents. Data were ana-
lyzed at baseline and at 3 and 12 months. The primary
endpoint is the reduction of ocular inflammatory flares
(OIF). The secondary endpoints are improvement of best
corrected visual acuity (BCVA); reduction of macular
thickness defined by optical coherence tomography
(OCT) and of vasculitis identified with fluorescein angi-
ography (FA); evaluation of statistically significant differ-
ences between patients treated with IL-1 inhibitors as
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monotherapy, subjects also administered with disease
modifying anti-rheumatic drugs (DMARDs) and/or corti-
costeroids as well as between patients administered with
IL-1 inhibitors as first line biologic treatment and those
previously treated with TNF-o inhibitors. At 12 months,
OIF significantly decreased from 200 episodes/100 patients/
year to 48.87 episodes/100 patients/year (p < 0.0001). The
frequency of retinal vasculitis identified by FA significantly
decreased between baseline and 3- and 12-month follow-up
visits (p < 0.0001 and p = 0.001, respectively). OIF rate was
significantly higher in patients co-administered with
DMARD:s (81.8 episodes/100 patients/year) than in patients
undergoing IL-1 inhibitors as monotherapy (0.0 episodes/100
patients/year) (p = 0.03). No differences were identified on the
basis of corticosteroid use and between patients administered
with IL-1 inhibitors as first line biologic approach or second
line. Steroid dosage was significantly decreased at 12-month
visit compared to baseline (p = 0.02). Treatment with IL-1
inhibitors is effective in the management of BD-related uveitis
and provides a long-term control of ocular inflammation in
refractory and long-lasting cases.

Keywords Anakinra - Behget’s disease - Canakinumab -
Treatment - Uveitis

Introduction

Behget’s disease (BD) is a chronic and relapsing multi system-
ic inflammatory disorder at the crossroad between autoim-
mune and autoinflammatory diseases. Recurrent oral
aphthosis, genital ulcers, skin lesions, and severe intraocular
inflammation leading to sight-threatening sequelae are the
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main features of BD [1]. In BD patients, uveitis is the most
significant cause of morbidity ranging from 50 to 70% of
cases; in this context, blindness is reported with a frequency
rate of about 25% [2-5]. According to the European League
Against Rheumatism (EULAR) recommendations for the
management of BD uveitis, the aim of treatment is to rapidly
and effectively suppress intraocular inflammation to prevent
irreversible damage due to posterior segment involvement,
mainly defined by the presence of retinal vasculitis with a
significant ischemic element [6]. Therefore, treatment of BD
uveitis is often tailored according to the severity of clinical
features while control of inflammation with new alternative
therapeutic tools should be attempted when conventional im-
munosuppressive and anti-TNFo agents have proven to be
ineffective.

Our improved understanding of the molecular mechanisms
involved in BD and the definition of its autoinflammatory
pathogenetic nature have recently opened up new interesting
sceneries in terms of local and systemic therapeutic options
which might be useful in severe cases in order to avoid poten-
tially blinding complications [7, 8]. Interleukin (IL)-1 has
shown to be a key proinflammatory cytokine in BD pathogen-
esis and its inhibition might have a promising future among
the novel therapeutic opportunities [9]. In this regard, a pilot
study demonstrated a rapid and sustained reduction of intra-
ocular inflammation in patients with BD-resistant uveitis and
retinal vasculitis following treatment with gevokizumab, a
recombinant humanized allosteric monoclonal antibody that
binds to human IL-1f3 [10]. Data from prospective open label
randomized trials confirmed these findings in refractory BD-
related uveitis and autoimmune anterior scleritis [11, 12].
However, to date the evidence on the use of IL-1 receptor
antagonist anakinra (ANA) and the anti-IL-13 antibody
canakinumab (CAN) in BD uveitis mostly relies on small case
series or isolated case reports [13—18].

The present study is the first at evaluating the efficacy of
ANA and CAN on ocular functional, morphological, and clin-
ical parameters in a large series of patients affected by BD-
related refractory or long-standing uveitis.

Materials and methods

Medical information from 19 consecutive BD patients with
refractory uveitis (31 eyes) treated with IL-1 inhibitors was
retrospectively collected. Diagnosis of BD was based on
International Study Group Criteria (ISGC) [19] and/or
International Criteria for BD (ICBD) [20].

The primary aim of the study was to evaluate the efficacy
of ANA and CAN on BD uveitis during a 12-month follow-up
period. The secondary aims were (i) to evaluate the possible
effect of concomitant DMARDs and corticosteroid treatment
on IL-1 inhibition as monotherapy, (ii) to identify any
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difference in terms of efficacy between patients treated with
IL-1 inhibitors as first line biologic agent and those already
administered with other biologic agents, and (iii) to establish
any steroid-sparing effect of IL-1 inhibition. A further ancil-
lary aim was represented by the evaluation of efficacy of anti-
IL-1 agents on overall extraocular disease activity according
to BD Current Activity Form (BDCAF) [21].

Our primary endpoint was represented by the reduction of
ocular flares during the 12 month of treatment with IL-1-
inhibitors compared to the 12-month preceding therapy with
anti-IL-1-agents.

Secondary endpoints were represented by the follow-
ing: (i) improvement of best corrected visual acuity
(BCVA); (i) macular thickness reduction measured by
optical coherence tomography (OCT); (iii) reduction in
the occurrence of vasculitis assessed by fluorescein angi-
ography (FA) at 3- and 12-month visits; (iv) the evalua-
tion of statistically significant differences in terms of fre-
quency of ocular flares, BCVA changes, macular thick-
ness reduction, FA evidences of vasculitis between pa-
tients treated with anti-IL-1 agents as monotherapy and
those undergoing IL-1 inhibitors plus DMARDs or corti-
costeroids; (v) the evaluation of statistically significant
differences in terms of frequency of ocular flares, BCVA
changes, macular thickness reduction, FA evidences of
vasculitis between patients treated with IL-1 inhibitors
as first biologic treatment, and those previously adminis-
tered with anti-TNF« agents; and (vi) assessment of pred-
nisone dosages (or equivalent) at the start of therapy, at 3-
month and 12-month visits.

No patient presented liver virus infections, toxoplasmosis,
tuberculosis, or syphilis; other liver, renal, and cardiac disor-
ders had been ruled-out along with substance abuse and ma-
lignancies before starting anti-IL-1 treatment. According to
customary monitoring of the best standard of care, all patients
had been evaluated by both the rheumatologist and the oph-
thalmologist every 3 months or when needed (relapse or safety
concerns).

An ocular flare was regarded as such when ocular inflam-
matory manifestations occurred after a period of remission.

Descriptive statistics was evaluated for sample size, percent-
ages, mean, and standard deviation. The rate of ocular flares
during the 12 months preceding and following the start of IL-1
inhibitors was calculated as events/100 patients/year. For statis-
tical analysis, Graphpad Prism 6.0 software was used. In par-
ticular, ANOVA or Kruskall-Wallis test (as required) were used
for quantitative variables and chi-square test for qualitative var-
iables for comparisons among baseline and 3- and 12-month
follow-up evaluations. For pair wise comparisons, we per-
formed Fisher’s exact test for qualitative variables and Mann—
Whitney U test or Student’s ¢ test (as required) for quantitative
data. Normality was evaluated by using Anderson—Darling test
and significance was defined as p < 0.05.
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Results

We identified 19 patients (7 males, 12 females) suffering from
BD-related uveitis and treated with IL-1 inhibitors. Table 1
describes demographic and clinical data of patients enrolled.

Thirteen (68.4%) patients had undergone ANA treatment at
the dosage of 100 mg/day; CAN had been administered in 3
(15.8%) patients at the dosage of 150 mg every 6 weeks; the
other three patients were treated with CAN at the dosage of
150 mg every 4 weeks (n = 1), 150 mg every 8 weeks (n = 1),
and 300 mg every 6 weeks (n = 1), respectively.

All patients had started IL-1 inhibitors because of refracto-
ry or long-lasting unresponsive intraocular inflammation.
Figure 1 specifically describes characteristics of eye involve-
ment. Ocular involvement was monolateral in 7 (36.8%) pa-
tients and bilateral in 12 (63.2%) subjects; on the whole, 31
eyes were interested with uveitis.

At baseline, anti-IL-1 agents were administered as mono-
therapy in 9 (47.4%) cases; the remaining patients were co-
administered with cyclosporine A at a dosage of 2.5 mg/Kg/
day (n =4), azathioprine at a dosage of 2.5 mg/Kg/day (n = 3),
methotrexate at a dosage of 7.5-10 mg/Kg/day (n = 2), and
sulfasalazine at a dose of 2 g/day (n = 1). Azathioprine was
introduced in a patient at 3-month evaluation because of mu-
cocutaneous BD-related manifestations. Steroids were
employed in 15 (78.9%) patients, while colchicine was never

Table 1 Demographic and clinical features of patients enrolled
Demographic features Mean + SD
Age (years) 44.10 £17.08
Disease duration (years) 14.31 £12.81
Female 12/19 (63.15%)
Clinical features and organ involvement (%)
HLA B51 + 12/19 (63.15%)

7/19 (36.8%)
12/19 (63.15%)

Monolateral ocular affections

Bilateral ocular affections

Mucosal 19/19 (100%)
Skin 15/19 (78.94%)
Articular 16/19 (84.21%)
PNS 2/19 (10.52%)
CNS 0/19 (0%)
Headache 5/19 (26.31%)
GI tract 9/19 (47.36%)
Vascular 4/19 (21.05%)
Fever 9/19 (47.36%)
ISGC fullfilling 16/19 (84.21%)
ICBD fullfilling 19/19 (100%)

CNS central nervous system, G/ gastrointestinal, /LA human leukocyte
antigen, /CBD international criteria for Behget’s disease, ISGC interna-
tional study group criteria, PNS peripheral nervous system, SD standard
deviation

Specific eve involvement

5%

® Anterior Uveitis
® Posterior Uveitis
" Panuveitis

® Retinal Vasculitis

Fig. 1 Frequency of specific ocular manifestations in our cohort of
patients

co-administered. Seven (36.8%) patients underwent IL-1 in-
hibition as first line biologic approach; 12 (63.2%) patients
had already been administered with biologics.

During the 12-month preceding anti-IL-1 administration,
the number of ocular flares was 200/100 patients/year; this
number decreased to 48.87/100 patients/year during the 12-
month study period with a significant decrease during anti-IL-
1 treatment compared to the preceding 12 months
(p < 0.0001). Similarly, the number of patients presenting
ocular flares was significantly lower during the first 12 months
of anti-IL-1 treatment compared to the preceding 12 months
(19/19 versus 6/19, p < 0.0001). The number of ocular flares
during the study period was found significantly higher in pa-
tients co-administered with DMARDs (81.8/100 patients/
year) than in patients undergoing IL-1 inhibitors as monother-
apy (0.0/100 patients/year) (p = 0.03). No differences were
identified on the basis of corticosteroid use (53.3 flares/100
patients/year versus 25 flares/100 patients/year, respectively;
p =0.76) and between patients administered with IL-1 inhib-
itors as first line biologic approach (57.1/100 patients/year)
and those previously administered with other biologics (41.7
flares/100 patients/year) (p = 0.99).

Regarding retinal vascular involvement, at baseline 20 out
of 31 (64.5%) eyes showed vasculitis at FA evaluation. The
percentage of eyes involved with vasculitis significantly de-
creased to 9.7% (3/31 eyes) and 20.8% (5/24 eyes) at 3- and
12-month follow-up visits (p < 0.0001 and p = 0.001, respec-
tively). No statistical differences were found between 3- and
12-month evaluations (p = 0.44).

Table 2 describes BCVA, central macular thickness (CMT)
OCT values, and fluorangiographic evidence of active vascu-
litis at baseline, 3-month follow-up, and at the end of the study
period. No differences were identified between groups regard-
ing OCT changes and FA abnormalities when patients were
distinguished according to the concomitant use of corticoste-
roids, co-administration of DMARDs, and the line of biologic
approach. Conversely, BCVA values proved to be significant-
ly higher among patients with no DMARDs co-administration
both at baseline (p = 0.007) and at 3-month evaluation
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Table 2 Trend of best corrected

visual acuity (BCVA), optical

coherence tomography (OCT) Endpoints Baseline 3 months 12 months p value
values, number of patients with

fluorescein angiography (FA) ab- BCVA 6.33 +3.86 723 +3.34 6.5+3.85 0.6594
normalities at the start of IL-1 OCT-CMT 280.5 +54.82 263.58 +25.87 269.28 +30.5 0.8310
treatment (baseline) and at 3-and  FA vasculitis (eyes) 20/31% 3312 5/25° <0.0001

12-month follow-up evaluations

Global significance was calculated with Kruskal-Wallis test or chi-square test; pairwise comparisons were per-
formed by means of Fisher’s exact or Mann—Whitney U test

CMT central macular thickness

Baseline versus 3 months, p < 0.0001

®Baseline versus 12 months, p = 0.001

(p = 0.001) and at 12-month follow-up visit (p = 0.03). No
significant changes were highlighted concerning BCVA
values regarding the use of corticosteroids and the different
lines of anti-IL-1 administration. Such data are specifically
reported in Table 3.

The mean prednisone (or equivalent) dosage used was
6.11 £ 6.12 mg/day at baseline, 7.6 + 4.2 mg/day at 3-month
follow-up visit, and 5.8 + 2.7 mg at 12-month follow-up eval-
uation. Steroid dosage was significantly decreased at 12-month
visit compared to baseline (p = 0.02), while no statistical dif-
ferences were highlighted between baseline and 3-month fol-
low-up evaluation (p = 0.38). On the whole, 9/19 (47.36%) of

Table 3 Values of best corrected visual acuity (BCVA), optical
coherence tomography (OCT) values, Behget’s disease current activity
form (BDCAF) values, number of patients with fluorescein angiography
(FA) abnormalities, papillitis, and vitritis at the start of IL-1 treatment
(baseline) and at 3-month and 12-month follow-up evaluations in
patients with concomitant use of corticosteroids (CST +) and those with

patients had been treated with more than 10 mg/day of predni-
sone at baseline, while this number decreased to 5/19 (26.3%)
at 3-month visit and at 1/15 (6.7%) at 12-month evaluation.
This decrease was statistically significant (p = 0.02).

The mean BDCAF value at the start of treatment was
8.42 £ 2.21, at 3-month visit was 5.06 £ 1.62 and at 12-
month follow-up was 3.5 + 3.3. The BDCAF value was sig-
nificantly reduced both at 3-month and at 12-month visits
(p < 0.0001 in both cases).

During the 12-month follow-up period, no adverse events
occurred; however, ANA was interrupted in 3/13 (15.4%) pa-
tients because of lack of efficacy at 3-month follow-up

no corticosteroid treatment (CST —); in patients with co-administration of
disease modifying anti-rheumatic drugs (DMARDs +) and patients
treated with IL-1 inhibition as monotherapy (DMARDs —); patients
treated with IL-1 inhibitors as first line biologic approach (1st line) and
those already treated with other biologics (>1st line)

Baseline 3 months 12 months CST + versus CST —
CST + CST — CST + CST — CST + CST — Baseline 3 months 12 months
BCVA 6.1 £4.03 7.15+£3.26 7+3.35 7.96 +£3.39 6.26 = 3.84 8.08 £3.8 0.46 0.37 0.24
OCT-CMT 27327 £41.89 30037 £81.05 261 +29.69 269.16 £ 1545 272.1 £32.42  260.33 £23.52 0.69 0.31 0.36
FA 13/24 77 5124 2/7 520 2/5 0.03 0.64 0.6
vasculitis
(eyes)
BDCAF 8.06 +2.28 975+ 1.5 5+£1.7 533+1.52 43+3.17 0+0 0.19 0.72 0.048
Baseline 3 months 12 months DMARD:s + versus DMARDs —
DMARD:s + DMARDs — DMARD:s + DMARDs — DMARD:s + DMARDs — Baseline 3 months 12 months
BCVA 4.67+3.82 8+3.19 5.54+333 8.72+2.6 5.47 +3.87 8.5 +£3.06 0.007 0.001 0.03
OCT-CMT 227 +44.96 283.56 +63.53  263.63 £26.51 263.5+26.77 27323 +£34.74 260.87 £17.64 0.99 0.99 0.5
FA 11/18 8/13 5/18 1/13 517 2/8 1.000 0.36 1.000
vasculitis
(eyes)
BDCAF 8.7+2.26 8.11 £2.26 5.57+£0.97 4.62 +1.99 3.8+248 3+4.64 0.58 0.14 0.56
Baseline 3 months 12 months 1st line versus >1st line
1st line >1st line 1st line >1st line 1st line >1st line Baseline 3 months 12 months
BCVA 5.85£4.05 6.64 £3.79 7.41 £3.14 7.12+£3.5 6.64 +3.81 6.58 £3.97 0.66 0.99 0.83
OCT-CMT 27527 £52.88 283.52+£57.11 256+27.49 2704 +£23.61  268.16 £35.85 270.3+26.06 0.7 0.15 0.56
FA 9/12 11/19 2/12 5/19 2/10 5/15 0.45 0.68 0.66
vasculitis
(eyes)
BDCAF 942 +£1.13 7.83 £2.51 446 +1.5 533+1.73 2.85+3.13 4+357 0.23 0.55 0.54

CMT central macular thickness
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evaluation and in 1/13 (7.7%) at 6-month visit because of loss
of efficacy; CAN was interrupted in 1/6 (16.7%) patient after
6 months because of reactivation of BD at central nervous
system level.

Discussion

To the best of our knowledge, this study represents the largest
series of patients with ocular BD treated with the anti-IL-1
agents ANA and CAN. These biologics achieved a rapid
and sustained clinical efficacy and were able to preserve visual
acuity in patients with refractory and/or long-lasting multi-
resistant BD-related uveitis. In particular, IL-1 inhibition in-
duced a significant reduction in the relapse rate and in the
occurrence of retinal vasculitis.

The highly significant reduction of intraocular flares con-
firms that anti-IL-1 agents have a therapeutic role in the treat-
ment of BD-related inflammation as with systemic inflamma-
tory attacks of monogenic autoinflammatory diseases [22]. In
support of this, BD has been recently classified among multi-
factorial autoinflammatory disorders on the basis of clinical
and laboratory clues including IL-1 overproduction by
inflammasome activation [22-25]. On the whole, these evi-
dences support IL-1 involvement in the pathogenesis of BD
and suggest that IL-1 may represent a potential
therapeutic target for this disease as shown by the increasing
number of studies on this issue [13, 14, 17, 26-31]. In this
regard, we have recently published a retrospective multicenter
study showing favorable results with ANA and CAN and
acceptable retention rate in a cohort of 30 BD patients, 53%
of them having ocular involvement [32]. Other studies ex-
plored the effectiveness of ANA and CAN treatment in BD
ocular involvement, with all the limits related to the small
sample size and the lack of objective ocular parameters ana-
lyzed [13—18]. However, a recent study from Wan and col-
leagues provided direct evidence that IL-1 signaling plays a
pivotal role in the pathogenesis of uveitis [33]. The authors
demonstrated that retinal myeloid cells produce IL-13 and
that the reduced severity of intraocular inflammation in IL-1
receptor deficient mice correlates with impaired Th17 cell
differentiation and decreased recruitment of inflammatory
cells into the retina. In our cohort, the significant reduction
in the number of ocular inflammatory flares was associated
with a significant short- and long-term improvement of retinal
vasculitis in the majority of eyes. Consequently, although the
exact role of IL-1 in the pathogenesis of BD-related vasculitis
has yet to be fully elucidated, the prompt and sustained remis-
sion of retinal vasculitis observed in our cohort might indirect-
ly support IL-1 involvement at a retinal level.

Our results meet EULAR recommendations [6] that pre-
scribe prompt and aggressive treatment in patients with active
vasculitis and/or macular involvement with at least two lines

loss on the visual acuity chart in order to limit the onset of
sight-threatening complications. In this context, our data have
shown a rapid mode of action of IL-1 inhibitors in suppressing
ocular inflammation.

In order to get results based on objective outcomes, the
goal of our study was to grade signs of intraocular inflam-
mation not only through reduction of ocular inflammatory
flares, but also analyzing BCVA, macular OCT values,
and FA imaging on the basis of the crucial use of clinical
objective measures to properly evaluate BD uveitis and
response to treatment. In this regard, ophthalmic imaging
instruments such as FA and macular OCT have led to a
better definition of visual prognosticators in ocular BD.
Specifically, given its unique role in detecting vascular
leakage from retinal vessels also in eyes with no ophthal-
moscopic evidence, FA remains the gold standard for
evaluating the activity of retinal vasculitis in BD. In our
cohort, 64.5% of eyes showed active retinal vasculitis at
baseline; however, the percentage of eyes involved by
vasculitis decreased to 9.7% at 3-month follow-up, thus
showing a prompt and dramatic improvement of FA find-
ings. These positive results did not significantly change
between 3- and 12-month follow-up visits thus asserting
the sustained clinical efficacy of IL-1 inhibition in ocular
BD manifestations. Conversely, beyond the substantial
positive trend of amelioration in BCVA and OCT-CMT
values between the start and the end of the study period,
changes did not reach statistical significance when com-
pared to baseline. However, these results were obtained
from a limited extent of patients with refractory or long-
lasting ocular disease.

In our study, combination therapy of IL-1 inhibitors with
immunosuppressive agents led to no superior benefit com-
pared to monotherapy. Noteworthy, our patients co-
administered with DMARDs showed a higher rate of flares
compared to patients receiving anti-IL-1 agents as monother-
apy. This finding could be explained with the propensity to
start a more aggressive treatment in patients with a higher
disease severity at baseline. In support of this, BCVA values
were significantly lower in patients also administered with
DMARD:s already at the start of anti-IL-1 therapy.

Twelve out of 19 patients received IL-1 inhibitors as sec-
ond line biologic agent after a lack or loss of efficacy to a
TNF« antagonist. However, we found no differences in clin-
ical response regarding different lines of treatment in terms of
frequency of ocular inflammatory flares, occurrence of retinal
vasculitis, BCVA, or OCT variations. Consequently, as for
switching from the first to the second anti-TNFo agent, the
failure to a previously administered biologic does not affect
the response to IL-1 inhibition [34-36].

Interestingly, as reported for anti-TNFo agents [37], IL-1
inhibition was able to induce a significant reduction of steroid
dosage allowing an important steroid-sparing effect during the
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study period. This is an important finding to take into account
in order to confine both systemic and ocular steroid-related
side effects.

Finally, as no adverse events were reported, the present
study confirms the excellent safety profile of IL-1 inhibitors.

There are several limitations due to the retrospective obser-
vational nature of the study. The role of IL-1 inhibitors in the
treatment of BD-related uveitis deserves further investigation
and should be evaluated in properly designed randomized
clinical trials. However, as previous data showed variable
rates of drug efficacy in relation to different disease manifes-
tations or in regard to a generalized clinical response, assess-
ment of specific organ inflammatory activity and response to
treatment represent a main goal in BD [13, 32]. In this regard,
the present study is the first specifically designed to determine
ANA and CAN efficacy for BD uveitis. Our analysis has been
based on measurable functional, morphological, and clinical
parameters allowing an objective evaluation of the response to
IL-1 inhibitors.

In conclusion, our data show that ANA and CAN represent
an effective and safe therapeutic option for BD-related uveitis
with a significant reduction of the rate of ocular inflammatory
flares, the resolution of active retinal vasculitis, the preserva-
tion of visual acuity, and the significant decrease of steroid
dosages.
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