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ORIGINAL ARTICLE
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ABSTRACT
Purpose: To evaluate the safety and efﬁcacy of gevokizumab for the treatment of Behçet’s disease uveitis in a
prospective, open-label, randomized phase 2 trial.
Methods: Behçet’s disease patients with new acute ocular exacerbation or at risk of exacerbation received 30 or 60
mg gevokizumab every 4 weeks intravenously or subcutaneously, on top of a stable regimen of immunosuppressives and corticosteroids (≤20 mg/day equivalent prednisolone). Patients withdrew in cases of ocular
exacerbation.
Results: A total of 21 patients were included (17 acute and 4 at-risk; mean duration of uveitis 45.6 ± 37.4
months). There were no serious adverse events related to gevokizumab. Recorded adverse events were mostly
associated with exacerbation of uveitis or its complications. Response was evaluated for 14 acute patients and
all showed rapid control of acute ocular exacerbation, mostly within 1 week, without any increase in corticosteroid dosage.
Conclusions: Gevokizumab was well tolerated and rapidly controlled acute ocular exacerbations of Behçet’s
disease uveitis without the need for high-dose corticosteroid.
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INTRODUCTION
Behçet’s disease is a multisystem inﬂammatory disorder of unknown etiology.1,2 The disease has a
chronic course, which is characterized by recurrent
acute exacerbations of manifestations including oral
aphthous ulcers, genital ulcers, skin lesions, and uveitis, as well as lesions affecting the large vessels, gastrointestinal tract, and central nervous and
respiratory systems. About half of patients have eye
lesions, which usually appear after the onset of recurrent oral ulcers, but may constitute the ﬁrst manifestation of Behçet’s disease in approximately 10% of
cases. Ocular inﬂammation is characterized by a nongranulomatous panuveitis with retinal vasculitis and
leads to blindness in approximately 25% of cases.3
First-line therapy generally involves corticosteroids
and immunosuppressive drugs such as azathioprine
and cyclosporine, which have limitations with respect
to tolerability and long-term efﬁcacy. For patients
refractory to conventional immunosuppressive therapy, there are no randomized controlled trials documenting the efﬁcacy of any treatment, though
interferon-alpha or anti–tumor necrosis factor (TNF)
agents are recommended on the basis of favorable
observations in case series.4
Gevokizumab is a recombinant humanized allosteric monoclonal antibody that binds to human
interleukin (IL)–1β and thereby inhibits the activation of IL-1 receptors.5-7 IL-1 is known to have
potent proinﬂammatory properties, and its role is
currently being investigated in a number of inﬂammatory diseases. In a proof-of-concept study, the
safety and efﬁcacy of gevokizumab was tested in
seven Behçet’s disease patients with posterior uveitis or panuveitis and/or retinal vasculitis refractory
to azathioprine and/or cyclosporine treatment.8 In
this study, a single infusion of gevokizumab (0.3
mg/kg) resulted in a rapid and sustained reduction
in intraocular inﬂammation, improvement in visual
acuity, and reduction in anterior chamber cells and
ﬂare, vitreous haze, and retinal inﬁltrates, despite

63

discontinuation of immunosuppressive drugs and
without any increase in corticosteroid dosage.8
In view of these observations, we performed the
phase 2 study described here, recruiting a larger population to evaluate the safety of three different ﬁxeddose regimens of gevokizumab on top of a stable regimen of immunosuppressive drugs and corticosteroids
in Behçet’s disease patients with uveitis. This exploratory study also provided an opportunity to conﬁrm
the pharmacokinetics, as well as the clinical and biological activity, of gevokizumab in Behçet’s disease.

METHODS
Study Design
This prospective, open-label, randomized, parallelgroup phase 2 trial was performed in seven centers
in three countries, Turkey, South Korea, and Tunisia.
The trial design (Figure 1) consisted of two periods.
The initial period, a response phase, aimed to evaluate
response to gevokizumab for up to 21 days in patients
with a recent acute exacerbation of Behçet’s uveitis.
Those who responded entered a follow-up period lasting until the next exacerbation or 336 days (follow-up
beyond 168 days was optional). Patients that did not
have acute exacerbation ﬁndings but were considered
at risk of further exacerbation on the basis of retinal
vascular leakage ﬁndings on fundus ﬂuorescein angiography (FFA) were directly randomly assigned to the
follow-up period. Local ethics committee approval
was obtained in all countries, and all patients provided
written informed consent prior to entry. The trial is
registered in the Current Controlled Trials Database
(ISRCTN15180871, www.controlled-trials.com).

Participants
Eligible patients were male or female patients aged ≥18
and ≤80 years and diagnosed with Behçet’s disease

FIGURE 1. Trial design. Acute patients had a second dose injected at the time of response (days 14 or 21). Participation in the follow-up
period between 168 and 336 days was optional. IV, intravenously; SC, subcutaneously.*See Methods for exact details of dose regimens.
© 2017 Taylor & Francis Group, LLC
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according to the International Study Group diagnostic
criteria.9 All had a history of Behçet’s disease uveitis
involving the posterior segment of the eye and had been
receiving a stable regimen of oral corticosteroids (equivalent to prednisolone 20 mg/day or less) and at least one of
the standard immunosuppressive drugs (azathioprine 2.5
mg/kg/day or less, cyclosporine A 5 mg/kg/day or less,
mycophenolate mofetil 3 g/day or less, or methotrexate
up to the highest tolerable dose) for at least 4 weeks prior
to entering the study. The patients continued to receive
these drugs as a stable background treatment during the
study.
A new ocular exacerbation (the entry criterion for
acute patients) was deﬁned as at least one of the following in the index eye: ≥2+ vitreous haze score using
the Standardization of Uveitis Nomenclature (SUN)10
with or without anterior chamber cells; a documented
≥15-letter ETDRS or two-line Snellen score decrease in
best corrected visual acuity (BCVA)11 attributed to
ocular exacerbation associated with Behçet’s disease;
or the presence of new active retinal inﬁltrates and/or
acute retinal vasculitis (retinal ﬁndings were scored
using the uveitis scoring system of BenEzra et al.).12
The patients were required to have a BCVA of +1.7
logMAR or better (equivalent to Snellen 20/1000 or
better) in both eyes prior to the qualifying exacerbation. In cases of bilateral simultaneous exacerbation,
the investigators were instructed to note the index eye
as the eye with more severe exacerbation.
At-risk patients were enrolled in the study if they had
a history of one or more acute exacerbations in the previous 18 months and ﬁndings of retinal vascular leakage
documented by an FFA score ≥6 using a standard
method,13 with central reading at the Department of
Ophthalmology, Istanbul Faculty of Medicine. If both
eyes had an FFA score ≥6, the eye with the most recent
exacerbation was chosen as the index eye. They were
also required to have BCVA of +1.0 logMAR or better
(equivalent to Snellen 20/200 or better) in both eyes.
Main exclusion criteria included infectious uveitis
or uveitis due to causes other than Behçet’s disease,
severe cataract, and posterior synechiae. Patients with
active tuberculosis or a history of tuberculosis disease
were excluded by clinical examination, interferongamma release assay, and chest X ray, unless they
had completed a full course of treatment for tuberculosis. In South Korea, according to local guidelines,
patients with a positive interferon-gamma release
assay test were excluded or withdrawn from the
study if positive test results were available after randomization. In all other countries, patients with latent
tuberculosis infection were allowed to be included if
they agreed to receive prophylaxis treatment with isoniazid. Other exclusion criteria included immunodeﬁciency, active infectious diseases, pregnancy,
breastfeeding, or possibility of becoming pregnant
during the study, and signiﬁcant laboratory abnormalities. Patients who had received a systemic biologic

therapy in the previous 3 months, periocular corticosteroids within the previous 1 month, intravitreal corticosteroids within the previous 6 months, systemic
alkylating agents within the previous year, or any
injected or implantable corticosteroid-releasing device
within the previous 3 years were also excluded.
Efforts were made to recruit a greater number of acute
patients for better evaluation of the efﬁcacy of gevokizumab in the acute setting. Acute patients were screened
and enrolled within 72 hours after the beginning of
ocular exacerbation. At-risk patients were screened
within no more than 7 days prior to enrollment.

Interventions
For each group (acute and at-risk), patients were randomly assigned to one of three gevokizumab regimens
at study entry via an interactive web response system.
Gevokizumab was administered every 4 weeks either
intravenously (IV) or subcutaneously (SC) by a trained
health care professional. All acute patients initially
received either 30 or 60 mg IV infusion of gevokizumab.
At the time of response, they received a second IV
infusion of gevokizumab (30 or 60 mg), followed by
maintenance treatment with either 30 mg gevokizumab
(IV or SC) or 60 mg gevokizumab (SC) (Figure 1). Atrisk patients entered the trial at day 0; after an initial IV
infusion of 30 or 60 mg gevokizumab, they continued to
receive the same treatment as that administered in the
follow-up period for acute patients. Thus, for acute
patients, the three regimens were: (1) 60 mg IV gevokizumab at entry, 30 mg IV at time of response, and then
30 mg SC every 4 weeks thereafter; (2) 30 mg IV gevokizumab at entry, 30 mg IV at time of response, and
then 30 mg IV every 4 weeks thereafter; and (3) 60 mg
IV gevokizumab at entry, 60 mg IV at time of response,
and then 60 mg SC every 4 weeks thereafter. For at-risk
patients, the three equivalent regimens were: (1) 60 mg
IV gevokizumab at entry, and then 30 mg SC every 4
weeks thereafter; (2) 30 mg IV gevokizumab at every
visit; and (3) 60 mg IV gevokizumab at entry, and then
60 mg SC every 4 weeks thereafter.

Evaluation of Response to Treatment and
Reasons for Withdrawal
Response to gevokizumab treatment in acute patients
was deﬁned as any of the following improvements in
the index eye on day 14 or 21 visits without any
deterioration from the baseline in the other two parameters and no exacerbation in either eye: improved
vitreous haze score by ≥2 units; ≥15-letter improvement in BCVA; or resolution of retinal inﬁltrates or
acute signs of retinal vasculitis. Responding patients
continued to receive gevokizumab as deﬁned in the
protocol for up to 336 days.
Ocular Immunology & Inﬂammation

Gevokizumab in Patients with Behçet’s Disease Uveitis
The protocol included strict instructions for withdrawal in acute patients if there was no response
according to the above deﬁnition by day 21. In addition, acute patients were to be withdrawn at visits on
day 4, 7, or 14 (i.e., before formal evaluation of
response) if there was no sign of improvement in any
of the anterior chamber, vitreous haze, or retinal ﬁndings. Both acute and at-risk patients were also to be
withdrawn per protocol in case of any further occurrence of ocular exacerbation during the study, deﬁned
as any of the following in either eye: worsening vitreous haze by ≥2 units change with or without anterior
chamber cells; ≥15-letter decrease in BCVA; or emergence of retinal inﬁltrates or acute retinal vasculitis
detected by indirect ophthalmoscopy.
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Statistical Methods
There was no formal sample size calculation for this
exploratory study. Considering the amount of information already on ﬁle for the pharmacokinetics of
gevokizumab, inclusion of 21 subjects was considered
sufﬁcient to document pharmacokinetic proﬁles for the
three dosage regimens. The results of the study are
presented as descriptive statistics with numbers for
categorical variables and means and standard deviations (SD) for continuous variables. In view of the
small sample size, statistical testing between different
dose and administration modes was not performed.
The statistical analysis was performed by the
Biostatistics Division of the Institut de Recherches
Internationales Servier using SAS®/PC Software.

Outcomes
The primary objective was evaluation of safety of two
doses of gevokizumab (30 or 60 mg, combined into
three dosing regimens according to administration
route) on top of immunosuppressive drugs, assessed
by monitoring the occurrence of adverse events and
any abnormal laboratory values (standard hematology and biochemistry tests, including liver and renal
parameters), vital signs (heart rate, blood pressure,
respiratory rate, temperature, and body weight), or
systemic clinical ﬁndings. Response to gevokizumab,
as deﬁned above, and treatment efﬁcacy were secondary endpoints measured in the response phase. The
efﬁcacy of gevokizumab in uveitis was evaluated by
changes in ophthalmological examination ﬁndings in
the index eye, including BCVA using the standard
ETDRS chart, vitreous haze, and retinal inﬁltrates
and retinal vasculitis by indirect ophthalmoscopy.10,11
11
Data were also collected for the contralateral eye,
and reported where appropriate. Retinal ﬁndings
were scored using the uveitis scoring system of
BenEzra et al.12 Non-ocular manifestations of
Behçet’s disease were also recorded at each study
visit and only those considered as clinically relevant
by the investigator were to be reported as an adverse
event.
Predose serum samples were collected at every
visit from the arm opposite to the injection arm (in
case of IV infusions) and tested for anti-drug antibodies (ADAs) using an electrochemiluminescence
(ECL)-based anti-gevokizumab-speciﬁc antibody
immunoassay and for serum gevokizumab concentrations by an ECL-based bridging immunoassay in
samples collected prior to infusion, at the end of
infusion, and 30 minutes after infusion, and also
prior to dosing at visits on days 1, 4, and 7 for acute
patients. In the event of an ocular exacerbation during
the study in acute or at-risk patients, a serum sample
was collected for evaluation of ADAs and
pharmacokinetics.
© 2017 Taylor & Francis Group, LLC

RESULTS
A total of 21 patients were included (17 in the acute
group and 4 in the at-risk group); 8 patients were
recruited in Turkey, 11 in South Korea, and 2 in
Tunisia. The ﬂow of participants through the study is
shown in Figure 2. Of the 17 acute patients, evaluation
was not possible in 3 patients due to premature withdrawal, but all of the remaining 14 patients responded
within 21 days and entered the follow-up period.
The baseline characteristics of the population
were typical of patients with Behçet’s disease uveitis (Table 1). All included patients fulﬁlled the
International Study Group criteria for Behçet’s disease diagnosis,9 except for one patient who fulﬁlled
the Japanese diagnostic criteria for Behçet’s Disease
with recurrent oral ulcers and typical uveitis.14 This
patient was excluded from the study because of
Quantiferon test positivity according to local
Ethics Committee requirements. The median duration of Behçet’s disease uveitis was 25.0 months
(range 5 to 114 months) and most patients had
panuveitis (18 patients). In acute patients at baseline, mean BCVA in the index eye was 35.4 ± 22.7
letters (median 37.0, range 0 to 87); 13 (77%)
patients had vitreous haze grade ≥2+; 12 patients
(71%) had retinal inﬁltrates, 11 patients (65%) had
acute retinal vasculitis and mean BenEzra score was
5.13±3.96. In at-risk patients at baseline, mean
BCVA was 61.5.4 ± 21.3 letters (median 63, range
37 to 83); three out of the four patients had vitreous
haze grade of 0 and one patient had 2+ vitreous
haze in the index eye (this patient could not be
considered as “acute” for the study because the
last ocular exacerbation occurred 9 months before
selection).
There were no drug-related adverse events during
the trial. Twenty-six adverse events were reported in
14 of 17 acute patients, and 15 adverse events were
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FIGURE 2. Flow chart of patients. *Patient did not continue after day 168.

reported in the 4 at-risk patients. Adverse events
were mostly associated with Behçet’s disease or its
usual complications. Six serious adverse events, all
unrelated to the study drug, were reported in four
patients. One patient in the acute group, who had no
improvement in vitreous haze, underwent a pars
plana vitrectomy, which revealed an intravitreal
hemorrhage as the underlying cause explaining the
lack of response to any previous treatment; this
patient withdrew from the study for “lack of efﬁcacy”
before evaluation of response (Figure 2) and was not
included in subsequent response analyses. There was
also one patient with pheochromocytoma, one patient
with uveitic glaucoma and optic nerve atrophy treated with trabeculectomy (elevated intraocular pressure was already present at selection), and one
patient with cataract surgery. This study did not
aim to evaluate the efﬁcacy of gevokizumab for
other manifestations of Behçet’s disease; however,
considering known medical history, there was no
signiﬁcant worsening of non-ocular Behçet’s diseaserelated manifestations during the study, which may
suggest inadequate disease control. Adverse events
related to infections included pyelonephritis (one
patient), upper respiratory tract infection (one
patient), and dental abscess (one patient); none of
these were serious or were considered to be related
to treatment with gevokizumab. There were no allergic reactions. A summary of the most frequently
reported emergent adverse events per system organ

class is provided in Table 2. No clear conclusion could
be drawn regarding the comparison of adverse event
frequencies for the various dose regimens of
gevokizumab.
Response to gevokizumab treatment, as deﬁned in
the protocol, could not be evaluated for the three
patients who withdrew prematurely (see below).
All remaining acute patients (N = 14) responded
within 21 days, with response observed as early as
day 1 in one patient. The response per protocol
deﬁnition was observed in 7 patients (50%) by day
4, 10 patients (71%) by day 7, and all except one
patient by day 14 (Figure 3). Main ophthalmologic
parameters were markedly improved in all acute
patients (BCVA, vitreous haze, and BenEzra score)
during the response evaluation phase (Figure 4) with
a mean improvement of BCVA from baseline of
22.40 ± 15.37 letters in the index eye, an increase in
the number of acute patients reaching vitreous haze
score of zero, and a reduction in BenEzra score12 by
2.14 ± 1.83 in the index eye. No difference in
ophthalmologic parameters could be observed
between the three dose regimens, possibly due to
the small sample size in each group. An improvement in the BCVA was also observed in the contralateral eye (Figure 4).
The study protocol required patient withdrawal
with the exacerbation of ocular manifestations, regardless of severity, and did not aim to evaluate the efﬁcacy with respect to the recurrence rate. There were 17
Ocular Immunology & Inﬂammation
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TABLE 1. Baseline characteristics of patients.
Acute patients (N = 17) At-risk patients (N = 4) All patients (N = 21)
Demographic characteristics
Age (years)
Men (n)
Asian ethnic origin (n)
Disease characteristics
Behçet’s disease duration (months)
Uveitis duration (months)
Type of uveitis (n)
• Posterior uveitis
• Panuveitis
Number of ocular exacerbations
• In the previous 2 years
• In the previous 6 months
Ophthalmological parameters*
• BCVA by ETDRS (letters)
• Vitreous haze (n)
- SUN score = 0
- SUN score = 1+
- SUN score = 2+
- SUN score = 3+
- SUN score = 4+
• Retinal inﬁltrates† (n)
• Retinal vasculitis† (n)
• FFA subscore‡
• BenEzra score
Background treatment
• Prednisolone plus one immunosuppressive drug (n)
• Prednisolone plus two immunosuppressive drugs (n)

34.1 ± 9.0
13
10

33.5 ± 12.0
3
1

34.0 ± 9.3
16
11

21.0 (0–122)
25.0 (6; 114)

39.0 (5–83)
26.0 (5; 84)

21.0 (0–122)
25.0 (5; 114)

2
15

1
3

3
18

3.8 ± 1.6
1.4 ± 1.2

2.3 ± 1.0
0.8 ± 0.5

1.2 ± 1.1

35.4 ± 22.7

61.5 ± 21.3

-

2
2
5
7
1
12
11
13.0 ± 6.8
5.13 ± 3.96

3
1
0.50 ± 0.6

-

10§
7

1
3

11
10

13.7 ± 4.5

3.5 ± 1.6

Values and numbers are median (range) or mean ± SD. *In eye with ocular exacerbation at study entry in acute patients, and eye
with most recent ocular exacerbation prior to study entry in at-risk patients. †Fundus assessment by ophthalmoscopy. ‡FFA score
centrally assessed. §One of these patients interrupted immunosuppressive drugs 1 day before randomization and restarted 4 days later.

withdrawals during the study, including one patient
who did not continue in the optional period beyond
168 days (Figure 2). The most frequent reason for
withdrawal was ocular exacerbation (11 patients).
These exacerbations were mostly mild and due to
emergence of new retinal inﬁltrates or vasculitis (6
patients) without worsening of BCVA or vitreous
haze; 7 out of these 11 patients had no clinically relevant decrease in BCVA (i.e., ≥15 letters). In two cases,
ocular exacerbations occurred after unplanned tapering of corticosteroids. Three acute patients withdrew
prematurely before evaluation of response: two
because a positive QuantiFERON® TB test result
became available after enrollment in South Korean
centers, and one patient whose ﬁndings did not
respond to gevokizumab, or later to high-dose corticosteroids, but improved after a pars plana vitrectomy
that revealed intravitreal hemorrhage but no active
disease as the cause of the vitreous haze. In addition,
three patients withdrew during the follow-up phase
due to non-medical reasons (withdrawal of consent).
Out of the four patients who completed 1 year of
treatment, two were on repeated-dose regimen of 30
mg IV (one acute and one at-risk patient) and two
acute patients were on 60 mg SC (regimens 2 and 3,
respectively).
© 2017 Taylor & Francis Group, LLC

Vital signs remained stable throughout the infusion
or injection of gevokizumab and for the duration of the
study. There were no reported signiﬁcant ECG
abnormalities. No neutralizing ADA for gevokizumab
was detected in the acute or at-risk patients at any time
for any dose. Observed serum concentrations of gevokizumab were consistent with the values expected for
the assessed dosing regimens. The pharmacokinetics
were linear in the administered dose range and exhibited a biexponential decline with initial and terminal
half-lives, clearance, and volume of distribution typical
for a human antibody subject to a non-speciﬁc clearance mechanism (data not shown).

DISCUSSION
The rationale for developing gevokizumab in Behçet’s
disease uveitis is mainly based on the role of IL-1β as a
key proinﬂammatory cytokine in the pathogenesis of
Behçet disease.15 Results of this phase 2 exploratory
study indicate that gevokizumab is safe and well tolerated in patients with Behçet’s disease uveitis. In
patients with acute exacerbations, rapid improvements
in ophthalmologic inﬂammatory parameters were
observed without any increase in systemic
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TABLE 2. Emergent adverse events most frequently reported
during the treatment period in acute and at-risk patients according to system organ classes.
All patients (N = 21)
Adverse events*
Eye disorders
• Cataract
• Macular edema
• Glaucoma
• Optic atrophy
• Retinal inﬁltrates
• Uveitic glaucoma
• Vitreous hemorrhage
Vascular disorders
• Behcet’s disease#
• Hypertension
Respiratory, thoracic, and
mediastinal disorders
• Oropharyngeal pain
Infections and infestations
• Abscess
• Pyelonephritis
• Upper respiratory tract
infection
Musculoskeletal and connective
tissue disorders
• Myalgia
Nervous system disorders
• Headache

Number of
events

Number of
patients

12
4
3
1
1
1
1
1
8
7
1
3

9
4
2
1
1
1
1
1
7
6
1
3

3
3
1
1
1

3
2
1
1
1

3

2

3
2
2

2
2
2

*Events occurring at a rate >5%, #Mostly corresponding to a
worsening of uveitis.

corticosteroid dosages, similar to those observed with
anti-TNF treatments.16
There were no safety concerns with the use of
gevokizumab
on
top
of
standard-of-care

corticosteroid plus immunosuppressive treatment in
Behçet’s disease uveitis. The reported adverse events
were associated with underlying disease or its usual
complications, and there were no events such as allergic reactions, or serious or opportunistic infections.
All 14 evaluable acute patients responded to gevokizumab, thereby avoiding the need for high-dose corticosteroids. Response appeared to be rapid: the
majority (71%) responded within 1 week, and a half
responded by the fourth day of treatment. Our results
conﬁrm and extend those of a single-center, open-label
pilot study with a single body-weighted dose of gevokizumab in patients with Behçet’s disease uveitis.8
Indeed, our ﬁndings may be considered to be more
robust, since they were obtained within the context of
a multicenter randomized trial in countries where
Behçet’s disease is prevalent, and with a study design
in which patients received a monthly dose of gevokizumab on top of background immunosuppressive
drugs and limited doses of corticosteroids. Together,
these ﬁndings imply that gevokizumab may be a promising treatment in the management of Behçet’s disease uveitis.
As a safety procedure, our study protocol
required withdrawal of patients in case of signs of
new ocular exacerbations regardless of severity, and
this occurred in 11 patients. The stringent deﬁnition
of ocular exacerbation employed in our study may
not be entirely representative of routine clinical practice. Indeed, most of the ocular exacerbations leading
to withdrawal were mild and were due to emergence of retinal inﬁltrates or vasculitis without clinically signiﬁcant worsening of visual acuity or
vitreous haze.
No neutralizing ADAs for gevokizumab was
detected and gevokizumab serum concentrations

FIGURE 3. Rapid increase in cumulative percentage of responders in 14 acute patients evaluable for treatment response during the
response phase.
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of a control group precluded evaluation of efﬁcacy on
frequency of recurrent exacerbations. This is an important limitation since Behçet’s disease is a relapsing
disease and there is a great variability in the recurrence
rate of individual exacerbations.18

CONCLUSIONS
Gevokizumab was well tolerated and rapidly controlled acute exacerbations of Behçet’s disease uveitis
without the need for high-dose corticosteroid on top of
immunosuppressive drugs, conﬁrming the proof-ofconcept study results.8 However, because of the small
sample size and the lack of a control group, our results
regarding recurrent exacerbations should be interpreted with caution.
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