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ABSTRACT

Behçet’s uveitis (BU), a vision-threatening
manifestation of Behçet’s disease, poses sub-
stantial management challenges due to its
chronic, relapsing nature and potential for
vision loss. This review explores the role of
biologic therapies in the treatment of BU, pro-
viding a comprehensive overview of their
effectiveness, drawbacks, and future possibili-
ties. Traditionally, management has relied
heavily on corticosteroids and conventional
immunosuppressants. However, their long-term
use is frequently associated with systemic side
effects and insufficient control of ocular
inflammation. Biologic therapies, particularly
TNF-alpha inhibitors like infliximab and adali-
mumab, have emerged as effective alternatives,
offering better disease control and a more
favorable safety profile. We critically evaluated
these agents, noting their clinical efficacy in
reducing inflammatory flares and preserving

visual acuity. Despite their benefits, several
issues remain. Accessibility, cost, and lack of
long-term safety data limit their widespread use.
Additionally, individual variability in treatment
response necessitates personalized therapeutic
strategies. Recent research has shown promise
in addressing these challenges, with the emer-
gence of novel biologic agents and personalized
medicine approaches. In summary, biologic
therapies represent a paradigm shift in BU
management, contributing to better patient
outcomes. Yet, there are significant challenges
to be overcome. As we move forward, continued
research, development of novel biologic agents,
and a precision medicine approach will shape
the future landscape of BU treatment.
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Key Summary Points

Biologic therapies are revolutionizing the
treatment landscape for Behçet’s uveitis
(BU), demonstrating efficacy where
conventional treatments have proven
inadequate.

Despite their promising potential, biologic
therapies also present unique challenges,
including costs, accessibility, and adverse
effects, requiring careful patient selection
and ongoing monitoring.

TNF-a inhibitors, such as infliximab and
adalimumab, have emerged as front-line
therapies, with clinical trials showing
strong efficacy in managing BU.

Continuous research and development
efforts are essential to address the
limitations of current biologic therapies as
well as to explore novel potential
therapeutic targets.

Global cooperation and meticulous data
collection, via platforms like the AIDA
International Registry, will significantly
shape BU management, highlighting the
potential of global health alliances.

INTRODUCTION

Behçet’s uveitis (BU), a potent and recurrent
ocular manifestation of the intricate systemic
vasculitis known as Behçet’s disease, represents
one of the most debilitating uveitic conditions,
often culminating in considerable visual
impairment and blindness [1]. This disease is
intricately entwined with a multifaceted
pathophysiology, hallmarked by chronic,
recurrent bouts of inflammation [2, 3]. Histori-
cally, managing this incapacitating condition
has proven complex because of its erratic dis-
ease progression, diverse clinical presentations,
and variable responses to conventional
immunosuppressive treatment regimens [4].

Heretofore, standard therapies including
corticosteroids and non-biologic disease-modi-
fying anti-rheumatic drugs (DMARDs) have
served as the mainstay of treatment [5]. While
these traditional therapies have borne some
measure of success, they frequently yield
inconsistent results, carry some side effect pro-
files, and risk disease resurgence upon dose
reduction or discontinuation [5]. These
predicaments underscore the dire necessity for
more efficacious, safer, and better tolerated
therapeutic strategies for BU management [6].

Recently, the advent and escalating accep-
tance of biologic therapies have drastically rev-
olutionized the management landscape for BU.
These avant-garde treatments, primarily inter-
feron-a (IFN-a) and anti-tumor necrosis factor-a
(anti-TNFa) antibodies, deliver targeted
immune modulation and exhibit a favorable
side-effect profile, thus offering a valuable
alternative to traditional immunosuppressive
therapies [7, 8]. Biologics reported for use in BU
include anti-TNF agents (infliximab, adali-
mumab, golimumab, and etanercept), IFN-a 2a,
anti-interleukin agents (anakinra, canakinu-
mab, tocilizumab, secukinumab), anti-CD20—
rituximab, and anti-CD52—alemtuzumab.

This review aims to deliver a thorough
appraisal of the prevailing state of biologic
therapies in the management of BU. Its princi-
pal objective lies in assessing the evidence sup-
porting the efficacy and safety of these novel
therapies. Specifically, this review will furnish a
current synthesis of existing evidence, scruti-
nizing the benefits and potential pitfalls of
these treatments compared with traditional
therapies. In addition, it will elucidate the
hurdles encountered during the implementa-
tion of these treatments and suggest potential
trajectories for future research within this
rapidly evolving field.

In providing a comprehensive, contempo-
rary perspective on the present state and future
potential of biologic therapies for BU, this
review aspires to be a valuable tool for clini-
cians, researchers, and health policy-makers.
Our overarching goal is to facilitate improved
therapeutic decision-making and enhanced
patient outcomes for this demanding and
vision-threatening condition.
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METHODS

Literature Search Strategy

An exhaustive literature search was conducted
independently by two authors (Biao Li and Qun
Huang), spanning diverse databases such as
Medline, Embase, the Cochrane Library, the
Cochrane Controlled Trials Register, the Web of
Science, and the Clinical Trials Registry, from
their inception to March 1, 2023, devoid of
linguistic constraints. Supplementary gray lit-
erature was harvested from corresponding
databases. Correspondences were established
with authors of published trials for potential
supplementary data or unpublished evidence.
Haoran Li meticulously devised, scrutinized,
and implemented search strategies across
databases.

To filter out irrelevant literature, the litera-
ture search was constrained to the abstract,
keywords, and title fields. Search terms com-
prised ‘‘Behçet’s,’’ uveitis, iridocyclitis, retinitis,
retinal vasculitis, panuveitis, uveit*, in addition
to specific ‘‘biologics’’ such as adalimumab,
etanercept, infliximab, anakinra, canakinumab,
tocilizumab, secukinumab, rituximab, and
alemtuzumab. Boolean operators AND, OR, and
NOT were employed. Non-English articles were
systematically translated with the support of an
institutional librarian.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Inclusion and Exclusion Criteria

Given the limited number of randomized clin-
ical trials, prospective studies, the disease’s
rareness, and therapeutic challenges, we incor-
porated both interventional and observational
cohort studies into our review, irrespective of
their prospective or retrospective, controlled or
uncontrolled nature, appraising the efficacy of
biologic agents for Behçet’s uveitis, regardless of
their publication status. Single case studies and
succinct case series were not excluded.

We eliminated letters to the editor, narrative
and systematic literature reviews, meta-analy-
ses, and studies addressing uveitis caused by
other etiologies.

Study Selection Process

The relevance of studies for eligibility was
independently appraised by two reviewers (Biao
Li and Haoran Li), adhering to the defined
inclusion criteria. Any arising disparities were
resolved through discussion or, when required,
mediation by a third reviewer.

Data Analysis

Owing to the restricted availability of random-
ized controlled trials (RCTs) and prospective
studies, coupled with outcome measures’
heterogeneity, results were not amalgamated
for a meta-analysis.

Data Extraction

Data extraction was carried out autonomously
by two authors (Biao Li and Haoran Li), who
collected data from the selected articles using
standardized forms. Extracted data were verified
for accuracy. The harvested information
encompassed the type of study design, patient
count, age and gender distribution, follow-up
period, and definitions of outcomes and results.
For trials represented in multiple or sequential
publications, data from the most recent or
comprehensive publication were selected.

RESULTS

Literature Search

Electronic searches yielded a total of 736 records
(Pubmed: 223; Embase: 176; Web of Science:
128; Cochrane Library: 97; ClinicalTrials.gov:
12). Neither alternate sources nor manual
exploration unearthed additional references.
Upon the removal of duplicates, a pool of 446
articles underwent screening based on their title
and abstract, leading to the exclusion of 205
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papers. Following a meticulous examination of
the full text of the remaining 241 articles, we
ultimately incorporated 86 articles into our
review. A flow diagram elucidating the process
of study selection, along with explicit exclusion
criteria, is presented in Fig. 1. The comprehen-
sive overview of the primary characteristics of
biologic drugs used for Behçet’s uveitis is con-
cisely summarized in Table 1.

Anti-TNF Agents

Tumor necrosis factor-alpha (TNF-a), a versatile
cytokine implicated in numerous immune-me-
diated conditions, is chiefly secreted by mono-
cytes-macrophages, Th1 cells, retinal
parenchymal microglia, and pigment epithelial
cells, playing a pivotal role in the pathogenesis
and perpetuation of BU [9]. Inflammation in
BU, predominantly orchestrated by Th1 lym-
phocytes, involves TNF-a, which contributes to
retinal tissue damage by disrupting the blood-
retinal barrier, exacerbating the inflammatory
response, and interfering with effector T cell
differentiation, as demonstrated by experimen-
tal autoimmune uveoretinitis (EAU) models
[10]. Elevated TNF-a levels in serum and aque-
ous humor of BU patients [11], particularly
during active inflammation [12], correlate with
increased monocytes and T lymphocytes [13]
and are markedly reduced following treatment
with TNF-a inhibitors [14]. Numerous studies
have shown that TNF-a inhibitors, such as IFX
and adalimumab (ADA), yield significant
improvements in BU outcomes, including
inflammation remission, enhanced visual acu-
ity, corticosteroid dose reduction, and dimin-
ished risk of severe visual loss [15, 16]. TNF-a
inhibitors, initially employed for severe BU
patients unresponsive to or intolerant of tradi-
tional immunosuppressive therapy, are now
recommended as first-line treatment for visually
impaired patients, reflecting augmented clinical
experience and research [5]. Four commonly
utilized anti-TNF therapies include IFX, ADA,
golimumab, and etanercept (ETN).

Infliximab (IFX)
IFX, a chimeric anti-TNF-a monoclonal anti-
body, has exhibited rapid and effective treat-
ment for BU and is approved for various
autoimmune diseases, including rheumatoid
arthritis, ankylosing spondylitis, and Crohn’s
disease [17]. IFX functions by neutralizing
membrane-bound and soluble TNF-a, suppress-
ing TNF-a production, promoting Treg cell
function, inhibiting activated T cells and
monocytes, inducing T cell apoptosis, and ulti-
mately impeding the downstream inflamma-
tory cascade to alleviate inflammation [18].

In 2008, the EULAR recommended IFX for
severe BU, leading to its approval in Japan for
refractory cases and off-label use in other
countries [19]. Besides, IFX effectively manages
uveitis in patients requiring intraocular surgery,
such as vitrectomy, while reducing the dosage
of immunosuppressants and hormones, thereby
providing favorable conditions for the surgery
[20].

IFX, the most extensively studied and uti-
lized TNF inhibitor for BU, is typically admin-
istered intravenously at a dosage of 3–5 mg/kg
with an induction regimen at weeks 0, 2, and 6,
with each medication completed within 3 h,
followed by infusions every 8 weeks [21]. How-
ever, posterior segment involvement may
necessitate shorter intervals to prevent recur-
rences [22]. Although its half-life is approxi-
mately 10 days, IFX’s downstream biological
effects can persist for up to 8 weeks [23].

IFX has demonstrated efficacy in rapidly
inducing remission and controlling ocular
inflammation in BU in numerous studies [24],
with advantages including minimal side effects,
reduced immunosuppressive agent doses [25],
and sustained remission in some cases after
therapy cessation [26].

Initial studies confirmed IFX’s potent and
rapid anti-inflammatory effect, demonstrating
that repetitive infusions diminished the fre-
quency and severity of ocular inflammatory
episodes, improved or maintained visual acuity,
and produced a significant corticosteroid-spar-
ing effect. In 2001, Sfikakis et al. reported the
first study using IFX for BU treatment, with all
five refractory BU patients achieving complete
resolution of uveitis within 1 week after
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receiving a single dose of IFX (5 mg/kg) infusion
[27]. Since then, numerous investigations have
attested to IFX’s efficacy and safety in treating
acute and recurrent BU. In 2004, Ohno et al.
conducted the first properly structured multi-
center clinical trial of anti-TNF treatment in BU

[28]. Based on this trial, the Japanese Ministry of
Health approved IFX in 2007 for treating
refractory Behçet’s uveoretinitis. The accumu-
lating evidence underscores the promising role
of IFX in managing BU and enhancing patient
outcomes.

Fig. 1 Flow diagram of the narrative review process
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Table 1 Main features of the biologic drugs for BU

Drug names Target Route Recommended dosage Potential side effects

Infliximab TNF-a i.v 5–10 mg/kg at baseline, 2nd and

6th week, then every

4–8 weeks

Infusion reactions, autoantibody formation,

infection (particularly tuberculosis),

demyelinating diseases

Adalimumab TNF-a s.c Initial dose of 80 mg, followed by

40 mg every 2 weeks

Injection site reactions, infections, tuberculosis,

demyelination, lupus-like syndrome

Golimumab TNF-a s.c 50 mg per month ANA positivity, development of resistance

Etanercept TNF-a/b s.c 0.4 mg/kg twice a week Exacerbate non-Behçet’s syndrome ocular

inflammation or even induce inflammation,

infections, allergic responses

IFN-a No

specific

target

s.c 3–6 million units daily with slow

taper

Flu-like symptoms, mild leukopenia/

thrombocytopenia, elevated liver enzymes,

depression, suicidal ideation, bone marrow

suppression

Anakinra IL-1

receptor

s.c 100 mg/daily Injection site reactions (for s.c.), infections,

antibody development, allergic reactions

Canakinumab IL-1b s.c./i.v 150 mg every 6 weeks Injection site reactions (for s.c.), infections

Tocilizumab IL-6R i.v 4 mg/kg every 4 weeks Infections, viral hepatitis and TBC reactivation,

elevated lipid parameters and transaminases,

injection site reaction

Secukinumab IL-17 s.c./i.v 150–300 mg every 4 weeks Injection site reactions (for s.c.), infections,

inflammatory bowel disease

Rituximab B cells

(CD20)

i.v 375 mg/m2 body surface per

week for 8 weeks, then every

4 weeks for 4 months

Infusion reactions, hepatotoxic, cardiovascular,

fatigue, pruritis, nausea, urinary tract infections,

antibody development

Alemtuzumab Anti-

CD52

i.v 30 mg, thrice a week for

12 months

Infusion reactions, diminished thyroid function,

bone marrow suppression, allergic reactions,

reduced lymphocyte counts

Abbreviations: BU Behçet’s uveitis; TNF-a/b
tumor necrosis factor-alpha/beta; IL-1
interleukin-1; IFN-a interferon-a; IL-1b
interleukin-1 beta; IL-6R interleukin-6 receptor;

IL-17 interleukin-17; i.v. intravenous; s.c.
subcutaneous; CD20 cluster of differentiation

20; CD52 cluster of differentiation 52; TBC
tuberculosis
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Keino et al. reported that IFX effectively
reduced not only the frequency and severity of
ocular inflammatory episodes but also back-
ground retinal vascular and disc leakage in
refractory BU [29]. A 2017 study by Japan and
the US demonstrated that IFX treatment led to
significantly decreased serum TNF-a levels and
improved visual acuity in BU patients [14]. The
therapeutic effect was more pronounced in
patients with the first onset of the disease
compared to those with recurrent cases, indi-
cating the importance of early intervention. In
2021, Keino et al. supported these findings,
showing that initiating IFX treatment early,
when patients had better baseline visual acuity,
resulted in improved long-term visual outcomes
and sustained remission after discontinuation
of the therapy [30]. In 2021, a large multicenter
study involving 103 Spanish patients with
recurrent BU found IFX treatment effectively
controlled uveitis and maintained disease sta-
bility [25]. Remission was achieved in 76.5% of
patients treated with IFX for an average of
31.5 ± 23.5 months, with progressive improve-
ment observed in both patients who had ther-
apy optimization after remission and those on
the standard regimen during a mean follow-up
of 46.6 ± 18.4 months. The study concluded
that IFX optimization was effective, safe, and
cost-effective, encouraging its use in countries
where the cost of biologic treatment is a major
concern. In 2022, Yamana et al. reported a
continued decrease in ocular attacks and Beh-
çet’s Disease Ocular Attack Score 24 (BOS24)
even after [ 5 years of IFX therapy [31], while
Kose et al. found that half of the patients who
discontinued IFX in remission remained attack-
free for 12–90 months [26]. These findings fur-
ther substantiate the efficacy and long-term
benefits of IFX in managing BU, with implica-
tions for improving the quality of life for
affected patients.

IFX consistently outperforms conventional
therapy in reducing inflammation, improving
visual acuity, and decreasing ocular complica-
tions in BU patients. Markomichelakis et al.
conducted a comparative study evaluating the
efficacy of a single intravenous infusion of IFX
versus intravitreal triamcinolone, discovering
that IFX was not only more effective at

diminishing total ocular and fundus inflam-
mation but also exhibited a faster onset of
action than corticosteroid therapy [32]. The
prevalence of retinal vasculitis decreased from
79% at baseline to 15% by the 14-day follow-up
in the IFX group, while the intravitreal triam-
cinolone acetonide group displayed a reduction
from 100 to 87.5%. This prospective observa-
tional study demonstrated a significantly faster
resolution in ocular inflammation scores for
patients receiving IFX infusion compared to
high-dose intravenous methylprednisolone or
intravitreal triamcinolone acetonide adminis-
tered during acute panuveitis attacks. In a 2008
nonrandomized, retrospective comparative
study, BD patients treated with IFX exhibited
substantially improved outcomes compared to
those receiving conventional therapy (oral
prednisone, cyclosporine, and azathioprine or
methotrexate) [33]. The IFX group experienced
fewer uveitis flares, diminished inflammation,
enhanced visual acuity at 24 months, and a
reduced number of relapses during the infusion
period. In 2010, another study found that IFX
was more effective than ciclosporin A (CsA) in
mitigating acute uveitis episodes in patients
with refractory uveoretinitis associated with BD,
although no significant differences in visual
acuity improvement were observed between the
two therapies [34]. In 2019, a systematic review,
which included nine studies encompassing 78
BU patients, revealed that IFX was more effec-
tive than cyclosporin in treating the condition
[35]. Collectively, IFX has consistently demon-
strated its ability to reduce inflammation,
improve visual acuity, and decrease ocular
complications in BD patients compared to
conventional therapy.

Intravitreal administration of IFX, in addi-
tion to its intravenous application, has been
explored as a potential method for treating BU.
Numerous studies have demonstrated the safety
and effectiveness of this approach in amelio-
rating ocular inflammation; however, it remains
uncertain whether its efficacy surpasses that of
systemic medication. Investigations of IFX aim
to circumvent systemic adverse effects. Marko-
michelakis et al. reported that intravitreal IFX
doses of 1–1.5 mg yielded improvements in
intraocular inflammation, visual acuity, and
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central macular thickness in the short term,
although the effect was not as rapid as that for
intravenous IFX infusion [36]. Hamza et al.
demonstrated the safety and efficacy of a single
1 mg/0.05 ml intravitreal IFX injection in 20
patients with refractory uveitis due to BD [37].
At 18 weeks of follow-up, they observed statis-
tically significant improvements in mean visual
acuity, reductions in mean central macular
thickness, and decreased mean vitreous haze
scores. In contrast, an open-label study of
monthly intravitreal IFX injections reported a
high ocular complication rate and failure to
control BD uveitis, leading the authors to advice
against this approach [38]. Studies have dis-
covered that excessively high IFX concentra-
tions in the vitreous cavity may provoke uveitis
because of immune response; therefore, this
therapy is recommended as an alternative
treatment for patients who cannot tolerate sys-
temic IFX medication [36].

IFX treatment for BU presents the challenge
of recurrent inflammation, which often occurs
7–8 weeks post-medication and intensifies over
time, necessitating multiple injections and
abbreviated infusion intervals for some patients
[39, 40]. Recurrence may be associated with
diminished blood concentrations of IFX [41],
rapid reduction of steroids and immunosup-
pressants [22], and the development of neu-
tralizing antibodies against IFX with repeated
infusions [42]. Concurrent treatment with
conventional disease-modifying antirheumatic
drugs (cDMARDs), such as azathioprine and/or
cyclosporine A, has been advised to prevent
secondary failure [5], although a study by Fabi-
ani et al. found the infliximab retention rate
remained high and unaffected by cDMARDs
[43]. Sugita et al. proposed measuring blood
concentrations of IFX to determine re-adminis-
tration timing and prevent inflammation
recurrence [41], noting that patients with a high
population of Foxp3-expressing Treg cells
experienced fewer acute uveitis episodes. Ueda
et al. reported that patients with higher pre-
treatment serum levels of IL-2, IL-6, and TNF-a
responded better to IFX therapy [40], and initi-
ating IFX therapy earlier led to better outcomes
[44].

In uveitis treatment, IFX demonstrates
favorable long-term tolerability and manage-
able adverse effects in numerous studies. Com-
mon side effects of IFX include infusion
reactions, autoantibody formation, infection
(particularly tuberculosis), and demyelinating
diseases [42], necessitating pre-treatment TB
screening and cautious use in individuals at risk
for demyelinating disease [45]. Although serious
side effects, such as malignancy development,
multiple sclerosis, and lupus-like reactions, are
exceedingly rare [46], patients susceptible to
recurrent opportunistic infections should be
closely monitored, and those with active infec-
tions should avoid IFX therapy [47]. The
BRIGHT study reported a 32% incidence of
adverse events and 6% of serious adverse events
in IFX-treated BU patients in Japan [46], while
another study found 28% and 13% incidence
rates [48], respectively. Additional side effects
encompass cancer, lupus-like syndrome, and
allergic reactions [39].

In conclusion, IFX has proven to be a valu-
able therapeutic option for BU, demonstrating
efficacy in controlling inflammation, preserving
visual acuity, and enabling corticosteroid dose
reduction. Early intervention with IFX is crucial
for achieving better long-term outcomes and
sustained remission after therapy cessation.
Future research, including large-scale, random-
ized, controlled trials, is essential to establish
optimal treatment strategies and determine the
long-term safety profile of IFX for patients with
BU.

Adalimumab (ADA)
ADA is a fully humanized monoclonal IgG1
antibody targeting TNF-a, binding to both sol-
uble and transmembrane forms, and is currently
the only approved biologic DMARD for non-
infectious intermediate, posterior, and panu-
veitis [49]. Commonly used for autoimmune
diseases like rheumatoid arthritis and non-in-
fectious uveitis [50], ADA has proven highly
effective as an alternative to IFX or when
patients prefer subcutaneous infusions over
intravenous injections [51]. ADA is approved for
uveitis treatment with an initial 80 mg subcu-
taneous dose, followed by 40 mg every 2 weeks,
and has been well tolerated [21]; intravitreal
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ADA at a 1.5-mg dose has been proposed as a
potential adjunctive therapy for controlling
breakthrough inflammation in BU patients on
systemic ADA [52].

In 2007, Mushtaq et al. first reported the
successful use of ADA in treating three BU
patients unresponsive to other immunosup-
pressive agents and IFX [53]. All three patients
maintained disease remission and visual acuity
without relapse during a 24-month follow-up
period after switching to ADA. Numerous stud-
ies have since confirmed ADA’s efficacy and
safety in treating BU, demonstrating compara-
ble effectiveness and fewer side effects than IFX
[54], while also enabling dosage reductions for
concurrent immunosuppressive agents [55] and
corticosteroids [56].

The FDA and EMA approved ADA for BU
based on the VISUAL-1 [57] and VISUAL-2 [58]
multicenter phase III randomized controlled
trials (RCTs), which evaluated its efficacy and
safety in active (VISUAL I) and inactive (VISUAL
II) non-infectious uveitis patients. Both trials
enrolled patients with various causes of uveitis,
but only 7% had BU. VISUAL I involved 217
patients from 18 countries, while VISUAL II
included 226 patients from 21 countries. The
primary outcome in VISUAL I was time to
treatment failure (TF), while in VISUAL II, the
primary outcome was assessed at intervals until
TF occurred. The efficacy of ADA in BU uveitis
was not specifically evaluated in VISUAL I, and
VISUAL II did not report primary outcomes by
etiology, limiting their relevance for this review.
In terms of retinal involvement, one RCT
reported significant improvements with ADA,
while another did not find differences between
ADA and placebo in time to macular edema. For
inflammatory activity, one RCT showed ADA
significantly improved vitreous haze scores in
patients with active uveitis, but no differences
were observed in the inactive uveitis group. In
terms of visual functioning, one RCT reported
significant improvements in the ADA group
compared to the placebo for the VFQ-25 score,
near vision, and ocular pain subscores, but not
for distance vision. However, no differences
were found in patients with inactive uveitis
between ADA and placebo groups.

In the phase 3, open-label, multicenter clin-
ical trial extension (VISUAL III), researchers
evaluated the safety and efficacy of ADA in
patients with non-infectious intermediate, pos-
terior, or panuveitis [59]. Participants included
adults who either met treatment failure criteria
or completed VISUAL I or II without treatment
failure. Patients received ADA 40 mg every other
week, and interim follow-up data were analyzed
from weeks 0 to 78. Results indicated that 60%
of patients with active uveitis achieved quies-
cence at week 78, while 66% of those were
corticosteroid-free. Additionally, 74% of
patients with inactive uveitis achieved quies-
cence at week 78, with 93% of those being
corticosteroid-free. In patients with active
uveitis, best-corrected visual acuity (BCVA)
improved, and corticosteroid doses decreased.
No new safety signals were identified. In the
long-term extension study (VISUAL III), ADA
treatment led to quiescence and reduced corti-
costeroid use in patients with active uveitis and
maintained quiescence for those with inactive
uveitis. Adverse events were consistent with the
known safety profile of ADA.

In 2019, Atienza et al. conducted a large-
scale, multicenter study to compare the efficacy
of IFX and ADA in treating BU, including 177
patients with refractory BU [60]. Both treatment
groups showed improvements in ocular
parameters after 1 year, with the IFX group
experiencing more rapid improvement in ante-
rior chamber inflammation and vitritis. In
contrast, the ADA group demonstrated signifi-
cantly greater visual improvement and a higher
drug retention rate.

In 2021, a retrospective analysis of treat-
ment-naive BU patients who received ADA plus
conventional therapy as an initial line of treat-
ment or conventional therapy alone reported
significantly better results in the ADA group,
including lower relapse, better fluorescein
angiography scores and visual acuity, and lower
corticosteroid dose at the last visit [61].

ADA presents several advantages in treating
BU, such as a reduced risk of anti-drug antibody
development [62], more stable serum concen-
trations, and an ameliorated side effect profile
[63]. Its subcutaneous administration facilitates
self-administration at home, fostering improved
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patient compliance [55]. ADA is the only
approved biologic for non-infectious uveitis and
can achieve long-term control even without
concomitant cDMARD treatment [64]. More-
over, ADA’s marginally lower treatment cost
compared to IFX renders it more favorable for
patients’ long-term adherence [65].

In conclusion, ADA shares a similar safety
profile with IFX but exhibits a lower incidence
of side effects, as it is a fully humanized mon-
oclonal antibody, diminishing the risk of aller-
gic reactions and anti-drug antibody formation.
The most prevalent side effects encompass
injection site reactions, infections, and heart
failure, while other concerns include tubercu-
losis, demyelination, and lupus-like syndrome.
Despite these potential side effects, the inci-
dence of adverse events leading to drug dis-
continuation remains low.

Golimumab
Golimumab, a fully human monoclonal anti-
body characterized by low immunogenicity and
an extended half-life, is administered subcuta-
neously at a standard dose of 50 mg every 4
weeks [66]. As the only TNF antagonist proven
effective in patients refractory to other anti-TNF
agents, golimumab neutralizes TNF activity by
binding both soluble and transmembrane TNF,
inhibiting its interaction with TNF receptors
[67]. Golimumab is a novel, fully human anti-
TNF-a monoclonal antibody approved for the
treatment of rheumatoid arthritis, psoriatic
arthritis, and ankylosing spondylitis, demon-
strating highly promising results [66].

Golimumab has shown promise in managing
refractory Behçet’s uveitis while exhibiting a
side effect profile comparable to other anti-TNF-
a therapies. In 2013, Mesquida et al. reported a
case of BU refractory to IFX, successfully treated
with golimumab injections [68]. The inflam-
mation resolved, and the dosages of adjunctive
cyclosporine-A and prednisone were reduced,
resulting in quiescent uveitis and 6/6 visual
acuity after 6 months of treatment. Goli-
mumab’s side effect profile is similar to that of
other anti-TNF-a therapies. In a 2016 study,
Santos-Gómez et al. demonstrated golimumab’s
efficacy in four patients with BD-associated
uveitis who had refractory uveitis unresponsive

to ADA and/or IFX [69]. All four patients
achieved complete remission of uveitis at 1 year
of follow-up, and mean best-corrected visual
acuity improved significantly from baseline to
3-month follow-up. The study suggests that
golimumab may be effective in managing
refractory BU uveitis and was well tolerated
without serious side effects. Case reports by
Vitale et al. [70] and Fabiani et al. [71] demon-
strated golimumab’s effectiveness in alleviating
intraocular inflammation in BU patients,
reducing uveitis recurrence, and significantly
decreasing the use of glucocorticosteroids, with
adverse effects comparable to other TNF-a
inhibitors. In 2017, Vitale et al. evaluated goli-
mumab as a treatment option for BD in 17
patients in a retrospective study, with a mean
treatment duration of 18.47 months [70]. The
study found golimumab effectively controlled
BD-related manifestations in 94.1% of cases,
significantly improved the BD Current Activity
Form (BDCAF) score, and exhibited a
notable corticosteroid-sparing effect. In 2019,
Fabiani et al. further confirmed golimumab’s
efficacy in managing BD-related uveitis,
achieving complete control of intraocular
inflammation in 87.5% of eyes at the 12-month
follow-up [71]. The number of relapses reduced
significantly after golimumab initiation, and
active retinal vasculitis resolved in all affected
eyes by the 3-month follow-up. The study con-
firms golimumab’s effectiveness in reducing
intraocular inflammation in BD, by both
decreasing the number of uveitis relapses and
achieving prompt resolution of active retinal
vasculitis.

Golimumab presents several advantages in
the treatment of BU, including reduced cost,
extended injection intervals, and a diminished
risk of developing neutralizing antibodies
compared to other anti-TNF agents such as IFX.
As a fully human monoclonal antibody, goli-
mumab exhibits a lower propensity for eliciting
allergic infusion reactions and loss of efficacy,
although resistance may still emerge. The ther-
apy also benefits from a less frequent dosing
schedule, permitting monthly subcutaneous
self-administration, which circumvents the
time and expenses associated with intravenous
treatments. Golimumab’s parenteral
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administration facilitates rapid absorption and
an accelerated onset of action, evident after the
first dose in various studies [66]. The drug’s
rapid and sustained effect, combined with its
lower immunogenicity compared to IFX, may
contribute to enhanced long-term response
maintenance without compromising efficacy.

Etanercept (ETN)
ETN, a humanized fusion protein composed of
two p75 TNF receptors and an Fc molecule,
competitively binds to TNF-a, disrupting its
interaction with membrane receptors and
inhibiting TNF-a-mediated immune responses.
Commonly employed for juvenile arthritis and
other autoimmune conditions, ETN has exhib-
ited efficacy in treating mucocutaneous and
articular manifestations in BD patients, yet
demonstrates weaker effectiveness for BU com-
pared to IFX [72]. Administered as a 20-mg
subcutaneous injection biweekly, ETN has pro-
ven effective in managing BU as well as muco-
cutaneous and gastrointestinal disease
manifestations [73].

Current evidence-based medicine for treat-
ing BU with ETN is limited, as only a few small
case studies illustrate its efficacy in controlling
ocular inflammation and reducing glucocorti-
costeroid dosage. Among these studies, the lar-
gest reported outcomes for ten patients with
severe uveitis unresponsive to combination
therapy with corticosteroids, azathioprine, and
cyclosporine-A [74]. The addition of ETN to the
treatment regimen led to decreased ocular
inflammation, improved visual acuity, and
corticosteroid dose reduction. However, uveitis
recurred in all patients within 6 months of ETN
discontinuation. Side effects experienced with
ETN were akin to those observed with other
anti-TNF-a agents.

ETN has been found to potentially exacer-
bate non-Behçet’s syndrome ocular inflamma-
tion, with the underlying pro-inflammatory
mechanism remaining elusive [75]. Paradoxi-
cally, ETN-induced ocular inflammation has
been reported in non-BD cohorts, and it may
even aggravate the course of autoimmune
uveitis [76]. Consequently, ETN is not routinely
employed as a first-line agent in managing BU.
A 2014 systematic review recommended ETN as

a second-line treatment for refractory BU
because of its lower success rates, reserving it for
cases of intolerance to IFX or ADA [77].

Potential adverse reactions associated with
etanercept in the treatment of Behçet’s uveitis
can be deduced from the data on other anti-
TNF-a agents, as research specifically targeting
etanercept for this condition remains scarce.
Common side effects may include injection site
reactions, infections, allergic responses, and
heart failure, while less prevalent adverse events
could encompass gastrointestinal complica-
tions, demyelinating disorders, and tumor
development.

In conclusion, ETN demonstrates weaker
effectiveness for BU compared to IFX and ADA
and is recommended as a second-line treatment
for refractory cases.

IFN-a

In addition to TNF-alpha inhibitors, EULAR
endorses IFN-alpha, an early biological agent
with antiviral and immunoregulatory properties
[78], as a first-line therapy for BU [5], exhibiting
comparable efficacy to TNF-alpha inhibitors in
managing refractory cases. Commercially avail-
able recombinant IFN-alpha subtypes, IFN-al-
pha-2a and IFN-alpha-2b, have been utilized in
subcutaneous injections for BD treatment, with
IFN-alpha-2a demonstrating a superior response
rate for ocular manifestations [78]. The precise
mechanism of IFN-alpha in treating BU remains
uncertain but may encompass immunomodu-
latory effects, inhibition of lymphocyte prolif-
eration, and antagonism of TNF-alpha [79, 80].
Research has revealed that IFN-alpha reduces
peripheral blood T cell numbers, impedes T cell
adhesion, induces regulatory T cells, and can
suppress IL-17 to alleviate uveitis, thereby
enhancing long-term prognosis for severe cases
[79, 81].

IFN-alpha 2a, approved for various condi-
tions such as chronic viral hepatitis, myelopro-
liferative syndromes, and select solid tumors
and lymphomas, is also recommended for
refractory BU and specific instances of muco-
cutaneous and chronic joint involvement [5].
Currently, there is no consensus on the ideal
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IFN-alpha treatment regimen for BU, including
dosage and therapy duration. An initial treat-
ment generally involves a higher dose of 3–9
MIU/day via subcutaneous or intramuscular
injection, followed by a gradual tapering to a
maintenance dose of 3 MIU 2–3 times a week,
with treatment typically lasting 12–18 months
[79, 82]. Steroids and immunosuppressants may
interfere with IFN-alpha therapy and should be
discontinued or reduced to 10 mg/day prior to
initiating treatment [83]. In cases of insufficient
initial clinical response or relapses during dose
reduction, increasing IFN-alpha doses has pro-
ven to be an effective management strategy.

IFN-a therapy has shown significant poten-
tial as a viable treatment for refractory BU,
offering notable clinical outcomes and reduced
corticosteroid usage with minimal complica-
tions. First employed in the mid-1980s for its
antiviral properties, IFN-a therapy has demon-
strated substantial efficacy in managing refrac-
tory BU, achieving enduring remissions,
improving visual acuity, and reducing inflam-
mation recurrence and corticosteroid usage,
with success rates approximating 90% across
numerous studies [84, 85]. Studies by Lightman
et al. and Park et al. emphasized the substantial
corticosteroid reduction effect of IFN-a on BU
patients, with varying outcomes on visual acu-
ity [82, 86]. In 2019, two Chinese investigations
illustrated the efficacy of IFN-a-2a in treating
refractory BU, reporting success rates of
approximately 90%, diminished ocular inflam-
mation recurrence, and marked reduction in
steroid and immunosuppressive agent dosages,
with minimal adverse reactions [84, 85]. The
first study, a retrospective cohort involving 30
patients, achieved treatment success in 86.7%
of cases [85]. In contrast, the second study, a
prospective observational cohort encompassing
127 patients, observed an effectiveness rate of
91% in managing the condition [84]. These
findings underscore the potential of IFN-a-2a as
a viable treatment option for refractory BU,
providing notable clinical outcomes with min-
imal complications.

IFN-a therapy has demonstrated long-term
efficacy in BU patients, providing sustained
inflammation control, improved visual acuity,
and reduced recurrence rates even after

treatment discontinuation. Deuter et al.’s stud-
ies demonstrated long-term remission of BU
using IFN-2a therapy [87]. In their study, visual
acuity improved or remained stable in 91 out of
96 eyes during a median follow-up of 6 years,
and 50% of patients achieved complete remis-
sion of ocular inflammation 46 months after
the first IFN-2a course. In 2010, Sobaci et al.
assessed the safety and efficacy of IFN-alpha-2a
for treating refractory BU, finding an 84.9%
response rate after 1 year, with reduced uveitis
recurrence and improved visual acuity [88].
During the 2-year follow-up, 28.3% of patients
discontinued treatment and remained disease-
free for an average of 28.0 ± 13.1 months.
Kavandi et al.’s 2016 study provided further
evidence of long-term efficacy in BU patients
treated with IFN-a, showing sustained inflam-
mation control even after treatment discontin-
uation [89]. They reported that eight patients
experienced improved or stable visual acuity,
with the disease remaining in remission and no
adverse effects 2 years after ceasing IFN-a-2a
therapy.

IFN-a consistently outperforms conventional
immunosuppressive treatments in reducing
relapse rates and improving visual outcomes for
BU patients, as evidenced by multiple studies. A
2017 retrospective study by Hasanreisoglu et al.
discovered that IFN-a significantly reduced
treatment failure and relapse rates, with side
effects comparable to conventional therapy
(AZA ? CsA), except for fever and flu-like
symptoms [90]. In a 12-month randomized,
controlled, prospective trial, the efficacy and
safety of IFN-a-2a and cyclosporine-A (CsA)
were evaluated and compared in patients with
refractory BU [91]. The study determined that
the response and complete remission rates were
higher in the IFN-a2a group (85.7% and 50.0%,
respectively) compared to the CsA group (66.7%
and 25.0%, respectively), with complete remis-
sion achieved more rapidly with IFN-a2a.
Additionally, logMAR best-corrected visual
acuity significantly improved in the IFN-a2a
group but not in the CsA group, with the IFN-
a2a group also demonstrating a lower BU attack
score 24 (BOS24) compared to the CsA group. In
conclusion, IFN-a2a plus corticosteroid appears
to induce better treatment response, greater
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visual acuity improvement, and more stable re-
mission of intraocular inflammation over a
12-month period compared to CsA plus corti-
costeroid. The major limitation of this trial was
the small sample size, including 14 patients in
the IFN-a group and 12 in the cyclosporine
group.

IFN-alpha therapy for BU has demonstrated
high response rates between 80 and 90%
[84, 85], with low relapse rates upon treatment
cessation, and long-term follow-up results
reveal relapse-free rates of 50% and 76%
[87, 92]. This therapy enables reduction of
concurrent corticosteroid doses, improving
patient quality of life, and can be safely used in
patients with a history of viral infections such as
viral hepatitis or latent tuberculosis [77, 86].
Compared to anti-TNF-alpha agents, IFN-alpha
carries no risk of tuberculosis reactivation and
can be used in patients with coexisting hepatitis
B virus infections [85, 91]. PEGylated IFN-alpha,
which has a longer serum half-life and requires
fewer injections, has been used to maintain
remission, but its efficacy and optimal dosage as
induction therapy for BU remain unknown [86].

IFN-alpha therapy for BU has shown
promising results, but side effects are common
and can be severe, with flu-like symptoms
occurring in approximately 90% of patients in
the initial weeks of treatment [93]. Other side
effects include mild leukopenia/thrombocy-
topenia, elevated liver enzymes, hair loss,
depression, and suicidal ideation, with some
serious side effects such as bone marrow sup-
pression and injection-site reactions also repor-
ted [94]. Practical limitations of IFN-alpha
therapy encompass the frequent occurrence of
flu-like symptoms, the risk of depression, and
reports of suicidal ideation. Despite these chal-
lenges, more clinical trials, ideally randomized,
placebo-controlled ones, are needed to make an
informed decision about the routine use of IFN-
alpha in treating uveitis caused by BD.

In conclusion, IFN-a demonstrates promis-
ing efficacy in managing refractory BU, achiev-
ing high response rates and long-term remission
while enabling corticosteroid dose reduction.
However, its use can be limited by common and
potentially severe side effects, such as flu-like
symptoms and depression. Further randomized,

placebo-controlled clinical trials are needed to
fully establish IFN-alpha’s role in treating BU.

Anti-Interleukin-1

Interleukin-1 (IL-1) is a pro-inflammatory cyto-
kine primarily produced by macrophages,
monocytes, and dendritic cells, playing a piv-
otal role in various autoimmune inflammatory
diseases, including Behçet’s syndrome [95]. IL-
1b operates through IL-1 receptor type I (IL-1RI)
and accessory protein (IL-1RAcP) to augment
the innate immune system’s response, inducing
inflammation and the expression of additional
cytokines, chemokines, and pro-inflammatory
molecules [95]. Elevated levels of IL-1b play a
substantial role in numerous inflammatory dis-
eases, including BD, where circulating mono-
cytes produce copious amounts of this cytokine
[95]. Studies have found that serum IL-1b and
IL-1RA levels in BD patients are significantly
higher than those in healthy controls, empha-
sizing the correlation between BD and IL-1b
[96].

IL-1 blockade has a favorable therapeutic
effect on BU, particularly in patients with
longer disease duration and eye involvement, as
evidenced by studies demonstrating sustained
response to IL-1 inhibitors in these subsets of
BD patients. IL-1 inhibition is an appealing
therapeutic option for BU patients with multi-
drug-resistant manifestations and may be a safer
alternative to anti-TNF treatments due to a
lower risk of opportunistic infections, including
tuberculosis [97]. Studies suggest that IL-1
blockers, including anakinra and canakinumab,
are better tolerated and safer, particularly in
areas with high tuberculosis prevalence. How-
ever, the limited clinical experience and lack of
large-sample randomized controlled trials war-
rant further investigation to determine the true
efficacy and safety of IL-1 blockers in treating
BU.

Anakinra (ANA)
Anakinra, a non-glycosylated recombinant IL-1
receptor antagonist, inhibits IL-1a and IL-1b to
alleviate inflammation and modulate immune
response. It is commonly employed to treat
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autoimmune diseases and juvenile arthritis-as-
sociated uveitis [95]. Although its use in BU has
been reported primarily in small case studies,
ANA has demonstrated success in treating vari-
ous autoinflammatory conditions, including
refractory cases in a preclinical experimental
autoimmune uveitis mouse model [98]. ANA is
typically administered as a 100–200 mg/day
subcutaneous injection, with dose adjustments
or switching to other biologic agents considered
for patients exhibiting low response or partial
results [39].

To date, there are limited reports on the use
of ANAin BU. In 2013, Emmi et al. first
demonstrated anakinra’s efficacy in treating
vitritis and restoring the retinal-blood barrier in
both eyes of patients with resistant BU [99]. In
2015, Cantarini et al. treated nine BD patients,
including five with uveitis, who were refractory
to TNF inhibitors using daily subcutaneous ANA
injections [100]. The treatment led to the reso-
lution of ocular inflammation in all five uveitis
patients and disease activity in eight out of nine
patients within 4 weeks, without any reported
adverse events. However, most patients experi-
enced relapse within months, warranting fur-
ther studies to determine whether increasing
ANA dosage could prevent recurrence. In 2017,
Orlando et al. used ANA to treat a patient with
refractory BU, successfully relieving inflamma-
tion when the dose was increased to
150 mg/day, but subsequently switched to
canakinumab because of drug-related general-
ized urticaria [97]. Conversely, Ugurlu et al.
reported in a case study that ANA was ineffec-
tive against BU, while canakinumab effectively
controlled the inflammatory response [101].

In conclusion, ANA has demonstrated
potential for treating BU in limited case studies,
with some patients experiencing resolution of
ocular inflammation. However, the efficacy
varies, and relapse is common, indicating a
need for further research to determine optimal
dosages or alternative biologic agents. Common
side effects associated with ANA include injec-
tion site reactions and generalized urticaria.

Canakinumab
Canakinumab, a fully human monoclonal
antibody, selectively targets IL-1b by

competitively binding to the IL-1 receptor,
inhibiting signal transduction and neutralizing
the cytokine’s bioactivity in inflammatory dis-
orders [102]. Canakinumab boasts encouraging
clinical safety and pharmacokinetic properties,
demonstrating potential in treating cryopyrin-
associated periodic syndromes and possibly
other complex inflammatory diseases, such as
rheumatoid arthritis, systemic-onset juvenile
idiopathic arthritis, and ocular diseases [103].
Presently, canakinumab is primarily employed
for treating autoinflammatory diseases. The
typical dosage for treating BU is a 150 mg sub-
cutaneous injection every 6–8 weeks. Compared
to anakinra, canakinumab has a longer treat-
ment interval, potentially improving patient
compliance [95].

Canakinumab has demonstrated potential in
effectively managing refractory BU and reduc-
ing corticosteroid dependency in many studies.
In 2012, Ugurlu et al. reported successful treat-
ment of a 16-year-old woman with refractory
BU using a single 150 mg subcutaneous injec-
tion of canakinumab [101]. The patient experi-
enced complete resolution of ocular
inflammation, significant improvement in
visual acuity, and sustained relief for up to
8 weeks without severe adverse effects. This case
showcased canakinumab’s potential efficacy in
treating BD-associated panuveitis, though the
report’s main limitations were the single case
and brief follow-up duration. In 2017, Orlando
et al. employed canakinumab (150 mg/6 weeks)
to treat a patient with similarly refractory BU
[97]. Over the 36-month follow-up period,
inflammation was well controlled, no recur-
rence was observed, and the treatment exhib-
ited a favorable safety profile. In a 2017
multicenter study, Fabiani et al. evaluated the
efficacy of ANA and canakinumab in treating
BU in 19 patients (31 eyes) over a 12-month
period [104]. The study demonstrated a signifi-
cant reduction in ocular inflammatory flares,
from 200 episodes/100 patients/year to 48.87
episodes/100 patients/year (p\0.0001), and a
significant decrease in retinal vasculitis
(p\ 0.0001 and p = 0.001, respectively). Fur-
thermore, systemic steroid dosage was signifi-
cantly reduced at the 12-month visit compared
to baseline (p = 0.02). The authors concluded
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that IL-1 inhibitor therapy, such as ANA and
CAN, effectively manages refractory BD-related
uveitis, providing long-term control of ocular
inflammation and a corticosteroid-sparing
effect.

In conclusion, Canakinumab has demon-
strated potential in treating refractory BU, pro-
viding long-term control of ocular
inflammation, a corticosteroid-sparing effect,
and a favorable safety profile.

Anti-Interleukin-6—Tocilizumab

IL-6 is a cytokine with multifaceted activity,
playing a pivotal role in modulating immune
inflammatory responses by inducing B cell dif-
ferentiation, promoting antibody production,
and influencing T lymphocyte differentiation
[105]. It directs CD4? Th cell differentiation
into Th17 cells and suppresses TGF-b-induced
Treg differentiation [106], resulting in an
imbalance between Th17 and Treg cells [107].
This Th17/Treg imbalance is implicated in the
pathogenesis of various autoimmune diseases,
including BU [108]. Tocilizumab, a humanized
monoclonal antibody against the IL-6 receptor,
effectively inhibits IL-6-mediated inflammatory
reactions and regulates diverse lymphocyte-
mediated immune responses [109]. By preclud-
ing IL-6 binding to both transmembrane and
soluble IL-6 receptors, tocilizumab obstructs IL-
6-mediated signal transduction and is approved
for treating inflammatory diseases such as
rheumatoid arthritis [110]. Research reveals
elevated IL-6 concentrations in the vitreous
humor of patients with non-infectious uveitis,
encompassing idiopathic cases and those asso-
ciated with systemic inflammatory diseases like
sarcoidosis, Vogt-Koyanagi-Harada syndrome,
and BU. These findings suggest potential ther-
apeutic benefits of IL-6 inhibition in refractory
uveitis cases [108].

Tocilizumab, an approved biological drug for
treating rheumatoid arthritis, systemic and
polyarticular juvenile idiopathic arthritis, and
Castleman’s disease [105], has exhibited efficacy
in managing various refractory ocular inflam-
mations, including BU [111]. Specifically, toci-
lizumab appears suitable for BU patients with

moderate to severe background leakage and
associated cystoid macular edema (CME). It is
administered at a standard dose of 4–12 mg/kg
every 2–4 weeks via intravenous infusions or
162 mg weekly subcutaneous injections, either
as monotherapy or in combination with
cDMARDs.

Tocilizumab has shown potential in treating
refractory BU, improving visual acuity and
reducing ocular attack frequency in some stud-
ies. In 2012, Hirano et al. reported a case of a BD
patient with severe posterior uveitis unrespon-
sive to conventional immunosuppressive treat-
ment and resistant to IFX after 15 months [112].
Tocilizumab monotherapy (8 mg/kg, every 4
weeks) was initiated, resulting in remission of
systemic manifestations such as genital ulcers
and erythema nodosum, a significant decrease
in ocular attack frequency and severity, and
improved visual acuity, with the disease
remaining quiescent for 12 months. The
authors also observed serum IL-6 concentra-
tions correlating with disease activity, suggest-
ing tocilizumab’s efficacy. This report marked
the first successful treatment of refractory BU
with tocilizumab, also alleviating other clinical
manifestations. The main limitation of this
study is its representation of a single case. Since
then, numerous studies have demonstrated that
tocilizumab is safe and effective in treating BU.
A multicenter retrospective study of 25 patients
with refractory cystoid macular edema (CME)
secondary to non-infectious uveitis, including
seven BU patients, found significant improve-
ments in central macular thickness and visual
acuity after 12 months of tocilizumab therapy
[113]. The treatment facilitated a reduction in
the daily dose of prednisone, with remission
achieved in 14 patients and only minor side
effects observed during the follow-up period. In
the STOP-uveitis study, a randomized con-
trolled trial, monthly intravenous infusions of
4 mg/kg and 8 mg/kg tocilizumab were found to
be safe and equally effective in treating naı̈ve
and previously treated patients with non-infec-
tious uveitis involving the posterior segment
[114].

Several studies have reported favorable out-
comes in recalcitrant BU when treated with
tocilizumab [112, 113, 115, 116], particularly
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after failure of anti-TNFa therapy [117]. A sys-
tematic literature review investigating the
effectiveness of tocilizumab in BD patients
found significant improvement in almost all
patients with BU (24/25) [117]. Tocilizumab
also proved effective in reducing glucocorticoid
doses, with glucocorticoid-free remission
achieved in several cases. However, the treat-
ment was not highly effective for other mani-
festations, such as mucocutaneous and articular
involvement, and even worsened some oral or
genital ulcers and skin lesions. A recent multi-
center study of 16 refractory BD cases treated
with tocilizumab primarily for ocular (14) and
neurological (2) involvement demonstrated the
variable effectiveness of tocilizumab on differ-
ent BD manifestations [116]. Patients had pre-
viously received several conventional and/or
biological immunosuppressants such as
methotrexate, cyclosporine, ADA, or IFX before
tocilizumab treatment. After a median follow-
up of 20 months using tocilizumab, neurologi-
cal and ocular domains improved, with most
uveitis patients achieving complete remission.
However, tocilizumab proved less effective for
oral/genital ulcers, skin lesions, and intestinal
manifestations, suggesting its primary effec-
tiveness in BD cases with major clinical
involvement.

Contrary to the aforementioned results, in a
single-arm observational study, tocilizumab
showed unsatisfactory results for acute BU
attacks in three consecutive Chinese patients
who had responded poorly to glucocorticos-
teroids or other biologics [118]. Despite previ-
ous case series indicating favorable tocilizumab
efficacy in refractory BU patients, the study’s
clinical trial was terminated early due to
uncontrolled uveitis attacks in all three
patients. Further research is needed to identify
the subgroup of refractory BU patients who may
benefit from tocilizumab treatment.

In conclusion, tocilizumab has shown pro-
mise in treating refractory BU, especially in
cases unresponsive to anti-TNFa therapy, with
improvements in central macular thickness and
visual acuity. However, tocilizumab’s effective-
ness for other BD manifestations remains vari-
able, and further large-scale, randomized
controlled trials are necessary to confirm

optimal treatment duration and identify patient
subgroups most likely to benefit from this
therapy.

Anti-Interleukin-17—Secukinumab

BU patients exhibit an elevated Th17/Th1 ratio
and increased IL-17 production, particularly IL-
17A, one of the primary inflammatory cytoki-
nes secreted by Th17 cells [107]. IL-17A, a cru-
cial inflammatory cytokine produced by Th17
cells, has been associated with immune-medi-
ated diseases and heightened serum concentra-
tions in BU patients compared to healthy
controls [119]. Secukinumab, a selective high-
affinity, fully human monoclonal antibody,
targets IL-17A, neutralizing downstream signals
that activate neutrophils and macrophages
[120]. This therapeutic approach could poten-
tially yield favorable results by specifically
inhibiting IL-17A-mediated inflammation in BU
patients.

Secukinumab’s potential in treating BU has
been explored, with mixed outcomes and some
limitations in study design. A 2010 case report
demonstrated the safety and effectiveness of
secukinumab in treating patients with non-in-
fectious uveitis, suggesting a role for IL-17A in
the pathophysiology of these diverse inflam-
matory diseases [121]. The SHIELD study, a
multicenter randomized controlled phase III
trial, evaluated the efficacy of secukinumab for
BU in 118 patients [119]. Although the primary
endpoint of reducing uveitis recurrence or vit-
reous haze score alongside withdrawal of
immunosuppressive therapy was not achieved,
secondary endpoints, such as withdrawal or
reduction of immunosuppressive medications,
showed significant differences between the
secukinumab and placebo groups. During the
24-week follow-up period, recurrence rates,
visual acuity, and vitreous opacity in the
secukinumab group did not significantly differ
from the placebo group. However, the secuk-
inumab group had a significantly lower dose of
concomitant immunosuppressive drugs.
Despite these results, the authors highlighted
several limitations, including the small sample
size, variability in disease severity, the complex
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interplay between cytokines in individual
patients, and potentially confounding effects of
concomitant immunosuppressive medications.

Intravenous secukinumab has shown higher
efficacy and safety in treating non-infectious
posterior segment uveitis compared to subcu-
taneous administration. In a phase II dose-
ranging randomized controlled trial, intra-
venous (IV) secukinumab demonstrated higher
efficacy and safety in treating non-infectious
uveitis involving the posterior segment com-
pared to subcutaneous (SC) administration
[122]. Patients receiving IV secukinumab
showed higher responder and remission rates,
with the 30 mg/kg IV dose exhibiting statistical
and clinical superiority over the 300 mg SC
dose. The study suggested that SC administra-
tion might not provide sufficient drug concen-
tration, and high-dose IV secukinumab may be
necessary for therapeutic effectiveness.

In conclusion, secukinumab holds promise
in treating BU by specifically inhibiting IL-17A-
mediated inflammation. Although the SHIELD
study did not meet its primary endpoint, sec-
ondary endpoints demonstrated some potential
benefits, such as reducing concomitant
immunosuppressive drug doses. Further
research, including larger-scale randomized
controlled trials and investigations into the
optimal administration route and dosage, is
needed to fully understand secukinumab’s effi-
cacy and safety in treating BU.

Anti-CD20—Rituximab

Rituximab, a chimeric monoclonal antibody
targeting CD20 on B cells, induces apoptosis
and alleviates inflammation [78]. Although BU
is predominantly a T cell-driven disease, find-
ings support a potential pathogenic role for B
cells, which may be targeted by rituximab [123].
Rituximab has been used off-label in BU
patients and some T cell-mediated disorders,
suggesting that interfering with the complex T
and B cell interplay could yield therapeutic
benefits [124]. However, the mechanisms of
action for rituximab are not yet fully under-
stood, warranting further investigation [125].

Rituximab, commonly employed to treat B
cell hyperfunction and various autoimmune
diseases, has demonstrated effectiveness in non-
Hodgkin’s lymphoma, rheumatoid arthritis,
and ocular inflammatory diseases [126]. The
dosage regimen for treating BU typically mirrors
that of rheumatoid arthritis, with 1000 mg
administered intravenously on days 1 and 15,
followed by treatment every 6 months or as
needed.

There is relatively limited published evi-
dence supporting the use of rituximab in BU.
Sadreddini et al. reported a case of a patient
with refractory BU and visual loss due to retinal
vasculitis who was successfully treated with
rituximab, achieving 24 months of disease
remission [127]. The study demonstrated ritux-
imab’s effectiveness in controlling ocular
inflammation in BU for the first time, but could
not determine if it was superior to conventional
treatment. Davatchi et al. conducted a single-
blind randomized controlled trial to assess the
efficacy of rituximab combined with conven-
tional immunosuppressive therapy in treating
refractory BU [128]. Twenty patients with
treatment-resistant BU were randomly assigned
to either a rituximab group (ritux-
imab ? methotrexate ? glucocorticosteroids)
or a conventional treatment group (cyclophos-
phamide ? azathioprine ? prednisolone). After
6 months of follow-up, the rituximab group
showed significant alleviation of uveitis and
improvements in retinal, optic disc, and macu-
lar edema compared to the conventional treat-
ment group. However, no significant differences
were observed between the two groups in visual
acuity, disease activity index for posterior
uveitis and retinal vasculitis, and total inflam-
matory activity index. The authors concluded
that rituximab is an effective treatment for
intractable BU, at least as effective as conven-
tional combination therapy. Although this
small pilot study did not provide statistically
significant differences between the treatment
groups, it supports the need for a larger ran-
domized controlled trial with an appropriate
number of patients to determine efficacy. Kidd
et al. described a case of severe, treatment-re-
sistant neurological Behçet’s syndrome with
concomitant occlusion of a branch retinal vein,
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which responded positively to rituximab [124].
The patient’s vision improved to 6/12 after
conventional therapies failed.

In conclusion, rituximab has demonstrated
potential in treating BU, particularly in refrac-
tory cases. Although limited published evidence
exists, case reports and a small pilot study sug-
gest that rituximab may be an effective treat-
ment option, at least as effective as
conventional combination therapy. Further
research, including larger-scale randomized
controlled trials, is necessary to establish the
optimal use and efficacy of rituximab in treating
BU.

Anti-CD52—Alemtuzumab

Alemtuzumab, a humanized IgG1 monoclonal
antibody targeting CD52, attenuates immune-
inflammatory responses by inducing apoptosis
in T and B cells [129]. This rapid and long-last-
ing T and B cell depletion results in a substantial
reduction in these cells, with CD8? T cells
repopulating after 31 months and CD4? T
lymphocytes achieving full repopulation in
approximately 60 months [130]. Alemtuzumab
is primarily employed for the treatment of
lymphocytic leukemia, multiple sclerosis, and
related conditions.

Alemtuzumab treatment shows potential for
long-term remission in severe, refractory BU,
but monitoring and dosing adjustments may be
necessary. Dick and colleagues treated ten
patients with severe, refractory, non-infectious
ocular inflammation using alemtuzumab for the
first time [131]. The treatment resulted in long-
term remission for eight patients, enabling a
reduction in the dosage of other immunosup-
pressive agents. Subsequently, case reports by
Lockwood et al. (2003) demonstrated that
alemtuzumab has therapeutic effects on Beh-
çet’s syndrome-related ocular, cutaneous, and
neurological symptoms [132]. Lockwood et al.
investigated the therapeutic response to lym-
phocyte depletion using alemtuzumab in 18 BD
patients, with 12 of them having uveitis and 4
exhibiting active ocular inflammation at base-
line. At the 6-month follow-up, two out of four
patients with active ocular inflammation

experienced disease remission, while the other
two showed partial remission. Although long-
term remission was achieved in the majority of
patients, relapses were observed in 54% of the
cohort after an average of 25 months, indicat-
ing the necessity for close monitoring of lym-
phopenia. In a 20-year study involving 32
refractory BD patients, 21 of whom had uveitis,
60 courses of alemtuzumab were administered
across three dosing regimens [133]. Remission
was achieved in all patients with severe eye
disease, but relapses were more common in the
lowest-dose group. Alemtuzumab treatment led
to remission in the majority of difficult-to-treat
cases, with relapses potentially associated with
lower dosing and adverse events, including
infusion reactions and new autoimmunity.
Infusion reactions were observed in 27% of
cases, while thyroid dysfunction affected 25%
of patients.

Alemtuzumab’s primary adverse reactions
encompass infusion reactions and diminished
thyroid function, while other side effects
include bone marrow suppression, allergic
reactions, and reduced lymphocyte counts
[133]. Studies have also demonstrated an asso-
ciation between alemtuzumab and thyroid
dysfunctions, necessitating close monitoring for
early diagnosis [134]. The drug’s efficacy may be
attributed to its ability to induce long-term
lymphopenia, although its non-negligible risk
of infections calls for careful consideration,
particularly in multi-drug failure cases. Oppor-
tunistic infections caused by alemtuzumab are
less frequently reported, possibly because of the
reduced use of glucocorticosteroids and
immunosuppressants in its treatment.

In conclusion, alemtuzumab has shown
promising results in treating severe, refractory
BU by inducing apoptosis in T and B cells.
While long-term remission has been achieved
in many cases, potential relapses and adverse
events, such as infusion reactions and thyroid
dysfunction, necessitate close monitoring of
patients. Further research and larger-scale stud-
ies are needed to determine optimal dosing and
treatment strategies while minimizing adverse
effects and infection risks in patients with BU.
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DISCUSSION

Summary

In recent years, biologic therapies, particularly
IFN-a and anti-TNFa antibodies, have substan-
tially improved visual prognosis and quality of
life for BU patients, surpassing the outcomes
achieved with traditional immunosuppressive
treatments. These therapies offer targeted
immune modulation and a favorable side effect
profile, culminating in enhanced disease man-
agement and a marked improvement in
patients’ quality of life. This comprehensive
review synthesizes the current evidence regard-
ing the efficacy, safety, advantages, and disad-
vantages of biologic therapies for BU, providing
an updated perspective on clinical management
and future directions for this vision-threatening
condition. Although no randomized controlled
trials conclusively identify the most effective
therapy specifically for BU, biologic medica-
tions represent promising and potent treatment
options. Once considered alternative treat-
ments after immunosuppressive and corticos-
teroid therapies, an accumulating body of
evidence now supports their use as first-line
agents.

Challenges

Despite the groundbreaking advances in bio-
logic therapies for BU, persistent challenges
include the scarcity of robust randomized con-
trolled trials (RCTs), off-label utilization of
potentially superior agents, and exorbitant
costs.

Currently, there is a notable deficiency of
RCTs explicitly designed for BU, and findings
from trials involving assorted types of non-in-
fectious uveitis may not be directly applicable
to BU, a severe variant characterized by poten-
tially unique immunopathology. The literature
remains bereft of RCTs comparing the efficacy
of disparate biologic therapies with each other
or with conventional immunosuppressants,
leaving a multitude of queries unanswered
concerning initiation, agent and dosage selec-
tion, and treatment duration.

Moreover, the widespread adoption of bio-
logic treatments for BU is constrained by their
prohibitive costs and off-label employment in
most countries. For instance, ADA is the sole
approved biologic DMARD for non-infectious
uveitis, encompassing BU, while IFX is exclu-
sively approved in Japan for cases refractory to
cDMARDs. As a result, due to the steep expenses
and limited long-term experience, biologic
therapies are typically reserved for uveitis cases
unresponsive to traditional immunosuppressive
treatments.

FUTURE DIRECTIONS

To enhance our understanding of BU and opti-
mize biologic therapies, it is imperative to con-
duct robust, large-scale, multicenter
randomized controlled trials (RCTs) that rigor-
ously assess the efficacy, safety profiles, and
long-term outcomes of diverse biologic treat-
ments, ultimately facilitating the development
of more precise and effective therapeutic
strategies for patients.

Identifying clinical, laboratory, genetic, and
proteomic biomarkers capable of predicting
disease severity, treatment response, and prog-
nosis in BU is essential for enabling personal-
ized therapeutic approaches. Furthermore,
incorporating uniform outcome measures and
patient-reported outcomes, such as quality of
life assessments, is crucial for comprehensive
evaluations.

BU is a multifaceted disorder characterized
by individual variability in severity and treat-
ment responsiveness. Given that not all patients
uniformly respond to available therapeutic reg-
imens, there is an increasing demand for a
diverse therapeutic arsenal, including alterna-
tive therapies with distinct modes of action.
Certain biologic DMARDs, which have been
unsuccessful in randomized controlled trials,
such as secukinumab, may warrant further
exploration at higher doses or alternative routes
of administration, as promising results have
been observed with intravenous infusions.

Long-term follow-up studies are vital for
corroborating the efficacy and safety of novel
agents. The ultimate objective is to develop a
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universally effective, rapidly acting, affordable
biologic therapy with minimal side effects,
thereby improving both clinical and quality of
life outcomes for patients. To realize this goal,
additional research is indispensable, and it is
anticipated that advancements in personalized
medicine will pave the way for more targeted
treatments for BU in the future.

The relatively infrequent occurrence and
geographical dispersion of Behçet’s uveitis (BU)
present formidable hurdles to both compre-
hensive clinical trials and practical clinical
research. Overcoming such impediments calls
for intensified global cooperation and meticu-
lous data collection, encapsulated in platforms
such as the AutoInflammatory Disease Alliance
(AIDA) International Registry [135]. This
instrument, defying the geographic limitations
often linked to rare disorders like BU, furnishes
in-depth understanding of the disease’s demo-
graphic profile, clinical characteristics, thera-
peutic methodologies, and socioeconomic
repercussions. The trajectory of BU manage-
ment will be significantly shaped by such
international registries, underscoring the trans-
formative potential of global healthcare alli-
ances. With the forward march of precision
medicine, these expansive data repositories will
be pivotal in honing our understanding and
management of BU.

CONCLUSION

In conclusion, biologic therapies have demon-
strated significant potential in managing BU,
transforming treatment outcomes, and
improving patients’ quality of life. However,
challenges such as the lack of robust random-
ized controlled trials, off-label use, and high
costs persist. To overcome these challenges,
large-scale, multicenter RCTs are essential for
evaluating the efficacy, safety profiles, and long-
term outcomes of various biologic treatments.
Identifying clinical, laboratory, genetic, and
proteomic biomarkers is crucial for personalized
therapeutic approaches. The development of
affordable, effective, and safe biologic therapies
with minimal side effects will be paramount to
advancing clinical and quality of life outcomes

for patients. Continued investigation and
innovation in this field hold promise for a
brighter future in the management of BU.
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ease: an analysis of 880 patients. Am J Ophthalmol.
2004;138(3):373–80. https://doi.org/10.1016/j.ajo.
2004.03.022.

5. Hatemi G, Christensen R, Bang D, Bodaghi B, Celik
A, Fortune F, et al. 2018 update of the EULAR rec-
ommendations for the management of Behçet’s
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levels of TNF-alpha, sIL-2R, IL-6, and IL-8 are
increased and associated with elevated lipid perox-
idation in patients with Behçet’s disease. Mediat
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systematic review and meta-analysis. Int J Oph-
thalmol. 2022;15(5):813–9. https://doi.org/10.
18240/ijo.2022.05.19.

17. Sfikakis P, Kaklamanis P, Elezoglou A, Katsilambros
N, Theodossiadis P, Papaefthimiou S, et al. Inflix-
imab for recurrent, sight-threatening ocular
inflammation in Adamantiades-Behçet disease. Ann
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attacks in Behçet’s disease: a comparative 4-week
study. Rheumatology (Oxford). 2011;50(3):593–7.
https://doi.org/10.1093/rheumatology/keq366.

33. Tabbara KF, Al-Hemidan AI. Infliximab effects
compared to conventional therapy in the manage-
ment of retinal vasculitis in Behçet disease. Am J
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and sarcoidosis: a single center study of 131
patients. Ocul Immunol Inflamm. 2020. https://doi.
org/10.1080/09273948.2020.1791346.

55. Perra D, Alba MA, Callejas JL, Mesquida M, Rı́os-
Fernández R, Adan A, et al. Adalimumab for the
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uveitis in three consecutive patients. Clin Exp
Rheumatol. 2022;40(8):1600. https://doi.org/10.
55563/clinexprheumatol/xnb396.

119. Dick AD, Tugal-Tutkun I, Foster S, Zierhut M,
Melissa Liew SH, Bezlyak V, et al. Secukinumab in
the treatment of noninfectious uveitis: results of
three randomized, controlled clinical trials. Oph-
thalmology. 2013;120(4):777–87. https://doi.org/
10.1016/j.ophtha.2012.09.040.

120. Sota J, Rigante D, Lopalco G, Frediani B, Frances-
chini R, Galeazzi M, et al. Biological therapies for
the treatment of Behcet’s disease-related uveitis
beyond TNF-alpha blockade: a narrative review.
Rheumatol Int. 2018;38(1):25–35. https://doi.org/
10.1007/s00296-017-3775-5.

121. Hueber W, Patel DD, Dryja T, Wright AM, Koroleva
I, Bruin G, et al. Effects of AIN457, a fully human
antibody to interleukin-17A, on psoriasis, rheuma-
toid arthritis, and uveitis. Sci Transl Med.
2010;2(52):52ra72. https://doi.org/10.1126/
scitranslmed.3001107.

122. Letko E, Yeh S, Foster CS, Pleyer U, Brigell M,
Grosskreutz CL, et al. Efficacy and safety of intra-
venous secukinumab in noninfectious uveitis
requiring steroid-sparing immunosuppressive ther-
apy. Ophthalmology. 2015;122(5):939–48. https://
doi.org/10.1016/j.ophtha.2014.12.033.

123. Shaker O, Tawfic S, El-Tawdy A, El-Komy M, El
Menyawi M, Heikal A. Expression of TNF-a, APRIL
and BCMA in Behcet’s disease. J Immunol Res.
2014;2014:380405. https://doi.org/10.1155/2014/
380405.

124. Kidd D. Rituximab is effective in severe treatment-
resistant neurological Behçet’s syndrome. J Neurol.
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