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ABSTRACT
Inflammatory uveitis is a difficult condition to treat.
Recently, a new class of drugs obtained by a biological process and therefore defined as “biologics” has
been successfully used in the treatment of immunemediated rheumatic diseases. These drugs target different pro-inflammatory cytokines including tumor
necrosis factor-α, interleukin-1 and interleukin-6, or
immune effector cells including B and T lymphocytes.
Their use has been then extended to different forms
of uveitis resistant to standard therapy in small uncontrolled trials, with general and unexpected efficacy. The present review analyzes the literature on
treatment of uveitis with the biologics currently
available for the treatment of inflammatory rheumatic diseases. We used PubMed search engine as the
main source of information. Among the papers included in the reference list, a particular emphasis was
given on articles published during the last 5 years.
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1. INTRODUCTION
In severe endogenous uveitis, there is a significant risk of
visual loss [1]. Although the standard treatment based on
the use on steroid and immunosuppressant is often effective in preventing this irreversible complication, side effects or lack of treatment efficacy may require a different
therapy. The advent of so-called “biologics” which are
indicated for the treatment of inflammatory rheumatic
diseases has added additional opportunities in dealing
with resistant or recurrent cases of chronic non-infectious
uveitis [2,3]. However, these drugs are much expensive
and are not devoid of clinically relevant adverse effects
[4]. Furthermore, the effectiveness of these agents has
been found to vary greatly depending on the individual
case treated. In addition, lack of randomized clinical
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trials due to the relative rarity of inflammatory uveitis has
a significant negative effect, namely treatment decisions
by the physician are made only on personal experience,
on published uncontrolled observations or are influenced
by expert opinions. In this review, we analyzed the most
relevant and recent data on the use of the single biologics
for the treatment of the several forms of inflammatory
uveitis. We used PubMed search engine as the main
source of information, with a special accent on articles
published during the last 5 years. This review therefore
represents a literatures summary about the single biologics for the treatment of the several forms of inflammatory uveitis.

2. RESULTS FROM STUDIES ON THE
INDIVIDUAL BIOLOGICS
2.1. Infliximab
Infliximab is a chimeric human-mouse monoclonal antibody against tumor necrosis factor (TNF)-α. The standard dose used is 3 - 5 mg/kg which can be raised up to
10 mg/kg i.v. infusions are generally repeated after 2 and
6 weeks and then after 8 weeks, but in patients with uveitis infusions are generally repeated more frequently and
at a high dose up to 20 mg/kg [5]. Classical rheumatologic indications include moderate to severe rheumatoid
arthritis (RA) in combination with methotrexate (MTX),
moderate to severe psoriatic arthritis (PA) which has not
responded to conventional DMARDs and severe active
ankylosing spondylitis (AS) after an inadequate response
to conventional therapy. Infliximab is also indicated for
the treatment of bowel inflammatory diseases including
Crohn’s disease and ulcerative colitis. Infusion reactions
to infliximab are rare but can be severe. Moreover, infliximab can induce anti-drug antibodies which can interfere or even abolish the drug effectiveness [6]. As other
anti-TNF-α agents, treatment with infliximab is associated with a significant increase of infections, including
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tuberculosis, bacterial, viral and parasite infections [7].
In 2001, an initial study on the efficacy of anti-TNF-α
agents on inflammatory eye diseases was published by
Smith et al. who showed that both infliximab might
benefit certain subgroups of patients with inflammatory
eye disease [8]. The same year, it was reported by the
journal The Lancet that after treatment with infliximab of
a series of patients with Behçet’s disease, remission of
ocular inflammation was already evident within the first
24 h, and complete suppression was seen after 7 days [9].
Several studies have been then carried out to confirm the
efficacy of infliximab in Behçet’s disease [10-17]. Recently, in a large multicenter study, the effects of infliximab on refractory uveoretinitis in patients with
Behçet’s disease during the first year of treatment was
evaluated [18]. A total of 63 patients were studied. The
efficacy analysis at 1 year showed that uveoretinitis had
improved in 69%, had improved somewhat in 23%, was
unchanged in 8%, and had worsened in no patients. The
mean number of ocular attacks per 6-month period
decreased from 2.66 at baseline to 0.44 during months 1
through 6 of infliximab therapy and to 0.79 during
months 7 through 12. Efficacy was best for patients with
uveoretinitis duration of less than 5 years. At the end of 1
year, uveoretinitis had improved in 92% of patients,
accompanied by improvement in the mean visual acuity
(VA). In another recent study, long-term efficacy of
infliximab was evaluated in patients with refractory
Behçet’s disease-associated and idiopathic posterior
uveitis (PU) [19]. The single center study involved 50
consecutive patients who had failed at least one immunosuppressive drug. At the final 6-year follow-up, mean
both right and left eye (VA) increased significantly from
basal levels. A complete response of PU was recorded in
68% patients and partial response in 22%. Five patients
were non-responders and withdrew from the study after
the third infusion. This study further confirmed that
long-term infliximab therapy was effective and safe with
a significant VA gain in refractory Behçet’s diseaseassociated and idiopathic PU. In other studies, however,
it has reported a possible resistance to infliximab activity
due to anti-drug antibodies that can impair in some cases
the efficacy of the drug [20,21]. Moreover, during therapy with infliximab of Behçet’s disease-associated uveitis,
side effects have been found to be relatively rare, but
may be serious. Moreover, although the last reports
appears quite optimistic, there are still conflicting data as
to the ability of the drug to induce durable remission
after cessation of treatment [22].
The use of infliximab has been also tested for the
treatment of other types of chronic non-infectious uveitis.
The efficacy of infliximab was studied in uveitis associated with Crohn’s disease and spondyloarthropathy
with good results [23-27]. Different studies demonstrated
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that infliximab is useful in the treatment of uveitis associated with polyarticular juvenile idiopathic arthritis (JIA)
non-responsive to standard therapy [28,29]. Infliximab
treatment was found to be advantageous also in the treatment of Vogt-Koyanagi-Harada (VKH) syndrome, but
only as adjunctive therapy [30]. Interestingly, in a retrospective study, it was found that although infliximab is
beneficial in the treatment of uveitis, a dose escalation up
to 4 times above the approved dose is often necessary to
achieve disease control in patients with uveitis, and that
doses even >10 mg/kg every 4 weeks may not be sufficient to control the disease [31].
Quite recently, the safety and long-term effects of
intravitreal infliximab on chronic noninfectious uveitis
has been evaluated in 10 eyes of 7 patients [32]. About
1.5 mg of infliximab in 0.15 mL was injected intravitreally, and the patients were followed for 6 months. Results showed that vision improved and the macular edema decreased, but the effect was temporary suggesting
the need of repeated injections to achieve the best therapeutic goal. In another study, safety and efficacy of intravitreal infliximab were evaluated for sight-threatening
relapsing uveitis in Behçet’s disease [33]. A single intravitreal injection of infliximab (1 mg/0.05 mL) was given
to 15 patients with relapsing PU at the onset of a unilateral attack. Baseline best-corrected VA improved significantly by day 7 and continued to improve through day
30 after infliximab, a profound decrease in anterior
chamber cells and vitreous haze as well as beneficial
effects in retinal vasculitis and retinitis were evident
through day 30. Cystoid macular edema persisted in 9 of
11 eyes affected, but central macular thickness decreased.
These findings suggest that in Behçet’s disease intravitreal infliximab might be considered when systemic administration is not feasible or contraindicated.

2.2. Adalimumab
Adalimumab is a fully humanized anti-TNF-α monoclonal antibody that binds TNF-α as both soluble precursor and membrane bound protein. Adalimumab can induce lysis by apoptosis or cytotoxicity of the cells expressing this cytokine. The drug blocks the interaction between TNF and the cell surface receptors p55 and p75,
and being highly specific for TNF does not inhibit the
lymphotoxin TNFβ. The usual dose is 40 mg (in children
24 mg/m2) subcutaneously every two weeks. Therapeutic
indications include moderate to severe RA in combination or not with MTX, moderate to severe PA which has
not responded to DMARDs, in adults with severe active
SA with inadequate responses to conventional therapy,
Crohn’s disease and ulcerative colitis in both adults and
children who have not responded to standard therapy. A
definitive evidence that adalimumab is an effective treatment in anterior uveitis came from a study involving
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1250 patients with active AS enrolled in a multinational,
open-label, uncontrolled clinical study [34]. During adalimumab treatment, the rate of anterior uveitis (AU)
flares was reduced by 51% in all patients, by 58% in 274
patients with a history of AU, by 68% in 106 patients
with a recent history of AU, by 50% in 28 patients with
symptomatic AU at baseline and by 45% in 43 patients
with chronic uveitis. Moreover, AU flares during adalimumab treatment were predominantly mild. Adalimumab has been found to be effective in Behçet’s disease in
several studies, with clinical remission of and absence of
recurrence during treatment [35]. The usefulness of
adalimumab is particularly evident for patient showing
hypersensitivity to infliximab [36]. Long-term effects of
adalimumab in the treatment of uveitis associated with
JIA was assessed in another recent study [37]. Adalimumab was initiated in 54 patients with JIA to treat
active arthritis and active associated uveitis. At the end
of the study, uveitis was under good clinical control in
two thirds of 54 patients and one third had active uveitis.
According to SUN criteria, adalimumab treatment for
uveitis showed improved activity in 28% of patients,
with a moderate response in 16 patients, no change in a
further 16 patients, and worsening activity in 13% of
patients. The authors concluded that adalimumab is a
valuable option in the treatment of uveitis associated
with active JIA. Adalimumab has proven to be effective
also in sarcoidosis-associated refractory chronic noninfectious uveitis [38]. In a study involving 26 patients,
choroid involvement resolved in 10/15 patients, five had
partial improvement; vasculitis resolved in 1/1 patient;
papillitis resolved in 7/8 patients, one had partial response; macular edema resolved in 5/8 patients, three had
partial response; vitreous cleared completely in 5/5 patients. Overall outcome regarding intraocular inflammatory signs showed improvement in 22 patients (85%)
and stabilization in four patients (15%). At 12 months,
no recurrences were reported in those successfully treated. All laboratory parameters of inflammatory In a recent
prospective case series, a total of 131 patients with refractory uveitis and intolerance or failure to respond to
prednisone and at least 1 other systemic immunosuppressive were treated with adalimumab [39]. Thirty-nine
patients had JIA, 16 patients pars planitis 13 patients
Behçet’s disease, and with uveitis of idiopathic origin
were studied. Anterior chamber inflammation and vitreous inflammation decreased significantly from a mean of
1.51 and 1.03 at baseline to 0.25 and 0.14, respectively,
at 6 months. Macular thickness improved as well as VA.
Cystoid macular edema, which was present in 40 eyes at
baseline, showed complete resolution in 28 eyes at 6
months. Six months after the initiation of the study, 111
patients (85%) were able to reduce at least 50% of their
baseline immuno-suppressant load. Only 9 patients (6.9%)
Copyright © 2013 SciRes.

had severe relapses during the 6 months of follow-up.
Therefore, adalimumab was well tolerated and helpful in
decreasing inflammatory activity in refractory uveitis
was able to reduce steroid requirement. Interestingly,
adalimumab has proven to be an effective alternative in
patients no more responsive or allergic to infliximab
[40-42].

2.3. Etanercept
Etanercept is a fusion protein combining two p75 TNF
receptors with an Fc fragment of human IgG1. The drug
binds to both the TNF-α that TNF-β. It has the same
indications as adalimumab with the exclusion of inflammatory bowel diseases. Usual dose is 50 mg subcutaneously once weekly.
In pediatric rheumatology, etanercept is used at a dose
of 0.8 mg/kg given once weekly.
In a study of 2001, 7 children with uveitis associated
with pauciarticular JIA who had failed previous therapy
with standard therapy were treated with Etanercept [43].
VA improved in 40% of eyes treated. However, an exacerbation of uveitis during etanercept therapy occurred in
1 child. These data suggested that etanercept had a
beneficial effect on treatment-resistant chronic uveitis in
children. Subsequently, several studies have been set up
to assess the efficacy and safety of etanercept in the
treatment of uveitis. It has been then reported that although most patients with JIA-associated uveitis initially
respond to etanercept, this initial response is not always
followed by sustained improvement over longer periods
of time, and is associate with possible uveitis flare [44].
In a case report, a HLA-B27+ patient treated with etanercept for resistant AS developed uveitis, promptly reverted after etanercept withdrawal [45]. Conversely, in
another study, in 6 of 10 children enrolled in a small,
prospective open-label trial, etanercept had a beneficial
effect at least 3 months, and 4 children exhibited sustained benefit for at least 1 year [46]. This suggested
that etanercept might represent a viable alternative for
children with active uveitis who have been treated unsuccessfully with traditional disease-modifying antirheumatic drugs. In another, it was observed that during treatment with etanercept, there were both relapses and first
courses of uveitis. However, frequency and severity of
uveitis seemed not to be influenced by etanercept [47]. In
a comprehensive literature review, it has been reported
that ocular inflammation is paradoxically a potential
adverse event following the use of etanercept in both
previously uninvolved and inflamed eyes [48]. Therefore,
author concluded that careful surveillance of patients on
etanercept is warranted to assure that flares in ocular
inflammation are not secondary to etanercept therapy.
Moreover, in another literature review analyzing data
from 2 spontaneous reporting databases, there were 43
OPEN ACCESS
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cases of uveitis associated with etanercept, 14 associated
with infliximab, and 2 associated with adalimumab.
After normalizing for the estimated number of patients
treated with each medication, etanercept was associated
with a greater number of uveitis cases than infliximab
and adalimumab while no such association was found
between adalimumab and infliximab. Using a priori criteria to avoid inclusion of patients whose underlying
disease was associated with uveitis, 20 cases of uveitis
occurred during treatment associated with etanercept, 4
cases associated with infliximab, and 2 cases associated
with adalimumab were identified. However, the authors
commented that their findings do not support the use of
infliximab over etanercept but, rather, if a patient develops uveitis during etanercept therapy, then a change to
infliximab may be warranted [49]. In a very recent study,
it has been observed from data reported in the literature
that forty-two cases of inflammatory eye diseases believed to be associated with the use of etanercept include 33
cases of uveitis, 8 scleritis, 1 orbital myositis [50]. These
data have been obtained from 16 patients with RA, 10
with JIA, 14 with AS, and 2 with psoriatic spondyloarthropathy. The final conclusion underlines that ocular inflammation is paradoxically a potential adverse effect of
etanercept, even in previously uninvolved eyes, although
it seems to involve a minority of the patients treated.

2.4. Tocilizumab
Tocilizumab is a fully humanized monoclonal antibody
recognizing IL-6 receptor (IL-6 R) in both its soluble
form or bound to cell membrane surface. Its indication
includes moderate to severe RA. The standard dose is 8
mg/kg month intravenously. Clinical trials have shown
promising results in treating several autoimmune diseases in patients who respond inadequately to conventional
immunosuppressant, including large-vessel vasculitis
[51]. In the first report on the efficacy of tocilizumab in
uveitis, a patient with birdshot retinochoroidopathy was
first treated with adalimumab after failure of use of
standard immunosoppressants [52]. However, no significant improvement was noted. Intravenous injections of
tocilizumab with improvement of VA was noted in both
eyes and remained stable after 8 months. In the same
study, in a second patient who presented with acute panuveitis in the right eye a diagnosis of idiopathic uveitis
was made. After treatment with corticosteroid treatment
associated with methotrexate, azathioprine or mycophenolate mofetil, adalimumab was started with no improvement. Finally tocilizumab was administered 8 mg/kg
imonthly i.v. with improvement of VA which remained
stable after 6 monthly injections of tocilizumab, allowing
tapering of prednisolone. In one case of neuro-Behçet’s
disease, a young patient with a ten year history of recurrent attacks of oral ulcers, chronic bilateral uveitis and
Copyright © 2013 SciRes.

67

cutaneous vasculitis was firstly treated with methotrexate,
azathioprine, mycophenolate mofetil, cyclosporine, interferon, daclizumab, and cyclophosphamide with incomplete responses or unacceptable toxicity [53]. Doses of
30 - 60 mg/day of prednisone were required to suppress
headaches and fevers. Infliximab by intravenous infusion
was then started with a high frequency regimen due to
refractory severe uveitis. Disease manifestations were
completely suppressed. After 63 infusions, he developed
IgA nephropathy. Off-label treatment with tocilizumab
was then initiated at a dose of 8 mg/kg intravenously
every four weeks with partial response within days. By
the time of the second infusion, he had total remission of
symptoms and signs and had completely tapered off
prednisone. The patient’s last MRI was totally normal
without any abnormal enhancement and no signs of uveitis. However, treatment was not effective in suppressing
oral aphthae. Finally, three adult patients with JIA-associated chronic AU with presence of vision-threatening
complications were treated with intravenous tocilizumab
8 mg/kg body weight at 4-weekly intervals [54]. All patients the disease had been refractory to high dosages of
topical corticosteroids and previous systemic corticosteroid treatment and DMARD, including at least 1 TNFα inhibitor. Within the follow-up period under tocilizumab treatment (mean follow-up 9 months), inactivity of
the uveitis was achieved in patients 2 and 3 uveitis continued in the other patient, requiring a further increase in
the dosage of topical steroids. The authors conclude that
tocilizumab may represent a treatment option for otherwise refractory JIA-associated uveitis, although further
prospective studies are needed to evaluate the efficacy of
this new drug in comparison to other biologics.

2.5. Golimumab
Golimumab is a fully humanized monoclonal antibody
against TNF-α with the same indications of etanercept.
Compared to other anti TNF-α antibodies, golimumab is
characterized by light and heavy chains super imposable
to those of humans with a consequent reduction of
immunogenicity. Is administered subcutaneously and has
the greater interval between administrations (28 days).
In a first study, 2 patients were treated. Patient 1 with
JIA developed a severe AU in his right eye after therapy
with etanercept. He switched to infliximab and secondly
to adalimumab due to hypersensitivity reaction. He then
underwent cataract surgery of his right eye and his uveitis relapsed. Adalimumab was the switched to golimumab in addition to MTX got both his uveitis and arthritis
under control for at least seven months after initiation of
treatment with golimumab [39]. Patient 2 diagnosed with
idiopathic retinal vasculitis started with adalimumab that
was then switched to golimumab plus MTX due to worsening of the disease. After 6 months of treatment with
OPEN ACCESS
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golimumab and MTX the patient remained asymptomatic
and ophthalmic examination reveals no sign of active
inflammation. In another study, 3 patients with JIA
uveitis were treated with golimumab. Patient 1 was refractory to multiple medications but achieved long-term
quiescence with golimumab. Patient 2 had an initial response to golimumab but then developed recurrence of
both ocular and joint symptoms and have failed numerous other therapies. Patient 3 failed three TNF inhibitors before golimumab therapy was initiated with significant improvement in ocular inflammation [55]. The
authors conclude that golimumab appears to be safe and
provides an alternative treatment in refractory JIA uveitis,
including patients who have failed other TNF inhibitors,
although further studies are required to understand the
long-term efficacy and safety of golimumab in the treatment of uveitis.

2.6. Anti-IL-1 Antibodies
Interleukin-1 has been proven to play an important role
in experimental uveitis [56]. For this reason, antagonists
of this cytokine have been tested in human uveitis.
However, few data are available to date, and results are
still inconclusive. In a first study, a 4 years old boy with
CINCA syndrome and bilateral panuveitis not-responsive
to standard immunosuppressive therapy was treated with
etanercept [57]. However, over the following 2 years,
further relapses of uveitis with disc swelling and vitritis
associated with only partial improvement of his arthropathy occurred. Treatment with rHuIL1Ra (anakinra)
was started at a dose of 1 mg/kg/day, inducing remission.
At the age of 8 years old, his uveitis remained quiescent
with resolved vitritis and disc swelling, and permitted
withdrawal of oral prednisolone. Vision remained 6/9 in
the right eye and 6/18 in the left, with normal intraocular
pressures. Subsequently, an interesting study has been
recently published on the effect of XOMA 052 (gevokizumab), a recombinant humanized anti-IL-1β antibody
shown to modulate IL-1β activity, in 7 Behçet’s disease
patients with acute intraocular inflammation [58]. All
patients experienced rapid and clinically meaningful
improvements in VA and reductions in anterior chamber
cells and flare, vitreous haze and retinal infiltrates in the
index. Intraocular inflammation began to resolve in all
patients on days 1 - 4. Complete resolution of retinal findings was achieved in 4 - 21 days. Another had hypopyon on day 0, and it was almost completely resolved on
day 1 following study drug administration, with a concomitant reduction in flare In the remaining five patients
with anterior chamber cells, a clinically significant improvement was observed within 7 - 21 days. As conclusive results, in five of seven patients, intraocular inflammation was resolved fully without signs of new exacerCopyright © 2013 SciRes.

bation at day 28. Moreover, responses were durable, with
a median duration of 49 days (range 21 - 97 days). Interestingly, a 97% less production of IL-1β as well as
reduced production of IL-6 and IL-1α upon stimulation
with lipopolysaccharide 28 days after the infusion was
observed. It appears that after 28 days of neutralization
of endogenous IL-1β, the circulating white blood cells
have developed a less inflammatory phenotype compared
with baseline. In the same assay there was no reduction
in the production of IL-1Ra, suggesting that prolonged
neutralization of IL-1β at this concentration does not
dampen the ability to produce this natural inhibitor of
IL-1 activity. The authors conclude that XOMA 052 may
represent a future effective treatment of uveitis and retinal vasculitis and other types of non-infectious inflammatory uveitis.

2.7. Rituximab
Rituximab is an anti-CD20 chimeric mouse-human IgG1
monoclonal antibody originally developed for the treatment of B cell lymphomas. The usual dose is 1000 mg
per infusion on day 1 and 15 and then at month 12 and
21. Rituximab is licensed also for RA, being particularly
effective in subgroups of patients, which are positive for
anti-citrullinated protein antibody and/or rheumatoid
factor (seropositive RA). The binding and clustering of
CD20 by rituximab transmits a signal that causes apoptosis of B-lymphocytes. Infusions of rituximab induce
the depletion of B-lymphocytes from peripheral blood
for several months. The drug has been used in clinical
trials in different autoimmune diseases including systemic lupus erythematosus, Sjogren’s syndrome ANCAassociated vasculitis [59-61]. Although inflammatory
uveitis is believed to be a T-cell mediated disease, B-cell
depletion may be effective since these cells are efficient
antigen-presenting cells for T-lymphocytes and contribute to their activation and clonal expansion [62].
In a first study, a woman was suffering from bilateral,
noninfectious chronic anterior uveitis refractive to corticosteroids and immunosuppressive drugs, was treated
with rituximab [63]. After treatment with rituximab, vision and cystoid macular edema improved, and uveitis
was stable until at least 12 months.
In another study 20 patients with Behçet’s disease
were treated with rituximab in comparison with other
standard immunosuppressant. TADAI, edema of retina,
disc and macula improved significantly better in the rituximab group. Adverse effects were observed mainly due
to an increased risk of infection, especially in patients
receiving concomitant therapy with corticosteroids and
immunosuppressant [64]. Severe uveitis was also successfully treated with rituximab in 10 patients with JIA
[65]. Rituximab appears therefore an appealing tool for
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treatment of chronic non-infectious uveitis, although further study is needed to clarify important aspects of both
safety and efficacy [66].

2.8. Abatacept
Abatacept is a fusion protein composed of the Fc region
of the immunoglobulin IgG1 fused to the extracellular
domain of CTLA-4 molecule. Abatacept is a selective
co-stimulation modulator as it inhibits the co-stimulation
of T-Cells, preventing antigen-presenting cells (APCs)
from delivering the co-stimulatory signal to T cells to
fully activate them. It is usually administered intravenously at a dose ranging from 5000 to 1000 mg every four
weeks.
In a recent study 7 patients with JIA-related uveitis
refractory to immunosuppressive and anti-TNF-α agents
were treated with abatacept [67]. All patients responded
to abatacept and 6 maintained a clinical remission after a
mean of 9.2 months of treatment. The authors conclude
that abatacept treatment may lead to sustained improvement in severe anti-TNF-α-resistant JIA-related uveitis,
providing new insights into a possible indication of abatacept for the treatment of uveitis.

inefficacy of one or more of them.
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MAIN ABBREVIATIONS
TNF: tumor necrosis factor;
VA: visual acuity;
JIA: juvenile idiopathic arthritis;
RA: rheumatoid arthritis;
AS: ankylosing spondylitis;
MTX: methotrexate;
DMARD: disease-modifying antirheumatic drug.
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