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Abstract

Non-infectious uveitis (NIU) is a serious sight-threatening condition whose pathogenesis is often autoimmune
in nature. It may manifest in any age group, though adults aged 20—50 are the group most often affected.
It causes 5-10% of visual impairment worldwide. The epidemiology of some specific uveitis diseases varies
worldwide, because they are influenced by genetic, environmental and socioeconomic factors. It can occur only
in the eye or as a symptom of a systemic condition. The most common cause of NIU is HLA-B-27-associated
anterior uveitis (4—32%). The standard treatment for NIU is a local, topical and systemic steroid therapy
in combination with immunomodulatory therapy. However, recently, a new drug — adalimumab, which
is a tumor necrosis factor a (TNF-a) inhibitor — was approved by FDA in the treatment of NIU and is increas-
ingly used to treat various conditions. Adalimumab has been proven in many studies to be safe and effective
in the treatment of NIU associated with diverse systemic diseases.
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Introduction

Uveitis is a common cause of blindness worldwide,!
which in turn may be caused by infectious or non-infec-
tious factors.”> Non-infectious uveitis (NIU) is often as-
sociated with an underlying systemic, vision-threatening
disease. It is characterized by inflammation in the uveal
tract and generally occurs more often in the developed
world. The most common causes of NIU are HLA-B27-
associated anterior uveitis, sarcoidosis, Vogt—Koyanagi—
Harada syndrome, sympathetic ophthalmia, birdshot cho-
rioretinopathy (BSCR), multifocal choroiditis, serpiginous
choroiditis, and Behget’s disease (BD).2

Currently, the mainstay in the treatment of uveitis
is steroid therapy, focused on suppressing the severity
of inflammation."* Although corticosteroids are often
effective, ocular and/or systemic adverse effects limit their
long-term use.*® Other therapeutic options for primary
or secondary NIU include traditional immunosuppres-
sants, such as cyclosporine (CsA), methotrexate (MTX),
azathioprine (AZA), sulfasalazine (SSZ), and mycophe-
nolate mofetil (MMF). However, a significant propor-
tion of uveitis cases cannot be controlled only using
corticosteroids and immunosuppressants.® A new prom-
ising drug approved for the treatment of NIU in adults
is adalimumab.>” Adalimumab is a recombinant human
immunoglobulin monoclonal antibody that specifically
binds to tumor necrosis factor « (TNF-«).1*8 Although
there are other TNF-a inhibitors, such as etanercept
and infliximab, adalimumab has been proven to have
an advantage in therapeutic treatment, probably because
of its higher affinity to bind with TNF-a than etanercept
or infliximab.’

Tumor necrosis factors are a group of cytokines that are
produced by activated macrophages, CD4+lymphocytes
and natural killer cells. These cytokines are responsible
for inducing inflammation and apoptosis and for inhib-
iting viral replication.!®!! Moreover, TNF-«a is found
to upregulate vascular endothelial growth factor (VEGF)
production in choroidal endothelial cells, and VEGF
is responsible for macular edema in uveitic patients. This
explains the successful outcome of adalimumab treat-
ment, reducing VEGF-a levels in the plasma by inhibit-
ing TNF-a production in the treatment of uveitic macu-
lar edema.!"12 The pro-inflammatory cytokine TNF-«
is thought to play a key role in uveitis inflammation, and
aqueous humor and serum levels of TNF-« are upregu-
lated in uveitis patients.®!3 Tumor necrosis factor o binds
to specific membrane receptors (TNF-a receptors I and II).
In the eye, TNF-a receptors I and Il are located at the sur-
face of the pigment epithelium cells of the iris, ciliary body
and retina.!!
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Adalimumab binds to TNF-q,
inhibiting its pro-inflammatory
and apoptotic action

Apart from its beneficial effect, adalimumab may lead
to severe side effects, the most frequent of which are infec-
tions. In a long-term analysis of 23,458 patients, there were
reported cases of cellulitis, pneumonia, appendicitis, her-
pes zoster, urinary tract infection, gastrointestinal tract
abscess, and gastroenteritis. Other severe side effects,
such as tuberculosis, opportunistic infections, demyelin-
ating disorders, lupus-like syndrome, and congestive heart
failure, were rare. The incidence of malignancies among
patients treated with adalimumab was similar to that
of malignancies in a reference population. The overall
rates of lymphoma were greater in a rheumatoid arthritis
(RA) group treated with adalimumab,'* but RA increases
the risk of lymphoma itself’> and the data showed that
the incidence of lymphoma among RA patients treated
with adalimumab was the same as among the RA patients
who had never been treated with anti-TNF-«.1¢

Clinical studies of adalimumab
in non-infectious uveitis

Ming et al. analyzed 3 randomized clinical trials and
20 non-randomized clinical trials in order to summarize
the current evidence of the efficacy and safety of adalim-
umab in treating patients with NIU.? The primary outcome
of the analysis was a decrease in inflammatory activity.
The inflammatory activity of uveitis was found to have de-
creased by 74% and 79% in their combined analysis of short
and relatively long-term follow-up periods, respectively.
In addition to this effectiveness, the meta-analysis revealed
other promising results, demonstrating that adalimumab
is a reasonable choice in the treatment of uveitis. It con-
trolled the worsening of visual acuity (88.8% of involved
eyes), reduced the use of corticosteroids, significantly so
in % of the patients, and was generally well-tolerated, thus
proving to be safe. Patients with juvenile idiopathic ar-
thritis, BD and HLA-B-27-associated uveitis were studied.

A multicenter retrospective study was conducted by Bi-
tossi et al. to assess the long-term ocular control of adalim-
umab in a population with non-infectious primary or sec-
ondary uveitis.® The main goal of the study was to evaluate
its steroid-sparing effect and co-treatment with disease-
modifying anti-rheumatism drugs (DMARDs). A total
of 106 eyes were included. The effective ocular control
was 83.7% and 83.3%, after 6 and 12 months, respectively.
Patients with poor baseline visual acuity remained stable
or improved, while those with good vision acuity worsened.
Other findings of the study were that the steroid dosages
were reduced and that ocular control and the steroid-spar-
ing effect were not influenced by the concomitant use
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of DMARDs. Mild or moderate side effects were reported
in 6.6% of the patients.

The most significant studies on adalimumab in NIU are
the VISUAL studies — multicenter randomized, controlled
trials.*” The VISUAL I, VISUAL Il and VISUAL III studies
involved 217, 229 and 371 patients, respectively. In the first
2 rounds of the study, participants (aged >18 years) with
active, non-infectious intermediate or posterior uveitis
or panuveitis were enrolled. The risk of treatment fail-
ure for participants in the adalimumab group was lower
than that of the participants in the placebo group, by 44%
in VISUAL I and by 48% in VISUAL II. The incidence
of adverse effects in both studies was comparable between
the placebo and adalimumab groups. The most common
adverse effect was injection site reaction. There were
also 2 cases of malignancies each in VISUAL I and VI-
SUALIL 2 participants had tuberculosis in VISUAL I and
3in VISUALII. One case of demyelinating disorder, lupus
and lupus-like reaction was reported. However, the most
relevant conclusion of these studies is that adalimumab low-
ered the risk of uveitic flare or visual acuity loss in the par-
ticipants with active and controlled uveitis who were at risk
of the long-term side effects of corticosteroids (CS).

The VISUAL III study lasted 78 weeks. As before,
the main goal of the study was to assess the efficacy,
safety and steroid- and immunomodulator-sparing effect
of adalimumab. To determine its efficacy, anterior chamber
activity, vitreous activity and mean best-corrected visual
acuity (BCVA) were analyzed at 0, 12 and 78 weeks. The re-
sults revealed an improvement in ocular control inflam-
mation and mean BCVA, but only in patients who had ac-
tive uveitis initially. The BCVA remained stable over time
in patients with inactive uveitis. For patients with active
uveitis at study entry, the observed mean daily corticoste-
roid dose had decreased by 75% at week 78 and the mean
dose of immunomodulators had decreased by 26% at week
78 in comparison with week 8.

Adalimumab in the treatment
of selected disorders

HLA-B-27-related uveitis

Most patients with HLA-B27-associated uveitis have
an associated spondyloarthropathy (AS); the archetypal
disease is ankylosing spondylitis. Other forms of spon-
dyloarthropathy include reactive arthritis (Reiter’s syn-
drome), arthritis associated with inflammatory bowel
disease, psoriatic arthritis, undifferentiated spondyloar-
thropathy, and juvenile forms of these diseases. The most
typical HLA-B27-related uveitis is a sudden onset, unilat-
eral, recurrent, anterior uveitis.!®* The pathogenic mecha-
nism underlying HLA-B27 uveitis is strongly associated
with pro-inflammatory cytokines, among which TNF-«
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plays a key role. Pérez-Guijo et al. proved that by analyzing
samples of the aqueous humor concentration of TNF-«
among HLA-B27-positive patients and B27-negative pa-
tients. The concentration of TNF-a in the aqueous humor
of HLA-B27-positive patients was significantly higher than
in those who were HLA-B27-negative.'

The most relevant study on anterior uveitis in active AS
was an open-label, uncontrolled study on 1,250 patients.?°
It was conducted to assess the effect of adalimumab
on the frequency of anterior uveitis in active spondylitis.
Adalimumab was administered every week for 12 weeks.
Adalimumab effectiveness was assessed by measuring
the rate of anterior uveitis flare. The effect was at least
a 50% reduction in the anterior uveitis flare rate during
adalimumab treatment in patients with active AS.

Kim et al. analyzed the medical records of 143 patients
diagnosed with HLA-B27-positive AS who were tak-
ing an anti-TNF-a agent for at least 1 year.?! Among all
the patients enrolled in this study, 45 were treated with
adalimumab, while the others were administered inflix-
imab and etanercept. Almost % of the patients receiving
adalimumab had a history of uveitis. The examination was
done at baseline and after 1, 2 and 12 months of treatment.
During the follow-up, uveitis inflammation decreased af-
ter 17.9 +6 days among all of the patients, as assessed ac-
cording to the Standardization of Uveitis Nomenclature
(SUN) Working Group. Almost 80% of the patients had no
recurrence of uveitis during anti-TNF-a treatment. A de-
crease was observed in the number of systemic medica-
tions in 93.3% of the patients. Minor side effects were noted
in 7 patients, while 1 case of tuberculosis was diagnosed.'

Sarcoidosis

Sarcoidosis is a multisystemic, idiopathic disorder that
is characterized by the formation of immune granulomas
in the involved organs.?? The eye is often the first organ
affected by the disease, which can lead to severe visual im-
pairment. Any part of the uvea can be involved in the patho-
genic process, as well as other parts of the eye and its ad-
nexa. Most sarcoid uveitis is bilateral and chronic.?®

Erckens et al. enrolled 26 patients with sarcoidosis who
were being treated with adalimumab due to refractory pos-
terior uveitis.?* Before adalimumab was administered, all
of the patients were treated with oral corticosteroids, and
MTX as the second-line agent if there was no response to cor-
ticosteroids. The patients were examined at baseline and after
6 and 12 months of treatment. At baseline, they manifested
various intraocular inflammatory signs, such as papillitis,
macular edema, choroidal involvement, vasculitis, and vi-
tritis. After 6 months, vitreous involvement and vasculitis
resolved in all 26 patients; papillitis was resolved in 7 patients
(of the 8 in whom it was present at baseline), while 1 had a par-
tial response; macular edema resolved in 5 of 8 patients, while
the remaining 3 had a partial response; choroidal involvement
was initially presentin 15 patients and resolved in 10 of them,
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while the remainder had a partial response. The final result
was improvement in 85% of patients and stabilization in 15%;
there was no difference in the results after 6 or 12 months.
Only 1 patient had a serious side effect at the injection site,
which caused a subcutaneous mass to form.

In another open-label, multicenter study, 17 patients
were enrolled to assess anti-TNF-a therapy among pa-
tients with uveitis related to sarcoidosis and refractory
to standard treatment. The outcomes assessed after 2 years
were visual acuity, macular thickness, intraocular inflam-
mation, and a corticosteroid- and immunosuppressive-
sparing effect. All of them show improvement 2 years after
the onset of adalimumab therapy.?

Behcet’s disease

Behget’s disease is an idiopathic, chronic, multisystem
inflammatory vasculitis characterized mainly by recurrent
oral aphthous ulcers, genital ulcers and severe intraocu-
lar inflammation.?® Any part of the uvea can be involved
in the pathogenic process, and the frequency of ocular
involvement is in the range of 50-70%. Clinical manifes-
tations of acute inflammation are typically self-limiting
over time with relapsing episodes of varying intensity.
The frequency and duration of relapses are unpredictable
and follow no discernible pattern of onset. Occasionally,
the cardiovascular system, the central nervous system and
the gastrointestinal tract can be involved in the patho-
genic process.?® The strongest genetic factor related to BD
is HLA-B-51 antigen. The presence of HLA-B-51 may lead
to BD in both the adaptive and innate immune responses.
An increased expression of pro-inflammatory cytokines,
including IL-1, IL-6, IL-8, and TNF-«, among patients with
BD has been reported, which proves the role of an innate
immune response in the pathogenesis of BD.?

In a multicenter retrospective, observational study,
the medical histories of 44 patients (66 eyes) with BD-
related uveitis were analyzed.?® The medical data of this
study was analyzed at baseline, after 3 months of treatment
and after 12 months. Almost all of the patients (97.5%)
had previously been treated with steroids; some of them
(32.5%) were treated with other biological agents, and some
of them had taken DM ARDs (77.5%). The steroid treatment
was continued with adalimumab in 92.5% of patients and
with DMARDs in 42.5% of patients. Significant improve-
ment was demonstrated in all of the factors under study,
the number of flares, BCVA and optical coherence tomog-
raphy (OCT) findings regarding central macular thickness
and vasculitis, so visual, clinical, functional, and morpho-
logical improvement was observed. The other relevant
finding of this study was that a combination of adalim-
umab and other immunosuppressive agents had no supe-
rior benefit over monotherapy. Patients co-administered
with DM ARDs had more flares, but this could also be due
to a higher activity of the disease at baseline, making it nec-
essary to administer the combination therapy early on.
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Birdshot chorioretinopathy

Birdshot chorioretinopathy is a non-infectious, bilateral
panuveitis. The pathogenic mechanism of BSCR is not
well-understood; several pathways have been proposed, but
there is definitely a strong association between the pres-
ence of the HLA-A29 molecule and BSCR.?° Almost all pa-
tients are Caucasian adults, and women are affected more
often than men.?° The characteristic features of BSCR are
yellow-white choroiditis spots. Most of the patients also
have cystoid macular edema, caused by diffuse retinal
vasculitis.?°

Huis Het Veld et al. analyzed the medical records
of 19 patients (38 eyes) with HLA-A29- positive BSCR who
received adalimumab treatment.?! None of the patients
enrolled in this study had responded to previous stan-
dard systemic immunomodulatory therapy. The analyzed
records were from 1 year before adalimumab treatment,
atbaseline and after 1 year of treatment. The most relevant
observation was an improvement in visual function after
1 year of adalimumab therapy. As in the previously men-
tioned studies, adalimumab was generally well-tolerated
and allowed the dosages of co-administered immunosup-
pressants to be lowered. However, the ocular inflammation
control was poorer than that of the other previously men-
tioned diseases. Only 2 of 9 patients experienced a com-
plete remission of inflammation (as measured using OCT
and fluorescein angiography).

In another retrospective case series study, the medical
records of 3 patients were analyzed.?? All of the patients
were HLA-A29-positive. Before adalimumab was intro-
duced, all patients were treated with oral prednisolone
(>10 mg) and 2 second-line immunosuppressive agents.
The most relevant outcome was a significant decrease
in central macular thickness after 6 and 12 months
of adalimumab treatment. The BCVA improved in 4 eyes
after the introduction of adalimumab, and improvement
was noted in at least 1 electrodiagnostic parameter. The re-
duction in central macular thickness allowed the dosages
of systemic immunosuppressive drugs to be lowered.

Sympathetic ophthalmia

Sympathetic ophthalmia is a rare, bilateral, non-necrotiz-
ing granulomatous uveitis. The incidence ranges from 0.2%
to 0.5% following injury and 0.01% following intraocular
surgery.?® The eye which has undergone trauma or surgery
is the exciting eye, and the other eye is the sympathizing
eye. The clinical manifestations may be anterior, cells and
flare in the anterior chamber or mutton fat keratic precipi-
tates, or posterior, vitritis with yellowish-white subretinal
lesion, papillitis, choroiditis, exudative retinal detachment,
or choroidal granulomas. A diffuse, granulomatous inflam-
matory response of the uveal tract is caused mainly by in-
filtration of the t-lymphocytes.3* So far, steroidotherapy
alone or combined with other immunosuppressive agents,
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such as CsA or AZA, has been the mainstay of sympathetic
ophthalmia treatment.3* However, Kim et al. and Hiyama
etal. published some case reports proving that adalimumab
can lead to successful outcomes in the treatment of sym-
pathetic ophthalmia.3>3¢ So far, these are the only 2 papers
concerning treatment with adalimumab in sympathetic
ophthalmia to be published. Kim et al. published the case
report of a young girl who developed sympathetic oph-
thalmia after an accidental injury to one eye. After initial
treatment by local and systemic steroidotherapy and a mi-
nor decrease in inflammation activity, the girl developed
weight gain and cushingoid habitus. The steroid treatment
was tapered off and methotrexate was initiated. The patient
continued to have inflammation, so adalimumab was ad-
ministered. Within 3 months, the inflammation had com-
pletely resolved, and the steroids were discontinued. After
6 months of stability on adalimumab, methotrexate was
tapered off and discontinued over the course of 6 months.
After 18 months of adalimumab therapy, no evidence
of recurrent inflammation was observed.*® Hiyama et al.
reported 2 cases of sympathetic ophthalmia following tra-
beculectomy.®® In both cases, the initial treatment was
steroids, but in the 1% case, although the serous retinal
detachment resolved, the steroids had to be discontinued
because of diabetes mellitus. Methotrexate, the second-
line treatment, was not tolerated, and while CsA was in-
troduced, the serous retinal detachment relapsed. Lastly,
adalimumab was administered, which led to a remission
of serous retinal detachment and control of inflammation
for 7 months. In the 24 case, serous retinal detachment did
not resolve completely during steroid therapy, and steroids
had to be discontinued because of the primary open-angle
glaucoma. The second-line treatment, CsA was not tolerat-
ed, so adalimumab was introduced, leading to a remission
of the serous retinal detachment and control of the ocular
inflammation for 7 months.

Conclusions

Based on the results of several clinical studies, adalim-
umab is a safe and promising therapy in NIU that preserves
vision and controls ocular inflammation in the majority
of associated systemic diseases. However, there are still
some types of refractory uveitis, like BSCR, where complete
remission of the inflammation is rarely achieved.

Moreover, adalimumab is also a reasonable choice
as a steroid-sparing agent, limiting the ocular and sys-
temic side effects that are associated with chronic corti-
costeroid use, as well as an immunosuppressant-sparing
agent. In the majority of patients, it allows the disease
to be controlled with minimal corticosteroid use. Even
the side effects of adalimumab are rare and mild to moder-
ate, though there is still a risk of severe side effects, such
as infections and demyelinating disorders, which require
cautious qualification for the treatment.
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