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Abstract The purpose of the present review was to provide a
comprehensive picture of the efficacy of the different tumor
necrosis factor (TNF)-α inhibiting agents in the treatment of
acute anterior uveitis (AAU), the most common extra-articular
manifestation of ankylosing spondylitis (AS). AS related, AAU
may lead to severe visual impairment, due to frequent flare
recurrences, anterior, and posterior segment complications and
traditional treatment side effects. Considerably higher levels of
tumor necrosis factor (TNF) have been assessed in the aqueous
humor and inflamed joints of patients with AS. Anti-TNF drugs
have shown efficacy in preventing relapses of rheumatological
manifestations of spondyloarthropathies. Several studies have
underlined the sustained efficacy of the monoclonal anti-TNF
antibodies also in reducing the recurrence of anterior chamber
flares in patients with AS-related AAU. On the other hand,
retrospective studies and observational reports have indicated
lower effectiveness and some paradoxical occurrence of uveitis
following treatment with the soluble receptor agent etanercept.
Growing evidence suggests that a prophylactic strategy could
be advocated in subjects with frequent and recalcitrant attacks
of AS-AAU. In this regard, the administration of monoclonal
anti-TNF antibodies such as adalimumab (ADA) has been

shown to significantly reduce the rate of AAU recurrences.
Indeed, during ADA treatment about 90 % of patients have
shown to remain completely free of attacks for the entire
follow-up period, in most studies. Further studies are needed
to confirm the long-term efficacy of TNF inhibitors in AS re-
lated AAU and also their role in preventing ocular complica-
tions and visual impairment.
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Introduction

Acute anterior uveitis (AAU) is the most common form of
uveitis. Half of patients with anterior uveitis are human leu-
cocyte antigen (HLA) B27 positive [1]. Several epidemiolog-
ical studies have confirmed the high prevalence of systemic
disease in patients with AAU, most commonly seronegative
spondyloarthropathies (SpA) [2–5]. Among this group of pa-
tients, AAU occurs in up to 50 % of patients with AS during
the course of their disease, and in contrast, it affects roughly 2
to 5 % of patients with inflammatory bowel disease (IBD)-
associated arthritis and approximately 7 % of patients with
psoriatic arthritis (PsA) [6].

AS is a chronic inflammatory systemic disease of un-
known cause, characterized primarily by radiographic
changes of sacroiliac joints and the spine, affecting about
1 % of the general population [7]. According to the
Modified New York Criteria, AS is the most severe form
of axial spondyloarthropathies (axial-SpA). It was tradi-
tionally considered more common in males, but it is now
recognized that it may be equally common in females,
although less severe. HLA-B27 is found in nearly 90 %
of patients with AS. AS is characterized also by a variety
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of extra-articular manifestations, such as uveitis, inflam-
matory bowel disease, and psoriasis. Besides HLA-B27
positivity, genetic predisposition to uveitis has been wide-
ly investigated. In particular, genetic analyses have recog-
nized a locus at chromosome 9p21–9p24 possibly predis-
posing to ocular involvement in these patients [8]. In ad-
dition, because of the increasing use of TNF inhibitors for
the treatment of AS and AS-related UAA, TNF gene and
other related regions functionally associated with TNF
expression have been widely studied in the last years with
diverse results. In this regard, some TNF polymorphism
has been associated with a reduced risk of uveitis as for
the TNFα –308 GA/AA genotype [9]; conversely, other
gene alleles have been related to an increased risk of
UAA susceptibility, as described for the TNF Receptor-
Associated Factor 5 (TRAF5) [10]. As a whole, these
findings indicate that TNF plays out its main role not only
systemically but also at local sites in AS patients.
Although a modulating effect of polymorphisms on TNF
expression has been suggested, the exact mechanisms by
which TNF induces inflammation in AS are mostly un-
known and why these polymorphisms do influence eye
inflammation is not clear, thus deserving further studies.

Between 20 and 40% of patients with AS will experience a
sudden onset of a unilateral AAU sometime during the course
of their disease and more usually before the diagnosis of sys-
temic disease [11]. Hence, underlying AS is diagnosed in up
to 40 % of patients with AAU, particularly in the presence of
the HLA-B27. Presence of AAU in AS patients may be a
prognostic marker for worse outcome, as it has been shown
to associate with higher disease activity, poorer functional
ability, and physical mobility [12, 13]. However, a delayed
diagnosis is common accounting for several years. AAU
may be the first interaction with medical care and the best
opportunity to identify an associated rheumatologic disease.
Patients with AAU and positive HLA-B27 should be
questioned about inflammatory low back pain and also eval-
uated for other clinical features of AS. A novel algorithm has
been recently proposed—the Dublin uveitis evaluation tool
(DUET)—with the aim of recognizing coexisting SpA in
these patients and of improving early referral and diagnosis.
In a large two-phase study, DUET algorithm was noted to
have excellent sensitivity (96 %) and specificity (97 %) [14].

In axial SpA, studies of magnetic resonance imaging as
well as tumor necrosis factor (TNF) inhibitor treatment
and withdrawal studies all suggest that early effective sup-
pression of inflammation has the potential to reduce radio-
graphic damage. This potential would suggest that the
concept of a window of opportunity is relevant to axial
SpA. The opportunity to detect early high-risk patients,
such as those carrying HLA-B27 AAU, allows commenc-
ing treatment without delay preventing ocular and system-
ic structural damage and sequelae [15, 16].

Clinical features of AS-related AAU uveitis

AAU associated with AS is most commonly HLA-B27-
positive and has some distinct characteristics, including male
preponderance, earlier age of onset, higher incidence of fibri-
nous reaction or hypopyon formation, unilateral or alternating
between eyes, anterior rather than posterior uveitis, and a
greater number of ocular complications [17–23]. Uveitis as-
sociated with the HLA-B27 antigen is a distinct clinical entity
with characteristic clinical features that are usually distin-
guishable from HLA-B27-negative AAU [24]. Additionally,
the pattern of uveitis seen in association with AS tends to
differ from the pattern often seen with either PsA or IBD
which can present with an insidious onset, being anterior
and intermediate, bilateral, chronic, and more frequent in fe-
males [6].

The main symptoms of AS-AAU are sudden onset of ocu-
lar pain, photophobia, and blurred vision. The main signs are
limbal hyperemia, fine whitish gray keratic precipitates, and
prominent cellular reaction with fibrinous exudation in the
anterior chamber that contributes to the formation of posterior
synechiae. The cellular response can be severe enough to
cause hypopyon. HLA-B27-associated AAU tends to be re-
current and to induce posterior complication and consequently
visual impairment, and therefore, a systemic prophylactic
strategy could be useful in subjects with frequent and recalci-
trant attacks, especially if associated with systemic disease
such as AS.

Complications include extensive and persistent synechiae,
cataract, ocular hypertension, and glaucoma secondary to the
inflammation itself or to the use of topical steroids [25].
Severe vitreous inflammation, papillitis, and retinal vasculop-
athy may occasionally occur. Cystoid macular edema (CME)
may be associated with prolonged or severe cases of anterior
uveitis [26]. Posterior segment involvement in HLA-B27 as-
sociated uveitis is an under recognized phenomenon. It has
been emphasized in European data: Dodds and associates
reported that among HLA-B27-positive AAU patients, pos-
terior segment manifestations were found in 21.05 % and
included diffuse vitritis (75.0 %), CME (29.1 %), and
papillitis (25.0 %) [21]. In this regard, Rodriguez et al.
found consistent results with vitritis, papillitis, and CME
involving 93.1, 82.7, and 37.9 % of patients, respectively
[27]. Similarly, Power et al. have reported a posterior in-
volvement in 17 % of patients [28]. Although this may be
an overestimation due to the concentration of difficult cases
in subspecialty referral centers, it nevertheless emphasizes
that HLA-B27-associated disease is not necessarily restrict-
ed to the anterior segment of the eye. The HLA-B27 pa-
tients are also more likely than the idiopathic patients to
require systemic therapy for the ocular condition, and this
is even more so in patients with systemic disease associated
with the HLA-B27-positive uveitis.
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Treatment strategies for uveitis associated
with ankylosing spondylitis

TNF is present at high concentrations in the aqueous humor and
serum of patients with uveitis and in the joints of patients with
AS, and it actively participates in the pathogenesis of both
uveitis and AS [29]. In the eye, TNF receptors I and II are
expressed by the pigment epithelial cells of the iris, ciliary body,
and retina [30]. Moreover, these cells are able to produce
TNF-α that plays an essential role in the intraocular immune
response called Banterior-chamber associated immune
deviation^ and in the auto-regulation of the physiologic
apoptosis of resident ocular cells [31]. TNF-α levels are
elevated both in the serum and aqueous humor of patients with
uveitis, and these increased levels correlate with disease status
[32]. Tcells extracted from the aqueous humor of noninfectious
uveitis patients spontaneously produce significant levels of
TNF-α [33]. As previously seen in experimental models,
persistent production of TNF-α is associated with tissue damage
via reactive oxygen species, promotion of angiogenesis, and
breakdown of the blood ocular barrier [30]. TNF-α has also been
associated with sight-threatening uveitis complications, such as
CME and choroidal neovascularization (CNV). This could be
related to the TNF-α interaction with vascular endothelial
growth factor (VEGF) because TNF-α is known to upregulate
VEGF production in choroidal endothelial cells [34, 35].

In recent years, trials of anti-TNF therapy in AS have
yielded impressive results and a recent systematic review,
and meta-analysis has described the benefits of anti-TNF ther-
apy in patients with AS [36–44]. Additionally, some of these
studies explored the efficacy of anti-TNF therapy in control-
ling intraocular inflammation related to AS. The aim of this
review is to provide an up-to-date on the clinical efficacy of
anti-TNF therapy for AS-related AAU.

Traditionally, treatment of acute anterior uveitis is with
topical steroids and cycloplegics. Periocular and systemic ste-
roids are indicated in severe inflammation. The intraocular
inflammation associated with the B27 gene shows higher re-
currence and complication rate. Systemic short-term cortico-
steroids may help to reach quiescence but are not indicated
long-termly due to the well-known systemic and ocular ad-
verse events (AEs). Therefore, according to a long-term step-
ladder approach, corticosteroid-sparing drugs titrated to the
severity of intraocular inflammation are the treatment of
choice to prevent visual impairment and AEs. Some evidence
indicates that immunosuppressive drugs used by the ophthal-
mologists to treat refractory uveitis, such as azathioprine and
methotrexate, do not have much efficacy on the axial-SpA
disease activity [45]. Furthermore, there is some evidence on
the use of sulfasalazine to reduce the recurrence rate of uveitis
in SpA patients [46, 47]. However, the efficacy of disease-
modifying antirheumatic drugs (DMARDs) in axial SpA is
rather disappointing. Moreover, careful monitoring for side

effects and complications of steroids and immunosuppressive
therapy is required. Non-steroidal anti-inflammatory drugs
(NSAIDs), used as first line treatment in SpA to control joint
inflammation, can only relieve uveitis symptoms for a short
period in AS patients but cannot change the course of their
ocular and systemic disease or prevent structural damage. In
the presence of history of gastrointestinal complaints or a high
cardiovascular risk, NSAIDs should be used with caution.

According to the Expert Panel Recommendations,
infliximab and adalimumab can be considered as potential
second-line immunomodulatory agents for the treatment of
severe ocular inflammatory conditions including posterior
uveitis, panuveitis, and severe uveitis associated with seroneg-
ative spondylarthropathy [48]. In particular, adalimumab has
been recently approved for the treatment of noninfectious in-
termediate and posterior uveitis and panuveitis when an inad-
equate response to corticosteroids has been proved. This
makes adalimumab the first and only Food and Drug
Administration-approved steroid-sparing drug for uveitis ther-
apy. As widely accepted, a diagnosis of non-radiographic ax-
ial SpA is a condition itself to start, following failure of
NSAIDS treatment, TNF inhibitors protocol, as this form
can progress toward AS within a couple of year if not ade-
quately treated. Additionally, in the presence of AS, TNF in-
hibitors become first-line treatment choice in patients with
persistently high disease activity despite conventional treat-
ments [48]. Up to now, large placebo-controlled trials have
explored the efficacy of TNF inhibitors in axial-SpA patients
also in terms of controlling extra spinal disease manifestation,
including uveitis recurrence. As reported in several retrospec-
tive studies, a first or at least early line anti-TNF-α treatment
targeting spinal lesions of AS may produce concomitant ben-
eficial effects on related intraocular inflammation and on top-
ical and systemic steroid tapering. Moreover, a different effi-
cacy of the various TNF inhibitors has been highlighted for
extra-articular manifestations, especially IBD. In particular,
monoclonal antibodies are more effective than the fusion pro-
tein, while differences regarding acute anterior uveitis are less
evident [48–50].

The TNF-inhibiting agents currently available in clinical
practice are as follows: infliximab (Remicade, Schering-
Plough Pharma Inc, Kenilworth, New Jersey, USA), a chime-
ric mouse–human monoclonal immunoglobulin G (IgG) anti-
body; adalimumab (Humira, Abbott Pharmaceuticals Inc,
Abbott Park, Illinois, USA); golimumab (Simponi Aria,
Janssen, Beerse, Belgium) and certolizumab pegol (Cimzia,
UCB Pharma, Bruxelles, Belgium) which are humanized
monoclonal anti-TNF-α antibodies; and etanercept (Enbrel,
Wyeth Pharmaceuticals Inc, Madison, New Jersey, USA), a
chimeric fusion protein of the TNF receptor linked to the Fc
portion of human IgG1. Infliximab is the only anti-TNF-α
agent administered intravenously, whereas the remaining four
are administered subcutaneously. Table 1 briefly reports the
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main characteristics of TNF-α inhibitors available for the
treatment of AS.

In order to summarize the actual evidence reported on the
role of TNF inhibitors in the AS-related AAU, we captured all
relevant studies published before July 2016 on MEDLINE,
EMBASE, and the Cochrane Library using the following
search terms: ankylosing spondylitis, acute anterior uveitis,
intraocular flare, infliximab, etanercept, adalimumab,
golimumab, certolizumab, TNF inhibitor/blocker/antagonists,
or anti-TNF.

TNF-α inhibitors

Infliximab and adalimumab

Studies on infliximab (IFX) and adalimumab (ADA) therapy
in AS related uveitis have yielded interesting results in terms
of significant positive benefits on intraocular inflammation.
Beyond AS-related UAA, both agents have proved to be high-
ly effective in refractory inflammatory with significant
corticosteroid-sparing effect and good safety profile [43].

INF has shown to reduce the recurrence rate of uveitis in
SpA patients and, in refractory anterior uveitis, constitutes an
efficient alternative to corticosteroid treatment. Braun et al.
compared seven placebo-controlled studies in order to analyze
the efficacy of IFX and ETN in decreasing the number of
uveitis flares in 717 patients [50]. The difference between
the incidence of anterior uveitis flares during placebo treat-
ment and the incidence during treatment with anti-TNF-α
agents was significant. This trend was somewhat stronger
for IFX than for ETN, but the difference between the two
drugs did not reach statistical significance.

Reports on the efficacy of ADA on uveitis are mainly based
on retrospective analysis of placebo-controlled trials showing
beneficial results. A large prospective multinational study,
known as the Rhapsody study, on 1250 AAU patients with
active AS, reported a significant decrease of the recurrence
rate of uveitis during ADA treatment. All AAU flares were
documented throughout the treatment period plus 70 days:

40 mg every other week of ADA treatment resulted in a sub-
stantial preventive effect on AAU flares in patients with active
AS, including patients with a recent history of AAU flares.
Treatment with ADA decreased the rate of AAU flares by
51 % for all enrolled patients to an AAU flare rate of 7.4/
100 patients-years [51]. By comparison, Braun et al. [50] re-
ported a pooled AAU flare rate of 3.4/100 patients-years for
all INF-treated patients and a pooled AAU flare rate of 7.9/
100 patients for ETN-treated patients. In another prospective
study, AS patients were treated with ADA because of their
high disease activity and screened by an ophthalmologist on
uveitis. Confirming previous findings, this study demonstrat-
ed a significant decrease (up to 80 %) of the recurrence rate of
uveitis during ADA treatment. Among patients with uveitis in
the year before treatment, ADA therapy significantly reduced
the number of patients with uveitis attacks by 62 % [52].
These data on ADA have been confirmed by a recent
Korean study exploring the efficacy of anti-TNF α therapy
in patients affected by AS HLA-B27-positive AAU [53]. A
further retrospective study by Durrany et al. on 32 patients
with different ocular inflammatory conditions highlighted a
moderate effectiveness in controlling inflammation and
corticosteroid-sparing even in patients with recalcitrant in-
flammation resistant to multiple other previously administered
therapies [44]. In conclusion, in subjects with frequent and
recalcitrant attacks, ADA has been observed to significantly
and substantially reduce the rate of recurrences with about
90 % of patients remaining completely free of attacks during
ADA treatment for the entire follow-up period inmost studies.
Finally, IFX and ADA are associated with significantly fewer
flares and new onset of uveitis when compared with placebo.

Etanercept

There is much debate about the efficacy of etanercept
(ETN) on uveitis [50, 53–60]. Braun et al. [50] reported
that the reduction in AS related uveitis flares was greater
in patients treated with IFX compared with those treated
with ETN. These findings were consistent with those iden-
tified in another single center study conducted on 46 AS

Table 1 Characteristics of the different tumor necrosis factor-α inhibitors

Infliximab Adalimumab Etanercept Certolizumab Golimumab

Structure Monoclonal
antibody

Monoclonal
antibody

Fused receptor and
antibody fragment

Pegylated monoclonal Monoclonal
antibody

Nature of antibody Mouse-human
chimeric

Fully human Human fusion protein Humanized Fully human

Route of administration Intravenous Subcutaneous Subcutaneous Subcutaneous Subcutaneous

Standard maintenance
dose for as

5 mg/kg every 6
to 8 weeks

40 mg every
other week

50 mg weekly 200 mg every other week
or 400 mg monthly

50 mg monthly

Half-life (days) 9.5 14 3 14 12

AS ankylosing spondylitis
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patients [53]. Accordingly, a retrospective observational
analysis from a large claims database on 2115 anti-TNF-
naïve patients with a diagnosis of AS and no history of
uveitis confirmed a higher risk of developing new-onset
uveitis in patients treated with ETN than those treated with
ADA and IFX. The authors concluded that ETN has lower
efficacy than monoclonal anti-TNF-α either because of a
possible paradoxical paradigm or because it is less effec-
tive in preventing de novo intraocular inflammation in
such patients [54].

The number of studies suggesting a differentiated ther-
apeutic response of AS-related uveitis to ETN with re-
spect to monoclonal antibodies is increasing. However,
besides TNF-α, ETN also inhibits TNF-β: According to
findings from animal models of uveitis, higher TNF-β
levels are associated with intraocular inflammation.
Consequently, ETN would therefore be expected to be
even more effective. In support of this theory, a recent
meta-analysis comparing anti-TNF therapy with placebo
in patients with AS indicated significant positive benefits
of anti-TNF agents, including ETN, to treat uveitis [55].
Similarly, in spite of their differences in mechanism of
action, Kim et al. [56] observed no differences on uveitis
relapse and improvement rates among the three anti-
TNF-α agents IFX, ADA, and ETN, as all agents success-
fully induced uveitis improvement in about 3 weeks and
reduced anterior uveitis flare-ups.

As a whole, there is ongoing debate whether uveitis during
anti-TNF-α treatment is a paradoxical effect or an inadequate
response to therapy [57]. Reasons for the reported lower rates
of therapeutic response with ETN are unknown but may be
related to genetic predisposition [58] as well as to a possible
class effect, a hypothesis that should be confirmed in future
studies comparing ETN with certolizumab pegol and
golimumab. Most authors agree that patients with ETN-
related paradoxical uveitis may benefit from switching to an-
other anti-TNF-α agent. Therefore, current evidence suggests
the preferential use of monoclonal anti-TNF-α rather than
fusion proteins in patients with AS with an active or previous
history of uveitis; however, given the weak power of evidence
and some controversial report, further study is warranted on
this issue.

Regarding other extra-articular manifestations, unlike
ADA and IFX, ETN is not effective in IBD further supporting
the importance of taking into account the extra-articular in-
volvement when choosing the TNF inhibitors in any specific
case [59].

Certolizumab pegol and golimumab

Certolizumab pegol (CZP) is a PEGylated FC-free anti-TNF
agent shown to improve spinal and extra-articular

manifestations, such as enthesitis, in patients with both AS
and non-radiographic axial SpA [61, 62]. Effectiveness in
refractive uveitis has also been reported after systemic admin-
istration [63]. Emerging data from a retrospective case series
including two patients with AS and a prospective and con-
trolled trial enrolling 218 axial SpA patients posit a treatment
effect of CZP in active refractory uveitis. In particular, CZP
showed an impact on reducing uveitis flares which was com-
parable to rates observed for other anti-TNF antibodies [63,
64]. Nevertheless, sufficient evidence in AS-AAU is still ad-
vocated to draw firm conclusions on this issue.

Golimumab (GOL) has been approved for the treatment
of rheumatoid arthritis, PsA, AS, and ulcerative colitis.
The few published studies on the efficacy of GOL in
refractory uveitis are based on small case series or hetero-
geneous subgroups of patients with this disorder [65–69].
A very recent study by a Spanish research group reported
eight cases of refractory uveitis related to AS and one
related to non-radiographic axial SpA showing a rapid
and maintained improvement of intraocular inflammation
parameters, macular thickness, and best corrected visual
acuity [70].

Safety issues

Although the use of TNF inhibitors has led to an efficient
control of signs and symptoms of AS, allowing a signif-
icant improvement in quality of life, most of these pa-
tients will need a long-term treatment, in many cases for
indeterminate period of time, especially in AS. Despite
the high safety profile of biologic agents, ophthalmolo-
gists and rheumatologists must be aware of their potential
side effects. According to the information reported from
the large national registries published in the last 5 years,
anti-TNF α therapy may expose patients with AS to an
increased incidence/risk of developing infection, especial-
ly tuberculosis [53, 71]. This has to be taken into account
especially in countries where the incidence of tuberculosis
is high; therefore, tuberculosis screening procedures are
mandatory before starting TNF inhibitors, as the risk of
reactivation of latent infection has been found slightly
higher with monoclonal antibodies [72]. On the other
hand, actual available published data have shown that
there is no increased risk of malignancies associated with
the use of ADA and ETN in AS. Similarly, also the risk of
demyelinating disorders, interstitial lung disease, and
mortality is not significantly increased in patients using
TNF inhibitors for AS compared with patients not using
biological drugs [71]. Table 2 shows the advantages and
disadvantages of the current available TNF inhibitors to
consider when treating AS-related AAU.
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Conclusions

There is mounting evidence that early effective treatment of
inflammation in axial-SpA can change disease outcome.
Therefore, the identification of high-risk individuals and
prompt institution of therapy is going to have great importance
in clinical practice. Patients with AAU and HLA-B27 haplo-
type should be informed about the recurrent nature of their
disease, the probable association with systemic manifesta-
tions, and the potential for developing sight-threatening ocular
complications beyond articular disability. In this context, oph-
thalmologists and rheumatologists should keep a low thresh-
old for the initiation of systemic therapy in patients with this
condition.

According to the present evidences, systemic administra-
tion of TNF blockers induces quick and sustained efficacy in
reducing and/or preventing inflammatory intraocular activity
of AS-related uveitis. Data reports mainly support the use of
IFX and ADA as first-line anti-TNF-α agents for treating
uveitis in preference to ETN because of possible paradoxical
intraocular inflammation or less efficacy on uveitis of the sol-
uble receptor agent [35, 51, 73, 74]. This and other evidences
reported in the present review highlight the importance of
taking into account extra-articular manifestations related to
AS when choosing TNF inhibitors in such patients.

Finally, regarding the novel monoclonal antibodies com-
mercialized (CZP and GOL), they have shown some efficacy,
but strong evidence from larger studies is still lacking.

In any case, data currently available need to be confirmed
by further studies, as high-quality, large prospective RCTs
with longer follow-up are required to confirm current knowl-
edge about long-term efficacy of biologic agents in controlling
intraocular inflammation related to AS.
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