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Abstract

Background To compare the efficacy of Adalimumab (ADA) in noninfectious anterior uveitis (AU) and posterior segment
(PS) involvement, associated with different conditions, with a focus on Behcet’s syndrome (BS).

Methods In this retrospective, multicenter post-hoc study, we evaluated the efficacy of ADA in terms of ocular control and
relapses in 96 patients with AU and PS uveitis, either idiopathic (IU) or associated with BS or with other systemic disorders
(OSD) (Juvenile Idiopathic Arthritis, Psoriatic Arthritis, Ankylosing Spondylitis, Vogt-Koyanagi-Harada, Inflammatory
Bowel Disease), followed in three tertiary referral centers.

Results Ninety-six patients (45 AU; 51 PS uveitis) were included. Eleven had IU, 58 BS, and 27 OSD. All patients with AU
achieved complete long-term ocular control. In PS uveitis, 89%, 67% and 100% of patients with BS, IU and OSD achieved
ocular control at the last follow-up (> 12 months), respectively. The lowest ocular relapse rate occurred in patients with AU
with BS (1/13) or IU (0/2). ADA accounted for long-term disease control, and no predictors of ocular control and relapse
were identified; particularly, ocular relapses seemed not related to systemic ones. Macular edema resolved in 75% and 67%
of PS uveitis with BS and IU, respectively.

Conclusions ADA controls both anterior and posterior uveitis, with an efficacy similar in IU, BS and OSD patients. In BS,
the efficacy of ADA seems to be independent of demographic and clinical characteristics, and ocular relapses mostly occurred
independently from systemic ones. Based on our results, ADA may represent a valid alternative in anterior refractory uveitis.
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Introduction

Adalimumab (ADA) is a full human monoclonal IgGlk
antibody that specifically inhibits the tumor necrosis fac-
tor-alpha (TNFa), thus blocking its interaction with both
TNF receptor-1 (TNFR-1) -a soluble receptor involved in
proapoptotic and inflammatory pathways-, and TNFR-2—a
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inflammation; the first-line treatment of uveitis is based
on local and/or systemic corticosteroids, which, however,
can result in serious ocular and systemic adverse events
(Sheppard et al. 2017). Other therapeutic options include
traditional immunosuppressants (disease modifying anti-
rheumatic drugs—DMARDs), as cyclosporine, methotrex-
ate, azathioprine, sulfasalazine and mycophenolate mofetil.
However, a considerable proportion of patients of uveitis
cannot be controlled (Hernandez Garfella et al. 2015).

Thus, in the last years, efforts have been made to identify
more effective, corticosteroids-sparing therapeutic alter-
natives, specifically acting on mediators of the immune
response (Vitale et al. 2016). Among them, TNF-a is known
to play a key pro-inflammatory role in noninfectious uveitis
(Diaz-Llopis et al. 2012; Hernandez Garfella et al. 2015;
Jaffe et al. 2016; Sheppard et al. 2017; Suhler et al. 2017).
Thus, ADA represents a therapeutic alternative in uveitis.
Two phase-3 clinical trials, VISUAL-I and VISUAL-II, were
conducted among patients with active and inactive uveitis
involving the posterior segment (PS). In both trials, ADA
led to a significant reduction of the risk of flare or visual
impairment when compared to placebo (Nguyen et al. 2016;
Jaffe et al. 2016). Furthermore, in the post-hoc analyses from
these trials, ADA proved effective in inducing quiescence,
improving best-corrected visual acuity (BCVA), and reduc-
ing daily uveitis-related systemic steroid use, with minor
safety concerns (Sheppard et al. 2017; Suhler et al. 2018).

These clinical trials led to the approval of ADA for treat-
ing PS uveitis (European Medicine Agency). However,
most patients included in these trials were affected by idi-
opathic uveitis (IU), in the absence of systemic inflamma-
tory disorders.

In addition, only a small number of studies have evalu-
ated the real-world effectiveness of ADA (Diaz-Llopis et al.
2012; Dobner et al. 2013; Suhler et al. 2013; Durrani et al.
2017; Lee et al. 2018). In a previous study, we specifically
addressed this issue and evaluated the long-term effective-
ness of ADA in a large and heterogeneous cohort of patients
with non-infectious uveitis treated in real clinical practice.
Our results showed the long-term effective control of ADA,
either combined with disease-modifying anti-rheumatic
drugs (DMARDs) or as monotherapy, in patients with non-
infectious primary or secondary uveitis in the real-world set-
ting (Bitossi et al. 2019). Of note, this cohort also included
patients with anterior uveitis (AU), in which the use of ADA
is off-label. To date, no study has specifically compared the
response to ADA in patients with AU vs PS uveitis who were
diagnosed with different systemic diseases.

In this study, we conducted a post hoc analysis of single
data of patients enrolled in our previous study to evaluate
any differences in the efficacy of ADA in (i) noninfectious
AU vs PS uveitis; (ii) patients with IU vs with uveitis sec-
ondary to Behget’s syndrome (BS) or to other systemic
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disorders (OSD). We specifically focused on BS because
in our previous study it was the most represented systemic
disease associated with noninfectious uveitis with the most
complex ocular involvement (Bitossi et al. 2019).

Methods and materials
Study setting and population

We performed a post-analysis of data of patients enrolled in
our retrospective, observational, multicenter study on adult
patients with noninfectious AU or PS uveitis, idiopathic or
secondary to a systemic disease, which were treated with
ADA standard dose (40 mg/every 2 weeks subcutaneously)
in three Italian tertiary referral centers (Firenze, Siena, and
Bari).

Systemic diseases included BS or OSD, i.e., Juvenile
Idiopathic Arthritis (JIA), Psoriatic Arthritis (PsA), Anky-
losing Spondylitis (AS), Vogt-Koyanagi-Harada (VKH),
Intestinal Bowel Disease (IBD), diagnosed according to the
specific criteria.

The collected data and the outcome definitions have been
previously described (Bitossi et al. 2019).

Briefly, for each patient, clinical data related to both ocu-
lar and systemic disease activity were collected at the time of
the first ADA administration, at 6 and 12 months following
ADA beginning and last follow-up visit.

Outcomes

At each time point, three different endpoints were evalu-
ated: (i) ADA ocular control, defined as the absence of ocu-
lar flare in both eyes and reduction of the daily prednisone
(or prednisone-equivalent) dose to <10 mg/day or halving
of the initial steroid dose; (ii) number of ocular relapses,
defined as the presence of anterior chamber cells of 1+ (or
higher) or vitreous haze of 14+ (or more) or active chori-
oretinal lesions, inflammatory retinal vascular lesions, or
optic nerve inflammation, or by medical chart reviews; (iii)
resolution of macular edema. Data were reported per patient
and not per eye.

The first two endpoints were evaluated separately for AU
and PS uveitis, according to the systemic diagnosis, i.e., [U
vs secondary to BS vs secondary to OSD. The third end-
point was evaluated only in patients with PS uveitis, strati-
fied according to the systemic disease.

Statistical analysis
Descriptive statistics was used to report demographic and

clinical features of the subjects, including sex, age, asso-
ciated systemic disease, type of uveitis, duration of the



Adalimumab effectively controls both anterior and posterior noninfectious uveitis associated... 713

systemic and of the ocular disease, ocular flares, presence
of ocular edema, previous and baseline treatments, systemic
BS involvements, and HLA-B51 positivity in BS patients.
These variables were stratified according to the type of ocu-
lar involvement and of associated systemic disease. The
three outcomes (ocular control, ocular relapses and mac-
ular edema) were evaluated at each time point (baseline,
6, 12 and > 12 months), separately according to the type
of ocular involvement and of associated systemic disease.
Continuous variables were reported as median values and
relative interquartile ranges (IQR) and were compared using
the Kruskal-Wallis test. Categorical variables were reported
as absolute frequencies and percentages and were compared
using the Fisher exact test. Univariate logistic regression
models were fitted to estimate the risk of ocular control
and of ocular relapse in BS patients, according to demo-
graphic, systemic and ocular features (sex, age, presence of
uni-or- bilateral ocular involvement, ocular flares, presence
of ocular edema, previous, and baseline treatments, dura-
tion of the systemic and of the ocular disease, systemic BS
involvements, and HLA-BS51 positivity). Statistical analysis
was performed using the Stata software version 14. Statisti-
cal significance was considered for p values <0.05.

Results
Characteristics of patients and treatments

Ninety-six patients treated with ADA were included. Among
them, 45 patients had AU and the remaining 51 patients had
PS uveitis. Clinical characteristics of the cohort are sum-
marized in Table 1.

The gender and age distributions were similar among the
AU and PS groups.

The presence and type of associated systemic disease was
significantly different between patients with AU vs with PS
uveitis (p <0.001). Specifically, most patients in the AU
group were affected by OSD (57.8%), whereas in the PS
group the great majority of patients (42; 82.4%) suffered
from BS. In addition, in the group with PS uveitis a sig-
nificantly higher proportion of patients had bilateral uveitis
(70.6% vs 48.9% in the PS and AU groups, respectively;
p=0.038). Among patients with PS uveitis, 15 (29.4%)
patients had macular edema at ADA beginning.

The median duration of uveitis at ADA beginning and
the presence of ocular flare in the 12 months before ADA
treatment were similar in the AU vs PS groups.

As for previous treatments, a higher proportion of patients
with PS uveitis had been previously treated with synthetic
DMARDs and/or biologics (p =0.038), whereas the ongo-
ing treatment at the time of ADA beginning was similar in
the two groups.

Baseline demographic and clinical characteristics
of BS patients, stratified according to the type
of uveitis

Supplementary Table 1 focuses on the baseline demographic
and clinical characteristics of the 58 BS patients, stratified
according to the type of uveitis. 16 BS patients had AU
whereas 42 had PS uveitis. Twelve patients with PS uveitis
presented macular edema. Most patients with PS uveitis had
received previous treatment with synthetic and/or biologic
DMARD:s (73.8%), whereas only 37.5% of patients with AU
had received a previous systemic therapy (p =0.037). All
other demographic and clinical features were comparable
among BS patients with AU vs PS uveitis.

Ocular control, number of ocular relapses
and resolution of macular edema

Table 2 shows the ocular outcomes of ADA therapy over
time, in terms of ocular control, number of ocular relapses
and resolution of macular edema.

Considering patients with AU, within 6 months of ADA
treatment, ocular control was achieved in 100% of patients
with BS, and in most patients with IU and OSD (50% and
90.9%, respectively). At last follow-up (> 12 months), ocular
control was achieved in all patients, irrespectively of the type
of systemic disease.

Within 6 months of ADA treatment, no patients with
BS had ocular relapses, and only one of the two patients
with IU and two of the 22 patients with OSD had a relapse.
Within 12 months, ocular relapses most frequently occurred
in patients affected by OSD (25%).

Regarding patients with PS uveitis, within 6 months of
ADA treatment, ocular control was achieved in the great
majority of patients with BS (81.6%) and with IU (75.0%)
and was maintained in most patients at last follow-up
(88.9% and 66.7%, respectively). The only patient with OSD
achieved ocular control within 12 months.

Ocular relapses occurred in a similar proportion of
patients with BS and IU, both at 6 and 12 months of follow-
up. The only patients with PS uveitis associated with OSD
experienced an ocular relapse within 6 months of treatment.

As macular edema is concerned, complete resolution
occurred in 9 out of 12 patients with PS uveitis associ-
ated with BS (of note, three BS patients had intravitreal or
peribulbar steroid injections, and macular edema resolved
in two of them), and in 2 out of 3 (66.7%) patients with IU.

Risk of ocular control and ocular relapse
among Behget’s patients

As described above, in all patients with BS-associated
AU, ocular control was achieved at 6 months and at last
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Table 1 Baseline demographic and clinical characteristics, stratified according to the type of uveitis

Anterior uveitis (AU) Intermediate, posterior, p value
N (% out of 45) panuveitis (PS)
N (% out of 51)
Sex
Men 18 (40.0) 26 (51.0) 0.311
Women 27 (60.0) 25 (49.0)
Median age (IQR) at onset of uveitis, years 26.5 (13.5-40.5) 30 (21-38) 0.937
Associated disease
No (idiopathic uveitis) 3(6.7) 8 (15.7) <0.001*
Yes
Behcet syndrome 16 (35.6) 42 (82.4)
Other (JIA, PsA, AS, VKH, IBD) 26 (57.8) 1(2.0)
Type of uveitis
Unilateral 23 (51.1) 15(29.4) 0.038%*
Bilateral 22 (48.9) 36 (70.6)
Median duration of uveitis at ADA beginning (IQR), years 3 (1-10.5) 5 (1-11) 0.238
Ocular flare
In the 12 months before ADA treatment 28 (62.2) 40 (78.4) 0.243
At baseline 26 (57.8) 37 (72.6) 0.139
Presence of macular edema at ADA beginning 0 15(29.4) -
Previous treatment
None 12 (26.7) 3(5.9) 0.038%*
Only synthetic DMARDs 23 (51.1) 33 (64.7)
Only biologics 3(6.7) 3(5.9)
Synthetic DMARDs and biologics 7 (15.6) 12 (23.5)
Baseline treatment
None 17 (37.8) 11 (21.6) 0.383
Only synthetic DMARDs 20 (44.4) 31(60.8)
Only biologics 2(4.4) 4.(7.9)
Synthetic DMARD:s and biologics 2(4.4) 2(3.9)
Missing 4(8.9) 3(5.9)
Median follow-up, months 7(4-11) 7 (5-14) 0.915

ADA adalimumab, AS Ankylosing Spondylitis, DMARDs, disease-modifying anti-rheumatic drugs, /IBD, intestinal bowel disease, JIA juvenile

idiopathic arthritis, PsA psoriatic arthritis, VKH Vogt—Koyanagi—Harada

*Statistically significant for p < 0.05

follow-up. Among BS patients with PS uveitis, the risk of
achieving ocular control at either 6 or 12 months was not
influenced by sex, age, presence of uni-or- bilateral ocular
involvement, ocular flares at baseline and in the 12 months
before ADA beginning, presence of ocular edema at base-
line, previous, and baseline treatments, duration of the sys-
temic and of the ocular disease, systemic BS involvements,
and HLA-B51 positivity (data not shown).

Similarly, in these patients, the risk of ocular relapse at
either 6 or 12 months was not influenced by demographic,
clinical and ocular features. Namely, no statistically sig-
nificant association was found between ocular relapse and
sex, age, duration of uveitis, type of uveitis, previous ocu-
lar flare, macular edema at baseline, previous, baseline and
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concomitant treatments, systemic disease manifestations,
HLA-B51 and duration of the systemic disease.

Temporal trends of ocular and systemic flares
during adalimumab treatment

Figure 1 shows the efficacy of ADA in terms of ocular and
systemic flare, at three time points: baseline, 6 months and
12 months of treatment. In the two groups of patients with
uveitis associated to either BS and OSD, ocular and sys-
temic flares decreased at 6 months and at 12 months when
compared to baseline, without any statistically significant
difference between the two groups.
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Table 2 Ocular control, presence of macular edema, and number of ocular relapses in patients, stratified according to the type of uveitis and of
associated systemic disease

Behcet syndrome Idiopathic uveitis Other (JIA, PsA, AS, VKH, IBD)
N observed Ocular control N observed Ocular control N observed Ocular control p value
N (%) N (%) N (%)
Anterior uveitis
Ocular control
6 months 14 14 (100.0) 2 1 (50.0) 22 20 (90.9) 0.124
12 months 13 12 (92.3) 2 2 (100.0) 20 15 (75.0) 0.566
> 12 months 11 11 (100.0) 2 2 (100.0) 16 16 (100.0) n.a
Ocular relapses
6 months 14 0(0.0) 2 1 (50.0) 22 209.1) 0.124
12 months 13 1(7.7) 2 0(0.0) 20 5(25.0) 0.566

Intermediate, posterior, panuveitis

Ocular control

6 months 38 31 (81.6) 8 6 (75.0) 1 0(0) 0.180

12 months 30 25 (83.3) 5 4 (80.0) 1 1 (100.0) 0.644

> 12 months 18 16 (88.9) 3 2 (66.7) 1 1 (100.0) 0.470
Ocular relapses

6 months 38 6 (15.8) 8 2(25.0) 1 1 (100.0) 0.146

12 months 30 5(16.7) 5 1(20.0) 1 0(0) 1.000
Macular edema

Resolved baseline ME 12 9 (75.0) 3 2 (66.7) - 1.000

ADA adalimumab, AS Ankylosing Spondylitis, DMARDs, disease-modifying anti-rheumatic drugs, /IBD, intestinal bowel disease, JIA juvenile
idiopathic arthritis, ME macular edema, VKH Vogt—Koyanagi—Harada
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Of note, ocular relapses were not associated with systemic
relapses, but occurred independently in different patients, at
6 and 12 months.

Discussion and conclusions

In this retrospective, multicenter study, we confirmed the
efficacy of ADA both in patients with noninfectious AU
and PS uveitis, independently of the presence of a systemic
involvement. More specifically, ADA effectively controlled
both IU and uveitis associated with BS or OSD. In addi-
tion, our results suggest that ocular control and the risk of
ocular relapse are independent of major demographic and
clinical features, and that ocular relapses occur indepen-
dently from systemic ones.

Compared with other retrospective studies (Vallet
et al. 2015; Durrani et al. 2017; Lee et al. 2018), our work
included, for the first time, the analysis of ADA efficacy in
terms of ocular control and ocular relapse for AU and PS
uveitis associated with different systemic diseases, provid-
ing long-term follow-up data.

Data on ADA efficacy in AU vs PS uveitis in different
systemic diseases is lacking in the literature. The VIS-
UAL trials were conducted in patients with non-infectious
intermediate, posterior, or pan-uveitis (Nguyen et al. 2016;
Jaffe et al. 2016; Sheppard et al. 2017). In the VISUAL-1
trial, the authors performed an exploratory analysis on the
efficacy of ADA, as compared to placebo, in controlling
active uveitis, stratifying patients according to the type of
diagnosis (Jaffe et al. 2016). The efficacy of ADA was con-
firmed in patients with IU, but not in those with birdshot
choroidopathy. The other diagnosis-defined groups were
not analyzed due to the insufficient sample size (only 12
patients had BS) (Jaffe et al. 2016).

These trials led to the approval of ADA for the treat-
ment of intermediate, posterior and pan-uveitis, both in
the adult and paediatric population. On the other hand, the
efficacy of ADA in AU was not evaluated in these trials,
thus the prescription of ADA in this type of uveitis is off-
label (European Medicine Agency).

There is evidence in the literature that the most common
type of uveitis, which starts more frequently from a non-
infectious basis, is AU (Fabiani et al. 2016; Gueudry and
Muraine 2018). Topical, periocular or systemic steroids are
the standard therapy for AU; however, prolonged steroid
treatment is associated with a well-known risk of adverse
events, including hypertension, hypercholesterolemia, iat-
rogenic diabetes, osteoporosis, and cushingoid changes.
Traditional immunomodulators proved to be effective for
the control of ocular manifestations. In patients with AU
who are refractory or intolerant to synthetic DMARD:s,
biologic agents (particularly TNF-alpha inhibitors) can be
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used off-label with encouraging results (Braun et al. 2005).
However, the lack of FDA indications makes it difficult to
use these drugs in normal clinical practice. Thus, evidence
from the real-world setting could represent a precious tool
to support clinicians’ decisions and to establish a frame-
work for treatment recommendations.

Among observational studies, Dobner et al. compared
treatment and efficacy of ADA in different uveitis subtypes
(anterior, intermediate, panuveitis), and most patients were
affected by AU (Dobner et al. 2013). Authors reported the
best response (in terms of visual acuity, anterior cham-
ber cells, prednisone dose, macular edema, flares/year) in
patients with AU associated with SpA (Dobner et al. 2013).

Among prospective studies, Suhler et al., attempted a
stratification of the results based on the anatomic location
of the inflammation. The results of this study revealed statis-
tically indistinguishable success rates in AU and PS uveitis,
whereas no disease-stratified analysis was performed due to
the small sample size (Suhler et al. 2013).

In a recent study, Fabiani et al. highlighted the ability
of monoclonal TNF-«a inhibitors in reducing the rate of
AU flares and avoiding ocular complications. The study
highlighted that monoclonal TNF-a inhibitors induced a
remarkable decrease in the recurrence rate of AU during
a long-term follow-up period, along with a significant ster-
oid-sparing effect and stabilization of visual acuity (Fabiani
et al. 2019).

Our results provide further evidence on the efficacy
of ADA in patients with AU with or without a systemic
involvement, particularly in BS.

The control of BS-related uveitis is a key issue, as ocular
manifestations are among the most frequent in BS, and are
associated with a negative impact on patients’ quality of
life and with loss of visual acuity and blindness in a not
negligible proportion of patients (Emmi and Prisco 2019).
Furthermore, our data highlight that patients with BS were
affected by both AU and PS uveitis, with the latter present-
ing the most serious involvement (bilateral, refractory to
previous treatments and with associated macular edema).

Despite this, our results showed a good long-term
response to ADA treatment in both types of uveitis, inde-
pendently of patients’ demographic and clinical character-
istics. In particular, ADA treatment was not associated with
any predictive factors for its efficacy (ocular control) or for
the risk of ocular relapse at any time (at 6 and 12 months).

Our results are in line with previous findings from a retro-
spective study on 40 patients with BS-related uveitis treated
with ADA in the clinical practice (Fabiani et al. 2017). Dur-
ing the first year of therapy, ADA was associated with a
significant decrease in the number of ocular inflammatory
flares, a marked improvement in BCVA and in OCT and
fluorescein angiography findings, with a significant reduc-
tion in the central macular thickness in patients affected by
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retinal vasculitis. In addition, ADA controlled also the sys-
temic disease activity, accounting for a significant reduction
of the BDCAF score and steroid doses (Fabiani et al. 2017).

Regarding the predictors of response, in a study by
Fabiani et al. on 45 BS patients treated with TNF-alpha
inhibitors (ADA in 37.8% of cases, infliximab in the oth-
ers), the baseline level of BS disease activity was the only
predictor of long-term response to the treatment, while all
the other demographic and clinical (ocular or systemic)
features did not influence the outcome (Fabiani et al.
2018).

Vallet et al. performed a retrospective multicenter study
focusing on the main characteristics and outcomes of anti-
TNF alpha treatments [mainly infliximab (62%), and adali-
mumab (30%)] in 124 BD patients (Vallet et al. 2015).
Univariate analysis revealed that mucocutaneous involve-
ment was positively associated with complete response to
anti-TNF alpha treatments whereas retinal vasculitis and
macular edema were negatively associated with complete
response. In multivariate analysis, retinal vasculitis was
negatively associated with complete response of anti-TNF
alpha therapies (Vallet et al. 2015).

On the other hand, in our study, we found no significant
association between BS clinical features and phenotypes
and the risk of achievement of complete response or of
occurrence of an ocular relapse. Furthermore, based on
our results, ocular relapses occurred independently from
the systemic ones.

In conclusion, the results of this study highlight that
ADA effectively controls both anterior and posterior uvei-
tis in patients affected by BS, with an efficacy similar to
that observed in patients with IU or with OSD. ADA is
effective in all patients, irrespectively of demographic and
clinical characteristics.

ADA accounts for a long-term disease control, and no
features predictive of ocular relapse were identified; in
particular, ocular relapses seem to be independent of sys-
temic ones.

Although ADA is not the first-line choice for AU, these
data add new, relevant information on its use as an alterna-
tive therapeutic option in AU associated with BS or other
systemic inflammatory diseases, particularly in case of
relapse despite traditional treatments.
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