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ORIGINAL ARTICLE
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ABSTRACT

Purpose: To examine the effects of a biological treatment (adalimumab) on visual function in patients with
ankylosing spondylitis and in uveitic patients without macular edema during one-year treatment with
adalimumab.
Methods: Sixteen eyes of eight consecutive Caucasian patients treated with adalimumab were followed up using
microperimetry (MAIA; CenterVue, Padova, Italy). Five patients had ankylosing spondylitis without uveitis,
three patients had panuveitis without macular edema. Macular sensitivity and macular integrity were
recorded.
Results: During six-month follow-up, the average threshold did not change significantly (p = .649). Macular
integrity was stable (p = .225). The macular sensitivity point analysis showed no significant effects (examination
F(3,56) = 0.494 and p = .688; point*examination F(108,2016) = 0.688 and p = .994) during the follow-up.
Conclusions: During one-year follow-up, adalimumab did not affect macular function, unlike the well-established
maculopathy induced by hydroxychloroquine. Microperimetry may be considered when following-up macular
function in patients undertaking adalimumab.
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Biologics are developed and approved to treat systemic
inflammatory diseases (e.g. ankylosing spondylitis,
juvenile idiopathic arthritis, psoriasis, and inflamma-
tory bowel disease) or to prevent organ transplant
rejection.1 Several prospective studies have shown the
effectiveness of TNF-α inhibitors (infliximab and adali-
mumab) in noninfectious uveitis refractory to immuno-
suppressant and in rheumatologic diseases (e.g
ankylosing spondylitis).2–5 TNF-α is a cytokine, which
has a major role in regulating the functions of cells
involved in the inflammatory process.

Adalimumab is a fully human monoclonal anti-
body against TNF-α. Previous clinical studies have
shown its potential for juvenile uveitis (mainly

associated to juvenile idiopathic arthritis) and more
recently data have also demonstrated promising
results in adults.2,4,5 Adalimumab has been shown to
reduce anterior uveitis flares in patients with ankylos-
ing spondylitis and successful adalimumab therapy
has been reported for uveitis associated with sarcoi-
dosis, Vogt-Koyanagi-Harada syndrome, birdshot
chorioretinopathy, as well as idiopathic noninfectious
uveitis.5–7

Microperimetry8 is a useful tool for the early detec-
tion of retinal alteration in patients treated with
hydroxychloroquine.9,10 It is a clinical noninvasive tool
for assessing macular sensitivity. Microperimetry
allows evaluating retinal function by using a fundus-
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tracking controlled visual field examination. Fundus
tracking allows to overcome the eye movements and
retinal fixation changes and to obtain precise retina-
related sensitivity data.

The aim of the present study was to examine the
effect of adalimumab for the retinal function in
patients with ankylosing spondylitis without uveitis
and in uveitic patients without macular edema by
MAIA microperimetry.

MATERIALS AND METHODS

The experiments adhered to the tenets of the
Declaration ofHelsinki andwere approved by the ethics
committee of Semmelweis University in Budapest,
Hungary (registration number TUKEB 261/2015).
Signed informed consent was obtained from each sub-
ject after explanation of the nature and possible conse-
quences of the study. Participants were eight subjects
(mean age = 49.8 ± 11.4 years at the beginning of the
study) with diseases affecting ankylosing spondylitis
without uveitis and uveitic patients without macular
edema under adalimumab treatment (40 mg every 2
weeks). Five patients had ankylosing spondylitis with-
out uveitis, they were treated by rheumatologist. Two
patients had panuveitis with sarcoidosis without macu-
lar edema and one patient had idiopathic noninfectious
uveitis. Two uveitic patients received methotrexate and
one of them received cyclosporine before the adalimu-
mab treatment. All eight patients had no disease activity
during the adalimumab treatment. Results from their 16
paired eyes were analyzed.

All subjects underwent microperimetric examina-
tions. The Macular Integrity Assessment System
(MAIA; CenterVue, Padova, Italy) was used for the
microperimetric measurements. The system is
equipped with a scanning laser ophthalmoscope that
provides real-time eye-tracking and eye movement
compensation. The Expert Protocol was always applied
monocularly before the treatment started (baseline),
after 1 month (M1), after 3 months (M3), and after 6
months (M6). Four subjects completed 1-year follow-up
(M12) at the time of the submission.

Goldman-based standard light stimuli parameters
(size III white stimuli) and strategy (threshold 4–2)
were used. The maximum luminance of the stimulus
(318 cd/m2) allows a stimulus presentation ranging
from 0 to 36 decibels (dB). The observer’s task was to
press a button to indicate the presence of the light spot
whenever it was detected, always keeping central fixa-
tion. Visual field locations that required brighter stimuli
to reach threshold showed reduced sensitivity, thus,
lower dB sensitivity values indicate lower sensitivity.
Conversely, higher dB values correspond to dimmer
stimuli and represent higher sensitivity. The Expert
Protocol was used in order to evaluate thresholds at

different macular locations. The test grid consisted of
37 points inside a concentric area of 5° from the central
point, meaning that the central area of 10° was exam-
ined, with 12 points within each concentric ring (2°, 6°,
and 10°) plus the measurement of one central point.
Macular integrity index, the numerical value compared
to age-adjusted normative data was also evaluated.
Besides evaluating sensitivity thresholds and macular
integrity, the system allows recording fixation locations
25 times per second. Therefore, fixation stability (P1 and
P2) were evaluated.11

Data are expressed as means ± one standard devia-
tion. Two-way ANOVA tests (SPSS, Statistical Package
for the Social Sciences, Hong Kong, China) for repeated
measure and paired comparisons using Bonferroni
post-hoc analyses were performed. We assumed a p
value below 0.05 to be statistically significant.

RESULTS

Average threshold varied from 25 to 31 dB (mean
= 27.5 ± 2.7) in the first examination (baseline).
During 6-months follow-up (M6) there were no
significant differences in the average threshold (F
(3,59) = 0.551; p = .649), meaning that the means
and the standard deviations were statistically simi-
lar (M1 = 28.3 ± 3.0; M3 = 28.0 ± 3.0; M6 = 28.6 ±
2.2). Figure 1a shows the means (± one standard
deviation) of the average threshold for each of the
four consecutive examinations.

The macular integrity was more variable than the
average threshold among the subjects during the
baseline examination (mean = 50.8 ± 37.2) ranging
from 1 (best performance) to 100 (worst perfor-
mance). It shows that there were different levels of
visual disturbance among the participants. Although
macular integrity varied substantially during the
baseline examination, its mean became lower (better)
during the follow-up examination (M1 = 34.7 ± 28.7;
M3 = 37.8 ± 31.3; M6 = 26.9 ± 31.6). However, there
was no significant differences during the repeated
examinations (F(3,59) = 1.497; p = .225). Figure 1b

FIGURE 1. Average threshold (a) and macular integrity (b)
results during the follow-up examinations for all eight subjects.
Baseline examination was performed before the beginning of
the treatment and the others during a follow-up period (M1 = 1
month, M3 = 3 months, and M6 = 6 months after the treatment).
We observed no significant changes (p > .05) during 6-months
follow-up.
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shows the means (± one standard deviation) of the
macular integrity for each of the four consecutive
examinations.

In order to verify if the similarities of the global
parameters (average threshold and macular integ-
rity) found during the six-month consecutive exam-
inations would be reproduced in a more detailed
analysis, we performed regional and local compar-
isons. As shown in Figure 2a, thresholds were
grouped either in rings or in quadrants. In addition,
each macular point was analyzed separately. The
point analysis shows no significant difference
(examination F(3,56) = 0.494 and p = .688; point*ex-
amination F(108,2016) = 0.688 and p = .994) during
the follow-up (Figure 2b). Figure 2c shows that
there were no significant differences during the fol-
low-up in the ring analysis (examination F(3,56) =
0.513 and p = .675; ring*examination F(9,166) =
0.625and p = .775). Figure 2d shows that the quad-
rant analysis also resulted in stable thresholds dur-
ing the follow-up since differences were not
statistically significant (examination F(3,56) = 0.472
and p = .703; ring*examination F(9,166) = 0.737 and
p = .675).

Finally, point-by-point comparison was per-
formed for the eight paired-eyes (four subjects)
completing the 12-month follow-up prior to the

submission. There was no significant difference
between the thresholds recorded in the baseline
examination and 1 year after for the four subjects
(examination F(1,14) = 0.193 and p = .667; poin-
t*examination F(36,504) = 0.430 and p = .999).
Figure 3 shows individual results of the baseline
thresholds versus the 12-month follow-up (M12)
for each of the four subjects completing the fol-
low-up examinations.

DISCUSSION

The present data show no significant differences in
the average threshold and in macular integrity dur-
ing 6-months follow-up of patients undertaking
adalimumab.

TNF inhibitors are a group of medications used
worldwide in autoimmune disease to treat inflamma-
tory conditions such as rheumatoid arthritis, psoriatic
arthritis, juvenile arthritis, inflammatory bowel dis-
ease (Crohn’s and ulcerative colitis), ankylosing spon-
dylitis, and psoriasis.3,4 Adalimumab (Humira) is
a recombinant, fully human IgG1 monoclonal anti-
body that binds specifically to tumor necrosis factor
(TNF)-alpha, thereby neutralizing the activity of the
cytokine. Adalimumab is a useful third-line agent in

FIGURE 2. Regional and local analysis of eight subjects. Test grid, individual points, and point groups are shown in
a diagram (a). It represent the distribution for the right eye. Left eye is represented by the mirror image. Individual (37)
points were compared during the follow-up examinations (b) as well as points grouped in rings (c) for R1 (a single foveal
point), R2 (points within 1º of eccentricity), R3 (points within 3º of eccentricity); R4 (points within 5º of eccentricity) and in
quadrants (d) for Q1 (points placed at the superior quadrant), Q2 (points placed at the inferior quadrant), Q3 (points placed
at the temporal quadrant), and Q4 (points placed at the nasal quadrant). Empty symbols represent results from the baseline,
symbols with increasing darkness represent M1, M3, and M6 examinations, respectively. We observed no significant changes
(p > .05) during 6-months of follow-up for all parameters analyzed.
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ophthalmology in the treatment of noninfectious
uveitis. It has been approved in ophthalmology for
intermediate, posterior, and panuveitis in adults.
Adalimumab may be considered first-line therapy
for uveitis associated with Behçet’s disease and juve-
nile idiopathic arthritis.1–3

As the risk of long-term visual impairment is
important to recognize any abnormalities of the retina
as soon as possible. Microperimetry is a perimetric

technique that provides relevant information about
retinal sensitivity and can be considered as
a screening clinical procedure for the early detection
of retinal disturbances. It is especially useful to iden-
tify retinal alterations that cannot be detected yet in
the funduscopic examination or by optical coherence
tomography.12,13

As shown in earlier studies, microperimetry
becomes the gold-standard diagnostic technique in

FIGURE 3. Point-by-point comparison of eight-paired (four subjects) eyes between baseline (empty symbols) and 12-month follow-
up (gray symbols). Despite variability among subjects, we observed no significant changes (p > .05) during 6-months follow-up for all
parameters analyzed.
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the early diagnosis of macular function in disease
such as AMD14,15 and retinal toxicity (e.g. hydroxy-
chloroquine maculopathy).9,10,12,13 As previously
shown, it provides information concerning the light
sensitivity of several macular points with a very good
repeatability.11,16

The present results show no retinal impairment
associated to adalimumab therapy.

Patients with adalimumab treatment (40 mg every 2
weeks) showed no changes in macular thresholds, fixa-
tion stability, and macular integrity during 6- and 12-
months follow-up by MAIA microperimetry. Five
patients had ankylosing spondylitis without uveitis,
they were treated by rheumatologist. Two patients had
panuveitis with sarcoidosis without macular edema and
one patient had idiopathic noninfectious uveitis. The
patients showed no disease activity during the adalimu-
mab treatment.

As shown in earlier studies, the regional analysis,
rather than the average macular sensitivity, would be
more reliable and more sensitive to establish whether
there is or not a sensitivity change.11 In order to verify if
the similarities of the global parameters (average thresh-
old andmacular integrity) foundduring the six-month or
twelve-month consecutive examinationswould be repro-
duced for a more detailed regional and local analysis.
Then each macular point was analyzed separately. Ring
analysis and quadrant analysis resulted in stable thresh-
olds during the follow-up period and no significant dif-
ferencewas observed in the point analysis. Fluctuation of
themacular sensitivity of the subjects show similarity, no
significant changes at all 37 macular points tested.

The present results indicate that a well-controlled
adalimumab therapy results in a very low macular
sensitivity fluctuation. Although macular integrity
varied substantially during the baseline examination,
its mean became better during the follow-up exami-
nation. This may be related to the fact that adalimu-
mab has documented efficacy in the management of
uveitic macular edema.17,18 The other explanation is
the learning effect which is an important issue in
many psychophysical tests. Several studies showed
that the individual experience influences the results
of standard-automated perimetry19,20, but the learn-
ing effect using microperimetry is not well estab-
lished. Previously, an improvement of the macular
sensitivity in a second examination in healthy subjects
was reported and also in AMD patients.11,16 On the
other hand, Wong et al. reported no learning effect on
the mean sensitivity in glaucoma patients by using
MAIA microperimetry.21 In our previous study,
a learning effect was seen in fixation stability in the
better eye of AMD patients, but there was no learning
effect in their worse eye by microperimetry16 or nor in
any eye concerning the other parameters, like sensi-
tivity or macular integrity. In our study, all indivi-
duals had no previous experience with any type of

microperimetry and the mean age of the subjects was
49.8 ± 11.4 years old. The age might be a significant
factor for the development of learning effect.

The additional contribution of the present study is
that microperimetry can be used to measure and fol-
low up on exact macular function of patients with
adalimumab treatment.

Microperimetry is a good tool to evaluate macular
function as is done in cases of hydroxychloroquine
therapy.

The limitation of our study is the low number of
participants, but adalimumab is the third-line therapy
in noninfectious uveitis. Further investigations may con-
sider including more subjects to study a homogeneous
group of uveitic patients with adalimumab treatment
and to be able to compare the resultswith uveitic patients
with macular edema.

In summary, the present data indicate that adali-
mumab can be used safely in the management of
autoimmune disease. Our results demonstrate that
this treatment (adalimumab 40 mg every 2 weeks –

this is the ordinary dosage in uveitis) did not show
negative side-effects on macular function.
Microperimetry can be reliably used to follow-up
macular sensitivity in patients undertaking adalimu-
mab.
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