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Purpose: Optical coherence tomography (OCT) using enhanced depth imaging (EDI)
allows evaluation of choroidal thickness. Our objective was to analyze subfoveal choroidal
thickness by EDI-OCT before and after the initiation of high-dose corticosteroid treatment
in 8 patients (16 eyes) with new-onset acute Vogt-Koyanagi-Harada (VKH) disease.

Methods: Retrospective review of clinical records.

Results: The outer border of the choroid was not evident by EDI-OCT in any patients at
presentation. Subfoveal choroidal thickness was measurable by 1 week after the initiation of
treatment (mean, 578 um) and decreased thereafter (mean at 1 month, 397 um; 3 months,
392 pum; 6 months, 384 um; 12 months, 332 um). Rebound of choroidal thickening was
observed in three patients (five eyes) during corticosteroid tapering in the absence of other
evidence of increased inflammation. Peripapillary atrophy was present at 12 months in 6 of
6 eyes that had a choroidal thickness =550 pm at 1 week after initiating treatment, in contrast
to none of the 8 eyes with a choroidal thickness =550 um (P = 0.0003).

Conclusion: Enhanced depth imaging-optical coherence tomography revealed decreas-
ing choroidal thickness with high-dose corticosteroid treatment in our patients. Choroidal
thickness as measured by EDI-OCT may serve as a marker for degree of choroidal inflam-

mation in acute VKH disease.
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Vogt—Koyanagi—Harada (VKH) disease is a bilat-
eral, diffuse granulomatous panuveitis associated
with central nervous system and/or auditory signs in
the early stage and integumentary depigmentation in
the late stage.! VKH disease is believed to be caused
by an autoimmune response directed against melano-
cytes in the choroid and elsewhere in the body.* The
pathologic process involves a diffuse choroiditis in the
acute phase, and thus, choroidal thickening is one of
the criteria required by the Revised Diagnostic Criteria
for VKH disease.” B-scan ultrasonography has been
used to measure choroidal thickness and to monitor
the response to corticosteroid treatment in VKH
disease.* However, ultrasonography is somewhat
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cumbersome to perform, its results are examiner-
dependent, and it produces only poor quality images
that are inadequate for quantitative analysis. Indocya-
nine green angiography (IA) has also been used to
assess choroidal inflammation in VKH disease; how-
ever, this test is invasive, involves systemic adminis-
tration of dye, and produces images that are also
difficult to assess in a quantitative fashion.>®

Optical coherence tomography (OCT) using spectral
domain (SD) technology has revealed many features of
the serous retinal detachment (SRD) observed in acute
VKH disease’; however, standard SD-OCT cannot
adequately image the choroid. Recently, a new method
of SD-OCT termed enhanced depth imaging (EDI) has
been shown to be capable of visualizing the full thick-
ness of choroid.®® The advantages of EDI-OCT include
that it is noninvasive, does not involve systemic admi-
nistration of dye, is relatively examiner-independent,
and produces images of choroidal thickness that are
easily quantifiable. Furthermore, the data obtained
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may be stored digitally for direct analysis of sequential
follow-up tests. Enhanced depth imaging—optical
coherence tomography has been used to measure cho-
roidal thickness in normal eyes and highly myopic
eyes.”!” In this report, we describe EDI-OCT findings
in 8 patients with new-onset acute VKH disease,
before and during the course of corticosteroid treat-
ment over 12 months of follow-up.

Materials and Methods

We reviewed the clinical records of & consecutive
patients (6 men and 2 women) who presented to the
Ocular Inflammation Service of the Kyorin Eye Cen-
ter, Kyorin University Hospital, between December
2009 and July 2011, and who were diagnosed with
new-onset acute VKH disease using the Revised
Diagnostic Criteria.” Other uveitic conditions were
excluded by medical history and/or ancillary testing.
None of the patients had a history of penetrating ocular
trauma or intraocular surgery.

Fluorescein angiography was performed at the initial
visit before treatment (baseline), then as judged clini-
cally necessary during the subsequent follow-up. Both
standard OCT and EDI-OCT were performed using the
Heidelberg Spectralis instrument (Heidelberg Engineer-
ing, Heidelberg, Germany), with retinal scans perfor-
med along horizontal and vertical planes through the
center of the fovea. Enhanced depth imaging—optical
coherence tomography was performed by positioning
the instrument close to the eye to obtain an inverted
image, with use of the image averaging (100 images)
and eye tracking features of the instrument as has been
detailed elsewhere.®” Resulting vertical and horizontal
images were viewed using the Heidelberg Eye Explorer
software (version 1.6.2.0; Heidelberg Engineering).
Choroidal thickness was determined by measuring the
distance, under the center of the fovea, between the
outer border of the hyperreflective line corresponding
to the retinal pigment epithelium and the outer border of
the choroid. Enhanced depth imaging—optical coher-
ence tomographic images were assessed by three inde-
pendent masked observers. The three readings obtained
were averaged separately for vertical and horizontal
images. The average of the vertical and horizontal thick-
nesses was then taken and used as the choroidal thick-
ness for each time point for each eye. Rebound of
choroidal thickening was defined as increased thick-
ness of the choroid >100 wm over the previous lowest
measurement obtained during corticosteroid tapering.
This definition was based on the fact that the standard
deviation for mean choroidal thickness was 52.8 pm at
1 month, a time at which SRD had resolved in all eyes;

100 pm would be approximately twice this standard
deviation and therefore imply a value outside 95% of
values assuming a normal distribution.

All patients were treated initially with pulse intra-
venous methylprednisolone (a single pulse consisting
of 1000 mg/d for 3 consecutive days) followed by oral
prednisolone at a dose of approximately 1.0 mg/kg/d to
be tapered over 9 months to 12 months. Some patients
received >1 pulse of intravenous methylprednisolone
based on the degree of remaining subretinal fluid by
funduscopy and OCT and on the results of fluorescein
angiography performed at 5 days to 7 days after the
last day of intravenous therapy. Standard OCT and
EDI-OCT were performed before initiation of treat-
ment (baseline), every 2 days to 3 days over the first
2 weeks, and then about monthly thereafter. Optic disk
photographs taken at baseline, 6 months, and 12 months
were used to determine the development of peripapillary
atrophy (PPA). The length of atrophy along the disk
margin was measured, and development of PPA was
defined as the presence of new atrophy, with a ratio of
length of atrophy-to-disk circumference of 1:3 or greater.

This study was approved by the Kyorin University
Hospital Research Ethics Committee and followed the
tenets of the Declaration of Helsinki. Informed consent
was obtained from each patient. The Wilcoxon signed
rank test was used to compare choroidal thickness at
different visits. Nominal data were analyzed with the
Fisher exact probability test. P < 0.05 was considered
to be statistically significant.

Results

Sixteen eyes of eight patients with new-onset acute
VKH disease were examined. The mean age at pre-
sentation was 44.7 years (range, 30-75 years). All
patients were categorized as having the incomplete
type of VKH disease by the Revised Diagnostic Criteria®
because no patients were observed to develop integu-
mentary depigmentation during the mean follow-up
period of 15.0 months (range, 9-20 months). Based on
clinical response to the initial treatment, three patients
received one pulse, four patients received two pulses,
and one patient received three pulses of intravenous
methylprednisolone. Two or more pulses were admin-
istered in patients for incomplete resolution of subre-
tinal fluid and/or incomplete resolution of optic disk
inflammation based on leakage observed by fluores-
cein angiography at 5 days to 7 days after the last day
of intravenous administration. Table 1 shows the
course of SRD and best-corrected visual acuity for
all eyes over 12 months. All 16 eyes had SRD involv-
ing the fovea at baseline, with complete disappearance
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Patient Characteristics, Presence or Absence of Serous Retinal Detachment, and Best-corrected Visual Acuity

Before and During Corticosteroid Treatment

Number of Methyl

SRD Present or Absent*/BCVA

Age prednisolone IV Follow-Up

Patient Gender (Years) Eye Pulse Given (Months) Before 1W 2W 1M 3M 6M 12M

i Female 41 oD 2 16 +06 +05 -08 -12 -12 -1.2 -1.2
0os +0.7 405 -04 -12 -12 -12 -1.2

2 Male 49 oD 3 16 +04 +04 +04 -08 -1 -1.2 -1.2
0os +0.5 +04 +06 -1 -1.2 1.2 -1.2

3 Male 44 oD 1 16 +06 +0.7 -06 -08 -12 -1.2 -1.2
0s +0.3 +05 -05 -09 12 -1.2 -1.2

4 Male 30 oD 2 9 +0.2 +0.5 +0.9 -1.2 -1.2 -1.2 notdone
0s +0.5 +0.5 -07 -12 -1.2 -1.2 notdone

5 Male 49 oD 1 19 +05 407 -12 -12 12 -12 -1.2
0s +06 +0.7 -1 -1.2 1.2 1.2 -1.2

6 Female 33 oD 1 20 +0.1 +0.8 +12 -12 -12 -1.2 -1.2
0s +0.1 +0.8 +1 -1.2 12 1.2 -1.2

74 Male 37 oD 2 12 +04 405 +07 -12 -12 -1.2 -1.2
0os +0.6 +04 +0.7 -1.2 -12 -1.2 -1.2

8 Male 75 oD 2 12 +05 +04 +05 -08 -09 -1.2 -1.2
oS +04 +03 -06 -09 -1.0 -1.2 -1.2

Abbreviations used: IV, intravenous; SRD, serous retinal detachment; BCVA, best-corrected visual acuity; W, week(s); M, month(s); OD,

right eye; OS, left eye.

*“+"indicates that SDR was present,“-“indicates that SRD was absent.

of the SRD in 8 eyes by 2 weeks and in all eyes by 1
month. At baseline, the best-corrected visual acuity
ranged from 0.1 to 0.7, and all eyes achieved a best-
corrected visual acuity of 1.2 during the follow-up
period, although there appeared to be a delay between
complete disappearance of SRD by OCT and full recov-
ery of vision. By 6 months, patients had been tapered
down to an oral prednisolone dose of 10 mg/d to 25 mg/
d, and at 12 months, 4 patients had been tapered com-
pletely off the oral prednisolone while 3 patients were
still on a dose of 5 mg/d to 10 mg/d.

Figure 1 shows the course of mean choroidal thick-
ness for all 16 eyes over the 12 months of follow-up.
Before treatment, the outer border of the choroid was
not clearly visible by EDI-OCT. At 1 week after initi-
ating treatment, the outer border of the choroid could be
delineated in all eyes, and the mean choroidal thickness
was determined to be 578.9 £ 187.9 um (range, 364—
1050 wm). At 1 month, the choroidal thickness was
observed to be reduced in all eyes compared with those
eyes at 1 week (P = 0.0012), with a mean choroidal
thickness of 397.8 + 52.8 pum (range, 336-515 wm).
Thereafter, the mean choroidal thickness remained
roughly stable at 392.2 + 120.8 um (range, 248-696
pm) at 3 months (P = 0.0006), 384.7 + 90.9 wm (range,
205-506 wm) at 6 months (P = 0.0019), 411.0 + 190.9
pm (range, 242-893 pum) at 9 months (P = 0.0045),
and 332.1 + 64.1 pum (range, 255-424 pm) at 12
months (P = 0.0012). In 4 patients treated with multiple
pulses of intravenous corticosteroids (Patients 2, 4, 7,

and 8), choroidal thickness after the second or third
pulse was found to have decreased >50 wm in all eyes
compared with those after the first pulse treatment. In
the remaining patient (Patient 1), choroidal thickness
after the first pulse (411 wm in right eye, 442 pum in
left eye) decreased only slightly after a second pulse
(402 pm in right eye, 430 pm in left eye).

To further analyze these data based on the degree of
inflammation, choroidal thickness for each eye was
graphed separately for the 3 patients who received only
1 pulse of intravenous methylprednisolone (Figure 2A)
and for the 5 patients who required 2 or 3 pulses based
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Fig. 1. Mean choroidal thickness as measured by EDI-OCT in 16 eyes
(8 patients) with acute VKH disease after initiating high-dose cortico-
steroid treatment. Bars indicate standard deviations. Statistical signifi-
cance was calculated in comparison to the value at 1 week by Wilcoxon
signed rank test. W, week(s); M, month(s).
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Fig. 2. Choroidal thickness as measured by EDI-OCT in each eye of
(A) 3 patients who received | pulse of intravenous methylpredniso-
lone and (B) 5 patients who received 2 pulses (Patients 1, 4, 7, and 8)
or 3 pulses (Patient 2) of intravenous methylprednisolone. All
patients continued with oral corticosteroid treatment thereafter,
tapered slowly over the follow-up period. At 6 months, patients were
still receiving oral prednisolone at a dose of 10 mg/d to 25 mg/d. At
12 months, 4 patients had been tapered completely off the oral
prednisolone while 3 patients were still on a dose of 5 mg/d to 10 mg/
d. Arrows indicate points in time at which rebound of choroidal
thickening was noted. Rebound of choroidal thickening was defined
as increased thickness of the choroid (=100 pm) over the previous
lowest measurement obtained during corticosteroid tapering.
W, week(s); M, month(s).

on the initial clinical response (Figure 2B). Rebound
of choroidal thickening (defined in the Materials and
Methods section) during corticosteroid tapering was
observed in both eyes of Patient 3 at 6 months in the
group receiving only 1 pulse. In contrast, in the group
requiring more than one pulse of intravenous methyl-
prednisolone initially, rebound of choroidal thickness
was observed in the right eye of Patient 1 at 6 months
and in both eyes of Patient 4 at 2 months and 9 months.
Interestingly, no eyes had evidence of recurrent
inflammation by slit-lamp biomicroscopy and fundu-
scopy during the follow-up period, including the five
eyes with rebound of choroidal thickness. In Patient 1,
choroidal thickness in the right eye remained some-
what thickened out to 12 months with continued taper-
ing of treatment but there was no clinical evidence of

Table 2. Relationship Between Rebound of Choroidal
Thickening During Steroid Tapering and Presence of
Peripapillary Atrophy at 6 Months*

Peripapillary Peripapillary
Atrophy Presentt Atrophy Absent
Rebound 3 2
(5 eyes)
No rebound 2 9
(11 eyes)
Total (16 eyes) 5 11

*P = 0.222 by Fisher exact probability test.
TtPresence of PPA was defined as a ratio of atrophy-to-disk
circumference of 1:3 or greater.

recurrent inflammation. In Patient 3, the choroidal
thickness in both eyes reverted to previous baseline
values within 3 months also despite continued tapering
of treatment. Patient 4 did not return for further follow-
up after 9 months, and thus, the outcome in this patient
is unclear.

As shown in Tables 2 and 3, 5 eyes with rebound in
choroidal thickness developed PPA by 6 months,
while the same was true for only 2 of the 11 eyes
without rebound, although this difference was not
statistically significant (P = 0.2445). Development
of PPA was also examined based on early choroidal
thickness. Because the mean choroidal thickness was
578.9 pum at 1 week after initiating treatment, we
used 550 pm as an arbitrary cutoff. As shown in
Table 3, 5 of 8 eyes with a choroidal thickness
>550 pum at 1 week developed PPA by 6 months
compared with the same being true for none of the
8 eyes with choroidal thickness =550 pum at | week
(P = 0.0256). Similarly, Table 4 shows that for eyes
followed out to 12 months, 6 of 6 eyes with a cho-
roidal thickness >550 um at 1 week developed
PPA by 12 months compared with the same being
true for none of the 8 eyes with a choroidal thickness
=550 pwm at 1 week (P = 0.0003). Color fundus
photographs, fluorescein angiographic images, and
EDI-OCT images of 2 representative cases are shown
in Figures 3-6.

Table 3. Relationship Between Choroidal Thickness
>550 um at 1 Week and Presence of Peripapillary
Atrophy at 6 Months*

Peripapillary Peripapillary
Atrophy Present Atrophy Absent
Choroidal thickness 5 3
=550 um (8 eyes)
Choroidal thickness 0 8

=550 um (8 eyes)
P = 0.0256 by Fisher exact probability test.
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Table 4. Relationship Between Choroidal Thickness
=550 um at 1 Week and Presence of Peripapillary
Atrophy at 12 Months*

Peripapillary Peripapillary
Atrophy Present Atrophy Absent
Choroidal thickness 6 0
=550 um (6 eyes)
Choroidal thickness 0 8

=550 um (8 eyes)
*P = 0.0003 by Fisher exact probability test.

Discussion

Enhanced depth imaging—optical coherence tomog-
raphic images clearly showed bilateral, diffusely thick-
ened choroid in all patients with acute VKH disease at
1 week after starting systemic high-dose corticosteroid

treatment. Furthermore, this choroidal thickening was
observed to decline over the first 1 month of therapy.
These observations are consistent with the histopatho-
logic appearance of acute VKH disease with thickened
choroid due to diffuse infiltration of lymphocytes,
macrophages, and epithelioid cells.'’ In addition, IA
of eyes with acute VKH disease has shown leakage
from choroidal vessels and diffuse choroidal hyper-
fluorescence, indicating that hyperpermeability of
choroidal vessels may also be contributing to the cho-
roidal thickening '*'® The present study also demon-
strated that decreased choroidal thickness correlated
with improvement in the SRD and visual recovery
during the course of treatment. This is similar to what
was reported by other Japanese investigators who fol-
lowed up patients with acute VKH disease using EDI-
OCT over the first 14 days of treatment."*

Fig. 3. Color fundus and fluo-
rescein angiographic images of
a representative case (Patient 6).
The patient was a 33-year-old
woman who complained of 1
week of bilateral reduced vision
accompanied by headaches. On
initial  examination, lobular
SRDs in the posterior pole with
mild disk hyperemia were
observed in both eyes (A, B).
The best-corrected visual acuity
was 0.1 in right eye and 0.1 in
left eye. Fluorescein angiography
(late phase shown) revealed
pooling of dye in the subretinal
space and disk staining (C, D).
Systemic treatment with high-
dose corticosteroids (involving
I pulse of intravenous methyl-
prednisolone) was initiated, and
both eyes recovered to a best-
corrected visual acuity of 1.2 and
a normal-appearing fundus with-
out PPA at 6 months (E, F). No
late manifestations of skin or hair
depigmentation developed in this
patient.
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Fig. 4. Enhanced depth imag-
ing-optical coherence tomog-
raphy horizontal images of the
right eye (left column) and the
left eye (right column) of
Patient 6 described in Figure 3.
Choroidal thickness was not
measurable in either eye before
treatment (A, B). Thereafter,
the outer border of the choroid
could be delineated (white
arrowheads), and the subfoveal
choroidal thickness in the right
and left eyes was, respectively,
485 pm and 499 pwm at 1 week
(C,D), 372 pm and 315 pm at
3 months (E, F), and 419 um
and 355 um at 6 months
(G, H). BCVA, best-corrected
visual acuity.

Rebound of choroidal thickening was observed in
five eyes of three patients during corticosteroid taper-
ing in the absence of any other sign of recurrent
inflammation. This occurred in both patients who had
received 1 pulse, or who had received 2 or 3 pulses.
An TA study suggested that recurrent subclinical cho-
roidal inflammation occurs in a high proportion of
patients with VKH disease during corticosteroid
tapering.'” However, the significance of such “set-
backs,” whether by findings on IA or EDI-OCT, on
rates of clinically observable recurrences or visual
outcomes remains to be shown. In our study, doses
of corticosteroids were tapered in a standard fashion
depending on fundus appearance and fluorescein angio-
graphic findings and not based on the EDI-OCT data.
Thus, despite rebound choroidal thickness observed on

BCVA 0.1

BCVA 0.8

BCVAO0.1

BCVA0.8
499 um

485 um

BCVA 1.2
372 um

BCVA 1.2
419 um

BCVA 1.2

315 um

BCVA 1.2
355 um

EDI-OCT in some eyes, standard tapering did not lead
to an observable recurrence of inflammation over the
study period. Furthermore, rebound choroidal thicken-
ing was not found to be associated with the develop-
ment of PPA in our patients (Table 2). Taken together,
it is clear that the choroid is massively thickened during
the acute stage of VKH disease and reduces with treat-
ment. However, it is unclear whether or not treatment
decisions should be based on choroidal thickness alone
at this time. There was no other clinical evidence of
recurrent inflammation over the follow-up period in the
three patients, in whom rebound choroidal thickening
was observed. Therefore, the more invasive testing of
patients using IA was not performed. It would be
important to attempt to correlate EDI-OCT findings
with IA findings, particularly because this has been
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the dominant mode of evaluating the choroid in the
recent literature. Furthermore, in the current study,
the mean choroidal thickness of the 14 eyes followed
out to 12 months was 332 um (Figure 1). However,
one study reported that the mean subfoveal choroidal
thickness in 12 normal Japanese patients was 283 um."
Therefore, it remains possible that our VKH disease
patients had residual choroidal inflammation even at
12 months after initiating treatment, and we hope to
analyze this with longer follow-up using EDI-OCT.
Perhaps the most useful finding from this study
was that marked choroidal thickening of >550 pwm
at 1 week after initiating treatment (a time when the
thickness first became measureable in all eyes by EDI-
OCT) was statistically correlated with the develop-
ment of PPA. Furthermore, the association between
choroidal thickness at 1 week and the development

Fig. 5. Color fundus and fluo-
rescein angiographic images of
a representative case (Patient 8).
The patient was a 75-year-old
man who complained of 1 week
of bilateral reduced vision
accompanied by headache. On
initial examination, SRDs in the
posterior pole with mild disk
hyperemia were observed in both
eyes (A, B). The best-corrected
visual acuity was 0.5 in right
eye and 0.4 in left eye. Fluo-
rescein angiography (late phase
shown) revealed pooling of dye
in the subretinal space (C, D).
Systemic treatment with high-
dose corticosteroids was initiated
(involved 2 pulses of intravenous
methylprednisolone), and both
eyes recovered to a best-cor-
rected visual acuity of 1.2.
Sunset glow fundus changes and
PPA developed by 12 months
(E, F). No late manifestations
of skin or hair depigmentation
developed in this patient.

of PPA was stronger at 12 months (P = 0.0003) com-
pared with that at 6 months (P = 0.0256). Although it
remains unclear exactly why VKH patients with more
severely thickened choroid develop PPA, the present
data suggest that greater severity of initial choroidal
inflammation creates greater tissue destruction in the
active phase and consequently greater tissue atrophy
(including PPA) in the convalescent phase. Retinal
dysfunction as assessed by multifocal electroretinog-
raphy has been documented to be more pronounced in
VKH eyes with PPA when compared with eyes with
no PPA.'® It has also been reported that implicit times
are significantly delayed in eyes with some PPA com-
pared with those without PPA, indicating that devel-
opment of PPA may be a marker for retinal
dysfunction in VKH disease.'® Finally, it has also been
shown that the development of PPA is associated with



2068 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES « 2012 « VOLUME 32 « NUMBER 10

‘?""“‘5-»4: .w B
p L1

Fig. 6. Enhanced depth imag-
ing-optical coherence tomog-
raphy horizontal images of the
right eye (left column) and the
left eye (right column) of
Patient § described in Figure 5.
Choroidal thickness was not
measurable in either eye before
treatment (A, B). Thereafter,
the outer border of the choroid
could be delineated (white
arrowheads), and the subfoveal
choroidal thickness in the right
and left eyes was, respectively,
657 pwm and 880 wm at | week
(C, D), 239 pm and 236 pm at
3 months (E, F), and 271 pm
and 255 pm at 12 months
(G, H). BCVA, best-corrected
visual acuity.

delayed or inadequate immunosuppressive therapy.'’
Taken together, we speculate that choroidal thickness
as measured by EDI-OCT in the early stage of acute
VKH disease may aid in predicting visual outcome.

Using the EDI-OCT method, the outer border of the
choroid was not discernable in any eyes at presenta-
tion; choroidal thickness was first measureable at
approximately 1 week of treatment. One possible
explanation for this is that the choroidal layer at
presentation was thicker than the depth range of the
Spectralis OCT (approximately 1000 pm) as has been
suggested by Maruko et al'* in their study of acute
VKH disease over the first 14 days of treatment. A
second possibility is that the severely inflamed choroid
before treatment renders its border with the sclera
indistinguishable by OCT.

BCVA 0.9
239 pm-

BCVA 1.2
271 um

BCVA 0.5 BCVA 0.4

-~

BCVA 1.0
236 um

BCVA 1.2
255 um

The limitations of this study include that the follow-
up period of 12 months may be inadequate because
some patients were still on systemic corticosteroids
albeit at low doses. Furthermore, it is well known that
VKH disease patients may develop clinical recurren-
ces even years after the onset of initial disease. In
addition, our study examined a relatively small sample
size of eight patients and did not include any patients
with clinical recurrences. Furthermore, as stated above,
our EDI-OCT findings were not compared with [A
findings. However, we are continuing to use EDI-OCT
in these and other patients, and our future goal is to
evaluate the utility of this method in patients with
VKH disease who do experience clinically evident
recurrent inflammation and to compare EDI-OCT
findings with IA findings.
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In conclusion, EDI-OCT demonstrated marked
thickening of the choroid in eyes with acute VKH
disease in a noninvasive and easily quantifiable fash-
ion. Choroidal thickening declined during the course
of high-dose corticosteroid treatment in all eyes, and
all eyes recovered to a best-corrected visual acuity of
1.2 with disappearance of SRD. Rebound choroidal
thickening was observed in five eyes of three patients
during the course of standard corticosteroid tapering,
although these eyes did not have funduscopic findings
of recurrent inflammation. Furthermore, rebound cho-
roidal thickening was not associated with the develop-
ment of PPA. However, choroidal thickness >550 um
at 1 week after initiating corticosteroid therapy was
associated with the development of PPA at 6 months
and 12 months and therefore may serve as a predictor
of treatment outcomes. Overall, we believe that EDI-
OCT measurements of choroidal thickness aid greatly
in our assessment of choroidal inflammation in acute
VKH disease.

Key words: Vogt-Koyanagi~Harada disease, opti-
cal coherence tomography, choroiditis, choroidal
thickness, uveitis.
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Infliximab Monotherapy Versus Infliximab and Colchicine
Combination Therapy in Patients with Behcet’s Disease
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ABSTRACT

Purpose: To compare infliximab monotherapy with infliximab and colch1c1ne combination therapy in Behcet’s

disease.

Methods: Clinical records of 14 Behget’s disease patients who were
colchicine were retrospectively reviewed. Patients who were given.c

istered infliximab with or without
iy lmmunosuppresants after initiation

of infliximab therapy were excluded. The frequency of ocular attacks and best-corrected visual acuity were

investigated.

Results: Seven patients received monotherapy and 7 re
ocular attacks significantly decreased from 2.14:to 0.22:

0.18 per 6 months in combination therapy grotup. No's
in the frequency of ocular attacks and in chang

Conclusions: Infliximab is as efficacious as i
study suggests that colchicine administra

Keywords: Behcet's disease, colbhiqine,

c 1nﬂammatory
as uvelns ‘recurrent

Behget’s disease is a chronic sy
disease clinically manifesti
oral aphthous ulcers, genital ulcers, “and skin 1e51ons
Uveitis is characterized by acu eplsodes of ante-
rior uveitis, often with hypopyon, posterior uveitis,
or panuveitis. Ocular attacks severely damage the
optlc nerve and retina, often leading to blindness. It
is important for visual prognosis to decrease ocular
attacks and control ocular: mﬂammatlon

Colchicine and immunosuppressive agents, such as
cyclosporine, methotrexate, azathioprine, and corticos-
teroid, have been used for Behcet’s disease treatment.
Colchicine modulates chemokine and prostanoid pro-
duction, inhibits neutrophil and endothelial cell adhe-
sion molecules, and eventually decreases neutrophil
degranulation, chemotaxis, and phagocytosis, thus
reducing the initiation and amplification of inflamma-
tion. Although these drugs are frequently adequate for
suppression of ocular attacks, in some patients uveitis
is uncontrollable even with these drugs.'

eombmation'therapy The mean frequency of
r 6 months in monotherapy group and from 2.57 to

1f1cant difference was observed between both groups
est-corrected visual aculty during 0 to 24 months.

mab and colchlcmes together in Behget’s disease treatment. This
not necessary in Behget's disease patients receiving infliximab.

mbination therapy, infliximab, monotherapy

Tumor necrosis factor (TNF)-a plays a key role in
immune responses and inflammation and is highly
secreted in the peripheral blood in the active phase
in Behget’s disease patients.” Infliximab, a monoclonal
antibody against TNF-a, is able to suppress inflamma-
tion by neutralizing the biological activity of TNF-a.
Infliximab has been used to treat psoriasis, Crohn
disease, ankylosing spondylitis, psoriatic arthritis,
rheumatoid arthritis, and ulcerative colitis.?* In Japan
infliximab was approved for refractory retinochor-
oiditis therapy in Behget’s disease in January 2007.

Although many studies have reported the efficacy
of infliximab, a consensus on combination therapy of
infliximab and other anti-inflammatory agents has not
yet been reached. To date, no study has compared inf-
liximab monotherapy and infliximab and colchicine
combination therapy in Behget’s disease patients.
The aim of this study was to evaluate the efficacy of
colchicine therapy in Behget’s disease patients receiv-
ing infliximab therapy.
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MATERIALS AND METHODS

Clinical records of consecutive patients with Behget’s
disease who were given infliximab with or without
colchicine at the Yokohama City University Hospital
between January 2007 and February 2010 were retro-
spectively reviewed. All cases were diagnosed accord-
ing to standard criteria proposed by the Japan Behcet’s
Disease Research Committee.® Patients who could be
followed for = 6 months before and after infliximab ther-
apy were included. Patients who were given immuno-
suppressive agents such as azathioprine, cyclosporine,
and corticosteroid other than colchicine after initiation
of infliximab therapy were excluded from the study.
Infliximab (5 mg/kg body weight) was administered
at0, 2, and 6 weeks and every 8 weeks thereafter. In case
of diminished efficacy of infliximab, the administration
interval was shortened from 8 to 6 weeks. Colchicine
was administered orally at 0.5-1.5 mg per day.

The frequency of ocular attacks before and after inf-
liximab therapy and best-corrected visual acuity (BCVA)
at 0 and 24 months were evaluated. Ocular attacks were
defined as acute episodes of retinal vasculitis with hem-
orrhage or exudate, an increase in the opacity of the
vitreous body, and iridocyclitis with hypopyon or ante-
rior chamber cells (= 3+), confirmed by ophthalmologic
examinations such as slit-lamp microscopy and fundos-
copy. For each group, the number of ocular attacks after
infliximab therapy was converted to frequency per 6
months. BCVA was measured using Landolt ring charts
and decimal visual acuity. Cases in which cataract sur-
gery was performed to improve visual acuity during the
observation period were excluded.

This study was approved by the Yokohama City
University Ethics Committee. Informed consent was
obtained for all patients. This was conducted in accor-
dance with Declaration of Helsinki.

Statistical Analysis

The frequency of ocular attacks before and after inflix-
imab therapy was compared within each group by the
Wilcoxon's signed-rank test. The frequency of ocular
attacks and changes in BCVA of both groups were com-
pared by the Mann-Whitney U test. p < .05 was consid-
ered significantly different. All results were expressed
as means * SD.

RESULTS

Fourteen patients were included, 7 each in the mono-
therapy and combination therapy groups. No difference
was observed in patient background characteristics
between both groups (Table 1). Twelve patients had
* ocular attacks as panuveitis, and 2 in the monotherapy
group had attacks of anterior uveitis alone without

hypopyon during observation period. However, both
of them had panuveitis attacks as well as other patients
during disease duration. Due to the ineffectiveness of
previous treatment with various immunosuppressive
agents, all patients were converted to infliximab.

The median duration of the observation period was
25.0 + 12.3 months in the monotherapy group and
33.2 + 18.6 months in the combination therapy group.
The mean infusion interval was 7.29 = 0.95 weeks in
monotherapy group and 7.43 + 0.98 weeks in the com-
bination therapy group. The mean frequency of ocular
attacks decreased from 2.14 + 0.38 to 0.22 + 0.28 in the
monotherapy group and from 2.57 + 0.79 to 0.18 + 0.19
in the combination therapy group. In both groups, .
the frequency of ocular attacks significantly decreased
(p < .05). No significant difference was observed between
both groups in the frequency of ocular attacks before
or after infliximab therapy (Figure 1).

BCVA of 7 eyes of 4 cases in monotherapy group and
6 eyes of 3 cases in combination therapy group that could
be followed for 24 months were evaluated (Table 3, Figure
2). The right eye of case 3 and both eyes of cases 8 and
11 were excluded because they had undergone cataract
surgery during infliximab therapy. Changes in BCVA
were evaluated after classifying the patients as follows: an
increase of >2 lines, a decrease of 22 lines, and no change.
At 24 months, all eyes in the monotherapy group and
83.3% of eyes in the combination therapy group main-
tained or increased >2 lines in BCVA examination. The
right eye of case 12 was the only eye with a decrease of >2
lines in the examination. No significant difference was
observed between both groups in changes in BCVA.

TABLE 1 Demographic characteristics of patients

Treatment IFX, n (%) IFX + col, n (%)
Sex
Male 6 (85.7) 7(100)
Female 1(14.3) 0(0.0)
Onset age (mean + SD) 28.3+9.7 34.6+ 109
Period of illness (mean * SD) 59+44 9.6+6.8
Duration of IFX therapy
>45 months 0(0.0) 3(42.9)
3045 4(57.1) 1(14.3)
15-30 0 (0.0 1(14.3)
6-15 3429 2(28.6)
Mean + SD 250+12.3  332+186
Infusion interval 729 +0.95 7.43 +0.98
Major symptoms
Ocular lesion 7 (100) 7 (100)
Oral aphthous ulceration 7 (100) 7 (100)
Skin lesion 4 (57.1) 4(57.1)
Genital ulcer 2 (28.6) 1(14.3)
Minor symptoms
Arthritis 2 (28.6) 2(28.6)
Gastrointestinal lesion 0(0.0) 0(0.0)
Vascular lesion 0(0.0) 1(14.3)
Central nervous system lesion 0(0.0) 1(14.3)

Note. IFX, infliximab; col, colchicine.
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Regarding adverse effects, cytomegalovirus infection
was observed in 1 patient (case 8 in Table 2) receiving
combination therapy and cured through valganciclovir
administration. In this patient, an infusion reaction was
observed. Infliximab therapy was continued at a lower
infusion speed and pretreatment with oral anti-allergic
agents and corticosteroid. No serious adverse effects
were observed in other patients.
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FIGURE 1 Frequency of ocular attacks (times/6 months) at 6
months before and after infliximab initiation. Statistical analysis
was performed using the Mann-Whitney U test or Wilcoxon’s
signed-ranks test. *p < .05; NS, no significance.
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DISCUSSION

The frequency of ocular attacks after infliximab initia-
tion significantly decreased in both groups. There were
no ocular attacks in 4 patients in the monotherapy group
and 3 in the combination therapy group. In 3 patients,
the observation period after infliximab therapy with
no ocular attacks was >30 weeks (32-49). Infliximab
therapy is effective in Behget's disease,*” and findings
from this study support this. No significant difference

1.0

0.1

BCVA at 24 months

0.01

¥ 1)

Q.1
Baseline BCVA

0.01

FIGURE 2 Best-corrected visual acuities at the initiation point
and 24 months after infliximab therapy. Open square, infliximab
monotherapy; black square, combination therapy; BCVA, best-
corrected visual acuity.

TABLE 2 Frequency of ocular attacks before and after IFX therapy

6 months before IFX therapy After IFX therapy
Frequency of
Number of Duration of IFX  Infusion interval Number of recurrence
Case  Treatment ocular attacks  therapy (months) (weeks) ocular attacks  (per 6 months)
IFX monotherapy 1 Col 2 37 6 3 -0.49
2 col 2 36 8 0 0
3 CsA 2 34 6 3 0.53
4 Col 2 32 8 0 0
5 col 2 11 7 1 0.54
6 col 2 11 8 0 0
7 col, PSL 3 14 8 0 0
Mean + SD 2.14 +0.38 25.0x12.3 729 £0.95 022+0.28
IFX + col 8 col, PSL, 2 54 8 1 0.11
9 col 2 49 8 0 0
10 col 2 48 8 2 0.25
11 col 3 36 6 3 0.5
12 col, CsA 4 27 8 1 0.22
13 col, PSL 3 10 8 0 0
14 col 2 9 6 0 0
Mean + SD 2.57 £0.79 332+ 18.6 743 +0.98 0.18 = 0.19

IFX, infliximab; col, colchicine; CsA, cyclosporine A; PSL, prednisolone.

© 2012 Informa Healthcare USA, Inc.
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TABLE 3 Changes in visual acuities

Before IEX therapy After IFX therapy
Best-corrected visual acuity IFX monotherapy (%) IEX + col (%) IFX monotherapy (%) TFX + col (%)
a
1.0 3 (42.9) 2(33.3) 4(57.2) 2(333)
0.5-0.9 3(42.9) 3 (50.0) 2 (28.6) 2(33.3)
0.2-0.4 0(0.0) 1(16.7) 1(14.3) 2(33.3)
<0.1 1(14.3) 0(0.0) 0(0.0) 0 (0.0)
b
Visual acuity change IFX monotherapy (%) TFX+col (%)
Increase of >2 lines 3(42.9) 3(50.0)
No change 4(57.2) 2(33.3)
Decrease of >2 lines 0(0.0) 1(16.6)

*Best-corrected visual acuity in IFX monotherapy and combination therapy of IFX and col.
PVisual acuity changes in IFX monotherapy and combination therapy of IFX and col.

IFX, infliximab; col, colchicine.

was observed in the frequency of ocular attacks between
both groups, which suggests that both therapies equally
suppress ocular inflammation.

The right eye of case 12 was the only eye with a
decrease of >2 lines in BCVA examination at 24 months.
Although 1 ocular attack occurred at 24 months after
infliximab initiation, gradual progression of poste-
rior subcapsular cataracts seemed to be the general
result in terms of decreased visual acuity. All other
eyes maintained or showed an increase of >2 lines at
24 months. It was considered that decrease of ocular
attacks and control of inflammation result in good
visual prognosis.

Colchicine is generally used for mucocutaneous and
joint manifestations.' In this study, 8 patients had skin
lesions and 4 had arthritis. All of them showed a trend
toward improvement in these manifestations after inf-
liximab therapy, and there was no difference between
infliximab monotherapy and combination of colchicine.
According to eye involvement, colchicine may be used
in anterior uveitis, and there is no positive finding by
randomized trial showing the efficacy of colchicine for
posterior uveitis or retinal vasuculitis.” The European
League Against Rheumatism recommends a treatment
regime that includes azathioprine and systemic corti-
costeroids for ocular involvement of Behcet's disease.!
In Japan colchicine remains first choice for prevention
of ocular attack with chorioretinitis in patients with
Behget’s disease, and cyclosporine or infliximab are
administered in resistant cases.

Because of developments in immunopharmacological
studies, many drugs have become available for inflam-
matory disease treatment. Among them, infliximab has
shown great efficacy against diseases such as Behget’s
disease, rheumatoid arthritis, Crohn disease, and anky-
losing spondylitis. Numerous studies have reported that
combination therapy led to equal or superior treatment
results in Crohn disease,'*'* rheumatoid arthritis,’® and
ankylosing spondylitis.’® Perez-Guijo et al. reported a
greater reduction in Bath Ankylosing Spondylitis Disease
Activity Index scores with infliximab and methotrexate

combination therapy than with infliximab alone.'
Lichtenstein et al. reported that concomitant immu-
nomodulators did not improve either efficacy or phar-
macokinetics in inflammatory bowel disease patients
who received maintenance infliximab.® Combination
of infliximab with other immunosuppressive agents in
Behget's disease treatment has also been reported.””* For
the treatment of refractory posterior uveitis in Behget’s
disease patients, combination therapy of infliximab and
azathioprine and/or cyclosporine is recommended.'®
Combination of infliximab with azathioprine and/or
cyclosporine and/or methotrexate might be superior
to monotherapy for sustained ocular remission in pro-
spective studies.” However, significant difference over
infliximab monotherapy was observed only for the
combination with cyclosporine. Moreover, no previous
study has compared monotherapy with infliximab and
colchicine combination therapy for Behget's disease.

While it is considered an advantage that concomitant
administration of infliximab and immunosuppressive
agents may increase the immunosuppressive efficacy,*'
prevent the development of neutralizing antibodies,*?
and reduce infusion reactions,” only 1 patient who had
an infusion reaction in this study was in the combina-
tion therapy group. In contrast, it was reported that the
combination of azatioprine and anti-TNF-a biologic
agents increased the relative risk of serious and oppor-
tunistic infections.” While no one had an adverse event
or infusion reaction in the monotherapy group, 1 patient
in the combination therapy group was infected with
cytomegalovirus. Therefore, suppression of the immune
system by combination therapy may increase the risk of
infection in patients and compromise patient condition
compared to monotherapy.

In the event of diminished efficacy of infliximab in
our study, we did not increase infliximab dose, but rather
shortened the infusion interval. It is thought the trough
serum infliximab level correlates with the magnitude of
infliximab efficacy.* Furthermore, low circulating drug
levels cause the development of anti-infliximab antibod-
ies.” Kopylov et al. reported that in patients with Crohn
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disease, who did not respond to the standard infliximab
dose (5 mg/kg/8 weeks), shortening the dosing interval
to 6 weeks appeared to be at least as effective as altering
the dosage level to either 10 mg/kg/8 weeks or 5 mg/
kg/4 weeks.? Ohno et al. reported that 5- and 10-mg/
kg doses of infliximab were equally effective in Behget’s
disease treatment.” In patients with unsatisfactorily con-
trolled rheumatoid arthritis, infliximab is administered
by increasing infliximab dosage and shortening the infu-
sion interval.

Limitations of this study include the small number
of cases as well as its design. To confirm the efficacy,
the number of cases included in the study needs to be
increased. Furthermore, because colchicine administra-
tion in this study was poorly controlled, the efficacy
of colchicine was most likely inadequate. However,
in Japan, infliximab has been approved for refractory
retinochoroiditis therapy in Behget’s disease, and this
study may provide an indication of the usefulness of
discontinuation of colchicine as a conventional therapy
at infliximab initiation. Although infliximab is gener-
ally recommended for posterior uveitis not anterior
uveitis,” in this study, infliximab alone was effective
for the suppression of anterior uveitis as well as poste-
rior uveitis. Moreover, the results of our study indicate
that the efficacy of infliximab monotherapy in Behget’s
disease patients is equivalent to that of infliximab and
colchicine combination therapy. This study suggests that
colchicine administration is not necessary in Behget’s
disease patients receiving infliximab therapy.

Declaration of interest: The authors report no conflicts
of interest. The authors alone are responsible for the
content and writing of the paper.
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Abstract

Background Infliximab, an anti-TNF-& monoclonal anti-
body, administered to Behget’s disease (BD) patients in
Japan with refractory intraocular inflammation, has
shown excellent clinical results. However, some patients
demonstrate a decreased response to infliximab during
the course of the treatment. In the present study, we
investigated the correlation between this reduced therapeutic
effect and elevation of the serum antinuclear antibody
(ANA) titers in patients with BD who were undergoing
infliximab therapy.

Methods Seventeen patients (14 males and three females)
with uveitis in BD who were undergoing treatment with
infliximab for 2 years or longer were enrolled. Their blood
test results and clinical histories were obtained from medical
records.

Results One patient (5.9%) was ANA-positive prior to the
initiation of infliximab, and 11 patients (64.7%) developed
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positive ANA during the therapy. The appearance of ANA
was observed 6 months after the initiation of the infliximab
therapy, and its titers gradually increased. None of the
patients showed lupus symptoms. Five patients (29.4%)
have suffered from ocular inflammatory attacks since the
sixth month from the initiation of infliximab treatment and
all of them were ANA-positive. In contrast, four patients
(23.5%) who were ANA-negative experienced no ocular
attacks during the follow-up period.

Conclusions Here we report the positive conversion and
subsequent elevation of serum ANA titers in some patients
with BD after the initiation of infliximab therapy. Since all
recurrences of uveitis were shown only in the ANA-positive
patients, serum ANA titer may be a helpful biomarker for
predicting the recurrence of ocular attacks in BD patients
treated with anti-TNF-c antibody therapies.

Keywords Behget’s disease - Retinal vasculitis - Uveitis -
Antinuclear antibody - Infliximab - Biomarker -
Anti-TNF-« monoclonal antibody

Introduction

Behget’s disease (BD) is a chronic systemic inflammatory
disease characterized by recurrent oral aphthous ulcers,
genital ulcers, skin lesions, gastrointestinal involvement,
vasculitis, neurological manifestations, and intraocular
inflammation. BD is one of the major etiologies of endoge-
nous uveitis in Japan [1], however, its prevalence and clinical
features vary among countries and ethnic groups [2, 3].
Recurrent episodes of inflammatory ocular attacks can
cause severe visual loss. To prevent the relapse of intraocular
inflammation, colchicine and various immunosuppressive
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agents are administered including cyclosporine A (CyA), which
is a selective immunosuppressive agent of T-lymphocytes.
However, some patients cannot use these drugs due to
intolerable side-effects. Moreover, some patient’s diseases are
refractory to these agents and can progress to vision loss
[4-6].

Infliximab (IFX) is a chimeric monoclonal antibody to
TNF-« that can minimize the immunological response when
used in humans [7]. It neutralizes both membrane-binding
and soluble TNF-«, in addition to suppressing TNF-o
production by macrophages. [FX is commonly administered
to patients with rheumatoid arthritis [8, 9], Crohn’s disease
[10], psoriasis [11, 12], and in case of refractory uveitis with
non-infectious etiologies including BD [13-20]. IFX is
effective for preventing relapse of intraocular inflamma-
tions in BD and its efficacy has been well documented in
previous studies [13-19]. In Japan, IFX was approved for
use in BD patients with refractory uveoretinitis by the
Ministry of Health, Labour and Welfare, Japan in January
2007 based on the excellent results from multicenter
clinical trials [15, 21]. Though IFX is an excellent agent
in the treatment of the BD with refractory uveoretinitis, it
has been observed to have decreased efficacy in a subset
of BD patients with uveoretinitis [19]. One report showed the
development of autoantibodies including antinuclear antibody
(ANA) during IFX treatment in BD [22], however, the
mechanisms and the meanings of it remain unknown.

In the present study, we investigated ANA titers of the
BD patients receiving IFX therapy and examined the
correlation between the elevation of ANA and the therapeutic
efficacy.

Materials and methods

BD patients with refractory uveoretinitis who had been
administered [FX for 2 years or longer were enrolled at
Hokkaido University Hospital. The results of their blood
tests and clinical histories were obtained from medical
records. BD was diagnosed based on the criteria set by the
BD Research Committee of Japan, which is part of the
Ministry of Health, Labour and Welfare, Japan [23]. The
level of ocular inflammation was graded by means of the
Standardization of Uveitis Nomenclature (SUN) grading
criteria [24]. When a patient showed more than two steps
of increase in level of inflammation or increase from
grade 3+ to 4+, it was considered an inflammatory ocular
attack. Ocular attacks of BD flare up repeatedly and
usually disappear within a few weeks. Each ocular attack
shows a varying degree of uveitis including only mild
iridocyclitis or severe obstructive retinal vasculitis with
retinal exudates. The number of ocular attacks was counted
regardless of the severity and added both eyes.

&) Springer

Patients were administered 5 mg/kg of IFX intravenously
at weeks 0, 2, and 6 as the initial series of infusions and
thereafter every 8 weeks. Serum ANA and anti-double-
stranded DNA (dsDNA) antibodies were examined prior to
IFX infusion. ANA titers were quantified using an indirect
immunofluorescence technique using human epithelial
(Hep2) cells. Results were classified as positive (ANA>80)
or negative (ANA<40) according to previous reports [25-31].
Anti-dsDNA antibodies were identified using enzyme-linked
immunosorbent assay (ELISA).

Statistical analyses were performed using the Mann—
Whitney U test; p values <0.05 were considered to be
statistically significant. This study followed the tenets of
the Declaration of Helsinki and was approved by the Ethics
Committee of Hokkaido University Hospital.

Results

The demographics and clinical characteristics of the 17
Japanese patients, i.e., 14 (82.4%) males and three (17.6%)
females ranging in age from 15 to 58 (mean age: 36.9)
years, enrolled in the study are listed in Table 1. The rate
of ocular inflammatory attacks during 6 months prior to the
initiation of IFX was 3.8+£2.1 (mean+SD). IFX therapy
significantly reduced the rate of ocular attacks to 0.7+1.1
during the first 6 months after the initiation of IFX (p<0.01).

Table 1 Characteristics of Behget’s disease patients treated with [FX

Case Age Sex Treatment before Concomitant
(years) IFX initiation treatment with [FX

1 39 M CyA, Col, PSL -

2 33 M Col, PSL PSL

3 58 M Col -

4 42 M Col -

5 40 F PSL PSL

6 31 M Col -

7 44 M PSL PSL

8 54 M CyA, PSL PSL

9 17 M CyA, Col -

10 52 M Col -

11 10 M -~ -

12 49 M CyA -

13 40 M CyA -

14 40 F CyA -

15 36 F PSL PSL

16 15 M PSL -~

17 28 M - -

IFX — infliximab, CyA — cyclosporine A, Col - colchicine, PSL —
prednisolone
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Eight patients (47.1%) achieved no relapse of ocular
inflammatory attacks between the first infusion and the
24-month visit. Five patients (29.4%) experienced only
one ocular inflammatory attack and four patients (23.5%)
experienced several ocular attacks during the follow-up
period. It was not necessary to administer concomitant
drugs with IFX for 12 patients. Three of five patients
who were previously administered oral prednisolone (PSL)
could decrease and gradually stop their therapy after IFX
initiation. Two of these patients required continued PSL
administration to control neurological symptoms.

Best-corrected visual acuities (BCVA) were reported | year
after the initiation of IFX; IFX therapy had successfully
maintained their vision acuity (Fig. 1).

ANA profiles and the frequency of ocular attacks in BD
patients treated with IFX are shown in Table 2. One patient
(5.9%) was ANA-positive prior to the initiation of IFX.
Anti-dsDNA antibodies were never detected prior to IFX
induction. The change in ANA-positive rates is shown in
Fig. 2. The positive conversion of ANA became common
6 months after the initiation of IFX, and the positive titers
continued to increase. At the end of the follow-up period, 13
patients (76.4%) were identified positive for ANA (Fig. 2).
One patient (5.9%) developed anti-dsDNA antibodies
(case #14). However, none of the patients showed lupus
symptoms.

The correlation of ocular attacks with elevation of ANA
titer is shown in Fig. 3. At the 6th month after the IFX
induction, five patients (29.4%) were ANA-positive and 12

(70.6%) were negative. In the ANA-positive group, three
patients (60%) had ocular inflammatory attacks during the
first 6 months after IFX administrations, whereas in the
ANA-negative group, four (33.3%) patients had these
attacks. Ocular attacks were much milder than those before
IFX therapy both in the ANA-negative group and ANA-
positive group.

However, since the 6th month of IFX therapy, all of five
patients (29.4%) suffering from a relapse of ocular inflam-
matory attacks were ANA-positive, and three of five
patients had multiple ocular attacks. In two of these three
patients, the administration interval was shortened from 8 to
7 weeks, and this successfully led to a lower rate of the
ocular attacks. On the other hand, all of four patients
(23.5%) with negative ANA had no ocular attacks.

Discussion

ANA appeared in the sera of BD patients 6 months after [FX
induction, and its titer gradually increased. It was reported
that the development of ANA and anti-dsDNA antibodies is
seen during the course of anti-TNF-o therapy in patients
with some autoimmune diseases such as rheumatoid arthritis
[32-34], psoriasis [35], Crohn’s disease [36], and BD [22].
In the present study, 75.0% of the patients converted to
ANA-positive during the course of [FX therapy and positive
ANA titers (1:80) had been detected in one patient on study
enrolment. This patient experienced a twofold increase in
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Table 2 ANA profile and the rate of ocular attacks of Behget’s disease patients treated with [FX

Case Frequency of ANA (titer) Frequency of ANA (titer) Frequency of ANA (titer) Frequency of ANA (titer) Frequency of ANA (titer)
ocular attacks 0 month ocular attacks 6 month ocular attacks 12 month ocular attacks 18 month ocular attacks 24 month
-6~0 month 0~6 month 6~12 month 12~18 month 18~24 month

1 0 0 0 80 0 40 0 80 0 80

2 2 0 0 0 0 0 0 0 0 40

3 8 0 0 0 0 0 0 0 0 40

4 4 0 0 40 0 80 0 80 0 160

5 4 0 0 40 0 80 0 80 0 160

6 5 0 0 40 0 160 0 320 0 640

7 3 0 0 40 0 80 0 160 0 640

8 1 0 0 40 0 40 0 40 0 40

9 4 0 1 0 0 40 0 40 0 80

10 2 0 1 0 0 80 0 80 0 80

11 4 0 1 0 0 0 0 0 0

12 4 40 1 80 0 80 0 80 0 80

13 4 0 0 160 1 80 0 160 0 80

14 7 0 | 160 5 160 4 320 3 640

15 2 0 0 40 1 80 1 80 0 40

16 6 80 2 160 1 160 1 160 0 160

17 4 0 4 40 1 80 0 40 0 40

ANA positive: ANA titer=80, ANA — anti nuclear antibody

the titer (1:160). Only one patient (5.9%) converted to
anti-dsSDNA antibody-positive during the follow-up period.
These findings are consistent with previous studies of
other autoimmune rheumatoid diseases, which reported
that 25-71% and 4-46% patients became positive for
ANA and anti-dsDNA antibodies after IFX initiation in
case of psoriasis and rheumatoid arthritis [32, 37, 38]. In
these previous studies, a small number of patients had
lupus-like symptoms [39-41]. Suhler EB et al. also
reported the results of a prospective study in which 23
patients with non-infectious uveoretinitis including four

Percentage of positive ANA

0 6 12 18 24

Months after initiation of IFX therapy
Fig. 2 Frequencies of ANA positivity in BD patients undergoing IFX

therapy. The positive conversion of ANA became frequent 6 months after
the initiation of IFX, and its positivity rate gradually increased

@ Springer

of BD patients were enrolled [42]. In the report, ANA
titers developed in 15 (75.0%) of the 20 patients and two
patients with very high titer showed arthritis. Although
none of the patients in our study have shown lupus symptoms,
we have to observe the patients very carefully.

It is still unknown how ANA and anti-dsDNA antibodies
develop during IFX therapy. One possible explanation is
that TNF-o¢ may up-regulate cellular expression of the
adhesion molecule CD44, which plays a role in the

640 o«
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—8— Qcular attack (+)
320 [ s}
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Fig. 3 Correlation of ocular attacks with elevation of ANA titer. Since
the 6th month of IFX therapy, all five patients (23.5%) suffering from a
relapse of ocular inflammatory attack were ANA-positive, and
three of five patients had ocular attacks more than once throughout
the observation period
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clearance of apoptotic neutrophils by phagocytes [43, 44].
Impaired clearance of apoptotic cells and reduced CD44
expression on leukocytes has been reported in systemic lupus
erythematosus (SLE) [45, 46]. IFX may down-regulate CD44
expression and induce an immune reaction toward their own
nuclei by impairment of the clearance of apoptotic cells.

In the present study, we also demonstrated the association
between the development of ANA and reduced effects of
IFX therapy in BD patients. Only a few studies have
reported the association of serum ANA development with
the effects of IFX [35, 42]. Pink et al. reported that ANA
titer was associated with the loss of response to anti-TNF-oa¢
therapy in psoriasis. In our study, during 6 months after the
initiation of IFX therapy, several patients experienced mild
ocular inflammatory attacks, both in the ANA-positive and
ANA-negative groups. Presumably, it takes some time for [FX
to exert an inhibitory effect on severe ocular inflammation in
BD patients. However, after the 6th month IFX therapy, the
cases suffering from the relapse of ocular inflammatory attacks
were limited to ANA-positive patients. Similar to the study in
psoriasis [35], these results suggest that the development of
elevated levels of serum ANA may be associated with the
reduction of IFX efficacy for BD patients. Suhler EB et al.
mentioned no clear relation between the development of
ANAs and ocular therapeutic response [42]. The subjects in
the report included a variety of uveitis cases, in contrast to our
study, which targeted only BD. The tight disease enrollment
may be the reason why we could show the relation between
recurrences of uveitis and high titer of ANA.

The exact association between ANA and IFX also
remains unknown. It has also been found that repeated
infusion of IFX leads to induction of antibodies to IFX
(ATI) that reduce the efficacy of IFX. This phenomenon
has been a serious issue in rheumatoid arthritis [47], Crohn’s
disease [48], psoriasis [49, 50] and BD [51] therapy. ANA
and ATI, both of which appear during the course of IFX
treatment, are likely to be involved in the reduced efficacy
of [FX; however, the correlation between the two antibodies
remains to be elucidated. We speculate that repeated
administration of protein agents such as [FX may activate a
systemic immune response, leading to the production of
various autoantibodies including ANA and ATI. Therefore,
detection of high titer of ANA indicates the development of
ATT in the patients. According to this theory, the patients, such
as cases #6 and #7, with high ANA titer (640%) may have
already had ATI. These patients should be monitored closely
for further symptoms. If the theory is confirmed that ATI
is strongly correlated with the decreased therapeutic efficacy
of IFX, we need to consider concomitant use of immune
modulatory medicine in BD.

IFX has provided a new way to maintain good vision for
a long time in many BD patients with severe uveitis. How-
ever, in certain cases [FX becomes less effective while long-

term use of [FX. Serum ANA titers may be one of the
helpful biomarker to predict IFX ineffectiveness.
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