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ABSTRACT

Purpose/Aim: This study evaluated the efficacy of topical 0.1% tacrolimus ophthalmic suspension for
treating chronic allergic conjunctival disease with and without atopic dermatitis.

Materials and Methods: This study was conducted as a prospective observational post-market survey.
Our large-scale study protocol was accepted by the Pharmaceuticals and Medical Devices Agency in
Japan and included patients who were prescribed topical tacrolimus for the treatment of chronic allergic
conjunctival disease from May 2008 to Aug 2010 in Japan. Topical tacrolimus was instilled 2 times daily
for 6 months. The primary endpoint was the change from baseline in papillae-limbus-cornea clinical
signs score (based on the presence of papillae, giant papillae, Trantas’ dots, limbal swelling, and corneal
epithelial signs). Remission rate following topical tacrolimus treatment was investigated using general-
ized estimating equations.

Results: A total of 1821 subjects were included in the analyses. Six months into treatment, 83.0% and 87.7%
of subjects with and without atopic dermatitis, respectively, were in remission (based on the papillae-limbus-
cornea grading score). Topical tacrolimus treatment was equally effective in improving papillae-limbus-
cornea grading scores from baseline in both study groups after 6 months of treatment. Additionally, the
odds ratio for remission increased over time. The concomitant use of topical steroids improved papillae-
limbus-cornea grading scores, including papillary signs with a statistically significant, but low odds ratio.
Conclusion: Tacrolimus ophthalmic suspension is useful for treating chronic allergic conjunctival disease
with and without atopic dermatitis. Clinical response to local tacrolimus therapy is dependent upon
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treatment duration.

Introduction

Allergic conjunctival disease (ACD), including seasonal aller-
gic conjunctivitis (SAC), perennial allergic conjunctivitis
(PAC), vernal keratoconjunctivitis (VKC), and atopic kerato-
conjunctivitis (AKC), is caused by an ocular surface allergy.'
Most ACDs related to SAC and PAC have mild-to-moderate
clinical manifestations which coincide with seasonal and per-
ennial responses, respectively. Both disease forms involve an
immunoglobulin E-mediated type 1 hypersensitivity caused
by pollen, pets, or house dust allergens.' Severe and refractory
forms of ACD include AKC and VKC, which are character-
ized by their chronic nature, the presence of conjunctival
proliferative lesions (e.g., giant papillae and gelatinous limbus
infiltration), and visual impairment caused by corneal lesions
(e.g., shield ulcers). Disease severity is dependent upon aller-
gic disease complications; patients are said to have chronic

ACD when severe ACD with or without allergic rhinitis,
atopic dermatitis and/or bronchial asthma is present.>”
Topical therapies are often used to treat ACD, but their
complicating effects on allergic disease is not fully understood
in chronic ACD patients. Mild ACD, including allergic con-
junctivitis, is generally treated with topical anti-allergic drugs
that have antihistaminic and mast cell-stabilizing properties.
Chronic ACD patients are often treated with topical, oral, or
subconjunctival corticosteroids in addition to topical anti-
allergic agents. However, corticosteroid use is associated with
serious adverse reactions, including elevated intraocular pres-
sure, glaucoma,*” posterior subcapsular cataract formation,’®
and secondary infection.” Therefore, other medications have
been investigated, including topical immunosuppressants.
Both cyclosporine ophthalmic solution and tacrolimus ophthal-
mic suspension have been shown to be effective nonsteroidal
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therapies for treating chronic ACD.”® Furthermore, both topi-
cal medications have been approved in Japan to treat VKC
because they are well tolerated and effectively manage VKC
with and without atopic dermatitis.”'°

Tacrolimus ophthalmic suspension 0.1% was launched in
May 2008 in Japan. Tacrolimus is a 23-member cyclic macro-
lide lactone that was isolated from Streptomyces tsukubaensis in
1984."" In T cells, tacrolimus inhibits calcineurin (via binding
to FK506-binding proteins) and cytokine secretion.'” Cytokine
secretion inhibition of tacrolimus is approximately 100-times
that of cyclosporine,"” which is important because managing
T cell cytokine secretion is of primary importance for mana-
ging severe allergic eye diseases.'®'> As a result, topical tacro-
limus is more effective than topical cyclosporine for managing
most allergic eye disease and is better tolerated by patients.’

A nationwide survey of chronic ACD patients who used
tacrolimus ophthalmic suspension was conducted between
May 2008 and November 2011 in Japan to evaluate the efficacy
and safety of 0.1% tacrolimus ophthalmic suspension. The sur-
vey registered 1821 chronic ACD patients. We previously exam-
ined the benefits of tacrolimus in 1436 patients younger than
40 years of age because chronic ACD occurs most frequently in
this age group.”'® In this sample of younger patients, both
subjective symptoms and objective clinical findings were sig-
nificantly improved by 1 month of tacrolimus therapy, even in
patients who had responded poorly to cyclosporine.” Chronic
ACD accompanied by AD may be harder to treat than chronic
ACD without AD, but it is unknown if the presence of AD
affects the ability of tacrolimus to successfully treat chronic
ACD. The current study examines tacrolimus efficacy in
chronic ACD patients with and without AD. All 1821 chronic
ACD patients registered in the Japanese nationwide survey were
included.

Materials and methods

This study was conducted under the drug re-examination
system in compliance with the Japanese Good Post-
Marketing Study Practice. The study protocol, including
patient registration procedures and case report form modules,
was reviewed by the Pharmaceuticals and Medical Devices
Agency in Japan. The study protocol and results were regis-
tered in the Japanese University Hospital Medical Information
Network (UMIN000008640).

Registered patients

This observational study included patients in Japan with
chronic ACD who began topical 0.1% tacrolimus ophthalmic
suspension (TALYMUS®, Senju Pharmaceutical Co., Ltd.,
Osaka, Japan) therapy between May 2008 and August 2010.
All data were obtained from a post-marketing survey that
examined 0.1% tacrolimus ophthalmic suspension safety and
efficacy in Japan.

Chronic ACD diagnoses were made using the Japanese
Ophthalmological Society guidelines for ACDs.' Patients
who were diagnosed with chronic ACD were registered in
the study if they had conjunctival proliferative changes (giant
papillae or limbal gelatinous infiltration) and responded

poorly to anti-allergic drugs, steroids, and cyclosporine.
Patients were excluded from the study if they had a history
of hypersensitivity to any tacrolimus ophthalmic suspension
component, had an eye infection, or were pregnant or might
be pregnant. Patients were formally registered into the study
by faxing the completed site/patient information form to the
central registration center.

Data collection

Patient demographics at the time of registration were collected,
including age at tacrolimus therapy initiation, sex, allergic com-
plications (e.g., atopic dermatitis, bronchial asthma, and allergic
rhinitis), and eye drop use (e.g., anti-allergic drops, corticoster-
oids, and cyclosporine) immediately before and during tacroli-
mus therapy.

Subjective symptoms

Six subjective symptoms were examined in this study, includ-
ing itching, discharge, lacrimation, photophobia, foreign body
sensation, and eye pain. Each subjective symptom category
was scored using the following four-point scale: 0 = asympto-
matic, 1 = mild, 2 = moderate, and 3 = severe. The change in
the sum of symptom scores was evaluated over time.

Papillae-limbus-cornea grading scores

Several objective evaluations were also made by scoring clin-
ical photographs according to established guidelines.'®
Papillae-limbus-cornea (PLC) grading score definitions and
two representative examples are shown in Figure la-c. The
PLC score was obtained by evaluating the following objective
signs of chronic ACD: palpebral conjunctival papillae, giant
papillae, limbal Trantas’ dots, limbal swelling, and corneal
epithelial lesions. These five items were chosen because they
are the most important signs of chronic ACD." The papillary
(palpebral conjunctival papillae and giant papillae scores),
limbal (limbal Trantas’ dots and swelling scores), and corneal
epithelial sign subscores were also examined. The PLC score
and subscores were used in clinical efficacy evaluations.'

Outcome measures

This study examined baseline chronic ACD patient character-
istics and changes in subjective symptoms and objective find-
ings after initiating treatment with 0.1% tacrolimus ophthalmic
suspension. Tacrolimus was administered twice a day for
a period of 6 months. Subjective symptoms and objective
PLC grading scores were determined before and 1, 2, 3, and
6 months after beginning tacrolimus therapy. Patients were
divided into “with-AD” and “without-AD” groups and changes
in symptom and PLC grading scores from baseline were exam-
ined and compared. Tacrolimus safety was evaluated using the
incidences of adverse reactions reported during the 6-month
study period.

Statistical analyses

Categorical data are presented as mean (95% confidence interval
[CI]) and continuous data are presented as mean + standard
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Score 0 1 2 3
Papillae size: Papillae size: Papillae size:
Papillae None
0.1-0.2 mm 0.3-0.5 mm 0.6 mm or more
Giant papillae Elevated papillae in <1/2  Elevated papillae in 1/2
None Flat papillae of the upper palpebral or more of the upper
(papillae size 2 1 mm) conjunctiva
palpebral conjunctiva
Limbal Trantas' dot None 1-4 dots 5-8 dots 9 or more dots
. . Found in <1/3 of the Found in 1/3 to <2/3 of the  Found in 2/3 or more of
Limbal swelling None limbal circumference limbal circumference the limbal circumference
Superficial punctate Exfoliation superficial Shield ulcer or corneal
Corneal epithelial signs None
keratitis punctate keratitis erosion
b PLC score
| Patients enrolled (n = 2230)

8 points
..' P

_/

PLC score
4 points

Patients excluded (n = 409)
+ Did not meet inclusion criteria (n = 71)
- Lost to follow-up (n = 338)

Patients included in safety evaluation (n = 1821)
- With AD (n = 803)
- Without AD (n = 1015)
- Could not determine presence of AD (n = 3)

Excluded from analyses (n = 265)
+ Missing PLC score (n=262)
+ Could not determine presence of AD (n = 3)

Analysis for mean change of each score (n = 1556)
+ With-AD (n = 688)
+ Without-AD (n = 868)

Figure 1. (a) Grading scales used to determine the papillae-limbal-corneal epithelial (PLC) score, which was defined as the sum of the papillae (papillae size, giant
papillae appearance), limbal (number of Trantas’ dots and limbal swelling extent), and corneal epithelial sign subscores. (b) Representative case of 12-year-old patient
with vernal keratoconjunctivitis (VKC). The PLC score was 8 points (papillae subscore = 5, limbal subscore = 2 [1 point for Trantas’ dots, 1 point for limbal swelling],
corneal epithelial subscore = 0). (c) The same patient after 2 months of treatment with topical 0.1% tacrolimus ophthalmic suspension. The clinical signs of VKC had
markedly improved and the PLC score was 4 points (papillae subscore = 4, limbal subscore = 0, corneal epithelial subscore = 0). (d) Flow diagram for this study.
A tacrolimus study committee was established to assess eligibility of ophthalmologists in Japan.

deviation. The Wilcoxon rank sum test was used to examine
differences in objective baseline PLC scores between AD sub-
groups and among age subgroups. Two-sided P values were
examined. Generalized estimating equation (GEE) analyses'®
with the Logit Link function were used to analyze the impact
of AD on tacrolimus treatment outcomes. Associations between
PLC and symptoms scores and the following factors were exam-
ined at each time point (baseline and 1, 2, 3, and 6 months): age,
sex, concomitant anti-allergic drug use, and concomitant corti-
costeroid use. In our analyses, dependent (response) variables
were binary (e.g., remission of subjective score and yes or no for
objective sign score), with remission thresholds set at <5 points
for the overall PLC grading score, <4 points for the papillary sign
subscore, 0 points for the limbal sign subscore, <1 point for the
corneal epithelial sign subscore, and 0 points for the subjective
symptom score.'®'? The remission rate of chronic ACD patients
treated with topical tacrolimus was also evaluated and compared

between study groups. Incidence rates of adverse reactions in
patients with- and without-AD were analyzed using Fisher’s
exact test. All statistical analyses were performed using SAS
statistical software (version 9.3 for Windows, SAS Institute
Inc,, Cary, NC) and statistical significance was defined as
P <0.05.

Results

The CONSORT flow diagram for this study is shown in
Figure 1d. Baseline characteristics of the 1821 chronic ACD
patients (1350 men, 471 women) included in this study are
summarized in Table 1. Briefly, subjects had an average age of
19.3 + 14.2 years and 44.1% of patients had AD. The records
of 1559 patients contained scores for all objective clinical and
subjective symptom measures. This included 688 patients
with AD and 868 patients without AD. Three patients were
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Table 1. Baseline characteristics of included patients.

With AD  Without AD Unknown All patients
(n=2803) (n=1015 (n=3) (n =1821)
Sex
Male (%) 642 (80.0%) 706 (69.6%) 2 1350 (74.1%)

161 (20.0%)
195 + 117

309 (30.4%) 1
193 + 159 17.7£93

471 (25.9%)
193 + 14.2

Female (%)

Age (years)

Allergic complications
Allergic rhinitis 181 (22.6%)

220 (21.7%) 0 401 (22.1%)

Asthma 197 (24.6%) 101 (9.9%) 0 298 (16.4%)
Pretreatment

Anti-allergic eye 482 (60.1%) 543 (53.4%) 1 1026 (57.3%)

drops

Topical steroids 467 (58.2%)
Topical cyclosporine 294 (36.7%)

524 (51.6%) 1 992 (55.4%)
279 (27.5%) 0 573 (31.5%)

Data presented as n (%) and mean =+ standard deviation. AD, atopic dermatitis.

excluded from analyses because it was not possible to deter-
mine whether or not AD was present.

Effect of tacrolimus on objective allergic conjunctival
disease measures

Overall papillae-limbus-cornea grading score

The baseline PLC grading score was significantly higher for
the with-AD group (7.50 [7.31-7.70]) (mean [95% confidence
interval]) than the without-AD group (6.72 [6.55-6.88],
P <0.0001; Table 2). Tacrolimus therapy decreased the overall
PLC grading score and all clinical subscores in both groups at
each time point examined (Figure 2a). Furthermore, the
6-month PLC grading score and subscores indicated that
topical tacrolimus therapy was equally effective for improving
clinical signs of chronic ACD. At this time, the overall PLC
grading score was 3.31 ([3.03-3.59], mean change from base-
line = —4.19) in the with-AD group and 2.75 ([2.44-3.06],

mean change from baseline = —3.97) in the without-AD group
(P = 0.6863; Figure 2a).

Each patient was divided into four subgroups depending
on the season when medical treatment started; spring (March
to May), summer (June to August), autumn (September to
November), and winter (December to February), and effect of
treatment with 0.1% tacrolimus ophthalmic suspension for
PLC grading score of chronic ACD patients in each season
was evaluated. In both with- and without AD groups, the
effects of medical treatment were not different among the
seasonal subgroups (Figure 3a-b).

Papillae, limbus, and corneal epithelium sign subscores
The baseline papillary subscore was 4.82 (4.73-4.92) in the
with-AD group and 4.38 (4.27-4.48) in the without-AD group
(P < 0.0001; Table 2). After 6 months of tacrolimus therapy,
the papillary subscore was 2.77 ([2.56-2.99], mean change
from baseline = -2.05) in the with-AD group and 2.28
([2.04-2.52], mean change from baseline = -2.10) in the
without-AD group. The difference between groups was not
statistically significant (P = 0.6363; Figure 2b).

Baseline total limbal subscore was significantly higher in
the without-AD group (1.33 [1.23-1.44]) than in the with-AD
group (1.13 [1.01-1.25], P = 0.0015; Table 2). Six months of
tacrolimus therapy decreased this subscore to 0.19
([0.10-0.27], mean change from baseline = —1.14) in the
without-AD group and 0.10 ([0.05-0.16], mean change from
baseline = -1.03) in the with-AD group. The difference
between groups in limbal subscore at 6 months was not
statistically significant (P = 0.1541; Figure 2c).

The baseline corneal epithelial sign score was 1.55
(1.46-1.63) in the with-AD group and 1.00 (0.94-1.07) in the
without-AD group (Table 2, P < 0.0001). The corneal subscore

Table 2. Papillae-limbus-cornea grading scores and symptom scores in chronic allergic conjunctival disease patients with and without atopic dermatitis.

PLC score Papillary subscore Limbal subscore Corneal subscore
Age Mean Mean Mean Mean
(years) AD n (patients) % with AD (95% Cl) P (95% Cl) P (95% Cl) P (95% Cl) P
Overall With 688 44.2 7.50 < 0.0001 4.82 < 0.0001 1.13 0.0015 1.55 < 0.0001
(7.31-7.70) (4.73-4.92) (1.01-1.25) (1.46-1.63)
Without 868 6.72 4.38 133 1.00
(6.55-6.88) (4.27-4.48) (1.23-1.44) (0.94-1.07)
<10 With 157 39.2 8.45 < 0.0001 4.88 < 0.0001 1.74 0.6207 1.83 < 0.0001
(8.04-8.85) (4.63-5.12) (1.44-2.03) (1.65-2.00)
Without 244 7.14 4.19 1.75 1.20
(6.80-7.48) (3.96-4.42) (1.54-1.97) (1.07-1.33)
10-19 With 274 42.0 7.39 0.0024 494 0.0002 1.00 0.0226 1.45 < 0.0001
(7.10-7.69) (4.80-5.08) (0.82-1.19) (1.32-1.58)
Without 379 6.81 4.49 1.27 1.05
(6.56-7.06) (4.34-4.65) (1.10-1.43) (0.94-1.16)
20-29 With 108 52.7 7.25 0.1189 4.89 0.8857 1.00 0.9152 1.36 0.0009
(6.76-7.74) (4.68-6.10) (0.70-1.30) (1.14-1.58)
Without 97 6.65 4.86 0.96 0.84
(6.20-7.10) (4.63-5.08) (0.68-1.24) (0.64-1.03)
30-39 With 113 64.9 7.02 0.0187 4.62 0.0697 0.77 0.1113 1.63 < 0.0001
(6.56-7.47) (4.39-4.85) (0.53-1.01) (1.40-1.85)
Without 61 6.15 4.16 1.13 0.85
(5.57-6.72) (3.80-4.53) (0.73-1.53) (0.61-1.09)
> 40 With 36 29.3 6.53 0.0539 4.17 0.6914 0.97 0.4688 1.39 < 0.0001
(5.69-7.36) (3.66-4.67) (0.50-1.45) (1.01-1.77)
Without 87 5.56 4.00 1.01 0.55
(5.15-5.98) (3.65-4.35) (0.76-1.26) (0.38-0.72)

P-values calculated using Wilcoxon rank sum tests. PLC, papillae-limbal-conjunctival; AD, atopic dermatitis; 95% Cl, 95% confidence interval.
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Figure 2. Clinical effect of topical 0.1% tacrolimus ophthalmic suspension treatment over time in patients with chronic allergic conjunctival disease (ACD). Mean
change from baseline in papillae-limbus-corneal (PLC) score (a) and papillary sign (b), limbal sign (c), and corneal epithelial sign (d) subscores are shown for the
6-month study period for patients with and without atopic dermatitis (AD). Each data point represents the mean value and dotted lines represent the 95%
confidence interval. There were no statistically significant treatment efficacy differences between patients with and without AD (generalized estimating equation

[GEE] analysis).

was significantly higher in the with-AD group than the without-
AD group in all age subgroups (all P < 0.0001). As with the
papillary and limbus subscores, 6 months of tacrolimus therapy
decreased the corneal epithelial sign score at 6 months, which
was 0.43 ([0.34-0.53], mean change from baseline = -1.12) in
the with-AD group and 0.28 ([0.20-0.36], mean change from
baseline = -0.72) in the without-AD group. The 6-month
corneal subscore was not significantly different between the
with-AD and without-AD groups (P = 0.0867; Figure 2d).

Allergic conjunctival disease remission rates

Remission rates increased as tacrolimus treatment duration
increased for patients with and without AD when remission
was determined using objective (PLC grading scores) and sub-
jective (symptom scores) measures (Figure 4a-d, respectively).
This was also true when all included patients were examined as
one group. At 6 months, the PLC grading score remission rate

was 83.0%, 87.7%, and 85.2% in the with-AD group (Figure 4a),
the without-AD group (Figure 4b), and in all patients, respec-
tively. The symptom score remission rate was 46.3%, 52.0%, and
49.2% in the with-AD group (Figure 4c), the without-AD group
(Figure 4d), and in all patients, respectively.

Proportion of patients on combined local medical
treatment

The proportions of patients on combined local medical treat-
ment are shown in Figure 4e, and 4f. In the baseline observa-
tion, the percentage of patients with concomitant use of
steroid ophthalmic solutions was 48.7% in the with-AD
group, and 46.5% in the without-AD group. The percentage
of patients using steroid eye drops progressively decreased
during the 6-month observational period in both the with-
and without-AD groups (Figure 4e, and 4f, respectively).
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wye : Dec to Feb

Figure 3. (a) Mean change from baseline in papillae-limbus-corneal (PLC) grading score in with-AD patients. (b) Mean change from baseline in PLC score in without-
AD patients. The solid line shows the mean value of PLC grading scores in total patients with-AD (a) or without-AD (b). Each dotted line shows dose initiation season.

100%

a b
L L | | L 1 |
o | ] ]
1 I I | | | [ I
o2 | ] ]
1 I I I | [ I [ |
Month 3 | -
1 I I I | I
Month 6 |
m T T : f f : w
0% 25% 50% 75% 100% 0% 25% 50% 75% 100%
O: Remission O: Non-remission
c d
Month 1 |
Month 2 |
Month 3 |
8
Month 6 |
! T T I
0% 25% 50% 75% 100% 0% 25% 50% 75%
O: Remission O: Non-remission
e f
Baseline
Month 1
Month 2
Month 3
: T f ! I I
0% 25% 50% 75% 100% 0% 25% 50% 75%

100%

[O: Tacrolimus only
[: Concomitant steroid

O: Concomitant anti-allergic drug
l: Concomitant anti-allergic and steroid

Figure 4. Clinical remission rate of papillae-limbus-corneal (PLC) grading score (definition of remission is <5 points) in with-AD patients (a) and without-AD patients
(b) at each observational point. Symptom resolution rate (definition of remission is zero points) in with-AD patients (c) and without-AD patients (d) at each
observational point. Concomitant medication on topical tacrolimus therapy in with-AD patients (e) and without-AD patients (f) at each observational point.
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Table 4. Incidence of adverse drug reactions for 6 months.

Number of events (%)

P
< 30 days 30 — < 90 days 2 90 days Overall  With-AD Without-AD  (With-AD vs

Adverse drug reaction With-AD Without-AD With-AD Without-AD With-AD Without-AD  (n = 1821) (n =802) (n=1016) without AD)
Transient burning sensation in eye 21 51 2 — — — 74 (4.1) 23 (2.9) 51 (5.0) 0.0229
Eye irritation 20 28 2 2 — — 52 (2.9) 22 (2.7) 30 (3.0 0.8875
Conjunctival hyperemia 3 6 — 2 — 2 13 (0.7) 3(0.4) 10 (1.0) 0.1640
Eye pain 4 5 1 — 1 11 (0.6) 6 (0.7) 5 (0.5) 0.5509
Hordeolum 2 2 1 — 2 2 9 (0.5) 5 (0.6) 4 (0.4) 0.5192
Lacrimation 3 4 — — — — 7 (0.4) 3 (0.4) 4 (0.4) > 0.9999
Foreign body sensation in eye 2 3 1 — — — 6 (0.3) 3(0.4) 3(0.3) > 0.9999
Eye pruritus 1 3 1 — 1 — 6 (0.3) 3 (0.4) 3(0.3) > 0.9999
Eye discharge 1 1 — 2 1 5(0.3) 3 (04) 2(0.2) 0.6599
Punctate keratitis 1 1 2 — — 1 5(0.3) 3(0.4) 2 (0.2) 0.6599
Chalazion 1 2 — 1 — 1 5(0.3) 1(0.1) 4 (0.4) 0.3915
Intraocular pressure elevation — 1 2 1 — 1 5(0.3) 2(0.2) 3(0.3) > 0.9999
Photophobia 2 1 — — 1 4 (0.2) 3(04) 1(0.1) —
Blepharitis 1 1 1 — — 1 4(0.2) 2(0.2) 2(0.2) —
Chemosis 1 2 — — — 1 4 (0.2) 1(0.1) 3(0.3) —
Corneal erosion 1 — — 3 — — 4(0.2) 1(0.1) 3(0.3) —
Corneal ulcer 2 1 — — 1 — 4 (0.2) 3(0.4) 1(0.1) —
Bacterial keratitis 1 — — 1 1 — 3(0.2) 2(0.2) 1(0.1) —
Lid herpes — 1 — — 2 — 3(0.2) 2(0.2) 1(0.1) —
Visual loss 2 — — 1 — — 3(0.2) 2(0.2) 1(0.1) —
Herpetic keratitis 1 — — — — 1 2 (0.1) 1(0.1) 1(0.1) —
Other events (1 each in 32 cases) 6 1 3 3 5 4 1(0.1) 1(0.1) 1(0.1) —
Total number of patients 56 (73.7) 90 (82.6) 12 10 8 9 185 (10.2) 76 (9.5) 109 (10.7) 0.3913

P values calculated using Fisher's exact tests. P values were not calculated when there were fewer than 5 cases. No adverse drug reactions were observed in 3
patients in whom we were unable to determine whether or not atopic dermatitis (AD) was present.

Predictors of topical tacrolimus treatment outcomes

Factors influencing remission rates during topical tacrolimus
treatment are summarized in Table 3 for chronic ACD patients
with and without AD. As indicated by each group’s odds ratio,
the presence of concomitant AD did not significantly affect the
remission rate, determined using the overall PLC grading score
(P = 0.7790). The odds ratio for being in remission progres-
sively increased over the 6-month study treatment and obser-
vation period. Concomitant use of anti-allergic agents was not
associated with the PLC grading (topical use: P = 0.2024, sys-
temic use: P = 0.4028) or subjective symptom (topical use:
P = 0.6358, systemic use: P = 0.5981) score. However, the use
of topical steroids significantly increased the likelihood for
remission (odds ratio = 1.82, P < 0.0001), with an association
with the papillary sign subscore (odds ratio = 1.56, P = 0.0008).

Data are not shown, but as a result of the GEE analysis
with parameter estimates for the response model, the with- or
without-AD as variables indicated no interaction with the
factors shown in Table 3 (P > 0.05, with sex, age group,
study visit, and concomitant use of an anti-allergic agent
and steroid).

Tacrolimus therapy safety

Adverse reactions occurred in 185 (10.2%) of 1821 patients
included in the analyses (Table 4). The most common adverse
reaction was a transient burning sensation upon drop instilla-
tion (74 patients [4.1%]). The incidence of adverse reactions
was not significantly different between patients with (9.5%)
and without (10.7%) AD (P = 0.3913), with the exception of
the transient burning sensation upon installation (with AD:
2.9%, without AD: 5.0%; P = 0.0229). One hundred and forty-
six out of 185 cases (78.9%) developed the adverse event
within 30 days after instillation initiation of the tacrolimus

ophthalmic suspension, and the frequency of the adverse
event decreased after this 30-day period. Intraocular pressure
increases were observed in 5 cases as side effect, 3 cases of
these had been concomitant use of topical steroid (Table 4).

Discussion

In the current study, the efficacy, safety, and influence of AD
on topical tacrolimus therapy for chronic ACD was specifi-
cally investigated by comparing the clinical signs and symp-
toms of ACD in patients with and without AD. The GEE
analyses showed that the presence of complicated AD only
minimally affected the chronic ACD remission rate after
6 months of topical tacrolimus therapy. Additionally, longer
term use of tacrolimus led to higher remission rates, and the
concomitant use of topical steroids improved clinical chronic
ACD signs, including papillary signs with a statistically sig-
nificant, but low odds ratio.

Established grading scales'® for papillae formation, limbal
lesions, and corneal epithelial signs were used to objectively
determine the PLC grading score and clinical subscores.
Conjunctival proliferative changes, including giant papillae
and limbal gelatinous hyperplasia, are associated with chronic
ACD severity."” Because the PLC grading score assesses con-
junctival proliferative changes and related signs, it may be
considered suitable for evaluating the therapeutic effects of
drug therapies in patients with chronic ACD. Objective find-
ings in eyes with chronic ACD, including VKC and AKC,
form a disease activity index (includes evaluations of giant
papillae, limbal gelatinous hyperplasia, limbal Trantas’ dot
spots, and corneal shield ulcers) that can be used to determine
disease remission, as indicated by flattening of giant papillae
and loss of limbal findings.'®"*' In the current study,
a patient was considered to be in remission when the total
PLC grading score was < 5. Papillary, limbal, and corneal



signs were considered to be resolved when subscores were
<4, 0, and < 1, respectively. Based on the PLC grading score,
the overall remission rate of chronic ACD after 6 months of
topical tacrolimus therapy was more than 85%. The remission
rate obtained in this study indicates that topical tacrolimus
treatment for chronic ACD patients who are untreated or
have had a poor response to existing treatment is a clinically
useful therapeutic approach.

Our GEE analyses performed on data collected after 6 months
of topical tacrolimus therapy revealed that the presence of AD
did not influence therapy efficacy. A decrease in PLC grading
score and clinical subscores indicated that continued tacrolimus
treatment improved objective measures of disease severity and
maintained disease remission. The with-AD group developed
more severe clinical findings (e.g., shield ulcers) than the with-
out-AD group. Shield ulcers have a healing time of approxi-
mately one-to-three months, which may explain why patients
with severe ACD had a delayed reduction in the corneal epithe-
lial sign subscore and an increase in disease remission. Together,
these results indicate that topical tacrolimus may be acceptable
as a first-line chronic ACD treatment for 6 months, regardless of
disease severity or individual allergic ACD background.
Furthermore, the PLC grading score progressively decreased
and the remission rate and odds ratio of attending a clinic visit
progressively increased over the study period. Therefore, these
results indicate that mild chronic ACD generally goes into
clinical remission within 6 months of beginning tacrolimus
therapy, and that longer use of tacrolimus led to higher efficacy.
This finding is important to consider when planning tacrolimus
treatment courses in chronic ACD patients. The current study
showed that the concomitant use of topical steroids with tacro-
limus significantly improved chronic ACD remission rates in
patients with and without AD. However, topical steroids should
be used with caution because they are associated with significant
adverse reactions, including steroid-induced glaucoma, cataract,
and infectious keratitis.>>*" Therefore, topical tacrolimus ther-
apy may be a better treatment choice for ACD patients, reserving
steroid/tacrolimus combination therapy for cases that are severe
(high papillary sign subscore).

Chronic ACD signs and symptoms are likely induced by
allergic inflammation in the conjunctiva and the accompany-
ing keratopathy. Prior studies have shown that chronic ACD
signs and symptoms generally improve within 1 month of
beginning topical tacrolimus therapy.*'” In agreement, we
observed a marked improvement in both clinical findings
scores and subjective symptom scores after 1 month of treat-
ment in chronic ACD patients with and without AD.
Tacrolimus likely improves chronic ACD signs and symp-
toms via allergic inflammation inhibition, as indicated by
several animal studies. One study in a mouse model of
experimental allergic conjunctivitis showed that tacrolimus
inhibits allergic inflammation in the conjunctiva via inhibi-
tion of eosinophil and CD4-positive T cell infiltration.** This
mouse study also showed that steroid and tacrolimus eye
drops have similar effects on ACD signs.** Tacrolimus also
decreased conjunctival inflammation by inhibiting T cell
interleuken-4 production in an ovalbumin (OVA) sensitized
rat model of immune-mediated blepharoconjunctivitis.*®
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Furthermore, tacrolimus improved OVA-sensitized allergic
conjunctivitis in guinea pigs, a steroid-resistant species, by
inhibiting the late phase of immediate-type and delayed-type
conjunctival hypersensitivity.”* A continuous administration
of the tacrolimus ophthalmic suspension in chronic ACD
patients may be necessary to maintain conjunctival remis-
sion. In the current study, a 6-month treatment course with
tacrolimus eye drops resulted in a chronic ACD remission
rate of 85.2%. However, approximately 10%-15% of patients
did not respond to topical tacrolimus treatment. These
patients often had conjunctival proliferative changes, includ-
ing giant papillae, so novel therapies are needed to treat these
patients.

This study, conducted on post-marketing survey data,
had several limitations. First, patients registered in this
study were able to receive any concomitant treatments
along with topical tacrolimus therapy. However, it is likely
that confounding effects of concomitant therapies were
minimal because all included patients were either untreated
or responded poorly to non-tacrolimus therapies. Second,
though this study objectively and subjectively evaluated
tacrolimus efficacy, it did not examine tacrolimus allergic
or immunological effects. Future research should investigate
how topical tacrolimus therapy affects ocular surface immu-
nology in the clinical setting and identify patient character-
istics associated with poor responses to the drug. Third, the
visual prognosis was not evaluated in this study. Because
severe visual impairment occurs in ACD patients with
severe corneal epitheliopathy including shield ulcer, atopic
cataract, and retinal detachment, the visual prognosis and
therapeutic effect of tacrolimus ophthalmic suspension for
visual and refractive outcomes of the patients with chronic
ACD are crucial research themes for future studies. Fourth,
only complication of atopic dermatitis was considered as
a background factor of the chronic ACD patients in this
study. However, the cluster analysis based on more back-
ground factors, including the disease severity of AD, the use
of topical and systemic treatments for AD, and complica-
tions of other allergic diseases may help clarify the thera-
peutic effect of tacrolimus ophthalmic suspensions.

In conclusion, tacrolimus ophthalmic suspensions are use-
ful for treating chronic ACD with and without AD. The
proper selection of concomitant medications, including topi-
cal steroids, is crucial to therapy success. Additionally, more
severe cases of ACD may require a longer tacrolimus treat-
ment course. Furthermore, the PLC grading score can be used
in the clinical setting to assess tacrolimus efficacy.
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