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Evaluation of Clinical Efficacy and Safety of Prolonged
Treatment of Vernal and Atopic Keratoconjunctivitis Using
Topical Tacrolimus
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Satoru Yamagami, MD, PhD

Purpose: To evaluate the clinical improvement and safety of
prolonged treatment of vernal (VKC) and atopic keratoconjunctivitis
(AKC) using topical tacrolimus.

Methods: We included 36 eyes of 36 patients who had VKC and
AKC and were treated with topical tacrolimus ophthalmic suspen-
sion (0.1%) for 24 months. The demographic data of the enrolled
patients were collected from their medical files. Clinical scores,
remission rates, number of relapses, concomitant use of steroids, and
refractory indices were assessed. Clinical outcomes were determined
using papillae—limbus—cornea (PLC) scores and 5-5-5 exacerbation
grading scale scores. Clinical characteristics associated with the need
for concomitant steroid eye drops administration were determined
using logistic regression analysis. All patients were classified into 3
subgroups using cluster analysis.

Results: PLC scores recorded in the sixth month were significantly
improved compared with those recorded at baseline. PLC scores
recorded in the 18th, 21st, and 24th months were significantly
improved compared with those recorded in the sixth month. The
remission rates increased diachronically and significantly, reaching
92% in the 24th month. Logistic regression analysis showed that, for
every 10-year increase in patient age, the risk for requiring
concomitant administration of steroid eye drops was reduced by
half (odds ratio, 0.53; 95% confidence interval, 0.29-0.96). Using
cluster analysis, the patients were divided into 3 clusters: adolescent
type, pediatric type, and adult type.
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Conclusions: Two years of treatment with topical tacrolimus
ophthalmic suspension is an effective method for inducing and
maintaining the stable stages of VKC and AKC.

Key Words: atopic keratoconjunctivitis, clinical score, tacrolimus,
prolonged use, vernal keratoconjunctivitis
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Vemal keratoconjunctivitis (VKC) is a severe form of
allergic conjunctival disease (ACD) that mainly affects
children and young adults living in a region with a warm
climate. Characteristic clinical findings of VKC are pro-
liferative conjunctival lesions, such as giant papillac and
gelatinous limbal infiltration. The signs and symptoms of
VKC worsen in the spring.! Atopic keratoconjunctivitis
(AKCQ), first reported by Hogan in 19532 is a refractive and
chronic form of ACD that is characterized by atopic
dermatitis on the face and eyelid skin; it is associated with
atopic ocular complications, such as keratoconus, atopic
cataract, and retinal detachment, at varying frequencies.?
Patients with severe VKC and AKC commonly develop giant
papillae, gelatinous limbal infiltration, and corneal epitheli-
opathy, including punctate corneal keratitis; rarely, they
present with corneal shield ulcers in the active and acute
exacerbation phases of VKC and AKC. They often have poor
responses to medical treatment. Therefore, VKC and AKC are
recognized as severe and refractive forms of ACDs.

Conventional topical therapies for severe ACDs include
antiallergy and corticosteroid eye drops. However, long-term
use of steroid eye drops may result in various adverse events
such as steroid-induced glaucoma, steroid-induced cataracts,
and infectious keratitis including herpes simplex virus
keratitis. Therefore, topical therapies that induce clinical
remission without causing significant adverse events are
required for the treatment of severe ACDs. Immunosuppres-
sants are being considered as possible alternatives to steroid
eye drops as first-line treatment of VKC.

Tacrolimus, which is a macrolide antibiotic drug
isolated from the fermentation of Streptomyces tsukubaensis,
has immunosuppressive effects.* Tacrolimus is known to
inhibit calcineurin after binding to FK506-binding proteins in
T-lymphocytes. Therefore, tacrolimus suppresses the pro-
duction of helper T-cell type 1 cytokines, including interleu-
kin (IL)-2 and interferon-y, and helper T-cell type 2
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FIGURE 1. PLC scores and 5-5-5 exacerbation grading scale
scores. Clinical findings of the patients were evaluated using both
the PLC score and the 5-5-5 exacerbation grading scale score. A,
Evaluation criteria for PLC scores. B, Evaluation criteria for 5-5-5
exacerbation grading scale scores. C, Correlation between PLC
scores and 5-5-5 exacerbation grading scale scores. Both clinical
scores indicated a statistically significant correlation (p = 0.692; P
< 0.001; Spearman correlation coefficient). (The full color version
of this figure is available at www.corneajrnl.com.)
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cytokines, such as IL-4 and IL-5.° Tacrolimus is used in
systemic therapy, mainly for the management of organ
transplant rejection and the treatment of systemic immune-
mediated conditions (eg, rheumatoid arthritis); tacrolimus
ointment is used for the treatment of atopic dermatitis.® The
efficacy and safety of using various concentrations (0.003%,
0.005%, 0.01%, and 0.1%) of tacrolimus eye drops and
0.03% ointment for treating VKC have been reported.”!!
Among the different preparations of tacrolimus ophthalmic
suspensions, the most common concentration is 0.1%.

Tacrolimus ophthalmic suspension 0.1% was launched
in May 2008 in Japan. A nationwide survey of patients with
chronic ACD who used tacrolimus ophthalmic suspension
0.1% was conducted in Japan between May 2008 and
November 2011.11-13 In this survey, clinical investigations
were conducted to evaluate the efficacy and safety of
tacrolimus ophthalmic suspension for the treatment of VKC
and AKC. This was performed by clarifying and assessing
improvement in clinical scores, increase in clinical remission
rates, and decrease in the concomitant use of steroid eye drops
during 6 months of observation. Regarding adverse events
due to treatment with tacrolimus ophthalmic suspension,
glaucoma and cataract were not reported; however, a transient
burning sensation on instillation and ocular herpes simplex
viral infection were reported as major adverse events.!>13

Although the observation period of the nationwide
survey in Japan was 6 months, VKC and AKC are chronic
diseases and affected patients require long-term treatment
over several years. However, the effects of the prolonged use
of tacrolimus ophthalmic suspension for the treatment of
VKC and AKC are not fully understood. Therefore, we
conducted this study to clarify the clinical improvement with
and safety of the use of tacrolimus ophthalmic suspension
0.1% over a 24-month follow-up period in patients with VKC
and AKC.

MATERIALS AND METHODS

This 2-year retrospective observational study was
approved by the institutional review board of the Nihon
University School of Medicine (approval number: RK-
171212-09) and adhered to the tenets of the Declaration of
Helsinki. The requirement for informed consent was waived
due to the retrospective study design.

The primary objective was to evaluate the clinical
improvement in patients with VKC and AKC after treatment
with tacrolimus ophthalmic suspension 0.1%. The secondary
objective was to analyze the representative clinical character-
istics of the patient subgroups using cluster analysis.

Eligibility Criteria and Diagnosis

This study included 36 eyes of 36 consecutive patients
who were diagnosed with AKC or VKC at Nihon University
Itabashi Hospital, according to the clinical guidelines for
ACDs.'* All patients were followed up for 24 months after
starting treatment with tacrolimus ophthalmic suspension. If
the disease severity was different between the left and right
eyes, we included the eye with more severe disease; the right
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eye was selected if the left and right eyes had similar disease
severity. Patients were excluded from participation for any of
the following reasons: 1) patients were not treated in our
hospital for 24 months; 2) patients had eye diseases other than
ACDs; and 3) patients had systemic diseases other than
allergic diseases.

Observation Period and Methods

The demographic data and clinical findings of the
enrolled patients were collected from their medical files.
The collated data were as follows: age, sex, complications of
allergic disease, clinical score, concomitant use of topical
drugs including steroids and antiallergy eye drops, frequency
of relapses, and adverse events. Clinical findings were
evaluated using the papillae—limbus—cornea score (PLC
score) and the 5-5-5 exacerbation grading scale.!>-!> Clinical
scores and concomitant drugs used were recorded at baseline
and at each follow-up visit (1st, 3rd, 6th, 9th, 12th, 15th, 18th,
21st, and 24th months).

Treatment Protocol

At our hospital, patients with AKC and VKC were
switched to a combination therapy after the discontinuation of
their existing medications. The combination therapy initially
comprised tacrolimus ophthalmic suspension 0.1% and anti-
allergy eye drops; however, 1 patient was treated with the
antiallergic, steroid, and tacrolimus eye drops, and another
patient was only treated with tacrolimus eye drops. If the
effect of the combination therapy was inadequate or if acute
exacerbation occurred during the course of the combination
therapy, a steroid was concurrently administered in the form
of an eye drop or a subconjunctival injection. Eighteen of the
36 patients required the addition of steroids to their treatment
regimen due to a relapse or an acute exacerbation. When the
symptoms and clinical findings improved, the combination
therapy was continued without steroids.

Outcome Measures
PLC Score

PLC scores were used to evaluate clinical improvement
(Fig. 1A). Objective evaluations were made by scoring
clinical photographs according to established guidelines.!*
The PLC score was obtained by evaluating the following
objective signs of AKC/VKC: palpebral conjunctival papil-
lae, giant papillae, limbal Trantas dots, limbal swelling, and
corneal epithelial lesions.!> These 5 objective signs were
chosen from the clinical evaluation criteria for ACDs
described in previously established guidelines in Japan,'#
because they are the most important signs of AKC/VKC.
Each objective sign is evaluated using a 4-point scale (none,
mild, moderate, and severe), and the PLC score is determined
by summing the scores of the 5 objective signs. The range of
the PLC score is 0 to 15 points, and AKC/VKC patients with
scores of 5 points or less are considered to be in remission.

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

TABLE 1. Demographic and Clinical Characteristics of the
Patients Included in the Study

Patients (eyes) 36

Age (yr) (mean * SD) 20 = 12.4

Sex (male:female) 32:4
Clinical from of ACD AKC 19
Eyes VKC 17

Allergic rhinitis 13
Allergic complications Atopic dermatitis 34
Cases Bronchial asthma 16
Concomitant use of eye Antiallergic eye drops 35
Drops at baseline (eyes) Steroid eye drops 1

Remission Rate

The remission threshold was set at a PLC score of 5
points.'3 The remission rate of each patient was determined
using this threshold, with a score =5 points indicating the
remission stage and a score >5 points indicating an active
disease stage.

5-5-5 Exacerbation Grading Scale

The clinical severity of AKC/VKC was determined
using the 5-5-5 exacerbation grading scale for ACDs (Fig.
1B).!3 In this method, 100 points are assigned to each of the 5
severe clinical findings (active giant papillae, gelatinous
infiltrates of the limbus, exfoliative epithelial keratopathy,
shield ulcer, and papillary proliferation at the lower palpebral
conjunctiva); 10 points are assigned to each of the 5 moderate
clinical findings (blepharitis, papillary proliferation with
velvety appearance, Horner—Trantas spots, edema of the
bulbar conjunctiva, and superficial punctate keratopathy); and
1 point is given for each of the 5 mild clinical findings
(papillae at the upper palpebral conjunctiva, follicular lesion
at the lower palpebral conjunctiva, hyperemia of the palpebral
conjunctiva, hyperemia of the bulbar conjunctiva, and lacri-
mal effusion). The sum of the total points in each severity
grade determines the severity score on the 5-5-5 exacerbation
grading scale. A total score of less than 100 points indicates a
stable stage of VKC and AKC. The 5-5-5 exacerbation
grading scale was used to determine the refractory index and
to perform cluster analysis.

Refractory Index

The refractory index was determined using the 5-5-5
exacerbation grading scale. The 4 classes of the refractory
index are class 3 (severe stage), class 2 (moderate stage), class
1 (mild stage), and class 0 (complete remission). Patients who
had clinical scores that were more than 100, between 10 and
99, less than 10, and 0, were categorized as having refractory
index classes 3, 2, 1, and 0, respectively.

Relapses

The number of relapses was recorded in each patient. A
relapse was defined as an increase of 5 or more points in the
PLC scores of patients who were in the remission stage of
VKC and AKC during the observation period.
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Amount of change in PLC score >

FIGURE 2. Improvement of PLC scores over 24
months. A, Improvement of PLC scores in all patients.
The changes in PLC scores for all patients recorded at
baseline (P < 0.0001) and in the first month (P <
0.0001) were significantly higher than that recorded in
the sixth month (linear mixed-effects model). The
changes recorded in the 18th month (P = 0.0017),
21st month (P = 0.0016), and 24th month (P =
0.0002) were significantly lower than that recorded in
the 6th month (linear mixed-effects model). B, Indi-
vidual improvement of PLC scores in patients with VKC
and AKC. The efficacy of tacrolimus ophthalmic sus-
pension over the time course (observation period x
clinical form) was different between the AKC and VKC
groups. (P 0.011, linear mixed-effects model).
However, there was no difference in the final degree of
change after 24 months (P = 0.610, Mann-Whitney U
test) between the VKC and AKC groups. The points
and the error bars of the graph indicate the mean
values and 95% confidence intervals, respectively. *P
< 0.005; **P < 0.001. (The full color version of this
figure is available at www.corneajrnl.com.)

Amount of change in PLC score

Safety of Tacrolimus Treatment

Adverse events reported during the observation period
were recorded for all registered patients.

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Advanced Statistics 22 (IBM Japan, Tokyo, Japan), and MAC
Toukei-Kaiseki v.2 software (Esumi, Tokyo, Japan). A linear
mixed-effects model was used to analyze the -clinical
improvement of the patients and the outcome of treatment
with tacrolimus ophthalmic suspension. Remission rates and
refractory indices recorded at each follow-up visit were
compared with those recorded at baseline using the Steel
test. Furthermore, we analyzed the correlation between the
PLC and 5-5-5 exacerbation grading scale scores. A logistic
regression analysis was used to assess potential associations
between patient clinical characteristics and the need for
concomitant steroid eye drop administration. All patients
were classified into 3 subgroups using cluster analysis.

RESULTS

Patient Backgrounds
The baseline characteristics of the 36 enrolled patients
are summarized in Table 1. The percentage of male patients in
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the study population was 88.9%, and the mean age of the
patients was 20.0 = 12.4 (SD) years at the time of enrolment.
Of all enrolled patients, 97% had an allergic complication.
Thirty-five patients who concomitantly used antiallergy
ophthalmic solutions (eg, antihistamines and mast cell
stabilizers) and 1 patient who concomitantly used a steroid
ophthalmic solution were included.

Clinical Improvement of VKC and AKC after
Topical Tacrolimus Treatment

The clinical improvements in the enrolled patients,
which were evaluated using the PLC and 5-5-5 exacerbation
grading scale scores over a period of 24 months, are shown in
Figures 2A, 3, respectively. We used the sixth month as a
reference point to assess the effects of longer-term tacrolimus
treatment. In addition, both clinical scores indicated a
statistically significant correlation (p = 0.692, P < 0.001,
Spearman correlation coefficient) (Fig. 1C).

Improvement of Clinical Scores in Patients
with VKC and AKC

The PLC scores recorded at baseline and at the 6th
month, 12th month, and the 24th month were 8.4 (7.6-9.3)

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 3. Improvement of 5-5-5 exacerbation grading scale
scores over 2 years. The 5-5-5 exacerbation grading scale
scores significantly decreased from the 1st month to the 24th
month (P < 0.01 at each observation time point, Steel test)
compared with the baseline scores. A score of less than 100
points indicates a stable stage of VKC and AKC. At each
observation time point after the sixth month, the median
value was less than 100 points. **P < 0.001.

[mean (95% confidence interval)], 4.0 (3.4-4.6), 3.6
(3.0-4.1), and 2.6 (2.2-3.0), respectively. The changes in
PLC scores at each time point were calculated based on the
PLC score recorded in the sixth month (Fig. 2A). The changes
in the PLC scores recorded at baseline (P < 0.0001) and in
the first month (P < 0.0001) were significantly higher than
that recorded in the sixth month (linear mixed-effects model).
The changes recorded in the 18th (P = 0.0017), 21st (P =
0.0016), and 24th month (P = 0.0002) were significantly
lower than that recorded in the 6th month (linear mixed-
effects model).

The course of topical tacrolimus treatment was exam-
ined for each clinical form. In VKC with seasonal exacerba-
tions, clinical scores showed an increasing trend at the
12th—15th months, whereas in AKC with a perennial course,
gradual improvement was observed consistently. The efficacy
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Remission rate
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Observation time points

FIGURE 4. Alterations in the remission rates of patients trea-
ted with topical tacrolimus treatment over 24 months. The
remission rate of each patient was determined using a PLC
threshold of =5 points. The remission rate was 19% in the 1st
month; it increased over time, reaching 92% in the 24th
month. active; remission.
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Clinical score was evaluated with the 5-5-5 exacerbation grading scale
Class 0: complete remission

Class 1: mild stage (clinical score less than 10 points)

Class 2: moderate stage (clinical score from 10 to 99 points)

Class 3: severe stage (clinical score more than 100)

FIGURE 5. Alterations in the refractory indices of patients
treated with topical tacrolimus over 24 months. Refractory
indices were classified from zero to 3 depending on the 5-5-5
exacerbation grading scale score of the patients. The classifi-
cation criteria are shown in a panel within the figure. The ratio
of patients who had a class 3 (severe stage) index was reduced
to 16% and 2.8% in the 12th and 24th month, respectively.
Refractory indices recorded at each observation time point
were significantly improved compared with those at recorded
at baseline (Steel test). m, class O; W, class 1; m, class 2; m, class
3.% P<0.01.

of tacrolimus ophthalmic suspension over the time course
(observation period X clinical form) was different between the
AKC and VKC groups (P = 0.011, linear mixed-effects
model). However, there was no difference in the final degree
of change after 24 months (P = 0.610, Mann—Whitney U test)
between the VKC and AKC groups (Fig. 2B).

The changes in remission rates over time are shown in
Figure 4. The remission rate was 19% in the first month. The
remission rate then increased over time, reaching 75.0% in the
6th and 12th months and 92% in the 24th month.

Seventeen of the 36 patients (47.2%) had relapses.
Seven patients had a single relapse, and 6 patients had 2
relapses. Three patients had 3 relapses. One refractory case
was observed, which had an exacerbation frequency =5.
Thirteen of the 36 patients (36.1%) had exacerbations less
than once a year.

The clinical severity of VKC and AKC was evaluated
using the 5-5-5 exacerbation grading scale. The scores of the
patients at each observation time point are shown in the box-
and-whisker plots in Figure 3. The scores of the 5-5-5
exacerbation grading scale recorded at each observation time
point significantly improved compared with scores recorded
at baseline (P < 0.01 for all observation time points, Steel
test). The median values of the 5-5-5 exacerbation grading
scale scores after the sixth month were almost less than 100
points: 2.5, 11, 2, 2, 2, and 2 points at 9, 12, 15, 18, 21, and
24 months, respectively.

The refractory index was used to convert the refractory
degree of each patient’s disease into a clinical classification.
The ratio of enrolled patients who had a class 3 index
gradually decreased over time: 34 (94.4%), 9 (25.0%), and 6
(16.7%) patients had a class 3 index at baseline, 6th month,
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TABLE 2. Results of the Logistic Regression Analysis
95% Confidence

Interval
Odds Lower Upper
Ratio Limit Limit P
Age (/10 yr) 0.53 0.29 096  0.0374
Sex 3.40 0.32 36.27 03110
Papillae (papillae and giant 0.80 0.31 2.06  0.6400
papillae)
Limbus (Limbal swelling + 1.14 0.72 1.79  0.5790
Trantas dots)
Corneal epithelial disorder 1.18 0.67 2.07  0.5687
Complication: allergic rhinitis Not applicable
Complication: bronchial asthma 1.57 0.42 590  0.5033
Complication: atopic dermatitis 0.79 0.20 3.07  0.7288

and 12th month, respectively. A single patient (2.8%) had a
class 3 index at the 24th month (Fig. 5).

Table 2 summarizes the results of the logistic regression
analysis of the associations between patient background
characteristics and the need for steroid eye drop administra-
tion. Patient age was significantly associated with steroid eye
drop use: for every 10-year increase in patient age, the risk for
requiring concomitant administration of steroid eye drops was
reduced by approximately half (odds ratio, 0.53; 95%
confidence interval, 0.29-0.96).

Cluster Analysis

Patients were categorized into groups based on 7
clinical findings, using cluster analysis (Table 3). Patients in
each cluster had similar characteristic clinical findings. The 3
distinct clusters were the adolescent type, pediatric type, and
adult type (Fig. 5). The statistical results of the assessment of

TABLE 3. Cluster Analysis Using Seven Clinical Features

Cluster 1 Cluster 2 Cluster 3
(Adolescent (Pediatric (Adult
Type) Type) Type) P
Age (median) 20.5 9 36 0.000065
Clinical score*: 333 223 122.5 0.001
baseline
(median)
Clinical score*: 6 2 12 17.5 0.491
mo (median)
Clinical score*: 2 22 12.5 0.002
12 mo
(median)
Refractory index 1 1 2 0.003
(median)
Concomitant 0 1 0 0.042
steroid use
(median)
No. of relapses 0 2 0 0.001
(median)

*5-5-5 exacerbation grading scale.
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FIGURE 6. Dendrogram of the cluster analysis of 7 selected
clinical features. The dendrogram was generated using the
Ward method, and the clinical parameters used for the cluster
analysis were the age of the enrolled patients; clinical score at
baseline and at the 6th and 12th months; the refractory index
at the 24th month; concomitant use of steroids; and the fre-
quency of relapses.

Cluster 1 Cluster 3

clinical findings using analysis of variance was categorized
into 3 clusters, as demonstrated in Table 3 and Figure 6.
There were statistically significant differences between all the
clinical findings of the 3 clusters, except for the clinical scores
recorded in the sixth month.

The key characteristics of the 3 clusters were as
follows: 1) patients in cluster 1 had stable VKC and AKC
(median 5-5-5 exacerbation grading scale score recorded in
the 12th month was 2 points), a median age of 20.5 years,
zero median concomitant use of steroids, and zero relapse
frequency; 2) patients in cluster 2 had mild VKC and AKC
(median 5-5-5 exacerbation grading scale score recorded in
the 12th month was 22 points), a median age of 9 years,
median refractory index of 1, median concomitant steroid use
of 1, median relapse frequency of 2, and occasional acute
exacerbations compared with the patients in cluster 1; and 3)
patients in cluster 3 had mild VKC and AKC (median 5-5-5
exacerbation grading scale score recorded in the 12th month
was 12.5 points), a median age of 36 years (which was higher
than that of cluster 1), median refractory index of 2 (which
was the highest among the 3 clusters), zero median concom-
itant use of steroids, and zero relapse frequency. Clusters 1, 2,
and 3 were named adolescent type, pediatric type, and adult
type, respectively, according to the characteristic median age
of the patients in each cluster. Clusters 1, 2, and 3 included
18, 6, and 12 patients, respectively.

Safety of Tacrolimus Treatment

Adverse reactions were noted in 7 (19.4%) of the 36
enrolled patients (Table 4). In particular, ocular surface
infections occurred in 3 patients, with 2 patients being
diagnosed with infectious conjunctivitis and 1 patient being
diagnosed with external hordeolum. No adverse events
occurred from the 12th month to the 24th month.
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Evaluation of Clinical Efficacy

TABLE 4. Incidence of Adverse Drug Reactions Over the 24-
Mo Period

Observational Period

Adverse Reactions No. of Patients

Less than 1 mo Chickenpox 1
Infectious impetigo

Bacterial conjunctivitis

1-5 mo
6-11 mo
External hordeolum
Cold
Pneumonia

S == = N =

12-24 mo None

DISCUSSION

We evaluated the clinical outcomes and safety of
treating patients with VKC and AKC with tacrolimus
ophthalmic suspension 0.1% over a 24-month period. Our
study had 3 important findings. First, continuous therapy with
tacrolimus ophthalmic suspension showed that the clinical
scores recorded in the 24th month were significantly
improved compared with those recorded in the 6th month.
Second, increased age was significantly associated with a
decreased requirement for steroid eye drops on logistic
regression analysis. Third, cluster analysis showed that, based
on background characteristics, the patients could be divided
into 3 clusters: adolescent type, pediatric type, and adult type.

VKC is a severe allergic disorder that is characterized
by seasonal exacerbation in the spring. In this study, we were
able to assess the clinical improvement of the patients over 2
seasons by conducting a 24-month follow-up. A previous
nationwide survey in Japan has evaluated the effectiveness
and safety of administering tacrolimus ophthalmic suspension
0.1% in more than 1000 patients with VKC and AKC, over a
6-month period.'>!3 Clinical scores, including PLC scores,
significantly improved from the first to the sixth month, and
the remission rate at the sixth month was 85.2%; the ratio of
patients who concomitantly used steroids gradually decreased
as well.!? In a recent study published in 2019, Yazu et al'®
reported that tacrolimus ophthalmic suspension 0.1% had a
significant effect on clinical scores during a 1-year follow-up
and was safe for the treatment of AKC.

Nevertheless, the effectiveness and safety of tacrolimus
treatment of patients with VKC and AKC who require
prolonged treatment are not yet fully understood. To help
clarify this, we assessed the clinical scores of the patients at
several observation time points, using the clinical score
recorded in the sixth month as a basis to assess effectiveness
and safety of tacrolimus ophthalmic suspension 0.1% in the
subsequent months. To determine the clinical score, we used
2 evaluation methods: the PLC score and the 5-5-5 exacer-
bation grading scale. The PLC score is an index that permits
easy understanding of the amount of change in clinical
findings that occurs over time, and the 5-5-5 exacerbation
grading scale is an index that allows for easy assessment of
disease severity.!3!> The clinical scores determined with
these evaluation criteria are significantly correlated, and it is
considered that objective findings can be appropriately
evaluated using these 2 types of clinical scores. In this study,
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PLC scores recorded in the 24th month were significantly
improved compared with those recorded in the sixth month.
In addition, the remission rate recorded in the 24th month was
92%, whereas that recorded in the 6th month was 75%, a
value that is moderately lower than that of a previous report
(85.2%).13 One of the reasons for the differences in the
remission rates recorded in the sixth month may be that
patients in this study who required prolonged medical
treatment had severe clinical findings, which included giant
papillae, limbal gelatinous infiltration, and shield ulcer.
Therefore, the increased remission rate in the 24th month
with prolonged use of tacrolimus ophthalmic suspension
0.1% suggests that patients who have severe symptoms likely
require treatment over 2 consecutive seasons. Subsequently,
further research is required on proactive therapy with
immunosuppressant eye drops in patients who have stable
VKC and AKC. Proactive therapy entails instillation of low
doses of drugs to prevent recurrences; this is similar to the
medical treatment of atopic dermatitis using tacrolimus
ointment.!” Appropriate dosing in proactive therapy is a
crucial issue in the medical treatment of VKC and AKC.

In this study, logistic regression analysis showed that
there was an almost 50% reduction in the risk for concomitant
use of steroid eye drops for every 10-year increase in patient
age. Because the 5-5-5 scale is an excellent tool for
determining the disease severity in patients with AKC/
VKC, it was used as a clinical scale to include patient
severity in the classification data used in cluster analysis. For
these reasons, the patients were divided into 3 subgroups
(adolescent type, pediatric type, and adult type) depending on
characteristics including patient age, clinical score measured
with the 5-5-5 exacerbation grading scale, refractory index,
concomitant use of steroids, and number of relapses, and
cluster analysis was performed. Patients in the adolescent type
subgroup included those who used tacrolimus ophthalmic
suspension 0.1% alone and did not have relapses or use
steroids concomitantly. Patients in the pediatric type sub-
group included those who occasionally developed acute
exacerbation and required concomitant use of steroids. The
adult type subgroup consisted mostly of patients with AKC
who had persistent mild inflammation with a moderate
refractory index and did not have relapses or use steroids.
These results indicate that the severity of VKC and AKC may
vary depending on the age group of the patient, which may
modify the effectiveness of treatment with tacrolimus oph-
thalmic suspension 0.1%. Furthermore, these results suggest
that, when acute exacerbations of AKC and VKC make
topical tacrolimus treatment inadequate, treatment of allergic
inflammation needs to be augmented with a steroid regimen.
Notably, Miyazaki et al reported on the significant effects of
topical tacrolimus alone on shield ulcers and corneal epitheli-
opathy. Patients with severe VKC who had giant papillae in
the upper tarsal conjunctiva required prolonged treatment
with tacrolimus ophthalmic suspension 0.1%; therefore, it
was suggested that severe palpebral conjunctival symptoms,
such as giant papillae, may be a risk factor for treatment
resistance. In addition, topical steroids did not have a
significant additive effect in this scenario.'® These previously
reported results and the results of this study indicate that,
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when a reset effect on allergic inflammation in acute
exacerbation of VKC and AKC is expected, subconjunctival
injection of topical steroids may be better than instillation.

There is considerable concern about the adverse effects
of the prolonged use of tacrolimus ophthalmic suspension
0.1%; however, the details are unclear. The adverse reactions
recorded in this study are comparable with those previously
reported,'>!3 indicating that there are no specific adverse
reactions associated with the prolonged use of tacrolimus
ophthalmic suspension 0.1%.

This study had some limitations. First, this was a
retrospective study that did not include a control group.
Moreover, the course of VKC and AKC in patients who were
untreated after the sixth month of topical tacrolimus treatment
was not known. A selection bias was evident because evaluations
were limited to patients who could be followed up for 2 years.
Therefore, a prospective intervention study would be required to
confirm whether continuing treatment with tacrolimus ophthal-
mic suspension after 2 years is necessary. Second, the sample
size was small, and the study was conducted at a single
institution. In the future, collaborative multicenter research that
includes large sample sizes will be required to consolidate the
results of this study. In conclusion, we demonstrated that 2-year
medical treatment for VKC and AKC using tacrolimus ophthal-
mic suspension 0.1% is more effective for improving clinical
scores and reducing adverse reactions than 6-month treatment.
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