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Introduction: Vernal keratoconjunctivitis (VKC) is an inflammatory condition in children that can cause severe eye complications.
Treatment is based on corticosteroid therapy during flare-ups, then antihistamines and cyclosporine in calmer periods. The dosage and
posology of cyclosporine are subject to debate.

Methods: The aim of the study is to compare the evolution in symptomatic and clinical scores, and need for topical corticosteroid
treatment in a population of children with severe VKC treated with two dosages of cyclosporine treatment (0.1% and 2%). Data were
compiled on inclusion then every three months from March, with a total follow-up duration of 12 months. Data concerning patient
evolutions and complications were collected for the two treatment groups.

Results: The mean age of the 46 children was 8.8 £2.4 years with age at onset of symptoms of 5.1 = 0.9 years. The cohort was
predominantly (65%) male. Corticosteroid dependence on inclusion was present in 52% of the children included. A significant
improvement in the various symptomatic and clinical scores was observed following treatment with cyclosporine (0.1% and 2%). Use
of topical corticosteroid treatment reduced from 19 drops per month on inclusion to 4 drops per month at 12 months. Safety was
comparable for the two groups.

Conclusion: Treatments with cyclosporine 0.1% and 2% lead to a favourable evolution in clinical and symptomatic scores and
reduced corticosteroid use. Cyclosporine 0.1% is an interesting alternative to the 2% dosage, particularly due to its availability and
ease of handling.
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Introduction

Vernal keratoconjunctivitis (VKC) is a severe and complex chronic inflammatory pathology affecting the ocular surface.
It occurs in young children around 6 years of age and mainly affects boys with a sex ratio of 3.5:1. Usually seasonal and
characterised by periods of exacerbation during hot, sunny periods, VKC generally progresses between the ages of 2 and
10 years. While the disease most often resolves by the end of puberty, 10% of cases become chronic and take the form of
adult atopic keratoconjunctivitis.' > A history of atopic diseases is only found in 50% of cases.*” The prevalence of VKC
remains relatively rare in Europe (1 to 5 per 10.000), but severe cases can cause serious complications and a significant
change in quality of life.%’

Standardisation of the management of VKC is essential, particularly in order to limit the use of corticosteroids to
severe flare-ups alone and prohibit them in stabilised forms.®? The most common iatrogenic complications associated
with the long-term use of local corticosteroid treatment are infection of the ocular surface, development of glaucomatous
optic neuropathy and cataract formation. The reduction of corticosteroid treatment is therefore a major element in the

long-term management of patients with VKC.'*!!
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In severe corticosteroid-dependent forms of VKC, maintenance treatment with a local immunomodulator is therefore
indicated, with first-line introduction of a cyclosporine-based eye drop.® The efficacy and safety of different concentrations
of cyclosporine (0.5%, 1% and 2%) with regard to symptoms and reduced corticosteroid use have been demonstrated in
previous studies.'* ' In addition, several studies have proven the efficacy of cyclosporine 0.1% on symptoms with very good
local tolerance. In one of the first studies in a large cohort of patients (596 patients included), Ebihara et al showed the efficacy
of cyclosporine 0.1% on symptoms of VKC with follow-up of one year, discontinuation of corticosteroids in 30% of patients
and a good safety profile with approx. 10% of adverse events (predominantly a burning sensation in half of patients reporting
an adverse event).'> Bremond et al and Leonardi et al demonstrated the efficacy of cyclosporine 0.1% on symptoms and
reduced corticosteroid use and also noted an improvement in quality of life in the children and adolescents treated.'®'”

To date, no comparative studies of the efficacy and safety of low-dose cyclosporine (0.1% or 0.05%) versus
cyclosporine 0.5%, 1% or 2% have been carried out. This study will compare the efficacy, safety and effect on
corticosteroid use of cyclosporine 0.1% and cyclosporine 2% in a population of children with severe VKC.

Methods

Inclusion/Exclusion Criteria

In the context of a prospective mono-centre study, patients aged under 12 years consulting for a flare-up of severe VKC,
with no previous treatment with cyclosporine or tacrolimus eye drops, were included. Severe VKC was defined as
keratitis (superficial punctate keratitis, filamentary keratitis, ulcer or vernal corneal plaques) on slit-lamp examination,
associated with the usual clinical signs of the disease (photophobia, ocular itching, presence of papillac on the tarsal
conjunctiva or bilateral limbic inflammation). The level of severity was classified according to the scoring method put
forward by Yiicel.'® A follow-up of at least one year with the same practitioner was carried out for all patients.

The exclusion criteria included the presence of another active inflammatory ocular pathology, previous use of
cyclosporine eye drops, systemic immunosuppressive or anti-inflammatory treatment, wearing of contact lenses and
presence of severe or deep amblyopia.

All the children included benefited from minimal treatment combining environmental measures (wearing of tinted
lenses, sun avoidance, saline solution eye wash), systematic local treatment with preservative-free antihistamine eye
drops (ketotifen 0.25 mg/mL) applied four times per day and artificial tears (sodium hyaluronate 0.3%) applied three
times per day. As the patients presented severe VKC, the initial treatment comprised application of dexamethasone eye
drops (8 drops for one day, 3 drops for 2 days, 2 drops for two days, 1 drop for two days depending practitioner’s clinical
habits. Then the following drops were instilled on the principle of self-medication as children were not able to avoid
scratching with eyes wash and anti-histaminic drops or to open the eyes at wakening, with explanation to the parents of
the need to limit use steroids). Treatment with cyclosporine was initiated in parallel. Two groups were defined: one
receiving cyclosporine A 0.1% cationic emulsion (Santen Pharmaceutical®, posology 1 to 4 drops per day, depending on
severity and predictable observance), and the other receiving cyclosporine 2% (hospital preparation, dilution of
intravenous preparation 50 mg/mL cyclosporine in macrogolglycérol ricinoleate, 1 to 4 drops per day). Allocation to
the groups was carried out using a randomisation grid taking into account age, sex and level of severity according to

1.'® Treatment was blinded: examiners did not know the group to which the patient was allocated.

Yiice
The study and data collection were conducted in accordance with all local laws and were compliant with the
principles of the Declaration of Helsinki. The study was approved by local institutional review board (Strasbourg

University and Strasbourg University Hospital Center Ethics Committees).

Data Collected

The following data were collected systematically on inclusion and then every three months: age, sex, symptoms, refraction
with visual acuity, slit-lamp examination, treatments, quality of life questionnaire, corticosteroid diary (in order to measure
self-medication with corticosteroid eye drops), results of systematic allergy work-up (allergy interview, prick tests and
measurement of total and specific blood IgE). A symptomatic score was defined based on the intensity of the following
elements scored from 0 to 3 and totalled: itching, discomfort, tearing, discharge, photophobia (Table 1). A clinical score
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Table | Demographic and Clinical Data of Included Patients

Parameters Cyclosporine 2% | Cyclosporine 0.1% Total
N (%) N (%) N (%)

Demographic characteristics

Patients included (N=) 22 24 46
Mean age on inclusion (years) 8.7 89 8.8
Age of onset of disease (years) 5.1 5.1 5.1
Average duration of progression (years) 3.6

Number of flare-ups in previous year (N (Min-Max)) 3.1 (I-5) 3.0 (I-5) 3.1
Sex (% male) 14 (64%) 16 (67%) 30 (65%)

Associated allergy/atopy

Atopy 15 (68%) 16 (67%) 31 (67%)
Associated rhinitis 17 (77%) 17 (71%) 34 (74%)
Positive prick tests 13 (59%) 14 (58%) 27 (59%)
Sensitivity to dust mites 8 (36%) 9 (37%) 17 37%)
Sensitivity to pollen 10 (45%) 10 (42%) 20 (43%)
Sensitivity to food allergens 2 (9%) 2 (8%) 4 (9%)

Multiple sensitivities 4 (18%) 6 (25%) 10 (21%)

Clinical forms

Limbic VKC 3 (13%) 5 (21%) 8 (18%)
Tarsal VKC 7 (32%) 7 (29%) 14 (30%)
Mixed VKC 12 (55%) 12 (50%) 24 (52%)

Severity criteria on inclusion

Vernal corneal plaque 2 (9%) 3 (12%) 5 (11%)

Giant papillae requiring intratarsal injection of dexamethasone 4 mg 3 (14%) 3 (12%) 6 (13%)

based on slit lamp examination was established using a score from 0 to 3 and the addition of the following elements:
conjunctival hyperaemia, tarsal papillae, limbal involvement, keratitis, corneal neovascularisation.

Judgement Criteria

The primary outcome of the study was to compare the efficacy of the two treatments by analysing the composite

symptomatic and clinical score over the course of follow-up. The secondary outcomes were to compare safety, effect on

use of corticosteroids (number of dexamethasone drops applied per month) and visual acuity across the two groups.
Informed consent was signed by the children and their representatives. The study was approved by a local ethics

committee.

Statistical Analysis

Relative data are expressed in the form of mean + standard deviation. The number of subjects to be included was
calculated according to the criteria: number of cyclosporine drops instilled at 12 months. The expected average based on
the studies published in the 2% cyclosporine group is 2. The hypothesis for the 0.01% Cyclosporine group was set at 1,
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with a power of 95% and an alpha risk of 0.05. The minimum number of subjects to include per group was 12. The
statistical analysis was carried out using mixed linear models. A p<0.05 was considered statistically significant.

Results

In total, 46 children (30 boys and 16 girls) aged between 5 and 14 years with severe VKC were included consecutively.
Of those, 24 children received treatment with cyclosporine 0.1% and 22 received treatment with cyclosporine 2% for
a duration of 12 months. No premature discontinuation of treatment took place and no significant adverse events were
reported during the study.

The groups were comparable in terms of age, sex, allergy history and clinical form of the disease. The demographic,
clinical and allergy data are compiled in Table 1.

Treatment with cyclosporine 0.1% and 2% led to a significant reduction in symptomatic and clinical scores from
inclusion to follow-up examinations at 3, 6 and 12 months. These scores are not significantly different with regard to
the cyclosporine dosage at inclusion, 3, 6 and 12 months. No change in visual acuity was noted for either group over the
12-month follow-up period. Detailed data on the progression of symptomatic and clinical scores are compiled in
Table 2.

Table 2 Symptomatic and Clinical Scores in the Two Treatment Groups

Parameters Month Cyclosporine 2% | Cyclosporine 0.1%
N =22 N 24
Visual acuity (OD/10) 0 9.3 9.1
3 9.5 9.7
6 9.6 9.8
12 9.8 9.8
Symptoms
Total symptomatic score (/15) 0 9.7 9.8
3 5. [k 4.5%%¢
6 4.0 3.5%%*
12 3.7%%% 3.5k
Itching (/3) 0 22 22
3 | Otk 0.8%#%
6 0.9 0.8%¥*
12 0.8%¥* 0.8%¥*
Discomfort (/3) 0 2.1 2.1
3 0.9%#% (N koo
0.8k 0.8k
12 0.8k 0.8k
Tearing (/3) 0 2.0 1.9
3 0.7%%% 0.7#%%
0.7k 0.7k
12 0.7%%% 0.7#%%
(Continued)
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Table 2 (Continued).

Parameters Month Cyclosporine 2% | Cyclosporine 0.1%
N =22 N 24
Discharge (/3) 0 1.3 1.3
3 1.2 0.8*
0.9* 0.5
12 (Wi 0.5
Photophobia (/3) 0 22 22
3 | .3 1.0%F*
0,755 0.6%%%
12 0.6%%* 0.6%**

Clinical signs

Clinical score (/15): 0 82 8.0
3 3.6%FF 4. 1%
6 3.0 2.9k
12 2.9k 2.9k
Hyperaemia (/3) 0 2.1 2.0
3 | otk .84k
12 0.7%%* 0.7%%%
Tarsal papillae 0 2.0 2.1
3 0.9%#* 1.3%*
0.8%%% | Qe
12 0.9%#¢ 0.9%#*
Horner’s trantas dots 0 1.7 1.7
3 0.9%#* 0.6%*+*
0.6%%% 0.5%#%
12 0.6%+* 0.5
Keratitis (/3) 0 1.8 1.8
3 0.6 0.9%*
0.4%%% 0.5%%%
12 0.4%%* 0.5
Neovascularisation (/3) 0 0.5%%* 0.5
3 0.2% 0.5
0.3% 0.3%
12 0.3% 0.3%

Reduction in corticosteroid use

Use of local corticosteroids during last 3 0 12 (54%) 12 (50%)
months (N, %) 3 22 (100%) 24 (100%)
3 (14%)*+* 2 (8%)***
12 2 (9%)*** 2 (8%)**+*
Number of dexamethasone eye drops/ 0 18 19
month (mean of last 3 months) 3 20 19
gk stk
12 4oox 4ox

Note: Significant difference versus score on inclusion (*p < 0.05; **p < 0.01; **p < 0.005).
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Table 3 Posology and Tolerance Based on Cyclosporine Dosage and Pharmaceutical Form

Cyclosporine Posology Period 0 - M3 Period M3 - M6 | Period M6 - M9 | Period M9 - MI12
Cyclosporine 0.1% (N = 24) | drop per day N (%) 15 (62%) 14 (58%) 20 (83%) 21 (87%)
2 drops per day N (%) 3 (12%) 6 (24%) 2 (8%) 2 (8%)
3 drops per day N (%) 2 (8%) 0 0 0
4 drops per day N (%) 4 (16%) 4 (16%) 2 (8%) 1 (4%)
Mean (drops per day) 1.8 1.7 1.3 1.2
Discomfort on use N (%) 9 (37%) 6 (25%) 5 (21%) 2 (8%)
Cyclosporine 2% (N = 22) | drop per day N (%) 0 0 2 (9%) 2 (9%)
2 drops per day N (%) 6 (27%) 13 (59%) 17 (77%) 18 (82%)
3 drops per day N (%) 16 (73%) 9 (41%) 3 (14%) 2 (9%)
Mean (drops per day) 27 24 20 2.0
Discomfort on use N (%) 9 (41%) 5 (23%) 2 (9%) 1 (4%)

After an increase in corticosteroid use in the first three months (100% receiving corticosteroid treatment on inclusion),
this was only necessary for three patients at six months, then two patients at twelve months in the cyclosporine 2% group
and two patients at six and twelve months in the cyclosporine 0.1% group. The number of drops used also reduced
substantially, from approx. 20 drops on inclusion and at three months to six then four drops at six and twelve months
respectively in the cyclosporine 2% group and two then four drops at six and twelve months respectively in the
cyclosporine 0.1% group. Use of corticosteroid treatment was not significantly different with regard to the cyclosporine
dosage at inclusion, 3, 6 and 12 months. Discomfort on administration (considerable burning sensation) affected approx.
40% of children during the first three months of treatment, and less than 10% of children after six months. The results
concerning posologies and tolerance of cyclosporine depending on dosage are detailed in Table 3.

Discussion

Cyclosporine has proven its efficacy in managing severe VKC in children. Studies of concentrations of 1% and 2% are
most frequent.'”'* Some studies have investigated lower concentrations of 0.05% and 0.1%.'¢'® All these studies have
shown the efficacy of cyclosporine, particularly with regard to quality of life and reduced corticosteroid use. This study is
the first to compare clinical progression in terms of efficacy, safety and corticosteroid use in children with severe VKC
treated with cyclosporine 0.1% or 2%. As this is a cohort study for a rare disease, the number of patients is relatively
limited (46 in total, with 24 and 22 patients in each group respectively). However, these 46 patients present demographic
(average age 9 years and male) and clinical (history of allergy in 67% of cases, mixed VKC on slit-lamp examination in
50% of cases) characteristics comparable to those in other studies in the literature.'>'® The pharmaceutical form of the
cyclosporines makes a blind study impossible. However, the design focussed on clinical follow-up makes this a real-life
study. In addition, the study is based on current practices in the management of VKC and makes it possible to answer
practical questions, such as the appropriate dosage of cyclosporine for children having difficulty instilling 4 drops
per day, during a school day. Differences in judgement between examiners were avoided by ensuring a single examiner
who collected data and prescribed the various treatments.

An improvement in symptomatic and clinical scores was observed, regardless of cyclosporine posology. There was no
difference in progression between the two concentrations. These progressions have also been observed previously for
cyclosporine 2%2° and cyclosporine 0.1%.'%!'7 The early efficacy is primarily secondary to the effects of the topical
corticosteroid treatment prescribed to all patients with severe VKC on inclusion. The onset of action of cyclosporine and
its association with topical corticosteroid treatment during treatment initiation are well-known data in the literature.”’
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This is based on simultaneous action on the various inflammatory pathways with reduced vascular and cellular
permeability, reduced polynuclear and lymphocyte migration, and inhibited fibroblast activity.>

The efficacy of cyclosporine from 15 days of use is mainly associated with inhibition of Th2 lymphocyte proliferation
and IL-2 production, and a reduction in the number of cells and inflammatory mediators on the ocular surface. This study
shows comparable efficacy for dosages of 2% and 0.1%.%> Cyclosporine takes the form of a cationic emulsion attracted
by the negatively charged particles of cell membranes, increasing its retention on the ocular surface. This could explain
the similar efficacy despite a dose that is 20 times lower.”® In addition, the number of drops administered is also lower
with cyclosporine 0.1% (approx. 2 drops per day on inclusion then 1 drop per day by end of follow-up) that with
cyclosporine 2% (approx. 3 drops per day on inclusion then 2 drops per day by end of follow-up). The efficacy of a lower
dose of cyclosporine could be useful for limiting the doses received by patients, but also as this enables the prescription
of a drug that is more easily available thanks to an officinal formula which is easier to store after opening, for example
during school hours.'”?43

It should be noted that clinical progression is identical regardless of the clinical form of VKC. In addition, visual
acuity is maintained in both groups. Maintenance of visual acuity is data that is rarely compiled in studies of
cyclosporine. This progression profile is reassuring and tends to show that complications are also of iatrogenic origin,
in particular secondary to corticosteroid treatment. '’

The reduction in corticosteroid use thus remains the key reason for introducing cyclosporine in severe VKC. This
study has shown extensive use of corticosteroids with 19 drops per month of dexamethasone in the cyclosporine 0.1%
group on inclusion and 18 in the cyclosporine 2% group. The number of drops per month fell to 4 drops per month in
both groups after 12 months of follow-up. The stable or slightly higher use of dexamethasone at three months should be
noted. A large number of patients continued to use a high posology of dexamethasone drops during the first month after
inclusion, during the initial treatment of the inflammation caused by VKC (for two to six weeks, in order to treat the
keratitis) and before the onset of action of cyclosporine. Cyclosporine at 0.1% or 2% can limit the use of topical
corticosteroids during recurrence of inflammation, and is an important addition to the range of treatments available for
this allergic pathology, in particular in severe cases of VKC.>'"?

The safety of the treatment was also evaluated using questionnaires. The most common adverse effects were
a burning sensation on administration, tearing, redness, and transient blurred vision. Discomfort was experienced by
41% of children treated with cyclosporine 2% and 37% of those treated with cyclosporine 0.1% at three months. This rate
of discomfort fell to 8% in both groups after one year of follow-up. Cyclosporine is thus relatively well tolerated. The
reduction in concentration does not correlate with a reduction in discomfort.

Conclusions

In children with severe VKC, a significant reduction in symptomatic and clinical scores is observed with cyclosporine
2% and 0.1%. Both doses enabled a substantial reduction in the use of topical corticosteroids. The tolerance of both
treatments is good and improves over the course of follow-up.

Disclosure
The authors report no conflicts of interest in this work.
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