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Background: Vernal keratoconjunctivitis (VKC) is a refractory ocular allergic disorder that mainly affects boys. A few studies have
attempted to develop a classification of subtypes of VKC. In this study, we investigated a computational approach called cluster
analysis to separate VKC cases into groups based on clinically relevant characteristics.

Methods: In total, 41 consecutive patients clinically diagnosed with VKC at the Department of Ophthalmology of Fukuoka
University Hospital were included. Patients were treated with immunosuppressive eye drops without simultaneous corticosteroid
eye drops, except for the occurrence of exacerbations. Collated variables were age at onset, clinical score of ocular lesions at baseline,
clinical score of ocular lesions at final visit, clinical score of atopic dermatitis (AD) at baseline, frequency of exacerbations of VKC,
serum total IgE level and peripheral blood eosinophil count.

Results: VKC patients were grouped into three clusters by cluster analysis, and cluster 1, 2, and 3 comprised 25, 9 and 7 cases,
respectively. There were differences in the incidence of complications of AD and age at onset among the clusters; therefore, we named
the three clusters for better understanding as traditional VKC (cluster 1), early-onset atopic keratoconjunctivitis (AKC)/VKC (cluster 2)
and puberty-onset AKC (cluster 3).

Conclusion: We found in this study that VKC in childhood has three phenotypes which were previously unknown. Our findings may
help to establish precision medicine by focusing on the phenotype of each case to develop individualized medicine to prevent
exacerbations.
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Introduction

Vernal keratoconjunctivitis (VKC) is a chronic ocular inflammatory disorder which is most prevalent among
males, with onset typically occurring before age 10 and resolving at puberty. VKC is characterized by severe
inflammation affecting both the cornea and conjunctiva, such as hyperemia, chemosis, photophobia, mucous
discharge, giant papillae of the upper tarsal conjunctiva, limbal Horner-Trantas dots, superficial keratopathy and
corneal shield ulcers."? Although the symptoms of VKC usually persist despite treatment, it generally subsides
with the onset of puberty,® but some therapeutic measures may be required beyond this age to control the course
of the disease, especially in those cases associated with atopic dermatitis (AD), in whom permanent changes to
the ocular surface may occur, accompanied by permanent visual impairment.* Although cases have been treated
with medical management and environmental control, varying responses to similar medication have been
observed in VKC,” and the reasons underlying the variation in clinical outcomes among VKC cases have been
poorly studied and little understood. Therefore, there is a need to develop a novel classification of subtypes of
VKC. The prognosis may differ according to the disease phenotype of VKC;' however, to our knowledge, no
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attempt has been made to classify patients into subgroups based on VKC features and demographic
characteristics.

While various studies have been reported on the immunological or allergological features of VKC,*'? it
would seem to be of considerable value for clinical ophthalmologists if the clinical subtypes could be classified
based mainly on the clinical features, with at least addition of laboratory findings that can be carried out in daily
clinical practice. Therefore, we investigated a computational approach called cluster analysis, performed by
grouping all cases of VKC together, then separating them into groups based on their statistical similarity of
clinically relevant characteristics. The aim of the present study was also to propose a model of discrimination
between VKC phenotypes different from the traditional one,”> which enabled us to investigate the possibility of
establishing a classification of clinical subtypes of VKC, especially before puberty, using clinical findings
derived from long-term observation of cases of VKC while minimizing clinical diagnostic bias.

Materials and Methods

Patients

This cross-sectional case series study was approved by the Institutional Review Board of Fukuoka University School of
Medicine (approval number: 2017M140) and adhered to the tenets of the Declaration of Helsinki. Written informed
consent was obtained from all subjects enrolled in this study. This study conforms to the reporting requirements of the
STROBE guidelines.

In total, 41 consecutive juvenile patients aged 4 to 16 years at the onset of symptoms, diagnosed with VKC
and treated for at least one year in the Department of Ophthalmology of Fukuoka University Hospital (Fukuoka,
Japan), located in the west region of Fukuoka City which has an approximate population of 300,000, were
included in this study. The diagnosis of VKC was based on the Japanese guidelines for allergic conjunctival
diseases.'" In summary, VKC was diagnosed by the presence of proliferative change, such as typical cobblestone
excrescences (giant papillae of the upper palpebral conjunctiva more than 1 mm in size), and corneal lesions,
such as stromal lipid deposition or pannus formation, and cases of limbal type were excluded in this study, as
while limbal lesions are associated with proliferative change, they comprise only 5% of VKC cases in our
hospital.'? Exclusion criteria were bacterial conjunctivitis, viral keratoconjunctivitis or other unclassified con-
junctivitis such as phlyctenular or toxic conjunctivitis and dry eye disease, and subjects wearing contact lenses
were also excluded.

Ocular Clinical Grading and Clinical Observations
Clinical evaluation of ocular findings was carried out according to the ocular clinical grading system reported recently."
Among ten objective ocular clinical findings of conjunctival, limbal, and corneal lesions, three findings, conjunctival
papillae, conjunctival giant papillac and corneal epithelial lesions, were each graded on a 4-point scale (0 = none, 1 =
mild, 2 = moderate, and 3 = severe; left and right eyes separately in each case), and reference clinical pictures are shown in
the guidelines.'® Details of the scoring criteria of the three findings are shown in Table 1. The total score of the three findings,
with a maximum of 9, taking the score of the more severe side in bilateral cases, was used as the clinical score. The clinical
scores were recorded at each visit to our clinic; however, those at the first visit and final visit were adopted for this study.
Patients with VKC were treated according to the guidelines'' with modifications; in brief, immunosuppressive
eye drops, mainly tacrolimus (ciclosporin in the other patients), were used as basic treatment without simulta-
neous corticosteroid eye drops. Most cases could be controlled by increasing or decreasing the instillation of
immunosuppressive eye drops (four times a day, once a week), combined with anti-allergic eye drops in some
cases. This prolonged use of tacrolimus ophthalmic suspension 0.1%, namely proactive therapy reported
previously,'® entails instillation of low doses of drugs to prevent recurrences; this is similar to the medical
treatment of AD using tacrolimus ointment.'> Exacerbation of VKC was determined as worsening of the grade of
giant conjunctival papillae or corneal epithelial lesions to at least moderate, meaning elevated giant papillae
extending over less than half of the upper palpebral conjunctiva or superficial punctate keratitis with filamentary
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Table | Criteria for Clinical Evaluation of Allergic Ocular Findings

Conjunctival papillae Severe Diameter 2 0.6 mm
Moderate Diameter 0.3-0.5 mm
Mild Diameter 0.1-0.2 mm
None No manifestations
Conjunctival giant papillae Severe Elevated papillae in 1/2 or more of upper palpebral conjunctiva
Moderate Elevated papillae in less than 1/2 of upper palpebral conjunctiva
Mild Flat giant papillae
None No manifestations
Corneal epithelial lesions Severe Shield ulcer or epithelial erosion
Moderate Superficial punctate keratitis with filamentary debris
Mild Superficial punctate keratitis
None No manifestations

Note: In cases with giant papillae, papillae and giant papillae should be graded simultaneously.

debris,'' because local or systemic corticosteroid treatment is necessary in these cases. The frequency of

exacerbations of VKC was calculated as the total number of exacerbations during the observation period.

Atopic Dermatitis

Atopic dermatitis was diagnosed according to the criteria proposed by Hanifin and Rajka,'® by the presence of
four items: (1) itching, (2) chronic course of more than 1 year, (3) atopic history, and (4) typical lesions of AD.
The clinical severity of AD lesions was graded by dermatologists as (I) mild, (II) moderate, or (III) severe,
according to the distribution of lesions, response to therapy, frequency of relapse, and the clinical course, as
reported elsewhere.!” Grade I, II and III were assigned a score of 1, 2 and 3, respectively, and non-atopic cases
were assigned a score of 0 for statistical evaluation.

Serological Analysis

Serum total IgE level and peripheral blood eosinophil count were measured in each case at the first visit to our hospital.
The normal range of serum total IgE was < 110 IU/mL at 4-6 years old, and < 170 ITU/mL at 7 years old or older. The
normal range of blood eosinophil count was 1-9%. Cut-off levels of these parameters are not established for allergic

conjunctival diseases (ACD).

Classification Methods

We used divisive hierarchical cluster analysis'® to identify subgroups of patients with similar characteristics.
Hierarchical clustering methods are categorized into agglomerative (bottom-up) and divisive (top-down) proce-
dures. Divisive procedures begin by considering a group that includes all samples, which is divided into several
groups in subsequent stages until all groups comprise only a single sample.'® Collated variables for cluster
analysis were as follows: age at onset, clinical score of ocular lesions at baseline, clinical score of ocular lesions
at final visit, clinical score of AD at baseline, frequency of exacerbations of VKC, serum total IgE level and
peripheral blood eosinophil count. We performed Ward’s hierarchical cluster analysis with dissimilarity measures
of the squared Euclidean distance for the data. Cluster analysis is an “automatic” statistical analysis based on
primarily the data of samples, and cluster formation was performed with a kind of black box process without any
direction such as number of clusters, etc. The validity of the number of clusters was assessed by several methods

based on inter- and intra-cluster “scatter” indicators.?%>?
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Comparison of Clinical Characteristics and Clinical Outcome Among Clusters
Differences in clinical characteristics and laboratory data among clusters were tested using analysis of variance.
All tests were two-sided, and p < 0.05 was considered to indicate statistical significance. All statistical
evaluations including cluster analysis were performed using Excel Toukei-Kaiseki software (BellCurve, Tokyo,
Japan).

Results

Demographic Features of Patients

Baseline demographic and clinical characteristics of the 41 patients are shown in Table 2. The observation period ranged
from 12 to 119 months, with mean + standard deviation (SD) of 28.6 = 14.6 months. Twenty-two cases (54%) were
observed for 18 to 36 months, and only two cases of early onset, aged 5 years old, were followed for more than 100
months. The overall prevalence of AD was 36.6% (15/41).

Cluster Analysis of Patients with VKC

All patients with VKC were evaluated by cluster analysis and grouped into three clusters. The dendrogram is
shown in Figure 1, and clinical and laboratory findings of the three cluster groups of VKC patients are shown in
Table 3. Cluster 1, 2 and 3 contained 25, 9 and 7 cases, respectively. In the analysis of variance among the three
clusters, significant differences were observed in all items (p < 0.05) except for clinical score of ocular lesions at
baseline. Cluster 2 and cluster 3 included 5 (56%) and 5 patients (71%) with AD, respectively; in contrast, AD
cases comprised 20% of cluster 1. Severity of AD was lowest in cluster 1. Most parameters showed the highest
value in cluster 3, except for age at onset and peripheral blood eosinophil count. Peripheral blood eosinophil
count was similar in cluster 2 and cluster 3. Age at onset was higher in cluster 1 and cluster 3 than in cluster 2.
Cluster 1 showed an obviously lower percent eosinophil count than the other clusters. Serum total IgE level was
higher in cluster 2 and cluster 3 compared with cluster 1. From these results, we named the three clusters for
better understanding as traditional VKC (cluster 1), early-onset atopic keratoconjunctivitis (AKC)/VKC (cluster 2)
and puberty-onset AKC (cluster 3). As shown above, a treatment regimen using tacrolimus eye drops in
a proactive way was universal among the clusters.

Characteristics of Three Clusters
The characteristics of these three clusters are summarized in Table 4.

Cluster 1 (n =25, 61.0%) - traditional VKC. This was the largest group; it consisted of subjects with a median age at
onset of up to around puberty, and included female patients with a male to female sex ratio of 21: 4. Clinical resolution
was obtained in most cases by the last follow-up, and fewer AD patients were included. Typically showing a low
peripheral blood eosinophil count and serum total IgE level, this group corresponded to VKC that undergoes spontaneous
resolution at puberty, from a previous study of this disease.*”

Cluster 2 (n =9, 21.9%) - early-onset AKC/VKC. The subjects had a younger median age at onset of 6 years,
and a high peripheral blood eosinophil count was the specific characteristic of this group. Male to female sex
ratio was 7: 2. The median clinical scores of ocular lesions at baseline and the final visit were low compared

Table 2 Baseline Characteristics of Included Patients

Age at onset (years) (mean * SD) 891 + 3.06
Sex (male: female) 347
Clinical score (median (range)) 4 (1-9)
Severity of atopic dermatitis (median (range)) 0 (04)
Serum total IgE level (IU/mL) (mean % SD) 135 + 85.2
Peripheral blood eosinophil count (%) (mean * SD) 2.09 + 1.52

Abbreviation: SD, standard deviation.
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Figure | Dendrogram of cluster analysis of patients with vernal keratoconjunctivitis (VKC). Each of the 41 patients with VKC are displayed. The dendrogram was generated
using the Ward method. Each case was given two codes according to the presence or absence of the complication of AD ((A); AD+ (red), (B); AD- (gray)) and the age at
onset of VKC ((C); < 8 years old (green), (D); > 8 years old (yellow)). The dendrogram depicts the levels of the hierarchical clusters.

with those in cluster 3, indicating that they showed a favorable clinical outcome, with clinical resolution during
follow-up. On close observation, this group comprised two subgroups; all of the subgroup (case 26 — case 29)
patients had AD, while only one patient in the subgroup (case 30 — case 34) was complicated with AD
(Figure 1). Therefore, this group might comprise combined subgroups of juvenile onset severe spectrum of
ACD, and we named this AKC/VKC.

Cluster 3 (n =7, 17.1%) - puberty-onset AKC. Cases in this group were relatively late-onset, similar to cluster 1, and
all cases were male. The majority had AD (71%) and this group had a high median clinical score of ocular lesions at
onset (6), while the median clinical score of ocular lesions at the final visit was highest (4) among the three groups,
suggesting this to be the most clinically severe subtype. The median frequency of exacerbations of VKC (1.5) was
highest, indicating the refractory nature of VKC in this group. As shown by the high clinical score of ocular lesions at the
final visit (Table 3), some patients did not show clinical resolution, and treatment with immunosuppressive eye drops was

continued in these cases.
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Table 3 Clinical and Laboratory Findings of Three Cluster Groups of VKC Patients

Parameters Cluster | Cluster 2 Cluster 3 p value*
(n=25) (n=9) (n=7)

Age at onset (years) (median (range)) 10 (4-16) 6 (4-10) 10 (4-13) 0.014*
Clinical score of ocular lesions at baseline (median (range)) 4 (1-9) 4 (2-8) 6 (3-7) 0.25
Clinical score of ocular lesions at final visit (median (range)) 2 (1-7) I (1-5) 4 (1-7) 0.024*
Clinical score of atopic dermatitis at baseline (median (range)) 0 (0-3) 1 (04) 3 (0-3) 0.0006**
Frequency of exacerbations of VKC (median (range)) 0 (04) 0 (0-2.85) 1.5 (0-5) 0.021*
Serum total IgE level (IU/mL) (mean % SD) 532 £229 188 + 48.8 331 + 306 0.0007**
Peripheral blood eosinophil count (%) (mean + SD) 0.92 £ 0.57 4.67 £ 0.876 471 £ 2.69 0.0006**

Notes: In the analysis of variance (ANOVA) among the three clusters, significant differences were observed in all items (p < 0.05) except for clinical score of
ocular lesions at baseline. * p < 0.05, **p < 0.01; ANOVA.
Abbreviation: VKC, vernal keratoconjunctivitis.

Table 4 Characteristics of Three Clusters

Characteristics Cluster | Cluster 2 Cluster 3

Name Traditional VKC Early-onset AKC/VKC Puberty-onset AKC

Onset Around 9 y.o. 6 y.o. or younger Around 9 y.o.

Sex 82% male 78% male All male

AD 20% 56% 71%

Serum total IgE Low Intermediate High

Peripheral blood eosinophil count Low High High

Clinical prognosis Resolves at puberty Favorable clinical outcome | Most severe, with prolonged course

Abbreviations: y.o, years old; AD, atopic dermatitis.

Discussion

Hierarchical clustering analysis in this study identified three clusters, which consisted of “traditional VKC” (cluster 1),
“early-onset AKC/VKC” (cluster 2), and “puberty-onset AKC” (cluster 3), as presented in the Results section. This
finding that VKC, which has been considered an allergic disease that especially occurs in childhood, falls into three
phenotypic groups is open to at least two interpretations. The first is that the presence of AD might influence the clinical
course of this disorder, because two clusters including the name AKC (clusters 2 and 3) showed higher serum total IgE
levels and peripheral blood eosinophil counts than those in late-onset VKC (cluster 1), indicating that cases in these
groups had an atopic background despite the absence of apparent dermatological findings such as AD. The second
interpretation is that timing of onset is another differentiating element of VKC, because early-onset AKC/VKC (cluster 2)
showed lower frequency of recurrence, similar to that in traditional VKC (cluster 1), than late-onset AKC (cluster 3).
Considering the small number in each cluster, even though statistically significant differences among the groups were
found for certain parameters, such as the onset of VKC or the complication of AD, it is difficult to explain in detail the
meaning of each cluster from the results of this study, because cluster analysis is basically an automatic statistical
method, as shown in the Materials and methods section.

There is controversy regarding AKC in childhood. AKC was defined by Hogan in 1952 as allergic keratoconjuncti-
vitis occurring in association with atopic eczema.” Distinguishing between VKC and AKC can be challenging.
Historically, AKC is rarely recognized as a diagnostic entity before puberty and is thought to occur predominantly in
adults.** If a young patient were to present with AKC-like symptoms and AD, they might be diagnosed with VKC. We
agree with this standpoint; therefore, the title of this paper includes only “vernal keratoconjunctivitis”.*> In contrast,
Ebihara et al proposed that VKC cases with any history of AD should be diagnosed as AKC, regardless of patient age.*
VKC generally resolves at puberty; however, in some cases, it is thought that VKC may “evolve” into AKC in
adulthood.?” AKC was included in the disease name of cluster 2 and cluster 3, but, as noted above, all juvenile cases
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with giant papillae in this study were diagnosed as VKC at their onset, but not AKC, even though they were complicated
with AD. As noted by Frankland et al in an earlier study in the 70’s that VKC was an atopic disease,”® the prevalence

of AD among cases of VKC ranged between 15% and 52% in the past literature,” '

and the rate in the present study,
36%, was in accordance with these studies. Based on these combined reports, we consider that VKC might not be
a uniform clinical entity, but composed of several subtypes other than traditionally considered VKC affecting mainly
boys in the first decade of life and generally subsiding with the onset of puberty.! The name AKC/VKC (cluster 2)
typically reflects the ambiguous border between AKC and VKC, especially in puberty, as shown in this study. The
puberty onset group of patients (cluster 2) might be classified into two groups in a future study.

The phenotypic differences identified in this study could be further investigated in a future study, in conjunction with
pathophysiological data, because differences occur throughout the course of the disease and may affect the clinical
outcome in adulthood, especially in cases with AD - cluster 3 (puberty-onset AKC). Clinical exacerbations could not be
avoided by proactive therapy using tacrolimus eye drops in cluster 3, all of which were male cases with AD whose onset
was later on average than in cluster 2. We expect that most cases belonging to cluster 3 relate to a phenotype of AKC in
adults that has early onset around puberty.** Considering the refractory features observed in cluster 3, our findings could
help identify the clinical characteristics and understand the similarity of pathogenic mechanisms within each cluster,
which could contribute to better ways of managing VKC in childhood. Some cases of VKC that resulted in refractory
AKC in adulthood were observed.”” Chronological analysis of VKC throughout the clinical course from onset to after
puberty will clarify differences in the clinical outcome among the clusters identified in this study. This observational
study is in progress.

To establish precision medicine, it is important to focus on the phenotype of each case in order to develop
individualized medicine to prevent exacerbations. In contrast, the clinical outcome in early-onset AKC/VKC (cluster 2)
was generally favorable and cases had fewer exacerbations and the disease tended to be self-limiting, although their
allergological background was similar to that of cluster 3 (Table 3). Future observational studies with long-term follow-
up from birth may reveal the reason.

There are several limitations of this study. Firstly, the study population was small. VKC is basically a rare ocular
disorder. A questionnaire-based survey by practicing ophthalmologists was conducted in several European countries in
2002, and the prevalence of VKC was estimated to be 0.003% - 0.09%.%” They concluded that the best estimate of VKC
prevalence in Western Europe is 3.2/10,000 inhabitants, and the prevalence of VKC with corneal complications is 0.8/
10,000 inhabitants.”* The prevalence of VKC varies greatly depending on the region of the world. High prevalence rates
are reported especially for regions with warm dry climates, eg, Middle Eastern countries, central and South Africa, and
Mediterranean countries. In contrast, western EU nations have a low prevalence of VKC.*> We herein report a single-
center study that included patients treated in a tertiary consulting eye center that provides care to approximately 300,000
inhabitants surrounding our hospital (in west Fukuoka area), and 12% of the population of Fukuoka City is reported to
comprise children under 12 years old.** It is reported that the prevalence of ACD in children under 12 years in Japan is
11%.*® In Japan, the prevalence of VKC in ACD patients under medical care was reported to be 3.8%."> It is difficult to
calculate the exact number of cases of VKC in this region of Fukuoka City. Assuming that all cases affected with ACD in
west Fukuoka under 12 years old were treated medically, the estimated number of ACD juvenile cases in west Fukuoka is
3960 (300,000 x 0.12x0.11), and 41 cases accounted for 1.0% of 3960 cases. Considering these factors, our study
population of 41 cases is not far from the estimated number of cases that need continued medical care by a tertiary
consulting eye center because of their severe illness. Enlargement of the study population is needed to verify and confirm
the results of this study, possibly on a nationwide basis. Secondly, among the variables selected, the clinical score of
ocular lesions at the final visit and the frequency of exacerbations of VKC could not be predicted at the first visit from
other variables, and we need to wait until the end of the observation period. Therefore, we should understand that these
subtypes cannot be distinguished at the start of treatment of childhood cases of VKC. However, our present results would
give physicians a useful and meaningful standpoint that VKC might be divided into several subtypes depending on, at
least, age at onset, clinical scores of ocular lesions and AD, serum total IgE level and peripheral blood eosinophil count at
baseline, without carrying out invasive laboratory analyses. Therefore, a future longitudinal, multi-center study is
warranted to establish the robustness of the cluster patterns obtained here.
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