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To the Editor
Vernal keratoconjunctivitis (VKC) is a severe chronic ocular disease characterized by recurring acute and/or chronic corneal-conjunctival inflammation leading to visual sequelae. Since no therapy is universally effective at treating VKC, novel treatments are currently under investigation, such as anti-immunoglobulin (Ig)E [1]. The clinical efficacy and safety of omalizumab have already been extensively investigated in the treatment of IgE-mediated diseases [2-8], however, very few literature data support the use of omalizumab in VKC [9-14]. Herein, we report our clinical experience with omalizumab to treat severe VKC unresponsive to standard therapy in two children. An updated overview of the current literature is also provided.
 Case reports
A 12-year-old boy (patient 1) and a 10-year-old boy (patient 2) had severe allergic asthma since preschool age. 
Patient 1 had house dust mite (HDM) and grass pollen allergy detected by skin prick test (SPT) (Dermatophagoides pteronyssinus [DP] 7 mm, Dermatophagoides farinae [DF] 6 mm and grass pollen 5 mm) and specific IgE levels (121, 83 and 77 IU/mL, respectively), with high total IgE (2004 IU/mL) levels and normal eosinophil count (228/mmc). The pulmonary function tests (PFTs) showed a Forced Expiratory Volume in 1 Second (FEV1) of 57% and a Forced Vital Capacity  (FVC) of 82% of predicted.  Patient 2 had grass pollen and parietaria allergy detected by SPT (grass pollen 9 mm and parietaria pollen 6 mm) and specific IgE levels (79.2 and 19.6  IU/mL, respectively), with high total IgE (2498 IU/mL) levels and increased eosinophil count (1493/mmc). The PFTs showed FEV1 75% and FVC 85%. 
Both patients had poor disease control, although daily high-dose inhaled corticosteroid (ICS) plus inhaled long-acting beta-agonist (LABA) and leukotriene receptor antagonist (LTRA) (patient 1: fluticasone 1000 mcg/die, LABA 100 mcg/die, LTRA 10 mg/die; patient 2: fluticasone 500 mcg/die, LABA 100 mcg/die), during which they experienced several exacerbations. 
From the age of 8 and 6 years, respectively, they also experienced stringy mucous discharge, photophobia, and painful gritty sensation of both eyes that worsened in the mornings. On examination, both patients showed large papillae of different shapes and sizes with Trantas’ dots and infiltrates on the limbus. Superficial keratitis and chemosis were observed bilaterally. Periorbital dermatitis was also seen in patient 2. Because of the clinical symptoms and the physical examination, a clinical diagnosis of VKC was made [14]. Unfortunately, both patients reported VKC unresponsive to treatment with topical antihistamines, mast-cell stabilizers, corticosteroids, and cyclosporine, and partially and temporarily responsive to treatment with oral corticosteroids. 

Patient 2 also developed a shield ulcer on the left eye, requiring corneal scraping one year later.

Because of non-controlled severe asthma and unresponsive VKC, subcutaneous omalizumab was introduced in both children. Patient 1 received 450mg/14 days and patient 2 600 mg/14 days calculated according to the standards approved by the US FDA and EMA for patients with asthma based on weight and total serum IgE levels [2, 3]. Both patients were treated for ten consecutive months from November 2018 to September 2019, and they are currently under treatment.

At every visit, the treatment response in VKC was assessed by ophthalmologic examination with assessment of the superior tarsal conjunctiva and evaluating the changes in ocular symptom (burning and/or itching, redness, lachrymation, and photophobia) by using a visual analog scale (VAS) [14]. Signs and symptoms were also classified using disease severity scales, as previously described [14, 15]. The need for topical antihistamines as a rescue drug was also recorded.  Adverse events (AEs) data were also collected.
During omalizumab treatment, both patients experienced significant improvement in VKC symptoms, in severity disease, in need for rescue, and in physical examination findings (eye redness and cobblestone papillae disappeared) (Fig 1a,b).  No adverse effects during the 9-month treatment period were reported in both patients. An improvement in asthma was also identified (patient 1: FEV1: 99%, FVC 115%; patient 2: FEV1 95%, FVC 114%).
Discussion
VKC is a severe form of the ocular disease affecting mainly the pediatric population [15, 16].  The mechanisms governing the pathogenesis of VKC is complex and not fully understood. Similarly to other conditions, VKC is featured by immediate and delayed hypersensitivity reactions, both IgE and non-IgE mediated [1]. Following the allergen binding to IgE, the degranulation and release of pro-inflammatory cytokines and histamine from mast cells and basophils occur. Higher histamine concentrations, mast cells, basophils, eosinophils, macrophages, plasma cells, and fibroblasts are found in patients with VKC than control. Elevated Th2-mediated cytokines, such as IL-3, IL-4, and IL-5, are detected in tears of patients affected by VKC [1]. Increased IL-2, interferon-gamma (IFN-y), and tumor necrosis factor-beta (TNF-β) levels are the expression of Th1 immune response. Lastly, neurotrophic factors, chemokines, mast cell-released proteases. Moreover, an impaired collagen synthesis further contributes to tissue damage [1, 17, 18]. Because of the complex pathogenesis of VKC, the effectiveness of standard treatment, such as antihistamines, mast-cell stabilizers, corticosteroids, and/or immunosuppressors, is weak and/or transient. Most treatment options are focused on the interruption of the inflammatory immune response, such as H1 receptor antagonists and mast cell stabilizers and CS. Newer topical agents, including cyclosporine A and tacrolimus, acting as immunosuppressive agents, have been studied as therapeutic options for moderate to severe VKC. Nevertheless, numerous cases do not respond to any of these topical therapies and may require treatment for an extended period. Moreover, documentation on the treatments licensed for VKC treatment did not show a good safety profile, and long-term outcomes are the significant limitations of all the therapies mentioned above [1]. Considering the Th2-mediated mechanisms underlying the pathogenesis of VKC, and aiming to identify a better therapeutic weapon against the disease, the efficacy of omalizumab has been recently disputed in the treatment of VKC both in adult and children [19].
To date, in child and adolescent populations, omalizumab is an effective treatment (table 1) [9-13], except for a child reported in the series of Doan S et al. [13]. Authors hypothesized that the not atopic status and a more severe phenotype of disease could negatively affect the efficacy of the omalizumab [13]. Other authors did not confirm these findings [9]. Currently, dosage instructions for omalizumab are lacking. Except for one adult patient receiving a single dose of omalizumab therapy [20], other studies have reported doses and duration of treatment schedules of omalizumab for the treatment of patients with VKC, per omalizumab dosage guidelines for asthma [9-13].  
Wide variability also exists in the treatment duration, and 42 months are reported as the most prolonged duration of treatment [13]. Accordingly, if a single dose of omalizumab treatment could increase patient compliance and decrease health care costs, the inconvenience of an incomplete efficacy of treatment and poor control of the disease can not be excluded. However, no relapses have been observed after treatment suspension [9, 11, 12]. 
Literature and real-life data on the long-lasting effects of omalizumab in the treatment of VKC are lacking. Authors reported that omalizumab effects were still present after 18 months of treatment [11, 12]. 
Moreover, if some patients did not require further medications in association with omalizumab treatment, other subjects needed for topical steroids but at lower dosage [13, 21].
In conclusion, our contribution confirms the efficacy and safety of omalizumab therapy and justifies the urgent need to start large prospective randomized controlled trials on the use of omalizumab to be licensed for the treatment of severe and conventional treatment-resistant VKC. 
References*
1. Ocular Surface Disease: Cornea, Conjunctiva and Tear Film. Expert Consult. KC Mathys, WB Lee. Vernal Keratoconjunctivitis. 2013, Pages 97-102
2. Genentech Inc. Xolair: FDA prescribing information. Revised December. 2015:2015
3. European public assessment report (EPAR) for Xolair (omalizumab). European Medicines Agency (EMA); 2014. http://www.ema.europa.eu.
4. Licari A, Manti S, Castagnoli R, Parisi GF, Salpietro C, Leonardi S, Marseglia GL. Targeted Therapy for Severe Asthma in Children and Adolescents: Current and Future Perspectives. Paediatr Drugs. 2019;21(4):215-237
5. Zuberbier T, Maurer M. Omalizumab for the treatment of chronic urticaria. Expert Rev Clin Immunol. 2015;11:171–80
6. Parisi GF, Papale M, Tardino LG, Manti S, Cuppari C, Salpietro C, Leonardi S. Omalizumab treatment in a 12 year-old girl with chronic spontaneous urticaria. J Dermatolog Treat. 2018;29(sup4):10-11.
7. Giallongo A, Parisi GF, Licari A, Pulvirenti G, Cuppari C, Salpietro C, Marseglia GL, Leonardi S. Novel therapeutic targets for allergic airway disease in children. Drugs Context. 2019;8:212590.
8. Parisi GF, Portale A, Papale M, Tardino L, Rotolo N, Licari A, Leonardi S. Successful treatment with omalizumab of allergic bronchopulmonary aspergillosis in patients with cystic fibrosis: Case reports and literature review. J Allergy Clin Immunol Pract. 2019;7(5):1636-1638.
9. Heffler E, Picardi G, Liuzzo MT, Pistorio MP, Crimi N. Omalizumab treatment of vernal keratoconjunctivitis. JAMA Ophthalmol. 2016;134:461–463
10. Occasi F, Duse M, Nebbioso M, De Castro G, Di Fraia M, Capata G, Lollobrigida V, Zicari AM. Vernal keratoconjunctivitis treated with omalizumab: a case series. Pediatr Allergy Immunol. 2017;28:503–505
11. De Klerk TA, Sharma V, Arkwright PD, Biswas S. Severe vernal keratoconjunctivitis successfully treated with subcutaneous omalizumab. J AAPOS. 2013;17:305–306
12. Sanchez J, Cardona R. Omalizumab: an option in vernal keratoconjunctivitis. Allergol Immunopathol (Madr). 2012;40:319–320
13. Doan S, Amat F, Gabison E, Saf S, Cochereau I, Just J. Omalizumab in severe refractory vernal keratoconjunctivitis in children: case series and review of the literature. Ophthalmol Ther. 2017;6:195–206
14. Bonini S, Sacchetti M, Mantelli F, Lambiase A. Clinical grading of vernal keratoconjunctivitis. Curr Opin Allergy Clin Immunol. 2007;7:436–441
15. Clinical Outcome Assessment Review. Selena R. Daniels, PharmD, MSNDA 208073 Lifitegrast ophthalmic solution- Available at: www.accessdata.fda.gov›nda›208073Orig1s000MedR
16. Leonardi A. Vernal keratoconjunctivitis: pathogenesis and treatment. Prog Retin Eye Res. 2002: 21: 319–339
17. Sacchetti M, Bruscolini A, Lambiase A. Neurotrophic factors and nerve growth factor in ocular allergy. Curr Opin Allergy Clin Immunol. 2019;19(5):510-516
18. Manti S, Brown P, Perez MK, Piedimonte G. The Role of Neurotrophins in Inflammation and Allergy. Vitam Horm. 2017;104:313-34
19. Humbert M, Bousquet J, Bachert C, Palomares O, Pfister P, Kottakis I, Jaumont X, Thomsen SF, Papadopoulos NG. IgE-Mediated Multimorbidities in Allergic Asthma  and the Potential for Omalizumab Therapy. J Allergy Clin Immunol Pract. 2019;7(5):1418-1429 
20. Simpson S. et al. Omalizumab as single-dose therapy for vernal keratoconjunctivitis. Ann Allergy Asthma Immunol. 2019;122:117−123
21. Williams PB, Sheppard JD Jr. Omalizumab: a future innovation for treatment of severe ocular allergy? Expert Opin Biol Ther. 2005;5(12):1603–9.
* More than 10 references have been included since we provided a literature review 
Figure
Figure 1 (a, b). Changes in the visual analog scale (VAS) and in ocular discomfort score (ODS) for ocular symptoms before and during omalizumab treatment in 2 patients with severe vernal keratoconjunctivitis (VKC).
Table
Table 1. Demographic and clinical features and outcomes in pediatric patients with VKC treated with omalizumab in the present case series and in the literature.
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