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ABSTRACT 
 

To evaluate the efficacy of topical cyclosporine A (CsA) diluted in vitamin E (CsA-E) to treat keratoconjunctivitis sicca 
(KCS) and chronic superficial keratitis (CSK) in dogs and proliferative eosinophilic keratitis (PEK) in cats. In addition, 
we also aimed to assess the safety and tolerability of topical CsA-E for dogs and cats. A total of 146 client-owned 
animals with chronic keratopathies: 96 dogs with KCS, 27 with CSK, and 23 cats with PEK were included in the study. 
All animals underwent a complete ophthalmic examination at the Visionvet Eye Clinic (Bologna, Italy). Eligible animals 
received a drop of CsA-E from one to three times daily depending on the severity of the lesions and the response to 
treatment. We analyzed the evolution of several clinical treatment responses (CTR) parameters at baseline and at three 
and six-month follow-up. All CTR parameters improved significantly in KCS and CSK dogs and PEK cats after topical 
CsA-E treatment at three and six-month follow-up, except for those symptoms barely present in our sample at baseline. 
No systemic adverse events were detected, but two dogs and one cat showed conjunctival hyperemia and blepharospasm 
after topical CsA-E treatment. Topical CsA-E was established as an effective treatment for KCS and CSK in dogs and 
PEK in cats. Vitamin E was deemed safe and tolerable for its topical use in animals and could be considered an adequate 
alternative to other oil-based solvents when considering CsA ophthalmic preparations. 
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INTRODUCTION 

 

Cyclosporine A (CsA) is a lipophilic undecapeptide 

isolated from the fungus Tolypocladium inflatum with 

potent immunosuppressant activity (Gilger and Allen 

1998). CsA has been shown to selectively inhibit T-

lymphocyte activation and mast cell-mediated cytokine 

production and to completely inhibit IL-2, IL-3, IL-4, and 

granulocyte-macrophage colony-stimulating factor, hence 

rendering it an adequate treatment for allergic disease 

(Whitcup et al. 1996; Gilger and Allen 1998). Despite its 

effects on T-cell proliferation, CsA is not cytotoxic at 

therapeutic concentrations (Gilger and Allen 1998). In 

addition, CsA possesses interesting properties for its 

veterinary ophthalmic use. These include lacrimostimulant 

and lacrimomimetic effect, stimulant of mucin production 

(Moore et al. 2001) and reduction of corneal 

neovascularization and inflammatory cellular infiltrates 

(Kaswan et al. 1989; Kaswan 1994). Consequently, CsA 

has been extensively used to treat and improve clinical 

signs in some immune-mediated ocular diseases. In 

particular, CsA has shown to be effective in the treatment 

of keratoconjunctivitis sicca (KCS) (Kaswan and Salisbury 

1990; Moore et al. 2001; Williams 1997; Dodi 2015) and 

chronic superficial keratitis (CSK) (Jackson et al. 1991; 

Williams et al. 1995) in dogs and in cats with proliferative 

eosinophilic keratitis (PEK) (Read et al. 1995; Spiess et al. 

2009; Dean and Meunier 2013). 

The lipophilic nature of CsA requires lipid solvents for 

its ophthalmic formulation. The most commonly used are 

olive, castor, sunflower, and corn oil, although artificial 

tears have also been reported as CsA solvent (Acheampong 

et al. 1998; Labbé et al. 2017). However, the bioavailability 

of CsA in these oils is low and they produce side effects in 

humans, including blurred vision, burning, and stinging 

and are, thus, poorly tolerated (de Oliveira and Wilson 

2019). Therefore, new oil-in-water formulations are being 

investigated, such as gel systems, hydrogels, nanoparticles, 

liposomes, cationic emulsion, and penetration colloidal 

carriers (de Oliveira and Wilson 2019). Despite the 

promising results obtained with some of these novel drug 

delivery systems, their long-term safety and tolerability 

profiles have not yet been established (de Oliveira and 

Wilson 2019).
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Vitamin E is a family of molecules composed of four 
tocopherols and four tocotrienols (Pekmezci 2011; Peh et 
al. 2016). This essential nutrient possesses 
anticholesterolemic, anti-cancer, anti-inflammatory, 
cardioprotective, neuroprotective (Peh et al. 2016), and 
immunological properties (Pekmezci 2011). In addition, 
vitamin E is considered the most important antioxidant 
present in the body because of its activity against the 
damaging effects of reactive oxygen species (Mustacich et 
al. 2007; Pekmezci 2011; Peh et al. 2016; Miyazawa et al. 
2019). These properties have fostered the use, in humans, 
of vitamin E to treat ocular diseases, such as age-related 
macular degeneration, cataract, uveitis (Xin et al. 2016), and 
to prevent keratocyte apoptosis after refractive surgery 
(Bilgihan et al. 2001). Besides, vitamin E has been shown to 
protect against UV radiation-induced cataract in albino rat 
animal models (Ayala and Söderberg 2004). Since PEK is an 
inflammatory disease (Dean and Meunier 2013) and KCS 
and CSK are both immune-mediated pathologies (in the case 
of CSK triggered by excessive UV exposure) (Nell et al. 
2005), we hypothesised that the use of vitamin E as a vehicle 
for CsA would show positive results in these patients. 

Our main objective was to evaluate the efficacy of 
topical CsA diluted in vitamin E (CsA-E) to treat KCS and 
CSK in dogs and PEK in cats. In addition, we also aimed 
to assess the safety and tolerability of topical vitamin E, 
used as a vehicle, for dogs and cats. 

 

MATERIALS AND METHODS 

 

Study Design 

This was an uncontrolled interventional study using 
medical records from animals admitted to the Visionvet 
Eye Clinic (Bologna, Italy) between 2009 and 2021. The 
owners gave their written informed consent to use their data 
for our study. Medical records included date of 
presentation, breed, age, gender, eye affected, topical 
treatment, follow-up time, results of ophthalmic diagnostic 
tests, clinical treatment response (CTR) and complications. 
All animals underwent a complete ophthalmic examination 
by either a board-certified ophthalmologist or a supervised 
ophthalmology resident.  

 

Participants 

We included data from dogs diagnosed in our centre 
with KCS and CSK and cats with PEK. We diagnosed KCS 
based on the presence of characteristic clinical signs in 
conjunction with decreased quantitative tear readings 
(Schirmer tear test 1 [STT-1] <15 mm/min). In addition, we 
performed cytological evaluation in all CSK and PEK cases 
to confirm the clinical diagnosis. We excluded data from 
patients with a follow-up time of less than three months. 

 

Materials 

The ophthalmic examination included slit-lamp 

biomicroscopy (Keeler PSL Classic Portable Slit Lamp, 

Keeler Ltd, UK), STT-1, applanation tonometry (Tono-pen 

Vet, Reichert Inc, Depew, NY, USA), binocular indirect 

ophthalmoscopy (Vantage Plus Wireless, Keeler Instru-

ments Inc., Broomall, PA, USA), and fluorescein ocular 

surface test. We prepared CsA-E in sterile conditions by 

diluting 1% CsA in 80% pure vitamin E (DL-α-tocopherol 

acetate, racemic mixture) and 20% medium-chain fatty 

acids from coconut oil.  

Intervention 

All eligible animals received a drop of CsA-E from 

one to three times daily, depending on the severity of the 

lesions and the response to treatment. Concurrent 

treatments included topical antibiotics, topical anti-

inflammatories and/or ophthalmic lubricants based on 

disease response and clinician discretion.  

 

Outcomes and Measures 

We evaluated CTR by considering the following 

parameters: conjunctival hyperaemia, mucous discharge, 

corneal neovascularisation and blepharospasm. 

Additionally, we also assessed STT-1 values for KCS dogs, 

corneal pigmentation for KCS and CSK patients, and 

corneal infiltrates for CSK and PEK patients. Except for 

STT-1 values, we used a grading scale from 0 to 3 to 

classify CTR. The grading scale was as follows: Grade 0, 

not affected; Grade 1, mildly affected; Grade 2, moderately 

affected; and Grade 3, severely affected. We classified 

clinical signs for each parameter in our CTR according to 

this grading scale (Table 1). We analysed the evolution of 

these clinical parameters from baseline (T0) to follow-up 

at three months (T1) for all patients. We also analysed the 

follow-up at six months (T2), for which enough data was 

deemed enough for statistical comparisons. 

 

Statistical Analysis 

We described categorical variables as absolute 

frequencies and percentages and continuous variables as 

median and ranges. Data from the eye with a higher CTR 

in T0 was chosen for statistical analysis. We compared 

categorical variables between T0 and T1 using the non-

parametric Wilcoxon test and between T0, T1 and T2 with 

the non-parametric Friedman test. We carried out all 

statistical analyses using SPSS software Version 24.0. We 

set the statistical significance level at P<0.05. 

 

RESULTS 
 

In our study, 146 animals were evaluated at T0 and T1, 

of which 96 had KCS, 27 had CSK and 23 had PEK. Data at 

T2 (six months of follow-up) from 91 animals were available, 

of which 60 with KCS, 14 with CSK, and 17 with PEK. The 

median follow-up was six months (range: 3-48 months). 

 

Keratoconjunctivitis Sicca 

The baseline characteristics of KCS dogs are 

summarised in Table 2. Most patients were intact male (41, 

43%) and their median age was eight years (range: 0.3-14 

years). Brachycephalic dogs accounted for 55% of the total 

KCS cases. All our KCS patients had STT-1 values below 

15 mm/min at T0, whereas at T1 51% showed values 

above 15 mm/min (P<0.001) (Table 3). At T2, these 

proportions remained similar to those at T1 (P<0.001). For 

conjunctival hyperaemia, the number of patients 

presenting a grade 0 went from one (1%) to 64 (67%) 

between T0 and T1 (P<0.001), and, although 21 (22%) 

patients presented a grade 3 at T0, none were classified in 

this category at T1 (P<0.001). At T2, none showed a grade 

2 conjunctival hyperaemia and only nine (15%) patients 

were classified as grade 1 (P<0.001). With varying 

proportions, the same trend as the one described for 

conjunctival hyperaemia was  
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Table 1: Grading scale of clinical signs to classify treatment response 

 Grade 0 Grade 1 Grade 2 Grade 3 

Conjunctival hyperaemia  Not affected Mild Moderate Severe 

Mucous discharge Not affected Small amount in the 

conjunctival sac 

Discharge at medial canthus Severe discharge across cornea 

or on eyelid margins 

Corneal pigmentation Not affected < 25% of the cornea 25–50% of the cornea >50% of the cornea 

Corneal 

neovascularisation 

Not affected Limbal corneal vessels Vessels halfway towards the 

corneal axis 

Vessels extending to axial 

cornea 

Blepharospasm Not affected Palpebral fissure slightly 

narrowed 

Palpebral fissure 50% 

narrowed 

Palpebral fissure completely 

closed 

Corneal infiltrates Not affected < 25% of the cornea 25–50% of the cornea >50% of the cornea 

 

Table 2: Baseline characteristics of dogs and cats according to their pathology 

 KCSa (n=96) CSKb (n=27) PEKc (n=23) 

Sex, n (%)    

Female 27 (28) 1 (4) – 

Spayed female 21 (22) 16 (59) 4 (17) 

Male 41 (43) 9 (33) 13 (57) 

Castrated male 7 (7) 1 (4) 6 (26) 

Age (years), median (range) 8 (0.3-14) 5 (3.0-12) 4 (1.0-16) 

Follow-up time (months), median (range) 6 (3-36) 6 (3-48) 6 (3-48) 

CSK: chronic superficial keratitis; KCS: keratoconjunctivitis sicca; PEK: proliferative eosinophilic keratitis: aBreeds, (n):English Cocker 

Spaniel (11), Shit-tzu (14), Mix (14), King Cavalier Charles Spaniel (9), English Bulldog (9), French Bulldog (5), Chihuahua (5), Maltese 

(5), Bolognese (3), West Highland White Terrier (4), Golden Retriever (1), Boston Terrier (1), Bull Terrier (1), Pug (5), American 

Hamstaff (1), Poodle (1), Jack Russel Terrier (1), Lhasa Apso (1), Pekingese (1), Yorkshire Terrier (4): bBreeds, (n): German shepherd 

(13), Mix (9), Cavalier King Charles Spaniel (1): cBreeds, (n): Domestic short hair (20), Chartreux (1), Ragdoll (1), Siberian (1). 

 

Table 3: Evolution during follow-up of different clinical treatment response parameters in keratoconjunctivitis sicca dogs after treatment 

with CsA-E. Figures are absolute numbers (and %) unless otherwise stated 

Parameters/Grades T0 (n=96) T1 (n=96) P Valuea T2 (n=60) P Valueb 

STT-1, mm/min   P<0.001  P<0.001 

<10 73 (76) 12 (13)  8 (13)  

10-15 23 (24) 35 (36)  21 (35)  

>15 0 49 (51)  31 (52)  

Conjunctival hyperemia    P<0.001  P<0.001 

Grade 0 1 (1) 64 (67)  51 (85)  

Grade 1 27 (28) 28 (29)  9 (15)  

Grade 2 47 (49) 4 (4)  0  

Grade 3 21 (22) 0  0  

Mucous discharge   P<0.001  P<0.001 

Grade 0 1 (1) 40 (42)  45 (75)  

Grade 1 23 (24) 51 (53)  14 (23)  

Grade 2 44 (46) 4 (4)  1 (2)  

Grade 3 28 (29) 1 (1)  0  

Corneal pigmentation   P=0.002  P=0.012 

Grade 0 53 (55) 63 (66)  39 (65)  

Grade 1 20 (21) 17 (18)  13 (22)  

Grade 2 6 (6) 13 (13)  8 (13)  

Grade 3 17 (18) 3 (3)  0  

Corneal neovascularisation   P<0.001  P<0.001 

Grade 0 3 (4) 22 (31)  33 (55)  

Grade 1 23 (32) 36 (50)  24 (40)  

Grade 2 24 (33) 14 (19)  3 (5)  

Grade 3 22 (31) 0  0  

Blepharospasm   P<0.001  P<0.001 

Grade 0 51 (53) 85 (89)  60 (100)  

Grade 1 27 (28) 10 (10)  0  

Grade 2 15 (16) 1 (1)  0  

Grade 3 3 (3) 0  0  

CsA-E: Cyclosporine A diluted in vitamin E; STT-1: Schirmer tear test 1; T0: baseline; T1; 3 months follow-up; T2; 6 months follow-

up: Grade 0: Not affected; Grade 1: Mildly affected; Grade 2: Moderately affected; and Grade 3: Severely affected: aNon-parametric 

Wilcoxon test between T0 and T1: bNon-parametric Friedman test between T0, T1, and T2. 
 

observed for mucous discharge, corneal pigmentation, 

corneal neovascularization, and blepharospasm (Table 3). 

For all those CTR parameters, the difference between T0 

and T1 and between T0, T1 and T2 was statistically 

significant. 

Chronic Superficial Keratitis 

The baseline characteristics of CSK dogs are 

summarised in Table 2. Most patients were sprayed females 

(16, 59%) and their median age was five years (range: 3.0-

12  years).  German  shepherds  accounted  for  57%  of the 
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Table 4: Evolution during follow-up of different clinical treatment response parameters in chronic superficial keratitis dogs after 
treatment with CsA-E. Figures are absolute numbers (and %) 

Parameters/Grades T0 (n=27) T1 (n=27) P Valuea T2 (n=14) P Valueb 

Conjunctival hyperemia    P<0.001  P=0.007 
Grade 0 10 (37) 27 (100)  14 (100)  
Grade 1 13 (48) 0  0  
Grade 2 4 (15) 0  0  
Grade 3 0 0  0  

Mucous discharge   P=1  P=1 
Grade 0 27 (100) 27 (100)  14 (100)  
Grade 1 0 0  0  
Grade 2 0 0  0  
Grade 3 0 0  0  

Corneal pigmentation   P<0.001  P=0.007 
Grade 0 0 1 (4)  0  
Grade 1 7 (26) 19 (70)  10 (71)  
Grade 2 9 (33) 6 (22)  4 (29)  

Grade 3 11 (41) 1 (4)  0  
Corneal neovascularisation   P<0.001  P<0.001 

Grade 0 0 9 (33)  9 (64)  
Grade 1 6 (22) 17 (63)  4 (36)  
Grade 2 10 (37) 0  0  
Grade 3 11 (41) 1 (4)  0  

Blepharospasm   P=1  P=1 
Grade 0 27 (100) 27 (100)  10 (100)  
Grade 1 0 0  0  
Grade 2 0 0  0  
Grade 3 0 0  0  

Corneal infiltrates   P<0.001  P<0.001 
Grade 0 0 24 (89)  13 (93)  
Grade 1 6 (22) 3 (11)  0  
Grade 2 17 (63) 0  1 (7)  
Grade 3 4 (15) 0  0  

CsA-E: Cyclosporine A diluted in vitamin E; T0: baseline; T1; 3 months follow-up; T2; 6 months follow-up: Grade 0: Not affected; 
Grade 1: Mildly affected; Grade 2: Moderately affected; and Grade 3: Severely affected: aNon-parametric Wilcoxon test between T0 
and T1: bNon-parametric Friedman test between T0, T1 and T2. 
 

 

Table 5: Evolution during follow-up of different clinical treatment response parameters in proliferative eosinophilic keratitis cats after 
treatment with CsA-E  

Parameters/Grades T0 (n=23) T1 (n=23) P Valuea T2 (n=17) P Valueb 

Conjunctival hyperemia    P=0.016  P<0.009 
Grade 0 5 (22) 22 (96)  17 (100)  
Grade 1 14 (61) 1 (4)  0  
Grade 2 3 (13) 0  0  
Grade 3 1 (4) 0  0  

Mucous discharge   P=0.073  P=0.031 
Grade 0 15 (65) 23 (100)  17 (100)  
Grade 1 6 (26) 0  0  
Grade 2 2 (9) 0  0  
Grade 3 0 0  0  

Corneal neovascularisation   P=0.014  P=0.003 
Grade 0 0 5 (22)  14 (82)  
Grade 1 6 (26) 18 (78)  3 (28)  
Grade 2 15 (65) 0  0  
Grade 3 2 (9) 0  0  

Blepharospasm   P=0.83  P=0.135 
Grade 0 19 (83) 23 (100)  17 (100)  
Grade 1 4 (17) 0  0  
Grade 2 0 0  0  
Grade 3 0 0  0  

Corneal infiltrates   P=0.019  P=0.003 
Grade 0 0 14 (61)  17 (100)  
Grade 1 7 (30) 9 (39)  0  
Grade 2 9 (61) 0  0  
Grade 3 2 (9) 0  0  

Figures are absolute numbers (and %)CsA-E: Cyclosporine A diluted in vitamin E; T0: baseline; T1: 3 months follow-up; T2: 6 months 
follow-up. Grade 0: Not affected; Grade 1: Mildly affected; Grade 2: Moderately affected and Grade 3: Severely affected. aNon-
parametric Wilcoxon test between T0 and T1.  bNon-parametric Friedman test between T0, T1 and T2. 
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total CSK cases. At T0, thirteen (48%) dogs presented 

grade 1 and four (15%) grade 2 conjunctival hyperaemia 

(Table 4). At T1, this symptom had resolved in all our 

patients (P<0.001), which was maintained in our T2 sample 

(P<0.001). None of our CSK patients presented mucous 

discharge or blepharospasm at any of the follow-up times. 

Most of our patients (11, 41%) showed a grade 3 corneal 

pigmentation at T0, but at T1, only one (4%) was classified 

as grade 3 and most of them presented a grade 1 (19, 70%) 

or grade 2 (6, 22%) corneal pigmentation (P<0.001). These 

proportions remained similar in our T2 sample (P=0.007). 

Regarding corneal neovascularization, the majority of our 

cases (10, 37%) presented a grade 3 at T0, but at T1, most 

of them (17, 63%) were classified as grade 1 (P<0.001). 

The number of grade 0 patients increased from zero at T0 

to nine (33%) at T1 and remained at nine (64%) at T2 

(P<0.001). Concerning corneal infiltrates, most of our 

patients presented a grade 2 (17, 63%) at T0, whereas at 

T1, only three (11%) patients were classified as grade 1, the 

rest (24, 89%) were considered grade 0 (P<0.001). At T2, 

only one (7%) patient showed a grade 2 and the rest (13, 

93%) were classified as grade 0 (P<0.001) (Table 4). 

 

Proliferative Eosinophilic Keratitis 

The baseline characteristics of PEK cats are 

summarised in Table 2. Most patients were intact males 

(13, 57%) and their median age was four years (range: 1.0-

16 years). At T0, 18 (78%) cats presented some degree 

(grade 1 or above) of conjunctival hyperaemia (Table 5). 

At T1, only one (4%) patient presented some degree of this 

symptom (P=0.016). None of the patients in our T2 sample 

presented conjunctival hyperaemia (P<0.009). Only a small 

proportion (8, 35%) of our PEK patients presented some 

degree of mucous discharge at T0, but they were all 

classified as grade 0 at T1 (17, 100%) (P=0.073) and at T2 

(P=0.031). The same was found for blepharospasm, 

although with different proportions. All patients presented 

some degree of corneal neovascularization at T0, but most 

were classified as grade 1 (18, 78%) at T1 (P=0.014) and 

as grade 0 (14, 82%) at T2 (P=0.003). Regarding corneal 

infiltrates, all patients presented a grade 1 or above at T0, 

whereas at T1 most of them (14, 61%) were classified as 

grade 0 (P=0.019) and at T2 they were all grade 0 

(P=0.003) (Table 5). 

 

Safety and Tolerability 

No systemic adverse events were detected, but two 

dogs and one cat (5 eyes) showed conjunctival hyperaemia 

and blepharospasm at T1, which prompted a switch of the 

immunomodulatory drug. 

 

DISCUSSION 

 

To the best of our knowledge, this was the first study 

to evaluate vitamin E as an ophthalmic adjuvant of CsA in 

animals. We demonstrated that vitamin E was an effective, 

safe, and well-tolerated vehicle for CsA in dogs with KCS 

and CSK and in cats with PEK. 

As expected, brachycephalic dogs were highly 

represented among our KCS cases since these breeds have 

been demonstrated to be inclined to present KCS (Barrett 

et al. 1991; Williams 2008). In our study, the treatment of 

KCS with CsA-E was effective to reduce all baseline CTR 

parameters at three-month follow-up. The improvement in 

the grading scale for all symptoms was more marked at the 

six-month follow-up. Importantly, tear production levels 

were restored in most dogs already after three months of 

treatment. Our results are in agreement with previous 

reports demonstrating the lacrimostimulant effect of CsA 

(Moore et al. 2001; Dodi 2015). In addition, six months 

after starting CsA-E, no patient presented severe corneal 

pigmentation and neovascularization, and only a few of 

them showed a moderate degree of these symptoms. These 

results are in contrast with previous evidence describing 

corneal pigmentation and neovascularization resolution 

beyond 12 months in KCS dogs treated with CsA (Kaswan 

1994).  

Regarding CSK, a high prevalence in German 

shepherds was found in our study, as previously reported 

(Chavkin et al. 1994; Jokinen et al. 2011). Our results 

showed an improvement in all response parameters after 

treatment with CsA-E, and corneal pigmentation and 

neovascularization, in particular, showed significant 

differences six months after treatment. However, since 

none of our patients presented neither mucous discharge 

nor blepharospasm at baseline, no conclusions could be 

drawn regarding these symptoms. Notably, although none 

of our patients exhibited moderate corneal infiltrates at the 

three-month follow-up, one dog was classified as such six 

months after CsA-E treatment. This might be due to owner 

noncompliance in drug administration. The results of our 

study are in agreement with previous studies demonstrating 

the efficacy of CsA in the treatment of CSK (Jackson et al. 

1991; Williams et al. 1995). Other immunosuppressants, 

such as tacrolimus and pimecrolimus, have been found 

effective in treating CSK (Nell et al. 2005; Balicki and 

Trbolova 2010). However, these studies used corn oil 

(known to cause side effects) (de Oliveira and Wilson 

2019) or sodium chloride (not suitable to the lipophilic 

nature of CsA) as vehicles. Our results with CsA-E showed 

that not only vitamin E could enhance CsA properties but 

also that these other immunosuppressants could benefit 

from this alternative solvent. The impact of vitamin E could 

be explained by its effect on similar pathologies, since 

some studies in rats and rabbits have demonstrated its 

efficacy in treating cataracts and keratocyte apoptosis after 

refractive surgery (Bilgihan et al. 2001; Kojima et al. 1996; 

Nagata et al. 1999).  

In relation to PEK, our study showed that, globally, all 

clinical signs showed a significant improvement three 

months after CsA-E treatment and nearly all completely 

remitted at the six-month follow-up. The results were not 

statistically significant for mucous discharge and 

blepharospasm because of the low number of patients 

presenting these symptoms at baseline. Therapeutic 

management of PEK cats usually consists of topical 

corticosteroids, although relapses after treatment cessation 

and, in some cases, exacerbation of existing infections have 

been reported (Stiles and Coster 2016). CsA has been 

demonstrated to effectively treat PEK in most cats, 

although unresponsiveness was also reported (Dean and 

Meunier 2013; Stiles and Coster 2016). Therefore, 

alternative treatments have been found, including topical 

megestrol acetate (Villatoro et al. 2018) and adipose-

derived mesenchymal stromal cells (Dixon et al. 2018), 

albeit not devoid of drawbacks themselves. CsA-E 
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represents a different option and is yet another alternative 

to be added to the toolbox in the management of feline 

PEK. In this case, the potential synergistic effect of vitamin 

E could be due to its anti-inflammatory properties. A 

previously reported study in rabbits demonstrated that 

vitamin E could be used effectively as a diffusion barrier 

for pirfenidone-loaded contact lenses to treat inflammation 

after alkali burns (Parrilha et al. 2015).  
In our study, three adverse events were reported. 

However, topical CsA is known to produce adverse 
reactions in humans (Bilgihan et al. 2001), dogs (Gregory 
et al. 1989; Kaswan and Salisbury 1990; Radziejewski and 
Balicki 2016) and cats (Gilger and Allen 1998; Stiles and 
Coster 2016; Paradiso et al. 2016). Taking that into 
account, the adverse events we observed might have been 
caused by CsA rather than vitamin E. Previous reports have 
shown no irritant adverse effect of vitamin E (De Campos 
et al. 2001; Caruso et al. 2020a; Caruso et al. 2020b), in 
sharp contrast with other oil solvents often used for 
ophthalmic preparations (Lallemand et al. 2003; Guo et al. 
2015). Altogether, our results indicate that vitamin E could 
be considered a safe and tolerable vehicle for topical CsA. 

The main limitation of the present study was the 
absence of a control group, which precludes a proper 
comparison. Besides, although the sample size was bigger 
than those of some related studies (Kaswan et al. 1989; 
Moore et al. 2001; Nell et al. 2005; Balicki and Trbolova 
2010; Villatoro et al. 2018), it could be globally considered 
small. Although not all patients received concurrent 
treatments, we could not rule out the beneficial effects 
those may have had on the patient, which we attributed to 
CsA-E. Also, the lost to follow-up of 55 animals at the six-
month follow-up hampers a correct correlation from 
baseline. Finally, the minimum threshold of three months 
of follow-up could have excluded patient’s intolerant to 
CsA-E who showed clinical signs before three months. 
 

Conclusion 

Our study showed that CsA-E was an effective 
treatment for KCS and CSK in dogs and PEK in cats by 
improving patients’ clinical response up to six months after 
treatment. In addition, vitamin E was deemed safe and 
tolerable for its topical use in dogs and cats since the few 
adverse events we observed could have been attributed to 
CsA. Although more extensive studies are needed to 
validate or refute our results, vitamin E could be considered 
an adequate alternative to other oil-based solvents, which 
tend to be more irritant, when considering CsA ophthalmic 
preparations. 
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