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Abstract

Purpose To evaluate the efficacy and safety of

topical 0.005% tacrolimus eye drop for

treatment of refractory vernal

keratoconjunctivitis (VKC).

Methods This prospective study included

20 eyes of 10 patients with refractory VKC,

who had active symptomatic disease despite

conventional medications including topical

steroids. After discontinuing all other

medications, patients were treated with topical

0.005% tacrolimus eye drop four times a day.

Changes in subjective symptoms and

objective signs after treatment were evaluated,

and development of possible complications

was assessed.

Results Mean age of patients was 21.3±7.4

years and mean duration of VKC was 12.1±5.8

years. After starting tacrolimus eye drop,

patients were followed for a mean duration of

10.7±3.7 months (range, 6–15 months). All

symptoms including itching, redness,

photosensitivity, foreign body sensation, and

mucus discharge improved after the treatment;

itching was the first symptom to show

dramatic relief. In addition, there was

improvement in objective signs including

conjunctival hyperaemia, conjunctival

papillary hypertrophy, giant papillae, limbal

hypertrophy, corneal punctate epithelial

erosions, and corneal pannus; conjunctival

hyperaemia was the first sign to show

improvement. No patient required addition of

other medications including steroids for

further relief. Any attempt to discontinue

tacrolimus eye drop was associated with

recurrence of patients’ symptoms and signs,

necessitating continued use of the medication

during the entire follow-up time. No ocular

complication related to tacrolimus was noted.

Conclusion Topical 0.005% tacrolimus eye

drop seemed to be a safe and effective

treatment for steroid-resistant refractory VKC;

however, long-term use was needed to control

the disease.
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Introduction

Vernal keratoconjunctivitis (VKC) is a chronic,

bilateral, seasonally exacerbated, allergic

inflammation of the ocular surface, involving

tarsal and/or bulbar conjunctiva. It is more

common in children and young adults who

have an atopic background. Although VKC has

traditionally been considered as a classical

IgE-mediated disease (type I hypersensitivity),

recent findings implicate more complex

pathogenesis with particular involvement of

Th2 lymphocytes.1

For treatment of VKC, a variety of

medications have been used which include

anti-histamines, mast-cell stabilisers, and

non-steroidal anti-inflammatory drugs.

Nevertheless, topical steroids are the mainstay

of treatment for moderate–severe forms of

VKC.2,3 Some cases, however, remain still

symptomatic despite treatment with topical

steroids. Furthermore, prolonged use of topical

steroids may be associated with various

complications, such as glaucoma, cataract, and

secondary infections.2 To avoid steroid-related

complications, immunomodulatory agents such

as topical cyclosporine A have recently been

used for treatment of VKC.4–6

Tacrolimus (formerly, FK-506) is another

immunomodulatory agent, which is similar to

cyclosporine A in mechanism but with much

higher potency (up to 100 times).7 It suppresses

T-cell activation, T helper cell-mediated B-cell

proliferation, and formation of cytokines,

especially interleukin-2. In ophthalmology,
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tacrolimus has mainly been used to suppress immune

reactions in corneal and limbal transplantations,8–12

uveitis,13–15 and allergic eye disease.16–18 However, there

is no commercially available ophthalmic preparation for

tacrolimus.

Topical tacrolimus with concentrations of 0.02–0.1% in

ointment form has successfully been used for treatment

of atopic keratoconjunctivitis (AKC),18–20 giant papillary

conjunctivitis,21 and VKC.22,23 In a recent study, 0.1%

ophthalmic suspension of tacrolimus has been used for

treatment of AKC and VKC with only 4 weeks of

follow-up.24 However, the long-term effects of the

treatment remain unknown.

In this study, we investigated the efficacy and safety of

a much lower concentration of topical tacrolimus eye

drop in patients with refractory VKC, who had more

than 6 months of follow-up after the treatment.

Materials and methods

This prospective study included 20 eyes of 10 patients

with active VKC, which was refractory to conventional

treatments. These patients were consecutively enrolled in

the study from a tertiary eye care facility from February

through May 2009. The study was approved by

Institutional Review Board of Farabi Eye Hospital,

Tehran, Iran.

VKC was diagnosed with a typical history of chronic,

bilateral conjunctivitis, and with the patient exhibiting

symptoms and signs of itching, redness, mucus

discharge, papillae on the upper tarsal conjunctiva,

and/or limbal changes. All these patients had active

disease with no significant improvement despite being

already treated with conventional medications such as

anti-histamines, mast-cell stabilisers, non-steroidal

anti-inflammatory drugs, and topical steroids. Despite all

the medications, these patients still complained of

significant redness, itching, photosensitivity, foreign

body sensation, and conjunctival discharge. To rule out

the inadequate medical regimen as the cause for

persistent active disease, all cases received a 2-week

course of topical steroid (0.1% betamethasone eye drop);

only patients with persistent symptoms and signs of

VKC were included in the study. Patients who had

received any form of immunosuppressive therapy

including cyclosporine A eye drop were excluded.

Before starting treatment with tacrolimus eye drop and

at each visit thereafter, all patients were given a

questionnaire regarding the symptoms of itching,

redness, photosensitivity, foreign body sensation, and

mucus discharge. The patients were asked to use a

grading scale of scale 0 (none), scale 1 or mild (occasional

symptoms), scale 2 or moderate (frequent symptoms),

and scale 3 or severe (constant symptoms) to report the

severity of each individual symptom. In addition, they

underwent a complete ophthalmic examination

including measurement of best spectacle-corrected visual

acuity (BSCVA), slit-lamp biomicroscopy and

photography, fluorescein staining, and applanation

tonometry. Before starting topical tacrolimus eye drop, all

patients were asked to discontinue all other medications

including steroids for 1 week.

Advantages and disadvantages of the treatment were

fully explained for the patients and/or their parents and

then informed consent was obtained from each

participant or his/her parents. The treatment included

topical 0.005% tacrolimus eye drop four times a day.

Tacrolimus eye drop was reconstituted by adding

balanced salt solution to tacrolimus vial for injection

(Prograf, Astellas Pharma Inc., Dublin, Ireland) under

sterile condition in the local laboratory to achieve a

0.005% concentration. The patients were visited 3 days

after starting the medication and every 2–4 weeks

thereafter. In each visit after treatment, the above-

mentioned questionnaire and ophthalmic examination

were repeated; the patients were also specifically

questioned about the discomfort associated with the use

of tacrolimus eye drop.

Efficacy of the treatment was evaluated by assessing

the changes in patients’ symptoms and signs, and by the

patient’s need for additional medications to have more

relief. For each patient, consecutive slit lamp

photographs were compared by two independent

observers to evaluate the changes in conjunctival

hyperaemia, papillary hypertrophy, giant papillae,

limbal hypertrophy, corneal punctate epithelial erosion,

corneal pannus formation, and corneal stromal clarity.

Each sign was graded as scale 0 (none), scale 1 (mild),

scale 2 (moderate), or scale 3 (severe). In the case of

discrepancy between the observers, a third opinion was

sought. Improvement of each symptom or sign was

defined as at least 1-score reduction in severity compared

with values before the treatment. ANOVA test and

paired t-test were used to statistically analyse the

changes in mean score of symptoms and signs after

treatment with topical 0.005% tacrolimus eye drop;

P-values of 0.05 or less were considered as statistically

significant.

Results

In all, 20 eyes of 10 patients (nine males and one female)

with refractory VKC were included in this study. These

patients had a mean age of 21.3±7.4 years (range, 11–38

years), and all had bilateral involvement of VKC for a

mean duration of 12.1±5.8 years (range, 5–25 years)

(Table 1). All patients had active perennial symptomatic

disease despite previous use of various medications
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including anti-histamines, mast-cell stabilisers, and

topical steroids. The most prominent symptom in all

patients was itching, but they also complained of various

degrees of other symptoms, including redness,

photosensitivity, foreign body sensation, and mucus

discharge (Table 2). Although all eyes had papillary

hypertrophy, giant papillae were found in eight eyes.

Furthermore, 8 eyes had limal hypertrophy and 12 eyes

had various degrees of corneal involvement by punctate

epithelial erosions, pannus formation or stromal opacity

(Table 3).

After starting 0.005% tacrolimus eye drop, the patients

were followed for a mean duration of 10.7±3.7 months

(range, 6–15 months). Changes in mean score of

symptoms after treatment have been shown in Table 2

and Figure 1. All symptoms significantly improved after

treatment with tacrolimus eye drop. Itching was the first

symptom to show dramatic relief; while before

treatment, nine patients had severe itching and one had

moderate itching, 3 days after stating tacrolimus eye

drop eight patients had no itching and two other patients

had only mild itching, which was relieved by 1 month.

By 1 month after treatment, the residual symptoms

included mild redness in seven patients, mild

photosensitivity in three patients and mild foreign body

sensation in two patients (Table 2). The patients remained

Table 1 Characteristics of patients with refractory VKC before treatment with topical 0.005% tacrolimus eye drop and their final
visual acuity after the treatment

Case no. Gender/age (years) VKC duration (years) BSCVA Follow-up (months)

Before R-L Final R-L

1 M/23 15 20/30–20/30 20/25–20/25 15
2 F/24 17 20/30–20/30 20/30–20/30 14
3 M/16 7 20/25–20/25 20/25–20/25 13
4 M/26 15 20/200–20/100 20/70–20/50 10
5 M/38 25 20/50–20/40 20/30–20/30 10
6 M/11 7 20/25–20/30 20/25–20/30 11
7 M/19 8 20/25–20/30 20/25–20/30 10
8 M/18 8 20/30–20/30 20/25–20/20 9
9 M/22 9 20/20–20/20 20/20–20/20 9

10 M/16 10 20/25–20/25 20/25–20/25 6

Abbreviations: BSCVA, best spectacle-corrected visual acuity; L, left; R, right; VKC, vernal keratoconjunctivitis.

Table 2 Mean score of symptoms in patients with refractory VKC before and after treatment with topical 0.005% tacrolimus eye drop

Symptom Before 3 days 1 month Final follow-up P-value

Itching 2.90±0.31 0.20±0.42 0 0 o0.001
Redness 2.00±0.82 2.00±0.82 0.70±0.48 0.50±0.53 o0.001
Photosensitivity 1.80±0.63 1.50±0.53 0.30±0.48 0.10±0.32 o0.001
Foreign body sensation 1.80±0.79 1.60±0.52 0.20±0.42 0.20±0.42 o0.001
Mucus discharge 1.50±0.85 1.50±0.85 0 0 o0.001

Table 3 Mean score of objective signs in patients with refractory VKC before and after treatment with topical 0.005% tacrolimus eye
drop

Sign Before 3 days 1 month Final follow-up P-value

Conjunctival hyperaemia 2.60±0.52 2.60±0.52 0.80±0.42 0.60±0.52 o0.001
Papillary hypertrophy 2.70±0.48 2.70±0.48 1.30±0.67 0.60±0.52 o0.001
Giant papillary conjunctivitis 1.10±1.45 1.10±1.45 0.40±0.52 0.20±0.42 0.05
Limbal hypertrophy 0.90±1.29 0.90±1.29 0.80±1.13 0.20±0.42 0.04
Corneal punctate epithelial erosions 1.10±1.20 1.10±1.20 0 0 0.02
Corneal pannus 0.80±1.23 0.80±1.23 0.50±0.85 0.30±0.48 0.10
Corneal stromal opacity 0.50±1.10 0.50±1.10 0.50±1.10 0.40±0.84 0.34
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mostly symptom-free while under treatment during

follow-up, with only mild symptoms of redness,

photosensitivity, and foreign body sensation in 5, 1, and 2

patients, respectively, at the end of follow-up. Under

treatment with tacrolimus, no patient needed to use any

additional medications such as topical anti-histamines,

mast-cell stabilisers, or topical steroids to have more

relief.

In addition to relief of symptoms, there was

improvement in objective signs after starting tacrolimus

eye drop (Table 3 and Figure 2). Conjunctival hyperaemia

was the first sign to show improvement; it improved in

all eyes and while before treatment hyperaemia was

severe in 12 eyes and moderate in 8 eyes, by 1 month

4 eyes had no hyperaemia and 16 eyes showed mild

hyperaemia (Figures 3a–d). Conjunctival hyperaemia

was not deteriorated during the course of treatment, and

at the end of follow-up 12 eyes had only mild residual

hyperaemia. In addition, conjunctival papillary

hypertrophy showed improvement in all eyes (Figures 3e–f).

Of eight eyes with moderate or severe giant papillae, all

showed improvement after treatment as early as 2 weeks
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Figure 1 Mean score of symptoms in patients with refractory VKC before and after treatment with topical 0.005% tacrolimus eye
drop.
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Figure 2 Mean score of objective signs in patients with refractory VKC before and after treatment with topical 0.005% tacrolimus
eye drop (GPC, giant papillary conjunctivitis; PEE, punctate epithelial erosion).
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Figure 3 Improvement of conjunctival hyperaemia and conjunctival papillary hypertrophy after treatment with topical 0.005%
tacrolimus eye drop in refractory VKC. In these two eyes with severe conjunctival hyperaemia (a and c), there was remarkable
improvement with mild hyperaemia (b) or no hyperaemia (d) by 1 month after treatment. This eye with severe conjunctival papillary
hypertrophy (e) showed improvement after the treatment (f).

Figure 4 Improvement of giant papillae after treatment with topical 0.005% tacrolimus eye drop in refractory VKC. In these two eyes
with giant papillae (a and d), there was improvement after 2 weeks of treatment (b and e) with further improvement by 1 month after
starting tacrolimus (c and f).
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in three eyes (Figure 4); by 1 month all these eyes had

mild giant papillae, which disappeared in four eyes by

the end of follow-up. There was improvement in limbal

hypertrophy (8/8 eyes), corneal punctate epithelial

erosions (10/10 eyes), and corneal pannus (8/8 eyes)

after treatment (Figures 5a–f). Of four eyes with corneal

stromal opacity, two eyes showed 1-score improvement

(Figures 5g and h). At the end of follow-up, BSCVA

improved by more than two Snellen lines in two eyes, by

two lines in two eyes, and by one line in four other eyes

(Table 1).

Any attempt to discontinue tacrolimus eye drop was

associated with recurrence of patients’ symptoms and

signs. But with restarting the treatment, there was

immediate improvement of manifestations. Therefore, all

patients received the medication during the entire

Figure 5 Improvement of limbal hypertrophy, corneal punctate epithelial erosions, corneal pannus and corneal stromal opacity after
treatment with topical 0.005% tacrolimus eye drop in refractory VKC. In this eye with conjunctival hyperaemia and limbal
hypertrophy (a), there was significant improvement after treatment (b). Another eye with diffuse corneal punctate epithelial erosions
(c) showed smooth corneal surface with no erosion after treatment (d). In this eye with severe conjunctival hyperaemia and corneal
pannus formation (e), hyperaemia and corneal pannus decreased after treatment (f). In this eye with active VKC and corneal stromal
opacity (g), there was decreased corneal stromal opacity after treatment with increased BSCVA from 20/200 to 20/70 (h).
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follow-up time. No patient complained of any discomfort

or burning on instillation of the eye drop. No patient

needed to discontinue the medication due to any adverse

effect. Intraocular pressure remained normal in all

patients. No ocular complication related to tacrolimus

eye drop was seen in any patient.

Discussion

This study showed that 0.005% tacrolimus eye drop was

a safe and effective treatment for patients with VKC

refractory to conventional medications including topical

steroids. All patients showed dramatic improvement of

inflammatory symptoms and signs without developing

any significant adverse effect. No patient needed to use

any additional medication including topical steroids to

obtain further relief, showing the role of this medication

as a steroid-sparing agent. However, long-term use of the

medication was necessary to control the disease. Further

studies are needed to evaluate the optimal dosage and

concentration of topical tacrolimus and the long-term

safety of this treatment.

Tacrolimus is a potent immunosuppressive agent,

which inhibits several immune reactions involved in the

pathogenesis of VKC.7 In our study, a very low

concentration of topical tacrolimus (0.005%) was used as

an eye drop to treat patients with refractory VKC.

Previously, systemic tacrolimus in the form of oral

preparation has successfully been used in refractory

severe AKC.25,26 Furthermore, to treat allergic disease,

some studies have used either a commercially available

0.03–0.1% ‘skin’ ointment applied to eyelids17,18,20,27 or

fornix,21 or they have used their own-made 0.02–0.1%

ointment for the eye.22,23 Because it is more convenient to

use an eye drop rather than an ointment, Sengoku et al28

used 0.01–1% eye drop in an animal study of ocular

allergy and Ohashi et al24 used an 0.1% ophthalmic

suspension for a clinical study. The latter was formulated

to be an isotonic aqueous suspension using polyvinyl

alcohol as dispersive agent. In the present study,

tacrolimus eye drop was just reconstituted by adding

balanced salt solution, which can conveniently be

performed under sterile condition by local pharmacy.

Although no reduced efficacy of the treatment was noted

during the study, further research is needed to evaluate

the stability of the compound and the optimal method

for reconstituting the eye drop.

Even with this very low concentration of the topical

tacrolimus, rapid and dramatic improvement of

symptoms was noted in patients with refractory VKC.

By 3 days after the treatment, itching was mostly relieved

in all patients and 80% had no itching at all (Table 2 and

Figure 1). Most other symptoms were also remarkably

relieved by 1 month after starting tacrolimus eye drop.

Similar findings have also been noted in other studies.

Vichyanond et al22 applied topical 0.1% tacrolimus

ointment for 4 weeks in 10 patients with recalcitrant VKC.

All patients responded rapidly to the treatment; mean

score of symptoms reached 31% of their baseline at the

end of the first week and after 4 weeks the mean symptom

score was 20% of baseline. In another study, Miyazaki

et al23 used 0.02% tacrolimus ointment for five patients

with AKC and one patient with VKC. They noticed

marked improvement of their symptoms within 2–4

weeks. Furthermore, in a multicentre, randomised clinical

trial, Ohashi et al24 applied 0.1% ophthalmic suspension of

tacrolimus twice-daily for 4 weeks in 21 patients with

AKC and 7 patients with VKC. Compared with placebo

group, the treated eyes showed marked improvement in

symptoms after 4 weeks of treatment.

Parallel to improvement of symptoms, objective signs

in our cases showed improvement soon after starting

the treatment (Table 3 and Figure 2). Conjunctival

hyperaemia was the first sign to show improvement

with marked reduction of hyperaemia within 1 month of

treatment, which continued to show improvement

during the therapy course (Figures 3a–d). In addition

to improved conjunctival papillary hypertrophy in all

eyes (Figures 3e and f), giant papillae were found

to have improvement after treatment as early as 2 weeks

in 3/8 eyes (Figure 4); by 1 month all these eyes had

mild giant papillae, which disappeared in four eyes by

the end of follow-up. In one case report, Kymionis et al21

reported that 0.03% tacrolimus skin ointment applied

twice a day in a boy with giant papillary conjunctivitis

due to VKC resulted in resolution of giant papillae

within 15 days, with no evidence of these papillae after 1

month of treatment. Ohashi et al24 also showed

significant improvement of the giant papillae after

4 weeks of treatment with 0.1% tacrolimus ophthalmic

suspension.

In addition to conjunctival signs, limbal hypertrophy

and corneal signs such as corneal punctate epithelial

erosions, corneal pannus, and to some degrees corneal

stromal opacity showed improvement (Figure 5).

Although resolved corneal shield ulcer after treatment

with topical tacrolimus has been reported previously,24

no case in our series had this form of corneal

involvement. Improvement in corneal findings in our

series was associated with improvement of BSCVA in

8 (44%) out of 18 eyes with initial BSCVA less than 20/20.

This improved visual acuity reflects the improvment in

corneal surface and also the resulting changes in corneal

vascularisation and opacity.

In our series, any attempt to discontinue the tacrolimus

eye drop resulted in recurrence of allergic symptoms and

signs. Therefore, patients needed to be under treatment

for their entire course. In some previous studies, topical
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tacrolimus has been used just for 4 weeks in VKC with

no follow-up after cessation of the treatment.22,24 In the

study by Miyazaki et al,23 treatment with topical

tacrolimus was continued for 7 months. Although

improvement of clinical findings has been reported after

topical tacrolimus, there is paucity of data regarding the

optimal duration of the treatment. In some studies,

topical tacrolimus has been used for up to 42 months in

patients with AKC.18,20 In our study, all patients had

perennial disease and after starting treatment with

tacrolimus they did not need to use additional

medications such as anti-histamines or mast cell

stabilisers. It may be possible to discontinue tacrolimus

or to reduce the dosage in patients with less severe

disease, with or without addition of less potent

agents during the time of year when the allergy has

not been exacerbated. For example, Kymionis et al21

showed that after 3 months of tapered treatment for giant

papillary conjunctivitis there was significant

improvement that did not recur during 6 months after

cessation of tacrolimus.

Although burning sensation upon application of

topical tacrolimus has been reported before,20,21,24

no patient in our study experienced any burning or

discomfort. The low concentration of the medication

and no additional compound other than balanced salt

solution in our preparation may be the reason for

this. During a mean follow-up time of more than

10 months (range, 6–15 months), no patient developed

any side effect attributed to tacrolimus. However,

due to its local immunosuppressive effects, topical

tacrolimus may potentially be associated with some

complications. Activation of herpes simplex dendritic

keratitis29 and development of molluscum contagiosum20

have been reported before. Further studies are required

to evaluate the long-term safety of this medication.

The main limitation of our study is the small sample

size. In addition, we did not include a control group.

However, knowing that our patients had already been

treated with conventional medications including topical

steroids signifies the role of this immunomodulatory

agent in treatment of patients with VKC. Future studies

are needed to compare the results of topical tacrolimus

with other immunomodulatory agents such as topical

cyclosporine A in severe allergic disease, and also to use

other outcome measures such as conjunctival scrapings

to evaluate the efficacy of treatment. With these

limitations in mind, it seems that topical 0.005%

tacrolimus eye drop is a safe and effective treatment for

patients with refractory VKC and it can also be used as a

steroid-sparing agent to avoid the complications

associated with prolonged use of steroids. Future studies

will shed light to this important aspect of treatment of

severe allergic eye disease.
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