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Abstract

Obijective: The purpose of this study was to investigate the safety and effectiveness of topical
tacrolimus 0.05% suspension in the management of prolonged steroid-dependent and -resistant vernal
keratoconjunctivitis (VKC).

Materials and methods: The present interventional prospective case series were conducted on the
research units suffering from refractory VKC between 2017, April and 2020, December. Despite
routine drug treatment, consisting of topical steroids (steroid-resistant group), all subjects exhibited
active symptomatic illness or were dependent on topical steroids (steroid-dependent group). After
discontinuation of all medications for at least 1 week, the patients received eye drop (topical
tacrolimus 0.05%) minimally for six months. Objective and subjective signs and symptoms were
examined for alterations after one week, and one and six months of treatment. Analyses were
continued for probable systemic and ocular adverse effects.

Results: The study included 28 eyes of 14 participants (including 4 females and 10 males), with the
mean age of 22 + 8 years (between 11 and 38 years), and the mean VKC duration of 12 + 6 years
(between 5 and 23 years), as well as follow up period of 102 months (between 6 and 12 months).
The results showed an improvement (P<0.001) in the symptoms such as mucus discharge, foreign
body sensation, photosensitivity, redness, burning and itching. The initial sign was conjunctival
hyperemia, which improved one week after treatment. Other objective signs including, conjunctival
and limbal papillary hypertrophy, corneal pannus and corneal punctate epithelial erosions improved at
least one month after treatment. No changes were observed in corneal opacity during follow-up (p>
0.05). There were no systemic or ocular adverse effects.

Conclusion: This is the first time that tacrolimus suspension drops 0.05%, are used in these cases.
Topical tacrolimus 0.05% was shown to be an effectiveness and safe agent to treat the refractory
VKC. This drug is recommended to be prescribed prior to the appearance of side effects such as
corneal opacity, irreversible deficiency in limbal stem cell, and steroid side effects.
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49

Journal of Positive School Psychology

INTRODUCTION

Vernal keratoconjunctivis (VKC) as an ocular
allergic disease in children has specifications
such as chronic and acute cornea and
conjunctival inflammations probably resulting
in visual impairment (1). The disease mostly
occurs among children and adults who are in
warm climatic conditions. About 50% of
affected subjects simultaneously suffer from
other allergic complications. The disease
depends on the season, usually from early
spring to autumn. The perennial cases that are
likely to continue for the entire year,
particularly those who are living in a climate of
subtropical or desert, are not uncommon (2,3).
Existing therapeutic medications for VKC
treatment are immunomodulators,
corticosteroids, mast-cell  stabilizers and
antihistamines. A majority of patients with
VKC needs prolonged therapeutic measures.
Moderate to severe types of VKC can be
treated mainly with topical steroids, but not for
a long time (3, 4). Recently, topical immune-
modulatory medications including cyclosporine
and tacrolimus (TAC) eye drops have been
used for its treatment (5-10). Furthermore,
steroid dependency is a frequent finding in
these patients, who make them prone to steroid-
induced complications including cataract,
glaucoma especially in children aged less than
10 years, and infectious diseases. These
complications may contribute to severe visual
impairment in these young individuals (11,12).
Therefore, finding the ways including high
potency steroid sparing medications, which
subside their chronic inflammation and
decrease their dependency to steroids might
potentially reduce their visual impairment and
drug-induced complications (13-15).

The calcineurin-inhibitor of TAC impedes the
activation of  T-lymphocytes, with a
prophylactic effect for organ rejection in
patients with transplant surgery (16,17). The
topical TAC as a strong immunosuppressant is
extensively prescribed to inhibit transplant
rejection of organs like kidney and liver.
Topical TAC 0.03% is reportedly potent agent
to manage the giant papillary conjunctivitis and
VKC (18-20). The topical TAC preparations
and cyclosporin ophthalmic solution have been

recently documented to be effective in the VKC
therapy. These two medications belong to
calcineurin inhibitors capable of deactivating
the T cells and relevant produced cytokines
contributing to develop the VKC. The
inhibitory activity of cyclosporin on the T cells
is approximately 100 times less than that of
TAC, thus the preparation of ophthalmic TAC
can be stronger against the severe form of VKC
(21-25). The present research aimed to
investigate the safety and effectiveness of TAC
suspension 0.05% on treatment of long
standing refractory VKC patients.

Materials and methods

The patients with severe refractory VKC who
received topical TAC enrolled consecutively in
this prospective interventional case series with
minimally six-month follow-up period. They
admitted to Amiralmomenin Ophthalmology
Center from April 2017 to December 2020. Our
protocol was implemented in accordance with
the Declaration of Helsinki, and approved by
the ethics committee of the Center for
Ophthalmic Research at Guilan University of
Medical Sciences (Rasht, Iran). After
completely explaining the study objectives and
methodology to all patients at the baseline, they
signed an informed written consent before the
interventions.

Patient’s selection

Refractory VKC was categorized into two
groups; steroid-resistant and steroid-dependent
groups. Steroid resistant VKC was defined as
cases unresponsive to topical steroids (at least
two weeks topical steroids every 6 hours).
Cases who also needed to at least 1-month
steroid usage to control symptoms and signs
were also included (steroid dependent group).
Exclusion criteria were sub-conjunctival
injection or systemic consumption  of
corticosteroids and/or systemic or ophthalmic
consumption of immune-suppressants for two
weeks before starting the project, receiving
immune modulation treatment or
desensitization, a history of eye infections,
diabetes, waiting for baby, breastfeeding, or
planning for pregnancy within the study period,
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drug allergy, a history of pancreatic, hepatic,
renal or cardiac problems (26, 27).

Scoring signs and symptoms

The severity of symptoms and signs were
evaluated at the baseline, and one week, and
one and six months after intervention. The
severity of subjective symptoms (including
mucus discharge, photophobia, foreign body
sensation, redness, burning and itching) was
assessed on the basis of a four-grade scale,
indicating a grading scale of 0 as no symptoms,
1 as mild occasional symptom, 2 as moderate

(frequent) symptoms, and 3 or severe (constant)
symptoms. The assessed objective signs for
severity were corneal involvement, limbus, and
palpebral and bulbar conjunctiva. The
evaluation of corneal pannus and corneal
opacity, bulbar conjnctival hyperemia, limbal
papillary  hypertrophy (including Horner-
Trantas’ dots), tarsal papillary hypertrophy,
punctate epithelial erosion and keratitis was
performed in accordance with four-grade scale,
indicating 0 as normal, 1+ as mild, 2+ as
moderate, and 3+ as severe (19), see Table 1.

Table 1. Grading score of the ocular signs

Signs Score 0 Score 1 Score 2 Score 3
Bulbar Abscent Moderate Severe
conjnctival
hyperemia
Tarsal papillary No <lmm 1-3mm >3mm
hypertrophy
Limbal papillary No 3-6 h >6 h
hypertrophy
Corneal pannus No 1 quadrant 2quadrants > = 3 quadrants
Corneal punctate No 1 quadrant 2 quadrants > = 3 quadrants
erosion
Corneal opacity No Peripheral Mid-peripheral Central
Management and follow-up staining,  slit-lamp  biomicroscopy, and

All medications including topical
corticosteroids, antihistamines, mast cell
stabilizers, vasoconstrictors, and non-steroidal
anti-inflammatory  drugs (NSAIDs) were
discontinued at least 1 week before treatment.
Only TAC 0.05% drop 4 times per day was
started. The drop was continued 4 times per day
for 1 month. The dose was then tapered
according to ocular surface inflammation and
subjective symptoms. The patients were kept
on a minimum maintenance dose. The patients
were visited on a regular basis on post-
treatment days of 3, 7, 14, 28, and every month
thereafter. Objective and subjective signs and
symptoms were examined for alterations after
one week, and one and six months of treatment
(main follow up visits). Each main follow up
visit contained complete eye examination,
involving applanation tonometry, fluorescein

measurement of best spectacle-corrected visual
acuity (BSCVA). All follow-up visits were
recorded by digital photography (Imagenet;
Topcon SL-8ZI; Tokyo, Japan). All patients
were asked to report any discomfort caused by
the use of TAC eye drops. Analyses were
continued for probable systemic and ocular
adverse effects. Determination of ocular safety
was performed by measuring the alterations in
IOP, visual acuity, and clinical outcomes for
fundus, anterior chamber, lens and iris.
Additionally, the tests including measurement
of blood biochemical parameters,
hematological analysis, and urinalysis were
implemented before, and every three months
after treatment.
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Statistical analysis

To describe the data, we used frequency
(percent), mean + SD, and median. After the
data were collected, the data on the checklist
were inputted into and then analyzed by SPSS
version 17 software (IBM Corp., Armonk, NY)
using ANOVA test and paired t-test to compare
the mean scores of post-treatment symptoms
with topical TAC 0.05% at a significance level
of P-value<0.05.

Preparation of TAC 0.05% eye drop

We used tarolimus capsule, 1mg (Prograf®,
Astellas  US, Inc) and artificial tears
(Snotears®,  Bausch&Lomb) in  sterile
laboratory situation for preparation of TAC
ophthalmic suspension. Its formulation was in
the form of an isotonic aqueous suspension
through dispersing matarial of polyvinyl
alcohol. The suspension included submicron
size of TAC particles with the concentration of
50 mg in 100 cc solution or 0.05%.

RESULTS

The study included 28 eyes of 14 participants
(including 4 females and 10 males), with the
mean age of 22 + 8 years (between 11 and 38
years), and the mean VKC duration of 12 + 6
years (between 5 and 23 years), as well as
follow up period of 102 months (between 6
and 12 months).

The mean BCVA was 0.25 + 0.39 LogMAR at
baseline. It was 0.26 + 0.46 LogMAR and 0.27
+ 0.43LogMAR, 1 and 6 months after surgery,
respectively (p>0.05). The results showed a
significant improvement (P<0.001) in the signs
such as mucus discharge, foreign body
sensation, photosensitivity, redness, burning
and itching at one week after treatment (table
2).

Table 2. Subjective symptoms scores during follow up

Time Itching Burning Redness
Baseline 0 0(.0) 0 (.0) 0(.0)
1 0 (.0) 2(7.1) 0 (.0)

2 16(57.1) 16 (57.1) 24 (85.7)

3 12(42.9 10 (35.7) 4(14.3)

Week1 0 6 (21.4) 3(10.7) 4(14.3)
1 14(50.0) 18 (64.3) 16 (57.1)

2 8 (28.6) 7 (25.0) 8 (28.6)

3 0 (.0) 0 (.0) 0 (.0)

P-values <.001 <.001 <.001
Month1 0 18 (64.3) 22 (78.6) 14 (50.0)
1 10(35.7) 6 (21.4) 12 (42.9)

2 0(.0) 0(.0) 2(7.1)

3 0(.0) 0(.0) 0(.0)

P-values <.001 <.001 <.001
Months6 0 18 (64.3) 22 (78.6) 19 (67.9)
1 10(35.7) 6 (21.4) 7 (25.0)

2 0 (.0) 0 (.0) 2(7.1)

3 0(.0) 0(.0) 0(.0)

P-values <.001 <.001 <.001

Photo Foreign body Mucus
Sensitivity Sensation Discharge
0(.0) 0(.0) 0 (.0)
2(7.1) 0(.0) 2(7.0)
15 (53.6) 20 (71.4) 14 (50.0)
11 (39.3) 8 (28.6) 12 (42.9)
2(7.1) 2(7.1) 4 (14.3)
21 (75.0) 20 (71.4) 19 (67.9)
5(17.9) 6 (21.4) 5(17.9)
0(.0) 0(.0) 0(.0)
<.001 <.001 <.001
18 (64.3) 6 (21.4) 7 (25.0)
10 (35.7) 22 (78.6) 21 (75.0)
0(.0) 0(.0) 0(.0)
0(.0) 0(.0) 0(.0)
<.001 <.001 <.001
20 (71.4) 10 (35.7) 15 (53.6)
8 (28.6) 18 (64.3) 13 (46.4)
0(.0) 0(.0) 0(.0)
0(.0) 0(.0) 0(.0)
<.001 <.001 <.001
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Moreover, a significant improvement (p<
0.001) was observed in the objective symptoms
of corneal punctate epithelial erosions,
conjunctival hyperemia, limbal hypertrophy,
conjunctival papillary hypertrophy and corneal
pannus one month after treatment (Fig 1). The
initial symptom was conjunctival hyperemia,
which improved one week after treatment (Fig
2). Corneal neovascularization was the last and
most resistant sign to decrease. There were not
any changes in corneal opacity during follow-
up period (P >0.05) (table 3) (Fig 3).
Improvement in symptom scores was faster and
more significant than objective signs (chart 1).
Reduction and discontinuation of TAC eye
drops led to recurrence of symptoms in patients
with continued drug administration throughout
the follow-up period with a low maintenance
dose. No ocular and systemic complication was
seen. There were not any complaints of heat
sensation or burning, which are prevalent
complications of cyclosporine eye drops and
TAC ointments.

Figl. Limbal papillary hypertrophy with
Horner-trantas’ dots and severe conjunctival

hyperemia at baseline (A), and 1 week(B),
1(C), 2(D), 3 (E), and 5 (F) month after
treatment.c

Fig 2. Bulbar conjunctival hyperemia and
severe edema in the right and left eyes before
(A,B) and 1week after treatment (C,D).

Fig 3. Severe limbal hypertrophy with
vascularization and opacification of the cornea
in the right and left eyes of a patient, before
(A,B) and 6 months after treatment (C,D).

Table 3. Objective signs scores during follow up

Time Conjunctiv Tarsal

al papilary

Hyperemia Hypertrophy

Baseline 0 0(.0) 0 (.0)
1 0(.0) 15 (53.6)

2 8 (28.6) 13 (46.4)

20 (71.4) 0(.0)

Limbal Corneal Corneal Cornea
Hypertroph Punctate Pannus |
y Epithelial Opacit

Erosion y

0 (.0) 0 (.0) 0(.0) 7
(25.0)

9(32.1) 15 (53.6) 17 17
(60.7) (60.7)

16 (57.1) 11 (39.3) 9(32.1) 2(7.1)
3(10.7) 2(7.1) 2(7.1) 2(7.0)
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Week1 0 0 (.0) 4(14.3) 0 (.0) 2(7.1) 0(.0) 8
(28.6)
1 11 (39.3) 19 (67.9) 13 (46.4) 20 (71.4) 18 16
(64.3) (57.1)
16 (57.1) 4(14.3) 13 (46.4) 4 (14.3) 8 (28.6) 2(7.1)
3 1(3.6) 1(3.6) 2(7.1) 2(7.1) 2(7.1) 2(7.1)
P-values .001 .029 .320 .029 797 440
Month1 O 9(32.1) 8 (28.6) 6 (21.4) 3(10.7) 2(7.1) 9
(32.1)
1 14 (50.0) 16 (57.1) 20 (71.4) 21 (75.0) 22 15
(78.6) (53.6)
2 5(17.9) 4 (14.3) 2(7.1) 2(7.1) 2(7.1) 2(7.1)
3 0(.0) 0 (.0) 0 (.0) 2(7.1) 2(7.1) 2(7.1)
P-values <.001 .001 <.001 .003 .017 122
Months 0 9(32.1) 8 (28.6) 6 (21.4) 3(10.7) 2(7.1) 9
6 (32.1)
1 15 (53.6) 16 (57.1) 20 (71.4) 21 (75.0) 22 15
(78.6) (53.6)
2 4(14.3) 4(14.3) 2(7.1) 4 (14.3) 2(7.0) 2(7.1)
3 0(.0) 0 (.0) 0 (.0) 0(.0) 2(7.1) 2(7.1)
P-values <.001 .001 <.001 .001 .017 122
3.00 M Baseline M Week 1
B Month 1 [0 Month 6
2.50
2.00
1.50
1.00 -
0.50
0.00
N Qo‘)c’ ,bé,&\
P R
> >
(\e (\Q’
S

Chart 1. Distribution of subjective symptoms and objective signs scores at baseline, 1 week, 1 and 6
months after treatment.

DISCUSSION

According to our findings, the eye drop of
0.05% TAC suspension can be administrated
safely and effectively for the treatment of VKC
patient resistant to routine drugs of topical
steroids. A significant improvement was found
in the symptoms of inflammation without any

complications in all patients. There was no
need for any extra drug like topical steroids to
achieve more relief, which means the activity
of this agent as a steroid-sparing medication. It
should be noted that the prolonged
administration of this drug may importantly
control the disease.
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Recently, there is special attention towards
non-lgE-dependent  mechanism in  VKC
pathogenesis. These studies suggest Th2-driven
mechanism. T-cell clones are one of the main
Th2- types and of VKC biopsies in the CD4
(28). Corneal damage is almost always due to a
superficial keratopathy, corneal shield ulcers or
neovascularization. Glaucoma and cataract are
two serious ocular side effects of long standing
steroid treatment (19). The chronic
inflammation and long standing nature in the
patients with limbal VKC can partially or
completely cause limbal stem cell deficiency
(LSCD), probably because of poor mechanical
stromal support or serious damage to stem cells
following toxic products from eosinophils and
other inflammatory cells that penetrate into
limbus (29).

TAC is a non-steroidal immune-modulator
capable of blocking the calcineurin, thereby
suppressing the synthesis of different cytokines
through active T cells. TAC ointment is
extensively effective to treat atopic dermatitis
(21). The topical TAC in doses of 0.02-0.1%
are reportedly useful to treat multiple refractory
inflammatory diseases of the eye surface, such
as VKC and atopic keratoconjunctivitis (AKC)
(30). However, there is no information of
optimum treatment dose and long-lasting
impacts of the treatment at mentioned doses
(31).

The immune responses are suppressed by TAC
through the prevention of producing
inflammatory cytokine (such as TNF-a, IFN-y,
IL-8, IL-5, IL-4, IL-3 and IL-2) as well as the
down-regulation of expressing high-affinity
IgE receptor | on the Langerhans cells with no
side effect on the connective tissues (31). TAC
(with a molecular weight of about 800 D) is a
highly hydrophobic macrolide lactone. The
penetration of TAC into the corneal epithelium
is somewhat difficult due to its special
properties and almost large molecular size, thus
leading to accumulation in the corneal stroma
and hence the low intraocular level of drug. It
is certain that TAC will penetrate more easily
than over a healthy eye surface following the
rupture of the epithelial barrier in the cornea,
possibly leading to successful treatment in
severe cases of ocular surface inflammation

(31). Accordingly, topical TAC may
theoretically lead to a better response in
patients with conjunctival inflammation than in
those with deeper inflammatory situations like
uveitis and corneal transplant rejection (31, 32).
TAC ointment 0.02%-0.1% has been applied to
a variety of ocular surface autoimmune
diseases. It shares several immunosuppressive
properties with cyclosporine A (32). The
inhibitory activity of cyclosporin on the T cell-
mediated cytokine production is approximately
10-100 times less than that of TAC, thus the
preparation of ophthalmic TAC can be stronger
against the severe form of VKC and AKC
(13,14).

Agueous-insoluble  TAC is  commonly
formulated as suspension. We used TAC 0.05%
suspension to treat long standing steroid-
resistant and steroid-dependent VKC cases with
a medium-term follow-up. Improvement in all
subjective symptoms occurred as early as 1
week after treatment but objective signs
improved later nearly 1 month after treatment.
Corneal neovascularization regressed slowly
and less dramatically. Corneal opacity did not
even changed at all. No ocular or systemic
adverse effects were found. Some investigators
have studied the effectiveness of topical TAC
to treat highly allergic ocular conditions.
Different concentrations from 0.005% to 0.1%
have been used (30). A multicenter double-
blinded placebo-controlled randomized clinical
trial  was conducted to evaluate the
effectiveness of TAC ophthalmic suspension
0.1% to treat highly allergic conjunctivitis. The
TAC group showed better objective and
subjective findings and symptoms compared to
the placebo group (33).

Numerous studies documented the
effectiveness of topical cyclosporine to treat
highly allergic ocular conditions (25,34).
Nevertheless, oil-based preparations with high
cyclosporine concentration (such as castor oil)
lead to the appearance of severe burning
sensation and blurred vision during injection,
which result in weak compliance (34).

Similar findings to our study results have
previously been reported in many studies. In a
study by Vichyanond et al., topical TAC
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ointment 0.1% was applied to patients with
recalcitrant VKC for a month (35). Kymionis et
al. published a case report after applying TAC
skin ointment 0.03% two times per day in a boy
suffering from VKC-mediated giant papillary
conjunctivitis, the results of which eliminated
the giant papillae after 15 days, without any
evidence of papillae after one-month treatment
(36).

Refractory and steroid-dependent cases of VKC
with favorable response to TAC drop may
show kind of dependency to it which may be
better than steroid dependency with lower
doses and more safety. Even in some cases it
may be used as monotherapy. To prevent
irreversible sequelae of the cornea and limbus
such as corneal opacification and limbal stem
cell deficiency, topical immune-suppressive
such as TAC suspension 0.05% may be better
to apply earlier in long standing refractory and
steroid-resistant VKC cases.

Some limitations of the present study were the
small sample size and the lack of control group.
We used TAC drop in a small series of patients
with medium-term follow up. Despite that, our
sample size and follow up period is longer than
most of the published studies. Unavailability of
TAC eye drop and ophthalmic ointments in
most of the countries is a concern. Further
randomized clinical trials with larger sample
sizes and prolong follow-up periods are
recommended to define its optimum
concentration and treatment protocol.

In summary, topical tacrolimus 0.05%
suspension was shown to be an effectiveness
and safe agent to treat the refractory VKC. This
drug is recommended to be prescribed prior to
the appearance of side effects such as corneal
opacity, irreversible deficiency in limbal stem
cell, and steroid side effects. However,
prolonged administration may be necessary to
control the disease.
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