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ABSTRACT

Introduction: To profile conjunctival T cell
populations in allogeneic hematopoietic stem
cell transplant (HSCT) patients after instillation
of daily topical cyclosporine-A (CsA) 0.1%
cationic emulsion (Ikervis), and to evaluate
patients’ tolerance to these eye drops.

Methods: Nineteen participants were pre-
scribed Ikervis prophylaxis once daily to both
eyes from 3-5weeks pre-HSCT to 12 months
post-HSCT. The outcome measure was con-
junctival T cell proportions from flow cytome-
try after impression cytology. Covariates
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included visual acuity, intraocular pressure, slit
lamp and fundal examination, dry eye (SPEED)
and quality of life questionnaires, non-invasive
keratograph tear break-up time (NIKBUT), con-
junctival redness, meibography, lipid thickness,
Schirmer test, tear cytokines, fluorescein stain-
ing, tear osmolarity, and meibomian gland
expressibility.

Results: The conjunctival T cell analysis
showed either stable or decreased proportions
of conjunctival CD4 T cells at the last visit from
baseline in compliant patients. CD4 propor-
tions were increased in non-compliant patients
and in the single patient who developed ocular
graft-versus-host disease (GVHD). All patients
were tolerant to Ikervis but 6/19 were not
compliant. In the majority of patients, vision
did not affect activities of daily living. Pre- and
post-HSCT up to the last study visit, there was
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no statistically significant change in clinical
covariates. Only one participant developed
ocular GVHD at 9 months post-HSCT.
Conclusion: Superficial conjunctival T cell
profile reflects compliance to daily topical
Ikervis eye drops and clinical ocular surface
parameters in allogenic HSCT patients. Toler-
ance is comparable to other formulations of
topical CsA in the first 12 months.
ClinicalTrials.gov  Identifier: NCT04636918.
URL:  https://clinicaltrials.gov/ct2/show/NCT
04636918?cond=ocular+Graft+Versus+Host+
Disease&centry=SG&draw=2&rank=2.

Keywords: Conjunctival T cells; Dry eye
disease; Graft-versus-host disease; Immunology;
Ocular surface disease; Prophylaxis; Tear

disorders; Therapy

Key Summary Points

Why carry out this study?

The use of topical cyclosporine-A eye drops

prophylactically in hematopoietic stem cell
transplant (HSCT) patients to prevent ocular
graft-versus-host disease has been shown to
be promising. However, the conjunctival T

cell profile in these patients has never been
analyzed before.

This study aims to profile conjunctival T cell
populations in HSCT patients after
instillation of daily topical cyclosporine-A
0.1% cationic emulsion (Ikervis), and to
evaluate patients’ tolerance to these eye
drops.

What was learned from the study?

CD4 T cell counts were either stable or
decreased in patients compliant to Ikervis.
CD4 counts increased in those who were
non-compliant or developed ocular graft-
versus-host disease (GVHD). Tolerance of
Ikervis was comparable to other
formulations of topical cyclosporine-A
(CsA).

This study is the first to characterize
immunological changes in the conjunctiva
following topical cyclosporine eye drops in
HSCT patients, giving us a better
understanding of its mechanism of action.
With promising results in terms of efficacy
and tolerance, topical cyclosporine has the
potential to be a mainstay preventative
treatment in HSCT patients for the
prevention of ocular GVHD.

INTRODUCTION

Dry eye disease (DED) is a common ocular
sequela of graft-versus-host disease (GVHD)
after allogeneic hematopoietic stem cell trans-
plantation (allo-HSCT), with one study showing
more than 40% of allo-HSCT patients develop-
ing chronic ocular GVHD [according to both
National Institutes of Health (NIH) consensus
criteria and the International Chronic Ocular
GVHD Consensus Group] [1]. Acute GVHD is
defined as occurring within the first 100 days
post-HSCT and chronic GVHD occurs after
100 days. The mean duration between allo-
HSCT and the onset of ocular GVHD is
approximately 7.5 months [2]. In patients with
systemic GVHD after allo-HSCT, the cumulative
incidence of patients with DED rose to 73% at
2.5 years follow-up, with a median time to
developing dry eyes of 10 months [3].

The pathogenesis of DED in GVHD involves
T cell-mediated infiltration and inflammation
of lacrimal gland, conjunctiva, ocular surface
resulting in scarring of lacrimal gland and
conjunctiva, decrease in conjunctival goblet
cells, and decreased tear production [4-6].
There is also meibomian gland obstruction and
anterior and posterior blepharitis [7, 8]. Once
fibrosis develops in the lacrimal gland, it is
irreversible and the patient is left with signifi-
cant permanent DED [6]. Conjunctival T cells
include both CD4 helper T lymphocytes and
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CD8 cytotoxic T lymphocytes. Previous litera-
ture shows that CD8 cells exceed CD4 in the
conjunctival epithelium [9] and the ratio of
CD4/CDS8 decreased after dry eye treatment
[10]. These previous studies looked at T cell
changes using conjunctival biopsies, which is
invasive and the technique uses immunos-
taining. We employ a less invasive technique
on the bulbar conjunctiva and more accurately
quantify longitudinal changes using a flow
cytometric assay.

Given the high incidence of DED in allo-
HSCT patients, investigating preventive mea-
sures of DED in this population is beneficial.
Topical cyclosporine-A (CsA) has been reported
to be safe and efficacious in the treatment of
DED associated with chronic GVHD [11-13].
However, there are few reports on topical CsA in
the prophylaxis of ocular GVHD [14-16]. Three
prophylactic regimes have been reported. Malta
et al. reported on a retrospective case control
study with 81 patients treated with Restasis
twice daily (BD) (0.05% CsA, Allergan) [14],
Chun et al. performed a prospective random-
ized controlled trial with a 3-month follow-up
of 28 patients treated with Restasis four times a
day (QDS) (topical cyclosporine 0.05%, Aller-
gan) [15], and Cantu-Rodriguez et al. performed
a longitudinal observational prospective study
on 20 patients treated with Modusik-A (0.1%
CsA) BD [16]. Whilst these results were
promising and showed no significant adverse
effects, the effect of topical cyclosporine pro-
phylaxis on conjunctival T cells has not previ-
ously been studied. Also, none of these studies
use the cationic emulsion form of topical
cyclosporine such as Ikervis. Compared with
other formulations of topical cyclosporine,
cationic emulsions have been shown to be more
poortly tolerated in patients with ocular GVHD,
with 62% of patients intolerant to cationic
emulsion, compared with 33% for castor oil and
39% for liposomal. In DED, however, the
cationic emulsion formulation was the most
well-tolerated, with only 32% intolerant com-
pared with 47% for castor oil and 63% for
liposomal [17]. It is therefore important to
investigate the tolerance in our population of
patients post-HSCT.

In this prospective interventional single-arm
study, our aims are to profile conjunctival T cell
populations in allogeneic hematopoietic stem
cell transplant patients after instillation of daily
topical cyclosporine-A 0.1% cationic emulsion,
and to evaluate patients’ tolerance to these eye
drops.

METHODS

Design

This is an open-label, single-arm interventional
study performed at the Singapore National Eye
Centre (SNEC) in collaboration with the Hae-
matology Department at the Singapore General
Hospital (SGH).

Study Population

Patients who underwent allo-HSCT at the Hae-
matology Department, SGH, between Novem-
ber 2019 and September 2021 were recruited.
All participants provided written informed
consent. Our study adhered with the tenets of
the Declaration of Helsinki on human research
and was prospectively reviewed and approved
by the SingHealth Centralised Institutional
Review Board (reference number: 2019/2635).
The study was registered in the Clinical Trials
database (NCT04636918).

Eligibility

The following patients were excluded from
participation in this study: age below 13 years,
the presence of other concurrent ocular or sys-
temic disease that may interfere with study
results, non-resident patients who were unable
to complete follow-up, and existing users of
topical cyclosporine eye drops.

Study Intervention

Participants were prescribed topical cyclospor-
ine-A 0.1% (Ikervis, Santen) prophylaxis once
daily to both eyes and preservative-free sodium
hyaluronate 0.3% (Hialid Mini, Santen)
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lubricating eye drop to be used pro re nata
(PRN) from 3-5weeks prior to allo-HSCT to
12 months after allo-HSCT. Depending on the
transplant protocol used, participants received
systemic GVHD prophylaxis with systemic CsA
or tacrolimus therapy combined with a course
of methotrexate or mycophenolate. Antithy-
mocyte globulin (ATG) or post-transplant
cyclophosphamide was added to the above
regime in cases of unrelated/ sibling donor with
antigen mismatch or haploidentical transplant,
respectively (refer to Supplementary Table 1 for
the individualized GVHD prophylaxis regimen
used for each patient).

Conjunctival T Cell Profile

Characterization of Conjunctival T Cells
by Flow Cytometry
After instillation of local anesthesia, impression
cytology was performed using EyePRIM (Opia
Technologies) as described [18]: conjunctival
sampling was performed for both the superi-
onasal bulbar conjunctiva and superiotemporal
bulbar conjunctiva by asking the participant to
look inferiotemporally and inferionasally,
respectively, and placing the EyePRIM mem-
brane to the area, ensuring good apposition with
the conjunctiva. The two membranes from dif-
ferent conjunctival areas of the same eye were
subsequently soaked in an Eppendorf tube con-
taining 1.5 ml of Roswell Park Memorial Insti-
tute (RPMI) medium and placed in an ice box.
Using a 10 pl micropipette tip, the cells were
scraped off the membrane and into the RPMI
medium. The Eppendorf tubes containing the
scraped membrane and RPMI medium were
transported in ice to the laboratory for process-
ing, and the samples were analyzed within 2 h.
Collected cells were centrifuged at 500 rpm
for 10 min. Cells from two eyes were combined
into one 1.5ml centrifuge tube and washed
with 1ml of staining buffer [phosphate-buf-
fered saline (PBS) with 0.1% bovine serum
albumin (BSA)]. After centrifuging at 500 rpm
for 10 min, the cells were resuspended in 50 pl
of staining buffer. Other antibodies were then
added to the cells and incubated at room tem-
perature for 20 min. Staining buffer (1 ml) was

added to the cells, and then the cells were
centrifuged at 500 rpm for 10 min. Stained cells
were resuspended in 200 ul of staining buffer
and analyzed by a BD FACSVerse flow cytome-
ter. Data collection and analysis were performed
with BD FACS suite software. All antibodies
were purchased from BD Bioscience, Singapore:
Anti-CD45-APC-H7 (clone 2D1), anti-CD3-
BV510 (clone UCHT1), and anti-CD8-FITC
(clone SK1). Cell viability solution
7-aminoactinomycin (7-AAD) was also pur-
chased from BD Bioscience, Singapore.

Assessment of Tolerance/Compliance
to Ikervis

The number of patients who were not tolerant
to Ikervis instillation were noted. For those who
were tolerant, the definition of compliance to
the use of Ikervis in this study was more than
70% used, and/or less than five blocks of three
consecutive days of not using Ikervis eye drops.
Compliance was assessed by looking at the diary
chart that all participants were asked to keep, as
well as checking the leftover supply of eye
drops.

Clinical Covariates

Clinical covariates were recorded at 3-5 weeks
prior to allo-HSCT; immediately before allo-
HSCT; 3, 6, and 12 months post allo-HSCT; and
at ad hoc visits.

Clinical covariates included visual acuity,
intraocular pressure, slit lamp examination,
fundal examination, dry eye and quality-of-life
questionnaire administration, non-invasive
keratograph tear break-up time (NIKBUT), con-
junctival redness, meibography, lipid thickness,
Schirmer test, tear cytokines, fluorescein stain-
ing, tear osmolarity, and meibomian gland
expressibility.

Table 1 presents the outcome variables and
clinical covariates measured at different time
points throughout the study. The flow of tests
were designed to get the most accurate findings
of the tears and ocular surface with minimal
disturbance of the tear film from the previous
test. Tests were performed in the following
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Table 1 Patient visit schedule and procedures

Tests/consult  Pre-Ikervis Pre-HSCT 3 months 6 months Ad hoc visit 1 year post-
(Screening visit) (4 weeks + 1 week) post-HSCT post-HSCT (not HSCT
(day 0) (£ 1 week) (£ 1week) restricted in (% 2 weeks)
time)
Consult Informed consent, SLE (if needed), VA/IOP, VA/IOP, VA/IOP, VA/IOP, SLE,
SLE,VA/IOP, MG evaluator SLE (if SLE (if SLE MG MG
fundal (optional) needed), needed), evaluator evaluator
examination, MG MG MG fundal
evaluator evaluator evaluator examination
SPEED 4 v 4 v v v
questionnaire
Osmolarity v v/ (optional)
Conjunctival v v/ (optional) v 4 v v
redness
NIKBUT: v v/ (optional) v 4 v v
oculus
Lipiview 4 v
Meibography v v
Corneal v v/ (optional) v 4 v v
staining
photo:
oculus
Schirmer test: ¢/ ("4 v 4 v v
cytokine
analysis
Impression 4 v done only ¢ only done if
cytology at onset of  not done at
dry eye ad hoc visit
symptoms
Quality-of-life 4
questionnaire

HSCT hematopoietic stem cell transplantation, SLE slit lamp examination, VA visual acuity, JOP intraocular pressure, MG
meibomian gland, NIKBUT non-invasive keratograph tear break-up time, SPEED standard patient evaluation of eye
dryness

sequence: NIKBUT, conjunctival redness, tear expressibility, infrared meibography, and lastly
osmolarity, lipid layer thickness, Schirmer test, fundus examination. Annex A elaborates on the
impression cytology, slit lamp examination, detailed methodology used in this study for the
corneal staining photo, meibomian gland outcome variables.
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Dry Eye Questionnaire

The dry eye questionnaire used in this study was
the previously validated standard patient evalu-
ation of eye dryness (SPEED) questionnaire,
which consists of two questions on the frequency
and severity of dry eye, graded on a scale of 0-3 on
frequency and 0-4 on severity. Scores from all
subquestions were added, and the greater the
total score (0-28), the more frequent or severe the
dry eye [19]. The average SPEED score was 6.25 for
asymptomatic patients and 21.00 for symp-
tomatic patients in the validated study. [19]

NIKBUT and Conjunctival Redness

The Oculus Keratograph 5M (Oculus, Wetzlar,
Germany) was used to perform the NIKBUT and
to measure conjunctival redness [20, 21]. In a
study from Japan, the average NIKBUT was
9.7 £ 6.7 s for normal eyes and 4.6 + 1.3 s for
dry eyes [22]. A study from China showed an
average NIKBUT of 4.3 +0.3 s for normal eyes
and 2.0 £ 0.2 s for dry eyes [23]. The conjunc-
tival hyperemia Jenvis grading scale from O to 4
was used, with higher grades indicating
increased hyperemia.

Infrared Meibography

Infrared meibography was performed as descri-
bed by Arita et al., with the exception that the
Oculus Keratograph 5M (Oculus, Wetzlar, Ger-
many) was used [24]. Meibomian gland disease
(MGD) was graded as follows: 0, no loss of
meibomian glands; 1, lost area was less than
one-third of the total area of meibomian glands;
2, lost area was between one-third and two-
thirds of the total area of meibomian glands; 3,
lost area was over two-thirds of the total area of
meibomian glands.

Corneal Fluorescein Staining

Corneal fluorescein staining was imaged by the
Oculus Keratograph 5SM (Oculus, Wetzlar, Ger-
many) and graded using the Cornea and Con-
tact Lens Research Unit (CCLRU) scale, dividing
the cornea into five zones and grading each
zone from O to 4, with 0.5 unit intervening
steps, and a greater number indicating more
intense or greater area of staining. [25]

Tear Osmolarity

The TearLab system (OcuSense, San Diego, CA)
was used to measure tear osmolarity [26]. Tear
osmolarity is the single best indicator of the
severity of DED. Elevated tear osmolarity has
been found to be highly correlated to dry eye
disease severity, with test-to-test variability and
inter-eye differences characteristic [27-29]. In
this study, a tear osmolarity value > 305 mOsm/
L was considered high.

Lipid Layer Thickness

Lipid layer thickness of the tear film was asses-
sed using an interferometer (LipiView ocular
surface interferometer, TearScience Inc, Mor-
risville, NC). The average lipid layer thickness
was 67 nm (range 33-100 nm) in normal eyes.
[30]

Schirmer Test and Tear Cytokine Evaluation
The Schirmer test was done with standard
5 mm wide test strips (Clement Clarke), with a
notch for folding, without prior anesthesia for
5 min. According to the Asia Dry Eye Society
consensus, a Schirmer value less than or equal
to Smm in 5 min is considered aqueous tear
deficient [31]; between 5 and 10 mm is con-
sidered moderate aqueous tear deficient [34];
and a Schirmer value of more than 10 mm is
considered normal. In this study, participants
were considered to have higher baseline
Schirmer scores if their Schirmer values were
more than 8 mm, which is the median value of
moderate aqueous tear-deficient patients. The
Schirmer test strips were subsequently stored
and tear proteins eluted for tear cytokine
evaluation using the multiplex bead-based
indirect immunofluorescent assay (Milliplex,
Merck-Millipore, Billerica, MA) [32].

Meibomian Gland Expressibility

Meibomian glands were assessed by gently
squeezing the lower eyelids using a device that
delivers standardized pressure to the eyelids
(Meibomian gland expressor, TearScience,
France). The texture of the expressed secretion
was graded as liquid or viscous, and the number
of expressible glands were recorded.
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QoL Questionnaire

Participants also completed the Impact of
Vision Impairment Profile, a quality-of-life
(QoL) questionnaire [33].

Statistical Analysis

Only the right eye from each participant was
analyzed to avoid the influence of high corre-
lation between eyes. Associations between
continuous variables were assessed using
unpaired or paired t-tests as appropriate. Asso-
ciations between categorical or ordinal variables
were performed using the Chi-square or Fisher’s
exact probability tests as appropriate. The level
of statistical significance was at an alpha of 0.05.

Sample Size Calculation

As there are no previous papers on the effect of
daily prophylactic topical cyclosporine on con-
junctival T cell profile in HSCT patients, the
required effect size is unknown. Hence, we cal-
culated the sample size based on what is needed
to show a reduction in ocular complications
compared with other untreated (no topical
cyclosporine) series in the literature.

Based on a previous study, the 95% confi-
dence interval of the proportion of ocular
GVHD within 1year (NIH criteria) is
0.453-0.584 [1], (https://sample-size.net/
confidence-interval-proportion/). Assuming
80% power and alpha of 0.05, the rate of ocular
chronic GVHD with prophylaxis would be two
cases out of 21 in the first year or less. If 3/21
patients develop ocular GVHD, the rate of
treatment success would not be significantly
different from cases without prophylaxis
reported in Berchicci et al. [1]

Assuming that we accept two patients to
develop ocular GVHD, we would need to recruit
at least 14 participants (0.0178-0.428) for a
significantly lower proportion of cases when
given prophylaxis in our study (since the upper
limit 0.428 is less than 0.453, the lower limit of
the previous study) [1]. This proportion of
14.3% would be significantly lower than 51.9%

of the previous study [1] (Fisher’s exact proba-
bility test; p = 0.0107). However, to account for
potential dropouts or loss to follow-up, we
recruited an additional five patients, or 19
patients in total (https://www.graphpad.com/
quickcalcs/contingency2/). In this scenario, if
the rate of ocular GVHD is 5/19 or 26.3% (no
loss to follow-up), it would still be significantly
less than the historical 51.9%.

RESULTS

A total of 19 eyes of 19 patients were enrolled
into this study and given topical CsA pre-treat-
ment 3-5 weeks prior to allo-HSCT. The indi-
cation for allo-HSCT and the systemic GVHD
prophylaxis regimen in each of these patients is
described in Supplementary Table 1. None of
the patients were lost to follow-up. The 19
patients were followed-up for a median of

Enrollment

Assessed for eligibility (n=35 )

Excluded (n=16)

+ Not meeting inclusion criteria (n=1)

+ Declined to participate (n=7)

+ Too systemically unwell to participate:
IKERVIS 017 and 018 (n = 2)

+ Otherreasons (n=6)

>
<« T
-
©

Allocation

Allocated to intervention (n= 19 )

+ Received allocated intervention (n=19 )

+ Did not receive allocated intervention (give
reasons) (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n= 0)

Analysis

I

Analysed (n=19)

Fig. 1 Flowchart representing the participants recruited
for analysis
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PATIENT WITH SUPPRESSED CD4 CELLS (from profile 1, n=6)
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Fig. 2 Representative scatter plots for a single patient
from profile 1 (see main text). Top row: before allotrans-
plantion. Bottom row: after transplantation (at study end).

12 months and a mean of 12 months (Fig. 1).
Patients had a mean age of 48.8 years + 13.5,
36.8% of patients were female, 78.9% were
Chinese, and 15.8% were Malay. (Supplemen-
tary Table 2).

Conjunctival T Cells

We report the results of the first ten patients
whose conjunctival immune cells were har-
vested and T cells successfully quantified before
and after allotransplantation. Nine subjects
were not included in this analysis, and the rea-
sons are presented in Supplementary Table 3.
The first harvest was 2-4 weeks after com-
mencement of topical Ikervis and before the
allotransplantation. The timing of the second
harvest was at the end of the study (12 months)
or at 6 months (if no ocular GVHD occurred). In
the event that ocular GVHD occurred, the har-
vesting was obtained at the time of detection of
the ocular GVHD, within the study period.

Ikervis 013 V5 - P1

10°

Ikervis 01-3 V5 - P2 Ikervis 013 V5 - P3
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The percentages of CD8 and CD4 among the

CD45TCD3™" cells are shown in the right hand plots

The gating strategy for examining the T cells
is shown in Figs. 2 and 3. In this study, we were
able to quantify the proportion of CD8" and
CD4" conjunctival T cells, among the live
CD45%CD3" T lymphocytes. Here, we assumed
that CD3*CD8™ T cells are primary CD4 cells.

Interestingly, we observed two different
change profiles within these ten patients. The
exact proportions of CD4 and CD8 T cells in the
ten patients at each of the two harvests are
presented in Table 2. In profile 1 (six patients),
there is a distinct drop of the proportion of
conjunctival CD4 T cells, or the proportion
remained similar to the baseline proportions.
Figure 2 shows the scatter diagrams of the
conjunctival cell marker profile for one repre-
sentative patient from profile 1. All of these
patients were compliant to the CsA during the
study period. Since none of these patients had
ocular GVHD, we deduced that CsA has been
effective in keeping the conjunctival T cells
from being activated.

In profile 2 (four patients), there is a signifi-
cant and marked elevation of the proportion of
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PATIENT WITH INCREASED CD4 CELLS (from profile 2, n=4)
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Fig. 3 Representative scatter plots for a single patient The percentages of CD8 and CD4 among the

from profile 2 (see main text). Top row: before allotrans-
plantion. Bottom row: after transplantation (at study end).

conjunctival CD4 T cells during the re-harvest-
ing, compared with the baseline proportions.
Figure 3 shows the scatter diagrams of the
conjunctival cell marker profile for one repre-
sentative patient from profile 2.

Two of these patients in profile 2 were non-
compliant to topical CsA. One of these patients
developed ocular GVHD that required addi-
tional ocular treatment (described below). The
last patient, interestingly, had moderately sev-
ere corneal staining (grade 2 of CCLRU) prior to
allotransplantation, suggesting that he may
have asymptomatic compromise of the ocular
surface even though he did not reach the diag-
nostic criteria for dry eye. Even though this
patient did not have flare-ups of ocular symp-
toms or signs in the study period, we would be
observing him long term, since ocular GVHD
can occur many years after transplantation.

Supplementary Table 1 shows that four of
profile 1 patients but none of profile 2 patients
had used oral mycophenolic sodium/ mofetil.
Profile 1 also had one patient who had
cyclophosphamide while profile 2 did not. Both

CD45"CD3™ cells are shown in the right hand plots

profiles had patients using systemic cyclospor-
ine and methotrexate. Acute systemic GVHD
occurred in similar proportions in both profiles.

Tolerance and Compliance

All patients were tolerant to Ikervis and none of
the patients withdrew from the study due to
intolerance. Within the study period, 13/19
(68.4%) of the participants were compliant to
the study CsA eye drops. Six participants used
less than 70% of the CsA eye drops and out of
these six participants, one participant failed to
use CsA over five blocks of three consecutive
days. As per the Impact of Vision Impairment
(IVI) questionnaire administered, the vision of
the majority of the patients does not affect their
activities of daily living. For general and near
activity, >90% of patients were unaffected. In
terms of emotional impact, >80% were unaf-
fected (Fig. 4).
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Table 2 Proportion (%) of conjunctival CD4 and CD8 in patients pre- and post-transplantation

Patient ID Pre-transplantation

Post-transplantation

Pre-transplantation Post-transplantation

CD4 (%) CD4 (%) CDS8 (%) CDS8 (%)
Profile 1
Ikervis010 84 10.78 4 88.24
Ikervis012 69.23 36.57 30.77 62.14
Ikervis013  53.57 3.41 46.43 96.59
Ikervis014 33.33 34.34 66.67 65.66
Ikervis016 100 33.33 0 66.67
Tkervis021 17.47 6.26 78.92 92.17
Profile 2
IkervisO01 5 45.45 95 54.55
Ikervis006 14.04 31.25 85.96 68.75
Ikervis011 8 33.33 92 61.9
Ikervis009 3.36 25.93 95.3 73.46

IVI Questionnaire

1007w

Percentage (%)
3

General Near

activity activity

Fig. 4 Bar chart showing the distribution of answers to
the Impact of Vision Impairment (IVI) questionnaire for
three categories—general activity, near activity, and

Clinical Covariates

Pre-HSCT, the mean NIKBUT, conjunctival
redness, tear osmolarity, lipid thickness, Schir-
mer test, and SPEED scores for the participants
were within the normal range (Table 3). Post-

Emotion

@B Don't do this for other reasons
Affected a lot

@B Affected a fair amount
Affected a little

@ Not affected at all

emotional impact—indicating how much patients were
affected in terms of visual impairment

HSCT, there was no statistically significant dif-
ference in the NIKBUT, conjunctival redness,
lipid thickness, corneal fluorescein staining,
meibomian gland expressibility, Schirmer test,
or SPEED scores (all p > 0.05; paired t-test and
Wilcoxon signed rank test) (Table 3).
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Table 3 Outcome variables pre- and post-HSCT
Pre-HSCT Post-HSCT" -
Value*
NIKBUT < 55 7 (%) (n = 19) 6 (31.6%) 7 (36.8%) 1.00
Mean £ SD Mean £ SD
Median (min-max)  Median (min-max)
NIKBUT (s) (= = 19) 7.12 £ 3.58 6.80 + 4.30 0.794
688 (229-1625)  5.54 (2.36-19.12)
Conjunctival redness (z = 19) 1.10 + 0.50 1.10 £+ 0.38 0.963
1.00 (0.40-2.50) 1.10 (0.30-1.70)
Tear osmolarity (mOsm/L) (7 = 19) 300.16 £ 13.97
299.00
(278.00-332.00)
Lipid thickness (nm) (n = 14) 4323 + 11.11 51.08 + 25.93 0.353
41.50 (27.00-67.00)  43.50
(24.00-100.00)
Schirmer test (mm/5 min) (z = 15) 1227 + 1120 7.33 + 1040 0.077 +
10.00 ( 0.00-38.00)  3.00 (0.00-35.00)
Corneal fluorescein staining (7 = 19)
Superior cornea 0.157 £ 0.336 0.131 £ 0.326 1.00
0.000 (0.000-1.000)  0.000
(0.000-1.000)
Inferior cornea 0.263 £ 0.586 0.184 £ 0.506 1.00
0.000 (0.000-2.000)  0.000
(0.000-2.000)
Temporal cornea 0.079 £ 0.187 0.158 £ 0.375 1.00
0.000 (0.000-0.500)  0.000
(0.000-1.000)
Nasal cornea 0.263 £ 0.586 0.105 £ 0.357 1.00
0.000 (0.000-2.000)  0.000
(0.000-1.500)
Central cornea 0.000 £ 0.000 0.056 £+ 0.229 1.00
0.000 (0.000-0.000)  0.000
(0.000-1.000)
Meibomian gland expressibility (number of glands expressed) 1.789 £ 2.275 1.316 + 2.428 0.752
(n=19) 1.000 (0.000-8.000)  0.000

(0.000-10.000)
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Table 3 continued

Pre-HSCT Post-HSCT" -
Value*
SPEED score (z = 19) 1.316 + 1.887 1.368 + 2.191 0.931

0.000 (0.000-6.000)  0.000
(0.000-8.000)

HSCT hematopoietic stem cell transplantation, NIKBUT non-invasive keratograph tear break-up time, SPEED standard
patient evaluation of eye dryness

"Refer to Supplementary Table 4 for details regarding the number of months post-HSCT that data were collected for this
analysis

"p-Value calculated using paired #-test

*For the Schirmer test, the p-value was initially 0.008 (appeared significant). However after exclusion of three patients who
were outliers (out of a total of 15 patients), the difference of pre- versus post-HSCT was not significant, with a p-value of
0.077 (refer to Supplementary Fig, 1 for graph showing outliers)

Fig. 5 Meibomian gland status assessed with infrared meibography (pre-HSCT A: healthy; C: intermediate; E: unhealchy.
Post-HSCT B: healthy; D: intermediate; F: unhealthy)
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Table 4 Meibomian gland status assessed using infrared
meibography [Oculus Keratograph 5 M (Oculus, Wetzlar,
Germany)]

Meibomian Number of Change in status
gland status participants (%) post-HSCT
Healthy 3 (15.8%) Unchanged
Intermediate 11 (57.9%) Unchanged
Unhealthy S (26.3%) Unchanged

HSCT hematopoietic stem cell transplantation

Supplementary Table 4 presents the visit when
the laboratory tests (Schirmer test, NIKBUT,
impression cytology, etc.) were last performed,
but all patients were followed-up for occurrence
of ocular symptoms up to 12 months. Only one
patient developed ocular GVHD within the
12 month period. Out of all our participants, six
(31.6%) had NIKBUT scores <5s pre-HSCT,
consistent with dry eye. The number of partic-
ipants with NIKBUT scores <5 s remained the
same post-HSCT. Participants were divided into
groups of high (>305mOsm/L) versus low
(=305 mOsm/L) tear osmolarity and high
(>8 mm/5 min) versus low (<8 mm/5 min)
Schirmer tests, and an unpaired f-test analysis
was performed to look for a difference in out-
comes between the two groups. No difference in
any of the outcomes was found (all p > 0.05).

On meibomian gland imaging, 15.8% of
participants had healthy meibomian gland sta-
tus, 57.9% had intermediate status, and 26.3%
had unhealthy status. Post-HSCT, the meibo-
mian gland status in all patients remained
unchanged (Fig. 5; Table 4).

Out of all the participants, only one devel-
oped chronic ocular GVHD at 9 months post-
HSCT (according to the NIH consensus criteria)
[34], ten participants developed acute systemic
GVHD of varying grades, and three participants
developed chronic systemic GVHD of varying
severity. The participant who developed ocular
GVHD also developed grade 3 acute systemic
GVHD at 3 months post-HSCT, which pro-
gressed to chronic GVHD of moderate severity.
At the 3-5 week pre-HSCT visit, this participant
did not have any signs or symptoms of dry eye

apart from a decreased NIKBUT score in the
right eye (Table 5). Specifically, he scored 0 on
the CCLRU corneal fluorescein staining (indi-
cating no staining) in all five components of
both right and left corneas. Conjunctival red-
ness scores were also low: 0.9 in the right eye
and 1.0 in the left eye (Fig. 6). At 6 months post-
HSCT, while he was asymptomatic, NIKBUT
and Schirmer scores were reduced and the
average CCLRU in each component was 1.3
(range 0-3) in the right eye and 2.0 (range 1-4)
in the left eye. Conjunctival redness scores were
also increased to 1.1 in the right eye and 1.2 in
the left (Table 5). At 9 months post-HSCT, he
complained of left eye pain, discomfort, and
foreign body sensation, and was examined
during an ad hoc visit. He was diagnosed with
ocular GVHD of both eyes after slit lamp
examination, with chemosis and corneal
macroerosions seen in both eyes. The average
CCLRU corneal fluorescein staining was 3
(range 2-4) in the right eye and 3.8 (range 3-4)
in the left eye (Table 5). In addition to topical
CsA, one drop of levofloxacin 0.5% (Cravit,
Santen Pharmaceuticals Pte Ltd, Japan) four
times a day to both eyes and one drop of 0.1%
dexamethasone minims (Bausch & Lomb, UK)
to both eyes four times a day for 1 week and
three times a day for the subsequent week were
given and the participant was seen again
2 weeks later. At subsequent follow-up visits,
the dexamethasone minims were tapered off
and stopped, together with cravit in the right
eye, the dexamethasone minims were replaced
with fluorometholone (Allergan, USA) twice a
day in the left eye due to persistence of staining
in the left eye. He was subsequently followed-up
for ocular GVHD in SNEC after the 12-month
study period.

DISCUSSION

In this paper, we show that the conjunctival
helper-T cell (CD4) population changed within
a few months, in a way that is associated with
compliance to the topical CsA or to the clinical
outcome response (ocular GVHD). Previous
studies have shown that older people and peo-
ple with severe dry eye have higher levels of
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Table 5 Outcome variables for the single participant who developed ocular GVHD in both eyes at 9 months post- HSCT

Outcome variable 9 months post- 9.5 months  10.5 months 12 months
HSCT (ad hoc visit) post-HSCT  post-HSCT  post-HSCT
NIKBUT (RE) (s) 3.25 3.82 3.63 5.74
NIKBUT (LE) (s) 440 427 497 10.32
Conjunctival 1.0 1.0 0.9 1.4
redness (RE)
Conjunctival 1.2 1.1 0.9 1.4
redness (LE)
Tear osmolarity
(RE) (mOsm/L)
Tear osmolarity
(LE) (mOsm/L)
Lipid thickness
(RE) (nm)
Lipid thickness
(LE) (nm)
Schirmers (RE) 2 3 1 15
(mm)
Schirmers (LE) 2 4 0 11
(mm)
Corneal staining Superior: 2.0 Superior: 0 Superior: 0 Superior: 0
(RE) Inferior: 4.0 Inferior: 3.0  Inferior: 0.5 Inferior: 0
Temporal: 3.0 Temporal: 1.0 Temporal: 0 Temporal:
Nasal: 3.0 Nasal: 1.5 Nasal: 0.5 1.0
Central: 3.0 Central: 0.5  Central: 0 Nasal: 1.5
Central: 1.0

Corneal staining

(LE)

SPEED
questionnaire

score (RE)

Superior: 3.0
Inferior: 4.0
Temporal: 4.0
Nasal: 4.0
Central: 4.0

Superior: 1.5
Inferior: 4.0
Temporal: 3.0
Nasal: 3.0
Central: 2.0

Superior: 1.0
Inferior: 2.5
Temporal: 0.5
Nasal: 1.0
Central: 0.5

Superior: 1.5
Inferior: 4.0

Temporal:
2.5

Nasal: 3.0
Central: 2.0
1
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Table 5 continued

Outcome variable 3-5 weeks 6 months 9 months post- 9.5 months 10.5 months 12 months
pre-HSCT  post-HSCT HSCT (ad hoc visit) post-HSCT  post-HSCT  post-HSCT
SPEED 6 4 4 4 3 1
questionnaire
score (LE)

HSCT hematopoietic stem cell transplantation, NIKBUT non-invasive keratograph tear break-up time, SPEED standard
patient evaluation of eye dryness, GVHD graft-versus-host disease

C Thinvessels © GreenConponent " Vessels enhanced

Fig. 6 The participant with ocular GVHD: Conjunctival
redness and corneal fluorescein staining as imaged by an
Oculus keratograph 5 M pre HSCT (A, B) and at visit

effector T lymphocytes [35]. Our observation
that helper-T cells are increased in proportion in
patients who developed ocular GVHD or who
were non-compliant to CsA deserves confirma-
tion in a larger number of patients, as well as
further characterization on the activation status
of these lymphocytes. In the single patient with
moderate cornea staining before allo-HSCT,
there may already be preexisting conjunctival T
cell activation (even asymptomatic), or there
may be a breakdown in the epithelial barrier

four (C, D) after development of ocular GVHD. Note the
increased conjunctival redness and corneal fluorescein
staining at visit four

function, which may predispose to autoantigen
presentation to dendritic cells, as suggested
previously. Such patients might require more
than topical CsA to prevent the elevation of
conjunctival T cells after allo-HSCT.

Table 6 presents some studies on conjuncti-
val T cells. Most studies are different from our
current study and involve conjunctival biopsies
rather than impression cytology, which was
used in our study. Arnous et al. analyzed lym-
phocytes obtained from the deeper conjunctiva,
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Table 6 Studies on conjunctival T cells in the literature

Study Technique Findings

Knop etal. Immunohistochemistry—Conjunctival sacs and their Lamina propria has high amount of lymphoid tissue in
[43] lymphoid tissues from cadavers the lymphoid layer, while epithelium has

intraepithelial lymphocytes

Arnous Immunohistochemistry—Conjunctival biopsies Adenoid layer of normal conjunctiva shows highest
et al. (including all layers of conjunctiva) during cataract ~ CD4 and CD8
[36] surgery

Hingorani Immunohistochemistry—Biopsy from tarsal and Leukocytes including T cells and macrophages are
etal. [9] superior temporal bulbar conjunctiva from normal  present in the epithelium and substantia propria

adults undergoing squint or cataract surgery CD8 exceeds CD4 levels in the epithelium but these
levels are reversed in the substantia propria

Chan etal.  Flow cytometry—Organ cultures of human CD# cells preferentially migrate through intrastromal
[44] conjunctival samples, denuded of the epithelium channels as compared with CD8 cells

Reinoso Brush cytology—Inferior fornix and tarsal CD4/CDS8 ratio decreased after dry eye treatment
etal conjunctival cells in evaporative dry eye patients
[10]

Power Immunohistochemistry—Conjunctiva biopsy from  CsA suppresses T cell population in conjunctiva
etal secondary Sjogren patients
[45]

Kunert Immunohistochemistry and biopsy in Sjogren and ~ CsA reduces conjunctival CD4 and CD8 in DED
etal non-Sjogren dry eye
[46]

Hingorani Immunohistochemistry—Superior tarsal conjunctival CsA reduce conjunctival CD4 and CD8 in AKC
ctal. ¥ biopsy of AKC patients

CsA cyclosporine A DED dry eye disease, AKC allergic keratoconjunctivitis

whereas our study only analyzed superficial
epithelial lymphocytes [36]. The advantage of
impression cytology is that we can perform it
repeatedly, unlike biopsies.

Topical 0.1% cationic emulsion CsA (Ikervis)
once a day (OM) has not previously been stud-
ied in the prophylaxis of ocular GVHD. The
only three previous studies that studied the
effectiveness of topical CsA in the prophylaxis
of ocular GVHD used topical 0.05% anionic
emulsion CsA (Restasis) BD [14], QDS [15], and
topical 0.1% non-emulsion CsA (MODUSIK-A)
two drops BD [16]. Out of these three papers,
only Cantu-Rodriguez et al. reported the toler-
ance and compliance of topical CsA—one out of

20 patients was intolerant and three out of 20
were non-compliant [16]. In our study, none
out of the 19 patients were intolerant and 6 out
of the 19 patients were non-compliant. Toler-
ance to topical cationic CsA (in our study)
appears similar or better compared with emul-
sion CsA (Cantu-Rodriguez et al.) [16], though
compliance (in our study) was worse.

Topical CsA treatment was well-tolerated in
all of our patients, even in the patient who
subsequently developed ocular (0)GVHD.
However, in a paper by Gehlsen et al., patients
with DED and oGVHD were found to have poor
tolerance to topical 0.1% cationic CsA prepara-
tion, with 32% and 62% discontinuing the
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medication in DED and oGVHD patients,
respectively [17]. In the SANSIKA study, topical
0.1% cationic CsA was evaluated in patients
with severe DED. Compared with the control
group who instilled the vehicle only, those who
instilled topical cationic CsA had a significantly
higher proportion of instillation site pain
(29.2% CsA group versus 8.9% vehicle group).
Other adverse events in similar proportions in
both control and treatment groups were eyelid
edema, instillation site erythema, photophobia,
eye irritation, and reduced visual acuity [37]. In
this paper, we suggest the use of topical 0.1%
CsA prophylactically pre-HSCT before the DED
or oGVHD symptoms develop, hence topical
CsA may be more tolerable in our patients.
Previous studies have analyzed the effec-
tiveness of topical CsA in preventing ocular
GVHD based on historical controls (Cantu-
Rodriguez et al.) [16]. Although this is not our
main aim, with reference to historical data, our
findings suggest that topical CsA 0.1% (Ikervis,
Santen) once a day prophylaxis starting 3—
5 weeks pre-HSCT may be effective in prevent-
ing the development of ocular GVHD. Only one
out of 19 participants (5.26%) in our study
developed chronic ocular GVHD at a mean of
12 months post-HSCT. This percentage is sig-
nificantly lower (p <0.001, Fischer’s exact test,
two-sided p-value) compared with a study by
Berchicci etal.,, which found that 51.9% of
participants who underwent HSCT without any
CsA prophylaxis developed dry eye disease at
1 year of follow-up [1]. Other studies by Shikari
etal. and Westeneng et al. showed that 64%
and 54% of patients developed chronic ocular
GVHD, respectively [38, 39]. Furthermore,
despite the relatively high incidence of acute
systemic GVHD in ten participants and chronic
GVHD in three participants, the low incidence
of eye involvement is a noteworthy finding.
Only three previous studies have explored
the use of topical CsA prophylaxis in GVHD,
showing similar results. Malta et al. performed a
comparative case series of 105 patients, 81 of
whom received topical CsA 0.05% (Restasis)
twice a day 1 month pre-HSCT and 24 of whom
did not receive CsA (control group) [14]. Dry
eye symptoms were found to be significantly
more severe in the control group at 3 months,

1year, and 2years. Chun etal. performed a
comparative study of 58 participants, 28 of
whom received topical CsA 0.05% (Restasis)
four times a day starting 1 month pre-HSCT and
30 of whom did not receive CsA (control
group). At 3 months follow-up, they found that
among patients with baseline Schirmer values
<10mm and tear breakup time (TBUT) <5
pre-HSCT, the CsA group had significantly bet-
ter outcomes than the control group [15].
Cantu-Rodiguez et al. conducted a longitudinal
study of 20 participants who were given topical
CsA 0.1% (MODUSIK-A OFTENO, Sophia Lab)
two drops twice a day for 1 year starting after
HSCT was performed [16]. Only one out of the
20 patients developed ocular GVHD over the
20 month follow-up period. In these studies, dry
eye outcome measures used were dry eye ques-
tionnaires, slit lamp examination, fluorescein
staining, tear breakup time, and Schirmer test.
Other outcome measures such as meibomian
gland analysis, impression cytology, and flow
cytometry have not been previously performed
in prophylactic studies using topical CsA.

Topical CsA has been reported to be safe and
efficacious in the treatment of DED associated
with chronic GVHD [11-13]. Though the
pathogenesis of ocular GVHD is still not fully
understood, periductal fibroblasts in ocular
GVHD patients have been shown to express
certain surface antigens to CD4" and CD8" T
cells, resulting in a fibrogenic immune process
[4, 5]. CsA is an immunosuppressant that blocks
T cell proliferation [40, 41]. Systemic CsA has
long been used in the prevention of acute and
chronic systemic GVHD. It is hence postulated
that topical ophthalmic CsA would exert a
similar effect in ocular tissues to reduce
inflammation. Starting topical CsA treatment
1 month before HSCT would allow greater ocu-
lar tissue levels of CsA in the early phase
(<120 days after HSCT) of GVHD, preventing
damage to lacrimal acini [12].

In clinical practice, we can consider the
prophylactic use of Ikervis for patients under-
going bone marrow allotransplantation. This
will likely most benefit the patient population
in whom GVHD risk is predicted to be high, or
for patients who have significant ophthalmo-
logical findings of preexisting increased corneal
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staining, even if asymptomatic for dry eye. This
was found to be acceptable to a high proportion
of participants. It is likely that the burning
sensation of the formulation may be a cause of
non-compliance. In the real world scenario,
drugs would have to be paid for by patients and
the cost of the prophylaxis drug may also be a
deterrent.

The main strength of our study is that we are
the first to report T cell population changes after
initiation of topical CsA in HSCT patients. We
also reported numerous clinical outcomes in a
standardized fashion, whereas though the three
previous studies in literature have explored the
use of topical CsA prophylaxis in GVHD, none
included meibomian gland analysis, impression
cytology, or flow cytometry. Our study is also
the first study using topical CsA 0.1% (Ikervis,
Santen) once a day, which could theoretically
increase compliance compared with a regime of
BD or QDS. Our main limitation is that we did
not include additional arms of HSCT patients
not on CsA prophylaxis or non-HSCT patients
using Ikervis (recruitment rates affected by
COVID pandemic restrictions would have
resulted in an unacceptably long study), as well
as the lack of follow-up beyond 1 year post-
HSCT. It remains to be seen if prophylactic CsA
can prevent ocular complications in the longer
term (which could occur 10 years or later). Also,
our sample size was relatively small and a larger
sample size would be beneficial. There are lim-
itations to the impression cytology as it may fail
to harvest deeper conjunctival immune cells,
and we did not have enough channels in the
flow to further evaluate the conjunctival CD4
subsets for their activation state. Additionally,
in our paper, we assumed that CD8~ CD3™ cells
were CD4% cells. However a recent paper has
shown that apart from CD4% and CD8" cells,
the conjunctival epithelium also contains
interleukin (IL)17-producing yd8 T cells and
natural killer (NK) T cells, which may also be
involved in modulating DED [42]. We did not
account for this group of T cells in our paper.
We did not evaluate dendritic cells and other
immune cell populations. We did not evaluate T
cells outside the bulbar conjunctiva. Apart from
bulbar conjunctiva, CD4 T cells may also be
activated along the eyelid margin or within the

lacrimal glands themselves. Future studies may
require multicenter randomized controlled tri-
als (RCTs) to evaluate the efficacy of topical
CsA, as larger numbers and a control group
would be ideal. However, it may not be ethical
to withhold prophylactic treatment from the
control group and comparison with other
treatment modalities such as lifitigrast may
have to be considered instead. As for systemic
GVHD prophylaxis, the effect on its prevention
of oGVHD cannot be studied by RCTs since
there are many potential drug combinations.

CONCLUSION

The superficial conjunctival T cell profile
reflects compliance to daily topical 0.1% catio-
nic CsA eye drops and clinical ocular surface
parameters in allo-HSCT patients. Tolerance is
comparable to other formulations of topical
CsA in the first 12 months.
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