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Background: After laser refractive surgery, dry eye disease is a common issue, primarily caused by inflammation. In a cohort of
patients undergoing small incision lenticule extraction (SMILE), we examined the impact of anti-inflammatory drug ciclosporin (0.1%
in cationic emulsion; CsA-CE) on the corneal fluorescein staining (CFS) score and other indicators of dry eye disease.

Methods: This non-randomized, interventional, comparative study enrolled 30 patients undergoing SMILE, who received a once-
daily, preservative-free, single-dose formulation of CsA-CE for one month following surgery. Tear osmolarity, ocular surface disease
index (OSDI) scores, and CFS scores were measured after one- and three-months following surgery and compared to a control group
(n=30). In the CsA-CE group, 26 patients completed the follow-up at Month 1, compared to 28 patients in the control group. At three-
months follow-up, 22 patients in the CsA-CE group and 23 in the control group remained.

Results: At Month 1 and Month 3 postoperative follow-up, the CsA CE group’s CFS scores were significantly lower compared to
controls: 0.31 £0.74 vs 0.75 £ 0.89 (P = 0.02) and 0.05 £ 0.21 vs 0.43 £ 0.84 (P = 0.04), respectively. Mean CFS scores of CsA-CE
group were 0.44 (Month 1) and 0.38 (Month 3) lower postoperatively, compared to the control group. Tear osmolarity and OSDI
scores, however, did not significantly differ between the two groups and stayed within normal bounds. With 57.7% of patients
reporting no instillation site pain and no other side effects, the treatment was well-tolerated.

Conclusion: The anti-inflammatory effect of CsA-CE application in the early postoperative period after SMILE resulted in
significantly lower CFS scores at Months 1 and 3 in comparison to the control group. These results suggest that 0.1% CsA-CE
treatment lowers ocular surface damage and might thus benefit the recovery process of patients treated with this form of laser
refractive surgery.
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Background

Hong Kong has a very high prevalence of myopia, and the demand for laser refractive surgery remains high. Recently,
small incision lenticule extraction (SMILE) has gained popularity, and multiple studies have consistently shown
comparable results to that of laser in situ keratomileusis (LASIK)."? Although both procedures have a very high patient
satisfaction rate with a good safety and efficacy profile, post-laser refractive surgery dry eye disease (DED) continues to
be a prevalent clinical issue that can affect patients’ recovery and quality of life.

The pathogenesis of DED after laser refractive surgery is multifactorial.> In LASIK and SMILE procedures, the
creation of the flap or the incision involves vertical cutting of the sub-basal nerve plexus, causing corneal denervation
that may lead to neurotrophic dry eye and a reduced cornea-blink reflex. During the corneal wound healing process,
associated inflammatory responses may result in an up-regulation of pro-inflammatory cytokines, such as interleukin-6,

on the ocular surface. This in turn may increase tear osmolarity and further aggravate ocular surface inflammation.°
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Although post-refractive surgery DED is usually temporary, patients can experience blurring of vision and fluctua-
tions in refractive error, as well as significant corneal punctate epithelial damage in the early postoperative period. This
can reduce overall satisfaction with treatment and prolong the time necessary for full visual recovery.” To improve patient
outcomes, it is common for post-refractive surgery DED to be treated with artificial tears, gels, anti-inflammatory agents,
punctal plugs or autologous serum tears.” In particular, the control of ocular surface inflammation is now recognized as
having a pivotal role in the management of DED.

In recent years, 0.1% ciclosporin A in cationic emulsion (CsA-CE; Ikervis, Santen Pharmaceutical) has gained
popularity as a once-daily, topical anti-inflammatory agent for treating DED. It was found to be able to significantly
improve the clinical manifestations seen in patients affected by moderate-to-severe DED, most notably when assessed via
corneal fluorescein staining (CFS).*'? CFS is one of the key parameters examined in pivotal trials involving CsA.'"*'?
Importantly, studies using conjunctival epithelial biopsies have shown that decreased corneal staining can reflect
a reduction in inflammatory markers on the ocular surface.'> CsA-CE is thought to act mainly not only by inhibition
of T-cell activation but also via lowering inflammatory cytokines in the conjunctiva, leading to reduced inflammation on
the ocular surface. While previous studies have shown success with CsA in managing DED after LASIK,'*'® evidence
supporting its use in the context of SMILE remains limited. It has also been demonstrated during the early postoperative
period after SMILE that both dry eye symptoms and CFS can worsen.'® In the current study, we examined the hypothesis
that 0.1% CsA-CE treatment immediately after SMILE surgery may down-regulate the surgery-induced inflammatory
response on the ocular surface, thereby reducing ocular surface damage (assessed via CFS) and DED symptoms (assessed
via OSDI) in the early postoperative period.

Materials and Methods

Study Design

This was a non-randomized, interventional, comparative study evaluating the effects of 0.1% CsA-CE one-month
treatment on induced inflammatory response on the ocular surface after SMILE, compared with an age-matched,
untreated control group. Briefly, the control group consisted of 30 consecutive patients, undergoing SMILE surgery,
and selected based solely on appointment time. The next 30 consecutive patients undergoing SMILE were treated with
0.1% CsA-CE immediately after surgery (CsA-CE group). All patients were of Chinese ethnicity.

From August to December 2019, all procedures were carried out at the Hong Kong Eye Day Surgery Centre. Prior to
SMILE, every patient had a thorough ophthalmic evaluation and was free of ocular comorbidities except myopia and
myopic astigmatism. Each had a corrected distance visual acuity (CDVA) of 20/20 or higher prior to surgery. Unstable
refraction, topographic evidence of forme fruste keratoconus, serious eye conditions, prior corneal surgery, autoimmune
diseases, or drugs known to impair wound healing or worsen DED were among the exclusion criteria for SMILE.
Pregnant and lactating women were also excluded from our study.'” In addition, patients with any symptomatic DED,
corneal staining before surgery (confirmed with fluorescein in all cases), abnormal tear break-up time (TBUT) or tear
meniscus height, or patients who received any steroids or CsA treatment prior to surgery, were also excluded. Patients
were followed up at postoperative Month 1 and Month 3; those who missed one or more follow-up consultations were
excluded from the analysis.

The Declaration of Helsinki’s guiding principles were followed when conducting the study. Prior to surgery, each
patient signed an informed consent form. Before the study started, the Hong Kong Eye Day Surgery Centre ethics
committee (DSC2019-001) examined and approved the study protocol.

Surgical Technique and 0.1% CsA-CE Treatment

A previously described surgical technique was used to perform the SMILE procedures using the 500 kHz VisuMax
femtosecond laser (ZEISS).!” Two experienced SMILE surgeons (the authors) alternatively carried out each surgery. The
following parameters were used: cap thickness, 100 um; cap diameter, 7.6 mm; lenticule diameter, 6.5 mm with
a transition zone of 0.1 mm; cut energy, 1.4 pJ; spot and tracking distance, 2.0-3.0 pm and peripheral incision,
2.5 mm. Postoperatively, the following drug regimen was prescribed for both control and CsA-CE groups: 0.3%
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tobramycin + 0.1% dexamethasone (TobraDex, Novartis) QID for 1 week; and hyaluronic acid-containing artificial tears
QID for 1 month (OptiveFusion, AbbVie). Patients were instructed to start using these eye drops on the day of surgery. In
addition, for the CsA-CE group, an unpreserved single-dose of 0.1% CsA-CE (Ikervis, Santen Pharmaceutical) was
prescribed once daily before bedtime for 1 month, starting on the day of surgery.

Data Collection and Statistical Analysis

Patient demographics and ocular parameters [refractive error (spherical equivalence, SEQ), Ocular Surface Disease Index
(OSDI) score, tear osmolarity] were recorded at baseline. OSDI score and tear osmolarity were assessed at postoperative
Month 1 and Month 3 visits, and corneal fluorescein staining (CFS) was assessed by operating surgeon at postoperative
Week 1, Month 1 and Month 3.

The TearLab osmometer (TearLab Corporation) was used to measure the tear osmolarity of both eyes, and the OSDI
questionnaire'® was utilized to assess the symptoms of DED. As recommended by the manufacturer, the value for the
patient’s eye with the highest reading was used to determine their tear osmolarity.'® Prior to the tear osmolarity
measurement, none of the patients received any artificial tears or other eye drops. To determine the CFS score, a slit
lamp examination was conducted. The conjunctival sac was instilled with sodium fluorescein, and the staining was
evaluated using the Oxford scoring system (0—5).%° The mean score from both eyes was used for analysis.

During the study, all adverse events (AEs) were recorded. In the CsA-CE group, patients’ subjective tolerability to
transient instillation site pain, a common mild side effect when applying the medication, was graded and scored (Grade 0,
no pain; Grade 1, mild instillation site pain but well tolerated; Grade 2, moderate instillation site pain but still tolerable;
Grade 3: intolerable instillation site pain).

Patient characteristics and ocular parameters were summarized using descriptive statistics. Fisher’s exact test was
used for categorical variables, and the non-parametric Mann—Whitney U-test was used for continuous variables to assess
the statistical significance of differences between the CsA-CE and control groups. Statistical significance was defined as
a P value of less than 0.05. SPSS Version 21.0 (IBM Corporation) was used for statistical analysis.

Results
Thirty patients (30) were enrolled in each group. Of these, 26 patients in the CsA-CE group and 28 patients in the control
group completed one month of follow-up; at Month 3, there were 22 patients in the CsA-CE group and 23 patients in the
control group. Patients’ reasons for missing follow-up visits were related to disruptions associated with the social
movement in Hong Kong in late 2019 and the COVID-19 outbreak since early 2020. There were no discernible patterns
in the dropout patients.

Baseline characteristics of patients are summarized in Table 1. The average age (mean + SD) was 31.9 £+ 6.2 years in the
CsA-CE group and 31.6 + 7.9 years in the control group. In both groups, most patients were female. At baseline, both groups

Table | Patient Demographics and Ocular Characteristics

Characteristic CsA-CE Group (n = 30) | Control Group (n = 30) | P value
Age (years) 31.9+62 316 £79 0.696
Gender, n (male:female) 11:15 9:19 0.44
Preoperative SEQ OD (diopters) —5.61 £2.00 —4.99 £2.72 0.70
Preoperative SEQ OS (diopters) —5.55+2.14 —525+2.10 0.78
OSDI score 29 +47 23+28 0.92
Tear osmolarity (mOsm/L) 301 £ 10 304 £ 11 0.28

Notes: “The value for the eye with higher tear osmolarity was taken for analysis, as suggested by the manufacturer.'” Data
are presented as mean * SD unless otherwise stated.

Abbreviations: mOsm, milliosmole; OD, right eye; OS, left eye; OSDI, Ocular Surface Disease Index; SEQ, spherical
equivalence.
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Figure | Comparison of CFS scores between CsA-CE and control groups. Data are presented as mean * SD. (¥) indicates statistically significant changes with P < 0.05
between groups.

had normal OSDI scores (<12) and normal tear osmolarity (<308 mOsm/L). There were no statistically significant differences
between the groups in OSDI scores, tear osmolarity or SEQ at baseline. All eyes aimed for a plano correction and had
a preoperative CDVA of 20/20 or better. Postoperatively, no eyes had a reduction in CDVA at either Month 1 or Month 3. At
Month 3, the mean + SD SEQ in the CsA-CE group was —0.07 = 0.34 diopters (D) in the right eye and —0.04 + 0.41 diopters
(D) in the left eye. In the control group, mean £ SD SEQ at Month 3 was —0.07 + 0.31 D in the right eye and —0.03 = 0.32 D in
the left eye. There were no significant differences between groups (right eye: P = 0.67, left eye: P = 0.95).

Results for CFS scores at three follow-up time points are shown in Figure 1. Other ocular surface parameters at
postoperative time points are summarized in Table 2. At Week 1, mean CFS scores were 0.81 + 0.94 in the CsA-CE

Table 2 Ocular Surface Parameters (CFS Scores, OSDI Score,
and Tear Osmolarity) at Postoperative Time Points

Parameter | CsA-CE Group ° | Control Group © | P value

CFS score
Week | 0.81 £ 0.94 0.67 £ 1.00 0.40
Month | 0.31 £0.74 0.75 £ 0.89 0.02*
Month 3 0.05 + 0.21 0.43 £ 0.84 0.04*
OSDI score
Month | 63+ 64 6.6 £ 6.1 0.84
Month 3 50+54 49 £ 4.1 0.68

Tear osmolarity® (mOsm/L)

Month | 304 £ 9 302 £9 0.53

Month 3 305 + 14 304 + 11 0.81

Notes: “The value for the eye with higher tear osmolarity was taken for analysis,
as suggested by the manufacturer.'® 26 cases in CsA-CE group completed
I-month follow up, 22 completed 3-month follow up. 28 cases in control group
completed |-month follow up, 23 completed 3-month follow up. * Statistically
significant difference between groups (P < 0.05). Data are presented as mean * SD
unless otherwise stated.

Abbreviations: CFS, corneal fluorescein staining; mOsm, milliosmole; OSDI,
Ocular Surface Disease Index.
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group and 0.67 = 1.00 in the control group, with no statistically significant difference between groups (P = 0.398).
However, at both Month 1 and Month 3, the mean CFS score in the CsA-CE group was significantly reduced in
comparison to the control group [Month 1: 0.31 + 0.74 versus 0.75 £ 0.89 (P = 0.02); Month 3: 0.05 £ 0.21 versus 0.43 £
0.84 (P = 0.04)]. When compared with the control group, the mean CFS score in the CsA-CE group was 0.44 and 0.38
lower at Months 1 and 3, respectively.

Notably, OSDI scores between the groups at either time points were not statistically different. OSDI scores improved
from Month 1 to Month 3 in 59.1% of patients in the CsA-CE group (13 out of 22), and similarly in 56.5% of the control
group (13 out of 23). Tear osmolarity remained normal in both groups at both Month 1 and Month 3, with no statistically
significant differences between groups.

Among the 26 patients in the CsA-CE group who completed the one-month treatment with 0.1% CsA-CE, subjective
tolerability scores were as follows: Grade 0 (no instillation site pain): 15 patients (57.7%); Grade 1 (mild but brief
instillation site pain): 7 patients (26.9%); Grade 2 (moderate instillation site pain but tolerable): 4 patients (15.0%); Grade
3 (intolerable instillation site pain): no patients. No other adverse effects (AEs), such as accumulation of emulsified
solution in the incision wound or interface, were reported in the CsA-CE group.

Discussion

In this study, we evaluated the effect of 0.1% CsA-CE on CFS score, OSDI score and tear osmolarity after SMILE. Our
clinical data indicate that the use of 0.1% CsA-CE in the first month post-SMILE resulted in significantly lower CFS
scores in the CsA-CE group than in the control group, indicative of reduced ocular surface damage.

Our study relied on CFS score as the primary outcome measure for evaluating ocular surface inflammation. As
mentioned above, CFS is one of the key parameters examined in pivotal clinical trials involving CsA,'"" and studies
using conjunctival epithelial biopsies have shown that decreased corneal staining can reflect a reduction in inflammatory
markers on the ocular surface.'® Furthermore, in one of the pivotal trials (the SANSIKA study), the expression of human
leukocyte antigen-DR (HLA-DR) on conjunctival epithelial cells (a biomarker of ocular surface inflammation) was
directly proportional to CFS scores. Of note, we did not evaluate other DED criteria, for instance tear break-up time
(TBUT) and tear meniscus height (TMH) for several reasons. Firstly, in the SANSIKA and SICCANOVE clinical
studies, the TBUT and TMH improved in both treatment and control groups without significant differences.®*'" The
authors postulated that in the control group, the lubricating effect of the vehicle (an unpreserved cationic oil-in-water
nano-emulsion) also improved DED on its own. This was similar in our control group, where all subjects were also
routinely given artificial tears, following routine practice in all our SMILE surgeries. Secondly, TBUT or TMH may be
less useful ocular parameters than the CFS, due to the low treatment severity and high recovery rates observed using
these markers after SMILE. A meta-analysis demonstrated that there was only a non-significant reduction in tear
production and TBUT after SMILE,?' and additional studies have shown that early recovery of TMH may be achieved
as early as one month after SMILE.*? Thirdly, it is well known that such tear parameters are often poorly correlated with
dry eye symptoms.?®> Recently, another randomized control trial studied the effect of 0.05% ciclosporin on the OSDI,
non-invasive tear break-up time (NIBUT), tear lipid layer thickness and TMH. The authors reported that 0.05%
ciclosporin was effective in relieving these parameters in the early postoperative phase after SMILE, but only the lipid
layer thickness (LLT) and TMH demonstrated a significant difference to the control group.>* This somehow echoed our
previous discussion, and it is also worth noting that they did not report CFS findings.

CFS scores measured at postoperative time points are considered mild to minimal. Nonetheless, in comparison with
the control group, the mean CFS score in the CsA-CE group was 0.44 lower at Month 1 and 0.38 lower at Month 3. As
the modified Oxford scale we utilized for CFS grading is a logarithmic scale, a difference of one grade corresponds to
a 3.16-fold increase or decrease in the number of dots. The statistically significant lower CFS scores in the CsA-CE
versus control groups at Month 1 and Month 3 may therefore be interpreted as clinically significant.®°

Our study did not show any statistically significant differences between the CsA-CE and control groups in either
OSDI score or tear osmolarity. We suggest that this may be due to the routine post-SMILE drug regimen that both groups
received (ie topical steroids for one week and an artificial tear for four weeks), which could have helped stabilize dry eye
parameters at Month 1 and Month 3. Similar findings were observed in the CsA-CE pivotal studies SANSIKA and
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SICCANOVE, where both the CsA-CE-treated and vehicle-treated groups (with the vehicle itself being a cationic
emulsion) showed improvements in OSDI score and other dry eye parameters.®’ Nevertheless, we found significant
between-group differences in CFS scores, which can likely be attributed to the additional study treatment received by the
CsA-CE group. In addition, multiple comparative studies have found that SMILE is associated with less postoperative
DED overall when compared with LASIK.?>” In our control group, OSDI scores and tear osmolarity could thus have
remained in the normal range even without CsA-CE treatment. It would therefore be worthwhile to study whether CsA-
CE treatment could have significant effects on OSDI scores and tear osmolarity after LASIK surgery. With respect to
long-term effects, Liu et al found that laser-induced corneal denervation was not fully healed even at five years after
SMILE, indicating that SMILE patients could still be prone to developing DED due to neurotrophic factors and reduced
corneal blink reflex.?” Therefore, CsA-CE treatment to control ocular surface inflammation in the early postoperative
period could be considered as a way to further reduce the risk of developing DED in the future.

A commercially available, unpreserved, single-dose cationic emulsion containing 0.1% ciclosporin A was used in this
investigation. By interacting electrostatically with the negatively charged tear film components, the cationic emulsion
lengthens the duration of ocular retention and, consequently, the drug’s ocular bioavailability.”® In a recent animal study,
a ciclosporin cationic emulsion preparation was found to have more potent anti-inflammatory and anti-apoptotic activity
in an in-vitro dry eye model than a ciclosporin emulsion.*’

Studies have shown that the corneal inflammatory response occurs as early as one hour after the laser procedure and
peaks at seven days,”° and that dry eye symptoms, tear film instability and ocular surface damage are present in the early
postoperative period.'® With this in mind, we adopted a “pre-emptive” approach to counteract ocular surface inflamma-
tion as soon as possible, by starting CsA-CE together with topical steroid treatment on the same day after the SMILE
surgery. To prevent unwanted side effects from steroid treatment, we discontinued steroid use after Week 1, but continued
CsA-CE treatment up to Month 1. Our findings demonstrate that early postoperative CsA-CE treatment soon after
SMILE leads to significantly reduced corneal staining, indirectly indicating a reduction in ocular surface inflammation
which we suggest is clinically significant. It is worth noting that CsA is known to peak in efficacy only after a few weeks
of consistent usage. Hence, it cannot completely replace corticosteroids in the immediate postoperative period. In
addition, it is generally recommended to use corticosteroids as a bridging therapeutic agent while waiting for the effects
of CsA to kick in when initiating CsA treatment in treating ocular surface inflammation.

Importantly, although CsA-CE treatment was discontinued at Month 1, the lower levels of corneal staining in the
CsA-CE group were sustained up to Month 3 post-SMILE treatment. The effects of CsA-CE on ocular surface
inflammation were evaluated in the SANSIKA study using HLA-DR expression on the conjunctival cell surface as
a biomarker. After one month, HLA-DR expression was significantly lower in the CsA-CE-treated group than in the
control group.®

Taken together with our findings, this suggests that the “pre-emptive” one-month treatment in our study was sufficient
to down-regulate pro-inflammatory markers on the ocular surface and reduce ocular surface inflammation. Importantly,
the treatment effects (reduction in corneal staining) were sustained beyond CsA-CE discontinuation, suggesting
a reduced potential for future DED development. This is further supported by results from Peyman et al, which
demonstrated significantly improved corneal sensitivity with ciclosporin treatment after LASIK, suggesting that topical
ciclosporin could promote enhanced corneal nerve regeneration.'* Thus, we suggest that 0.1% CsA-CE treatment could
be considered for patients at higher risk of developing post-SMILE DED, such as those with pre-existing DED, those on
DED-inducing systemic medications or those with significant meibomian gland dysfunction.®!

The most common side effect of 0.1% CsA-CE is transient instillation site pain or stinging sensations. The pivotal
studies reported stinging or pain from drop instillation in 29.2-54.5% of patients, with around 10% of patients eventually
discontinuing treatment.”'®'?>? In our study, CsA-CE treatment was well-tolerated, which may be partly attributed to the
younger age of SMILE patients compared with our broader refractive surgery population, and better eye pain tolerance.
Although some concerns have been raised about whether an emulsion-based eyedrop would accumulate within the
corneal stromal interface, this did not prove to be an issue in our study.

This study had a number of limitations. First, the study was non-randomized and the sample size was rather small. It
was logistically challenging to perform a randomized study in a refractive surgery center setting in Hong Kong, as all of
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the refractive practices in Hong Kong are in the private market and not affiliated to any academic institutions. Instead, we
employed the consecutive sampling method to minimize selection bias. In addition, we have compared all the baseline
parameters between the two groups and confirmed there were no significant differences. The consecutive sampling was
purely based on appointment sequence, ie, the first 30 control cases were done in the more humid months (August —
October) while treatment group cases were recruited in the drier months (October — December). This may have
inadvertently created temporal bias, but since the treatment group was done in the drier months, the actual beneficial
effect of CsA-CE might be more pronounced. The relatively high dropout rate contributed to the relatively small sample
size. There were no discernible patterns in the dropout patients, except they tend to have better immediately postoperative
visual acuity and expressed satisfaction with the SMILE refractive surgery. Given the social movement in Hong Kong in
late 2019 (with frequent road blockades) and the COVID-19 outbreak since early 2020 (with frequent lockdowns), these
patients defaulting to a “routine follow-up” is unavoidable especially in a private setting.

Second, the assessment of CFS was performed by the operating surgeon, as an independent masked observer was not
available. This could have introduced a potential observer bias.

Third, the study did not include any biomarkers that directly quantified ocular surface inflammation. In recent years,
the measurement of tear matrix-metalloproteinase-9 (MMP-9) levels has enabled quantitative assessment of ocular
surface inflammation. However, MMP-9 testing was not yet available in Hong Kong at the time of our study. Instead,
our study relied on commonly used parameters and tests without employing more sophisticated imaging systems or tools.
As mentioned previously, the CFS score was found to be able to reflect ocular surface inflammation.

Fourth, the follow-up period was only three months with a few cases lost during follow-up. It would be worth
investigating whether the effects of CsA-CE treatment on CFS score could be sustained beyond three months, for
example, up to six months. However, since dry eye symptoms after SMILE tend to be mild and transient in nature,*
most signs and symptoms of DED should be resolved between three to six months after surgery. It is also known that the
incidence and severity of dry eyes after LASIK is higher than that of SMILE.” However, here we only studied SMILE
patients because at the time of the study (when the CsA-CE became commercially available), SMILE was already much
more popular than LASIK treatment in Hong Kong.

Conclusions

Our clinical investigation revealed that one-month of 0.1% CsA-CE treatment immediately after SMILE surgery was not
only well-tolerated but also could reduce corneal staining, which is indicative of a reduction in ocular surface
inflammation, in the early postoperative period. The “preemptive” approach of early, one-month CsA-CE treatment
was another key aspect of this study.
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