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Background: While sutureless, cryopreserved amniotic membrane (cAM) has been shown to significantly improve signs and
symptoms of dry eye disease (DED), no studies have assessed the association of cAM treatment duration to the differential response
in clinical outcomes.

Methods: A multi-center, retrospective study was conducted on patients with moderate-to-severe DED who were treated with self-
retained cAM (Prokera® Slim) for 2 to 7 days. The primary outcome measure was DEWS severity score assessed at 1 week, 1 month,
and 3 months. Secondary outcome measures included ocular discomfort, visual symptoms, corneal staining, and visual acuity.
Results: A total of 89 eyes (77 patients) with moderate-to-severe DED (DEWS severity 3.24 + 0.56) received treatment with self-
retained cAM for 2 days (n = 10), 3 days (n = 15), 4 days (n = 12), 5 days (n = 19), 6 days (n = 6), or 7 days (n = 27). DEWS scores
significantly improved at 1 week, 1 month, and 3 months for all treatment duration groups, with no significant difference observed
between groups at any timepoint. In addition to an improvement in DEWS severity scores, those receiving cAM treatment for 2 days
demonstrated a significant improvement in corneal staining, visual symptoms, and ocular discomfort at 1 week, 1 month, and 3
months.

Conclusion: This retrospective study suggests that a single placement of self-retained cAM for 2 days can significantly improve signs
and symptoms of DED with a lasting benefit observed for up to 3 months.
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Introduction

Dry eye disease (DED) is a multifactorial disease affecting an estimated 16 million people in the United States." First-
line therapies include artificial tears and topical anti-inflammatories, including corticosteroids, cyclosporine, and lifite-
grast. Other common therapies include punctal occlusion for individuals with aqueous tear deficiency and warm
compresses and lid hygiene for those with meibomian gland dysfunction.” However, these treatments may fail to
alleviate signs and symptoms in those with more severe forms of dry eye, necessitating the use of alternative therapies.
One such treatment includes sutureless, self-retained cryopreserved amniotic membrane (cAM), which has been regarded
as a standard of care for the treatment of many ocular surface diseases in the United States. Sutureless cAM covers and
protects the corneal surface while promoting corneal healing through its anti-inflammatory and anti-scarring properties
that support epithelial adhesion and differentiation.** When used in patients with severe DED, cAM has been shown to
significantly improve the ocular surface health and symptoms for up to 6 months.’>® In one prospective, randomized
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study, treatment with cAM for 3-5 days resulted in a significant improvement in dry eye severity score, corneal staining,
tear break-up time, and corneal nerve density in DED patients at 1 and 3 months, whereas control subjects receiving
conventional maximum treatment showed no significant change.® Aside from the anti-inflammatory benefits, the lasting
effect of a single placement of cAM was also attributed to the regeneration of the corneal nerves, which play a vital role
in epithelial regeneration and tear film stability through reflex tearing and blinking.®

Despite the therapeutic benefits of sutureless cAM, foreign body sensation is observed in some patients and may
temporarily blur vision, while it is historically placed over the ocular surface for 57 days in patients.®'® While a number
of studies have demonstrated a significant improvement in signs and symptoms of DED after treatment with cAM for an
average of 5 days,”” it remains unclear if placing the device on the ocular surface for a shorter period of time may
improve patients’ experience while still providing similar clinical benefits. Thus, the purpose of this study was to assess
the therapeutic benefit of sutureless cAM in DED patients across various treatment durations and to determine whether
a shorter treatment duration of two days provides similar clinical outcomes with a lasting benefit.

Methods

This multi-center, retrospective study evaluated the effectiveness of self-retained cAM in reducing signs and symptoms of DED
by treatment duration across ten clinical sites. We have previously reported on this data cohort as a whole.” The study was
exempted under 45 CFR §46.101(b)(4) by the Western Institutional Review Board (Puyallup, WA, USA) and was conducted in
accordance with the tenets of the Declaration of Helsinki. Patients were included in the study if they were 18 years or older, had
been diagnosed with moderate-to-severe DED as defined by the Report of the International Dry Eye WorkShop (DEWS 2—4),"!
and were subsequently treated with self-retained cryopreserved AM (Prokera™ Slim, Bio-Tissue, Miami, FL, USA) for 2 to 7
days. Only patients who had completed 1 week, 1 month and 3 months of follow-up were included for analysis. Exclusion criteria
included symblepharon, ocular surgery or injury within 3 months, contact lens use, and those who had trigeminal nerve damage
or had undergone previous brain surgery. Data collection was limited to information existing in the electronic medical records and
included patient demographics, comorbidities, prior and concomitant dry eye treatments, chief complaints (ocular pain,
discomfort, photophobia, blurry vision, redness), duration of cAM treatment, and complications.

Treatment

Cryopreserved AM was thawed at room temperature for several minutes and rinsed with saline solution prior to insertion
with topical anesthesia (0.5% proparacaine hydrochloride eye drops). The device was placed into the superior fornix
while the patient looked down and was then slid under the lower eyelid. Patients returned to the office after 2 to 7 days
for removal of the device.

Outcomes

Outcomes were assessed at 1 week, 1 month, and 3 months post-treatment. The primary outcome measure was the
DEWS severity score, which was based on the overall assessment of clinical signs and symptoms and graded using
a 4-tier scale as previously described.'" Secondary outcome measures included ocular discomfort, visual symptoms,
corneal staining, and visual acuity (VA). Severity and frequency of both ocular discomfort and visual symptoms were
graded from level 1 (none or mild and/or episodic) to level 4 (severe and/or disabling and constant). Corneal staining was
graded by severity and location as (1) none to mild, (2) variable, (3) marked central, or (4) severe punctate erosions.

Statistical Analysis

All statistical analyses were carried out using SPSS Software version 20.0 (IBM; Armonk, NY, USA). Continuous
outcomes were reported as mean * standard deviation (range), and categorical data were reported as frequency
(percentage). Ordinal variables, such as DEWS severity and corneal staining, were compared between baseline and
follow-up using the Wilcoxon Signed Rank test. Continuous variables, such as VA, were assessed between two time-
points using the paired samples #-test or between three timepoints using a one-way ANOVA. Kendall’s tau-b coefficient
(t,) was used to assess correlations between two non-parametric data samples. A P value < 0.05 was considered
statistically significant.
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Results

A total of 89 eyes of 77 patients (63 females, 14 males) with moderate-to-severe DED met the eligibility criteria and
were included for analysis. The mean age at the time of treatment was 68.9 = 10.8 years (range: 43-89), and
comorbidities included cataract (37.1%), glaucoma (23.6%), lagophthalmos (7.9%), and macular degeneration (4.5%).
Upon examination, patients presented with moderate-to-severe DED (DEWS severity 3.24 + 0.56) despite treatment with
artificial tears (86.5%), cyclosporine (51.7%), corticosteroids (40.4%), punctal occlusion (32.6%), antibiotics (25.8%),
autologous serum (7.9%), and NSAIDs (4.5%). More specifically, 30.3% of eyes presented with DEWS grade 4, 62.9%
of eyes were DEWS grade 3, and 6.7% of eyes were DEWS grade 2. The majority of patients presented with ocular
discomfort (85.4%) and blurred vision (59.6%), with other chief complaints including pain (37.1%), redness (32.6%),
and photophobia (12.4%). Baseline characteristics, including age, DEWS scores, logMAR VA, chief complaints, and
number of prior treatments, did not significantly differ between treatment duration groups (p > 0.05).

Self-retained cAM was placed for an average of 4.9 + 1.8 days. Specifically, cAM was placed for 2 days in 10 eyes, 3
days in 15 eyes, 4 days in 12 eyes, 5 days in 19 eyes, 6 days in 6 eyes, and 7 days in 27 eyes. Patients continued use of
ocular treatment therapies, and tape-tarsorrhaphy was implemented following cAM placement in 24 (27%) eyes. Upon
removal of the device, the cAM was intact in 30.3% of eyes, partially dissolved in 19.1% of eyes, completely dissolved
in 39.3% of eyes, and not noted in 11.2% of eyes. Extent of cAM dissolution was significantly correlated with the
duration of placement on the ocular surface (1, = 0.395, p < 0.001). A total of 8 eyes (10.1%) necessitated additional
treatment, which was significantly correlated with the presence of lagophthalmos (1, = 0.32, p = 0.003). Re-treatment
was not significantly correlated with treatment duration (p = 0.21).

Following cAM treatment, DEWS severity significantly improved from 3.24 + 0.56 at baseline to 1.45 £+ 0.65 at 1
week, 1.45 = 0.65 at 1 month, and 1.47 + 0.63 at 3 months (Table 1, p < 0.0001). This was accompanied by a significant
improvement in overall corneal staining scores (Figure 1), ocular discomfort scores (Figure 2), and visual symptom
scores (Figure 3) at all follow-up visits (p < 0.0001). Furthermore, VA significantly improved from logMAR 0.30 at
baseline to logMAR 0.22 at 1 and 3 months (p = 0.001), corresponding to an average increase in VA by 0.9 Snellen lines.
No complications or adverse events attributed to self-retained cAM were observed.

DEWS severity scores by cAM treatment duration are presented in Table 1. DEWS scores significantly improved at 1
week, 1 month, and 3 months with all treatment durations, with no significant difference observed between groups at any
timepoint (Table 1). When assessing only those who received cAM treatment for 2 days, DEWS severity scores
significantly improved from 3.1 + 0.6 at baseline to 1.5 = 0.5 at 1 week (p = 0.006) and 1.2 = 0.4 at both 1 and 3
months (p = 0.004, Table 1, Figure 4). This was accompanied by a significant improvement in corneal staining (Figure 1),
ocular discomfort (Figure 2), and visual symptoms (Figure 3) at 1 week, 1 month, and 3 months, with no significant
differences observed at any timepoint when compared to the entire study sample (Figures 1-3). Specifically, corneal
staining scores significantly improved from 3.1 + 0.6 at baseline to 1.1 = 0.3, 1.2 + 0.6, and 1.1 + 0.3 at 1 week (p =

Table | DEWS Scores by Treatment Duration with Cryopreserved Amniotic Membrane (cAM)

cAM Duration Baseline I Week I Month 3 Months P-value
2 days (n=10) 3.10 £ 0.57 1.50 + 0.53 1.20 + 0.42 1.20 + 0.42 <0.0001
3 days (n=15) 3.27 £ 0.59 1.40 + 0.91 1.47 + 0.83 1.47 + 0.83 <0.0001
4 days (n=12) 3.25 £ 0.62 1.58 + 0.51 1.33 + 0.49 1.58 £ 0.51 <0.0001
5 days (n=19) 342 £ 061 1.42 + 0.51 1.44 + 0.62 1.26 + 0.56 <0.0001
6 days (n=6) 3.17 £ 0.75 1.67 + 1.03 1.33 + 0.52 1.83 £ 0.75 0.031

7 days (n=27) 3.15 £ 0.46 1.37 £ 0.56 1.62 + 0.75 1.59 + 0.57 <0.0001
TOTAL (n=89) 3.24 £ 0.56 1.45 + 0.65 1.45 + 0.65 1.47 + 0.63 <0.0001
P-value 0.65 0.88 0.62 0.19
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Figure | Corneal Staining Scores Following cAM Treatment. Corneal staining scores significantly improved from baseline at | week, | month, and 3 months for both the
2-day treatment group (n=10) and the overall study sample (n=89), with no significant differences observed between groups at any timepoint. **Denotes p<0.0l when
compared to baseline.
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Figure 2 Ocular Discomfort Scores Following cAM Treatment. Ocular discomfort scores significantly improved from baseline at | week, | month, and 3 months post-
treatment for both the 2-day treatment group (n=10) and the overall study sample (n=89), with no significant differences observed between groups at any timepoint.
**Denotes p<0.0] when compared to baseline.

0.004), 1 month (p = 0.006), and 3 months (p = 0.004), respectively (Figure 1). Furthermore, ocular discomfort
significantly improved from 2.9 + 0.7 at baseline to 1.2 + 0.4, 1.0 + 0.0, and 1.0 + 0.0 at 1 week, 1 month, and 3
months post-treatment, respectively (p = 0.004, Figure 2). Visual symptoms significantly improved from 2.5 + 1.0 at
baseline to 1.7 £ 0.9, 1.4 £ 0.5, and 1.4 £ 0.7 at 1 week (p = 0.04), 1 month (p = 0.02), and 3 months (p = 0.02),
respectively (Figure 3). Only one case (10%) who received cAM treatment for 2 days required re-treatment.

Discussion

DED is a multifactorial disorder of the ocular surface characterized by tear film instability and inflammation that
compromises both corneal epithelial and corneal nerve health, resulting in ocular surface breakdown and a self-
perpetuating cycle of inflammation.'> While many conventional treatments aim to address signs and symptoms of
DED by reducing inflammation, some of these therapies may require persistent application and up to 3 months of
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Figure 3 Visual Symptom Scores Following cAM Treatment. Visual symptom scores significantly improved from baseline at | week, | month, and 3 months post-treatment
for both the 2-day treatment group (n=10) and the overall study sample (n=89), with no significant differences observed between groups at any timepoint. *Denotes p<0.05
when compared to baseline.

Figure 4 Representative Case. A 62-year-old male presented with moderate DED (DEWS 3) demonstrated by positive fluorescein staining (A). After 2 day treatment with
cAM, the ocular surface healed with a stable tear film and clear cornea (B).

treatment to obtain a clinical benefit.'*'* Furthermore, many of these treatments may not effectively restore the corneal
nerves, which are often compromised in patients with DED'> and play a vital role in maintaining corneal epithelial
health,'*™'® thus limiting their durability of clinical response. For example, lifitegrast, which is a commonly used
treatment for DED, has been shown to be effective in reducing symptoms of ocular dryness and improving inferior

corneal staining after 3 months of continued treatment but does not significantly improve corneal sensitivity.'>!'*

19,20

Additionally, although artificial tears may provide some benefit, one study has shown no significant improvement

in sign or symptoms of patients with low corneal sub-basal nerve fiber length.?' On the contrary, cAM targets both innate

and adaptive immune responses through a multi-modal approach,** ¢

the former of which is achieved by promoting
apoptosis of activated pro-inflammatory neutrophils and macrophages, polarization of macrophages from the M1 to the
M2 phenotype and increasing macrophage phagocytosis of apoptotic neutrophils.”*>> Moreover, such an anti-
inflammatory effect extends to adaptive immune responses by suppressing the activation of Thl and Th17 lymphocytes
and promoting the expansion of Treg cells, which ultimately suppresses CD4+ T cell activation and downregulates
alloreactive immune responses.”>° These anti-inflammatory actions ultimately promote corneal epithelialization®’ and
corneal nerve regeneration® in patients with ocular surface disease following treatment for as little as 5 days.

A randomized, controlled trial demonstrated that a single placement of sutureless cAM for 3 to 5 days resulted in
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a significant improvement in both signs and symptoms of DED as well as a significant increase in corneal nerve density
and sensitivity at 3 months compared to those receiving conventional treatment.® Thus, cAM may be beneficial in
patients with moderate-to-severe DED who have failed other conventional treatment options, as it can improve both
corneal epithelial and corneal nerve health.

While sutureless cAM has been shown to improve the signs and symptoms of moderate-to-severe DED for up to 6
months following treatment for an average of 5 days,” ® no prior studies have assessed whether the clinical benefit of cAM
is retained following a shorter treatment duration. In this retrospective study, we found that treatment with cAM for only 2
days achieved similar significantly improved signs and symptoms in patients with moderate-to-severe DED as early as
1-week post-treatment, with a significant benefit observed up to 3 months. Notably, when assessing outcomes by treatment
duration, all groups demonstrated a significant and similar improvement in DED severity, suggesting that a similar benefit
can be obtained following treatment for as little as 2 days. These findings are notable as a shorter treatment duration may
mitigate discomfort from the polycarbonate ring as well as reduce the duration of potential visual impairment due to the
cAM’s semi-translucent nature, which may ultimately improve patient quality of life. Due to the study’s retrospective
design, prospective, randomized studies are warranted to verify the study findings and confirm that improvement in signs
and symptoms of DED is similar regardless of cAM treatment duration, and a significant improvement in outcomes can be
achieved with only 2 days of treatment. Furthermore, future studies should include patient satisfaction as an outcome
measure to determine whether shorter treatment duration is associated with higher patient satisfaction.

Conclusion

This retrospective study suggests that self-retained cAM significantly improves signs and symptoms of DED regardless
of treatment duration, with a shorter treatment duration of two days resulting in significant clinical improvement and
a lasting benefit for up to 3 months.
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