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Purpose: To evaluate the efficacy and safety of a dexamethasone intracanalicular insert (DEX) for treatment of allergic conjunctivitis (AC).
Patients and Methods: In this multicenter, randomized, double-masked, placebo-controlled phase 3 study, adults (≥18 years) with 
AC were randomized 1:1 to DEX or placebo insert (PBO) placed bilaterally. Subjects underwent repetitive conjunctival allergen 
challenges (CAC) across 30 days and were assessed for changes in AC signs and symptoms. The primary endpoint was ocular itching 
score at 3, 5, and 7 minutes post-CAC at Day 8 (7 days post-insertion). This trial is registered on ClinicalTrials.gov (NCT04050865).
Results: Ninety-six subjects were randomized (n=48 DEX, n=48 PBO). Compared to PBO, there were statistically significant 
treatment differences favoring DEX for the primary endpoint of mean ocular itching score at Day 8 (−0.86, −0.98, −0.96 at 3, 5, 
and 7 minutes post-CAC respectively; P<0.0001 for all). Treatment differences favored DEX for all 24 time points across 6 visits and 
were statistically significant (P<0.05) except for the first post-insertion (Day 7, 3 minutes). For the 18 time points at which 
conjunctival redness was assessed, DEX had lower scores than PBO (P<0.05 for all). The most common ocular adverse events 
(AEs) in DEX subjects were eye discharge and irritation. No serious AEs, elevated intraocular pressure, dacryocanaliculitis, or use of 
rescue medications were reported.
Conclusion: Results of this study support the potential use of dexamethasone insert as a physician-administered, preservative-free 
treatment for AC, with significant improvements in ocular itching and conjunctival redness compared with placebo. The dexametha-
sone insert was generally safe with a favorable safety profile.
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Introduction
Allergic conjunctivitis is an inflammatory-mediated disorder induced by seasonal or perennial allergens and affects up to 
approximately 40% of the general United States (US) population.1 However, it is often underdiagnosed and undertreated due 
to its association with other disorders such as dry eye disease and allergic rhinitis.2,3 Two of the most common symptoms of 
allergic conjunctivitis are itching and redness.3 For patients with moderate to severe symptoms, there is a detrimental impact 
on quality of life.4 Several studies have examined the impact of allergic conjunctivitis on patients’ quality of life.5–7 In a study 
of 220 patients with ocular allergy, nearly half rated their disease severity of at least 6 on a scale of 1 to 10; moreover, patient- 
reported quality of life significantly declined during allergic conjunctivitis episodes (P<0.001).5 A study of more than 1000 
patients with allergic rhinoconjunctivitis found that allergic conjunctivitis was associated with a decrease in productivity, 
illustrated by an impairment while working and an increase in hours of work missed.7
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Current treatment options for allergic conjunctivitis include topical antihistamines, which have a rapid onset and short 
duration of action, and topical mast-cell stabilizers, which require a long loading period.2,8–10 Topical corticosteroids are 
effective in both the early and late phases of the allergic response but are generally limited to a short course (1–2 weeks) 
for patients with more severe or persistent symptoms due to the potential for misuse or abuse of steroids, which can lead 
to complications associated with long-term use.8–10 All topical corticosteroid eye drops commercially available in the US 
contain preservatives,11–13 which can cause patient discomfort and corneal toxicity.14 Topical corticosteroids also have 
a complex dosing regimen,11–13 which can result in poor patient compliance and difficulty with self-administration.15,16 

An additional limitation with the application of topical drops includes frequent touching of the face, which potentially 
increases the risk for infection.17,18

A sustained-release intracanalicular dexamethasone insert (DEXTENZA [dexamethasone ophthalmic insert, 0.4 mg], 
Ocular Therapeutix, Inc.). has been designed to obviate the need for corticosteroid drops.19 It contains 0.4 mg 
dexamethasone and is administered through the lacrimal punctum into the canaliculus.19 A single insert provides tapered 
steroid therapy up to 30 days onto the surface of the eye.19,20 The insert, which is fluorescein-conjugated for visualiza-
tion, does not contain preservatives and is fully biodegradable.19 The dexamethasone insert had a favorable efficacy and 
safety profile in studies in subjects undergoing cataract surgery and was approved by the Food and Drug Administration 
(FDA) for the treatment of postoperative ocular pain and inflammation after ophthalmic surgery in 2018 and 2019, 
respectively.21,22 The insert was then FDA-approved for the treatment of ocular itching associated with allergic 
conjunctivitis in 2021.19

For the evaluation of potential therapies for the treatment of allergic conjunctivitis, the Ora-CAC® conjunctival 
allergen challenge (CAC) model has been designed as an alternative to environmental studies, which can introduce bias 
due to variability both in the allergens causing allergic conjunctivitis and in subjects’ exposure to the allergens. The CAC 
model allows for the evaluation of the effect of potential therapies on the early phase of the allergic response by 
reproducibly inducing an acute moderate-to-severe ocular allergic reaction.23 This model has been used for the approval 
of antihistamines and mast cell stabilizers including alcaftadine 0.25% (Lastacaft®), cetirizine 0.24% (Zerviate™), 
ketotifen 0.035% (Alaway® Preservative Free), and bepotastine besilate 1.5% (Bepreve®).24–27 For the evaluation of 
the effect of potential therapies such as corticosteroids on the late-phase inflammatory response, a modified CAC model 
using repeated allergen challenges has been developed.28–30

This was a confirmatory study performed to satisfy regulatory requirements. Three prior studies have evaluated the 
dexamethasone insert for the treatment of allergic conjunctivitis using this repeat CAC model, including a phase 2 study 
(N=68), a phase 3A study (N=73), and a phase 3B study (N=86).30,31 The primary endpoints were evaluated at 2 weeks 
after insertion in the phase 2 study and 1 week after insertion in the phase 3A study.30,31 Both studies showed 
a significant reduction in ocular itching with the dexamethasone insert at the primary endpoint. There was also 
a significant reduction in conjunctival redness at all 3 post-challenge time points (7, 15, and 20 minutes) in the phase 
2 study and in 2 of the 3 post-challenge time points in the phase 3 study (15 and 20 minutes but not 7 minutes). The 
phase 3B study did not show a statistically significant reduction in the primary endpoint of ocular itching at 1 week after 
insertion, although subjects treated with the dexamethasone insert had numerically lower itching scores than those treated 
with the vehicle insert at all 36 time points evaluated in this study (unpublished data).32 Although the phase 3 trials 
differed somewhat with respect to study visit schedule, the primary endpoint evaluating ocular itching was the same.

The objective of this phase 3 study was to provide further evaluation of the efficacy and safety of a dexamethasone 
intracanalicular insert for the treatment of the signs and symptoms of allergic conjunctivitis. The repeated CAC model in 
this study was informed by prior clinical trials utilizing 3 challenges conducted over a 2-day interval to evaluate the 
effectiveness of a test agent to: 1) prevent an acute ocular allergic reaction (the initial CAC), and 2) evaluate the test 
agent’s ability to prevent an acute ocular allergic reaction in the presence of late phase-inflammation (the latter re- 
challenge CACs).
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Materials and Methods
Study Design
This was a multicenter, randomized, double-masked, placebo-controlled phase 3 study performed at 6 geographically 
diverse sites in the United States from August 5, 2019 (when the first subject was screened) to February 28, 2020 (when 
the last subject underwent the last follow-up visit and the trial was completed). The study consisted of 13 office visits 
over approximately 5 to 11 weeks (Figure 1), including a screening period of 6 to 45 days, insertion of the ophthalmic 
insert bilaterally on Day 1, and 2 series of CAC and re-challenge CACs (Days 7–8 and Days 14–15). For each post- 
insertion CAC, the subject received 1 drop of seasonal or perennial allergen solution bilaterally at the same dose that 
elicited a positive reaction at the titration visit. The study exit was on Day 30 with final safety evaluations.

The study was conducted in compliance with the protocol and International Council for Harmonization (ICH) Good 
Clinical Practice (GCP) Guidelines and was consistent with the 1996 version of the Declaration of Helsinki. Institutional 
Review Board (IRB)/Ethics Committee approval was obtained from Alpha IRB. An informed consent form, signed and 
dated by both the subject and the delegated study staff presenting the consent, was required from each subject prior to 
enrollment into the study, and before any study specific procedures were initiated. This trial is registered on 
ClinicalTrials.gov (NCT04050865).

Subjects
Subjects were ≥18 years of age and had a positive history of ocular allergies, a positive skin test reaction to a perennial 
allergen (cat dander, dog dander, dust mites, cockroaches) and a seasonal allergen (trees, grasses, and/or ragweed), 
a positive bilateral CAC reaction (defined as itching score ≥2 on the Ora Calibra itching scale [0–4 scale, where 0 = none 
and 4 = severe] and conjunctival redness score ≥2 on the Ora Calibra ocular hyperemia scale [0–4 scale, where 0 = none 
and 4 = severe) within 10±2 minutes of instillation of the last titration of allergen, and average scores of ≥3 for itching 
and ≥2.5 for conjunctival redness for both eyes after the first 3 post-CAC assessment time points. Subjects were also 
required to have best-corrected visual acuity (BCVA) ≥50 Early Treatment Diabetic Retinopathy Study (ETDRS) letters 
(20/100 Snellen equivalent or better) in each eye.

Subjects were excluded if they had a history of refractive surgery in the last 2 years; retinal detachment, diabetic 
retinopathy, or active retinal disease; presence of an active ocular infection, current diagnosis or history of herpes simplex 
keratitis; narrow-angle glaucoma, clinically significant blepharitis, follicular conjunctivitis, iritis, pterygium or 
a diagnosis of dry eye; a score of >0 for ocular itching and/or >1 for conjunctival redness prior to the challenge in 
either eye; intraocular pressure (IOP) <5 mmHg or >22 mmHg or any type of glaucoma; or history of an IOP increase as 
a result of steroid treatment.

Figure 1 Study design. 
Abbreviation: CAC, conjunctival allergen challenge.
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Treatment
Once subjects met all qualification criteria, they were randomly assigned in a 1:1 ratio to treatment with dexamethasone 
insert or placebo vehicle (control). The treatment was masked to subjects and investigators via an identical appearance and 
packaging of the dexamethasone and placebo inserts. The dexamethasone insert contains 0.4 mg dexamethasone and 
a polyethylene glycol (PEG)-based hydrogel conjugated with fluorescein. The fluorescent PEG allows the insert to be 
visualized utilizing a blue light source and yellow filter. The placebo vehicle is the same fluorescent PEG hydrogel insert 
without dexamethasone. Therefore, the placebo will not influence the disease or CAC results. The hydrogel intracanalicular 
insert is designed to be placed in the canaliculus and swells on contact with moisture to occlude the lumen, securing it in 
place. Following punctal dilation, it is placed into the punctum by the investigator using forceps in a clinical setting (at the slit 
lamp, for example). After insertion, the insert continuously releases a tapered dose of dexamethasone over approximately 30 
days onto the surface of the eye. Following elution of drug over 30 days, the hydrogel insert undergoes gradual hydrolysis, 
eventually liquefying, and then clearing the nasolacrimal system by flushing through the nasolacrimal duct.

The randomization schedule was computer-generated, controlled by 4 blocks and stratified by study site. Subjects 
were randomized on Day 1 by assignment of the lowest 4-digit randomization number available at the investigative site. 
No product numbers were skipped or omitted. Randomization was performed by a biostatistician independent of the 
study conduct or project team. The study sponsor, investigator, and subjects were masked to the treatment assignment 
throughout the study.

Study Endpoints
The primary endpoint was subject-evaluated ocular itching on Day 8 (Visit 6b) at 3±1, 5±1, and 7±1 minutes post- 
CAC (0–4 scale, allowing half unit increments). Key secondary efficacy endpoints were ocular itching at 3±1, 5±1, 
and 7±1 minutes post-CAC at the following visits: Days 7, 8, 14, 15, and 15 (Visit 8b). Other secondary efficacy 
endpoints were ocular itching at 10±1 minutes post-CAC at Days 7, 8, 8 (Visit 6b), 14, 15, and 15 (Visit 8b); and 
the following assessments at 7±1, 15±1, and 20±3 minutes post-CAC at Days 7, 8, 8 (Visit 6b), 14, 15, and 15 
(Visit 8b): investigator-evaluated conjunctival redness; investigator-evaluated ciliary and episcleral redness; inves-
tigator-evaluated chemosis; subject-evaluated eyelid swelling; subject-evaluated tearing/watery eyes; and subject- 
evaluated rhinorrhea, nasal pruritus, ear or palate pruritus, and nasal congestion. The Ora Calibra® scales were 
used to grade all efficacy endpoints (all 0–4 scales except for eyelid swelling which used a 0–3 scale).

Safety evaluations included adverse events (AEs) (reported, elicited, and observed); BCVA using an ETDRS chart; 
slit-lamp biomicroscopy, including punctum exam; IOP; and dilated fundoscopy examination.

Statistical Analysis
Efficacy analyses were conducted on the intent-to-treat (ITT) population (all randomized subjects) with Markov Chain 
Monte Carlo (MCMC) multiple imputation for missing and incomplete efficacy data. Safety analyses were conducted on 
the safety population (all randomized subjects who received an insert) and were analyzed as treated. The average of each 
subject’s eyes at each timepoint within each visit were used for efficacy analyses.

Analysis of covariance (ANCOVA) models were run at each post-CAC timepoint of a given visit to estimate least 
squares (LS) means. These models include the time appropriate post-CAC scores at screening as a baseline covariate for 
adjustment and treatment group as the sole factor. LS means were used to make treatment comparisons. Statistical 
significance of treatment differences was determined using a 2-sided significance level of α=0.05.

A sample size of 40 subjects per group was determined to provide 97.0%, 99.8% and 99.9% power to 
demonstrate a statistically significant difference in ocular itching at 3-, 5-, and 7-minute post-CAC time points at 
Day 8 (Visit 6b), respectively assuming a treatment difference of 0.87 units at 3 minutes, 1.08 units at 5 minutes, and 
1.13 units at 7 minutes post-CAC between subjects in the dexamethasone insert group and subjects in the placebo 
insert group.
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Results
Subjects
A total of 96 subjects were randomized (48 in the dexamethasone insert arm, 48 in the placebo insert arm) and included 
in the ITT, which included subjects who received intended treatment and were analyzed for the primary outcome, and 
safety populations. Subject demographics are shown in Table 1.

The mean age was similar across treatment groups (43.8 and 46.0 years in the dexamethasone insert and placebo 
insert groups, respectively). Slightly more than half of the subjects were female (n=51 [53.1%]). The majority of subjects 
identified as Caucasian (n=61 [63.5%]) and did not identify as Hispanic or Latino (n=85 [88.5%]). Subjects were allergic 
to both seasonal and perennial allergens, and the allergens evaluated included a wide variety of both seasonal and 
perennial allergens (Table 2).

Table 1 Subject Demographics

Characteristic Dexamethasone  
Insert  
n=48

Placebo  
Insert 
n=48

All 
subjects  

N=96

Mean (SD) age, years 43.8 (12.45) 46.0 (12.92) 44.9 (12.67)

Sex, n (%)

Male 21 (43.8) 24 (50.0) 45 (46.9)
Female 27 (56.3) 24 (50.0) 51 (53.1)

Ethnicitya, n (%)

Hispanic/Latino 6 (12.5) 4 (8.3) 10 (10.4)
Not Hispanic/Latino 42 (87.5) 43 (89.6) 85 (88.5)

Unknown 0 1 (2.1) 1 (1.0)

Racea, n (%)
White 32 (66.7) 29 (60.4) 61 (63.5)

Black or African American 14 (29.2) 17 (35.4) 31 (32.3)

Asian 0 1 (2.1) 1 (1.0)
Other 2 (4.2) 1 (2.1) 3 (3.1)

Notes: aSelf-reported by subjects. 
Abbreviation: SD, standard deviation.

Table 2 Summary of Qualifying Allergens

Allergen Dexamethasone 
Insert 
n=48

Placebo 
Insert 
n=48

All 
Subjects 

N=96

Seasonal allergens, n (%) 29 (60.4) 32 (66.7) 61 (63.5)

Timothy grass 8 (16.7) 11 (22.9) 19 (19.8)

White birch 6 (12.5) 7 (14.6) 13 (13.5)
Meadow fescue 3 (6.3) 6 (12.5) 9 (9.4)

Ragweed 6 (12.5) 2 (4.2) 8 (8.3)
Kentucky bluegrass 3 (6.3) 3 (6.3) 6 (6.3)

Rye grass 2 (4.2) 2 (4.2) 4 (4.2)

Maple 0 1 (2.1) 1 (1.0)
Oak 1 (2.1) 0 1 (1.0)

Perennial allergens, n (%) 19 (39.6) 16 (33.3) 35 (36.5)

Dust mites 9 (18.8) 8 (16.7) 17 (17.7)
Cat dander 6 (12.5) 6 (12.5) 12 (12.5)

Cockroach 3 (6.3) 2 (4.2) 5 (5.2)

Dog dander 1 (2.1) 0 1 (1.0)

Notes: Qualifying allergens represent the allergens subjects were exposed to at the screening 
CAC that elicited a positive reaction. 
Abbreviation: CAC, conjunctival allergen challenge.
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A total of 87 subjects completed the study, and 9 subjects withdrew from the study. The reasons for withdrawal included AE of 
eye irritation (1 subject in the dexamethasone insert arm), consent withdrawn (1 subject in the placebo insert arm), investigator 
decision (1 subject in the placebo insert arm), only 1 insert placed (5 subjects: 2 in the dexamethasone insert arm and 3 in the 
placebo insert arm), and other reasons (1 subject in the dexamethasone insert arm). At the Day 30 visit, 95.1% of dexamethasone 
inserts and 96.5% of placebo inserts were easily visualized by investigators.

Efficacy
The ocular itching primary efficacy measurement was assessed by subjects in each eye using a 0–4 unit scale (half unit 
increments allowed) at Day 8 (Visit 6b) at 3±1, 5±1, and 7±1 minutes post-CAC and analyzed. Lower scores indicate less 
ocular itching. There were statistically significant treatment differences (P<0.0001) in favor of the dexamethasone insert 
group at all 3 post-CAC time points: −0.86 at 3 minutes post-CAC, −0.98 at 5 minutes post-CAC, and −0.96 at 7 minutes 
post-CAC (Figure 2).

For all secondary endpoints (24 time points across 6 different visits), the dexamethasone insert group had lower 
ocular itching scores than the placebo group (Figure 3). Statistically significant treatment differences (P<0.05) favoring 
the dexamethasone insert group were noted for 23 of the 24 study time points, with the exception of the first post- 
insertion timepoint (Day 7 at 3 minutes). The treatment differences ranged from −0.75 to −1.24 for all time points at all 
visits after Day 7. For half of all time points evaluated in the study, the magnitude of the treatment difference between 
dexamethasone inserts group and the placebo group was >1.00 unit.

Conjunctival redness was evaluated by the investigator at 7±1, 15±1, and 20±3 minutes post-CAC at Days 7, 8, 8 (Visit 6b), 
14, 15, and 15 (Visit 8b) using a 0–4 unit scale (half unit increments allowed). Lower scores indicate less conjunctival redness. 
Across all 18 time points, there were statistically significant treatment differences in conjunctival redness favoring the 
dexamethasone insert group, with P values <0.05 at all 18 post-CAC time points and at each overall visit. For all post-CAC 
time points after Day 7, this treatment difference was ≥0.5 units in favor of the dexamethasone group (P<0.0005) (Figure 4).

Additional secondary endpoints for 6 study visits on Days 7–8 and Days 14–15 at 7, 15, and 20 minutes post-CAC are 
shown in Table 3. For both ciliary and episcleral redness, treatment differences favored the dexamethasone insert group 
with P<0.05 at all visits; for visits after Day 7 (except Day 8 at 7 minutes for episcleral redness), the treatment difference 
was >0.5 units in favor of the dexamethasone insert group. The results for most additional secondary endpoints, including 

Figure 2 Primary endpoint: ocular itching scores on day 8 in the ITT population with MCMC imputation. The left panel shows the primary endpoint of mean subject- 
evaluated ocular itching scores (scale 0–4) at Day 8 (Visit 6b) with the dexamethasone insert compared with the placebo insert at 3, 5, and 7 minutes post-CAC. The right 
panel shows the treatment difference (dexamethasone insert minus placebo) at each timepoint post-CAC. Means are least square means estimated by ANCOVA modeling. 
Error bars represent the 95% CI. Asterisks (*) indicate differences between the dexamethasone insert and the placebo insert with P<0.0001. 
Abbreviations: ANCOVA, analysis of covariance; CAC, conjunctival allergen challenge; CI, confidence interval; ITT, intent-to-treat; LS, least squares; MCMC, Markov chain 
Monte Carlo; SE, standard error.
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eyelid swelling, tearing/watery eyes, rhinorrhea, nasal pruritus, ear or palate pruritus, and nasal congestion, favored the 
dexamethasone insert group.

Safety
Of the 96 subjects in the safety population, 23 subjects reported a total of 30 AEs: 9 subjects in the dexamethasone insert 
group and 14 subjects in the placebo group. No ocular or non-ocular serious AEs (SAEs) were reported. All AEs were 
mild or moderate in severity. Of the 30 AEs, 22 were non-ocular AEs, and none were considered related to study 
treatment. The remaining 8 AEs were ocular, of which 7 were mild and 1 was moderate in severity (in the placebo 
group – swelling of eyelid). All of the AEs are known reactions to allergy challenge. The overall safety summary is 
shown in Table 4.

Figure 3 Mean ocular itching scores across all time points in the ITT population with MCMC imputation. Mean subject-evaluated ocular itching scores (scale 0–4) at all 
evaluation visits are shown, comparing the dexamethasone insert with the placebo insert at 3, 5, 7, and 10 minutes post-CAC. Treatment differences (dexamethasone insert 
minus placebo) are shown on the x-axis. Means are LS means estimated by ANCOVA modeling. Asterisks (*) indicate differences between the dexamethasone insert and the 
placebo insert with P<0.05. 
Abbreviations: ANCOVA, analysis of covariance; CAC, conjunctival allergen challenge; ITT, intent-to-treat; LS, least squares; MCMC, Markov chain Monte Carlo; SE, 
standard error.

Figure 4 Mean conjunctival redness scores across all time points in the ITT population with observed data. Mean investigator-evaluated conjunctival redness scores (scale 
0–4) at all evaluation visits are shown, comparing the dexamethasone insert with the placebo insert at 7, 15, and 20 minutes post-CAC. Treatment differences are shown on 
the x-axis. Means are LS means estimated by ANCOVA modeling. Asterisks (*) indicate differences between dexamethasone insert and placebo insert with P<0.05. 
Abbreviations: ANCOVA, analysis of covariance; CAC, conjunctival allergen challenge; ITT, intent-to-treat; LS, least squares; SD, standard deviation.
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Of the 8 subjects with ocular AEs, 2 were in the dexamethasone insert group and 6 in the placebo group. The 2 ocular 
AEs in the dexamethasone insert group were eye discharge and eye irritation (Table 5). Both were considered to be 
related to study treatment, and the AE of eye irritation led to withdrawal of treatment 3 days after insertion in 1 subject. 
No subjects required rescue medication. No subjects had an AE of elevated IOP (IOP ≥30 mmHg or IOP increases of 10 
mmHg). In addition, mean IOP change from baseline at all time points tested ranged from −1.6 to −0.5 mmHg in the 
dexamethasone insert group and from −2.3 to −1.6 mmHg in the placebo group (Table 6). Further, no subjects reported 
dacryocanaliculitis or an AE related to a worsening of visual acuity.

Table 3 Key Secondary Efficacy Endpoints Across All Timepoints in the ITT Population. The 
Difference in Mean Scores (Dexamethasone Insert Minus Placebo Insert) is Presented

Secondary Endpoint Day 7 Day 8 Day 8 + 8h Day 14 Day 15 Day 15 + 8h

Ciliary redness

7 min −0.45 −0.51 −0.77 −0.69 −0.66 −0.93
15 min −0.47 −0.65 −0.82 −0.76 −0.79 −1.11
20 min −0.40 −0.57 −0.89 −0.69 −0.82 −1.08

Episcleral redness

7 min −0.40 −0.44 −0.67 −0.57 −0.55 −0.76
15 min −0.42 −0.60 −0.68 −0.66 −0.61 −0.93
20 min −0.42 −0.58 −0.83 −0.67 −0.72 −0.93

Chemosis

7 min −0.15 −0.22 −0.18 −0.10 −0.06 −0.23
15 min −0.26 −0.17 −0.27 −0.18 −0.20 −0.36
20 min −0.24 −0.15 −0.27 −0.14 −0.26 −0.49

Eyelid swelling

7 min −0.15 −0.23 −0.44 −0.32 −0.48 −0.57
15 min −0.20 −0.46 −0.65 −0.54 −0.62 −0.84
20 min −0.29 −0.41 −0.64 −0.56 −0.69 −0.73

Tearing/watery eyes
7 min −0.61 −0.66 −0.58 −0.62 −0.53 −0.96
15 min −0.73 −0.70 −0.77 −0.65 −0.88 −0.81
20 min −0.62 −0.42 −0.65 −0.40 −0.67 −0.78

Rhinorrhea

7 min −0.37 −0.19 −0.65 −0.36 −0.28 −0.35

15 min −0.38 −0.46 −0.49 −0.29 −0.37 −0.16
20 min −0.17 −0.17 −0.51 −0.22 −0.15 −0.27

Nasal pruritus

7 min −0.55 −0.38 −0.45 −0.21 −0.40 −0.41
15 min −0.48 −0.34 −0.50 −0.25 −0.39 −0.06

20 min −0.40 −0.27 −0.40 −0.18 −0.26 −0.16

Ear or palate pruritus
7 min −0.47 −0.36 −0.36 −0.30 −0.47 −0.41

15 min −0.43 −0.40 −0.40 −0.29 −0.44 −0.30

20 min −0.39 −0.39 −0.33 −0.36 −0.38 −0.29
Nasal congestion

7 min −0.26 −0.45 −0.74 −0.56 −0.53 −0.42

15 min −0.17 −0.31 −0.45 −0.56 −0.40 −0.49
20 min 0.01 −0.29 −0.60 −0.63 −0.45 −0.61

Notes: The secondary endpoints were evaluated on a 0–4 scale except eyelid swelling, which was evaluated on a 0–3 scale. 
ANCOVA modeling was used to estimate least squares means and treatment differences comparing the dexamethasone 
insert with the placebo insert at 7, 15, and 20 minutes post-CAC. Statistical significance is shown by the bolded values 
(P <0.05); negative values favor the dexamethasone insert arm. 
Abbreviations: ANCOVA, analysis of covariance; CAC, conjunctival allergen challenge; ITT, intent-to-treat.
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Discussion
The primary objective of this study was to evaluate the efficacy and safety of a dexamethasone insert when placed in the 
canaliculus of the eyelid for the treatment of the signs and symptoms of allergic conjunctivitis using a modified version 
of the CAC model. The primary efficacy endpoint of lower mean ocular itching scores at Day 8 was met. The 
dexamethasone insert group had a statistically significant treatment difference over the placebo group at the 1 week post- 
insertion series of challenges, demonstrating an early onset of action. Additionally, the dexamethasone insert group 
showed significant treatment differences compared to the placebo group at 23 of 24 time points evaluated, demonstrating 
duration of action for at least 2 weeks in this study. Together these findings support the use of the dexamethasone insert to 
reduce ocular itching quickly (within the first 7 days following insertion) and to maintain this benefit for at least 2 weeks 
after insertion. The dexamethasone insert also showed efficacy in reducing conjunctival redness, with significant 
improvements in conjunctival redness scores at all 18 post-CAC time points. The results of this study are consistent 

Table 4 Overall Safety Summary: Safety Population

Safety Characteristic Dexamethasone 
Insert 
n=48

Placebo 
Insert 
n=48

All 
Subjects 

N=96

Subjects with ≥1 TEAE, n (%) 9 (18.8) 14 (29.2) 23 (24.0)

Subjects with SAEs, n (%) 0 0 0
Subjects with AEs leading to treatment discontinuation, n (%) 1 (2.1) 0 1 (1.0)

Total number of reported TEAEs 16 14 30

Number of ocular TEAEs 2 6 8
Number of non-ocular TEAEs 14 8 22

TEAEs by maximum relationship to treatment, n (%)
Not related 7 (14.6) 11 (22.9) 18 (18.8)

Related 2 (4.2) 3 (6.3) 5 (5.2)

TEAEs by maximum severity, n (%)
Mild 8 (16.7) 11 (22.9) 19 (19.8)

Moderate 1 (2.1) 3 (6.3) 4 (4.2)

Severe 0 0 0

Notes: Percentages are based on the number of subjects in each treatment group. Subjects with multiple TEAEs/SAEs are counted 
once under the maximum (worst) relationship to treatment and severity. 
Abbreviations: AEs, adverse events; SAEs, serious adverse events; TEAEs, treatment-emergent adverse events.

Table 5 Ocular Treatment-Emergent Adverse Events: Safety Population

Ocular TEAE Dexamethasone 
Insert 
n=48

Placebo 
Insert 
n=48

All 
Subjects 

N=96

Number of ocular TEAEs 2 6 8

Eye disorders, n (%)

Eye discharge 1 (2.1)b 1 (2.1)b 2 (2.1)
Lacrimation increased 0 2 (4.2)b 2 (2.1)

Conjunctival hemorrhage 0 1 (2.1) 1 (1.0)

Eye irritation 1 (2.1)a,b 0 1 (1.0)
Eyelid edema 0 1 (2.1) 1 (1.0)

Swelling of the eyelid 0 1 (2.1) 1 (1.0)
IOP elevation 0 0 0

Notes: aStudy drug withdrawn 3 days following insertion. bSuspected related to drug (as 
designated by the investigator). 
Abbreviations: IOP, intraocular pressure; TEAEs, treatment-emergent adverse events.

Clinical Ophthalmology 2024:18                                                                                                   https://doi.org/10.2147/OPTH.S476419                                                                                                                                                                                                                       

DovePress                                                                                                                       
2679

Dovepress                                                                                                                                                         Kenyon et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 6 Intraocular Pressure in the Safety Population

Visit (Study Day)  
Statistic, mmHg

Dexamethasone Insert 
n=48 
n (%)

Placebo Insert 
n=48 
n (%)

OD OS OD OS

Visit 2 (Day −5)

n 48 48 48 48

Mean (SD) 17.1 (2.38) 17.3 (2.29) 17.0 (2.63) 16.9 (2.57)
Median 17.0 18.0 17.5 17.0

Minimum, maximum 12, 21 11, 21 11, 21 12, 22

Visit 6b (Day 8; 8 hours post-Visit 6a)

n 46 46 45 45

Mean (SD) 15.6 (2.86) 15.7 (2.71) 15.6 (2.75) 15.4 (2.79)
Median 15.0 16.0 16.0 15.0

Minimum, maximum 12, 22 10, 21 11, 21 10, 21

IOP ≥30 mmHg, n (%) 0 0 0 0
Change from baseline

n 46 46 45 45

Mean (SD) −1.5 (2.34) −1.5 (2.00) −1.6 (2.25) −1.7 (2.03)
Median −2.0 −1.5 −2.0 −2.0

Minimum, maximum −5, 6 −6, 3 −7, 3 −8, 2

Increase of 10 mmHg from baseline, n (%) 0 0 0 0

Visit 8b (Day 15; 8 hours post-Visit 8a)

n 41 41 43 43
Mean (SD) 15.6 (2.62) 15.6 (2.34) 14.8 (2.81) 14.9 (2.61)

Median 15.0 15.0 15.0 16.0
Minimum, maximum 11, 22 11, 21 8, 21 10, 20

IOP ≥30 mmHg, n (%) 0 0 0 0

Change from baseline
n 41 41 43 43

Mean (SD) −1.4 (2.23) −1.6 (1.87) −2.3 (2.66) −2.2 (2.50)

Median −1.0 −2.0 −2.0 −2.0
Minimum, maximum −6, 3 −6, 2 −7, 3 −9, 4

Increase of 10 mmHg from baseline, n (%) 0 0 0 0

Visit 9 (Day 30)

n 48 48 46 46

Mean (SD) 16.5 (2.95) 16.7 (2.94) 15.1 (2.64) 14.8 (2.45)
Median 16.5 17.0 15.0 14.0

Minimum, maximum 10, 27 12, 27 11, 23 11, 22

IOP ≥30 mmHg, n (%) 0 0 0 0
Change from baseline

n 48 48 46 46

Mean (SD) −0.6 (2.31) −0.5 (2.32) −2.0 (2.56) −2.1 (2.30)
Median 0.0 0.0 −2.0 −2.0

Minimum, maximum −6, 6 −5, 6 −8, 3 −6, 3

Increase of 10 mmHg from baseline, n (%) 0 0 0 0

Notes: N in the headers represents the total number of subjects enrolled in each respective treatment group within the Safety 
population. The Visit 9 summary also includes the discontinued subjects with their last test results entered in the Visit 9 CRF 
page. 
Abbreviations: CRF, case report form; OD, right eye; OS, left eye; SD, standard deviation.
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with previously reported phase 2 and phase 3 studies of the dexamethasone insert in subjects with allergic conjunctivitis 
using a similar repeat CAC model, despite differing slightly in study visit schedule.30,31

In addition to showing a benefit in itching and redness, which are 2 of the most common patient complaints related to 
allergic conjunctivitis, the dexamethasone insert showed a directional benefit in eyelid swelling, tearing/watery eyes, and 
nasal symptoms (rhinorrhea, nasal pruritus, and nasal congestion).3 Nasal congestion may be the primary complaint in 
individuals with rhinoconjunctivitis, followed by ocular symptoms.3

The dexamethasone insert was generally safe and well tolerated with no serious or severe ocular or non-ocular AEs 
observed. In the dexamethasone insert arm, 2 subjects experienced ocular AEs that were considered related to treatment: 
eye discharge and eye irritation. This safety profile is in line with prior phase 2 and 3 studies in allergic conjunctivitis and 
clinical studies with the same insert following cataract surgery.21,22,30,31 Moreover, there have been few treatment-related 
AEs with the dexamethasone insert: 2 in the current study and 14 in prior phase 2 and 3 allergic conjunctivitis and 
cataract surgery studies (N=632).21,22,30,31,33

Dexamethasone and other corticosteroids are known to be associated with a number of complications associated with 
long-term topical use, including elevated IOP/induction or exacerbation of glaucoma, cataract formation, delayed wound 
healing, and increased susceptibility to infection.8–10,34 In individuals who are considered “steroid responders” and have 
greater IOP increases in response to topical corticosteroid eye drops, glaucoma may occur through a proposed mechan-
ism of reduced aqueous outflow due to possible effects on the trabecular meshwork.9,34 In the current study, no subjects 
reported an AE of elevated IOP, IOP ≥30 mmHg, or IOP increases of 10 mmHg, nor did subjects report any other AEs 
known to be complications of steroid use. In the previous phase 2 and 3 studies, there were a total of 3 subjects with IOP 
increases in the dexamethasone arms.30,31 Together, safety data from the current study and previous dexamethasone insert 
studies provide evidence for the safety of a corticosteroid applied to the ocular surface.

The dexamethasone insert has a number of advantages compared with eye drops. Because it is placed by the clinician, 
the dexamethasone insert is not associated with patient compliance or overuse concerns. Reasons associated with poor 
compliance in patients taking eye drops typically include medication-related factors, such as difficulty in administration, 
side effects, and medication schedule difficulties.16 While proper administration of eye drops is an important component 
of compliance, a study of patients following cataract surgery (N=54) found that the majority (92%) lacked proper 
administration technique.15

Steroid eye drops in particular are problematic because overuse due to symptomatic relief can lead to complications.35 

The dexamethasone insert cannot be abused by patients. It is physician administered, which eliminates the role of the 
patient in delivering the medication. The insert biodegrades on its own without the need for removal. In rare cases, it can 
be easily removed if necessary.19 Physician administration of the dexamethasone insert also removes the risk of infection 
associated with the frequent hand-face contact required for eye drop administration.17,18

The dexamethasone insert is a preservative-free steroid treatment. Exposure to preservatives in topical ocular 
therapies may be associated with a compromised ocular surface due to dry eye disease and inflammatory irritation.36 

The most common ophthalmic antimicrobial preservative utilized is benzalkonium chloride (BAK), which is associated 
with discomfort and pain following instillation as well as ocular surface toxicity, conjunctival hyperemia, decreased tear 
production, tear film instability, and superficial punctate keratitis.36–38 There are currently no other commercially 
available preservative-free ophthalmic steroid therapy options for the treatment of allergic conjunctivitis.

Untreated allergic conjunctivitis can result in ocular complications, underscoring the need for safe, effective treat-
ments for allergic conjunctivitis. Eye rubbing due to ocular itching is associated with corneal ectasia, including 
keratoconus, which can lead to acute corneal hydrops, corneal perforation, corneal scarring, and vision loss.39–42 

Potential complications associated with untreated allergic conjunctivitis are detrimental to quality of life, especially for 
individuals who have concomitant dry eye disease.43,44 Concomitant dry eye disease is common in individuals with 
allergic conjunctivitis,45 and future studies in this population are needed. The 2 conditions interact with each other,46 and 
the symptoms of dry eye disease may exacerbate the itching, redness, and chemosis experienced during allergen 
challenge in subjects with allergic conjunctivitis.47

The population in this study exhibited a moderate to severe ocular reaction across various concentrations of allergens 
and types of allergens, evaluating subjects with both seasonal and perennial allergens. The wide variety of allergens used 
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in the study support the use of the dexamethasone insert as a possible treatment for all allergen-induced allergic 
conjunctivitis and further support the insert’s mechanism of action.

Although there are several advantages to using the CAC model, the controlled allergen exposure in the model reduces 
variability and does not replicate the real-world environmental conditions in which an allergen would be encountered by 
patients and therefore is a potential limitation of this study. Another limitation is the comparator selected for the control 
arm. The use of placebo vehicle inserts aligns with regulatory requirements for clinical trial design, but additional studies 
should be performed using an active control, such as topical corticosteroids, to compare efficacy and safety with 
a currently available treatment option. Furthermore, allergic conjunctivitis can burden patients by adversely impacting 
sleep, activities of daily living and work productivity. Future study designs might consider including patient-reported 
outcome questionnaires to assess potential treatment effects on quality of life.

Conclusion
In summary, the results of this phase 3 study support the potential use of dexamethasone as a sustained-release, 
physician-administered therapy to treat allergic conjunctivitis, with significant improvements in both ocular itching 
and conjunctival redness compared with placebo. The primary endpoint was met, and the safety profile was favorable.
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