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Abstract

Purpose: To evaluate the efficacy and safety of a sustained-release dexamethasone intracanalicular insert
(Dextenza�) in a model of allergic conjunctivitis.
Methods: This was a randomized, double-masked, vehicle-controlled, Phase 2 study. Subjects had to have
a positive conjunctival allergen challenge (CAC) reaction to allergen (bilateral +2 itching and redness on 5-point,
0–4 scales) at Visit 1, and for 2 of 3 time points on subsequent visits. Subjects who met entry criteria were
randomized to receive Dextenza or PV (vehicle insert). Challenges occurred over 42 days, with efficacy assessed
at 14 (primary endpoint visit), 28, and 40 days postinsertion. Outcome measures included the evaluation of ocular
itching, redness, tearing, chemosis, eyelid swelling, rhinorrhea, and congestion.
Results: Twenty-eight subjects completed the study in the Dextenza group and 31 in the vehicle group. At
14 days postinsertion, Dextenza was statistically superior to PV, with least square mean differences for ocular
itching of -0.76, -0.97, and -0.87 at 3, 5, and 7 min post-CAC, and for conjunctival redness of -0.46, -0.66,
and -0.68 at 7, 15, and 20 min post-CAC. Clinical significance, defined as a 1-U decrease from PV, was not met
for primary efficacy. Secondary endpoints, including number of subjects reporting itching and conjunctival
redness, indicated superior performance of Dextenza compared with vehicle. Eleven Dextenza-treated (35.5%)
and 10 vehicle-treated (30.3%) subjects each experienced a single adverse event.
Conclusion: This Phase 2 study demonstrated preliminary efficacy and safety data of Dextenza for treatment of
allergic conjunctivitis.
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Introduction

Allergy is the fifth leading group of chronic diseases,
affecting 50 million Americans.1 Ongoing epidemio-

logical efforts have estimated approximately 30% to 40%
prevalence worldwide.2 Seasonal and perennial allergic
conjunctivitis (SAC and PAC, respectively) are the most
common of the allergic ocular diseases, accounting for 90%
of ocular allergic manifestations.3 Seasonal variation is
common when one or multiple pollen sensitizations are in-
volved; however, in a mild climate, SAC might not disap-

pear completely in the colder seasons, and is chronic or
perennial when caused by sensitization to ubiquitous aller-
gens such as dust mites and animal dander.

Both SAC and PAC are defined by variability from day to
day, from patient to patient, and in the same patient throughout
the day and season. These intersubject and intrasubject varia-
tions in disease presentation made it historically very difficult
to study and treat allergic conjunctivitis, as well as to test for
new modalities of therapy. These obstacles were mitigated
with the development of the conjunctival allergen challenge
(Ora-CAC�) model of allergic conjunctivitis, designed to
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mimic the signs and symptoms of ocular allergy in a precise
and consistent manner, reproducing what occurs in allergic
conjunctivitis in a controlled clinical setting in which the ex-
ternal and internal factors are minimized.4,5

Dextenza� (Ocular Therapeutix, Bedford, MA) is a re-
sorbable intracanalicular insert designed to serve as a de-
livery vehicle for dexamethasone. This is a proprietary,
polyethylene glycol-based hydrogel plug that is inserted into
the vertical canaliculus. The dried plug swells on contact
with tear fluid and continues to expand until firmly secured
within the canaliculus, where it remains until it is hydro-
lyzed and cleared through the nasolacrimal duct. Dextenza
contains approximately 394 mg of dexamethasone, released
in a sustained and tapered fashion over a period of 30 days.
The dose selection was driven partly by the formulation;
however, preclinical studies for various doses confirmed that
therapeutic levels in tear fluid were obtained with this dose
(Ocular Therapeutix Data on File).

In vivo preclinical studies have demonstrated that the drug
release rate is approximately 20mg/day in week 1, and tapers
to approximately 10mg/day in week 4, and can be averaged to
a daily delivery of less than 15mg/day over the 30-day implant
period (Ocular Therapeutix Data on File). When compared
with the 200mg of dexamethasone provided daily with the
postop 2-week regimen of qid dexamethasone sodium phos-
phate 0.1% suspension, Dextenza delivers a dose approxima-
tely 13 times lower. Another common postop regimen involves
a decremental regimen of 4-3-2-1-0 drops/day over 4 weeks.
Dextenza was designed to mimic these pharmacokinetics, de-
livering a bolus of drug at the onset of acute inflammation,
followed by attenuated delivery as disease control is achieved.

While the pharmacokinetics of Dextenza were originally
designed for treatment of postoperative inflammation, the 4–6
week duration and slow-tapering characteristic of this depot
are ideal for other inflammatory indications such as ocular
allergy. Many allergy sufferers would benefit from treatment
for the duration of a given pollen season. Slow tapering is
necessary for all steroid treatments, thus the decreasing de-
livery over time assures that cessation of treatment occurs
safely and slowly. Furthermore, the necessity of monitoring
and insertion by the ophthalmologist means that potential side
effects will be well monitored, and the risk of abuse due to the
benefit associated with steroid use would not be an issue.

The first in human study (Phase 2) completed for Dextenza
was conducted in patients undergoing uncomplicated cata-
ract, for the indication of postoperative pain and inflamma-
tion. This study demonstrated not only the efficacy of the
product for the postoperative indication, but also the overall
safety of the product in 29 treated subjects.6 The decision to
proceed immediately into the Phase 2 trial for the allergic
conjunctivitis indication was made under the guidance of the
appropriate regulatory agency, and after careful consideration
of the demonstrated clinical safety of the product as well as
the 5-decade clinical safety record of the approved active
pharmaceutical ingredient, dexamethasone.

The objective of this study was to evaluate the clinical
efficacy and safety of Dextenza in acute and chronic allergic
conjunctivitis using a modified conjunctival allergen chal-
lenge (CAC) model comprised of a series of repeated CAC s.
Models of ocular allergy have been used previously in clinical
studies to demonstrate the efficacy of steroids with varying
success.7,8 A modified, repeat challenge model is more ap-
propriate for the testing of anti-inflammatory/antiallergic

drugs that have more complex targets than histamine receptor
antagonism or mast cell stabilization.9,10 This model, in fact,
is an ideal high-throughput screening tool for determining in a
relatively rapid manner important information about the
clinical efficacy of anti-inflammatory agents.

Subjects and Methods

This was a prospective, multicenter, randomized, double-
masked, vehicle-controlled, Phase 2 study to evaluate the
efficacy and safety of Dextenza compared with a vehicle
insert (PV) for the treatment of the signs and symptoms of
chronic allergic conjunctivitis. The PV was manufactured in
an identical process as Dextenza without the drug substance,
dexamethasone, and was designed to degrade and be cleared
through the nasolacrimal duct in the same manner and with
the same kinetics as Dextenza.

This study was conducted in accordance with the ethical
principles that originated with the Declaration of Helsinki.
One central Institutional Review Board was used for all
participating sites (Alpha IRB, San Clemente, CA). Subjects
provided a written informed consent and signed the HIPAA
form. This trial is registered on clintrials.gov under the
number NCT02062905.

The trial was conducted at 2 sites in the United States, and
comprised 12 study visits over a period of 50 days. Four
screening visits were used to select a subject population who
responded reproducibly to 4 challenges administered over a 2-
day interval to induce the inflammatory component of chronic
allergic conjunctivitis. Randomization (1:1) was stratified by
average itching scores (£ 2.5 and >2.5) at baseline.

Inclusion and exclusion criteria

Eligible subjects were required to be at least 18 years of age;
to have a visual acuity of 0.7 logMAR or better in each eye; to
not be pregnant or nursing; to be able and willing to avoid all
prohibited medications for the appropriate washout period and
during the study; and to discontinue wearing contact lenses for
at least 72 h before and during the study trial period. Ad-
ditionally, eligible subjects had to have a positive history of
ocular allergies and 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) within the
past 24 months. Testing was provided if the subject had never
been tested or if a skin test was not performed within the re-
quired time frame. Subjects had to have a positive bilateral
CAC reaction (ie, ‡2 redness in the conjunctival vessel bed and
‡2 itching) to a perennial allergen within 10 min of instillation
of the last titration of allergen, and a positive bilateral reaction
for at least 2 of the 3 post-CAC time points at 3 subsequent
screening challenges prerandomization.4

Subjects were not eligible for participation if they had any
contraindication to the investigational products; or any sys-
temic (including but not limited to autoimmune disease; se-
vere cardiovascular disease, including arrhythmias; alcohol
or drug abuse; poorly controlled hypertension or diabetes;
moderate or severe asthma) or ocular condition (including but
not limited to narrow angle glaucoma; retinal detachment or
active retinal disease; active bacterial, viral, or fungal infec-
tion; clinically significant blepharitis; trichiasis; follicular
conjunctivitis; iritis; pterygium, or a diagnosis of dry eye) that
could have affected the subject’s safety or trial parameters.
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Subjects could not have had any ocular surgical intervention
planned, or within 3 months of screening, or used an inves-
tigational drug or device during or within 30 days of the trial
period. Subjects could not have had a score of >0 for itching
and/or >1 for conjunctival redness before challenge at base-
line in either eye.

Two procedural exclusion criteria related to the size of
the punctum. A punctum size smaller than 0.4 mm or
‡1.0 mm was not allowed, as well as punctum too small to
allow transient dilation to 0.7 mm before insertion of the
Dextenza or vehicle depot.

Study design

The study design is included in Fig. 1. Part 1 consisted of 5
visits in which screening, titration, and repeat challenges
occurred. Visual acuity and baseline ocular and nasal allergic
signs and symptoms were assessed. Subjects exhibiting signs
and symptoms of allergic conjunctivitis were excluded. The
punctum and surrounding area were assessed under the slit
lamp. A titration CAC was performed as previously de-
scribed.4 Subjects who failed to test positively were excluded
from the study. An intraocular pressure (IOP) measurement
and a dilated fundus examination were also performed.

Confirmatory challenges were conducted on 3 subsequent
visits. Visual acuity, slit lamp biomicroscopy, and pre-
challenge allergic signs and symptoms were assessed. CACs
were performed with the final threshold dose instilled at the
previous visits to ascertain that the dose was not cumulative.
Assessment of itching was made by the subject at 3(–1),
5(–1), and 7(–1) min post-CAC. Assessments of redness and
chemosis were graded by the investigator, and assessments of
eyelid swelling, tearing, and nasal symptoms were made by
the subject at 7(–1), 15(–1), and 20(–1) min postchallenge. If
the subject failed to react positively in both eyes in at least 2

out of the 3 time points (not necessarily at the same time point)
within a 20-min interval, he/she was excluded from the study.
Subjects had to react positively at all 4 baseline challenges to
continue in the study.

Eligible subjects were asked to return to the office approx-
imately 2–3 days from the time of their baseline challenge to
attempt test article insertion. Subjects who met all of the in-
clusion criteria and none of the exclusion criteria and qualified
to continue in the study were randomly assigned to masked
treatment using a 1:1 (Dextenza: PV) assignment ratio.

Part 2 consisted of 4 visits in which subjects were challenged
4 times in a 2-day period, with the primary efficacy visit oc-
curring on Visit 6, 2 weeks postinsertion. After visual acuity,
prechallenge signs and symptoms assessment, baseline slit
lamp biomicroscopy, and punctum examination, subjects re-
ceived one drop of the predefined dose of allergen solution
bilaterally. Assessments of itching and redness were performed
as in Part 1.

During Part 3, a third cycle of visits in which subjects
were challenged 4 times in 2 days occurred. These visits
were identical to those in Part 2. On Visit 9, the efficacy of
Dextenza was assessed 28 days postinsertion. This visit was
identical to Visit 6.

Finally, in Part 4, a fourth series of challenges was con-
ducted in which subjects were challenged 4 times in 2 days.
These visits were also identical to those described for the
previous 3 parts. On Visit 12, the efficacy of Dextenza was
assessed at 42 days postinsertion. This was the final study
visit and thus the exit procedures were also performed.

Statistical Analyses

Power calculation

A total of 30 subjects per treatment arm provided 99.7%
power to demonstrate a statistically significant difference in

FIG. 1. Phase 2 Modified CAC Study Design. CAC, conjunctival allergen challenge.
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ocular itching between groups assuming a difference of
1.25 U, a standard deviation of 1.0 U, and a 2-sided Type I
error rate of 0.05 (yielding 99.1% power over all post-CAC
time points at Visit 6 for ocular itching between groups
conservatively assuming independence). The same assump-
tions yielded the same power and sample size for conjunctival
redness, yielding 98.2% power over all post-CAC time points
at Visit 6 for both primary endpoints assuming independence.

Additionally, 30 subjects in each treatment group yielded
92% probability of showing a point estimate difference for
itching between OTX-DP and PV-treated subjects of at least
1.0 U for a majority of the post-CAC time points and 0.5 U for
all of the post-CAC time points at Visit 6 assuming a common
standard deviation of 1.0 U, a difference of 1.25 U, and in-
dependence between time points. The same assumptions
yielded the same probability for conjunctival redness, yield-
ing 85% probability of showing clinically important differ-
ences for both primary endpoints assuming independence.

Randomization

Once a subject met all qualification criteria, they were to be
randomly assigned to masked treatment using a 1:1 (OTX-
DP: PV) assignment ratio. Subjects were to be randomized
on Visit 3b (Day 1) by assignment of the lowest 5-digit ran-
domization number available within the appropriate stratum
at each investigative site. Randomization was stratified by
average post-CAC itching scores (£ 2.5 and >2.5) at baseline
(Visit 3a) to ensure balance for the primary endpoint of ocular
itching between treatments. A computer-generated random-
ization schedule was produced before study enrollment by
an unmasked statistician who was not otherwise involved
in the study.

Primary efficacy endpoints

The a priori primary efficacy endpoints were the following:

� Ocular itching evaluated by the subject on Visit 6 (Day
15, 14 days postinsertion) at 3 (–1), 5(–1), and 7(–1) min
post-CAC (0–4 scale, allowing half unit increments)

� Conjunctival redness evaluated by the investigator on
Visit 6 (Day 15, 14 days postinsertion) at 7(–1), 15(–1),
and 20(–1) min post-CAC (0–4 scale, allowing half
unit increments)

Unit of analysis

The subject was considered the unit of analysis for all
efficacy variables. For the variables using subject as the unit
of analysis, the average of both eyes of each subject was
used for statistical summaries and analyses in cases where
data were collected for each eye. For safety variables (slit
lamp biomicroscopy, dilated fundus examination, VA and
IOP results), the eye was the unit of analysis, and summaries
were provided for all eyes combined. In addition, the eye
was the unit of analysis for categorical punctum examina-
tion and punctum size, test article insertion, test article vi-
sualization, and test article removal variables.

Criteria for efficacy

To demonstrate clinical efficacy, OTX-DP was required
to show clinical superiority over PV by at least 0.5 U of a

5-point scale for all 3 post-CAC time points, 3(–1), 5(–1),
7(–1) min post-CAC for ocular itching and 7(–1), 15(–1),
20(–1) min post-CAC for conjunctival redness, and at least
1 U for the majority (2 out of 3) of the post-CAC time points
measured for both ocular itching and conjunctival redness.

Secondary efficacy endpoints

Secondary efficacy measures included all other post-CAC
ocular and nasal allergic signs/symptoms: eyelid swelling,
tearing, rhinorrhea, nasal pruritis, ear/palate pruritis, episcl-
eral and ciliary redness, chemosis, and a composite present/
absent score for nasal symptoms at all visits. Ocular itching
and conjunctival redness were also considered secondary
efficacy measures at all visits other than the primary efficacy
assessment at Visit 6.

Scoring systems

Signs and symptoms were graded on a 0–4 scale, except
for nasal symptoms, graded on a 0–3 scale. Itching, redness,
and chemosis grading allowed for half-unit increments.
Itching alone was measured at 3, 5, and 7 min postchallenge;
all others were measured at 7, 15, and 20 min postchallenge.
All scales have been used to assess ocular allergic signs and
symptoms in Phase 2 and 3 CAC trials in support of the
FDA approval of ocular allergy drugs for almost 25 years.5

Statistical analyses

The analyses for primary efficacy were conducted on the
intent-to-treat population carrying forward the last post-
challenge observation within the same visit to handle
missing and incomplete efficacy data. The average of both
eyes was used as the unit of analysis. A separate ANCOVA
model was used for each postchallenge time point at Visit 6,
with the time appropriate postchallenge scores at the final
baseline challenge as a covariate and treatment group as the
sole factor (Dextenza compared with PV). Two-sample t-
tests were used as unadjusted sensitivity analyses, as well as
nonparametric Wilcoxon rank-sum tests (Dextenza com-
pared with PV). Treatment differences were considered
statistically significant for each primary endpoint at a 2-
sided significance level of a = 0.05. Analyses were per-
formed on quantitative secondary endpoints in a manner
similar to primary endpoints. Qualitative measures were
analyzed using a Fisher’s exact test or a Chi-Square test, as
appropriate. There were no adjustments for multiplicity for
having 2 endpoints as statistical significance was required
for both ocular itching and conjunctival redness for treat-
ment success.

The safety of the Dextenza and PV was assessed by
collection of adverse events, assessment of visual acuity,
measurement of IOP, and findings on slit lamp biomicro-
scopy and dilated fundus examination.

In a post hoc analysis, responder subgroups were further
explored to assess the number and percentage of subjects
with a score = 0 and a score £1 in itching or conjunctival
redness in each group. These data were collected both to
further explore the efficacy of Dextenza, and to further de-
velop this modified CAC model and relevant endpoints of
chronic ocular allergy.
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Results

A total of 68 subjects were entered into the study and
comprised the ITT population: 35 in the Dextenza group and
33 in the PV group. Seven subjects in the Dextenza arm and 2
in the vehicle arm did not complete the study, for a final
complete number of subjects of 28 (80.0%) in the Dextenza
group and 31 (93.9%) in the vehicle group. These numbers
reflect the Per Protocol Population. Since 4 of the randomized
subjects did not receive the intracanicular insert and were
discontinued, the final number of subjects in the Safety Po-
pulation was 31 in the Dextenza group and 33 in the vehicle
group. Table 1 reports the subject disposition. No treatment
unmasking was necessary during the conduct of the study.

Aside from allergic conjunctivitis, which was present in
100% of subjects, the ocular medical histories of subjects
were primarily single instances of pinguecula, nonclinically
significant blepharitis, lid papilloma or nevus, history of
cataract, pseudophakia and intraocular lens insertion, con-
junctival cyst, myopia, photorefractive surgery, corneal
opacity, arcus senilis, vitreous floaters or posterior vitreous
detachment, and borderline glaucoma suspect.

For nonocular medical histories, subjects reported allergic
rhinitis, pharyngitis or asthma most frequently. Headaches,
hypertension, hypercholesterolemia, osteopenia/osteoporosis,
dysmenorrhea, menopause, female sterilization procedures,

and musculoskeletal and/or connective tissue disorders were
also common.

The mean age of the participants was 43.1 years (range 20–
69 years) for the Dextenza group and 45.5 years (range: 21–71
years) for the vehicle group. There were similar proportions
of males and females in the Dextenza (17 males, 18 females)
and vehicle (16 males, 17 females) groups. The majority of
randomized subjects were white (68.6% in Dextenza; 72.7%
in PV groups). See Table 1 for a complete description of
demographics.

Primary endpoints

At 14 days postinsertion (Visit 6), Dextenza was shown to
be statistically significantly superior to PV in ocular itching at
all time points (3, 5, and 7 min postchallenge) with treatment
group differences of: -0.76 (P = 0.0030), -0.97 (P = 0.0001),
and -0.87 (P = 0.0007), respectively, as shown in Table 2.
Similarly, at 14 days postinsertion, Dextenza was statistically
significantly superior to PV for conjunctival redness at all
time points (7, 15, and 20 min) postchallenge with treatment
group differences of: -0.46 (P = 0.0097), -0.66 (P = 0.0003),
and -0.68 (P = 0.0002) (Table 2). Clinical significance was
defined in this study as superiority over PV by at least 0.5 U of
a 5-point scale for all 3 post-CAC time points for ocular
itching and conjunctival redness, and by at least 1 U for the

Table 1. Subject Disposition and Demographics in a Modified Conjunctival Allergen Challenge

Study of the Safety and Efficacy of 6-Week Treatment with a Sustained-Release

Dexamethasone Insert (Dextenza) Compared to a Placebo Vehicle Insert in Eligible Subjects

with a History of Both Seasonal and Perennial Allergic Conjunctivitis

Subject disposition Dextenza Vehicle

Number of randomized subjects:
intent-to-treat (ITT) populationa

35 (100.0%) 33 (100.0%)

Number of subjects in the per protocol population 28 (80.0%) 31 (93.9%)
Number of subjects in the safety population 31 (88.6%) 33 (100.0%)
ITT subjects who completed the study

Yes 28 (80.0%) 31 (93.9%)
No 7 (20.0%) 2 (6.1%)

Reasons for discontinuations from study
Investigator decision 1 (2.9%) 0
Adverse events 1 (2.9%) 1 (3.0%)
Consent withdrawn 1 (2.9%) 0
Other 4 (11.4%) 1 (3.0%)

Demographics Dextenza Vehicle
Age in years: Mean (Standard deviation) 43.1 (13.1) 45.5 (12.9)
Range 20–69 21–71
Gender Male: 17 (48.6%) Male: 16 (48.5%)

Female: 18 (51.4%) Female: (51.5%)
Ethnicity Hispanic: 5 (14.3%) Hispanic: 4 (12.1%)

Non-Hispanic: 30 (85.7%) Non-Hispanic: 29 (87.9%)
Race American Indian: 1 (2.9%) American Indian: 0

African American: 7 (20.0%) African American: 7 (21.2%)
White: 24 (68.6%) White: 24 (72.7%)

Other: 3 (8.6%) Other: 2 (6.1%)
Iris color Black: 0 Black: 4 (6.1%)

Blue: 22 (31.4%) Blue: 16 (24.2%)
Brown: 32 (45.7%) Brown: 32 (48.5%)
Green: 10 (14.3%) Green: 2 (3.0%)

Hazel: 6 (8.6%) Hazel: 12 (18.2%)

Subjects were challenged in 4 series of repeated CACs to simulate chronic AC.
aThe ITT population included all randomized subjects, although 4 of these did not receive Dextenza and were discontinued from the

study. The number of subjects in the Safety population (31) reflects this discrepancy. The Per Protocol population reflects the actual number
of subjects in each group who completed the study with no protocol violations.
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majority (2 out of 3) of the post-CAC time points. While this
study met the first 0.5-U difference benchmark of clinical
significance at all time points for both the sign and symptom,
the second clinical significance benchmark, a majority of 1-U
differences from PV, was not met.

Secondary endpoints

Itching and redness were also highly statistically signifi-
cantly improved over the course of the entire study, with mean
differences observed in the Dextenza group compared with
the PV group after 2, 4, and 6 weeks of therapy. Figures 2
and 3 illustrate the ocular itching and conjunctival redness
results, respectively, at each of the 4 series of CACs for
Dextenza and PV.

High responders were defined as subjects who achieved
low post-CAC itching and redness scores (less than or equal
to 1 at a given assessment) at 2, 4, and 6 weeks of treatment.
There was a 5–8 times greater number of high responders in
the Dextenza group than in the vehicle group at 8 of 9
assessments postchallenge at weeks 2, 4, and 6 for both
itching and redness. At Week 2, a total of 8, 10, and 10
subjects were high responders in the Dextenza group (26%–
37%) compared with 1, 2, and 2 subjects (0%–6.5%) in the
vehicle group, respectively, at 3, 5, and 7 min post-CAC. At
Week 4, this effect was still observed, with a 7–10 times

greater number of high responder subjects with minimal
itching post-CAC in the Dextenza group compared with the
vehicle group. Redness responders showed a similar but less
marked trend. At Week 6, the differences between the 2
groups were less notable since vehicle-treated subjects ex-
hibited less of an allergic response to challenge. Table 3
reports the findings for high itching and redness responders
(£1) at each visit and postchallenge time point.

Dextenza improved the associated signs and symptoms
of allergic conjunctivitis evaluated at 14, 28, and 42 days
posttreatment, as demonstrated by statistically significant
differences in ocular itching, conjunctival redness, ciliary
redness, episcleral redness, chemosis, tearing, and rhinor-
rhea, when compared with subjects receiving PV. In other
relevant signs and symptoms, such as eyelid swelling, nasal
pruritis, ear/palate pruritis, and nasal congestion, statisti-
cally significant differences between the Dextenza and ve-
hicle groups were seen, but not achieved at all time points
(Table 4).

While the clinical significance benchmark, defined as a
‡1 U treatment difference, was not observed for any pa-
rameter at any postchallenge time point, the second clinical
significance benchmark, defined as a ‡0.50 U treatment
difference, was observed in favor of Dextenza at 9 of 12
post-CAC time points for ocular itching, and 10 of 12 post-
CAC time points for conjunctival redness.

Table 2. Ocular Itching and Conjunctival Redness in a Modified Conjunctival Allergen Challenge

Study of the Safety and Efficacy of a 6-Week Treatment with a Sustained-Release Dexamethasone

Insert (Dextenza) Compared with a Placebo Vehicle Insert in Eligible Subjects with a History

of Both Seasonal and Perennial Allergic Conjunctivitis

Time point statistics Dextenza (N = 35) Vehicle (N = 33)

Pre-CAC
Mean (SD) Itching 0.13 (0.571) 0.06 (0.281)
Mean (SD) conjunctival redness 0.78 (0.695) 0.90 (0.779)

3 min Post-CAC
ANCOVA LS means itching 1.81 2.57
Itching treatment difference (95% CI); P valuea -0.76 (-1.26, -0.27); P = 0.0030

5 min post-CAC
ANCOVA LS means itching 1.73 2.70
Itching treatment difference (95% CI); P valuea -0.97 (-1.45, -0.50); P = 0.0001

7 min post-CAC
ANCOVA LS means itching 1.66 2.53
Itching treatment difference (95% CI); P valuea -0.87 (-1.36, -0.38); P = 0.0007

ANCOVA LS means conjunctival redness 1.63 2.09
Redness treatment difference (95% CI); P valuea -0.46 (-0.81, -0.12); P = 0.0097

15 min post-CAC
ANCOVA LS means conjunctival redness 1.55 2.21
Redness treatment difference (95% CI); P valuea -0.66 (-1.00, -0.32); P = 0.0003

20 min post-CAC
ANCOVA LS means conjunctival redness 1.54 2.21
Redness treatment difference (95% CI); P valuea -0.68 (-1.01, -0.34); P = 0.0002

Subjects were challenged in 4 series of repeated CACs to simulate chronic AC. The primary efficacy endpoints of itching and
conjunctival redness were assessed after repetitive challenges at 14 days postinsertion. Bold treatment differences are statistically
significant.

SD = standard deviation; CI: = Confidence intervals
N in the headers represents the total number of subjects enrolled in each respective treatment group within the Intent-to-Treat population.
Ocular itching was assessed on a 0–4 scale at 3, 5, and 7 min post-CAC; 0.5 increments were allowed. A lower score was indicative of

less itching. Conjunctival redness was assessed on a 0–4 scale at 7, 15, and 20 min post-CAC; 0.5 increments were allowed. A lower score
was indicative of less conjunctival redness.

aP value calculated using an ANCOVA model with treatment, time point, and baseline (time appropriate Visit 3a post-CAC) scores in the
model and comparing Dextenza to Vehicle.
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Safety Results

Eleven subjects (35.5%) in the Dextenza treatment group
and 10 (30.3%) in the PV group experienced at least one
adverse event. All adverse events were of mild or moderate
severity, with the majority being ocular in nature. One serious
adverse event in the Dextenza group (depression, resulting in
hospitalization) was deemed unrelated to treatment.

Two subjects (one in the active and one in the vehicle
group) were withdrawn from the study due to an adverse event
(Table 5). A total of 10 treatment-emergent ocular adverse
events occurred in each group: in 9 subjects in the Dextenza
group and in 8 subjects in the vehicle group. All events but 3
were suspected to be related to treatment. Details of ocular
TEAEs are reported in Table 6. No nonocular events were
suspected of being related to treatment.

Two subjects were IOP responders in this study (Incidence:
6.5%). One male, 50 years of age, was treated for the entire
study (43 days of Dextenza use), and on the last visit, pre-
sented with a greater than 10 mm Hg increase in IOP. Baseline
IOP was 22 OU, increasing to 25 OU, 26 OU, and 34 OD, 26
OS on visits 1, 6, 9, and 12, respectively. One dose of timolol
maleate 0.5% was given and after 20 days, IOP returned to 19
OD and 21 OS. A second male, also 50 years of age, was
treated up to Visit 9, with 29 days of Dextenza use. This
subject had baseline IOP of 16 OU, increasing to 17 OU at

Visit 6, and 30 OD, 28 OS at Visit 9. The subject was dis-
continued at this point from drug use and the insert was re-
moved. One drop of timolol maleate 0.5% was provided. At
the follow-up visits 2 days later and 1 month later, the subject
had an IOP of 16 OD, 17 OS, and 13 OU, respectively.

No changes in lens, anterior chamber, eyelid, conjunctiva,
or cornea were noted by slit lamp biomicroscopy conducted
at every visit throughout the study.

Discussion

In terms of efficacy, topical corticosteroids are the main-
stay of therapy for the management of all anterior segment
inflammation. There is precedent and rationale for treating
allergic conjunctivitis with topical corticosteroids.7–8,11–15

Particularly for treatment of acute flare-ups, pulse therapy
with topical steroids is quite common in the proliferative
forms of allergy such as vernal keratoconjunctivitis and ato-
pic keratoconjunctivitis.16 While topical corticosteroid drops
may exhibit peaks and troughs in concentration of active drug,
Dextenza has been constructed to deliver a course of therapy
that is optimal for acute inflammation: a bolus of cortico-
steroid initially,17–20 followed by gradually decreasing daily
doses delivered throughout the life of the insert, and in-
dependent of patient compliance. Topical corticosteroids
have been evaluated, often in combination with an

FIG. 2. Ocular Itching. The efficacy of Dextenza� (resorbable hydrogel intracanalicular insert containing approximately
0.494 mg of dexamethasone) (N = 35) versus a vehicle insert (N = 33) over a 6-week treatment period against ocular itching
induced by a modified CAC model of chronic allergic conjunctivitis (ANCOVA P-values illustrated).
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antihistamine, to provide treatment for itching and inflam-
mation,13,14 yet research has indicated that patients may be
less compliant when prescribed multiple medications for al-
lergic disease.21

This study was designed to augment existing data regard-
ing the safety and efficacy of Dextenza with subjects who had
both seasonal and perennial allergies, as these subjects were
most likely to have chronic and recalcitrant signs and symp-
toms. This population of chronic allergic conjunctivitis suf-
ferers also may not respond sufficiently or at all to topical
antihistamines or dual-acting agents, thus a safe corticoste-
roid option would be an appropriate avenue for secondary
therapy.22

In susceptible individuals, a 4–6 week course of topical
corticosteroid therapy can result in the well-known adverse
effect of elevated IOP. These potential side effects are mini-
mized with a decremental drug delivery method such as
Dextenza, since the release of a minimally effective dose is
guaranteed, and periodic visits to the physician are necessary
for reinsertion of the Dextenza insert. Furthermore, by re-
moving topical corticosteroid from the hands of patients,
there is no potential for abuse, particularly in the case of
patients who often are able to refill their prescriptions, and
might continue to administer steroid drops for months on a
PRN basis to treat perceived allergic signs. This type of abuse

could lead to the permanent adverse effects of steroids such as
cataract formation and glaucoma.

While primary efficacy defined as clinical significance
with a 1-U grade difference in itching and redness between
active and vehicle groups was not met, the results of this
study did demonstrate statistically significant improvements
in favor of this novel delivery system of dexamethasone.
Highly statistically significant improvements in allergic in-
flammation were demonstrated at 2, 4, and 6 weeks from
drug insertion. This 6-week duration of action is uniquely
advantageous for ocular allergy therapy, as such an ex-
tended duration fulfills both an unmet need (over topical
once-daily therapies), and is able to cover a complete allergy
season.

The post hoc analysis of responder rates has provided a
greater understanding about the heterogeneous nature of
steroid activity in a given population. A statistically sig-
nificantly higher number of subjects responded to Dextenza
treatment with little to no itching after allergen challenge:
from 26% to 37% of Dextenza-treated subjects had minimal
itch after challenge at Weeks 2 and 4, compared with 0%–
6.5% in the vehicle group, a 5–8-fold higher frequency.
Identifying responder rates with this experimental endpoint
has provided additional valuable information about the
drug, and will be added to future modified CAC studies of

FIG. 3. Conjunctival Redness. The efficacy of Dextenza (resorbable hydrogel intracanalicular insert containing ap-
proximately 0.4 mg of dexamethasone) (N = 35) versus a vehicle insert (N = 33) over a 6-week treatment period against
conjunctival redness induced by a modified CAC model of chronic allergic conjunctivitis (ANCOVA P-values illustrated).
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Table 3. Ocular Itching and Conjunctival Redness in a Modified Conjunctival Allergen

Challenge Study of the Safety and Efficacy of a 6-Week Treatment with a Sustained-Release

Dexamethasone Insert (Dextenza) Compared with a Placebo Vehicle Insert in Eligible Subjects

with a History of Both Seasonal and Perennial Allergic Conjunctivitis

Itching minutes post-CAC/
redness minutes post-CAC

Number of subjects
itching £1

Number of subjects
conjunctival redness £1

N n (%) P-value n (%) P-value

Week 2, day 14 of treatment
3 min/7 min

Dextenza 28 8 (28.6%) P = 0.0098* 4 (14.3%) P = 0.6978
Vehicle Plug 31 1 (3.2%) 3 (9.7%)

5 min/15 min
Dextenza 28 10 (35.7%) P = 0.0083* 7 (25.0%) P = 0.0215*
Vehicle Plug 31 2 (6.5%) 1 (3.2%)

7 min/20 min
Dextenza 28 10 (35.7%) P = 0.0083* 7 (25.0%) P = 0.0215*
Vehicle Plug 31 2 (6.5%) 1 (3.2%)

Week 4, day 28 of treatment
3 min/7 min

Dextenza 28 7 (25.9%) P = 0.0227* 10 (37.0%) P = 0.0020*
Vehicle Plug 31 1 (3.4%) 1 (3.4%)

5 min/15 min
Dextenza 28 8 (29.6%) P = 0.0104* 8 (29.6%) P = 0.0104*
Vehicle Plug 31 1 (3.4%) 1 (3.4%)

7 min/20 min
Dextenza 28 10 (37.0%) P = 0.0002* 8 (29.6%) P = 0.0104*
Vehicle Plug 31 0 1 (3.4%)

Week 6, day 42 of treatment
3 min/7 min

Dextenza 28 7 (33.3%) P = 0.0805* 12 (57.1%) P = 0.0046*
Vehicle Plug 31 3 (11.1%) 4 (14.8%)

5 min/15 min
Dextenza 28 9 (42.9%) P = 0.0056* 11 (52.4%) P = 0.0108*
Vehicle Plug 31 2 (7.4%) 4 (14.8%)

7 min/20 min
Dextenza 28 10 (47.6%) P = 0.0080* 12 (57.1%) P = 0.0074*
Vehicle Plug 31 3 (11.1%) 5 (18.5%)

Subjects were challenged in 4 series of repeated CACs to simulate chronic AC. The number of high responders (defined as the number of
subjects with a score of £1 at each post-CAC time point) was significantly greater in the Dextenza group than the vehicle group for all
itching assessments and 8/9 redness assessments.

Pairwise comparisons of Dextenza to placebo vehicle: number of subjects with an itching or conjunctival redness score £1 calculated by
Fisher’s Exact test. Asterisk indicates statistical significance.

Table 4. Ocular Allergic Signs and Symptoms in a Modified Conjunctival Allergen Challenge

Study of the Safety and Efficacy of a 6-Week Treatment with a Sustained-Release Dexamethasone

Insert (Dextenza) Compared with a Placebo Vehicle Insert in Eligible Subjects

with a History of Both Seasonal and Perennial Allergic Conjunctivitis

Endpoint
Visit 6 (14 days of treatment,

primary endpoint visit)
Visit 9 (28 days

of treatment)
Visit 12 (42 days

of treatment)

Ocular itching -0.86 (0.0006) -0.88 (<0.0001) -0.67 (0.0118)
Conjunctival redness -0.59 (0.0012) -0.61 (0.0010) -0.65 (0.0014)
Ciliary redness -0.68 (0.0004) -0.68 (0.0007) -0.77 (<0.0001)
Episcleral redness -0.63 (0.0003) -0.71 (0.0013) -0.69 (0.0004)
Chemosis -0.24 (0.0135) -0.21 (0.0461) -0.39 (0.0082)
eyelid swelling -0.23 (0.1627) -0.32 (0.0457) -0.35 (0.0980)
Tearing/watery eyes -0.80 (<0.0001) -0.53 (0.0063) -0.49 (0.0211)
Rhinorrhea -0.83 (0.0004) -0.65 (0.0057) -0.63 (0.0354)
Nasal pruritis -0.57 (0.0102) -0.22 (0.3824) -0.26 (0.2222)
Ear/palate pruritis -0.53 (0.0199) -0.21 (0.3418) -0.48 (0.1061)
Nasal congestion -0.68 (0.0024) -0.46 (0.0450) -0.32 (0.2273)

Subjects were challenged in 4 series of repeated CACs to simulate chronic AC. Secondary efficacy improvements in postrepeat-CAC
signs and symptoms of allergy in favor of Dextenza are presented [Repeated Measures ANCOVA model, including treatment, time point
and baseline (time-appropriate Visit 3a post-CAC) score in the model: treatment differences (with corresponding p-values for active to
vehicle comparisons)] after 14, 28, and 42 days of Dextenza or vehicle treatment. Bold P values are statistically significant.
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anti-inflammatory drugs as an a priori analysis that defines
potential subgroups of greater drug effectiveness.

Heterogeneity in response to steroid occurs with regard to
IOP effects,23 and efficacy outcomes might also diverge into
high and low responders. This heterogeneity has been iden-
tified in other immunologic diseases such as eosinophilic
esophagitis24 and systemic lupus erythematosus.25 The re-
sults at Week 6 were still significant but less concise, as both
vehicle and active groups had less itching at this visit, pos-
sibly due to allergen desensitization after multiple challenges.
Interestingly, this dampening of the conjunctival mucosal
challenge response (ie, less increase in itching/redness scores
with repeat CACs compared with the initial baseline CAC
response) occurred to a greater extent in the vehicle group
than in the active group (Figs. 2 and 3). How steroid use might
have dampened allergic desensitization is unknown, has also
been observed in association with sublingual immunotherapy
in children,26 and should be further explored.

Dextenza has previously been tested and shown to be safe
and effective for the treatment of postoperative pain in 325
cataract surgery patients.27

In the present study, adverse event rates in both groups
were similar; however 2 subjects receiving Dextenza ex-
hibited an elevated IOP after insert administration. IOP re-
turned to normal for both subjects between 2 and 20 days
later. While this incidence (6.55%) is still lower than others
found in the literature with chronic use of topical corticoste-
roid (9.68%,28 8%29), clinicians should be mindful of this side
effect, and potentially exclude from use subjects with a his-
tory of steroid-induced ocular hypertension or advanced
glaucoma. IOP elevation with short term topical steroid
therapy is thought to occur in as much as 18%–36% of the
general population.30 IOP generally rises after 2–4 weeks of
therapy and usually returns to pretreatment levels within 1–3
weeks of discontinuation.31

One weakness of the present study is the exclusion of sea-
sonal allergens from the challenge protocol. However, we

Table 5. Adverse Event Summary from a Modified Conjunctival Allergen Challenge Study

of the Safety and Efficacy of a 6-Week Treatment with a Sustained-Release Dexamethasone

Insert (Dextenza) Compared with a Placebo Vehicle Insert in Eligible Subjects

with a History of Both Seasonal and Perennial Allergic Conjunctivitis

Dextenza (N = 31a) Vehicle (N = 33)

Number of TEAEs 14 12
Number of subjects with at least one TEAE 11 (35.5%) 10 (30.3%)

Number of ocular TEAEs 10 10
Number of subjects with at least one ocular TEAE 9 (29.0%) 8 (24.2%)

Number of nonocular TEAEs 4 2
Number of subjects with at least one nonocular TEAE 2 (6.5%) 2 (6.1%)

Number of SAEs 1 0
Number of subjects with at least one SAE 1 (3.2%) 0

Number of treatment-related TEAEs 8 9
Number of subjects with at least one treatment-related TEAE 7 (22.6%) 7 (21.2%)

Number of subjects with TEAEs by severity
Mild 6 (19.4%) 8 (24.2%)
Moderate 5 (16.1%) 2 (6.1%)

Number of subjects with TEAEs leading to subject withdrawal 1 (3.2%) 1 (3.0%)

Subjects were challenged in 4 series of repeated CACs to simulate chronic AC. Overall adverse events are presented in subjects treated
with either Dextenza or a placebo vehicle insert for 6 weeks.

aThe ITT population included all randomized subjects (Dextenza 35, Vehicle 33), although 4 of these did not receive Dextenza and were
discontinued from the study. The number of subjects in the Safety population (31, above) reflects this discrepancy. The Per Protocol
population reflects the actual number of subjects in each group who completed the study with no protocol violations.

Table 6. Ocular Adverse Events in a Modified

Conjunctival Allergen Challenge Study

of the Safety and Efficacy of a 6-Week Treatment with

a Sustained-Release Dexamethasone Insert (Dextenza)

Compared with a Placebo Vehicle Insert in Eligible

Subjects with a History of Both Seasonal

and Perennial Allergic Conjunctivitis

Dextenza Vehicle

N = 31a N = 33

N % N %

System organ class (SOC)
Preferred term (PT)

Total—Ocular TEAEs 9 29.0% 8 24.2%
Eye disorders 7 22.6% 8 24.2%

Eye discharge 1 3.2% 2 6.1%
Lacrimation increased 1 3.2% 2 6.1%
Erythema of eyelid 0 0 2 6.1%
Punctate keratitis 1 3.2% 1 3.0%
Visual acuity reduced 2 6.5% 0 0
Corneal opacity 0 0 1 3.0%
Dacryostenosis acquired 1 3.2% 0 0
Eye irritation 0 0 1 3.0%
Inflammation of lacrimal

passage
0 0 1 3.0%

Lacrimal structural disorder 1 3.2% 0 0
Vision blurred 1 3.2% 0 0

Investigations 2 6.5% 0 0
Intraocular pressure increased 2 6.5% 0 0

Subjects were challenged in 4 series of repeated CACs to
simulate chronic AC. Ocular treatment-emergent adverse events
(TEAEs) are presented in subjects treated with either Dextenza or a
placebo vehicle insert for 6 weeks.

aThe ITT population included all randomized subjects (Dextenza
35, Vehicle 33), although 4 of these did not receive Dextenza and
were discontinued from the study. The number of subjects in the
Safety population (31, above) reflects this discrepancy. The Per
Protocol population reflects the actual number of subjects in each
group who completed the study with no protocol violations.
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specifically selected subjects with chronic allergies who had a
history of allergies to both seasonal and perennial allergens.
Furthermore, while this model was designed to closely ap-
proximate the natural chronic allergy paradigm, efficacy in the
environment can only be inferred due to the 6-week length of
the study.

A sustained-release dexamethasone insert has been shown
to improve allergic signs and symptoms for 6 weeks, a du-
ration that would be ideal for perennial allergen sufferers such
as mite- and dander-allergic subjects. Improvement across all
findings showed a widespread drug-induced attenuation of the
chronic allergic/inflammatory reaction. This 6-week duration
would be beneficial to seasonal subjects as well. Phase 3 de-
velopment of this drug is ongoing.
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