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Purpose: To assess the prophylactic and treatment activity of reproxalap, a novel reactive
aldehyde species inhibitor, in a real-world model of allergen exposure.

Methods: In a randomized, double-masked, vehicle-controlled, crossover Phase 2 trial, 70
adult patients with >2 years of moderate to severe allergic conjunctivitis history, a positive
skin test to ragweed pollen, and allergen chamber-induced ocular itching and redness scores
of >2.5 and >2 (both scales range from 0 to 4), respectively, were randomized 1:1:1 to one of
three sequences: 0.25% reproxalap, 0.5% reproxalap, and placebo; 0.5% reproxalap, placebo,
and 0.25% reproxalap; or placebo, 0.25% reproxalap, and 0.5% reproxalap. Symptoms and
conjunctival redness were assessed over 3.5 hours in an allergen chamber of aerosolized
ragweed pollen (3500 grains/m’). Test article was administered bilaterally just before
chamber entry and at 90 minutes after chamber entry.

Results: Reproxalap was safe and well tolerated; 66 of 70 enrolled patients completed all
visits. Relative to vehicle, both concentrations of reproxalap demonstrated statistically
significant and clinically relevant improvements in ocular itching, tearing, and redness
over the duration of exposure in the chamber (P < 0.001 for all assessments). Prophylactic
and treatment activity of drug were demonstrated.

Conclusion: In an allergen chamber, reproxalap, a novel reactive aldehyde species inhibitor,
was statistically superior to vehicle across the typical symptoms and signs of allergic
conjunctivitis. These data are among the first rigorous clinical results demonstrating drug
improvement in allergic conjunctivitis in an allergen chamber, a real-world model of allergen
exposure.
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Plain Language Summary

Allergic conjunctivitis is widespread, negatively impacts patients’ quality of life, and is inade-
quately controlled by existing therapeutics. Reproxalap is a novel, topical therapeutic that has
shown efficacy in mitigating signs and symptoms of multiple inflammatory eye diseases. This
trial examined the activity of reproxalap in patients with allergic conjunctivitis by using
controlled exposure to allergens in an allergen chamber over 3.5 hours. Allergen chamber testing
offers precise control over the amount of allergen as well as continuous airborne exposure,
allowing researchers to more closely approximate real-world exposure conditions than methods
used in prior allergen exposure studies. Two concentrations of reproxalap were tested, 0.5% and
0.25%. Both concentrations of reproxalap were found to be well-tolerated and exhibited sig-
nificant improvements over vehicle in reducing the signs and symptoms of allergic conjunctivitis,
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including ocular itching, redness, and tearing. These improvements
were observed generally across all time points studied, including
after chamber exit, suggesting that reproxalap is active before,
during, and after allergen exposure. The activity of reproxalap
established in this trial could potentially address real-world clinical

challenges faced by patients with allergic conjunctivitis.

Introduction
Allergic conjunctivitis affects more than 20% of the US
population' and up to 60% of patients require medication
other than topical antihistamines,” but a new mechanistic
pharmacologic treatment approach has not been available
for decades. Given that the symptoms and signs of allergic
conjunctivitis, including ocular itching and redness, are
persistently disturbing to patients and negatively affect
quality of life,®> the development of new pharmacothera-
peutic modalities is warranted.

Reproxalap is a novel, topically administered reactive
aldehyde species (RASP) inhibitor that has demonstrated
clinical activity in noninfectious anterior uveitis,* dry eye

>6 and allergic conjunctivitis.” RASP potentiates

disease,
inflammation via covalent protein signaling by increasing
the activity of a variety of inflammatory mediators, including

inflammasomes.* !¢

nuclear factor kappa B and
Posthistaminic factors, including cellular infiltrate, cyto-
kines, and other RASP-mediated inflammatory mediators,
perpetuate the signs and symptoms of allergic conjunctivitis
after allergen-induced histamine levels have declined.'
Recent clinical trials in allergic conjunctivitis have typically
employed conjunctival allergen challenge,'* which consists
of drug administration followed by topical administration of
solubilized pollen and subsequent assessment of ocular signs
and symptoms, generally for 10 minutes or less.'> The clin-
ical relevance of conjunctival challenge is limited by the
finding that the signs and symptoms of allergic conjunctivitis
diminish rapidly, thus hampering the ability to distinguish
treatment efficacy in the later posthistaminic time points."* In
addition, topical ocular exposure to a concentrated pollen
solution is unlikely to occur outside clinical trials, whereas
clinical protocols that incorporate prolonged and ambient
exposure to an allergen more accurately reflect real-world
experience. Field trials of drugs during allergy season have
been performed,'* but uncontrolled exposure to allergens in
these trials limits interpretation of the data.

To simulate real-world allergen exposure in a controlled
environment, the prophylactic and treatment activity of
reproxalap were tested for 3.5 hours in an allergen chamber:

an enclosed room with ambient exposure to regulated levels

of aerosolized pollen, which has been used previously to
assess drug activity in allergic conjunctivitis patients.'’
Responder-based analyses were used to confirm the clinical
relevance of the findings.

Methods
Trial Design

Patients with seasonal allergic conjunctivitis were enrolled in
a single-center, three-way crossover, placebo-controlled, ran-
double-masked phase 2 trial
(ClinicalTrials.gov: ~ NCT03709121) that began on
September 9, 2018 and concluded on December 20, 2018.
The trial was designed to evaluate the activity and clinical
utility of two concentrations (0.25% and 0.5%) of topical
ocular reproxalap relative to vehicle during exposure to ambi-

domized sequence,

ent aerosolized ragweed pollen in an allergen chamber for 3.5
hours, which approximates the average maximum duration of
allergens that patients are generally willing to withstand. As

described previously,'¢ '8

the allergen chamber consisted of
an enclosed room into which commercially obtained air-dried,
nondefatted short ragweed pollen (Ambrosia artemesiifolia;
Greer Laboratories, Lenoir, NC, USA) was introduced to
HEPA-filtered fresh air and maintained at 3500 £ 500 grains/
m® with rigorous temperature and humidity controls. Forced
visual tasking was implemented to maintain largely uninter-
rupted exposure of allergen to the ocular surface. Up to 20
patients were tested in the chamber simultaneously, with no
more than 3 technicians present at any one time.

The trial consisted of five visits: a medical screening
visit that included ragweed pollen skin testing; an aller-
gen chamber exposure qualification visit to elicit con-
junctival redness and itching; and three treatment visits
during which patients were treated topically with one
drop of test article in each eye approximately 1 minute
prior to chamber entry and again 90 minutes after cham-
ber entry, when peak symptoms are typically apparent.
The second dose was designed to recapitulate a typical
patient-driven scenario during prolonged symptomatic
antigen exposure. All allergen chamber visits were sepa-
rated by 2 weeks = 3 days. Patients were randomly
assigned 1:1:1 to one of three sequences for the test
article visits: 0.25% reproxalap, 0.5% reproxalap, and
placebo (sequence A); 0.5% reproxalap, placebo, and
0.25% reproxalap (sequence B); or placebo, 0.25%
reproxalap, and 0.5% reproxalap (sequence C). Patients,
investigators, and the sponsor were masked to treatment
assignment throughout the trial.
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Patient Selection

Adult patients aged >18 years with >2 years of moderate
to severe allergic conjunctivitis history, a positive skin test
(=3 mm) to ragweed pollen, and allergen chamber-induced
ocular itching and redness scores of >2.5 and >2 (both
scales range from 0 to 4), respectively, were eligible.
Patients were excluded for any clinically significant slit-
lamp findings or a history of inflammatory or infectious
diseases that may have interfered with the conduct of the
trial. Other exclusions included the use of antihistamines
within 7 days prior to screening and the use of corticoster-
oid or immunotherapeutic agents within 14 days prior to
screening. Patients were excluded or deferred to a later
visit if ocular itching and redness scores were >0.5 or >1,
respectively, in either eye before any allergen chamber
visit. Subjects with moderate or severe asthma were
excluded.

Study Assessments and Endpoints
Patient-reported ocular itching and tearing scores were
recorded by patients using an electronic tablet at approxi-
mately 2, 7, 12, 17, 22, 32, 42, 52, 72, 92, 97, 102, 107,
112, 122, 132, 142, 152, 172, 192, and 212 minutes after
chamber entry on a scale ranging from 0 (no itching) to 4
(severe), allowing half-unit increments, for itching and
from 0 (no tearing) to 3 (severe) for tearing.'” Trained
technicians visually assessed conjunctival redness without
a slit lamp using a lit magnifier, based on a validated
descriptive and photographic redness scale from 0
(none) — 4 (extremely severe) with 0.5 increments,'® for
each eye on a similar schedule offset by at least 3 minutes.
Similar assessments of ocular itching, tearing, and redness
were performed at approximately 2, 7, 12, 17, 22, 32, 42,
and 62 minutes after chamber exit. Safety assessments
included visual acuity, slit-lamp biomicroscopy, undilated
fundoscopy, intraocular pressure, and adverse events
(AEs). Patients were monitored for symptoms and signs
of asthma or other conditions that may have affected study
results or conduct.

Statistical Analysis

A sample size of 60 completed patients was expected to
detect a 0.5-unit treatment difference from placebo in
ocular itching, with an estimated standard deviation of
1.35 units and a power of 80%. Given that reproxalap
had not been previously tested in an allergen chamber,
no primary or secondary endpoints were designated.

Mixed effect models for repeated measures (MMRM)
were used to assess changes from baseline in ocular itch-
ing and tearing scores over all time points in aggregate,
with sequence, visit, treatment group, time after chamber
entry, and the interaction of treatment group and time as
factors. Baseline was defined as the average of scores just
prior to chamber entry. A similar MMRM analysis was
used to assess conjunctival redness score averaged across
both eyes. Time to ocular itching and redness scores of >2
in the allergen chamber was evaluated using the Kaplan—
Meier method and log-rank comparisons. Safety assess-
ments were evaluated using summary statistics.

Results

Patient Disposition and Characteristics
Patient disposition is diagrammed in Figure 1. A total of
423 patients with allergic conjunctivitis were screened,
and 70 were randomized and treated between October 2,
2018, and April 9, 2019, at a single Canadian site. Most
screen failures were due to screening allergen chamber
itching and redness requirements. There were four discon-
tinuations: two patients were discontinued due to schedul-
ing conflicts (one each in sequences A [after the second
visit] and C [after the first visit]), and two patients volun-
tarily withdrew from the trial (after the first visit of
sequence B). Sixty-six patients (22 per sequence) com-
pleted all treatment periods. Baseline demographic char-
acteristics were generally comparable across sequence
groups (Table 1). Whereas all subjects were positive by
skin prick test to ragweed, the percentages of subjects with
allergy to dust mites (26%), cat (47%), dog (7%), tree
pollen (54%), fungus (16%), and grass (27%) were
lower. Only one enrolled subject reported active asthma,
classified as mild, at screening.

Efficacy

Prophylactic (pre-chamber) treatment with single doses of
reproxalap diminished the rate of development of patient-
reported ocular itching (Figure 2) and tearing (Figure 3),
as well as investigator-assessed conjunctival redness
scores (Figure 4), across most time points. In addition,
treatment with reproxalap near peak symptomatology led
to reductions in symptom scores and conjunctival redness
that were maintained through the end of the chamber.
Acute and transient increases in tearing were observed
with the administration of 0.25% reproxalap and 0.5%
reproxalap, and an acute and transient increase in redness
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Patients Screened Screen Failures

N=423 n=353
[ Inclusion Criteria (n=207)
‘ Exclusion Criteria (n=144)

Patients Withdrew Consent (n=1)

Randomized Lost to Follow-Up (n=1)
n=70
Sequence A Sequence B Sequence C
n=23 n=24 n=23
Completed Completed Completed
n=22 n=22 n=22

Discontinued
n=1
(Scheduling)

n=2

Discontinued

(Voluntary)

Discontinued
n=1
(Scheduling)

Figure | Patient disposition. Sequence A = 0.25% reproxalap, 0.5% reproxalap, and vehicle; sequence B = 0.5% reproxalap, vehicle, and 0.25% reproxalap; sequence C =

vehicle, 0.25% reproxalap, and 0.5% reproxalap.

was observed with the administration of 0.5% reproxalap.
Symptom scores and conjunctival redness diminished in
all groups following chamber exit, although scores in the
reproxalap groups remained below those of the vehicle
group 1 hour after exit, the last time point assessed in
the trial. The differences between both reproxalap concen-
trations and vehicle over all time points assessed were
statistically significant for symptoms and conjunctival red-
ness (P<0.0001 for all comparisons). Although a modest
dose response was evident for symptom scores, post hoc
testing indicated that there were no statistical differences
between reproxalap groups, and therefore the lowest effec-
tive dose was deemed to be 0.25% reproxalap.

For 0.25% reproxalap, the clinical relevance of the
symptom score and conjunctival redness findings was con-
firmed with responder analyses of time to >2-point increases
(50% of the scale range) for ocular itching (Figure 5) and
conjunctival redness (Figure 6) scores in the allergen cham-
ber. Time to worsening of itching and redness was slower,
and the percentage of patients with scores of >2 was lower
(hazard ratios [95% confidence interval] of 0.67 [1.0, 2.2]
and 0.51 [1.0, 3.7] for itching and redness, respectively) in
patients treated with 0.25% reproxalap than in patients trea-
ted with vehicle (P<0.05 for both assessments).

Safety and Tolerability

Both concentrations of reproxalap were deemed to be safe
and well tolerated. Treatment-emergent AEs related to test
article were observed in 47 patients (70%) following expo-
sure to 0.25% reproxalap, 54 patients (78%) following
exposure to 0.5% reproxalap, and six patients (9%) follow-
ing exposure to vehicle. Treatment-emergent AEs most
commonly consisted of transient irritation upon instilla-
tion. No patient experienced a serious AE and no patient
was withdrawn from the trial due to an AE. Best-corrected
visual acuity, slit-lamp biomicroscopy, dilated fundoscopy,
and intraocular pressure assessments did not reveal any
clinically significant findings.

Discussion

The allergen chamber combines the controlled allergen
levels of conjunctival challenge with the real-world con-
tinuous airborne exposure of field trials, and thus repre-
sents a compelling modality for assessment of the
prophylactic and treatment drug activity in patients with
allergic conjunctivitis. Relative to vehicle, reproxalap
reduced the rate of development of patient-reported ocular
itching and tearing and investigator-assessed conjunctival
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Table | Baseline Demographic Characteristics

Parameter Category ITT/Safety/Randomized Population Per Protocol Population
N =70 N =66
n (%) n (%)
Sex Male 28 (40.0) 27 (40.9)
Female 42 (60.0) 39 (59.1)
Age, years N 70 66
Mean £ SD 46.9 £ 10.07 46.9 £ 9.55
Median 47.5 47.5
Range 27-68 27-68
Racial designation White 45 (64.3) 42 (63.6)
American Indian or Alaska 0 0
Native
Black or African American 14 (20.0) 13 (19.7)
Native Hawaiian/other Pacific 0 0
Islander
Asian 9 (12.9) 9 (13.6)
Other 2 (2.9) 2 (3.0
Ethnicity Hispanic or Latino 9 (12.9) 9 (13.6)
Not Hispanic or Latino 61 (87.1) 57 (86.4)
Not reported 0 0
Unknown 0 0

Note: Age derived using the following formula: (date of informed consent signed — date of birth)/365.25.
Abbreviations: ITT, intent-to-treat; N, number of randomized patients in the population; n, number of patients with data; SD, standard deviation.

redness in an allergen chamber. Similarly, administration
of reproxalap near peak symptomatology led to improve-
ments in signs and symptoms greater than that observed
with vehicle. The prophylactic and treatment activity of
reproxalap were evident within minutes of administration,
and reproxalap was generally superior to vehicle through-
out the duration of the chamber exposure period and over
all time points assessed after chamber exit (Figures 2—4).
These results imply that reproxalap is active before, dur-
ing, and after allergen exposure, potentially addressing
real-world clinical challenges faced by patients with aller-
gic conjunctivitis.

The acute but self-limiting increases in symptom
scores and redness observed following the mid-chamber
administration, particularly evident with 0.5% reproxalap,
were likely due to instillation site discomfort, which
resolves rapidly, as was evident by improvements in symp-
tom scores and redness at adjacent time points. For 0.25%

reproxalap, redness and symptom score increases above
the vehicle were minimal at the initial instillation, indicat-
ing acute tolerability, and that irritated conjunctival tissues
at 90-minutes post-entry may have accentuated any tran-
sient instillation response. Instillation site discomfort is
common among topical ocular medications and may lead
to discontinuation of drugs that, in contrast to reproxalap,
require weeks or months to demonstrate activity.
Treatment discontinuation is particularly apparent with
regard to the current topical therapies available for dry

eye disease,”"*?

a condition that likely shares approxi-
mately 50% overlap with allergic conjunctivitis.’
According to US Food and Drug Administration and

European Medicines Agency guidelines,*?

responder
analyses are a critical approach to assess clinical utility.
Responder analyses of the lowest effective reproxalap
concentration (0.25%) confirmed the clinical relevance

of the improvement of ocular itching and conjunctival
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e 0.25% Reproxalap (P <.0001)
e 0.5% Reproxalap (P < .0001)

Mean Ocular Itching Score (0-4)
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TO 50 100 150 200 250 300
Minutes After Chamber Entry
First Dose
(1 Minute Prior to
Chamber Entry)

Figure 2 Patient-reported ocular itching score. P values derived from mixed effect
models for repeated measures analysis of change from baseline (just prior to
chamber entry) over all time points in aggregate.

Second Dose

l Chamber Exit

!

N
|

5}
1

o
wn
1

Vehicle
» 0.25% Reproxalap (P <.0001)
e 0.5% Reproxalap (P < .0001)

Mean Ocular Tearing Score (0-3)
1

o
L

T T T T T T 1
T 0 50 100 150 200 250 300

First Dose Minutes After Chamber Entry

(1 Minute Prior to
Chamber Entry)

Figure 3 Patient-reported ocular tearing score. P values derived from mixed effect
models for repeated measures analysis of change from baseline (just prior to
chamber entry) over all time points in aggregate.

redness over that of vehicle (Figures 5 and 6). A 2-point
escalation in itching and redness scores, equivalent to
50% of the scale range in each case, exceeds the absolute
percentage of scale changes (ranging from 8% to 40%)
that typically represent clinically important changes in
patients with acute discomfort*® and thus delineate con-
servative thresholds for clinical relevance. Consistent
with the time required to exacerbate itching and redness
in the allergen chamber, and similar to the itching and
redness scores in Figures 2 and 4, responder curves begin
to separate as scores approach peak levels, an effect that
is maintained or increased following the second dose of
test article. Future work is needed to empirically derive

Second Dose Chamber Exit

| |

S 144
e
I
8 1.2
(%]
@
v
5 1.0
13
[+4
©
Z 0.8
o
(=4
2
=
S 067 Vehicle
c » 0.25% Reproxalap (P <.0001)
é 0 j e 0.5% Reproxalap (P < .0001)
r T T T T T 1
TO 50 100 150 200 250 300
First Dose Minutes After Chamber Entry

(1 Minute Prior to
Chamber Entry)

Figure 4 Investigator-assessed conjunctival redness score. P values derived from
mixed effect models for repeated measures analysis of change from baseline (just
prior to chamber entry) over all time points in aggregate.

P =.045

0.8 + 80%

Vehicle 65%

0.6

0.4

0.2 _]

0.0 -

0.25% Reproxalap

Proportion Ocular Itching Score of >2

T T T T T 1
0 50 100 150 200 250

Minutes in Allergen Chamber

Figure 5 Time to patient-reported ocular itching score of 22 for 0.25% reproxalap
versus vehicle. P value derived from log-rank analysis.

meaningful within-patient changes that can be used to
assess the clinical relevance of allergic conjunctivitis
symptom and sign improvement in subsequent clinical

trials.

Conclusions

The present results are among the first data from
a controlled trial of a novel drug in an allergen chamber
and indicate the prophylactic and treatment activity of
reproxalap ophthalmic solution. Larger allergen chamber
trials of 0.25% reproxalap, the lowest effective dose in the
present trial, are warranted to confirm the onset and dura-
tion of improvement in the symptoms and signs of allergic
conjunctivitis following treatment.
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Figure 6 Time to investigator-assessed conjunctival redness score of 22 for 0.25%
reproxalap versus vehicle. P value derived from log-rank analysis.
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