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ABSTRACT

Introduction: This study sought to compare
the efficacy of OC-01 (varenicline solution)
nasal spray for treatment of dry eye disease
(DED) in postmenopausal women (PM?) ver-
sus women who were not postmenopausal
(PM-).
Methods: This was a post hoc subgroup analysis
of data integrated from two prior randomized
controlled clinical trials, ONSET-1 and ONSET-
2. Women randomized to treatment with OC-
01 (varenicline solution) nasal spray 0.03 mg or
vehicle control (VC) whose self-reported
menopausal status (PM? versus PM-) was
known were included. Outcomes included the
treatment difference (the OC-01 [varenicline
solution] nasal spray change from baseline

[CFB] minus VC CFB) in Schirmer test score
(STS, mm) with anesthesia and the eye dryness
score (EDS) measured on a 100-mm visual ana-
log scale (0 = no discomfort, 100 = maximal
discomfort). Least-squares mean treatment dif-
ferences were derived from analysis of covari-
ance (ANCOVA) models.
Results: Overall, 449 female participants in
the ONSET-1 and ONSET-2 trials randomized
to the OC-01 (varenicline solution) nasal spray
0.03 mg or VC groups were included in this
analysis. The treatment–menopausal status
interaction terms in the STS and EDS
ANCOVA and logistic regression models were
not statistically significant (p[0.05), indicat-
ing consistency of treatment effect between
the PM- and PM? groups. The treatment
difference in STS was similar in the PM- and
PM? groups (6.7 and 5.5 mm, respectively).
The treatment difference in EDS was similar in
the PM- and PM? groups (- 5.5 and - 4.1,
respectively).
Conclusions: OC-01 (varenicline solution)
nasal spray demonstrated similar efficacy in
promoting natural tear production and
improving symptoms in both PM- and PM?

groups. As menopausal-related hormonal
changes may be associated with more severe
DED, these results may support OC-01 (vareni-
cline solution) nasal spray as an effective treat-
ment for DED in women regardless of
presenting menopausal status.
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Trial Registration: Post hoc subgroup analysis
of data integrated from ONSET-1 (ClinicalTri-
als.gov identifier NCT03636061) and ONSET-2
(ClinicalTrials.gov identifier NCT04036292).
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parasympathetic pathway; Tyrvaya

Key Summary Points

Why carry out this study?

Women are disproportionately impacted
by dry eye disease, and this is known to be
further exacerbated by menopause. There
is an unmet need for effective dry eye
disease treatments in the postmenopausal
population.

OC-01 (varenicline solution) nasal spray is
a potent partial agonist of nicotinic
acetylcholine receptors, which is believed
to activate the trigeminal-
parasympathetic pathway, promoting
endogenous production of the tear film.

Because postmenopausal women have
potentially diminished tear film
production, this study was conducted to
assess the treatment effect of OC-01
(varenicline solution) nasal spray in
postmenopausal women versus women
who were not yet postmenopausal.

What was learned from this study?

In this post hoc analysis of 449 female
participants, the treatment effect for OC-
01 (varenicline solution) as compared to
vehicle control was not statistically
significantly different (p[0.05),
demonstrating similar efficacy in both the
postmenopausal and the non-
postmenopausal subgroups.

These data suggest that OC-01 (varenicline
solution) nasal spray is effective for the
treatment of dry eye disease in women
regardless of presenting menopausal
status.

INTRODUCTION

Dry eye disease (DED) is a common ocular dis-
order characterized by an unstable and/or defi-
cient tear film resulting in symptoms ranging
from mild discomfort to vision loss [1]. DED is
highly prevalent, with estimates ranging from
5% to 50% in various studies [2]. Risk factors
include female sex, advancing age, and envi-
ronmental influences [2–4]. Women are
impacted by DED at a disproportionate rate, are
diagnosed at an earlier age, and generally suffer
more pronounced symptoms as compared with
men [5]. Additionally, DED is known to be
associated with both menopause and pregnancy
[6], suggesting that changes in hormone levels
may result in disruption of ocular surface
homeostasis.

Hormonal imbalance has been recognized as
one of the factors associated with the develop-
ment of DED [7]. It is well established that sex
hormones—primarily including estrogens,
androgens, and progestogens—exert an influ-
ence on the lacrimal and meibomian glands,
both key elements of the lacrimal functional
unit (LFU) [8–11]. Androgens in particular seem
to be responsible for much of the sex-related
disease susceptibility of the LFU [10]. Changes
in the balance of estrogens and androgens that
occur in the menopausal and postmenopausal
age group may impact production of all com-
ponents of the tear film including aqueous and
mucins from the lacrimal gland, lipids from the
meibomian glands, and mucins from the con-
junctival goblet cells [12–15]. Some preclinical
data suggest androgen, estrogen, and/or pro-
gesterone mRNAs have been detected in the
LFU tissues [16]. Diminished androgen levels
have been associated with lacrimal gland dys-
regulation resulting in aqueous tear deficiency
[17, 18], and women are prone to such dimin-
ished levels during menopause [19]. In a similar
capacity, the acinar epithelial cells within mei-
bomian glands contain receptors that are regu-
lated by androgens [20]. Reduced levels of 5a-
dihydrotestosterone, a potent androgen, may
lead to attenuated glandular activity, size, and
lipid release [20]; this may serve to further
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destabilize the tear film, giving rise to evapora-
tive dry eye disease.

The impact of menopause on DED is also
evident clinically. In a recent observational
study of nearly 2000 peri- or postmenopausal
women aged 45–79 years, the prevalence of
DED as measured by the Ocular Surface Disease
Index� [OSDI�] was 79%, of whom 38% had
severe DED; additionally, postmenopausal
women had poorer vision-related quality of life
compared to perimenopausal women [21]. In
contrast, only 5.7% of women under the age of
50 were found to have DED in the Women’s
Health Study [4].

OC-01 (varenicline solution) nasal spray
0.03 mg (TYRVAYA�; Oyster Point Pharma�) is
a new treatment for DED. Approved by the US
Food and Drug Administration (FDA) in 2021
[22], OC-01 (varenicline solution) nasal spray is
a potent partial agonist of nicotinic acetyl-
choline receptors (nAChRs) [23] along the
trigeminal nerve branches in the nasal mucosa
[24, 25]. Application of OC-01 (varenicline
solution) nasal spray activates the trigeminal-
parasympathetic pathway by binding to
nAChRs of the anterior ethmoid nerve in the
nasal mucosa which in turn promotes endoge-
nous production of the essential layers of the
precorneal tear film: aqueous and mucins from
the lacrimal gland, lipids from the meibomian
glands, and mucins from conjunctival goblet
cells [26–30]. Randomized, vehicle-controlled
clinical trials demonstrated the efficacy and
safety of OC-01 (varenicline solution) nasal
spray for the treatment of DED [26–28]. Because
postmenopausal women are known to have
more severe DED and potentially diminished
endogenous production of the essential layers
of the tear film, it is important to assess the
efficacy of OC-01 (varenicline solution) nasal
spray treatment in women on the basis of
menopausal status. In this post hoc analysis of
pooled data from the phase 2b ONSET-1 trial
[27] and phase 3 ONSET-2 trial [26], we compare
the treatment effect of OC-01 (varenicline
solution) nasal spray to vehicle control in the
subgroup of postmenopausal women (PM?)
versus women who were not yet post-
menopausal (PM-).

METHODS

This was a post hoc subgroup analysis of the
integrated data from the phase 2b ONSET-1 trial
and the phase 3 ONSET-2 trial characterizing
the efficacy and safety of OC-01 (varenicline
solution) nasal spray versus vehicle control on
the signs and symptoms of DED, both of which
have been reported previously [26, 27]. For both
trials, institutional review board (Alpha IRB, San
Clemente, CA) approval was obtained and the
study was conducted in compliance with the
ethical principles of the Helsinki Declaration of
1964 and International Council for Harmoni-
sation Good Clinical Practice. All patients pro-
vided written informed consent before
participation. Both trials randomized patients
with DED (key eligibility criteria included
Schirmer test score [STS] B 10 mm and OSDI�
score C 23) to receive OC-01 (varenicline solu-
tion) nasal spray in various concentrations or
vehicle control in each nostril twice daily. Also,
subjects in both studies were permitted to use
artificial tears as desired in conjunction with the
prescribed treatment, in order to simulate real-
world conditions. Key endpoints included mean
changes from baseline in STS and eye dryness
score (EDS) as well as the percentage of eyes
achieving a C 10 mm improvement from base-
line in STS, all assessed at week 4. In both trials,
STS was performed with anesthesia in standard
fashion and assessed after 5 min. The EDS was
obtained by asking participants to rate their eye
dryness symptoms on a 100-mm visual analog
scale (0 = no discomfort, 100 = maximal
discomfort).

The purpose of this analysis was to compare
key outcomes in female participants of the
ONSET-1 and ONSET-2 trials as defined by
baseline menopausal status. The data set for this
analysis consisted of female subjects random-
ized to receive OC-01 (varenicline solution)
nasal spray 0.03 mg (the FDA approved dose) or
vehicle control from the two pivotal ONSET
trials. After exclusion of self-reported surgically
sterile women (to eliminate potential con-
founding effects of concurrent oophorectomy),
women who self-reported being not of child-
bearing potential because of menopause were
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included in the PM?, and all other women were
included in the PM- group. Data from both
trials were integrated.

This analysis follows the recommended
methodology for the reporting of subgroup
analyses in clinical trials, namely that treat-
ment–vehicle control p values were not calcu-
lated as subgroups and were not prespecified
[31]. Results are reported as 95% confidence
intervals. The consistency of treatment effect
was explored for three outcomes from the pri-
mary and secondary measures in the ONSET-1
and ONSET-2 pivotal studies from baseline to
week 4: (1) mean change in STS (primary out-
come measure in ONSET-1); (2) proportion of
patients achieving C 10 mm on STS (primary
outcome measure in ONSET-2), and; (3) mean
change in EDS. STS data were analyzed from one
eye per participant; the study eye was the
qualifying eye or, if both qualified, the eye with
worse DED at baseline. EDS was a patient-re-
ported outcome. For each of these three out-
comes, the consistency of treatment effect, or
no interaction, was explored across subgroups
using interaction terms in models employing
the full data sets. The term ‘‘no interaction’’ is
defined as follows: no statistically significant
(p[ 0.05) difference in the treatment effect, i.e.,
OC-01 (varenicline solution) nasal spray
0.03 mg treatment outcome minus vehicle
control outcome, between the PM? and the
PM- subgroups. Exploratory post hoc evaluated
subgroups are not powered for statistical sig-
nificance testing; therefore, differences in
treatment effects on tests for interaction will be
presented.

Least-squares (LS) mean changes from base-
line in STS and EDS were analyzed with analysis
of covariance (ANCOVA) models that included
baseline STS, EDS, inferior corneal fluorescein
staining (ICFS), age, and race as covariates. The
odds of achieving a C 10 mm improvement in
STS was assessed using logistic regression mod-
eling with the same covariates. Treatment–sub-
group interaction terms were included in
models to test treatment effect consistency. The
level of significance for interaction was
p[0.05. Separately in PM- and PM? groups,
LS mean treatment–vehicle control differences
in STS and EDS were estimated, as were odds

ratios for C 10 mm STS improvement, and 95%
confidence intervals (95% CI) constructed
around these point estimates. In order to eval-
uate the influence of hormone replacement
therapy (HRT) on outcomes, sensitivity analyses
were conducted using the same models with the
addition of HRT as a covariate. The small sam-
ple size of HRT users precluded any meaningful
analysis of HRT effects.

RESULTS

Overall, 449 female participants in the ONSET-1
and ONSET-2 trials randomized to treatment
with OC-01 (varenicline solution) nasal spray
0.03 mg or vehicle control were included in this
analysis: 242 (53.9%) in the PM? group and
207 (46.1%) in the PM- group. Demographic
and baseline DED severity data are provided in
Table 1 for each group. Women in the PM-

group were younger than women in the
PM? group, and had higher mean baseline STS.
No other notable differences between the
groups were observed.

The treatment–menopausal status interac-
tion term in the STS ANCOVA model was not
statistically significant (p[0.05), indicating
consistency of the OC-01 (varenicline solution)
nasal spray treatment effect [OC-01 (varenicline
solution) - vehicle control] was demonstrated
between the PM? and PM- subgroups. As this
was a post hoc subgroup analysis, statistical
significance (i.e., p values) will not be reported;
instead treatment effects on tests for interaction
will be presented along with effect estimates
(95% confidence intervals). Mean STS at base-
line, mean change from baseline (CFB), and the
LS mean treatment–vehicle control difference
in CFB are provided for both groups by treat-
ment in Table 2.

The proportion of subjects achieving STS
improvements of C 10 mm from baseline to
week 4 is shown in Fig. 1. In the PM? group,
this outcome was achieved by 46.2% of OC-01
(varenicline solution) nasal spray-treated
women and 24.6% of vehicle control-treated
women; in the PM- group, corresponding rates
were 58.0% and 30.4%, respectively. The odds
(odds ratio [95% confidence interval]) of
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Table 1 Subject demographics and baseline ocular characteristics by group

Postmenopausal (PM1)
(n = 242)

Not postmenopausal (PM2)
(n = 207)

Age (years), mean (SD) 63.7 (8.7) 55.5 (14.6)

Ethnicity, n (%)

White 213 (88.0) 176 (85.0)

Nonwhite 29 (12.0) 31 (15.0)

STS (mm), mean (SD) 4.6 (2.9) 5.2 (2.9)

EDS, mean (SD) 60.3 (21.1) 58.9 (21.9)

ICFS, mean (SD) 1.7 (0.7) 1.8 (0.6)

Treatment assignment, n (%)

OC-01 (varenicline solution) nasal spray

0.03 mg

120 (49.6) 102 (49.3)

Vehicle control 122 (50.4) 105 (50.7)

Table 2 STS and EDS outcomes at week 4 by treatment in the PM? and PM- subgroups

Postmenopausal (PM1) (n = 242) Not postmenopausal (PM2) (n = 207)

Baseline CFB Treatment–vehicle
control differencea

in CFB, LSM (95% CI)

Baseline CFB Treatment–vehicle
control differencea

in CFB, LSM (95% CI)

STS (mm), mean (SD)

OC-01 4.5 (2.9) 10.6 (9.8) 5.5 (3.3, 7.7) 5.1 (2.7) 13.7 (10.2) 6.7 (4.1, 9.3)

Vehicle 4.6 (2.9) 5.5 (6.9) 5.2 (3.0) 7.2 (8.3)

EDS, mean (SD)

OC-01 61.8 (20.6) - 21.0 (29.1) - 4.1 (- 10.6, 2.5) 57.7 (22.4) - 18.6 (29.5) - 5.5 (- 12.3, 1.3)

Vehicle 58.8 (21.7) - 14.7 (28.3) 60.0 (21.5) - 13.5 (25.1)

CFB change from baseline, CI confidence interval, EDS eye dryness score, ICFS inferior corneal fluorescein staining score,
LSM least-squares mean, STS Schirmer test score
aTreatment–vehicle control difference from ANCOVA models; all treatment–subgroup interaction terms in ANCOVA
models were insignificant (p[ 0.05)
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achieving a C 10 mm improvement in STS with
OC-01 (varenicline solution) nasal spray versus
vehicle control treatment were 3.3 (1.8, 5.9) in
the PM? group and 3.5 (1.9, 6.4) in the PM-

group.
In the EDS analysis, the treat-

ment–menopausal status interaction term in the
ANCOVA model was not statistically significant
(p[ 0.05), indicating no difference in treatment
effect between the PM? and PM- groups. Mean
EDS at baseline, mean CFB, and the LS mean
treatment difference (OC-01 [varenicline solu-
tion] nasal spray minus vehicle control) in CFB
are provided for both groups by treatment in
Table 2. TheCFB treatment difference in EDSwas
similar in the PM? and PM- groups (- 5.5 and
- 4.1, respectively). Nineteen PM? women and
10 PM-women reported HRT use, but inclusion
of HRT as a covariate in models for EDS and STS
did not alter any findings (data not shown).

DISCUSSION

As has been well established, the most signifi-
cant risk factors for DED are age and being of
female sex. Though women have a greater
prevalence of DED than men in the literature,
differences become significant only with age,
which is known to induce profound systemic
changes as well as impact to the LFU. The
lacrimal gland itself is affected by aging, with
tear abnormalities increasing from the fourth to
eighth decade of life and having a greater
prevalence in women than in men during this
time [2–4, 32–35]. Among women, menopause
is an additional risk factor for more severe DED,
as alterations in serum levels of hormones are
thought to play an etiological role in DED in
this population [12, 36, 37]. The effect of HRT
on DED symptoms in postmenopausal women
has not been consistent among various studies
and meta-analyses [14, 38, 39].

It has been postulated that an estrogen
imbalance contributes to the dry eye disease
etiology, and histological evidence supports
that estrogen receptors are observed within
glandular tissues of human lacrimal and mei-
bomian glands, as well as the cornea and the
conjunctiva [40–42]. However, recent phase 2
evidence with a topical estradiol ophthalmic
formulation in postmenopausal women with
moderate-to-severe dry eye disease did not meet
its primary endpoint of improving Schirmer’s II
test score (with anesthesia) at day 90 compared
to placebo [43]. Additionally, a recent system-
atic review of HRT use in postmenopausal
women with dry eye disease did not demon-
strate significance in tear breakup time out-
comes at 3 and 6 months [39]. These together
may indicate that an optimal hormonal balance
of estrogen and androgen following either
topical ophthalmic estrogen therapy or sys-
temic hormonal therapy provides no clear
benefit in achieving improvements for unsta-
ble or deficient tear film in DED. Additional
research employing randomized controlled tri-
als is needed to elucidate any benefit with HRT
in the management of dry eye disease. There-
fore, an unmet need remains in treating
patients with worsened dry eye disease as

Fig. 1 Proportion of PM- and PM? eyes in each
treatment group that achieved C 10 mm improvement
in STS at week 4. Intent to treat population. Odds
of C 10 mm increase change from baseline Schirmer’s test
score from logistic regression model. Data presented with
imputation using last observation carried forward (LOCF)
for missing assessments. All comparisons made to vehicle
control groups within subgroups. Post hoc analysis. Odds
of achieving C 10 mm increase in Schirmer’s test score
(treatment–vehicle control difference) in non-menopausal
cohort (PM-) 3.45 (95% CI 1.90, 6.40), and in
menopausal cohort (PM?) 3.25 (95% CI 1.83, 5.90). All
treatment–subgroup interaction terms in ANCOVA
models were insignificant (p[ 0.05)
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related to menopausal status. Therapies that
demonstrate consistency in improvement in
the clinical signs and symptoms of dry eye dis-
ease regardless of menopausal status are needed.

This post hoc analysis of integrated data
from the phase 2b ONSET-1 and phase 3
ONSET-2 trials indicates OC-01 (varenicline
solution) nasal spray was equally effective in
women with DED who were and were not
postmenopausal at the time of study participa-
tion. Considering age, sex, and menopause sta-
tus as risk factors for DED as previously
established, it is important to note that the
post hoc analysis subject population included
approximately 80% female enrolled subjects
with a mean age of 60 years. Baseline charac-
teristics were similar between the two groups,
with the exceptions of age and baseline STS. Age
difference was expected given that onset of
menopause is highly correlated with age. A
difference in baseline STS (indicating less severe
disease in the PM- group) may suggest that
these women had less to gain from therapy,
although this was not observed in this analysis.
Outcomes of this post hoc analysis suggest
improvements were demonstrated in women
regardless of menopausal status and are similar
to outcomes reported in the pivotal phase 2b
ONSET-1 and phase 3 ONSET-2 trials [26, 27].
Although postmenopausal women generally
exhibit more severe DED compared to their
premenopausal counterparts at clinical presen-
tation, these findings may support the benefits
of OC-01 (varenicline solution) nasal spray use
for women across the spectrum of menopausal
status.

This post hoc subgroup analysis is subject to
inherent limitations and did not account for all
possible comorbidities that could impact dry
eye disease (i.e., autoimmune diseases). The
analyses inform on tear production (STS with
anesthesia) and symptom efficacy measure
outcomes (EDS) that were assessed as primary
and secondary endpoints in the pivotal studies.
As a result of the confounding factors of
numerous efficacy measurements at the same
visit, the studies were not designed to inform on
other parameters (i.e., tear breakup time, tear
meniscus height). The analysis is strengthened
by utilizing a large, robust data set collected in

two controlled, prospective, randomized trials.
Baseline imbalances in both age and STS
between the PM? and PM- groups were
expected and observed, but inclusion of these
variables in the ANCOVA and logistic regression
models controlled for these inequalities. The
impact of such baseline imbalances is likely not
clinically significant given the similarity of
treatment effect in both groups. The small
number of HRT users precluded evaluation of
effect modification by HRT use in this patient
population.

CONCLUSION

OC-01 (varenicline solution) nasal spray
demonstrated similar efficacy as assessed by the
dry eye disease sign and symptom measures in
the overall pivotal trial study design, illustrating
an increase in natural tear film production (STS
with anesthesia) and improvement in symp-
toms (EDS) in both postmenopausal women
and women who were not postmenopausal. As
menopause-related hormonal changes may be
associated with more severe DED, these data
suggest OC-01 (varenicline solution) nasal spray
is effective for the treatment of DED in women
regardless of presenting menopausal status.
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