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Summary
Background Dry eye disease has a high prevalence and exerts a significant negative effect on quality of life. In China,
there are currently no available nasal sprays to promote natural tear production in patients with dry eye disease. We
therefore evaluated the efficacy and safety of OC-01 (varenicline solution) nasal spray versus vehicle in Chinese
patients with dry eye disease.

Methods This was a randomized, multicenter, double-masked, vehicle-controlled, phase 3 clinical trial conducted at
ophthalmology departments in 20 hospitals across China (NCT05378945). Eligible patients had a diagnosis of dry eye
disease based on patient symptoms, Eye Dryness Score (EDS), Schirmer’s Test (with topical anesthesia) Score (STS),
and corneal fluorescein staining (CFS) score. Participants were randomly assigned 1:1 using an Interactive Web
Response System (IWRS) to receive OC-01 0.6 mg/mL twice daily (BID) or vehicle nasal spray. Participants,
investigators, and sponsor were all masked to treatment assignment. The primary endpoint was the percentage of
subjects in the intention-to-treat population achieving ≥10 mm improvement in STS from baseline at week 4.

Findings In total, 340 patients were randomized from 21 July 2022 to 04 April 2023, 78.8% were female. Patients in
the OC-01 group (n = 176) had significantly higher achievement of ≥10 mm improvement in STS (35.8% [n = 63]
versus 17.7% [n = 29], stratified odds ratio: 2.67, 95% CI: 1.570–4.533, p = 0.0002) and a significantly greater
increase from baseline STS (least-squares mean difference [SE]: 3.87 [0.794], p < 0.0001) at week 4 versus the
vehicle group (n = 164). In addition, OC-01 led to a numerically greater reduction in mean EDS from baseline at
week 4 compared to the vehicle group (LS mean [SE] difference: −1.3 [2.20]; 95% CI: −5.64 to 2.99, p = 0.5467).
The most common adverse event was mild, transient sneezing (78% of OC-01 administrations). No serious
adverse events related to nasal administration occurred.
*Corresponding author. Beijing Institute of Ophthalmology, Beijing Tongren Eye Center, Beijing Tongren Hospital, Capital Medical University and
Beijing Ophthalmology & Visual Sciences Key Laboratory, No. 1 Dongjiaominxiang St, Beijing, 100730, China.
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Interpretation OC-01 (varenicline solution) nasal spray BID has clinically meaningful efficacy for reducing the signs
(as measured by STS) and may improve the symptoms (as measured by EDS) of dry eye disease, with an excellent
safety and tolerability profile, in the Chinese population.

Funding Jixing Pharmaceutical Co. Ltd.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Dry eye disease; Nicotinic acetylcholine receptor agonist; Varenicline nasal spray; Randomized clinical
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Research in context

Evidence before this study
In China, it is estimated that 21–30% of people over 40 years
of age have dry eye disease, a higher prevalence than reported
in the USA or Europe. Dry eye disease is associated with a
significant negative effect on quality of life. Multiple studies
have demonstrated that the nicotinic acetylcholine receptor
(nAChR) can mediate activation of the trigeminal
parasympathetic pathway (TPP), which accounts for
approximately one-third of basal tear film production. The
OC-01 nasal spray contains varenicline, which is a nAChR
agonist. We searched PubMed using the terms “OC-01” AND
“varenicline” AND “dry eye” and restricted the results to
clinical trials (no language restrictions). Our search identified
three clinical trials conducted in North America that evaluated
the safety and efficacy of OC-01 for the treatment of dry eye
disease. The Phase 2 ONSET-1 trial established the safety and
efficacy of three different doses of OC-01 relative to vehicle
given for 4 weeks to patients with dry eye. The Phase 2
MYSTIC trial evaluated the safety and efficacy of two doses of
OC-01 nasal spray at Day 84 and showed a continuous
response over this time period. Finally, the Phase 3 ONSET-2
trial confirmed the safety and efficacy of OC-01 relative to
vehicle in a larger population of patients with dry eye disease.
However, the clinical benefits and risks of OC-01 still require
evaluation in a Chinese population due to potential ethnic
differences in dry eye disease characteristics, causative factors,
and medical practice compared to the USA or Europe.

Added value of this study
This is the first Phase 3 study of the OC-01 nasal spray
conducted in patients with dry eye disease in China. The
results show that OC-01 is well-tolerated and efficacious for
the treatment of the signs and symptoms of dry eye disease
and is superior to vehicle/placebo in this patient population.
The trial found that OC-01 nasal spray both increases natural
tear secretion and improves dry eye symptoms. The most-
frequently reported non-ocular treatment-emergent adverse
event in patients receiving OC-01 or vehicle was sneezing,
which was all mild and did not require medical intervention.

Implications of all the available evidence
The patient population enrolled in this study represents a
broad and representative sample of the patients with dry eye
who present to eye care practitioners in China. Therefore, the
findings of this study have high generalizability to the real-
world population of patients with dry eye in China and
support the use of OC-01 in this patient population. In
addition to significantly increasing tear production via the
novel mechanism of action of agonizing nAChRs, the route of
administration of OC-01 offers many advantages over
traditional topical therapies including avoidance of the ocular
surface in patients who have undergone ocular surgery or
with eye disorders, and a potentially easier delivery method
for patients with reduced physical activity or with other eye
conditions for which eye drops are not convenient or feasible
to use.
Introduction
Dry eye disease is a multifactorial, age-related disorder
of the ocular surface resulting in severe pain, visual
impairment, tear film hyperosmolarity and instability,
inflammation, and corneal wound formation.1,2 A
persistently unstable and/or deficient tear film is one of
the critical causes of dry eye disease.1,2 Female sex,
advanced age, Asian ethnicity, meibomian gland
dysfunction, connective tissue disease, and Sjogren’s
syndrome are the main and most apparent risk factors
for this condition.3 In China, it is estimated that 21–30%
of people over 40 years of age have dry eye, and this
prevalence is higher than reported in the USA or
Europe.4,5 There is also a trend for early onset of dry eye
in China, which may be related to risk factors such as
myopia, use of mobile phones and computers, and
prolonged video-based teaching time.6 Generally, the
therapeutic options for dry eye disease in China,
including tear substitutes, anti-inflammatory medica-
tions, and physiotherapies are similar to the treatments
recommended in the guidelines published by the Tear
Film & Ocular Surface Society.7,8 However, due to some
differences in disease diagnosis and classification, as
well as drug accessibility compared to the USA or
Europe, the treatment of patients may differ in clinical
practice.1,9 Furthermore, the currently approved
www.thelancet.com Vol 45 April, 2024
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therapies for dry eye disease in China are typically
administered as eye-drop formulations, which are
commonly associated with ocular burning sensation,
blurred vision, and dysgeusia, causing challenges for
some patients and reducing compliance.7,8 At the time
the present study was completed, no nasal spray-
delivered therapy to restore tear film homeostasis with
natural tear production was available in China.

The OC-01 nasal spray contains varenicline, a small-
molecule nicotinic acetylcholine receptor (nAChR)
agonist, which binds with high selectivity and affinity to
human α4β2, α4α6β2, α3β4, α3α5β4 and α7 nAChRs.10,11

Tear film production is mediated by the lacrimal func-
tional unit, which comprises the ocular surface, the
main lacrimal gland, and the interconnecting innerva-
tion.12 Tear secretion is regulated by neural reflex arcs,
including those that are triggered by activation of tri-
geminal afferent nerves in the nasal cavity, which lead to
stimulation of trigeminal efferent parasympathetic
nerves innervating the lacrimal functional unit.13 This
pathway is known as the trigeminal parasympathetic
pathway (TPP) and accounts for approximately one-third
of basal tear film production.14 Multiple studies have
demonstrated that nAChR can mediate afferent signals
within the trigeminal nerve in response to nasal stim-
uli.15,16 Therefore, when delivered as a multi-dose, pre-
servative-free nasal spray, the nAChR agonist
varenicline may promote activation of the TPP,
providing a novel method to improve the signs and
symptoms of dry eye disease. Furthermore, the nasal
route of administration of OC-01 offers advantages over
traditional topical therapies including avoidance of the
ocular surface burden present in patients who have
undergone ocular surgery or with eye disorders, and a
potentially easier delivery method for patients with
reduced physical activity or mobility.9–11

Three pivotal clinical trials were conducted in North
America to evaluate the safety and efficacy of OC-01 for
the treatment of the signs and symptoms of dry eye
disease.17–19 The Phase 2 ONSET-1 trial established the
safety and efficacy of three different doses of OC-01
(0.12 mg/mL, 0.6 mg/mL, and 1.2 mg/mL) relative to
vehicle given for 4 weeks in subjects with dry eye dis-
ease.18 The Phase 2 MYSTIC trial evaluated the safety
and efficacy of two doses of OC-01 nasal spray (0.6 mg/
mL and 1.2 mg/mL) at Day 84 and showed a continuous
response.18 Finally, the Phase 3 ONSET-2 trial
confirmed the safety and efficacy of two doses of OC-01
(0.6 mg/mL and 1.2 mg/mL) relative to vehicle in a
larger population of patients with dry eye disease.17 As
discussed above, due to differences in dry eye disease
characteristics, classification, and treatment in China
compared to the USA and Europe, OC-01 requires
further evaluation in a Chinese population. Here, we
report a clinical trial (JX03002) conducted to evaluate the
efficacy and safety of OC-01 in Chinese patients with dry
eye disease.
www.thelancet.com Vol 45 April, 2024
Methods
Study design
This was a randomized, double-masked, vehicle-
controlled, multicenter, phase 3 clinical trial conducted
at ophthalmology departments at 20 hospitals in China.
The study consisted of a screening phase followed by
four study visits at randomization (Day 1), Weeks 1, 2,
and 4. The protocol and statistical analysis plan are
available in the Supplementary Materials. This study
was performed in accordance with the principles of the
Declaration of Helsinki and good clinical practice. The
study protocol was approved by the ethics committees of
all 20 sites (eTable 1). This study report adheres to the
Consolidated Standards of Reporting Trials (CON-
SORT) reporting guidelines.

Participants
Eligible participants were aged 18 years or older with a
physician diagnosis of dry eye disease and had used or
desired to use an artificial tear substitute for dry eye
symptoms within 6 months prior to the screening visit.
Participants were also required to have an Eye Dryness
Score (EDS) ≥40, and a corneal fluorescein staining
(CFS) score of ≥2 in at least 1 corneal region or a sum of
≥4 in all regions, a baseline Schirmer’s Test (with
topical anesthesia) Score (STS) of ≤10 mm/5 min and
increased at least 7 mm in the same eye with a cotton
swab nasal stimulation in the study eye at the Screening
Visit, as well as a <20 mm difference between the STS of
the study eye and the non-study eye at baseline, and a
physician’s diagnosis of dry eye disease. Other inclusion
criteria were a best corrected visual acuity (BCVA) of 0.7
logarithm of the minimum angle of resolution (log-
MAR) or better (logMAR ≤0.7) in each eye at the
screening visit. In patients for whom both eyes were
eligible for treatment, the study eye was defined as the
eye with the greatest increase in tear production with
stimulation by a cotton swab at the Screening Visit or, if
there was no difference in stimulated tear production,
the eye with the lower basal Schirmer’s score at
screening. If there was no difference for either measure,
the right eye was used as the study eye. Participants
provided written, informed consent before enrollment.
Data on patient sex were self-reported.

Key exclusion criteria were: (1) clinically significant
corneal epithelial defects (such as neurotrophic keratitis)
at the screening visit prior to performing Schirmer’s
Test; (2) a history of chronic or recurrent epistaxis,
coagulation disorders or other conditions that, in the
opinion of the Investigator, may have led to a clinically
significant risk of increased bleeding; (3) prior nasal or
sinus surgery (including history of application of nasal
cautery) or significant trauma to these areas that had
impacted the function of the trigeminal nerve; (4) a
vascularized polyp, severely deviated septum, chronic
recurrent nosebleeds, or severe nasal airway obstruction
as confirmed by intranasal examination performed prior
3
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to the screening visit; (5) patients who were not able to
stop wearing contact lenses. Eligible patients with
autoimmune system disease were not excluded unless
deemed appropriate by the investigators.

Randomization and masking
Eligible participants were assigned 1:1 to either OC-01
nasal spray or vehicle using a central web-based
randomization system and utilizing permuted blocks.
The randomization table was generated by an indepen-
dent and unblind statistician using the PLAN process in
SAS software, version 9.4 (SAS Institute Inc). Randomi-
zation was stratified by baseline EDS (<60 versus ≥60)
and baseline STS (≤5 versus >5). Bottles of OC-01 and
the vehicle were identical in appearance to facilitate
masking. Participants, investigators, and sponsor were all
masked to treatment assignment.

Procedures
Participants received OC-01 0.6 mg/mL twice daily
(BID) or vehicle BID, delivered as a 50-μL intranasal
spray in each nostril. The 0.6 mg/mL BID dose was
selected based on a Phase 3 study conducted in North
America which showed no difference between 0.6 mg/
mL and 1.2 mg/mL doses of OC-01.17 Patients were
trained on the self-administration of the nasal spray.
During the study, the utilization of artificial tears was
allowed for temporary relief of dry eye disease symp-
toms in both study arms.

The Schirmer’s test with topical anesthetic was
conducted in both eyes. At the screening visit, one
basal Schirmer’s test was performed followed by a
Schirmer’s test with cotton swab nasal stimulation.
Schirmer’s test with topical anesthetic was conducted
again at randomization (Day 1), Week 2 and Week 4
(eFig. 1). Corneal fluorescein staining was performed
after assessment of STS with anesthesia at screening
and Week 4. EDS was assessed at screening and Weeks
1, 2 and 4 in the clinic environment using a visual
analog scale, which is a validated assessment in which
the patient rates their ocular symptoms (both eyes
simultaneously) related to eye dryness by placing a
vertical mark on a 100 mm horizontal assessment line
to indicate the level of discomfort, with 0 correspond-
ing to “no discomfort” and 100 corresponding to
“maximum discomfort”. Signs of dry eye disease were
also assessed by CFS score at screening and Week 4
using the National Eye Institute scale (range, 0–3, with
higher scores representing a worse condition). Five
regions of the cornea were assessed for corneal stain-
ing (central, superior, inferior, nasal, and temporal),
and a total score was calculated that included all
regions.

Outcomes
The primary study endpoint was the percentage of pa-
tients who achieved a ≥10 mm improvement of STS in
the study eye from baseline to Week 4 (Day 28). Sec-
ondary efficacy endpoints were change from baseline in
STS at Week 4, and change from baseline in EDS at
Weeks 1, 2, and 4. Other efficacy endpoints were:
change from baseline at Week 4 in Total CFS, Inferior
CFS, Nasal CFS, Temporal CFS, Central CFS, and Su-
perior CFS.

Safety assessments included evaluation of treatment-
emergent adverse events (TEAEs) which were defined as
adverse events (AEs) that were new or had worsened in
severity since the first study drug use, sneezing
(collected by diary), slit-lamp biomicroscopy, best-
corrected visual acuity assessment and intranasal ex-
amination. Medical history, ocular history, and AEs
were coded using the Medical Dictionary for Regulatory
Activities (MedDRA) (version 25.0) and concomitant
medications using the World Health Organization
(WHO) Drug Global Dictionary, Format B3 (Version
March 2022), as appropriate. Safety was evaluated at
baseline, Weeks 1, 2 and 4, 7 days after treatment
completion and 28 days post-study. Treatment compli-
ance was defined as the number of doses administered
(in both nostrils) that were actually performed relative to
the number specified per the protocol for the duration of
actual treatment exposure.

A pre-specified subgroup analysis was conducted to
evaluate the percentage of patients who achieved
≥10 mm improvement of STS in the study eye, change
in STS, and change in EDS from baseline to Week 4 by
randomization stratification factors.

The percentage of subjects who achieved an absolute
value of STS above 10 mm at Week 4 was investigated as
a post hoc analysis.

Statistical analysis
In the ONSET-2 study, 38.5% of patients treated with
OC-01 0.6 mg/mL and 22.2% in the vehicle group
achieved a ≥10 mm improvement in STS from baseline
at Week 4.16 Assuming a similar treatment effect in
Chinese subjects, and a 2-sided type I error rate of 0.05,
a total of 340 patients randomized 1:1 (170 in each
treatment arm) was estimated to provide over 90% po-
wer to detect superiority of OC-01 over vehicle.

Efficacy was analyzed in the Intention-To-Treat (ITT)
population (all randomized patients), the modified ITT
(mITT) population (excluding randomized patients
infected with COVID-19) and Per-Protocol (PP) pop-
ulations. Two PP populations were defined: PP based on
the ITT population, including all patients who received
≥1 dose of investigational product with ≥1 non-missing
baseline and one post-baseline data point and excluding
patients with protocol deviations, and PP based on the
mITT population, excluding randomized patients
infected with COVID-19 as well as those with important
protocol deviations that may have affected the efficacy
analysis. All analyses in the PP population of the mITT
were post hoc. The safety population included all
www.thelancet.com Vol 45 April, 2024
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randomized patients who received at least one dose of
the investigational product.

The primary efficacy endpoint was analyzed using a
Cochran Mantel Haenszel test, controlling for the study
site and randomization strata. The analysis of change in
STS from baseline to Visit 4 compared the least squares
(LS) mean difference between the treatment groups
using a mixed model for repeated measures (MMRM)
including visit, treatment group and treatment–visit
interaction as fixed effects, and study site, baseline
STS, and baseline EDS as covariates (continuous value,
linear effect). Change from baseline in EDS was ana-
lysed using the same method as the STS analysis. A
sensitivity analysis was conducted using analysis of
covariance (ANCOVA) models for each of the secondary
endpoints. The change from baseline in CFS was
analyzed for the total CFS score as well as the CFS
scores for each area (inferior, superior, central, tempo-
ral, and nasal) with an ANCOVA model including study
site, baseline STS, baseline EDS and the baseline cor-
responding location CFS score as covariates. No interim
analyses were planned.

Patients were considered non-responders if they
discontinued treatment due to an AE related to study
drug, lack of efficacy, or using a prohibited concomitant
drug/device that may have significantly affected the
study outcome, or patients with missing endpoint values
in the study eye at Week 4 for any reason. Therefore, no
imputation method was used for patients with missing
data. All analyses were conducted using SAS software,
version 9.4. The study protocol was registered on
ClinicalTrials.gov (NCT05378945).

Role of the funding source
The study sponsor participated in the design of the
study, conduct of the study, data collection, data man-
agement, data analysis, interpretation of the data, and
review of the manuscript.
Results
A total of 340 patients with dry eye disease were ran-
domized to the study from 21 July 2022 to 04 April 2023.
Reasons for exclusion at screening are summarized in
eTable 2. The trial ended when all enrolled patients had
completed follow-up. Overall, 327 (96.2%) patients
completed the study, and 13 (3.8%) withdrew from the
study for non-safety reasons (Fig. 1, Table 1 & eFig. 1).
All patients (100%) were Asian, and most (78.8%) were
female. In general, patient demographics and baseline
characteristics were well balanced across the two treat-
ment groups, including use of topical eye drops
(Table 1). A total of six patients in the OC-01 group and
five in the placebo group were considered non-
responders (eTable 3).

The primary efficacy endpoint was met and a
significantly higher proportion of patients in the OC-01
www.thelancet.com Vol 45 April, 2024
group achieved an STS response (≥10 mm improve-
ment in STS from baseline to Week 4) compared with
the vehicle group (35.8% [n = 63] versus 17.7% [n = 29],
stratified odds ratio: 2.67 [95% CI: 1.570–4.533],
p = 0.0002) (Fig. 2). These results in the ITT population
were supported by a sensitivity analysis in the PP pop-
ulation (eTable 4). In addition, outcomes in the mITT
population were similar to those observed in the ITT
population; a significantly higher proportion of patients
receiving OC-01 achieved an STS response at Week 4
compared with the vehicle group (38.2% [n = 52] versus
21.4% [n = 27], stratified odds ratio: 2.25 [95% CI:
1.257–4.022], p = 0.0056) (Fig. 2).

Patients receiving OC-01 achieved a significantly
greater increase in mean STS from baseline at Week 4
versus vehicle (LS mean difference [standard error, SE]:
3.79 [0.790], 95% CI: 2.234–5.344, p < 0.0001) (Fig. 3).
These findings were supported by a sensitivity analysis
performed in the ITT population using an ANCOVA
model, which showed greater increases in mean STS
from baseline to Week 4 in the OC-01 group versus the
vehicle group (eTable 5). In addition, consistent results
were observed in the mITT population; OC-01 resulted
in a significantly greater increase in mean STS from
baseline at Week 4 versus vehicle (LS mean difference
[SE]: 3.87 [0.794], 95% CI: 2.087–5.653, p < 0.0001)
(Fig. 3).

Patients in the OC-01 group achieved a numerically
greater reduction in mean EDS from baseline at Week 4
compared to the vehicle group (LS mean [SE] differ-
ence: −1.3 [2.20]; 95% CI: −5.64 to 2.99, p = 0.5467)
(Fig. 4). The numerically greater reductions in EDS with
OC-01 versus placebo were apparent from as early as
Week 1 (LS mean [SE] difference: −1.4 [1.60]; 95%
CI: −4.57 to 1.72, p = 0.3725) (Fig. 4). A sensitivity
analysis using an ANCOVA model was consistent with
the primary analysis (eTable 6). Similar results were also
observed in the mITT population, with a trend towards a
greater reduction from baseline in mean EDS at Week 4
for OC-01 versus vehicle (LS mean [SE] difference: −4.35
[2.429]; 95% CI: −9.119 to 0.419, p = 0.07372) (Fig. 5). In
addition, in a post hoc analysis, patients receiving OC-01
in the PP population of the mITT showed a nominally
greater reduction in mean EDS from baseline at Week 4
versus vehicle (LS mean [SE] difference: −5.00 [2.480];
95% CI: −9.870 to −0.133, p = 0.04407) (Fig. 5).

The change from baseline in CFS at Week 4 indi-
cated directional improvements in nasal, temporal and
central, as well as a total, score that included all regions,
for OC-01 versus vehicle but the differences did not
reach statistical significance (eFig. 2).

Subgroup analysis of the primary study endpoint in
the ITT population showed significantly higher
achievement of STS response with OC-01 versus vehicle
across the randomization stratification factors (EDS <60
versus ≥60, and STS ≤5 versus >5), consistent with the
primary analysis (eFig. 3). Subgroup analysis also
5
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Fig. 1: Patient flow chart. aThe patient developed a foreign body sensation without the use of the study drug STS, Schirmer’s Test Score.
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revealed a favorable trend in change from baseline STS
at Week 4 with OC-01 versus vehicle across patient
subgroups by randomization stratification factors at
baseline (eFig. 4). A subgroup analysis of change from
baseline in EDS using MMRM by randomization strat-
ification factors at baseline showed a numerically larger
reduction from baseline in mean EDS at Week 4 in the
OC-01 group versus the vehicle group in patients with
baseline EDS ≥60 versus <60 and inferior CFS ≥1.5
versus <1.5 (eFig. 5).

Post hoc analysis showed an absolute value of STS
above 10 mm at Week 4 was achieved by a significantly
higher proportion of patients receiving OC-01 versus the
vehicle group for the study eye: 54.0% (n = 95) versus
35.4% (n = 58), respectively; stratified odds ratio: 2.37
(95% CI: 1.415–3.964, p = 0.0007) (eTable 7). Further-
more, improvements in EDS were observed at Week 4
compared with baseline in both treatment groups. In
the OC-01 group, a significant difference was observed
between the mean EDS (observed value) at Week 4
compared to baseline (44.4 versus 66.3, p < 0.0001). The
result was supported by a sensitivity analysis using the
last observation carried forward (LOCF) rule for missing
data at Week 4 (44.8 versus 66.3, p < 0.0001) (Fig. 4).
The overall mean treatment compliance in the
safety population was 99.3% (range: 51.0%–104.8%)
and was comparable in the OC-01 group (98.8%
[range: 51.0%–102.9%]) and vehicle group (99.8%
[range: 80.2%–104.8%]). Most subjects (99.1%) had
treatment compliance ≥80% and ≤120%.

At least one TEAE was reported by 87.4% of patients
in the OC-01 group and 47.2% in the vehicle group, the
majority of which occurred during the treatment
period. Most TEAEs were mild or moderate in severity,
with only 1.2% of patients reporting a severe TEAE
during the study (1.7% of patients in the OC-01 group
reported the severe TEAEs pyrexia, and COVID-19,
respectively, and 0.6% of patients in the vehicle
group reported the severe TEAE pain); no severe
TEAEs were classified as ocular TEAEs, and none were
considered related to the study drug. There were no
deaths reported during the study. Overall, 0.9% of
subjects reported serious adverse events (SAEs): 1.1%
of patients in the OC-01 group had arteriosclerosis
coronary artery and pneumonia and 0.6% in the vehicle
group had melanocytic naevus. All SAEs were moder-
ate in severity, and none were considered related to the
study drug.
www.thelancet.com Vol 45 April, 2024
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Characteristic statistic OC-01 0.6 mg/mL (n = 176) Placebo (n = 164) Total (N = 340)

Age (years)

Mean (SD) 45.0 (15.27) 41.8 (14.82) 43.5 (15.12)

Age Category (years), n (%)

≤65 159 (90.3) 154 (93.9) 313 (92.1)

>65– ≤75 16 (9.1) 10 (6.1) 26 (7.6)

>75 1 (0.6) 0 1 (0.3)

Race, n (%)

Asian 176 (100.0) 164 (100.0) 340 (100.0)

Sex, n (%)

Male 41 (23.3) 31 (18.9) 72 (21.2)

Female 135 (76.7) 133 (81.1) 268 (78.8)

Childbearing potential, n (%)a

Yes 82 (60.7) 99 (74.4) 181 (67.5)

No 53 (39.3) 34 (25.6) 87 (32.5)

STS (mm)–Study eye

Mean (SD) 5.09 (2.351) 5.05 (2.414) 5.07 (2.378)

STS with cotton swab stimulation (mm)–Study eye

Mean (SD) 21.22 (6.091) 21.42 (5.997) 21.31 (6.038)

EDS (mm)

Mean (SD) 66.3 (13.44) 65.6 (13.60) 66.0 (13.50)

Total CFS–Study eye

Mean (SD) 5.3 (2.49) 5.3 (2.43) 5.3 (2.46)

BCVA (logMAR)–Study eye

Mean (SD) 0.092 (0.1615) 0.102 (0.1465) 0.097 (0.1543)

Intraocular pressure (mmHg)–Study eye

Mean (SD) 14.01 (2.675) 14.38 (2.676) 14.19 (2.678)

Pupil size (mm)–Study eye

Mean (SD) 3.09 (0.416) 3.11 (0.473) 3.10 (0.444)

Irrigation of lacrimal passage–Study Eye, n (%)

Normal 174 (98.9) 160 (97.6) 334 (98.2)

Abnormal, not clinical significance 2 (1.1) 4 (2.4) 6 (1.8)

Use of allowed topical eye drops, n (%)

Glycerol eye drops 1 (0.6) 1 (0.6) 2 (0.6)

Sodium hyaluronate eye drops 52 (29.5) 38 (23.2) 90 (26.5)

Polyvinyl alcohol eye drops 6 (3.4) 5 (3.0) 11 (3.2)

Abbreviations: %, percentages are calculated based on group total as the denominator; BCVA, best corrected visual acuity; CFS, corneal fluorescein staining; EDS, Eye Dryness
Score; LogMAR, logarithm of the minimum angle of resolution; SD, Standard deviation; STS, Schirmer’s Test Score. aThis percentage was calculated using the number of
female subjects as the denominator.

Table 1: Patient demographic and baseline clinical characteristics.

Articles
The incidence of ocular TEAEs was similar across
the treatment groups; reported by 4.6% of patients in
the OC-01 group and 5.5% in the vehicle group. The
most common ocular TEAE in both groups was corneal
epithelium punctuate defect (OC-01 group: 1.1%,
vehicle group: 2.5%). All other ocular TEAEs were re-
ported by <1% of total subjects (eTable 8).

Non-ocular TEAEs occurred in a higher proportion of
patients in the OC-01 group compared to the vehicle
group (86.9% versus 43.6%). The most common non-
ocular TEAE in both treatment groups was sneezing
(78.3% in the OC 01 group and 22.1% in the vehicle
group). The other most commonly reported non-ocular
www.thelancet.com Vol 45 April, 2024
TEAEs had a similar incidence in the OC-01 and vehicle
groups: COVID-19 (17.1% and 15.3%, respectively),
COVID-19 pneumonia (4.6% and 4.9%, respectively),
upper respiratory tract infection (1.7% and 3.1%, respec-
tively), and pyrexia (0.6% and 2.5%, respectively) (Table 2).
All other non-ocular TEAEs were reported in <1% of total
subjects.

Sneezing data collected from patient diaries showed
that all sneezing events were mild among both treatment
groups (no intervention was needed). In the OC-01
group, 17.2% of administrations caused 1–2 sneezes,
9.1% of administrations caused 3–5 sneezes, and 0.5% of
administrations caused ≥6 sneezes. Among subjects who
7
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Fig. 2: The percentage of patients who achieved a ≥10 mm improvement in STS at Week 4 (ITT & mITT Population). STS, Schirmer’s Test
Score.
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sneezed after administration, most sneezing started and
stopped within the first minute.

Visual acuity and pupil size did not indicate any
clinically significant change at any visit. Clinically rele-
vant changes in slit lamp biomicroscopy and intranasal
examination from baseline at the end of treatment were
reported for around 1% of patients in each group. Slit-
lamp biomicroscopy was performed at a post-treatment
follow-up visit and clinically relevant changes were
observed for <1% of patients in each group.
Fig. 3: Mean change of STS at Week 4 from baseline (
Discussion
To the authors’ knowledge, this is the first phase 3 study
of OC-01 (varenicline solution) nasal spray conducted in
patients with dry eye disease in China. The study results
revealed a clinically meaningful improvement in the
signs of dry eye disease (the proportion of patients
achieving ≥10 mm increase in STS) after 4 weeks of
treatment compared with vehicle. An increase of 10 mm
in STS indicates a significant improvement in the pa-
tient’s tear production with apparent clinical
ITT & mITT Population). STS, Schirmer’s Test Score.

www.thelancet.com Vol 45 April, 2024
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Fig. 4: Mean eye dryness score (mm).

Articles
meaningfulness and is recommended by the US FDA
and NMPA as an endpoint in clinical trials in dry eye
disease.20,21 These findings were consistent in a sensi-
tivity analysis conducted in the per protocol population
and in a subgroup analysis regardless of the baseline
severity of compromised tear production or eye dryness
symptoms. Furthermore, OC-01 led to significantly
Fig. 5: Changes in dry eye disease signs (mI

www.thelancet.com Vol 45 April, 2024
greater improvements in mean changes from baseline
in STS at Week 4 and over 50% of patients receiving
OC-01 achieved an STS of 10 mm after 4 weeks of
treatment, which is entering the normal range for tear
production. Taken together, these results show OC-01
leads to a robust and clinically meaningful promotion
of tear production in a Chinese patient population. The
TT Population and mITT per protocol).

9
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n (%) OC-01 0.6 mg/mL (n = 175) Placebo (n = 163)

Non-ocular TEAE 152 (86.9) 71 (43.6)

Pyrexia 1 (0.6) 4 (2.5)

COVID-19 30 (17.1) 25 (15.3)

COVID-19 pneumonia 8 (4.6) 8 (4.9)

Upper respiratory tract infection 3 (1.7) 5 (3.1)

Dizziness 2 (1.1) 1 (0.6)

Insomnia 1 (0.6) 2 (1.2)

Sneezing 137 (78.3) 36 (22.1)

Cough 1 (0.6) 2 (1.2)

Epistaxis 2 (1.1) 0

Rhinorrhoea 2 (1.1) 0

Throat irritation 2 (1.1) 0

Table 2: Non-ocular treatment-emergent adverse events occurring in at least 1% of patients.
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results are consistent with findings in US populations
from the ONSET-1 and ONSET-2 studies.18,19

It is generally accepted that dry eye disease signs
and symptoms have high heterogeneity. Therefore, our
study also included change in EDS measured in the
clinic environment as a secondary endpoint. A post hoc
analysis showed that patients receiving OC-01 achieved
statistically significant reductions in mean EDS from
baseline at Weeks, 1, 3 and 4, which reached around
30% reduction at Week 4. Although this study was not
powered to demonstrate a difference in change in EDS
between OC-01 and vehicle, OC-01 provided a direc-
tional benefit in EDS improvement compared with
vehicle. Some in vitro studies have found that the S
protein of the severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) inhibits certain nAChRs
subtypes, such as α4β2 or α4α6β2.22,23 In our study,
after excluding subjects infected with COVID-19 (the
mITT population), numerically greater improvements
in EDS and STS at Week 4 were observed in both
treatment groups compared with the ITT population.
Additionally, in the mITT population analyzed per
protocol, patients receiving OC-01 achieved a nomi-
nally greater reduction from baseline in EDS at Week 4
versus vehicle. Therefore, infection with COVID-19
may have impacted the sensitivity of the ITT analysis
to detect differences between the treatment groups.
However, it should be noted that post hoc analyses of
EDS in the mITT and PP populations were not
adjusted for multiplicity and therefore the probability
of type I error may be inflated.

The effect of OC-01 on the signs of dry eye disease
was also supported by improvements in CFS. Although
both treatment groups showed a gradual decrease in
mean CFS scores from baseline, there was a directional
benefit favoring OC-01 compared to vehicle in nasal,
temporal, and central, as well as total score (including all
regions). However, it should be noted that this study
was not designed or powered to show small treatment
differences in CFS at Week 4. In addition, a moderate
baseline corneal lesion and a treatment period of only 4
weeks further reduced the probability of observing sta-
tistical differences in CFS. Furthermore, the results
from this study should be interpreted with caution as
there is evidence that topical anesthesia may enhance
corneal staining.24 Despite this, our findings indicate
that OC-01 may have a beneficial effect on the
improvement in transparency of the central and nasal
areas of the cornea, which would have an important
clinical impact on patient vision.

Our results show that OC-01 is safe and well toler-
ated, with no unexpected safety signals observed in the
Chinese patient population. Treatment compliance was
high (99.27%), which may have been influenced by the
good safety profile as well as correct drug administration
following effective patient training. The most
commonly-reported drug-related TEAE by PT was
sneezing (73.1% of subjects in the OC-01 group and
19.0% of subjects in the vehicle group). All sneezing
instances were mild among both treatment groups, and
no intervention was needed. Among subjects who
sneezed after administration, most sneezing started and
stopped within the first minute. Sneezing is likely
caused by stimulation of the trigeminal nerve and to
some extent due to the mechanical administration of the
nasal spray, as demonstrated by the sneezing in the
vehicle group.25 The safety profile of OC-01 in the pre-
sent Chinese population was similar to that observed in
US populations in the ONSET studies, in which the
most common adverse reaction (82% of patients) was
sneezing and events reported in 5–16% of patients were
cough, throat irritation, and instillation-site (nose)
irritation.18,19

We believe the patient population of this study is
representative of the broader dry eye disease population
in China and the results are generalizable to this pop-
ulation. For example, the mean age of patients was 43.5
years and the majority were female, consistent with dry
eye disease epidemiology and the trend of early onset of
dry eye disease in China.4–6 In addition, the concomitant
use of artificial tears was allowed, in-line with real
clinical practice and the study included patients with
minimal signs (i.e., anesthetized STS and CFS) and
moderate to severe symptoms (EDS ≥40), which rep-
resents the group willing to seek medical treatment with
ocular symptoms.

This study had several limitations. Firstly, the study
had a relatively short follow-up period. However, despite
this limitation, results from the MYSTIC trial have
shown a durable effect of OC-01 over a 12-week treat-
ment duration. In addition, long-term safety data for
OC-01 from the ONSET-2 and ONSET-1 extension study
have shown a consistent safety profile to the present
study. Secondly, this study excluded patients who were
not able to stop wearing contact lenses or had
www.thelancet.com Vol 45 April, 2024
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undergone refractive surgery within 12 months of the
screening visit. Therefore, the efficacy and safety of OC-
01 in these patient populations remains uncertain. On-
going studies are investigating OC-01 in these patient
populations, including the CONtaCt (NCT05161208)
and RANK (NCT05082974) studies.

In conclusion, OC-01 (varenicline solution) nasal
spray BID demonstrated robust, clinically meaningful
efficacy for the treatment of the signs of dry eye disease
(as measured by STS) and may lead to improvements
in symptoms (as measured by EDS), with an excellent
safety and tolerability profile, in a Chinese patient
population. The novel delivery method of OC-01, via a
multi-dose preservative-free nasal spray, spares the
ocular surface and represents an effective and conve-
nient treatment option for patients with dry eye
disease.
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