
C L I N I C A L  T R I A L  R E P O RT

Preservative-Free versus Benzalkonium 
Chloride–Preserved Latanoprost Ophthalmic 
Solution in Patients with Primary Open-Angle 
Glaucoma or Ocular Hypertension: A Phase 3 
US Clinical Trial
Jason Bacharach1, Iqbal Ike K Ahmed2, Elizabeth D Sharpe3, Michael S Korenfeld 4, Steven Zhang5, 
Christophe Baudouin 6

1North Bay Eye Associates, Sonoma County, CA, USA; 2John Moran Eye Center, University of Utah, Salt Lake City, UT, USA; 3Glaucoma Consultants 
and Center for Eye Research, Mt. Pleasant, SC, USA; 4Comprehensive Eye Care, Washington, MO, USA; 5Thea Pharma, Inc, Lexington, MA, USA; 
6Quinze-Vingts National Ophthalmology Hospital & Vision Institute, Paris Saclay-Versailles-Saint Quentin University, IHU Foresight, Paris, France

Correspondence: Jason Bacharach, Email jbacharach@northbayeye.com 

Purpose: To evaluate the safety and efficacy of a preservative-free latanoprost 0.005% formulation (T2345) in patients with primary 
open-angle glaucoma (POAG) or ocular hypertension (OHT) compared to benzalkonium chloride–preserved latanoprost 0.005% 
(BPL) formulation in the United States (US).
Patients and Methods: A prospective, randomized, multicenter, observer-masked, parallel-group study enrolled 335 patients 
diagnosed with POAG or OHT from 31 US sites who had adequately controlled intraocular pressure (IOP; ≤18 mm Hg) with 
latanoprost monotherapy. After a ≥72-hour washout period, patients were randomized to T2345 (n=165) or BPL (n=170) groups. Study 
drugs were dosed once-daily from Day 0 to Day 84 in one or both eyes. The study eye was the eye with lower IOP at baseline. The 
primary efficacy measure was the between-group comparison of the mean IOP values in the study eye at each time point (8 AM, 10 
AM, and 4 PM on Days 15, 42, and 84). Safety measurements included ocular and systemic treatment-emergent adverse events 
(TEAEs).
Results: Both T2345 and BPL adequately controlled IOP with 95% CIs within 1.5 mm Hg in the study eye at all assessed time points. 
The percentages of patients with diurnal IOP <18 mm Hg at Day 84 were 73.1% vs 78.7% for the T2345 and BPL groups, 
respectively. Adverse events were generally mild-to-moderate and primarily ocular. Fewer patients in the T2345 group experienced 
ocular TEAEs (13.9% vs 22.5%, respectively) and TEAEs with a suspected relationship to the study medication compared with the 
BPL group (5.5% vs 11.8%, respectively). The most common ocular TEAEs were instillation site pain and conjunctival hyperemia.
Conclusion: In patients with POAG or OHT, both T2345 and BPL maintained IOP at or below clinically meaningful values for the 
duration of the study. T2345 showed a favorable safety profile, with numerically lower incidences of ocular TEAEs than BPL.
Keywords: glaucoma, ocular hypertension, intraocular pressure, benzalkonium chloride, latanoprost, preservative

Introduction
Glaucoma, the leading cause of irreversible blindness worldwide, has a rising prevalence with age.1,2 Globally, 
approximately 80 million people have been diagnosed with glaucoma, and this number is expected to exceed 
111 million by 2040 because of the rapidly aging population.1,2 Glaucoma is a chronic disease characterized by 
progressive optic neuropathy caused by retinal ganglion cell damage, and the only known modifiable risk factor is 
intraocular pressure (IOP).3 Early and effective IOP reduction is crucial for preserving optic nerve function and visual 
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field (VF) stability and is therefore the mainstay of glaucoma treatment.3–6 As a chronic condition, glaucoma requires 
long-term, even lifelong, treatment.

In newly diagnosed patients with primary open-angle glaucoma (POAG) or ocular hypertension (OHT), single topical 
hypotensive medication is often the initial treatment. However, factors such as disease severity, optic nerve damage, and 
patient age may necessitate a more complex polypharmacy approach from the onset.7 There are several classes of topical 
ocular hypotensive medication, each with distinct mechanisms of action. These include α-adrenoceptor agonists, β- 
adrenoceptor blockers, carbonic anhydrase inhibitors, rho kinase inhibitors, and prostaglandin agonist analogs (PGAs).3 

PGAs such as latanoprost are the most frequently prescribed drug class because not only are they effective and generally 
better tolerated than the alternatives but they also only require once-daily instillation.7

The first PGA approved as first-line therapy for glaucoma was latanoprost, the ester prodrug of prostaglandin F2α, 
first marketed in the United States (US) in 1996 by Pharmacia & Upjohn (later, by Pfizer) in a 0.005% ophthalmic 
solution as Xalatan®. Like many topically administered ophthalmic medications, this formulation of latanoprost is 
formulated with the preservative benzalkonium chloride (BAK). BAK acts as a broad antimicrobial agent, enabling 
the drug to be packaged in multidose bottles. Furthermore, it is postulated that BAK may enhance the penetration of 
ophthalmic formulations by loosening tight junctions between corneal epithelial cells.8–12

Over the past few decades, however, a multitude of in vitro, in vivo, preclinical, clinical, and epidemiological studies 
have shown that chronic BAK exposure, principally from the use of BAK-preserved glaucoma medications, can 
adversely impact ocular surface health and patients’ quality of life (QOL).8,13–18 The most significant changes to the 
ocular surface include tear film instability, conjunctival inflammation, subconjunctival fibrosis, epithelial apoptosis, and 
corneal surface impairment. Clinically, the effects of chronic BAK exposure typically manifest as dry eye or ocular 
surface disease (OSD), and OSD has been reported in up to 59% of patients with glaucoma.13,18 Side effects include 
ocular hyperemia, burning, stinging, foreign body sensation, and itching, and although some of these adverse events 
(particularly conjunctival hyperemia) can also be attributed to the proinflammatory effects of PGAs, BAK can further 
exacerbate these effects.14–17 In addition to impacting patients’ QOL, the occurrence of these symptoms can severely 
compromise tolerability and therefore proper regimen adherence.19,20

To avoid the potentially harmful effects of BAK, preservative-free latanoprost 0.005%, packaged in single-unit dose 
containers (T2345; Monoprost®, Laboratoires Théa),21 was developed. In a phase 3 trial performed in Europe, Rouland 
et al demonstrated the noninferiority of T2345 to BAK-preserved latanoprost 0.005% (BPL) in terms of lowering IOP in 
patients with POAG or OHT, while also noting improved local tolerance.22 These observations were reinforced by 
subsequent clinical trial comparisons of T2345 and BPL.14,22–27 T2345 has been commercially available in the European 
Union since 2012 and in Canada since 2016 and is now available in 46 countries for the treatment of POAG or OHT. 
T2345 (IYUZEH™, Thea Pharma, Inc.) was approved by the US Food and Drug Administration (FDA) in 
December 2022 based on data from the phase 3 trial reported here and from the European phase 3 trial.22 T2345 is 
currently the first and only preservative-free latanoprost option available in the United States. This study aimed to assess 
the efficacy and safety of the first FDA-approved preservative-free latanoprost formulation, T2345, in a United States- 
based patient population.

Methods
This was a prospective, randomized, multicenter, observer-masked, parallel-group noninferiority pivotal phase 3 trial 
conducted between August 2013 and November 2014 at 31 sites across the US. The trial was designed to investigate the 
noninferiority of preservative-free latanoprost 0.005% (50 µg/mL) ophthalmic solution, T2345 (IYUZEH™, Thea 
Pharma, Inc.), to BPL 0.005% ophthalmic solution (Xalatan®, Pfizer) in lowering IOP in patients with POAG or OHT.

The study was conducted in accordance with applicable Good Clinical Practice regulations and guidelines. The study 
was registered on the ClinicalTrials.gov website with the identifier NCT02059278.

Patients
The study enrolled male and female patients (aged ≥18 years) with a history of POAG or OHT and elevated IOP that was 
adequately controlled (IOP ≤18 mm Hg, as determined by calibrated Goldmann applanation tonometry) while receiving 
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latanoprost 0.005% ophthalmic solution monotherapy for at least 4 weeks before screening (Day −7 to Day −10). Eligible 
patients were required to have stable VFs and stable corrected Snellen visual acuity better than 20/200 in the study eye as 
well as a Shaffer gonioscopic grade of ≥3 in ≥3 quadrants in both eyes. All patients completed at least 3 days of washout 
before commencing study medication, with a median washout duration in both groups of 7.0 days. The T2345 group had 
a washout duration range of 3 to 372 days (mean duration: 8.5 days), which was 3 to 38 days in the BPL group (mean 
duration: 6.3 days). The median washout duration in both groups was 7 days.

Key exclusion criteria included a mean VF deviation of <-20 decibels (dB), a mean IOP >28 mm Hg at baseline, 
aphakia, any scotoma within 5° of fixation on VF examination, and the use of any other glaucoma medication (other than 
latanoprost) 2 weeks before screening. The eye with the lower diurnal IOP at screening was designated as the study eye. 
If both eyes had the same IOP, the study eye was considered the right eye. If both eyes qualified for study inclusion, both 
eyes were treated with the study drug to ensure adequate IOP control. Patients with one eye qualifying but both eyes 
having glaucoma and the fellow eye requiring glaucoma medications were excluded. All ophthalmic assessments were 
performed bilaterally. A full list of study inclusion and exclusion criteria is provided in Supplementary Material 1.

At baseline, patients who met all eligibility criteria were randomized to receive either T2345 or BPL in a 1:1 ratio, 
according to a randomized block design. A double-masked study design was not feasible because T2345 is supplied in 
single-dose unit containers and BPL is supplied in a multidose dropper bottle. However, the identities of the study 
medications were masked to the investigator, to study personnel responsible for ophthalmic evaluations, and to the 
sponsor personnel responsible for monitoring and medical evaluation of the data. Additionally, IOP measurement 
readouts were masked to the investigator and were instead read and recorded by another staff member. For any given 
patient, IOP was measured using the same tonometer and by the same observer (who was to be the investigator/designee) 
throughout the study, where possible.

Patients were asked to administer one drop into one or both eyes (if both eyes qualified for the study) at 8 PM (±30 
minutes), beginning on the night of the baseline visit and continuing for 84 days. If the first drop did not contact the 
ocular surface during instillation, the patient was to wait approximately 10 to 15 seconds and administer a second drop.

Measures for treatment adherence included systematic drug inventory via the Datatrak Electronic Data Capture 
system (Datatrak International, Beachwood, Ohio) and staggered dispatch of a three-box drug kit, with only the first box 
sent initially and the rest sent at set intervals. At every visit, adherence and instillation timings were assessed, and 
patients returned all medication materials for tracking. Any deviations were documented in the electronic case report 
form, providing a robust system to ensure compliance and monitor treatment usage.

Assessment Parameters
The primary efficacy endpoint was the between-group comparison of the mean change in IOP values from baseline in the 
study eye at each time point (8 AM, 10 AM, 4 PM; ±30 minutes) at Day 15, 42, and 84 visits, as measured by tonometry. 
Noninferiority was considered to be demonstrated if both of the following conditions were met: (1) the 2-sided 95% CI of 
each between-group comparison was within ±1.5 mm Hg; and (2) if the 95% CI was within ±1.0 mm Hg for the majority 
of the measured time points. Secondary efficacy endpoints included: 1) between-group comparison of the change from 
baseline in IOP measurements in the fellow eye at each time point and each postbaseline visit, namely Visits 3 (Day 15), 
4 (Day 42), and 5 (Day 84); 2) between-group comparison of the mean change from baseline in diurnal IOP measure-
ments at all postbaseline visits; 3) between-group comparison of the mean change from baseline in the average of IOP 
measurements in the treated eyes; and 4) proportion of patients with IOP <18 mm Hg in IOP measurement in the study 
eye and the fellow eye.

Safety outcomes were measured through a combination of TEAE reporting, ocular signs on slit lamp examination, 
and ocular symptoms upon instillation. Conjunctival hyperemia was scored using the McMonnies photographic scale 
(graded by the investigator from 1 to 6). Other biomicroscopic findings were scored on a four-grade scale of none (0), 
mild (1), moderate (2), and severe (3). All TEAEs observed by the investigator or reported by patients were recorded, 
along with their severity and potential relationship to the study treatment. Investigators also assessed the comfort of the 
study medication in the safety population on Day 15, Day 42, and Day 84 visits via an investigator global local tolerance 
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questionnaire, where patients could choose from the options of very satisfactory, satisfactory, not satisfactory, and 
unsatisfactory.

Statistical Analyses
Statistical analyses were performed using SAS software version 9.2 (SAS Institute, Cary, North Carolina, USA). 
Descriptive statistics were provided for the continuous variables, and categorical variables were summarized with counts 
and percentages.

For the change of IOP from baseline and the change of IOP from screening, at each study visit and time point and for 
the diurnal IOP, the treatment groups were compared using an analysis of covariance (ANCOVA) model that controlled 
for pooled study site and baseline/screening IOP. A separate analysis was carried out on the data for the study eye, the 
treated contralateral eye, and the average of the treated eyes. The difference and 95% CI between treatment groups in 
adjusted least-square means were presented. All statistical tests were two-sided at the 5% level of significance.

All randomized patients who received at least one dose of the study drug were included in the intent-to-treat (ITT) 
population; this criterion also includes the safety population. The per-protocol (PP) population consisted of ITT patients 
with no major protocol violations and no missing data points.

Efficacy analyses were performed on the PP population for the primary efficacy endpoint. Analyses of the primary 
efficacy variable were also conducted with the ITT population using both observed data and the last observation carried 
forward approach.

A mixed model of repeated measures (MMRM) analysis was carried out to further evaluate the impact of treatment 
on IOP. Between-group comparisons were tested using an MMRM model that included the following as fixed factors: 
treatment, visit, time point, treatment by visit interaction, treatment by visit by time point interaction, patient by time 
point, and site as a random factor. The objective of this model was to optimally control for IOP variations that could not 
be linked to treatment. For this purpose, factors influencing the evolution of IOP (patient-specific variations, IOP 
variations during the day, and measurement biases arising from differences in assessments between assessors and 
centers) were modeled in order to have an unbiased estimation of the impact of the treatment on IOP.

Results
Patient Disposition and Baseline Characteristics
A total of 335 patients were randomized to receive study treatments: 165 in the T2345 group and 169 in the BPL group 
(safety population; Figure 1). The ITT population consisted of 334 patients (164 in the T2345 group and 170 in the BPL 
group), and 325 patients were included in the PP population (161 patients in the T2345 group and 164 patients in the 
BPL group). The study was completed by 98.2% of patients in the T2345 group and 98.2% of patients in the BPL group, 
with the most common reasons for early discontinuation from the study being TEAEs and consent withdrawal (Figure 1). 
No relevant differences in baseline patient characteristics were noted between treatment groups (Table 1), with the mean 
± standard deviation (SD) age and proportion of patients with POAG in the T2345 and BPL groups being 67.1±10.2 
years and 66.1±11.0 years, respectively, and 72.0% and 78.8%, respectively. The mean ± SD diurnal IOP at baseline 
(after the minimum 3-day washout) was 18.8 mm Hg ± 2.9 in the T2345 group and 19.2±3.1 mm Hg in the BPL group.

IOP-Lowering Efficacy
Both treatments provided clinically meaningful reductions in IOP from baseline to all follow-up visits and time points 
(Figure 2a). At Day 84, the mean ± SD diurnal IOP was 16.3±2.5 mm Hg in the T2345 group and 15.7±2.6 mm Hg in the 
BPL group, representing percentage IOP decreases of 13.8% and 17.7%, respectively.

For the primary efficacy endpoint, the two-sided 95% CI of both T2345 and BPL were within 1.5 mm Hg for all time 
points (9/9) assessed in the study eye of the PP population (Figure 2a). However, only 1/9 time points (Day 84, 4 pm) 
was within the noninferiority margin of 1.0 mm Hg, with 4/9 time points exceeding this noninferiority margin by 
0.07 mm Hg or less (Figure 2b).
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In an analysis of the contralateral (worse) eye (Figure 2c), the 95% CI was within 1.5 mm Hg for all time points (9/9) 
and within 1.0 mm Hg for the majority of time points (5/9) (Figure 2d). Several other analyses also supported the 
noninferiority of T2345 and BPL (summarized in Table 2). Specifically, when mean screening visit IOPs in the study eye 
were analyzed as baseline, and also when the mean IOPs of all treated eyes were assessed, the 95% CIs in both treatment 
groups were within 1.5 mm Hg at all time points evaluated and within 1.0 mm Hg for the majority of time points. 
Furthermore, both criteria for noninferiority were also met in the MMRM analysis, when IOP was assessed using mean 
IOP values from either the study eye or the contralateral eye in the PP population and also when using mean IOP values 
from the contralateral eye in the ITT population.

The percentage of patients with IOP <18 mm Hg at all time points assessed was similar between groups (Figure 3). At 
one time point (8:00 AM) of Visit 3, the difference between the T2345 and BPL groups was >10%, with a greater 
percentage of patients in the BPL group compared with the T2345 group having IOP <18 mm Hg. However, at the 10 

Figure 1 Patient disposition (a), and study design (b), specifying the timings of screening, washout periods, and assessment schedule timings. *One patient was initially 
assigned a specific randomization number, but the study medication for this number (BPL) was unusable because it had frozen on the delivery dock. In accordance with the 
protocol, the patient was assigned the next randomization number, which specified T2345 administration. This patient was analyzed with the T2345 group for the safety 
population (actual treatment) and with the BPL group for the ITT population. The patient was excluded from the PP population. **Patient had ≥1 discontinuing reason. AE, 
adverse event; BAK, benzalkonium chloride; BPL, BAK-preserved latanoprost 0.005%; ITT, intent-to-treat; LTFU, lost to follow-up; PP, per protocol; T2345, preservative- 
free single-dose latanoprost 0.005%.
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AM and 4 PM time points of Visit 3, the percentage of patients with IOP <18 mm Hg was similar between the treatment 
groups. At day 84, 73.1% of patients in the T2345 group and 78.8% in the BPL group had IOPs <18 mm Hg, 
respectively.

Visual Field
From screening to Day 84, the mean VF changes from baseline in the study eye for the T2345 and BPL groups were 
−0.169 ± 1.607 and −0.166 ± 1.680, respectively, with median changes of −0.190 and −0.070. In the fellow eye, mean 
changes from baseline were 0.067 ± 2.124 and −0.094 ± 1.466 for the T2345 and BPL groups, respectively, with median 
changes of −0.035 and −0.040.

If the VF test was abnormal, the investigator assessed whether the result was due to a glaucomatous defect. Abnormal 
VF results due to glaucomatous defects in the study eye were observed in 12.1% (20 patients) and 13.0% (21 patients) of 
the T2345 group at Visits 1 and 5, compared with 18.9% (32 patients) and 18.2% (30 patients) in the BPL group. In the 

Table 1 Summary of Baseline Patient Characteristics for the T2345 and BPL Treatment Groups (ITT 
Population)

Characteristic T2345 (n=164) BPL (n=170) Overall (N=334)

Age, y (mean ± SD) 67.1±10.2 66.1±11.0 66.5±10.6

Sex

Female, n (%) 104 (63.4) 100 (58.8) 204 (61.1)

Male, n (%) 60 (36.6) 70 (41.2) 130 (38.9)

Ethnicity

Hispanic/Latino, n (%) 18 (11.0) 22 (12.9) 40 (12.0)

Not Hispanic/Latino, n (%) 146 (89.0) 148 (87.1) 294 (88.0)

Race

Asian, n (%) 1 (0.6) – 1 (0.3)

Black, n (%) 37 (22.6) 28 (16.5) 65 (19.5)

Other, n (%) 1 (0.6) 1 (0.6) 2 (0.6)

White, n (%) 125 (76.2) 141 (82.9) 266 (79.6)

Diagnosis

Primary open-angle glaucoma, n (%) 118 (72.0) 134 (78.8) 252 (75.4)

Ocular hypertension, n (%) 46 (28.0) 36 (21.2) 82 (24.6)

Diurnal IOP at baseline (mm Hg)

Mean ± SD 18.8±2.9 19.2±3.1 –

Corneal thickness, study eye (μm)

Mean ± SD 550.7±33.9 548.7±34.5 549.6±34.2

Corneal thickness, contralateral eye (μm)

Mean ± SD 552.1±33.7 549.4±33.6 550.7±33.6

Notes: There was a small but significant difference in the T2345 group in the ratio of Black: White patients in each treatment group, but 
this difference was not considered to be clinically meaningful. 
Abbreviations: BPL, BAK-preserved latanoprost 0.005%; IOP, intraocular pressure; ITT, intent-to-treat population; SD, standard 
deviation; T2345, preservative-free single-dose latanoprost 0.005%.
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fellow eye, these defects were noted in 15.2% (25 patients) and 14.8% (24 patients) of the T2345 group at Visits 1 and 5 
compared with 19.5% (33 patients) and 18.2% (30 patients) in the BPL group, respectively.

Safety and Tolerability
T2345 was well tolerated throughout the trial. A smaller proportion of patients in the T2345 group than in the BPL group 
experienced any TEAE (25.5% vs 30.8%; Supplementary Table 1) or any ocular TEAEs (13.9% vs 22.5%, respectively; 
Supplementary Table 2). Ocular TEAEs with a suspected relationship to the study medication were reported in fewer 
patients in the T2345 group (9 [5.5%] patients) than in the BPL group (20 [11.8%] patients). All treatment-related 
TEAEs were ocular; no nonocular TEAEs were suspected to be related to study medication for either the T2345 or BPL 
group. The most common treatment-related TEAEs by preferred term (Medical Dictionary for Regulatory Activities; 
MedDRA) for T2345 were instillation site pain (3 patients, 1.8%) and conjunctival hyperemia and instillation site 
pruritus (2 patients, 1.2%; Table 3). The most common TEAEs suspected to be related to BPL were instillation site pain 
(8 patients, 4.7%), conjunctival hyperemia (4 patients, 2.4%), punctate keratitis (3 patients, 1.8%), and instillation site 
abnormal sensation and instillation site complication (2 patients, 1.2%). Serious TEAEs were observed in 1 (0.6%) 
T2345-treated patient and 4 (2.4%) BPL-treated patients, but none were ocular or considered to be treatment-related.

For one patient in the BPL group, administration of the study drug was temporarily ceased due to corneal abrasion (of 
moderate intensity) that later resolved. Two patients had TEAEs that were suspected of being related to the study drug, 
resulting in study drug discontinuation. One was a patient who received T2345 and experienced conjunctivitis (of 
moderate intensity) that later resolved, and the other was a patient who received BPL and who experienced both 
blepharitis and conjunctival hyperemia (of moderate intensity), neither of which had resolved by the end of the trial.

Figure 2 Mean IOP values in the study eye in the T2345 and BPL-treated groups (a) and difference in IOP (mm Hg) change from baseline levels between each group at each 
time point (intent-to-treat population; (b), and in the contralateral eye (c and d). 
Abbreviations: BAK, benzalkonium chloride; BPL, BAK-preserved latanoprost 0.005%; IOP, intraocular pressure; T2345, preservative-free single-dose latanoprost 0.005%.
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No significant between-group differences were observed in terms of clinically significant abnormalities on slit lamp 
examination, on ophthalmoscopy/dilated fundus examination, or in McMonnies scale scores of conjunctival hyperemia in 
either the study or treated contralateral eyes, with the prevalence of each item being low in both treatment groups. The 
incidence of conjunctival hyperemia as a TEAE was numerically higher in patients who received BPL than in those 
receiving T2345 (n=4 versus n=2), although this difference was not statistically significant. In terms of the Investigator 
Assessment of Comfort of the Study Medication questionnaire results, ratings in both groups were “very satisfactory” for 
most patients at all visits and were either “very satisfactory” or “satisfactory” for at least 98.2% of all patients at any time 
point in both groups (Figure 4).

Discussion
This study evaluated the safety and efficacy of T2345 compared to BPL in a US patient population with POAG or OHT. 
To demonstrate the noninferiority between T2345 and BPL, the 95% CI of the difference between the two treatments had 
to be within 1.5 mm Hg for all time points measured and within 1.0 mm Hg for the majority of the time points measured. 
In the prespecified primary efficacy analysis using the PP population, the 95% CI of the difference between T2345 and 
BPL in the study eye was within 1.5 mm Hg for all time points measured but not within 1.0 mm Hg for the majority of 
the time points. Therefore, both predefined criteria for noninferiority were not met. Nonetheless, T2345 demonstrated the 
ability to maintain IOP below the clinically meaningful level of 18 mm Hg for the duration of the study, starting at Day 
15, with a mean ±SD diurnal IOP reduction in the study eye at Day 84 of 2.6 mm Hg ±2.4 (~13.8%) from baseline. There 
was a numeric difference in the percentages of patients with IOP <18 mm Hg in the study eye between the T2345 and 
BPL groups. However, the difference was not statistically significant.

T2345 was well tolerated throughout the study. Ocular TEAEs were reported at a lower incidence in the T2345 group 
(13.9%) than in the BPL group (22.5%), and fewer patients in the T2345 group (5.5%) than in the BPL (11.8%) group 

Table 2 Statistical Analyses of Noninferiority Criteria

Statistical 
method

Population Time Points with Upper 
95% CI ≤1.5 mm Hg

Time Points with Upper 
95% CI ≤1.0 mm Hg

ANCOVA PP - Study (better) eye 9/9 1/9

ITT observed values - study (better) eye 9/9 1/9

ITT LOCF - study (better) eye 9/9 2/9

PP - fellow (worse) eye 9/9 5/9

ITT observed values - fellow (worse) eye 9/9 5/9

ITT LOCF - fellow (worse) eye 9/9 5/9

MMRM PP - study (better) eye 9/9 6/9

ITT - study (better) eye 9/9 5/9

PP - fellow (worse) eye 9/9 6/9

ITT - fellow (worse) eye 9/9 6/9

ANCOVA PP - Study (better) eye using screening visit as baseline 9/9 6/9

ITT observed values - study (better) eye using screening visit as 
baseline

9/9 6/9

ITT LOCF - study (better) eye using screening visit as baseline 9/9 6/9

Notes: To achieve noninferiority, the mean difference in IOP between T2345 and BPL had to be ≤1.5 mm Hg for all time points and ≤1.0 mm Hg for the majority of the (5/9) 
time points. 
Abbreviations: ANCOVA, analysis of covariance; BPL, BAK-preserved latanoprost 0.005%; CI, confidence interval; ITT, intent-to-treat; IOP, intraocular pressure; LOCF, 
last observation carried forward; MMRM, mixed model of repeated measures; PP, per protocol; T2345, preservative-free single-dose latanoprost 0.005%.
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experienced treatment-related ocular TEAEs. In terms of ocular TEAEs judged to be related to the study medication, only 
conjunctival hyperemia, instillation site pain, and instillation site pruritis exceeded an incidence of 1% in T2345 patients, 
compared with conjunctival hyperemia and punctate keratitis as well as pain, abnormal sensation, and complications at 
the instillation site exceeding a 1% incidence in BPL-treated patients.

Figure 3 Proportion of patients with IOP <18 mm Hg in the study eye (per-protocol population). 
Abbreviations: BAK, benzalkonium chloride; BPL, BAK-preserved latanoprost 0.005%; IOP, intraocular pressure; T2345, preservative-free single-dose latanoprost 0.005%.

Table 3 Number (%) of Patients with Most Common Ocular Treatment-Emergent 
Adverse Events with Relationship to Study Medicine by Preferred Term (Safety 
Population)

Number (%) of Patients

T2345 BPL
(n = 165) (n = 169)

Any treatment-related ocular adverse events 9 (5.5) 20 (11.8)

Eye disorders (≥2 treatment-related TEAEs per group)*

Instillation site pain 3 (1.8) 8 (4.7)

Conjunctival hyperemia 2 (1.2) 4 (2.4)

Instillation site pruritis 2 (1.2) 1 (0.6)

Instillation site abnormal sensation 1 (0.6) 2 (1.2)

Instillation site complication – 2 (1.2)

Punctate keratitis – 3 (1.8)

Note: *The same patient might experience 2 or more TEAEs. 
Abbreviations: BAK, benzalkonium chloride; BPL, BAK-preserved latanoprost 0.005%; T2345, preserva-
tive-free single-dose latanoprost 0.005%; TEAEs, treatment-emergent adverse events.
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In the European phase 3 noninferiority trial that compared T2345 with BPL in a population of 463 patients with 
POAG or OHT, the criteria for noninferiority was met.22 The mean estimated difference on Day 84 between the T2345 
and BPL groups in terms of the change from baseline IOP was 0.417 mm Hg with a 95% CI of −0.006 to 0.840 mm Hg. 
This study also demonstrated a mean ± SD IOP reduction in the study eye of 8.6 ± 2.6 mm Hg (~36%) at Day 84 (versus 
baseline) in the T2345 group and 9.0 ± 2.4 mm Hg (~38%) in the BPL group in the modified ITT (mITT) population. 
These findings are consistent with what has been reported in phase 3 clinical trials for BPL and potassium sorbate– 
preserved latanoprost 0.005%,28 with reductions of 6–8 mm Hg from baseline for both, along with IOP reductions 
reported for other PGAs (~25%-33%).29,30

An important difference between these clinical trials and the current trial is the baseline IOP levels. Patients in the 
European T2345 clinical trial had a mean baseline IOP of 24.1 mm Hg.22 In the current trial, the mean diurnal baseline 
IOP was 18.8 mm Hg in the T2345 group and 19.2 mm Hg in the BPL group. The lower the baseline IOP, the less of an 
effect one would expect to see, and this is also likely why the mean reduction in IOP with BPL was only 3.4 mm Hg 
(17.7%), which is significantly lower than what has been previously reported.31 The difference in baseline IOPs may be 
attributed to the short and variable washout period in the US trial (with median duration of 7 days in both groups), which 
may have been insufficient to achieve normal nontreated values. Indeed, after the washout period, patients only had 
a 4.1 mm Hg increase in IOP from screening compared with an 8.6 mm Hg increase in the European phase 3 trial. 
Remarkably, however, even with a mean baseline IOP close to the clinical threshold of 18 mm Hg, T2345 was able to 
reduce IOP by approximately 3 mm Hg.

Other factors may also have contributed to the noninferiority criteria not being achieved in this study. These include 
the selection of the better eye instead of the worse eye (ie the eye with the higher IOP at baseline) as the study eye, 
a smaller sample size, and the use of different statistical methods compared with the European phase 3 trial. Indeed, when 
additional analyses were performed, either on the contralateral eye or average of both eyes, using Visit one as baseline for 
the study eye (to mitigate some of the washout variability), or by applying a MMRM analysis (similar to that used in the 
European phase 3 trial), both criteria for noninferiority were met. Alternatively, one theoretical benefit of formulating 
topically applied ophthalmic medications with BAK is that it can act as a penetration enhancer, potentially enabling 
higher drug doses to be delivered to intraocular structures and resulting in greater drug efficacy.9,10 Therefore, it could be 
hypothesized that some of the drug efficacy may have been lost with T2345. However, considering the evidence base of 
ex-US studies in the literature that have demonstrated the noninferiority of T2345 to BPL and other preserved PGAs, 
including head-to-head clinical comparisons,27 and several other studies with significantly different study designs, such 

Figure 4 Investigator assessment of comfort of the study medication scores (safety population) split by treatment group and assessment date. 
Abbreviations: BPL, BAK-preserved latanoprost 0.005%; T2345, preservative-free single-dose latanoprost 0.005%.
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as crossover studies,32 observational studies,19,33 and meta-analyses14,26 along with the results from the additional 
analyses in the current study, this does not seem likely. Although this study did not meet certain noninferiority criteria, 
the FDA approved T2345 based on totality of evidence submitted including the European pivotal trial described here.22

T2345 was developed in an effort to eliminate the detrimental effects of BAK on the ocular surface. BAK-free PGAs 
have been shown to reduce the incidence of ocular signs and symptoms, such as irritation, pain, discomfort, and dry eyes, 
compared with BAK-containing formulations.27,34 In the current study, both T2345 and BPL were well tolerated, 
although T2345 may have had a more favorable safety profile. A smaller proportion of patients in the T2345 group 
(13.9%) experienced ocular TEAEs compared with those in the BPL group (22.5%). Furthermore, the incidence of 
treatment-related ocular TEAEs in the T2345 group was approximately half of that of the BPL group (5.5% vs 11.8%). 
Similar findings were reported in a recent post hoc pooled analysis that compared patient tolerance and IOP-lowering 
efficacy of T2345 to BPL from 3 randomized clinical trials (two Phase 3 studies and a Phase 4 study) and 2 international 
real-world evidence observational studies.14 This analysis of 3610 patients found that T2345 was 2 times more effective 
in reducing ocular hyperemia and an OSD composite score compared with BPL (ie, there was a 32.2% decrease in ocular 
signs and symptoms with T2345 compared with 14.1% with BPL). The mean IOP was similar between the groups at 3 
months. Although the results of the current study are consistent with studies demonstrating improved local tolerance with 
BAK-free formulations, the full benefit of preservative-free T2345 on the ocular surface may not have been elucidated in 
this relatively short-term study.

Additional limitations in this trial include the sample size (334 patients in the ITT population), which is almost 40% 
lower than the sample size for the T2345 European trial.22 Furthermore, the exclusion of patients known to be intolerant 
of BAK or the study drugs made the study population not wholly representative of the real-world patient population.

The option of having a preservative-free iglaucoma medication that has similar IOP-lowering efficacy as preserved 
medications, but with improved tolerability, may have important clinical implications. Poor tolerability can negatively 
impact patients’ QOL and contribute to poor regimen adherence and patients not refilling their prescription.35,36 

Therefore, improving tolerability may lead to better patient adherence to glaucoma therapy regimens, potentially 
improving the long-term efficacy of the medication. Moreover, reducing the risk of OSD may improve patients’ 
QOL.37,38 Finally, better regimen adherence and persistence, as well as fewer consultations for BAK-induced OSD, 
may result in cost savings for patients and healthcare providers.15,37

Conclusion
Several clinical studies conducted outside of the US have demonstrated that T2345 is comparable to BPL in lowering 
IOP and has an improved tolerability profile. The current study supports these findings, with comparable IOP-lowering 
efficacy shown with T2345 and BPL in patients with POAG or OHT. T2345 was also well tolerated with a lower 
incidence of overall ocular TEAEs compared with BPL. The combination of T2345’s efficacy, favorable tolerability 
profile, and the fact that chronic exposure to BAK has significant potential long-term risksall make T2345 a suitable and 
potentially preferable alternative to BAK-preserved latanoprost for the management of patients with glaucoma or OHT.

Abbreviations
AE, adverse event; BAK, benzalkonium chloride; CI, confidence interval; IOP, intraocular pressure; IRB, Institutional 
Review Board; ITT, intent-to-treat; POAG, primary open-angle glaucoma; PP, per-protocol; OHT, ocular hypertension; 
SAE, serious AE; TEAE, treatment-emergent AE; US, United States; VF, visual field.

Data Sharing Statement
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commitment covers requests for clinical trial data for unlicensed products and indications.
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These clinical trial data can be requested by any qualified researchers who engage in rigorous, independent scientific 
research and will be provided following review and approval of a research proposal, Statistical Analysis Plan (SAP), and 
execution of a Data Sharing Agreement (DSA).

Data requests can be submitted at any time after the product is approved in the US and Europe and after the acceptance 
of this manuscript for publication. The data will be accessible for 12 months, with possible extensions considered upon 
review.

For more information on the process or to submit a request, visit the following link: https://theapharmainc.com/ 
contact-us.

All data sharing will abide by the prevailing privacy regulations and guidelines to protect the confidentiality and 
privacy of the patients.
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