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A B S T R A C T   

Purpose: Meibomian gland dysfunction (MGD) is a chronic progressive disease with downstream effects on ocular signs and symptoms. AZR-MD-001 is a selenium 
sul昀椀de ophthalmic ointment that was investigated as a potential treatment option for patients with MGD. 
Methods: A Phase 2, multi-center, double-masked, parallel group study was conducted across 29 sites, with 245 patients randomized 1:1:1 to AZR-MD-001 0.5%, AZR- 
MD-001 1.0% or vehicle applied to the lower eyelid, twice weekly. Patients were eligible for the trial if they presented with signs and symptoms of MGD. Co-primary 
ef昀椀cacy endpoints were the changes from baseline in number of open glands (Meibomian Glands Yielding Liquid Secretion [MGYLS] score) and patient-reported 
ocular surface symptoms (Ocular Surface Disease Index [OSDI] total score) at Month 3. Ef昀椀cacy outcomes were captured at Day 14, Month 1.5 and Month 3. 
Safety and tolerability were assessed for treatment-emergent adverse events (TEAEs). 
Results: AZR-MD-001 0.5% (n = 82 patients) treatment resulted in signi昀椀cant improvements in MGYLS score, with patients experiencing an average increase from 
baseline of 4.2 and 2.4 open glands secreting meibum for the drug and vehicle, respectively (p < 0.001) and from baseline a mean OSDI total score improvement of 
7.3 and 3.8 for the drug and vehicle, respectively (p < 0.05). Most TEAEs were mild and transient, with 3 serious adverse events (SAEs) reported with AZR-MD-001 
(none related to study drug). 
Conclusions: Co-primary endpoints were met for AZR-MD-001 0.5% at Month 3, with a statistically signi昀椀cant improvement in the signs and symptoms of MGD. AZR- 
MD-001 was safe and well tolerated. 
Trial registration: ClinicalTrials.gov Identi昀椀er: NCT03652051, ANZCTR Registration Number: AZ201801.   

1. Introduction 

Meibomian gland dysfunction (MGD) is a chronic and progressive 
condition associated with blockage of meibomian glands and alteration 
in meibum quality [1]. In 2011, expert consensus elaborated that MGD 
possesses ‘intrinsic features including ori昀椀ce plugging, duct obstruction 
and dilatation, gland atrophy and dropout, and qualitative changes in 
expressed secretions [2,3]. Abnormal keratin production and aggrega-
tion, which alters meibum quality and quantity, leads to blockage of 
meibomian glands [4]. Meibum, which is secreted by meibomian glands 
located within the tarsus, consists of hundreds of different wax and 

cholesteryl ester lipids and 90 different proteins, that include various 
forms of keratin [5–7]. Meibum provides tear 昀椀lm stability, ocular 
surface protection against microbial agents and organic matter, and 
reduces evaporation of aqueous components of the tear 昀椀lm, playing an 
integral role in maintaining eye health [8, 9]. 

MGD prevalence is estimated to be as high as 35%–70% in certain 
populations, with total prevalence estimated at over 100 million 
Americans [10–13]. Notably, there appears to be a higher prevalence of 
MGD in reports from Asian populations compared to populations with a 
majority of Caucasians. Studies conducted in Bangkok, Taiwan, Japan, 
and Beijing reported MGD prevalence rates of 46.2%, 60.8%, 61.9%, 
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and 69.3%, respectively. In contrast, studies from Australian pop-
ulations predominantly composed of Caucasians reported lower preva-
lence rates, such as 3.5% in the Salisbury Eye Evaluation study and 
19.9% in the Melbourne Visual Impairment Project [14–19]. It is 
important to exercise caution when drawing broad conclusions due to 
variations in de昀椀nition and diagnostic criteria used across countries, 
which can drive different rates of prevalence. Further, large 
population-based studies estimate that over 80% of people diagnosed 
with dry eye symptoms also have MGD [20,21]. The impact of 
MGD-associated abnormalities commonly includes alterations of the 
tear 昀椀lm and vision quality, ocular irritation, clinically apparent 
in昀氀ammation, anterior blepharitis and contact lens discomfort (CLD), 
though individuals with early-stage or mild MGD may be asymptomatic 
[2,22]. 

The primary treatment goal in MGD is ensuring a healthy lipid layer 
for the ocular surface by improving tear 昀椀lm stability, which is dependent 
on high-quality meibum secretion and normal 昀氀ow [23]. Conventional 
treatments for obstructive MGD entail eyelid hygiene [24], omega-3 di-
etary supplementation [25], topical antibiotics [26], corticosteroids 
[27], cyclosporine [28], diquafosol [29], oral tetracycline antibiotics (e. 
g., doxycycline, minocycline, and tetracycline) [30,31], and oral 
omega-6 fatty acids as well as mechanical expression for the unclogging 
of glands that are blocked [32,33]. Speci昀椀cally, the use of topical anti-
biotics and corticosteroids to suppress bacterial colonization and 
in昀氀ammation of the eyelid margin associated with MGD has been shown 
to be effective in the relief of symptoms and the signs of MGD, but the 
success of the treatment may have little to do with the changed meibum. 
Oral antibiotics (including doxycycline, tetracycline, and minocycline) 
are used to suppress bacterial colonization and reduce in昀氀ammation of 
the lid margin, as well as suppress some of the lipase breakdown of the 
meibum, leading to decreased free fatty acids and diglycerides. Drug 
intolerance and prolonged therapy have limited the clinical application 
of oral antibiotics [34]. Eyelid-warming devices have also been employed 
in the treatment of patients with obstructive MGD [35–39]. Warm com-
presses and thermal/mechanical devices such as LipiFlow®, a vectored 
thermal pulsation treatment, attempt to alleviate meibum blockages [40, 
41] by raising the internal temperature of the meibomian glands over the 
normal melting point for meibum (i.e., 32 ◦C–40 ◦C) [37]. 

There are currently no approved pharmacotherapies for MGD and 
current dry eye disease–approved medications do not target key MGD 
pathophysiology [42,43]. Selenium sul昀椀de-containing products are 
poorly absorbed through intact skin, but as topical preparations they 
have been reported to induce sebum production and to possess kerato-
lytic and keratostatic effects, making them a logical development 
candidate for the treatment of MGD. Due to its poor ability to cross 
competent epithelial boundaries, selenium sul昀椀de should be applied 
directly to the site of action where a redox reaction causes it to break 
disul昀椀de bonds, causing proteins to disaggregate, potentially unblocking 
the meibomian gland ori昀椀ces and decreasing meibum viscosity [44,45]. 

AZR-MD-001 is a semi-solid ophthalmic ointment containing sele-
nium sul昀椀de. This Phase 2 clinical study was designed to evaluate the 
safety and ef昀椀cacy of AZR-MD-001 (0.5% and 1.0%) over a 6-month 
dosing period in patients with signs and symptoms of MGD. Results 
from the primary endpoints, evaluated at 3 months, are discussed here. 

2. Methods 

2.1. Design 

This Phase 2 study was a randomized, double-masked, vehicle- 
controlled, parallel-group, multicenter study investigating the safety 
and ef昀椀cacy of AZR-MD-001 (0.5% and 1.0%) in patients with signs and 
symptoms of MGD (NCT03652051; ANZ201801). It was conducted from 
February 2021 to August 2022 across 29 sites in Australia, New Zealand 
and Canada. Patients were enrolled based on eligibility criteria at 
screening and baseline visits. If initially deemed eligible, patients were 

instructed to withdraw all treatments for MGD or dry eye disease, 
including arti昀椀cial tears (washout period), and to return to the site for 
the baseline visit 14 days later. During the baseline visit, eligibility 
criteria were con昀椀rmed, and patients were required to demonstrate 
ability to follow dosing instructions by correctly dispensing ointment 
using a dispensing aid and applying the demonstration medication 
(petrolatum white) to their lower eyelid. 

Patients were randomized in a 1:1:1 ratio to one of two concentra-
tions of AZR-MD-001 (0.5%, 1.0%) or vehicle in both eyes and assessed 
at the 3-month endpoint of the treatment period (eFigure A). Patients 
were randomized to study treatment using an interactive web response 
system (IWRS). Randomization numbers were assigned sequentially in 
order of enrolment within the patient’s stratum. The IWRS reported a 
medication kit number for each patient that corresponded to the 
randomization number. Study sites used the IWRS at subsequent study 
visits to obtain medication kit numbers for dispensing study drug to 
patients. 

All patients were strati昀椀ed by MGD diagnosis duration (<5 or ≥5 
years) and Meibomian Gland Secretion (MGS) score (<6, or ≥6 and ≤
12) at baseline. 

2.2. Eligibility criteria 

Full eligibility criteria are detailed in eAppendix A. Key inclusion 
criteria included being aged ≥18 years with evidence of meibomian 
gland obstruction in both eyes, a history of associated dry eye signs and 
symptoms within the past 3 months, and no signi昀椀cant glandular atro-
phy on meibography (<75%). Key exclusion criteria included a history 
or presence of any other ocular condition in either eye that would likely 
interfere with data interpretation. Patients with glaucoma or ocular 
hypertension in either eye or the planned insertion/removal of glau-
coma 昀椀ltration shunts/devices during the study were excluded. No 
corneal abnormality or disorder that impacted the normal spreading of 
the tear 昀椀lm (keratoconus, pterygia, scarring) or corneal integrity was 
allowed. The use of contact lenses, arti昀椀cial tears, saline drops or ocular 
lubricants was not permitted. 

2.3. Treatments 

All treatments consisted of AZR-MD-001 0.5%, AZR-MD-001 1.0% or 
vehicle and were provided in identical 5 g multi-use opaque white tubes 
with a screw cap to maintain masking. All patients and site staff were 
masked to treatment assignment. The randomized study drug was 
applied twice weekly immediately before sleep, on the lower eyelids, by 
the patient using their washed index 昀椀nger. Subsequent blinking 
transferred drug to the upper eyelid. To ensure consistent dosing be-
tween patients and between applications, patients were trained on 
appropriate dispensing at the baseline visit. 

Patients were instructed to have at least a one-day gap between 
doses. For example, if they dose on Tuesday their next dose should be on 
a Thursday night at the earliest and Sunday night at the latest if they 
intend to dose on Tuesday night again the following week. The twice- 
weekly regimen was initially based on the recommended use of sele-
nium sul昀椀de medicated shampoo and was further tested in a Phase 2a 
program where daily and twice-weekly regimens were tested. In the 
Phase 2a program, the twice-weekly regimen was found to produce good 
ef昀椀cacy and safety and was advanced into the current study as it rep-
resented the least amount of drug exposure required to achieve desired 
ef昀椀cacy in this patient population. 

2.4. Assessments 

Visits occurred at screening (Visit 1, Day −14), baseline (Visit 2, Day 
0), Day 14 (Visit 3), Month 1.5 (Visit 4) and Month 3 (Visit 5, primary 
endpoint). Best-corrected visual acuity, slit-lamp biomicroscopy 
(including eyelid margin erythema/telangiectasia), sodium 昀氀uorescein 
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corneal staining (Oxford scale), lissamine green conjunctival staining 
(Oxford scale) and meibomian glands [46–48] were assessed at all study 
visits. Meibomian gland evaluations were performed by the same 
investigator for all visits for a patient. Unanesthetized Schirmer tests 
were performed at screening, baseline and Month 3, with intraocular 
pressure, ophthalmoscopy exam, and meibography assessed at screening 
and Month 3. Signs of MGD were measured by the number of Meibomian 
Glands Yielding Liquid Secretion (MGYLS) and MGS scores. 
AZR-MD-001’s mechanism of action includes increased lipogenesis, the 
breaking down of protein aggregates, and slowing down the future 
deposition of keratin, which should help open obstructed meibomian 
glands and restore normal meibum viscosity. Therefore, MGYLS and 
MGS, both of which are closely linked to the mechanism of action for 
AZR-MD-001, were evaluated. Similarly, the symptoms of MGD were 
assessed using the Ocular Surface Disease Index (OSDI) Version 1 
(©1995 Allergan, all rights reserved), the only validated symptom 
endpoint, in addition to other patient-reported outcomes such as Stan-
dard Patient Evaluation of Eye Dryness (SPEED). A Phase 2a program 
con昀椀rmed that MGYLS had better signal to noise ratio compared to MGS. 
Phase 2a also evaluated OSDI, SPEED and VAS scales and determined 
that total OSDI had the best signal to noise ratio for a symptom endpoint. 
Thus, total OSDI and MGYLS were selected as the co-primary endpoints 
for this con昀椀rmatory ef昀椀cacy study. Tear break-up time (TBUT) was 
used to assess downstream effects of MGS and MGYLS. 

The number of MGYLS was based on a standardized technique for 
meibomian gland expression, where secretion in the lower eyelid of each 
eye was measured for 5 consecutive glands per region (temporal, central 
and nasal). Expression was performed using a standardized expression 
device, the Meibomian Gland Evaluator (Johnson & Johnson [49]) on 
15 glands individually, with 0 (none observed) or 1 (liquid observed) 
recorded following expression. The MGYLS was scored from 0 to 15, 
where lower scores indicated more severe disease. To be a ‘MGYLS 
responder,’ a patient needed a clinically meaningful increase in open 
glands associated with symptom resolution, demonstrated by an in-
crease of ≥5 MGYLS from baseline, which is between a score consistent 
with symptomatic disease (≤4 responding glands) and non-symptomatic 
disease (≥6 responding glands) [3]. 

The MGS was based on visual evidence of meibum quality. Using 
similar methodology as MGYLS, secretion in the lower eyelid of each eye 
was measured on a total score scale of 0–45 per eye, with lower scores 
indicating more severe disease. Each gland was scored using a four-point 
scale where; 0 = no secretion, 1 = inspissated/toothpaste consistency, 2 
= cloudy liquid secretion and 3 = clear liquid secretion. A ‘MGS 
responder’ was de昀椀ned as a patient with MGS score >12, indicating 
normal meibum quality [37]. 

The impacts of MGD were evaluated by symptoms (OSDI, SPEED) 
and TBUT. The OSDI questionnaire evaluated ocular symptoms, envi-
ronmental triggers and vision-related functioning. OSDI total score 
ranges 0–100, with higher scores representing greater disability. An 
‘OSDI total score responder’ was de昀椀ned as a patient with OSDI total 
score <13, which was considered normal or asymptomatic for dry eye 
disease [50]. 

The SPEED total score was based on the occurrence, frequency and 
severity of four symptoms of eye dryness, with the patient recording the 
time/occurrence of symptoms (at this visit, within past 72 h or within 
past 3 months) [51]. SPEED total score ranged from 0 to 28, with higher 
scores indicating increasing severity. Scores from 0 to 4 were classi昀椀ed 
as ‘mild’ disease, 5–7 as ‘moderate’ and ≥8 as ‘severe’ based on previous 
guidelines [52]. 

TBUT [53] was the time (seconds) taken for the 昀椀rst dry spot to 
appear on the cornea after a complete blink and was evaluated using a 
micropipette (5 μL of 2%) to deliver non-preserved sodium 昀氀uorescein 
and the cobalt blue light on a slit lamp with measurements in triplicate 
per eye. Increased values in TBUT indicated improvement, with ‘TBUT 
responders’ de昀椀ned as patients with normal response, i.e., TBUT ≥10 s 
[53]. 

2.5. Statistical analyses 

The co-primary ef昀椀cacy endpoints were the change from baseline in 
signs of MGD (measured by MGYLS) and symptoms of MGD (measured 
by OSDI). The co-primary endpoints were evaluated using a hierarchical 
approach. For each endpoint, the subsequent endpoint was not evalu-
ated unless the prior endpoint was signi昀椀cant at α = 0.05. Therefore, the 
hierarchical approach controlled for the family-wise Type I error and did 
not require adjustment for multiplicity [54]. The hierarchical approach 
was change from baseline to Month 3 in MGYLS, comparing 
AZR-MD-001 0.5% to placebo, followed by OSDI total score, comparing 
AZR-MD-001 0.5% to placebo, MGYLS, comparing AZR-MD-001 1.0% to 
placebo and 昀椀nally OSDI total score, comparing AZR-MD-001 1.0% to 
placebo. Analysis was performed using an ANCOVA model with 
(continuous) baseline MGYLS score or OSDI total score as a covariate 
and treatment (0.5% or 1.0% AZR-MD-001 or placebo), duration of 
disease category (<5 or ≥5 years), and baseline MGS score category (<6 
or ≥6 and ≤ 12) as factors in the model. The ANCOVA model was also 
performed for each AZR-MD-001 dosing level versus placebo. The least 
square mean differences between treatments (0.5% versus placebo and 
1.0% versus placebo) were presented along with two-sided (95%) con-
昀椀dence intervals. For further information on the hierarchical approach 
and sample size determination, please see eAppendix B. 

Ef昀椀cacy analyses were performed on available data from the intent- 
to-treat (ITT) population, which included all randomized patients. The 
safety population included all randomized patients who received ≥1 
dose of study treatment. Co-primary endpoints were analyzed separately 
using an ANCOVA model including terms for baseline value and anal-
ysis. Additional secondary and exploratory ef昀椀cacy endpoints were 
similarly analyzed. Categorical variables were summarized by sample 
size (N), frequency count and percent, and analyzed using Cochran- 
Mantel-Haenszel to evaluate differences between treatments, control-
ling for disease duration category and baseline MGS score category. 
SAS® software for Windows Version 9.4 or higher was used (SAS® 
Institute Inc., Cary, NC, USA). 

2.6. Ethics 

The study was conducted in accordance with US Code of Federal 
Regulations Title 21, the International Conference on Harmonisation 
Consolidated Good Clinical Practices Guideline (E6), the standard 
operating procedures of the sponsor and vendors participating in the 
conduct of the study, and the ethical principles of the Declaration of 
Helsinki. The study protocol and associated documents were reviewed 
and approved in writing by a properly constituted Institutional Review 
Board or Independent Ethics Committee at each site, with approval 
obtained prior to study initiation. Written informed consent and related 
materials were obtained in accordance with applicable regulations; 
informed consent was required before any study-speci昀椀c procedures 
were initiated. 

3. Results 

3.1. Baseline characteristics 

A total of 245 patients with signs and symptoms of MGD were ran-
domized and included in the ITT and safety populations (Fig. 1); 35 
(14.3%) patients discontinued the study before the Month 3 visit, with 3- 
month completion rates being 79.3% (n = 65/82) for AZR-MD-001 
0.5%, 80.7% (n = 67/83) for AZR-MD-001 1.0% and 95.0% (n = 76/ 
80) for vehicle. Over 3 months of exposure, patients were expected to 
administer 24 doses of study drug; a total of 196 (94.2%) patients were 
compliant (80–125% of doses taken) with drug administration, with 
similar overall compliance across treatment groups. 

The primary reason for discontinuation overall was study with-
drawal (11 [13.4%] patients in the 0.5% group, 9 [10.8%] patients in 
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the 1.0% group, and 3 [3.8%] patients in the placebo group). The 
increased withdrawal by patients observed across the treatment groups 
was associated with mild to moderate application site discomfort/irri-
tation recorded around the time of withdrawal. The 1.0% group had the 
most patients (5 [6.0%]) fail to meet inclusion criteria after 
randomization. 

Baseline demographics and clinical characteristics were similar 
across treatment arms, with signs and symptoms consistent with that for 
an MGD patient population (Table 1). Patients were largely white 
(72.2%), female (66.5%), and had a mean age (SD) of 53.2 (17.5) years. 
MGD duration, self-reported at baseline, was ≥5 years in 64.5% of pa-
tients, with 57.1% of patients presenting with a baseline MGS score 
between 6 and 12, inclusive. 

3.2. Co-primary endpoints 

AZR-MD-001 0.5% met both co-primary endpoints (Table 2). There 
was signi昀椀cantly greater improvement in MGYLS scores from baseline to 
Month 3 with 0.5% compared to vehicle, indicating that AZR-MD-001 
treatment resulted in more open meibomian glands (Fig. 2A). There 
was signi昀椀cantly greater improvement from baseline to Month 3 in 
mean OSDI total score with 0.5% compared to vehicle, indicating that 
AZR-MD-001 0.5% resulted in greater symptom relief than vehicle 
(Fig. 2B). For both co-primary endpoints, there was numerical 
improvement with AZR-MD-001 1.0% over vehicle that did not reach 
statistical signi昀椀cance. 

Fig. 1. Recruitment, randomization, and patient 昀氀ow 
Two patients did not attend the Month 3 visit but continued with the study. 

Table 1 
Baseline demographics and patient clinical characteristics of the safety population.    

AZR-MD-001 0.5% (N = 82) AZR-MD-001 1.0% (N = 83) Vehicle (N = 80) 
Age (years) Mean (SD) 52.1 (16.9) 55.6 (17.2) 51.9 (18.5) 

Range 18–80 20–93 20–97 
Gender, n (%) Male 31 (37.8) 27 (32.5) 24 (30.0) 

Female 51 (62.2) 56 (67.5) 56 (70.0) 
Race, n (%) White 57 (69.5) 64 (77.1) 56 (70.0) 

Asian 16 (19.5) 10 (12.0) 21 (26.3) 
Black 3 (3.7) 3 (3.6) 1 (1.3) 
Paci昀椀c Islander 0 1 (1.2) 0 
Other 6 (7.3) 5 (6.0) 2 (2.5) 

Duration of MGD, n (%) <5 years 29 (35.4) 30 (36.1) 28 (35.0) 
≥5 years 53 (64.6) 53 (63.9) 52 (65.0) 

MGYLS score Mean (SD) 1.7 (1.4) 1.9 (1.4) 1.8 (1.3) 
MGS score, n (%) <6 38 (46.3) 33 (39.8) 34 (42.5) 

≥6 and ≤ 12 44 (53.7) 50 (60.2) 46 (57.5) 
OSDI total score Mean (SD) 25.2 (7.5) 24.2 (6.0) 25.0 (6.7) 

MGD: meibomian gland dysfunction; MGS: Meibomian Gland Secretion; MGYLS: Meibomian Glands Yielding Liquid Secretion; OSDI: Ocular Surface Disease Index; SD: 
standard deviation. 

S.L. Watson et al.                                                                                                                                                                                                                               



The Ocular Surface 29 (2023) 537–546

541

Table 2 
Summary of co-primary and secondary ef昀椀cacy endpoints (ITT population).   

AZR-MD-001 0.5% (N = 82) AZR-MD-001 1.0% (N = 83) Vehicle (N = 80) 
Co-primary Endpoints 
Change from baseline in MGYLS score at Month 3, LS mean (SE) 4.2 (0.36) 3.2 (0.37) 2.4 (0.34) 

P value vs baseline <0.0001 <0.0001 <0.0001 
P value vs vehicle 0.0004 0.14  

Change from baseline in OSDI total score at Month 3, LS mean (SE) −7.3 (1.26) −6.1 (1.30) −3.8 (1.22) 
P value vs baseline <0.0001 <0.0001 0.0028 
P value vs vehicle 0.04 0.18  

Secondary Endpoints 
Change from baseline in MGYLS score 

Day 14, LS mean (SE) 1.6 (0.22) 1.6 (0.22) 0.8 (0.21) 
P value vs baseline <0.0001 <0.0001 0.0002 
P value vs vehicle 0.0080 0.0071  

Month 1.5, LS mean (SE) 2.9 (0.29) 2.8 (0.28) 1.8 (0.28) 
P value vs baseline <0.0001 <0.0001 <0.0001 
P value vs vehicle 0.0046 0.0078  

Change from baseline in OSDI total score 
Day 14, LS mean (SE) −2.4 (1.28) −1.7 (1.30) −2.3 (1.27) 

P value vs baseline 0.0635 0.19 0.0684 
P value vs vehicle 0.97 0.73  

Month 1.5, LS mean (SE) −5.0 (1.26) −3.3 (1.27) −3.3 (1.23) 
P value vs baseline 0.0002 0.013 0.0084 
P value vs vehicle 0.33 0.97  

MGYLS responder rate 
Day 14 (mean %) 7.8 9.8 1.3 

P value vs vehicle 0.10 0.033  
Month 1.5 (mean %) 27.2 28.4 5.4 

P value vs vehicle 0.0012 0.0006  
Month 3 (mean %) 45.7 28.8 14.7 

P value vs vehicle 0.0005 0.096  
OSDI total score responder rate 

Day 14 (mean %) 17.7 23.5 16.3 
P value vs vehicle 0.53 0.52  

Month 1.5 (mean %) 31.5 27.1 23.8 
P value vs vehicle 0.53 0.70  

Month 3 (mean %) 46.9 38.4 28.3 
P value vs vehicle 0.020 0.39  

Change from baseline in SPEED score 
Day 14, LS mean (SE) −2.3 (0.46) −1.4 (0.46) −2.2 (0.46) 

P value vs baseline <0.0001 0.0028 <0.0001 
P value vs vehicle 0.88 0.21  

Month 1.5, LS mean (SE) −2.7 (0.50) −2.1 (0.52) −2.3 (0.49) 
P value vs baseline <0.0001 0.0002 <0.0001 
P value vs vehicle 0.61 0.74  

Month 3, LS mean (SE) −4.3 (0.46) −4.1 (0.45) −2.8 (0.44) 
P value vs baseline <0.0001 <0.0001 <0.0001 
P value vs vehicle 0.018 0.031  

Change from baseline in MGS score 
Day 14, LS mean (SE) 4.0 (0.51) 4.1 (0.51) 2.1 (0.50) 

P value vs baseline <0.0001 <0.0001 <0.0001 
P value vs vehicle 0.0081 0.0035  

Month 1.5, LS mean (SE) 7.1 (0.75) 7.0 (0.71) 4.2 (0.72) 
P value vs baseline <0.0001 <0.0001 <0.0001 
P value vs vehicle 0.0048 0.0056  

Month 3, LS mean (SE) 10.5 (0.91) 8.1 (0.88) 6.0 (0.84) 
P value vs baseline <0.0001 <0.0001 <0.0001 
P value vs vehicle 0.0003 0.075  

MGS responder rates 
Day 14 (mean %) 19.9 18.5 7.6 

P value vs vehicle 0.038 0.095  
Month 1.5 (mean %) 49.7 46.1 27.8 

P value vs vehicle 0.0073 0.038  
Month 3 (mean %) 68.7 50.7 44.4 

P value vs vehicle 0.0069 0.98  
Change from baseline in TBUT 

Month 3, LS mean (SE) seconds 2.21 (0.29) 1.53 (0.33) 0.52 (0.29) 
P value vs baseline <0.0001 <0.0001 0.079 
P value vs vehicle <0.0001 0.019  

ITT: intent-to-treat; LS: least squares; MGS: Meibomian Gland Secretion; MGYLS: Meibomian Glands Yielding Liquid Secretion; OSDI: Ocular Surface Disease Index; SE: 
standard error; SPEED: Standard Patient Evaluation of Eye Dryness; TBUT: tear break-up time. 
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3.3. Key secondary analyses 

There was signi昀椀cantly greater improvement in MGYLS scores from 
baseline to Day 14 and to Month 1.5 in both AZR-MD-001 treatment 
groups and at Month 3 for the 0.5% treatment group compared to 
vehicle (Table 2; Fig. 2A). At Months 1.5 and 3, a signi昀椀cantly greater 
percentage of patients treated with AZR-MD-001 0.5% than vehicle were 
MGYLS responders (i.e., ≥5-gland increase from baseline), and at Day 
14 and Month 1.5, signi昀椀cantly more patients treated with AZR-MD-001 
1.0% than with vehicle were MGYLS responders (Table 2; eFigure B). At 
all timepoints, the percentage of responders with AZR-MD-001 was 
numerically higher than with vehicle without reaching statistical 
signi昀椀cance. 

At baseline, no patients were classi昀椀ed as ‘normal’ or asymptomatic 
per OSDI (score <13) as all patients were diagnosed with symptomatic 
MGD. OSDI total score responder rates analysis at Month 3 found 
signi昀椀cantly more patients were asymptomatic in the 0.5% group 
compared to vehicle; at all three timepoints, the responder rates in both 
treatment groups were numerically higher than in the vehicle group but 
without statistical signi昀椀cance (Table 2; eFigure C). 

At Month 3, SPEED scores signi昀椀cantly decreased for both the 0.5% 
and 1.0% treatment groups relative to vehicle (Table 2; eFigure D). 

There was greater improvement from baseline in MGS score at all 
three timepoints in the 0.5% and 1.0% treatment groups (Table 2). The 
0.5% treatment group showed signi昀椀cantly greater improvement in 
MGS scores compared to vehicle at all timepoints. The 1.0% group 

demonstrated signi昀椀cantly greater improvement in MGS scores at Day 
14 and Month 1.5 and numerically greater improvement at Month 3 
compared to vehicle. At all three timepoints in the clinical trial, the 
percentage of MGS responders (i.e., patients with a ‘normal’ value of 
MGS >12) in both treatment groups was higher than for vehicle 
(Table 2; eFigure E). Signi昀椀cantly more patients in the 0.5% treatment 
group had ‘normal’ quality meibum at all timepoints, with numerically 
greater MGS responders in the 1.0% group at each timepoint compared 
to vehicle. 

Downstream effects of MGS and MGYLS improvements were assessed 
by changes in TBUT, which reached signi昀椀cant improvements from 
baseline at all timepoints for the 0.5% and 1.0% groups and signi昀椀cant 
difference compared to vehicle at Month 1.5 for 0.5% and Month 3 for 
both treatment groups (Table 2; eFigure F). Signi昀椀cantly higher per-
centage of patients treated with AZR-MD-001 achieved normal TBUT of 
≥10 s (i.e., TBUT responders) at Month 3 compared with vehicle 
(eFigure F). 

3.4. Safety and tolerability 

One hundred thirty-seven of 245 (55.9%) patients across all groups 
reported a treatment-emergent adverse event (TEAE; 47 with non- 
ophthalmic events, 118 with ophthalmic events) (Table 3). TEAEs re-
ported in ≥5% of any treatment group were application-site pain (0.5%, 
n = 14 [17.1%]; 1.0%, n = 13 [15.7%]; and vehicle, n = 0, respectively), 
increased lacrimation (11.0%, 1.2%, 0%), super昀椀cial punctate keratitis 

Fig. 2. Co-primary endpoints: change from baseline 
at Month 3 in (A) number of MGYLS and (B) OSDI 
total score (ITT population) 
*p < 0.05, **p < 0.01, ***p < 0.001 vs vehicle; n.s., 
not signi昀椀cant. 
LS means, differences, and p-values based on analysis 
of covariance (ANCOVA) model with baseline score 
as a covariate and treatment group, disease duration 
category (<5 vs ≥ 5 years), and baseline Meibomian 
Gland Secretion score category (<6 vs 6–12) as fac-
tors. ANCOVA models are created separately for each 
visit. Multiple imputation was performed within the 
ITT population. 
Baseline: baseline mean (standard deviation) score; 
ITT: intent-to-treat; LS: least squares; MGYLS: Mei-
bomian Glands Yielding Liquid Secretion (higher 
scores are better); OSDI: Ocular Surface Disease Index 
(lower scores are better); SE: standard error.   
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(9.8%, 8.4%, 1.3%), corneal staining (6.1%, 8.4%, 1.3%), eye pain 
(6.1%, 7.2%, 1.3%), eye irritation (4.9%, 6.0%, 2.5%), application-site 
irritation (2.4%, 6.0%, 0%) and eye in昀氀ammation (3.7%, 9.6%, 1.3%). 
The majority (93.6%) of ophthalmic adverse events in AZR-MD-001 
patients were rated as mild to moderate. 

Two (2.4%) patients in the 0.5% group discontinued the study due to 
super昀椀cial punctate keratitis (SPK) and one patient (1.2%) in the 1.0% 
group discontinued due to stinging and irritated eyes. All cases of SPK 
resolved following cessation of treatment with no sequela. Five serious 
TEAEs were reported by four patients: pericarditis, thyroid mass, 
pneumonia, post procedural hemorrhage and nephrolithiasis. All SAEs 
were non-ophthalmic and not considered study drug–related by the 
investigator. No deaths were reported during the study. 

4. Discussion 

We report the 昀椀rst double masked, controlled study that demon-
strates that AZR-MD-001, a keratolytic and lipogenic agent, improves 
outcome measures representing the key drivers for resolving MGD: open 
glands (MGYLS) and meibum quality (MGS), and in turn, downstream 
effects on tear 昀椀lm stability (as measured by TBUT) and patient symp-
toms (OSDI, SPEED), which were statistically signi昀椀cant and clinically 
meaningful relative to control at 0.5% concentration by Month 3. Pa-
tients in our study had pathophysiological signs of MGD (blocked 
glands, poor meibum quality) and histories of related ocular surface 
symptoms, with two-thirds of patients having MGD for >5 years. 

This is the 昀椀rst report on using selenium sul昀椀de for the treatment of 
MGD. While clinical studies from the 1950s have evaluated topical se-
lenium sul昀椀de for treating seborrheic blepharitis, some evaluations were 
not statistically signi昀椀cant [55–58], and none evaluated selenium sul-
昀椀de for treatment of MGD. Across these early investigations, topical 
application of 0.5% selenium sul昀椀de up to twice daily to the eyelid 
margin was safe and well tolerated over three months of treatment and 
demonstrated good ef昀椀cacy in reducing signs of seborrheic blepharitis. 
Variables measured included urinary selenium excretion [57], corneal 
damage [58], skin oiliness [56], and meibum quality [55], compared to 
the main variables (number of open glands and meibum quality) 
measured in this study. The most severe TEAE reported was epithelial 
keratitis [56]. Evidence based upon rechallenge after dosing application 
retraining in several patients suggests that improper application 
contributed to this 昀椀nding. This has been both observed in studies un-
dertaken in the 1950s, where a few cases of improper application 
resulted in similar AEs [56–58], as well as by the observation of com-
plete eradication of this AE for months 4–6 of therapy following further 

clari昀椀cation to study patients on proper dose application (data on 昀椀le). 
Notably, AZR-MD-001 was administered just twice weekly compared 

to the twice-daily regimen of the seborrheic blepharitis studies, which 
likely contributed to the 94.2% compliance rate of patients with MGD. 
While in the current study, the 1.0% concentration showed signi昀椀cance 
at early timepoints, it did not perform as consistently as the 0.5% con-
centration of AZR-MD-001. Evidence from pre-clinical studies for sele-
nium sul昀椀de (data on 昀椀le) suggested that the effect of the selenium 
sul昀椀de on lipid production in sebaceous cells (similar embryonic origin 
and mode of lipid release as meibocytes) may be non-linear, resulting in 
a lower lipogenic effect at higher concentrations. Since MGYLS counts 
the number of open glands secreting meibum, AZR-MD-001 0.5% was 
prioritized in the statistical hierarchy as the optimal concentration. 

While both concentrations used in this study positively bene昀椀t lipid 
production, and the percentage of TEAEs reported were similar between 
the 0.5% and 1.0% groups, the results of the current study are consistent 
with an earlier Phase 2a clinical study which con昀椀rmed that AZR-MD- 
001 0.5% was much more likely than AZR-MD-001 1.0% to achieve 
improvements in both sign and symptom response (data on 昀椀le). This 
information justi昀椀ed the hierarchical testing approach which was used 
to control Type 1 error with multiple measures and treatment arms (i.e., 
AZR-MD-001 0.5% changes in MGYLS followed by OSDI total score were 
prioritized over those endpoints with AZR-MD-001 1.0%) to preserve 
statistical rigor and to maintain pivotal regulatory standards. 

In patients treated with vehicle, while showing reduced effect 
compared to drug, improvement from baseline was noted. This obser-
vation is typical for many other ocular surface treatment studies. Mod-
ern clinical studies in ocular surface disease are designed with the intent 
of comparing drug effects on signs and symptoms in a treatment arm to a 
placebo/vehicle arm, which ideally will portray the natural course of the 
disease. The perceived ef昀椀cacy of a control in clinical trials may be 
skewed by several factors unrelated to pharmacology and which 
included the natural course of the disease: placebo effect (e.g., cytokine 
or allergen washout from frequent application or irritating controls 
[Xiidra™]) [59], Hawthorne effect (subjects’ knowledge of being 
observed leads to changes in behavior), regression towards the mean 
(subjects are most likely to seek treatment when their symptoms are at 
their worst), environmental challenges (e.g., time of year), and manip-
ulation of the lids (impacts glandular secretion, necessitating 
non-therapeutic expression techniques and could include vehicle 
application in the current study). 

Vehicle response rates from 14.7% (MGYLS responders) to 44.2% 
(MGS responders) indicate that the study design features (e.g., repeat 
baseline measures, population characteristics, and use of the MGE) 

Table 3 
Summary of treatment-emergent adverse events (TEAEs; safety population).   

AZR-MD-001 0.5% (N = 82) AZR-MD-001 1.0% (N = 83) Vehicle (N = 80) 
Any TEAEs, n (%) 54 (65.9) 61 (73.5) 22 (27.5) 
Any ophthalmic TEAEs (in either eye), n (%) 47 (57.3) 57 (68.7) 14 (17.5) 
Any non-ophthalmic TEAEs (in either eye), n (%) 16 (19.5) 18 (21.7) 13 (16.3) 
Any possibly, probably, or certainly related TEAEs, n (%) 42 (51.2) 50 (60.2) 10 (12.5) 
TEAEs reported in ≥5% of patients, n (%) 

Application-site pain 14 (17.1) 13 (15.7) 0 
Lacrimation increased 9 (11.0) 1 (1.2) 0 
Super昀椀cial punctate keratitisa 5 (6.1) 6 (7.2) 1 (1.3) 
Eye pain 5 (6.1) 6 (7.2) 1 (1.3) 
Vital dye staining cornea presenta b 4 (4.9) 7 (8.4) 1 (1.3) 
Eye irritation 4 (4.9) 5 (6.0) 2 (2.5) 
Application-site irritation 2 (2.4) 5 (6.0) 0 

Any serious TEAEs, n (%)c 1 (1.2) 1 (1.2) 2 (2.5) 
Study drug withdrawal due to TEAEs, n (%)d 11 (13.4) 9 (10.8) 1 (1.3)  
a De昀椀ned as associated with an increase in corneal staining of ≥2 grades. 
b 62% baseline incidence of corneal staining (Oxford Score 1 or 2 units) signifying early moderate in昀氀ammation. 
c No serious TEAEs were considered related to study drug. 
d Patients may have restarted study drug after resolution of the event. Only 3 patients were discontinued from the study due to an adverse event (2 in the AZR-MD- 

001 0.5% group and 1 in the AZR-MD-001 1.0% group). 
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worked to control the perceived ef昀椀cacy of control, leaving ample room 
to observe the therapeutic effects of AZR-MD-001. The observed pla-
cebo/vehicle arm response rates in the current study compare well with 
historical rates in ocular surface disease trials, which can be as high as 
80% [60,61]. 

Overall, AZR-MD-001 0.5% potentially provides several positive 
advantages over current widely used mechanical and thermal treat-
ments for MGD such as iLux®, LipiFlow® and warm compresses. Across 
the studies evaluating these devices, the program used to support 
approval for LipiFlow® is the most comparable to the current study 
design. Lane and colleagues [37] randomized a total of 69 subjects (138 
eyes) to LipiFlow® – a one-time, 12-min in-of昀椀ce treatment. Subjects 
meeting inclusion criteria were ≥18 years of age; were willing to comply 
with the study procedures and follow-up schedule; reported dry eye 
symptoms within 3 months of the baseline examination, with a Standard 
Patient Evaluation for Eye Dryness (SPEED) score ≥6 at the baseline 
visit; had evidence of meibomian gland obstruction (based on a total 
meibomian gland secretion score of ≤12 for 15 glands of the lower lid); 
and completed the informed consent process. Prior to the baseline visit, 
subjects were required to discontinue use of systemic antihistamines or 
isotretinoin (Accutane) for ≥1 month, cyclosporine-A (Restasis) for ≥2 
months, and other dry eye or MGD related medication (e.g., antibiotics, 
non-steroidal and anti-in昀氀ammatory drugs, and corticosteroids) for at 
least ≥2 weeks and to maintain abstinence throughout the duration of 
study. Ocular lubricants and nutritional supplements were not 
restricted. 

A systematic review and meta-analysis of randomized controlled 
trials found that LipiFlow® treatments were superior to warm com-
presses for total OSDI but not gland score at 3 months, showing a −6.92- 
point improvement (total OSDI) and a 2.87-point improvement (gland 
score) over warm compresses [62]. The most common safety 昀椀ndings in 
that study for LipiFlow® were traced to mild conjunctival vascular in-
jection, hyperemia, or redness. 

In comparison, AZR-MD-001 0.5% was superior to vehicle for both 
total OSDI and MGYLS at 3 months, with an average 7.3-point 
improvement for total OSDI and a 4.2-point improvement for MGYLS 
at 3 months. Although limited to low level cross trial data comparisons 
at this time, the change from baseline with AZR-MD-001 0.5% for signs 
and symptoms was greater than that for warm compress, and AZR-MD- 
001 0.5% was able to signi昀椀cantly improve both MGYLS and total OSDI 
relative to vehicle, while LipiFlow® could not achieve this outcome 
relative to their control [62]. 

Importantly, device trials can be limited by bias toward a novelty 
effect in favor of LipiFlow®; three trials had potential selection bias and 
thus were given a rank of some concern, and two trials were open label 
and did not involve masking patients and assessors [37,62–65]. 
AZR-MD-001 0.5% appears to provide a positive advantage over both 
LipiFlow® and warm compresses. Compression procedures can also be 
time-consuming, energy intensive, and comprised of multiple steps, 
leading to patient non-compliance [38,42]. Other pharmaceutical ap-
proaches to managing MGD amongst patients that are not responsive to 
mechanical and heat treatment includes the use of topical and/or oral 
antibiotics. While these therapies can be effective for some patients, 
evidence for sustained bene昀椀ts after a completion of a course of anti-
biotic therapy is lacking, and concerns relating to the risk of antibiotic 
microbial resistance outweigh their perceived bene昀椀ts in long-term 
MGD management [66]. 

4.1. Limitations 

Generalizability is limited by the study population (primarily 
Caucasian with meibomian gland loss not exceeding 75%). Future 
evaluation of AZR-MD-001 will be conducted in a larger population with 
a longer follow-up period to con昀椀rm the long-term, sustained mainte-
nance of improvements in signs and symptoms of MGD after cessation of 
treatment, as well as long-term clinical ef昀椀cacy. This study 

demonstrated that a concentration of 0.5% AZR-MD-001 selenium sul-
昀椀de applied twice weekly at bedtime yields clinically meaningful im-
provements in MGD, with no further bene昀椀ts in using concentrations 
beyond this, under the same dosing conditions. Given the novel nature 
of AZR-MD-001, the results presented here will assist future clinical trial 
design of AZR-MD-001. 

5. Conclusions 

MGD is a chronic, debilitating, and progressive abnormality of the 
meibomian glands, which has signi昀椀cant downstream consequences if 
not managed effectively. There are limited approved pharmacological 
treatments for MGD. This study has shown clinically meaningful and 
statistically signi昀椀cant improvements across multiple signs and symp-
toms of MGD as early as Day 14 with a 0.5% selenium sul昀椀de ointment 
used twice weekly, compared to vehicle, with increased ef昀椀cacy through 
Month 3. The trial endpoints were designed to re昀氀ect signs of MGD and 
are closely linked to the number of open meibomian glands and 
improvement in meibum quality. Combined with the favorable safety 
and tolerability pro昀椀le, the results from this Phase 2 study suggest that 
this novel therapy represents a major advance in the treatment of this 
common and debilitation condition. 
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