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1.  Please rate your confidence in your ability to diagnose and treat 

dry eye disease (DED) associated with meibomian gland dysfunction 

(MGD; based on a scale of 1 to 5, with 1 being not at all confident 

and 5 being extremely confident).

A.  1
B.  2
C.  3
D.  4
E.  5

2. All of the following represent signs and symptoms of DED EXCEPT:

A. Redness/itching/watery eyes
B. Low tear osmolarity
C. High tear osmolarity
D. Elevated MMP-9 tear level 

3.  A 65-year-old man presents to your clinic for cataract evaluation. 

He notes blurry vision bilaterally that fluctuates daily as well as 

increased mattering on his eyelids in the morning. Slit lamp exam 

reveals diffuse corneal staining and meibography shows gland duct 

dilation and dropout. All of the following statements are true about 

this patient EXCEPT:

A.  This patient has DED that should be optimized before 
cataract surgery

B. This patient has MGD
C.  Most precataract surgical patients do not have MGD, 

so this patient likely has aqueous deficiency DED 
D.  Lens calculations obtained on this patient are likely 

erroneous due to his DED

4.  Which of the following MGD treatment option modulates the immune 

response to alleviate DED?

A. Preservative-free artificial tear drops
B. Lifitegrast
C. Thermal pulsation 
D. Meibomian gland expression 

5.  A 65-year-old woman presents to your office for evaluation of eye 

discomfort. She notes frequent red/itchy eyes, with increased tearing 

daily. In-office testing reveals high tear osmolarity and significant 

meibomian gland inspissation. All of the following represent 

evidence-based treatment options for this patient’s MGD EXCEPT:

A. Azithromycin treatment
B.  In-office treatment with thermal pulsation, 

microblepharoexfoliation, or intense pulsed 
light therapy

C. Immunomodulator therapy with topical cyclosporine A 
D. IV steroid therapy 

6.  Which of the following MGD therapeutics can treat Demodex mites?

A. AZR-MD-001
B. TP-03
C. Reproxalap
D. NOV03

PRETEST QUESTIONS
Please complete prior to accessing the material and submit with Posttest/Activity Evaluation/Satisfaction Measures for credit.



The Expanding Armamentarium: The Latest in MGD-DED Diagnostics and Treatment

AUGUST 2023 | SUPPLEMENT TO CATARACT AND REFRACTIVE SURGERY TODAY / GLOBAL / YMDC 5

Dry Eye Disease: 
Epidemiology and Diagnostics 
MICHAEL GREENWOOD, MD

D
espite the number of innovations that have occurred over 
the past several years, dry eye disease (DED) remains one 
of the most undertreated and underdiagnosed ophthalmic 

conditions.1 Approximately 6.8% (16.4 million) of US adults were 
diagnosed with DED in 2013, and 2.5% (6 million) of US patients 
were undiagnosed with DED but reported experience with it.2 
Per these estimates, more than 25% of patients with DED in the 
United States were undiagnosed in 2013. 

Global and regional rates of DED are sometimes higher than 
US rates. A 2021 study estimated a global prevalence of DED of 
11.6%, with the highest prevalence found in Africa (47.9%) and 
the lowest found in North America (4.6%).3 DED prevalence 
rates in adult populations have been estimated at 11.0% in 
Spain,4 18.3% in Iran,5 20.0% in the United Kingdom,6 and 20.0% 
in South Korea.7 (Prevalence rates are, in part, a function of the 
definition of DED used by respective researchers, as the TFOS 
DEWS II authors observed.8)

Approximately 50% of DED is exclusively evaporative in 
nature, with 36% of DED arising from both evaporative and 
aqueous-deficient sources, and the remaining 14% of DED being 
exclusively aqueous-deficient disease.9-11 Meibomian gland 
dysfunction (MGD) has been identified as a major contributor to 
evaporative DED.10-14 Given that approximately 86% of DED is at 
least somewhat based on evaporative disease, MGD is of particular 
interest to eye care providers treating DED.

A 2022 meta-analysis of 13 studies found that the prevalence 
of DED was 7.8% in patients aged at least 68 years,15 suggesting 
that many of the patients we see in our clinics for age-related 
conditions such as cataract and glaucoma may have comorbid 
DED. MGD, in particular, is found at high rates among cataract 
patients in the presurgical period (52%)16 and among glaucoma 
patients on long-term drop regimens (80%).17 It has also been 
noted that meibum quality and abnormality of lid margins are 
linked with longer duration of soft contact lens wear.18

Identifying DED and/or MGD in clinical settings in difficult, 
especially when patients are presenting with other ocular 
conditions. DED symptoms range from itchy, watery eyes to 
ocular strain and pain. Patients with blurred or fluctuating 
vision (two common symptom of DED) often think a new 
refraction is needed, when in fact DED treatment may be more 
appropriate. Further complicating diagnosis and detection is 
that DED patients are often asymptomatic and report no issues 
even though they have clinical signs of DED. Moreover, signs of 
DED may be inconsistent: among patients with DED, only 50% of 
them show corneal staining despite showing other clinical signs 
of DED.19

Treating DED in patients who are scheduled to undergo 
cataract surgery is key to successful outcomes. When DED is 
treated effectively, presurgical measurements (ie, topography, 
biometry, keratometry) are more accurate, inevitably leading to 
a higher percentage of satisfied patients. Given the importance 
of treating DED in the presurgical period and the value of 
understanding whether MGD is a source of DED, we must seek 
to master various methods of detecting these conditions.

DIAGNOSTICS IN DED AND MGD
Symptoms alone are not sufficient for diagnosing DED. Clinical 

tests that can aid in accurate diagnosis of DED and MGD include 
osmolarity testing, identification of inflammatory markers in tear 
samples, ocular surface interferometry, and analysis of meibomian 
gland anatomy. 

Osmolarity Testing
Osmolarity testing offers several advantages (Figure 1). 

Specifically, it can be done in the office, takes seconds to perform, 
may be executed by a technician, is relatively noninvasive, and may 
be performed 15 minutes after administering topical anesthetic 
and/or dilating drops. (Note that other drops, including artificial 
tears, may affect osmolarity for up to 3 hours after administration.) 

To perform an osmolarity evaluation, the user places the tip 
of a device loaded with a testing chip onto a patient’s ocular 
surface. A volume of 50 nL of fluid from the tear meniscus is 
collected, and osmolarity is measured in a couple of seconds. 
Tear osmolarity below 310 mOsms/L is considered healthy.20 
If osmolarity measurements differ between eyes by at least 
10 mOsms/L, further evaluation is warranted. Patients with DED 
often have highly variable osmolarity scores in a single session as a 
result of their tear film’s lack of homeostasis. If multiple osmolarity 
tests performed in a single exam yield inconsistent results, DED is 
likely present. 

Figure 1. Osmolarity testing is easy to perform and takes only seconds to gather a small tear 
sample. Technicians are capable of performing this test, and the results of osmolarity testing 
are easy to understand. 
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Assessment of osmolarity prior 
to cataract surgery is appropriate 
given hyperosmolarity’s link with 
less-than-desired outcomes. Compared 
with patients with average osmolarity, 
hyperosmolar patients experience 
significantly higher variability in average 
K readings and significantly higher 
percentages of 1.00-D differences in 
measured corneal astigmatism.21 
Busy clinics may find that osmolarity 
assessments are useful differentiators in 
suspected DED patients. Patients with 
allergy, lid dysfunction, or environmental 
aggravations (and no DED) who present 
with symptoms such as watery eyes or 
ocular discomfort typically show healthy 
osmolarity scores, whereas patients with 
DED will have osmolarity measurements 
>310 mOsms/L. 

Identification of Inflammatory Markers 
in Tear Samples

Matrix metalloproteinases (MMPs) are 
proteolytic enzymes that are produced 
by stressed epithelial cells on the ocular 
surface.22 Patients with ocular surface 
disease have demonstrated elevated 
levels of MMP-9 in tears.22 It has been 
determined that MMP-9 detection in tears 
is a more sensitive diagnostic marker than 
clinical signs, and correlates with clinical 
examination findings at a high rate.22

The steps for in-office testing for 
MMP-9 levels resemble those of 
osmolarity testing (Figure 2). Collection 
of a tear sample takes only a few seconds, 
and transfer of the testing fleece into 
the sample collector is intuitive. Results, 
interpretation of which is straightforward, 
are reported after 10 minutes. 

Like osmolarity testing, MMP-9 testing 
may be used in differential diagnosis of 
DED, allowing clinicians to eliminate 
other sources (ie, allergens or pollution) 
of DED-like symptoms. Choosing 
either osmolarity or MMP-9 testing for 
DED suspects may be appropriate for 
nonsurgical patients, although some 
surgeons preparing patients for cataract 
procedures may wish to perform both 
tests if seeking to confirm the presence 
of DED. 

Ocular Surface Interferometry
Although osmolarity and MMP-9 

testing are relatively noninvasive in that 
they do not require long contact with 
patients or serious disruption to ocular 
tissues, ocular surface interferometry 
is a truly noninvasive DED diagnostic 
modality. Ocular surface interferometry 
measures tear film lipid layer thickness 
and blinking patterns.23

Lipid layer thickness measurements 
may be particularly useful when 
determining if a DED patient has MGD 
or aqueous-deficient disease. In 2022, 
Kim et al found that patients with 
MGD had lower lipid layer thickness 
measurements compared with patients 
who had aqueous-deficient DED.24 If 
high rates of partial blinks are uncovered 
during examination with ocular surface 
interferometry, patients may be good 
candidates for blink training. In my clinic, 
we consider blink training if a partial blink 
rate of 40% is calculated on examination. 
Proper blinking techniques help keep 
meibomian glands in working order, and 
may prevent meibomian gland occlusion.

Analysis of Meibomian Gland Anatomy
Clinicians who examine meibomian 

glands in patients with DED can better 
understand if (and to what extent) 
MGD plays a role in their patient’s 
condition. Meibography offers a chance 
to fully visualization meibomian glands 
and characterize dropout, and may be 
useful when educating patients with 
MGD-related DED. 

Still, a standard slit-lamp examination 
is often sufficient for uncovering MGD 

Figure 2. Like osmolarity testing, in-office evaluation of MMP-9 levels in tears is noninvasive and easy to perform. This step-by-step 
guide offers an overview of sample gathering, testing, and results interpretation. 

Figure 3. Meibomian gland blockage can be observed on slit-lamp examination. The raised white bumps on these lid margins are 
evidence of a blocked meibomian gland, and careful expression of these glands may lead to restored function.  



The Expanding Armamentarium: The Latest in MGD-DED Diagnostics and Treatment

AUGUST 2023 | SUPPLEMENT TO CATARACT AND REFRACTIVE SURGERY TODAY / GLOBAL / YMDC 7

(Figure 3). Healthy lid margins produce oily meibum that 
spreads evenly upon expression, whereas patients whose 
expressions are pasty or uneven have MGD. Blocked meibomian 
glands should be cleared so that normal anatomy and function 
may be restored. Given that we do not have a method for 
restoring meibomian gland function after atrophy, we must 
prioritize preserving and restoring them before morphologic 
changes lead to permanent damage.

CONCLUSION
Identification of DED and MGD in preoperative cataract 

patients is foundational to their success. Given the various 
diagnostic tests at our disposal, clinicians should be able to 
find objective data that inform their diagnoses. Still, using only 
one test may be insufficient. In the PHACO study, Trattler 
et al found that the study’s “results suggest that more than 
one diagnostic test may be necessary [for presurgical cataract 
patients] to identify those with undiagnosed … [DED].”25 If 
indeed clinicians are to use more than one methodology for 
diagnosing DED, they may do well to start with the modalities 
outlined here. n
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Home-Based and In-Office 
Treatments for Dry Eye 
Disease Secondary to 
Meibomian Gland Dysfunction 
ALICE T. EPITROPOULOS, MD, FACS 

A
fter dry eye disease (DED) and meibomian gland dysfunction 
(MGD) are identified, the question turns to how to best treat 
the patient. There are several routes to administer therapy, 

ranging from nutritional supplements to topical drops to in-office 
procedures to address obstruction of the meibomian glands. 
Selecting the treatment most tailored to your patient’s individual 
disease characteristics, lifestyle, and medical history is key, and 
turning to algorithms such as those from DEWS II,1 CEDARS,2 and 
the American Society for Cataract and Refractive Surgeons3 may 
be useful when managing DED secondary to MGD, particularly in 
patients who are scheduled for cataract surgery.

Broadly speaking, treatments for DED and MGD can be grouped 
as home-based or in-office treatments. We will use that distinction 
as a framework to discuss various treatment approaches available 
to clinicians. 

HOME-BASED TREATMENTS FOR DED SECONDARY TO MGD
Oral supplementation of omega-3 fatty acids significantly 

improves MGD scores in patients at 8 weeks.4 Consumption of a 
diet that includes fatty acids has been shown to reduce incidence 
of DED in some patients,5 and adjustments to a patient’s diet may 
be warranted if a patient opts for dietary consumption of omega-3 
fatty acids in lieu of supplementation. Omega-3 supplements in 
the proper dose, form (re-esterified), and ratio have been shown 
to improve both signs and symptoms of DED.6

Immunomodulators such as cyclosporine-A and lifitegrast 
(Xiidra, Novartis) have been shown to be effective therapies for 
patients with MGD. A 2018 study found that cyclosporin-A was 
effective at improving tear film stability and ocular discomfort in 
patients with MGD at 3 months, although it should be noted that 
the researchers in that study found no differences in meibomian 
gland secretion in cyclosporin-A patients compared with control 
patients.7 A 2020 study comparing the efficacy of lifitegrast 
treatment compared with thermal pulsation therapy for MGD 
found that, at day 42, patients who received lifitegrast therapy 
demonstrated significantly improved eye dryness, corneal staining, 
and eyelid redness compared with thermal pulsation patients, and 
that patients in both arms had similar lipid layer thickness.8 Three 
patients in the lifitegrast group withdrew due to lack of efficacy. 
The study author concluded that “lifitegrast should be included in 
treatment for inflammatory MGD.”8

Prior to the approval by the US Food and Drug Administration 
(FDA) of loteprednol etabonate ophthalmic suspension 0.25% 
(Eysuvis, Kala Pharmaceuticals) clinicians used off-label topical 
steroids to treat DED; this is still the case in regions that have 
not yet seen regulatory approval. In approving the drug for 
the short-term (ie, up to 2 weeks) treatment of the signs 
and symptoms of DED, the FDA relied in part on data from 
the phase 3 STRIDE study, which found that treatment with 
loteprednol etabonate led to significant improvements at day 
15 in ocular discomfort severity in both the intent-to-treat 
population and a predefined group with severe ocular 
discomfort.9 Safety of this treatment was confirmed in a pooled 
analysis of four studies (a single phase 2 study and a trio of 
phase 3 studies).10

Topical antibiotics with and without steroids may be 
helpful for some patients with chronic lid margin disease 
and MGD. Use of off-label topical azithromycin, utilized for 
its anti-inflammatory effects more than its antibiotic effects, 
has been shown to be successful in treating MGD when used 
alongside systemic azithromycin.11 Topical azithromycin therapy 
has been shown to be as effective as oral doxycycline therapy for 
the treatment of MGD in terms of relieving signs and symptoms 
and restoring lipid properties of meibomian gland secretions, 
although doxycycline therapy was less effective than topical 
azithromycin therapy in improving foreign body sensation and 
signs of plugging and secretion.12

Systemic (ie, oral) antibiotics including tetracycline, 
doxycycline, minocycline, and azithromycin may be used to treat 
lid margin disease; like topical formulations, oral formulations 
of these antibiotics are used more for their anti-inflammatory 
properties than their antibiotic characteristics. Low doses of 
these drugs may be sufficient to achieve relief. One study found 
that 20 mg of oral doxycycline was as effective as a 200-mg dose 
in treating MGD.13

IN-OFFICE TREATMENT FOR DED SECONDARY TO MGD
For some patients, in-office treatments for DED and MGD 

are most effective when used in a step-wise approach. In my 

Figure 1. Microblepharoexfoliation is key to establishing lid margin hygiene before initiating other 
in-office treatments for MGD. Use of a microsponge to debride biofilm at the lid margin assists in 
clearing obstructed meibomian glands.  Screenshot of video courtesy James Rynerson, MD.
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clinic, I use a combination approach that involves lid margin 
hygiene, addressing meibomian gland obstruction, and reducing 
inflammation. These three treatment categories are synergistic 
and are more effective when addressed early in the disease 
process, before patients have significant gland atrophy or dropout.

Microblepharoexfoliation (BlephEx) reduces bacteria 
and Demodex mites that contribute to inflammation and 
meibomian gland obstruction (Figure 1). During this procedure, 
a medical-grade microsponge exfoliates a patient’s eyelids and 
lashes. When educating patients on this procedure, I compare 
the biofilm removed by the sponge to dental plaque that 
accumulates near gumlines, thereby providing an easy from of 
reference for most patients. 

Thermal pulsation therapy (LipiFlow, Johnson & Johnson) was 
first approved by the FDA in 2011 (Figure 2). When receiving a 
LipiFlow treatment, patients’ meibomian glands are heated and 
vectored pulsation clears meibomian gland obstruction. The 
procedure is brief (ie, ~12 minutes), and a single session has been 
shown to have effects up to 36 months.14 A systematic review 
and meta-analysis of 10 randomized clinical trials incorporating 
761 patients concluded thermal pulsation can improve signs 
and symptoms of MGD without increasing the incidence of 
adverse events.15

A handheld thermal device called iLux (Alcon) allows 
clinicians to visualize meibomian glands through a magnifier 
while applying heat via a light source (Figure 3). Clinicians apply 
pressure to the lids using the iLux device, and can monitor gland 
expression to identify areas that may need extra attention. 

A 2020 study by Tauber et al compared 4-week outcomes 
in MGD patients who underwent therapy with either LipiFlow 
or iLux.16 The study authors concluded that no statistically 
significant differences were detected among the groups when 
measuring meibomian gland scoring, tear break-up time, or 
Ocular Surface Disease Index scoring. Wesley et al found similar 
results in 2022, and concluded that iLux was noninferior to 
LipiFlow for MGD at 1 year.17

When using TearCare (Sight Sciences), a localized thermal 
therapy that applies heat to a patient’s eyelids via disposal 
adhesive patches, patients are able to blink normally. After heat 
is applied, manual expression is required. Gupta et al found 
that a single TearCare procedure was equivalent to a single 
LipiFlow procedure in terms of efficacy and safety at 1 month in 
MGD patients.18

Like the iLux, the MiBoFlo (MiBo Medical Group) is a 
handheld thermal applicator that allows expression of 
meibomian glands. A study comparing a course of therapy 
with MiBoFlo (ie, three 10-minute treatments every 2 weeks) 
to a single 12-minute LipiFlow treatment determined that 
improvements were found in both treatment arms at months 
1 and 2.19 Insufficient number of enrolled patients and follow-up 
time may have caused some deviations in the results.

Intense pulsed light (IPL) therapy, which was originally 
developed for dermatologic conditions, targets abnormal 
telangiectatic vessels that contribute to inflammation; IPL also 
has documented antimicrobic properties and may contribute to 
the fluidification of clogged meibum.20 An ophthalmic-specific 
IPL platform (OptiLight; Lumenis) was approved in 2021 for 
improving signs of DED due to MGD.

Intraductal probing, the most invasive in-office procedure 
to address MGD, may be used for patients whose condition 
has inadequately responded to other treatments. Use of local 
anesthetic and a microcannula are required, and the procedure 
can be uncomfortable for patients. Still, release of obstructed 
meibomian glands via mechanical manipulation has been shown 
to be effective: 96% of patients in a study evaluating intraductal 
probing for MGD reported immediate relief following the 
procedure, and 100% of patients reported relief at week 4.21

CONCLUSION
We are fortunate to have access to several methods of 

relieving DED for patients whose disease is mediated by MGD, 
and simultaneous use of at-home and in-office treatments 

Figure 2. Thermal pulsation therapy, which takes approximately 12 minutes, relies on a combination 
of heat and vectored pulsation to clear obstructed meibomian glands. Screenshot of video courtesy 
Tauber Eye Center. 

Figure 3. A handheld thermal applicator that doubles as a tool for expressing meibomian 
glands enables clinicians to visualize meibomian glands through a magnification mechanism. 
Screenshot of video courtesy Alcon. 
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may yield good results for patients. In the following article, my 
colleague John D. Sheppard, MD, MMSc, offers a glimpse into 
the developmental pipeline for DED and MGD therapy. n
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The Future of Pharmacologic 
Therapy in Meibomian  
Gland Dysfunction 
JOHN D. SHEPPARD, MD, MMSc, FACS

F
or nearly 20 years, pharmacologic therapy for dry eye 
disease (DED) and meibomian gland dysfunction (MGD) 
was dominated by cyclosporine ophthalmic emulsion 0.05% 

(Restasis, Allergan). This was because other treatments had not 
yet been approved by regulatory bodies, were cumbersome, were 
ineffective, or were impractical in real-world settings. As Alice 
T. Epitropoulos, MD, FACS, explained in the previous article, 
clinicians now have various approaches for treating DED and 
MGD, enabling more tailored therapy—and further options are 
on the way. 

Because a full examination of the developmental pipeline is 
beyond the scope of this discussion, I will focus only on four 
imminent interventions. The first intervention, approved by 
the FDA for the signs and symptoms of DED in May 2023, is 
perfluorohexyloctane ophthalmic solution, formerly known 
as NOV03 (Miebo, Bausch + Lomb). The second intervention, 
approved by the FDA for the treatment of Demodex blepharitis 
in July 2023, is lotilaner ophthalmic solution 0.25%, formerly 
known as TP-03 (Xdemvy, Tarsus Pharmaceuticals). The other 
interventions I will discuss are two drug candidates that, based 
on the findings of their respective clinical trials, may be close 
to regulatory approval. These include AZR-MD-001 (Azura 
Ophthalmics) and reproxalap (Aldeyra Therapeutics). 

NOV03
NOV03 is designed to address tear evaporation on the ocular 

surface, a condition often linked with MGD.1,2 The safety and 
efficacy of NOV03 for the treatment of DED were assessed in the 
randomized, multicenter, double-masked, pivotal phase 3 GOBI 
and MOJAVE studies, which enrolled more than 1,200 patients 
with DED and clinical signs of MGD. Patients were randomly 
assigned 1:1 to NOV03 or hypotonic saline. The studies’ primary 
endpoints were changed from baseline in total corneal fluorescein 
staining (tCFS) and eye dryness Visual Analog Scale (VAS) score 
at day 57 (± 2 days), which may be considered a sign and a 
symptom, respectively. 

The studies met their primary endpoints.3,4 Eyes in the 
treatment arm compared with the control arm experienced 
significantly greater least-squares (LS) mean change from baseline 
to week 8 for tCFS (-2.3 vs -1.1, respectively) and VAS scoring 
(-29.4 vs 19.2, respectively) in MOJAVE; statistically significant 
differences for both endpoints were detected starting at week 
2.5 Similar outcomes were seen in GOBI, with NOV03 treatment 

resulting in significantly greater LS mean change from baseline 
to week 8 for tCFS and VAS scoring at day 573; like MOJAVE, 
improvements in GOBI were seen as early as 2 weeks. Safety 
results for GOBI and MOJAVE can be viewed in Tables 1 and 2.

The FDA approved NOV03 for the signs and symptoms of DED 
in May 2023.5 Per its label, it is dosed 4 times daily in each eye.6

AZR-MD-01
AZR-MD-001, a novel formulation of selenium sulfide adapted 

from the dermatology space, takes a three-pronged approach to 
treating MGD: it promotes the breakdown of disulfide bonds, 
slows production of keratin, and stimulates meibum production. 
In a phase 2b clinical study evaluating the safety and efficacy of 
AZR-MD-001 for the treatment of MGD, patients were required 
to administer the treatment to their bottom eyelid twice weekly 
at bedtime. 

The study met its primary endpoints, with a mean increase from 
baseline of 1.8 meibomian glands secreting meibum (P < .001) and 
a significant improvement in Ocular Surface Disease Index (OSDI) 
scoring observed at 3 months.7 Patient-reported data showed 

TABLE 1. SAFETY IN GOBI
Number of patients (%)

NOV03 (n=303) Saline (n=294)

Patients with ≥1 ocular study eye AE 25 (8.3) 15 (5.1)

Most common study eye AEs*

-Blurred vision 9 (3.0) 1 (0.3)

Abbreviation: AE, adverse event.
Source: Tauber J, Berdy GJ, Wirta DL, et al; GOBI Study Group. NOV03 for dry eye disease associated with meibomian gland 
dysfunction: results of the randomized phase 3 GOBI study. Ophthalmology. 2023;130(5):516-524.

TABLE 2. SAFETY IN MOJAVE
Number of patients (%)

NOV03 (n=311) Saline (n=309)

Patients with ≥1 ocular study eye AE 30 (9.6) 30 (9.7)

Most common study eye AEs*

-Blepharitis 5 (1.6) 1 (0.3)

-Blurred vision 4 (1.3) 1 (0.3)

-Conjunctival hyperemia 4 (1.3) 5 (1.6)

-Conjunctival papillae 4 (1.3) 5 (1.6)

-Eye discharge 1 (0.3) 3 (1.0)

-Eye pain 1 (0.3) 3 (1.0)

Abbreviation: AE, adverse event.
Source: Sheppard JD, Kurata F, Epitropoulos AT, et al; MOJAVE Study Group. NOV03 for signs and symptoms of dry 
eye disease associated with meibomian gland dysfunction: the randomized phase 3 MOJAVE study. Am J Ophthalmol. 
2023;252:265-274. 
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that AZR-MD-001 was effective at significantly improving SPEED 
scores, VAS scores, eye discomfort, eye dryness, and ocular itch. 

Safety data were unremarkable, with a majority of adverse 
events (AEs) categorized as mild and transient; no serious 
treatment-related AEs were observed.7 Treatment-emergent AEs 
led to discontinuation of 2.4% of patients in the study. 

A second pivotal study, which will be a phase 3 study, is 
scheduled to begin in 2023.7

REPROXALAP
Reproxalap is a topical formulation of a reactive aldehyde 

species (RASP) inhibitor designed for the treatment of DED.8 
To most clinicians, RASP inhibition is a new approach to DED 
and MGD treatment. Inflammatory ocular diseases such as DED, 
allergic conjunctivitis, noninfectious uveitis, and Sjögren syndrome 
are linked with increased RASP levels. 

The safety and efficacy of reproxalap for the treatment of DED 
were assessed in the phase 3 TRANQUILITY and TRANQUILITY-2 
studies.9,10 In TRANQUILITY, the primary endpoint of reduction in 
ocular redness from baseline was not met. However, use of topical 
reproxalap was linked with a significant improvement in Schirmer 
test scoring, which was a secondary endpoint in the study; a post 
hoc analysis found a significantly higher rate of Schirmer test 
responders ≥10 mm.

Because Schirmer test scoring has been used by the FDA as 
an endpoint for other DED product approvals, the endpoint of 
TRANQUILITY-2 was modified to include Schirmer testing scoring 
improvement from baseline.9 In TRANQUILITY-2, both primary 
endpoints (ie, Schirmer test scoring and proportion of Schirmer 
test responders ≥10 mm) were met.10

A 12-month, vehicle-controlled, multicenter, parallel-group 
safety clinical trial that enrolled 447 patients (299 treated with 
reproxalap) observed no serious AEs related to treatment.11 The 
most common AE related to treatment was mild and transient 
instillation site irritation. 

A New Drug Application (NDA) filing was accepted by the FDA, 
and the agency is expected to make a decision on approval in 
November 2023.12 

Reproxalap has also been studied in human cohorts 
for noninfectious anterior uveitis13 as well as allergic 
conjunctivitis.14,15 Aldeyra Therapeutics announced positive 
top-line results from the phase 3 INVIGORATE-2 clinical trial 
of 0.25% reproxalap ophthalmic solution, an investigational 
new drug, in patients with allergic conjunctivitis. According to 
a press release from the company, the clinical trial successfully 
achieved statistical significance for the primary endpoint and 
all secondary endpoints.16 An NDA for allergy was submitted in 
February 2023, and the FDA is expected to make a decision by 
November 2023.

TP-03
Treatment of Demodex blepharitis could meaningfully 

contribute to MGD resolution in some patients. TP-03 is a 

formulation of lotilaner ophthalmic solution 0.25% designed to 
treat Demodex blepharitis by addressing Demodex infestation. 

The safety and efficacy of TP-03 were assessed in the pivotal 
Saturn-1 and Saturn-2 studies. The phase 2b/3 Saturn-1 study 
was a randomized, controlled, multicenter, double-masked 
trial that evaluated TP-03 in 421 adults who had more than 
10 collarettes on the upper lid and at least mild erythema of the 
upper eyelid margin.17 Patients self-administered 1 drop of TP-03 
twice daily for 6 weeks, and were randomly assigned to either 
TP-03 or vehicle. At day 43, use of TP-03 resulting in a statistically 
significant complete collarette cure (defined as 0 to 2 collarettes 
per lid), which was the primary endpoint. Secondary endpoints 
of mite eradication (ie, 0 density of mites per lash) at day 43 and 
composite cure based on complete collarette and erythema cures 
at day 43 were also met. 

The phase 3 Saturn-2 study was similarly designed. At day 43, 
56% of patients in the treatment arm demonstrated complete 
collarette cure compared with 13% of patients in the control 
arm, which was statistically significant.18 The difference in 
mite eradication rates for the treatment and control groups 
was statistically significant (52% vs 14%, respectively), as was 
the difference in complete lid erythema cure (13% vs 9%, 
respectively).18 The drug was well tolerated in both pivotal 
studies, and 91% of patients reported that the drop was neutral to 
comfortable during application.19

The FDA approved TP-03 for the treatment of Demodex 
blepharitis in July 2023.20 Per its label, it is dosed twice daily in 
each eye (approximately 12 hours apart) for 6 weeks.21

CONCLUSION
With targeted therapy comes targeted patient specific care 

titrated to the signs generating ocular surface disease. As more 
treatment option come online—and as those options become 
more specific in their mechanisms of action—clinicians will be 
better able to address and treat the root causes of a patient’s 
MGD and DED. n
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ALICE T. EPITROPOULOS, MD, FACS 

A 66-year-old man presented for a cataract evaluation. The 
patient is a surgeon, and has observed glare, halos, and 
starbursts during nighttime, as well as intermittent blurring 
during screen use. He reports gradual decline in vision quality 
during the past 5 years, that he is no longer able to drive at 
night or use a computer screen for more than a few minutes, and 
that his vision “comes and goes.” Other than contact lens wear, 
the patient has no significant ocular history. His SPEED score is 5.

Examination shows that the patient has bilateral collarettes, 
20/40 BCVA in each eye, and decreased tear film break-up time of 
5 seconds in both eyes. The patient has a history of tamsulosin 
use, and only dilates to 5 mm. Significant corneal staining is 
consistent with dry eye disease (DED; Figure 1). Meibography 

showed that the patient’s meibomian glands had high degrees 
of atrophy (Figure 2), suggesting that his DED was secondary to 
meibomian gland dysfunction (MGD). 

Before taking this patient to cataract surgery, I decided to 
address his underlying MGD. The patient has been directed to use 
omega-3 supplements and a topical anti-inflammatory drop, and 
is scheduled to return to the clinic for in-office treatments that 
will relieve obstruction of his meibomian glands. After his tear 
film is stabilized, I am more confident that accurate biometry 
readings can be obtained, thereby maximizing the potential for 
positive outcomes after cataract surgery.

MEIBOMIAN GLAND DYSFUNCTION IN A 66-YEAR-OLD SURGEON PRESENTING FOR CATARACT EVALUATION 

Figure 1. Examination showed that the patient has DED, based in part of corneal staining 
patterns. Photograph courtesy Alice T. Epitropoulos, MD, FACS.

Figure 2. Examination of the right (A) and left (B) meibomian glands showed significant 
gland atrophy.  Photographs courtesy Alice T. Epitropoulos, MD, FACS.
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online test, email us at info@evolvemeded.com. NOTE: Certificates are issued electronically.

Please type or print clearly, or we will be unable to issue your certificate.

Full Name________________________________________________________________________  DOB (MM/DD): _____________________

Phone (required)  ____________________________  Email (required*) __________________________________________________________

Address/P.O. Box_____________________________________________________________________________________________________

City  _________________________________________ State/Country  _______________ Zip  ____________________

License Number:_______________________OE Tracker Number:_______________________National Provider ID:_______________________

*Evolve does not share email addresses with third parties.

The Expanding Armamentarium: The Latest 
in MGD-DED Diagnostics and Treatment
Release Date: August 2023
Expiration Date: August 2024

DEMOGRAPHIC INFORMATION
Profession
___ MD/DO
___ OD
___ NP
___ Nurse/APN
___ PA
___ Other

Years in Practice
___ >20
___ 11-20
___ 6-10
___ 1-5
___ <1

Patients Seen Per Week  
(with the disease targeted  
in this educational activity)
___ 0
___ 1-15
___ 16-30
___ 31-50
____ >50

Region
___ Midwest
___ Northeast
___ Northwest
___ Southeast
___ Southwest

_____ _____ _____

_____ _____ _____

Diagnose dry eye disease (DED) by subtype based on signs and symptoms

Articulate how meibomian gland dysfunction (MGD) interacts with DED

Summarize the latest data on treatments for MGD

Compare the pipeline agents nearest to regulatory approval and explain their 
mechanisms of action

Did the program meet the following educational objectives? Agree Neutral Disagree

LEARNING OBJECTIVES

_____ _____ _____

_____ _____ _____
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POSTTEST QUESTIONS 
Please complete at the conclusion of the program.

1.  Based on this activity, please rate your confidence in your ability 

to diagnose and treat dry eye disease (DED) associated with 

meibomian gland dysfunction (MGD; based on a scale of 1 to 5, with 

1 being not at all confident and 5 being extremely confident).

A. 1
B. 2
C. 3
D. 4
E. 5

2. All of the following represent signs and symptoms of DED EXCEPT:

A. Redness/itching/watery eyes
B. Low tear osmolarity
C. High tear osmolarity
D. Elevated MMP-9 tear level 

3.  A 65-year-old man presents to your clinic for cataract evaluation. 

He notes blurry vision bilaterally that fluctuates daily as well as 

increased mattering on his eyelids in the morning. Slit lamp exam 

reveals diffuse corneal staining and meibography shows gland duct 

dilation and dropout. All of the following statements are true about 

this patient EXCEPT:

A.  This patient has DED that should be optimized before 
cataract surgery

B. This patient has MGD
C.  Most precataract surgical patients do not have MGD, 

so this patient likely has aqueous deficiency DED 
D.  Lens calculations obtained on this patient are likely 

erroneous due to his DED

4.  Which of the following MGD treatment option modulates the immune 

response to alleviate DED?

A. Preservative-free artificial tear drops
B. Lifitegrast
C. Thermal pulsation 
D. Meibomian gland expression 

5.  A 65-year-old woman presents to your office for evaluation of eye 

discomfort. She notes frequent red/itchy eyes, with increased tearing 

daily. In-office testing reveals high tear osmolarity and significant 

meibomian gland inspissation. All of the following represent 

evidence-based treatment options for this patient’s MGD EXCEPT:

A. Azithromycin treatment
B.  In-office treatment with thermal pulsation, 

microblepharoexfoliation, or intense pulsed 
light therapy

C. Immunomodulator therapy with topical cyclosporine A 
D. IV steroid therapy 

6.  Which of the following MGD therapeutics can treat Demodex mites?

A. AZR-MD-001
B. TP-03
C. Reproxalap
D. NOV03
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Rate your knowledge/skill level prior to participating in this course: 5 = High, 1 = Low____

Rate your knowledge/skill level after participating in this course: 5 = High, 1 = Low____

This activity improved my competence in managing patients with this disease/condition/symptom. ____ Yes ____No

Probability of changing practice behavior based on this activity: ____High ____ Low ____No change needed

If you plan to change your practice behavior, what type of changes do you plan to implement? (check all that apply) 

Change in pharmaceutical therapy ____ Change in nonpharmaceutical therapy ____

Change in diagnostic testing ____ Choice of treatment/management approach ____

Change in current practice for referral ____ Change in differential diagnosis ____

My practice has been reinforced ____ I do not plan to implement any new changes in practice ____

Please identify any barriers to change (check all that apply): 

____ Cost ____ Lack of consensus or professional guidelines

____ Lack of administrative support ____ Lack of experience

____ Lack of time to assess/counsel patients ____ Lack of opportunity (patients)

____ Reimbursement/insurance issues ____ Lack of resources (equipment) 

____ Patient compliance issues ____ No barriers

____ Other. Please specify: ______________________________________________________________________________________________

The design of the program was effective for the content conveyed ___ Yes ___ No

The content supported the identified learning objectives ___ Yes ___ No

The content was free of commercial bias ___ Yes ___ No

The content was relative to your practice ___ Yes ___ No

The faculty was effective ___ Yes ___ No

You were satisfied overall with the activity ___ Yes ___ No

You would recommend this program to your colleagues ___ Yes ___ No

Please check the Core Competencies (as defined by the Accreditation Council for Graduate Medical Education) that were enhanced through your par-

ticipation in this activity:

____ Patient Care

____ Practice-Based Learning and Improvement

____ Professionalism

____ Medical Knowledge

____ Interpersonal and Communication Skills

____ System-Based Practice

Additional comments:

___________________________________________________________________________________________________________________

___________________________________________________________________________________________________________________

This information will help evaluate this activity; may we contact you by email in 3 months to inquire if you have made changes to your practice based 
on this activity? If so, please provide your email address below.

___________________________________________________________________________________________________________________

___________________________________________________________________________________________________________________

ACTIVITY EVALUATION
Your responses to the questions below will help us evaluate this activity. They will provide us with evidence that improvements were made 
in patient care as a result of this activity. 


