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NEW FROM BAUSCH + LOMB

VYZULTA DELIVERS A DUAL MECHANISM
OF ACTION FOR THE REDUCTION OF IOP
IN GLAUCOMA PATIENTS'

ONE MOLECULE. TWO OUTFLOW PATHWAYS.
PROVEN IOP REDUCTION ™

“In studies up to 12 months' duration, the IOP-lowering
effect was up to 7.5 to 9.1 mmHg, in patients with an
average baseline IOP of 26.7 mmHg

INDICATION

VYZULTA™ (latanoprostene bunod ophthalmic
solution), 0.024% is indicated for the reduction of
intraocular pressure (I0P) in patients with open-angle
glaucoma or ocular hypertension.

IMPORTANT SAFETY INFORMATION

* Increased pigmentation of the iris and periorbital
tissue (eyelid) can occur. Iris pigmentation is likely
to be permanent

+ Gradual changes to eyelashes, including increased
length, increased thickness, and number of eyelashes,
may occur. These changes are usually reversible
upon treatment discontinuation

+ Use with caution in patients with a history of
intraocular inflammation (iritis/uveitis). VYZULTA
should generally not be used in patients with active
intraocular inflammation

* Macular edema, including cystoid macular
edema, has been reported during treatment with
prostaglandin analogs. Use with caution in aphakic
patients, in pseudophakic patients with a torn
posterior lens capsule, or in patients with known
risk factors for macular edema
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IMPORTANT SAFETY INFORMATION (CONTINUED)

* There have been reports of bacterial keratitis
associated with the use of multiple-dose
containers of topical ophthalmic products that
were inadvertently contaminated by patients

» Contact lenses should be removed prior to the
administration of VYZULTA and may be reinserted
15 minutes after administration

« Most common ocular adverse reactions with
incidence 22% are conjunctival hyperemia (6%),
eye irritation (4%), eye pain (3%), and instillation
site pain (2%)

For more information, please see Brief Summary
of Prescribing Information on next page.
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BRIEF SUMMARY OF PRESCRIBING INFORMATION

This Brief Summary does not include all the information needed to use VYZULTA
safely and effectively. See full Prescribing Information for VYZULTA.

VYZULTATM (latanoprostene bunod ophthalmic solution), 0.024%, for topical
ophthalmic use.
Initial U.S. Approval: 2017

1 INDICATIONS AND USAGE

VYZULTA™ (latanoprostene bunod ophthalmic solution) 0.024% is indicated for the reduction
of intraocular pressure (IOP) in patients with open-angle glaucoma or ocular hypertension.

4 CONTRAINDICATIONS

None

5 WARNINGS AND PRECAUTIONS
5.1 Pigmentation

VYZULTA™ (latanoprostene bunod ophthalmic solution), 0.024% may cause changes to
pigmented tissues. The most frequently reported changes with prostaglandin analogs
have been increased pigmentation of the iris and periorbital tissue (eyelid).

Pigmentation is expected to increase as long as latanoprostene bunod ophthalmic
solution is administered. The pigmentation change is due to increased melanin content
in the melanocytes rather than to an increase in the number of melanocytes. After
discontinuation of VYZULTA, pigmentation of the iris is likely to be permanent, while
pigmentation of the periorbital tissue and eyelash changes are likely to be reversible in
most patients. Patients who receive prostaglandin analogs, including VYZULTA, should be
informed of the possibility of increased pigmentation, including permanent changes. The
long-term effects of increased pigmentation are not known.

Iris color change may not be noticeable for several months to years. Typically, the
brown pigmentation around the pupil spreads concentrically towards the periphery of
the iris and the entire iris or parts of the iris become more brownish. Neither nevi nor
freckles of the iris appear to be affected by treatment. While treatment with VYZULTA™
(latanoprostene bunod ophthalmic solution), 0.024% can be continued in patients who
develop noticeably increased iris pigmentation, these patients should be examined
regularly [see Patient Counseling Information (17) in full Prescribing Information].

5.2 Eyelash Changes

VYZULTA may gradually change eyelashes and vellus hair in the treated eye. These
changes include increased length, thickness, and the number of lashes or hairs. Eyelash
changes are usually reversible upon discontinuation of treatment.

5.3 Intraocular Inflammation

VYZULTA should be used with caution in patients with a history of intraocular
inflammation (iritis/uveitis) and should generally not be used in patients with active
intraocular inflammation as it may exacerbate this condition.

5.4 Macular Edema

Macular edema, including cystoid macular edema, has been reported during treatment
with prostaglandin analogs. VYZULTA should be used with caution in aphakic patients, in
pseudophakic patients with a torn posterior lens capsule, or in patients with known risk
factors for macular edema.

5.5 Bacterial Keratitis

There have been reports of bacterial keratitis associated with the use of multiple-dose
containers of topical ophthalmic products. These containers had been inadvertently
contaminated by patients who, in most cases, had a concurrent corneal disease or a
disruption of the ocular epithelial surface.

5.6 Use with Contact Lens

Contact lenses should be removed prior to the administration of VYZULTA because this
product contains benzalkonium chloride. Lenses may be reinserted 15 minutes after
administration.

6 ADVERSE REACTIONS

The following adverse reactions are described in the Warnings and Precautions section:
pigmentation (5.1), eyelash changes (5.2), intraocular inflammation (5.3), macular
edema (5.4), bacterial keratitis (5.5), use with contact lens (5.6).

6.1 Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction
rates observed in the clinical trials of a drug cannot be directly compared to rates in the
clinical trials of another drug and may not reflect the rates observed in practice.

VYZULTA was evaluated in 811 patients in 2 controlled clinical trials of up to 12 months
duration. The most common ocular adverse reactions observed in patients treated

with latanoprostene bunod were: conjunctival hyperemia (6%), eye irritation (4%), eye
pain (3%), and instillation site pain (2%). Approximately 0.6% of patients discontinued
therapy due to ocular adverse reactions including ocular hyperemia, conjunctival
irritation, eye irritation, eye pain, conjunctival edema, vision blurred, punctate keratitis
and foreign body sensation.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary

There are no available human data for the use of VYZULTA during pregnancy to inform
any drug associated risks.

Latanoprostene bunod has caused miscarriages, abortion, and fetal harm in rabbits.
Latanoprostene bunod was shown to be abortifacient and teratogenic when administered
intravenously (IV) to pregnant rabbits at exposures > 0.28 times the clinical dose.

Doses > 20 pg/kg/day (23 times the clinical dose) produced 100% embryofetal lethality.
Structural abnormalities observed in rabbit fetuses included anomalies of the great
vessels and aortic arch vessels, domed head, sternebral and vertebral skeletal anomalies,
limb hyperextension and malrotation, abdominal distension and edema. Latanoprostene
bunod was not teratogenic in the rat when administered IV at 150 mcg/kg/day (87 times
the clinical dose) [see Dataj.

The background risk of major birth defects and miscarriage for the indicated population
is unknown. However, the background risk in the U.S. general population of major birth
defects is 2 to 4%, and of miscarriage is 15 to 20%, of clinically recognized pregnancies.

Data
Animal Data

Embryofetal studies were conducted in pregnant rabbits administered latanoprostene
bunod daily by intravenous injection on gestation days 7 through 19, to target the period
of organogenesis. The doses administered ranged from 0.24 to 80 mcg/kg/day. Abortion
occurred at doses > 0.24 mcg/kg/day latanoprostene bunod (0.28 times the clinical
dose, on a body surface area basis, assuming 100% absorption). Embryofetal lethality
(resorption) was increased in latanoprostene bunod treatment groups, as evidenced
by increases in early resorptions at doses > 0.24 mcg/kg/day and late resorptions at
doses > 6 mcg/kg/day (approximately 7 times the clinical dose). No fetuses survived
in any rabbit pregnancy at doses of 20 mcg/kg/day (23 times the clinical dose) or greater.
Latanoprostene bunod produced structural abnormalities at doses > 0.24 mcg/kg/day
(0.28 times the clinical dose). Malformations included anomalies of sternum, coarctation
of the aorta with pulmonary trunk dilation, retroesophageal subclavian artery with
absent brachiocephalic artery, domed head, forepaw hyperextension and hindlimb
malrotation, abdominal distention/edema, and missing/fused caudal vertebrae.

An embryofetal study was conducted in pregnant rats administered latanoprostene
bunod daily by intravenous injection on gestation days 7 through 17, to target the
period of organogenesis. The doses administered ranged from 150 to 1500 mcg/kg/day.
Maternal toxicity was produced at 1500 mcg/kg/day (870 times the clinical dose, on
a body surface area basis, assuming 100% absorption), as evidenced by reduced
maternal weight gain. Embryofetal lethality (resorption and fetal death) and structural
anomalies were produced at doses > 300 mcg/kg/day (174 times the clinical dose).
Malformations included anomalies of the sternum, domed head, forepaw hyperextension
and hindlimb malrotation, vertebral anomalies and delayed ossification of distal limb
bones. A no observed adverse effect level (NOAEL) was established at 150 mcg/kg/day
(87 times the clinical dose) in this study.

8.2 Lactation

Risk Summary

There are no data on the presence of VYZULTA in human milk, the effects on the

breastfed infant, or the effects on milk production. The developmental and health
benefits of breastfeeding should be considered, along with the mother’s clinical need
for VYZULTA, and any potential adverse effects on the breastfed infant from VYZULTA.
8.4 Pediatric Use

Use in pediatric patients aged 16 years and younger is not recommended because of potential
safety concerns related to increased pigmentation following long-term chronic use.

8.5 Geriatric Use

No overall clinical differences in safety or effectiveness have been observed between
elderly and other adult patients.

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Latanoprostene bunod was not mutagenic in bacteria and did not induce micronuclei

formation in the in vivo rat bone marrow micronucleus assay. Chromosomal aberrations
were observed in vitro with human lymphocytes in the absence of metabolic activation.
Latanoprostene bunod has not been tested for carcinogenic activity in long-term animal
studies. Latanoprost acid is a main metabolite of latanoprostene bunod. Exposure of
rats and mice to latanoprost acid, resulting from oral dosing with latanoprost in lifetime
rodent bioassays, was not carcinogenic.

Fertility studies have not been conducted with latanoprostene bunod. The potential to
impact fertility can be partially characterized by exposure to latanoprost acid, a common
metabolite of both latanoprostene bunod and latanoprost. Latanoprost acid has not been
found to have any effect on male or female fertility in animal studies.

13.2 Animal Toxicology and/or Pharmacology

A 9-month toxicology study administered topical ocular doses of latanoprostene bunod
to one eye of cynomolgus monkeys: control (vehicle only), one drop of 0.024% bid, one
drop of 0.04% bid and two drops of 0.04% per dose, bid. The systemic exposures are
equivalent to 4.2-fold, 7.9-fold, and 13.5-fold the clinical dose, respectively, on a body
surface area basis (assuming 100% absorption). Microscopic evaluation of the lungs
after 9 months observed pleural/subpleural chronic fibrosis/inflammation in the 0.04%
dose male groups, with increasing incidence and severity compared to controls. Lung
toxicity was not observed at the 0.024% dose.

Distributed by:

Bausch + Lomb, a division of

Valeant Pharmaceuticals North America LLC

Bridgewater, NJ 08807 USA

U.S. Patent Numbers: 6,211,233; 7,273,946; 7,629,345; 7,910,767; 8,058,467.
VYZULTA is a trademark of Bausch & Lomb Incorporated or its affiliates.

© Bausch & Lomb Incorporated

Based on 9464800 11/2017  VYZ.0055.USA.16 Issued: 11/2017




ADVANCING THE

TABLE OF CONTENTS

4

- INTRODUCTORY REMARKS
Highlights From the Annual Scientific
Meeting
BY MURRAY FINGERET, 0D

oy

PRESIDENT’S LECTURE
Big Glaucoma Clinical Trials and
Their Key Lessons

DAVID S. FRIEDMAN, MD, MPH, PHD

9

INTRACRANIAL PRESSURE
Intracranial Pressure in Glaucoma
JOHN BERDAHL, MD

a ) 0GS HONOREE LECTURE
Ocular Surface Disease and Topical
Glaucoma Therapy

ROBERT D. FECHTNER, MD

MIGS
Minimally Invasive Glaucoma Surgery
JOHN BERDAHL, MD

19

| OUTREACH
iy Glaucoma in Developing Countries
ROBERT D. FECHTNER, MD

Ao
'|Tl } Iy 11_1;
¥ | %,

ol ko

About the Optometric
Glaucoma Society

REVIEW OF OPTOMETRY/MARCH 2018

GLAUCOMA
LATEST CoNcerTs IN CARE & TREATMENT

INTRODUCTORY REMARKS

The 16th Annual Scientific Meeting of the
Optometric Glaucoma Society (0GS), held Oct.
9-11, 2017, in Chicago, brought together preemi-
nent researchers and clinicians who are thought
leaders in the field of glaucoma. These trailblaz-
ers shared seminal findings from clinical investi-
gations affecting the way we practice.

Kicking off the President’s Lecture, David S.
Friedman, MD, PhD, MPH, highlighted key discov-
eries from clinical trials that are translating into
best practices for glaucoma care. In particular,
we’ve learned from one of the pivotal investigations that cataract removal is
an important treatment option related to the management of angle-closure
glaucoma.

Moving onto glaucoma and eye pressure, though the field widely accepts
the idea that glaucoma is centered around intraocular pressure (I0P), John
Berdahl, MD, shattered that core belief. His research and the work of other
teams have convinced him that glaucoma is a balance between I0P and intra-
cranial pressure.

The OGS Honoree Lecture from Robert D. Fechtner, MD, confirmed many
suspicions we already had about the relationship between ocular surface
disease (0SD) and glaucoma therapy. Dr. Fechtner discussed findings from
DEWS Il and studies associating 0SD with the ophthalmic preservative ben-
zalkonium chloride, found in many glaucoma medications. He reaffirmed: If
you are caring for patients with glaucoma, you must constantly be on guard
for, and ready to treat and manage, OSD.

Dr. Berdahl gave an overview on minimally invasive glaucoma surgery
(MIGS) devices and the role they can play in lowering IOP for glaucoma
patients. MIGS are filling a gap in a clinical landscape burdened by issues of
patient medication compliance and the limits of traditional glaucoma surgery.

Rounding out the series, Dr. Fechtner educated us on the unique strug-
gles that developing countries face in providing glaucoma care. International
efforts by the World Glaucoma Association and other groups, along with the
innovative thinking of researchers, are breaking down barriers for patients
in these financially strained regions of the world. Dr. Fechtner challenged us
to consider whether there is anything we can do to help in the battle against
glaucoma in developing areas of the globe. Perhaps we can all reach out a
little further.

This supplement, developed by Review of Optometry, was made possible
with generous support from Bausch + Lomb.

Please visit the 0GS website (www.optometricglaucomasociety.org)
and consider signing up for our free, quarterly e-journal to keep up with the
group’s latest happenings, and developments in glaucoma diagnosis, treat-
ment and management.

Murray Fingeret, 0D
Founding Member and Past President, Optometric Glaucoma Society
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President’s Lecture
Big Glaucoma Clinical Trials and Their Key
Lessons

David S. Friedman, MD, PhD, MPH

he field of glaucoma care has changed dramatically

over the last two decades—largely due to a growing-

body of research about patient outcomes in clinical tri-
als. Findings from these studies help guide decision-making in
day+o-day clinical practice when caring for our patients. This
information has also translated into our increasing ability to
individualize care—a mission-critical imperative for arresting
a chronic and progressive disease such as glaucoma.

Results from wellmanaged clinical trials have transformed
the way we approach glaucoma, specifically from the stand-
point of: infraocular pressure (IOP) and patient risk; which dis-
ease types presage severe glaucoma; how older treatments
such as laser trabeculoplasty affect progression; the benefits
and risks of invasive surgical procedures (e,g., ‘trabs vs.
tubes’); evidence-based therapies to halt angleclosure glau-
coma; and how practice might change in the future.

Considerations for Lowering IOP

Lowering IOP remains the only proven therapeutic inter-
vention for glaucomatous optic neuropathy, thus making IOP
reduction the firstline treatment for open-angle glaucoma
(OAG) patients and those at high risk of OAG.!

The Ocular Hypertension Treatment Study (OHTS) was a
well-designed randomized clinical frial comparing no treat-
ment with fopical ocular hypotensive medication to lower IOP
in patients with OHT.2 A total of 1,636 participants ages 40
to 80 without glaucoma, with IOPs between 24 mmHg and
32 mmHg in one eye and 21 mmHg and 32 mmHg in the

OHTS & Probability of Progression to POAG?

The OHTS sought to defermine the safety and efficacy of topical ocular hypo-
tensive medication in delaying or preventing the onset of POAG.?

e Atotal of 1,636 participants, ages 40 to 80 years, with no evidence of
glaucomatous damage—with an IOP between 24 mmHg and 32 mmHg in
one eye, and between 21 mm Hg and 32 mm Hg in the other eye—were
randomized to observation or freatment with commercially available topical
ocular hypotensive medication. The goal in the medication group was fo
reduce the IOP by 20% or more and reach 24 mmHg or less.

e The primary outcome was the development of reproducible visual field
(VF) abnormality or reproducible optic disc deterioration attributed to
POAG.

e At 60 months, the cumulative probability of developing POAG was
4.4% in the treatment group compared with 9.5% in the observation group
(p<0.0001).

 Researchers concluded that topical ocular hypotensive medication was
effective in delaying or preventing the onset of POAG in individuals with
elevated IOP. They added that, although the findings did not imply that all
patients with borderline or elevated IOP should receive medication, clini-
cians should consider initiating treatment for individuals with ocular hyper-
tension who are at moderate or high risk for developing POAG.

6 REVIEW OF OPTOMETRY/MARCH 2018

other eye, were randomized to observation or treatment. At
60 months, the cumulative probability of developing POAG
was 4.4% in the treatment group compared with 9.5% in the
observation group (p<0.0001).

This study highlighted the fact that focusing on a cutoff of
21 mmHg for glaucoma risk was misguided because the risk
of patients with higher IOP developing glaucoma was low. It
also confirmed that medical freatments aimed at lowering eye
pressure were beneficial in reducing the likelihood of progress-
ing to glaucoma.

Only 10% of the untreated group developed glaucoma
after five years, so the OHTS showed us that some individuals
were at much higher risk than others; in particular, those with
higher IOP, larger optic nerve cups and thinner corneas.®

Furthermore, as OHTS monitored individuals beyond five
years, the probability of manifesting glaucoma increased, so
our freatment decisions need to account for life expectancy.
The OHTS calculator can help determine a person'’s five-year
risk for glaucoma development.#

Glaucoma Progression Risk Factors

Clinical trials continue to show us that not all glaucoma
types are created equal, as certain factors are associated with
more rapid deferioration and greater likelihood of advanced
disease.

The Early Manifest Glaucoma Trial (EMGT) enrolled 255
patients, ages 50 to 80, with early glaucoma, VF defects and
a mean IOP of 20 mmHg.® These subjects were older with
relatively low baseline pressures and a mean deviation of -4.5
dB (less than 10% had exfoliation). Over six years, 62% of
untreated eyes and 45% randomized to receive laser trabecu-
loplasty and betaxolol hydrochloride had worsening of glau-
coma (p=0.007). Control subjects maintained the same IOP
throughout the study, while the treatment arm had IOP lowered
by an average of 20% from baseline. Multivariable analyses
determined that each mmHg of IOP lowering yielded a 10%
reduction of risk of having glaucoma advance.

Factors associated with more rapid deterioration included
high IOP, worse disease and involvement of both eyes at base-
line, and older age. Importantly, pseudoexfoliation was a sig-
nificant risk factor leading to more rapid decline.® This trial
highlighted important predictors of glaucoma and the need for
vigilance with conditions such as pseudoexfoliation.

Relying on Medication to Slow Progression

In the past, we may have wrongly assumed that using
medication to lower |IOP was sufficient to prevent glaucoma
from getting worse. Recent clinical frials show that this is not
necessarily the case.

The Collaborative Normal-Tension Glaucoma Study
(CNTGS) assessed whether IOP lowering was effective in
preventing normaltension glaucoma from progressing. Mean
entry IOP was 16 mmHg with pressures as high as 24 mmHg.”
Subject eyes were randomized to be untreated or have IOP
lowered 30% from baseline using medication, trabeculoplasty



or incisional surgery. Researchers found that 40% of partici-
pants required trabeculectomy to achieve a 30% reduction
in IOP. Nearly 60% of subjects did not worsen over three or
more years of follow-up and were never enrolled in the trial,
and the main publication concluded that IOP lowering was
successful in slowing the rafe of glaucoma. However, an inten-
tionto-reat analysis of the CNTGS found no treatment benefit
after censoring for patients who had also undergone cataract
surgery.® Further, a meta-analysis of randomized clinical trials
found no clear advantage to lowering IOP using medications
or surgery in patients presenting with low IOP.?

The Collaborative Initial Glaucoma Treatment Study
(CIGTS)—a randomized, controlled clinical trial assessing
whether newly diagnosed OAG (primary, pigmentary or pseu-
doexfoliative) patients were better off with firstline medications
or filiration surgery—found that surgery and medicines were
both good at slowing glaucoma, although a follow-up publi-
cation reported that those with more advanced disease had
better VF outcomes when first freated with surgery.'®'! At the
same time, CIGTS conclusively defermined that trabeculectomy
was associated with cataract development. Still, the follow-up
report affirms that it is reasonable fo consider early surgery,
even with all its potential harms, in later-stage patients.

Low-Uptake Laser Trabeculoplasty

When looking at more established therapies to reduce IOP,
laser trabeculoplasty (LTP)—a procedure in which laser energy
is applied to melanin-containing cells in the trabecular mesh-
work (TM) to prompt chemical and biological changes that
help remove obstructive proteins and improve aqueous humor
(AH) outflow —has been around since the 1970s. Several clini-
cal frials conclude that the procedure is safe and effective. A
more recent approach to LTP, selective laser trabeculoplasty
(SLT), appears to have similar results to the traditional method.
Despite its effectiveness, | have found that only about 10% of
glaucoma patients undergo LTP.

The Glaucoma Laser Trial—one of the first NIH-funded,
multicenter trials—compared LTP with medication. Investiga-
tors randomized one eye to medication first (MF) and the other
eye to laser first (LF) groups, and used masked evaluation of
optic disc photos and automated VFs to interpret results.'? At
the end of two years, 89% of people in the LF group had their
glaucoma controlled on one or fewer medications (vs. 66% of
the MF group), with 44% on no medication and IOP roughly
2 mmHg lower in the LF group. At 42 months, 21% in the LF
group had confirmed deterioration of VFs compared with 28%
of the MF group, and all other outcome measures, including
the cup-todisc ratio, were slightly better in the LF group.

Also looking at laser surgery, the Advanced Glaucoma
Intervention Study examined how argon laser trabeculoplasty
(ALT) and trabeculectomy impacted the relationship between
IOP and VF damage progression over six or more years.!
Eyes were randomly assigned to one of two sequences of
glaucoma surgery—beginning with ALT or trabeculectomy.
Seventy percent of black subjects and 65% of white partici-

pants who underwent ALT did not need additional surgery at
five years.!

More recently, researchers randomized subjects to SLT- or
medicineirst cohorts.'s IOP reduction was similar in both arms
after nine- to 12-months of follow-up, although more treatment
steps were necessary to maintain target IOP with medication.

So why was LTP so much more effective than medication in
these cases? Medication adherence is a major problem. Many
patients do not take their drops as prescribed, so they have
more fluctuations in vision. As such, these findings support
wider use of LTP. However, some patients are not good can-
didates including younger individuals and those with uveitic
or congenital glaucoma. The lesson here: If you administer a
laser early, patients have a greater likelihood of maintaining
lower, more stable eye pressures.

Trabeculectomies: The Good, The Bad & The Ugly

While trabeculectomy often can effectively lower IOP,
the surgery has associated risks. As one example, the inves-
tigation on CIGTS' baseline mean deviation determined that
patients who underwent trabeculectomies had a nearly 25%
chance of needing cataract surgery at five years.!! Similar
results came out of a large clinical trial in Singapore.'¢

Thus, it is wise to convey to patients that traditional IOP-
lowering surgeries will likely lead to the need for cataract sur-
gery in the following 10 years and often within five. Other key
issues with a trabeculectomy are that it doesn’t always work,
and some patients will develop harmful side effects, particu-
larly hypotony.

One randomized clinical trial compared the safety and effi-
cacy of another IOPlowering procedure, tube shunt surgery,
with trabeculectomy with mitomycin in eyes that had previous
cataracts and/or failed glaucoma surgeries.'” Researchers
found that both procedures yielded similar IOP reductions at
one year, but postHrabeculectomy subjects required less sup-
plemental medical therapy.'” Yet, the incidence of postopera-
tive complications was higher after frabeculectomy, although
serious issues associated with vision loss or reoperation
rates were comparable after both procedures. Overall fail-
ure rates defined by the researchers were much higher in
the trabeculectomy group.

Despite the moderately superior findings for tube shunts,
clinicians should not rush into this procedure, given the
troubling potential side effects. For example, double vision
is known to occur in about 5% of patients, and corneal
edema can emerge as late as five to 10 years later. Though
tube shunts could be considered a reasonable approach
for primary surgery, complications make the decision more
nuanced.

Taking Aim at Angle-Closure Glaucoma

Unlike OAG, angle-closure glaucoma (ACG) is less
common and offen accompanied by higher eye pressure.
Recent studies have found that cataract surgery can sig-
nificantly reduce IOP in and, in some cases, control this

REVIEW OF OPTOMETRY/MARCH 2018 7
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more severe form of glaucoma, as well as produce fewer
complications.

One randomized trial out of Hong Kong evaluated
phacoemulsification (phaco) alone vs. phacotrabeculectomy
with adjunctive mitomycin C (MMC) in medically uncon-
trolled chronic ACG eyes with coexisting cataract.'® Phacotra-
beculectomy with MMC yielded a lower postoperative mean
IOP over 18 months than phaco alone. At 18 months, IOP
in phacotrabeculectomy-with-MMC eyes was 13.6 mmHg vs.
15.9 mmHg in phaco alone (p=0.01), and resulted in 1.25
fewer topical glaucoma drugs (p<0.001) in the 24-month post
operative period.

A similar frial in Singapore compared the two-year efficacy
of phaco/IOL implants with laser peripheral iridotomy (LPI)
in managing APAC.'? A total of 18 patients were random-
ized to LPl and 19 to phaco/IOL. The postreatment mean
IOP was 14.5 mmHg + 6.9 mmHg, and the two-year cumula-
tive survival was 89.5% for the phaco/IOL and 61.1% for
the LPI group (p=0.034). Phaco/IOL subjects only reported
one postoperative complication vs. four noted in the LPI group
(p=0.180) in that time. We learn that if you do phacoemulsi-
fication and IOL implants, waiting a few weeks before taking
the lens out, the patient is going to do better than with LPl over
two years.

GLAUCOMA

LATEST CoNcerTs IN CARE & TREATMENT

deteriorated and participants’ quality of life went down. The
lens extraction group’s IOP ended in the 16 mmHg to 18
mmHg range—lower than the LPI group. At 36 months, 60%
of these individuals had an average pressure of 16.6 mmHg
on no medication. Only one person in the group needed fur-
ther surgery, while 24 people undergoing LPI went on to have
other interventions, including 16 cataract surgeries and sev-
eral glaucoma surgeries.

To recap, these individuals had ACG, or angle closure and
high IOP and a large amount of synechial closure before lens
removal. Afferward, their pressures dropped by 10 mmHg
to 12 mmHg, which is substantial; the procedure notably
reduced the burden of medical care for these patients. As with
most surgeries, lens extraction carried risks. Three individuals
suffered complications such as posterior capsule rupture and
visual loss, but overall vision loss of three or more lines was
less common in the clear lens extraction arm. Researchers con-
cluded that clearlens exiraction yielded greater efficacy and
costeffectiveness than LPI, and recommended it be considered
for firstline treatment. However, the study has been published
for more than a year and adoption is sfill low.

So we glean several key points from EAGLE, namely that
lens extraction surgery is a glaucoma operation for people
with angle closure and very high eye pressures, or established
glaucoma. To apply these results
to other glaucoma groups would
be extrapolating from uncertain
data.

Future Studies & Glaucoma Care

Evolving glaucoma clinical

trials include one promising to

Lens Extraction™ 16
Trabeculectomy 1 6
i-Stent 1
Ahmed tube 1
TOTAL 1 24
*Cataract surgery for reduced vision n/a 12

have seminal findings for the

FIGURE 2. ADDITIONAL GLAUCOMA SURGERY NEEDED POST-LPI

EAGLE researchers found that only one individual in the lens extraction group needed further surgery
post-procedure, while 24 people undergoing LPI went on to have other procedures, including 16

cataract surgeries.
Image: David S. Friedman, MD, MPH, PhD

Another transformative study is the EAGLE Trial.2° Subjects
with primary angle closure glaucoma [PACG), or angle clo-
sure and high IOP were randomly assigned tfo receive clear-
lens extraction, or standard care with LPI and topical medical
treatment. Similar fo cataract surgery in execution, clear lens
extraction is infended as a glaucoma treatment rather than a
vision restoration therapy. Eligible participants were ages 50
or older, did not have cataracts and had newly diagnosed
PAC with baseline 30 mmHg-or-greater IOP. Participants
needed at least 180 degrees of angle closure, and most exhib-
ited significant synechiae. They were older because research-
ers didn’t want to create presbyopia as well as aphakia
because the randomization was essentially cataract surgery.
As well, severe cases and very small eyes were ineligible as a
precaution. On average, pressure was fairly high.

The primary outcome was a quality-ofife questionnaire.
While the lens extraction group stayed the same, the LPI cohort
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field. The Zhongshan Angle
Closure Prevention study—a col-
laborative project between the
Zhongshan Ophthalmic Cen-
ter, Moorfields Eye Hospital/
University College London and the Wilmer Eye Institute at
Johns Hopkins University—is a prospective, randomized,
controlled trial evaluating the efficacy and safety of LPI in
preventing the development of synechiae, elevated pres-
sures and acute ACG. The fellow eye was left untreated, so
the patient was his or her own control. The study was con-
ducted in Guangzhou in South China and screened more
than 10,000 people, enrolling 850-plus subjects. ANALIS
is a similar trial in Singapore.

Stay tuned for the findings from these investigations,
which are expected to add important insights on glaucoma
treatment and management fo our knowledge-base.

What we have learned about glaucoma from the afore-
mentioned clinical frials is that the lens is significant. How
we approach IOP reduction, treat and manage glaucoma,
and decide whether to remove a patient’s lens to control
pressure should be balanced by a confluence of factors and



information, including the latest reported outcomes offering
wisdom about best practices to reduce the disease burden
on our patients.

David S. Friedman, MD, MPH, PhD, is director of the
Dana Center for Preventive Ophthalmology, and the Alfred
Sommer Professor of Ophthalmology at the Wilmer Eye Insti-
tute of Johns Hopkins University School of Medicine.
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Intracranial Pressure

Intracranial Pressure in Glaucoma
John Berdahl, MD

or years, the field of glaucoma care has accepted cer-

tain ideas regarding glaucoma without question. One

core belief is that that the disease is centered around
intraocular pressure (IOP). However, having been involved
with research examining the role of eye pressure in glau-
coma, | am convinced that glaucoma is a “two-pressure
disease” —a balance between IOP and intracranial pres-
sure (ICP), also known as cerebrospinal fluid (CSF) pres-
sure.

A Misnomer

The word “intraocular” —with its prefix “intra” meaning
within in Latin—has incorrectly led many individuals to view
IOP as the pressure inside the eyeball. But when we mea-
sure IOP, we are actually measuring the pressure difference
across the cornea. And yet, glaucoma occurs at the optic
nerve head, not in the cornea.

T75mmHG

1535mmHG

FIGURE 1. PRESSURE DIFFERENTIAL

Absolute pressure in our eyeball varies widely and may not be as
important to the progression of glaucoma as the pressure differential
across the cornea and optic nerve head.

Images: John Berdahl, MD

One way | have tried to reconcile the role of eye pressure
in glaucoma is to look at pressure changes occurring in the
eye at lower and higher elevations. When scuba diving 30
feet below sea level, an individual's eye pressure can rise fo
1,535 mmHg as a result of 760 mmHg pushing on the body.
Yet, if a person goes to Colorado where elevation is higher
and only 620 mmHg of atmospheric weight is bearing down
on the eye, the absolute pressure inside the eye can drop to
635 mmHg. However, there is no research to suggest that
people who scuba dive have a higher incidence of glaucoma
or that those who live in low atmospheric pressure zones have
a reduced rate of disease.

Perhaps this tells us that the absolute pressure inside the
eye is less relevant to glaucoma than the pressure variance
across the cornea. Since disease occurs at the optic nerve
head, specifically the lamina cribrosa, | submit that IOP, which
would be more accurately called the “transcorneal pressure
difference,” is a surrogate measurement for the translaminar
pressure changes happening across the optic nerve head.

How Anatomy & Physics Play a Role

To gain a more complete picture of eye pressure’s role
in glaucoma, it is important to not just consider IOP, but also
recognize CSF pressure’s close anatomical relationship with
glaucoma. In one histology study, researchers assessed enucle-
ated glaucomatous and nonglaucomatous eyes, and observed
anatomic differences in the intraocular and CSF spaces of
diseased eyes.! In the glaucomatous eyes, they found that
more of the optic nerve was immersed in CSF until it entered
the posterior eye.! So, though we spend a great deal of time
discussing nocturnal IOP pressure fluctuations, we neglect to
consider the shifts occurring with CSF, another pressurized
fluid surrounding the optic nerve, just 500pym away from the
optic nerve head.

From a structural perspective, an important factor affecting
eye pressure is the optic nerve's tendency to bow backward
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ADVANCING THE

Normal — IOP slightly greater than ICP

Glaucoma— IOP greater than ICP

Papilledema — IOP lower than ICP

FIGURE 2. NERVE SHIFTS

In glaucoma, which exhibits a high IOP and low CSF pressure, the
optic nerve bows backward; in papilledema and hypotony, accom-
panied by low IOP or high CSF pressures, the optic nerve bows
forward—Ileading to the idea that a pressure differential may be
creating the respective movements of the nerve.

in a disease such as glaucoma and forward in conditions such
as papilledema. Physics can help elucidate our understanding
of why this occurs. Newton's third law of motion, for example,
instructs that equal and opposite forces cancel each other out.
However, if one force is greater than another, a net force is
generated, and “cupping” can occur.

Consider what happens to the eye in early glaucoma. The
lamina cribrosa thickens, the peripapillary sclera arcs pos-
teriorly and laminar insertion remodels to a more posterior
position. Later in the disease, the lamina thins. These changes
contribute to the characteristic cupping seen in glaucoma
patients.

Conversely, in idiopathic intracranial hypertension (IIH),
which manifests as papilledema, the swollen optic nerve
begins to arc forward. A similar phenomenon happens in
hypotony.

In IIH and hypotony, chronically elevated CSF pressure—
well above IOP—creates edema in the optic nerve, forcing
its forward movement. So | would argue that the opposite is
likely true in glaucoma, where a persistently high IOP accom-
panied by a low CSF pressure leads to remodeling of the optic
nerve head and lamina cribrosa such that they eventually bow
backward.

Rather than the respective high and low pressures precipi-
tating these nerve changes, | believe the pressure differential
is the main contributing factor.

Axonal Transport

Another component impacting eye pressure in glaucoma is
obstruction in the eye's cellular pathways. The unique features
of glaucoma and research tell us the disease is not vascular in
nature, but one of axonal transport disruption.

Take a healthy individual without glaucoma: IOP is slightly
higher than CSF pressure, and the metabolic needs of the
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optic nerve are met. But elevate the IOP well above CSF pres-
sure, and axonal transport slows down. If this scenario lasts
for years, axonal transport can’t catch up. As a result, the optic
nerve, which is increasingly starved of its metabolic needs,
withers and dies. In the associated process of laminar remod-
eling, retinal ganglion cell axons are damaged, leading to
visual field loss.

Research shows that axonal transport inferruptions in glau-
coma occur at the optic nerve head, specifically at the level
of the lamina cribrosa.?? Harry Quigley and Douglas Ander-
son experimentally confirmed this phenomenon by injecting a
radioactive tracer into the vitreous of primates to label retinal
ganglion cells (RGCs) and study axonal transport after short-
term IOP elevation.? They revealed that the tracer became
concentrated at the lamina cribrosa. Gareth Howell and
Simon John reaffirmed the findings using genetic axon label-
ing techniques in a mouse model of pigmentary glaucoma.®
Investigations have also shown that, even in conditions such
as papilledema that yield the opposite pressure imbalance—a
high CSF pressure and low IOP—axonal transport still slows
at the level of the lamina cribrosa.* And eye pressure in glau-
coma has been found to be locally reduced at the lamina
cribrosa, where less structural support is available to protect
the optic nerve head due to the pressure imbalance.®

Exactly how changes in eye pressure frigger axonal trans-
port interference is a complex issue and under some specula-
tion. A variety of complicating factors may be to blame. One
study found that an overproduction of protein in the subarach-
noid space and the cul-de-saclike anatomy of the optic nerve
head might compromise CSF flow in this area.®

CSF Pressure’s Defensive Position

Given the multiple biologic and metabolic conditions set-
ting the stage for glaucoma, my team wanted to dig further
into CSF pressure’s involvement.

While an intern at the Mayo Clinic, | and my colleagues
reviewed 20 years of data on patients defermined to have
glaucoma via eye exams performed before lumbar punctures,
as well as normal individuals and those with ocular hyperten-
sion.” It turns out that glaucoma participants had a low CSF
pressure, and normaktension glaucoma subjects had an even
lower CSF pressure. Ocular hypertensives had high IOP and
an elevated CSF pressure with no signs of glaucoma. Zheng
Zhang and his team undertook similar research and found
comparable results.®

We know that most people with ocular hypertension don't
get glaucoma. So our findings of elevated CSF pressure in
these same individuals led to the hypothesis that CSF pres-
sure might serve a protective role in glaucoma. Perhaps ocular
hypertensives who don't progress to disease have elevated
CSF pressures that shield them from disease, while those who
do advance have lower CSF pressures. So | suggest that low-
ering normal IOP helps prevent glaucoma because the IOP is
getting closer to the patient’s CSF pressure.

Another study on CSF pressure changes over time in glau-



coma patients revealed that, of 14,000 data points, CSF
pressure started to drop around age 65.7 Yet, nothing note-
worthy happens to IOP at age 65, despite the fact that
older age is a known risk factor for glaucoma.®'° This could
indicate that lower CSF pressure with advancing age might
be the circumstance elevating glaucoma risk.

New Model for Pressure-Lowering Therapy

If glaucoma truly is a two-pressure disease, we could
potentially alter CSF pressure with new therapeutic options.
Or, dlternatively, we might locally lower the pressure over
the eye to reduce IOP and realign its relationship with CSF
pressure. One way to do this would be with goggles that
create a vacuum in front of the eye to release atmospheric
weight pressing on the eye.

A team of Mayo Clinic investigators, including myself,
was able to accomplish this using a device dubbed Equi-
nox in a cadaver model. We dropped the eye pressure by
10 mmHg and held it steady before reducing it another 10
mmHg, for a total of 20 mmHg. The pressure went back up
after the experiment.

Our vision for an adjunctive therapeutic solution is to
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FIGURE 3. USING GOGGLES TO RELIEVE PRESSURE

A team at the Mayo Clinic reduced eye pressure by 20 mmHg in a
cadaver model using goggles attached to a vacuum device dubbed
Equinox.

create similar goggles with a pump that independently con-
trols each eye pressure, with technology to remotely moni-
tor patient compliance. The advantage of this strategy is it's
non-pharmacologic, non-surgical and predictable. The draw-
backs are that patients might not use the device or neglect to
wear it long enough. It also remains to be seen whether gog-
gles would be accepted and adopted by doctors, patients or
the market in general.

The reality of glaucoma in the United States today is, even
with evolving medications, drainage devices and surgeries,
individuals still go blind from the disease.!'2 Some ongoing
obstacles include a lack of medication adherence, surgery
safety and the difficulty of treating normaltension glaucoma.
Exacerbating these issues is an aging worldwide popula-

tion seeing rising rates of glaucoma, with a projected 79.6
million cases of open-angle and angleclosure glaucoma by
2020—up from 60.5 million in 2010.'3 Given the limitations
of today’s therapies and a growing number of patients, the
field must stay open to additional ways to manage pressure
in glaucoma.

Space Travel Applications

Not only would new therapy solutions such as the afore-
mentioned goggles help in the clinical arena, but they might
aid in long-term space flight. NASA has found that many
astronauts who return from the International Space Station
experience diminished vision for years.'* MRI scans show
that pressure changes in the brain caused by weightlessness
may be partly to blame.'

Vision impairment and intracranial pressure (VIIP), also
known as space-associated neuropathy syndrome (SANDS),
yields four main side effects: globe flattening, hyperopic
shifts, choroidal folds and optic disc edema. As well, low
IOP can cause corneal decompensation, accelerated cata-
ract formation, maculopathy and patient discomfort. At zero
gravity, IOP is significantly lower than CSF, so over time,
many astronauts get papilledema and start to lose vision.

| was selected to serve on the Vision for Mars Challenge,
an initiative of the National Space Biomedical Research
Institute at Baylor College of Medicine in partnership with
NASA, to explore the ophthalmic impact of space travel. Our
research centers around the idea of raising IOP to balance
the CSF pressure differential, renormalize the pressure gra-
dient and protect astronauts during long-term space flight.
The hope is that, once we overcome these hurdles, we might
be poised to send astronauts to Mars for extended periods
of time—expanding our understanding of that planet and
improving our ability to ensure safe human travel for longer
space missions.

John Berdahl, MD, is an ophthalmologist at Vance Thomp-
son Vision in Sioux Falls, SD.
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BRIEF SUMMARY OF PRESCRIBING INFORMATION

This Brief Summary does not include all the information needed to use VYZULTA
safely and effectively. See full Prescribing Information for VYZULTA.

VYZULTATM (latanoprostene bunod ophthalmic solution), 0.024%, for topical
ophthalmic use.
Initial U.S. Approval: 2017

1 INDICATIONS AND USAGE

VYZULTA™ (latanoprostene bunod ophthalmic solution) 0.024% is indicated for the reduction
of intraocular pressure (IOP) in patients with open-angle glaucoma or ocular hypertension.

4 CONTRAINDICATIONS

None

5 WARNINGS AND PRECAUTIONS
5.1 Pigmentation

VYZULTA™ (latanoprostene bunod ophthalmic solution), 0.024% may cause changes to
pigmented tissues. The most frequently reported changes with prostaglandin analogs
have been increased pigmentation of the iris and periorbital tissue (eyelid).

Pigmentation is expected to increase as long as latanoprostene bunod ophthalmic
solution is administered. The pigmentation change is due to increased melanin content
in the melanocytes rather than to an increase in the number of melanocytes. After
discontinuation of VYZULTA, pigmentation of the iris is likely to be permanent, while
pigmentation of the periorbital tissue and eyelash changes are likely to be reversible in
most patients. Patients who receive prostaglandin analogs, including VYZULTA, should be
informed of the possibility of increased pigmentation, including permanent changes. The
long-term effects of increased pigmentation are not known.

Iris color change may not be noticeable for several months to years. Typically, the
brown pigmentation around the pupil spreads concentrically towards the periphery of
the iris and the entire iris or parts of the iris become more brownish. Neither nevi nor
freckles of the iris appear to be affected by treatment. While treatment with VYZULTA™
(latanoprostene bunod ophthalmic solution), 0.024% can be continued in patients who
develop noticeably increased iris pigmentation, these patients should be examined
regularly [see Patient Counseling Information (17) in full Prescribing Information].

5.2 Eyelash Changes

VYZULTA may gradually change eyelashes and vellus hair in the treated eye. These
changes include increased length, thickness, and the number of lashes or hairs. Eyelash
changes are usually reversible upon discontinuation of treatment.

5.3 Intraocular Inflammation

VYZULTA should be used with caution in patients with a history of intraocular
inflammation (iritis/uveitis) and should generally not be used in patients with active
intraocular inflammation as it may exacerbate this condition.

5.4 Macular Edema

Macular edema, including cystoid macular edema, has been reported during treatment
with prostaglandin analogs. VYZULTA should be used with caution in aphakic patients, in
pseudophakic patients with a torn posterior lens capsule, or in patients with known risk
factors for macular edema.

5.5 Bacterial Keratitis

There have been reports of bacterial keratitis associated with the use of multiple-dose
containers of topical ophthalmic products. These containers had been inadvertently
contaminated by patients who, in most cases, had a concurrent corneal disease or a
disruption of the ocular epithelial surface.

5.6 Use with Contact Lens

Contact lenses should be removed prior to the administration of VYZULTA because this
product contains benzalkonium chloride. Lenses may be reinserted 15 minutes after
administration.

6 ADVERSE REACTIONS

The following adverse reactions are described in the Warnings and Precautions section:
pigmentation (5.1), eyelash changes (5.2), intraocular inflammation (5.3), macular
edema (5.4), bacterial keratitis (5.5), use with contact lens (5.6).

6.1 Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction
rates observed in the clinical trials of a drug cannot be directly compared to rates in the
clinical trials of another drug and may not reflect the rates observed in practice.

VYZULTA was evaluated in 811 patients in 2 controlled clinical trials of up to 12 months
duration. The most common ocular adverse reactions observed in patients treated

with latanoprostene bunod were: conjunctival hyperemia (6%), eye irritation (4%), eye
pain (3%), and instillation site pain (2%). Approximately 0.6% of patients discontinued
therapy due to ocular adverse reactions including ocular hyperemia, conjunctival
irritation, eye irritation, eye pain, conjunctival edema, vision blurred, punctate keratitis
and foreign body sensation.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary

There are no available human data for the use of VYZULTA during pregnancy to inform
any drug associated risks.

Latanoprostene bunod has caused miscarriages, abortion, and fetal harm in rabbits.
Latanoprostene bunod was shown to be abortifacient and teratogenic when administered
intravenously (IV) to pregnant rabbits at exposures > 0.28 times the clinical dose.

Doses > 20 pg/kg/day (23 times the clinical dose) produced 100% embryofetal lethality.
Structural abnormalities observed in rabbit fetuses included anomalies of the great
vessels and aortic arch vessels, domed head, sternebral and vertebral skeletal anomalies,
limb hyperextension and malrotation, abdominal distension and edema. Latanoprostene
bunod was not teratogenic in the rat when administered IV at 150 mcg/kg/day (87 times
the clinical dose) [see Dataj.

The background risk of major birth defects and miscarriage for the indicated population
is unknown. However, the background risk in the U.S. general population of major birth
defects is 2 to 4%, and of miscarriage is 15 to 20%, of clinically recognized pregnancies.

Data
Animal Data

Embryofetal studies were conducted in pregnant rabbits administered latanoprostene
bunod daily by intravenous injection on gestation days 7 through 19, to target the period
of organogenesis. The doses administered ranged from 0.24 to 80 mcg/kg/day. Abortion
occurred at doses > 0.24 mcg/kg/day latanoprostene bunod (0.28 times the clinical
dose, on a body surface area basis, assuming 100% absorption). Embryofetal lethality
(resorption) was increased in latanoprostene bunod treatment groups, as evidenced
by increases in early resorptions at doses > 0.24 mcg/kg/day and late resorptions at
doses > 6 mcg/kg/day (approximately 7 times the clinical dose). No fetuses survived
in any rabbit pregnancy at doses of 20 mcg/kg/day (23 times the clinical dose) or greater.
Latanoprostene bunod produced structural abnormalities at doses > 0.24 mcg/kg/day
(0.28 times the clinical dose). Malformations included anomalies of sternum, coarctation
of the aorta with pulmonary trunk dilation, retroesophageal subclavian artery with
absent brachiocephalic artery, domed head, forepaw hyperextension and hindlimb
malrotation, abdominal distention/edema, and missing/fused caudal vertebrae.

An embryofetal study was conducted in pregnant rats administered latanoprostene
bunod daily by intravenous injection on gestation days 7 through 17, to target the
period of organogenesis. The doses administered ranged from 150 to 1500 mcg/kg/day.
Maternal toxicity was produced at 1500 mcg/kg/day (870 times the clinical dose, on
a body surface area basis, assuming 100% absorption), as evidenced by reduced
maternal weight gain. Embryofetal lethality (resorption and fetal death) and structural
anomalies were produced at doses > 300 mcg/kg/day (174 times the clinical dose).
Malformations included anomalies of the sternum, domed head, forepaw hyperextension
and hindlimb malrotation, vertebral anomalies and delayed ossification of distal limb
bones. A no observed adverse effect level (NOAEL) was established at 150 mcg/kg/day
(87 times the clinical dose) in this study.

8.2 Lactation

Risk Summary

There are no data on the presence of VYZULTA in human milk, the effects on the

breastfed infant, or the effects on milk production. The developmental and health
benefits of breastfeeding should be considered, along with the mother’s clinical need
for VYZULTA, and any potential adverse effects on the breastfed infant from VYZULTA.
8.4 Pediatric Use

Use in pediatric patients aged 16 years and younger is not recommended because of potential
safety concerns related to increased pigmentation following long-term chronic use.

8.5 Geriatric Use

No overall clinical differences in safety or effectiveness have been observed between
elderly and other adult patients.

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Latanoprostene bunod was not mutagenic in bacteria and did not induce micronuclei

formation in the in vivo rat bone marrow micronucleus assay. Chromosomal aberrations
were observed in vitro with human lymphocytes in the absence of metabolic activation.
Latanoprostene bunod has not been tested for carcinogenic activity in long-term animal
studies. Latanoprost acid is a main metabolite of latanoprostene bunod. Exposure of
rats and mice to latanoprost acid, resulting from oral dosing with latanoprost in lifetime
rodent bioassays, was not carcinogenic.

Fertility studies have not been conducted with latanoprostene bunod. The potential to
impact fertility can be partially characterized by exposure to latanoprost acid, a common
metabolite of both latanoprostene bunod and latanoprost. Latanoprost acid has not been
found to have any effect on male or female fertility in animal studies.

13.2 Animal Toxicology and/or Pharmacology

A 9-month toxicology study administered topical ocular doses of latanoprostene bunod
to one eye of cynomolgus monkeys: control (vehicle only), one drop of 0.024% bid, one
drop of 0.04% bid and two drops of 0.04% per dose, bid. The systemic exposures are
equivalent to 4.2-fold, 7.9-fold, and 13.5-fold the clinical dose, respectively, on a body
surface area basis (assuming 100% absorption). Microscopic evaluation of the lungs
after 9 months observed pleural/subpleural chronic fibrosis/inflammation in the 0.04%
dose male groups, with increasing incidence and severity compared to controls. Lung
toxicity was not observed at the 0.024% dose.
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NEW FROM BAUSCH + LOMB

VYZULTA DELIVERS A DUAL MECHANISM
OF ACTION FOR THE REDUCTION OF IOP
IN GLAUCOMA PATIENTS'

ONE MOLECULE. TWO OUTFLOW PATHWAYS.
PROVEN IOP REDUCTION ™

“In studies up to 12 months' duration, the IOP-lowering
effect was up to 7.5 to 9.1 mmHg, in patients with an
average baseline IOP of 26.7 mmHg

INDICATION

VYZULTA™ (latanoprostene bunod ophthalmic
solution), 0.024% is indicated for the reduction of
intraocular pressure (I0P) in patients with open-angle
glaucoma or ocular hypertension.

IMPORTANT SAFETY INFORMATION

* Increased pigmentation of the iris and periorbital
tissue (eyelid) can occur. Iris pigmentation is likely
to be permanent

+ Gradual changes to eyelashes, including increased
length, increased thickness, and number of eyelashes,
may occur. These changes are usually reversible
upon treatment discontinuation

+ Use with caution in patients with a history of
intraocular inflammation (iritis/uveitis). VYZULTA
should generally not be used in patients with active
intraocular inflammation

* Macular edema, including cystoid macular
edema, has been reported during treatment with
prostaglandin analogs. Use with caution in aphakic
patients, in pseudophakic patients with a torn
posterior lens capsule, or in patients with known
risk factors for macular edema
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VYZULTA and the V design are trademarks of Bausch & Lomb Incorporated or its affiliates.
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IMPORTANT SAFETY INFORMATION (CONTINUED)

* There have been reports of bacterial keratitis
associated with the use of multiple-dose
containers of topical ophthalmic products that
were inadvertently contaminated by patients

» Contact lenses should be removed prior to the
administration of VYZULTA and may be reinserted
15 minutes after administration

« Most common ocular adverse reactions with
incidence 22% are conjunctival hyperemia (6%),
eye irritation (4%), eye pain (3%), and instillation
site pain (2%)

For more information, please see Brief Summary
of Prescribing Information on next page.
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OGS Honoree Lecture
Ocular Surface Disease and Topical
Glaucoma Therapy

Robert D. Fechtner, MD

(OSD) is becoming increasingly clear as research into

OSD grows. The lafest insights come from a groundbreak-
ing report published in July 2017 by the Tear Film and Ocular
Surface Society (TFOS) involving 150 experts from around the
world. The information greatly expands our understanding of the
pathophysiology of dry eye disease (DED) and the pivotal roles
tear film hyperosmolarity and ocular surface inflammation play
in dry eye and ocular surface diseases.

The report, in addition to outlining the physical toll on patients,
underlines the psychological cost to sufferers of uncontrolled dry
eye complications such as chronic pain and blurred vision, which
may restrict core activities as well as pleasurable pursuits.!

For those of us in glaucoma care, this foundational research
should highlight the importance of a glaucoma management strat-
egy that accounts for the patient’s ocular surface health at every
step along the way—from diagnosis to treatment and man-
agement. Ignoring the signs and symptoms of DED or OSD,
and neglecting fo treat these chronic and progressive condi-
tions likely will lead to an increasingly destabilized tear film
and intensified patient discomfort. This will negatively impact
quality of life further for the individual already burdened with
two ocular diseases.

The takeaway from reports such as the second Interna-
tional Dry Eye Workshop (DEWS lI) is that if you are caring
for patients with glaucoma, you must simultaneously have an
OSD practice.

The intersection of glaucoma and ocular surface disease

Seeing 0SD With New Eyes

At a 30,000+o0t view, we learn from DEWS Il that dry
eye’s central mechanism of evaporative water loss leads to
hyperosmolar tissue damage.! So DED, either directly or by
inducing a cascade of inflammatory events, contributes to a
loss of epithelial and goblet cells that in turn decreases sur-
face wettability, promotes early tear film break-up and further
amplifies hyperosmolarity in an unforgiving spiral known as
the “vicious circle.”!

On a granular level, we find that the process of blinking
is a two-phase tear film model in which meibomian lipid films
(consisting of exterior polar and non-polar lipids) spread over
a mucoaqueous inferior (consisting of an aqueous component
mixed with proteins or mucins). Using capillary action, the
upper lid pulls a layer of tears across the cornea and sends
the lipid layer upward, possibly dragging aqueous tears along
with it." Between blinks, the tear film thins, primarily due to
evaporation.! However, mucin’s high-hydration, water-holding
properties might suppress further tear evaporation or enhance
spreading of the tear film lipid layer.! As such, mucin appears
to be critical to ocular surface health, so deregulation of its
synthesis should be viewed as a contributor o OSD.
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Figure 1. DEWS 11 & The Tear Film's Central Role
DEWS I, a follow-up to its 2007 predecessor, changed the definition
of DED, based on peer-reviewed evidence, to the following:
Dry eye is a multifactorial disease of the ocular surface character -
ized by a loss of homeostasis of the tear film, and accompanied by
ocular symptoms, in which tear film instability and hyperosmolarity,
ocular surface inflammation and damage, and neurosensory
abnormalities play efiological roles.” !
The report authors note that this latest definition clarifies that tear film
hyperosmolarity and ocular surface inflammation, along with neuro-
sensory abnormalities, have causal efiologic roles and contribute to the
common mismatch befween signs and symptoms.

The mucoaqueous is sort of a “soup” that can change and
destabilize the tear film; but we don't know how. Diagnosti-
cally, we must determine which fests will help define healthy
limits for the tear film; therapeutically, we must find strategies
to restore overall ocular surface health when those limits have
been crossed.

Scope of OSD in the General Population

As well as understanding the pathophysiology of OSD,
the clinician treating glaucoma must appreciate the size and
demographic of the burden. Several large health studies
assessing the OSD prevalence of OSD in the general popula-
tion reveal nearly 10% of women over 75, and almost 8% of
men over 80 report symptoms of DED—a significant demo-
graphic.??

One study looking at DED rates in U.S. women partici-
pating in the Women's Health Study showed rising preva-
lence with age—from 5.7% in women older than 50, to
9.8% in those =75.2 Compared with white women, Hispanic
(OR=1.81, CI=1.18 to 2.80) and Asian (OR=1.77, Cl=1.17
to 2.69) women reported more severe symptoms, and dry eye
symptoms increased with age.

In a companion study looking at DED rates in U.S. men,
disease probability increased with age here as well—from
3.90% in men 50 to 54, to 7.67% in those 80 and older
(p<.001).2 High blood pressure (OR, 1.28; Cl, 1.12 to 1.45)
and benign prostatic hyperplasia (OR, 1.26; Cl, 1.09 to
1.44) were associated with higher risk.® The likely reason:
DED was a side effect of several medical therapies for these
conditions.

A third study examined DED prevalence in an elderly
population in Salisbury, Md.# After completing a standard-
ized questionnaire on dry eye symptoms, subjects underwent
Schirmer’s and rose Bengal fests, and anatomic assessment of
the meibomian glands. A total of 14.6% (363 of 2,482) were
categorized as symptomatic, reporting one or more dry eye
symptom often or all of the time.

However, obstacles persist in pinpointing DED and OSD
populations. The DEWS Il and Schaumberg et al. studies tell
us that a reasonable expectation would be to defect OSD in
about 10% to 15% of the general populace, with a greater fre-



quency in women than men. Yet, many papers reflect a wide
variation in DED rates (between 5% and 50%). Contributing
to this discrepancy is the lack of a standardized worldwide
definition, although the hope is that DEWS Il will move us
in that direction. Lastly, few studies look at younger subjects
despite increasing reports of digital eye strain among individu-
als ages 18 to 39.5

Diagnosing DED Amid Mismatched Signs & Symptoms

The notorious discrepancy between DED symptoms and
signs has made dry eye disease historically difficult to detect
and treat. Patients can present with significant symptoms and
very few physical signs, and they also can have dramatic
physical manifestations with no symptoms. Given the complex-
ity of aligning signs with symptoms, eye care professionals
have turned to surveys as one tool to uncover disease.

The Ocular Surface Disease Index (OSDI), a 12-item
questionnaire to rank severity of OSD and assess functional
impacts, was developed during clinical trial festing of cyclo-
sporine A treatment for DED.¢ The OSDI was later co-opted

Normal |41 (41%) | 39 (38%) | 79 (78%) | 22 (22%)
yondte | 33(33%) | 27@1%) | 22(22%) | 13 (13%)

Severe |27 (27%)| 35(35%) | 0(0%) | 66 (65%)

Leung EW et al. P of Ocular Surf: Disease in Glaucoma Patients.

J Glaucoma, 2008; 17:350-355.

FIGURE 2. OSD PREVALENCE IN GLAUCOMA PATIENTS

Using the OSDI, Leung et al. evaluated the prevalence of OSD in
glaucoma patients and determined that 33% of individuals reported
mild-to-moderate symptoms and 27% reported severe symptoms

in at least one eye—reflecting that 60% of glaucoma subjects had
OSD.

Images: Robert D. Fechtner, MD

for broader research applications; but, having been validated
in a specific population and applied in another, it was not
appropriately validated for these other segments.

One research team used the OSDI to evaluate OSD preva-
lence in glaucoma subjects.” They determined that 33% of
individuals reported mild-to-moderate symptoms and 27%
reported severe symptoms in at least one eye—reflecting that
as many as 60% of glaucoma subjects had OSD.” The Schao-
umberg et al. studies tell us a reasonable expectation would
have been to detect OSD in about 10% to 15% of patients, so
this much higher OSD rate in glaucoma subjects was an indi-
cator that something unique was happening in these patients.

In a multicenter study, our group and others surveyed 630
glaucoma patients treated with eye drops who completed the

OSDI over the span of a year.® This prospective, observational
study enrolled, at 10 different sites, patients with primary
open-angle glaucoma (POAG) or ocular hypertension on a
topical intraocular pressure (IOP)lowering medication regi-
men. A total of 305 patients—or 48.4%—had an OSDI score
pointing to mild (n=134, 21.3%), moderate (n=84, 13.3%)
or severe (n=87, 13.8%) OSD symptoms. So again, these
results led us to wonder why glaucoma patients had a higher
prevalence of OSD than the Schaumberg et al. population.

Role of Medication

We know some systemic medications can lead to dry eye
symptoms in other disease segments, so we began to question
if the glaucoma patient's topical treatment regimen might be
prompting dry eye symptoms.®

A rigorous study assessing DED-related quality of life in
glaucoma subjects divided individuals into three groups by
number of eye drops instilled per day compared with 20 con-
trols.? Participants completed ocular exams and the 25-item
National Eye Institute Visual Function Questionnaire (NEI-
VFQ), Glaucoma Symptom Scale (GSS) questionnaire and
OSDI. DED was defined as presence of punctate keratitis and
decreased break-up time.? Researchers found that topically
treated glaucoma patients presented with DED more often than
controls (p=0.01). Zero or one medication had a fairly low
reported incidence of severe DED, two medications yielded
39% of reported severe symptoms and three medications pro-
duced 40% of severe symptoms reporting.®

Returning to the Leung et al. study, investigators used a
multivariate logistic regression model to evaluate the associa-
tion between the number of benzalkonium chloride (BAK)-
containing eye drops and OSD clinical test results.” Though
not sufficiently powered to be conclusive, the study found that
more glaucoma drops led to additional OSD symptoms.

For many clinicians, eye drops are their preferred IOP-low-
ering strategy for glaucoma patients, so they often prescribe
multiple solutions at one time. Yet the medications are also an
iatrogenic weapon against a healthy ocular surface. Given
that a number of studies implicate the ophthalmic preservative
BAK, it behooves us to consider whether components of these
topical medications are negatively impacting our patients, and
whether that second and third drop are absolutely neces-
sary.”'%11 Once the tear film is destabilized, you can't sim-
ply remove the implicated drops; you often must start at the
beginning of treatment to stabilize eye health.

Diagnostic & Treatment Considerations

Identifying the glaucoma patient with OSD will require
diagnostic approaches the clinician may not routinely use.
One important tool to screen for evaporative DED is tear
break-up time testing (TBUT). TBUT is recorded as the num-
ber of seconds that elapse between the last blink and the
appearance of the first dry spot in the tear film. Another
key measurement, tear film osmolarity, will offer evidence
of an unstable tear film and possible disease. Addition-
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Impact of Multiple Medications

Number of Medications ;::::Ii::rr?ﬁgé;)
0 medications 5%
1 medication 11%
2 medications 39%
3 medications 40%

Rossi Gc etal. I:Iry eya syndmmﬂ -related quality of life in glaucoma
P ts. Eur hthalmol. 2009 July-August;19(4):572-579.

FIGURE 3. IMPACT OF MULTIPLE GLAUCOMA MEDICATIONS
Researchers assessing DED-related quality of life in glaucoma
patients found that two glaucoma medications yielded 39% of
patients reporting severe DED symptoms and three medications
produced 40% of severe reported symptoms.

ally, meibography, an in vivo technique to visualize the
morphology of the meibomian glands, can reveal func-
tional problems.

Short questionnaires are effective in uncovering OSD
symptoms. Surveys revealing blepharitis, meibomitis and
use of artificial tears are obvious red flags. The electronic
health record is also helpful in noting the patient’s use
of artificial tears, or the patient might disclose this upon
direct questioning.

Therapeutically, it's essential to treat underlying OSD
instigators to restore tear film homeostasis. But some-
times just supplementing the eye with a topical solution
or removing a toxin is enough to break the vicious circle.

OSD’s inflammatory component should come under
control with prescription medications; however, those
drugs shouldn't be a lifelong strategy if we can address
foundational causes, restore the cornea health and shut
down inflammatory mediators. It's also worth considering
complementary techniques such as neuro stimulation to
address aqueous deficiency.

Minor adjustments to the patient’s work and life
environment, such as humidifiers for work spaces and
bedrooms, can positively impact the patient’s quality of
life. Also, examining possible irritants and the patient’s
medication list can turn up possible offenders. If an indi-
vidual is on a systemic medication known to produce
OSD symptoms, the primary care doctor might be willing
to select an alternate drug.

Responsibility to the Patient

When a glaucoma patient comes in for a visit and is
on two glaucoma eye drops and artificial tears, investi-
gate the drops and try to get the patient more comfort-
able, even if it means changing or discontinuing one of
the medications. The field is fortunate to have good glau-
coma medications, but they're tools with cutting edges.
So we really need to be thoughtful as we manage our
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patients’ therapies.

As a glaucoma surgeon, | will cheer the day | never
again have to disturb the conjunctiva to put in an exter-
nal tube with a reservoir or do a trabeculectomy. These
procedures are truly disruptive to the ocular environment
and often lead to significant complications. However,
they remain some of the most effective surgical tech-
niques to achieve very low IOP. For now, it's our duty
as eye care providers to detect DED prior to surgery and
not let glaucoma patients get to the OR with an unstable
tear film and cornea.

We also owe it to concomitant disease patients to
address their potentially diminished quality of life. OSD
can have a profound impact on life quality factors.
One study identified 450 participants in the Women's
Health Study and 240 in the Physicians’ Health Study
who reported measurable negative impacts of DED on
daily-living tasks, including reading, driving, using the
computer, handling job responsibilities and watching
television.'?

Glaucoma patients with OSD are an important part
of our patient base. If we pay no heed to their signs and
symptoms, we're missing a clinical opportunity. The chal-
lenge is to get the ocular surface healthier while control-
ling pressure to a sufficient level.

Importantly, we must investigate underlying causes
of OSD and environmental factors, and rapidly address
those. We need to choose interventions wisely and
attempt to restore tear homeostasis. The glaucoma
patient’s ocular surface status should be evaluated regu-
larly to ensure timely detection and treatment of patho-
logic signs to minimize damage and ease the patient’s
additional ocular burden.

Robert D. Fechtner, MD, is professor and chair of oph-
thalmology, SUNY Upstate Medical University in Syra-
cuse, NY.
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MIGS
Minimally Invasive Glaucoma Surgery
John Berdahl, MD

hen looking at today’s strategies for lowering
infraocular pressure (IOP) in glaucoma patients,
the answer fo the question of whether we need
better solutions should be a resounding and emphatic yes.
We continue to be constrained by issues of patient medica-
tion compliance and the limits of fraditional glaucoma surgery.

Consider a senior female patient of mine who underwent
two trabeculectomies on her left eye in recent years with the
hopes of relieving dangerously high pressure. After these two
highly invasive surgeries, her IOP returned to 34 mmHg. Even
when trabeculectomies are successful in lowering IOP, they
have associated risks. One study found that patients who
underwent trabeculectomies had a nearly 25% chance of
needing cataract surgery at five years.

When comparing another IOP-lowering procedure, tube
shunt surgery, with trabeculectomy in eyes with previous cata-
racts or failed glaucoma surgeries, failure rates were higher
in the trabeculectomy group.2? That is not to give tubes a gold
star, as the devices sfill have a five-year failure rate of about
30% compared with 47% in trabeculectomies.® And tubes
have troubling potential side effects such as double vision and
corneal edema.

Turn to medication IOP-lowering strategies, and the picture
isn't much brighter. You find that more than 90% of patients
are non-compliant with their dosing regimens, with nearly 50%
discontinuing medications before six months.* In one seminal
study, only 20% of patients showed “persistently good adher-
ence” at one year and 15% did at five years.®

That is not to chide all patients, as some have good inten-
tions for medication compliance but aren’t able to administer
their eye drops correctly. Periodically | ask my patients to show
me how they instill their drops. A portion of them, not only
don't get all or any solution into their eyes, but some scrape
their eyes with the bottle, potentially introducing bacteria or
viruses into the eye. The scene is, frankly, disturbing for me to
watch as their doctor.

So if we can do something to bide time until a patient
needs a first, second or third invasive surgery that brings with
its potential complications and reoperations, it's a win. Mini-
mally Invasive Glaucoma Surgery (MIGS) can fill this surgical
gap, and a surge of players has arrived in this space, making
it hard for the average clinician to keep up.

MIGS Primer

Igbal “lke” Ahmed, MD, coined the term MIGS in 2009
to distinguish a new generation of glaucoma procedures from
traditional surgeries. He defined these up-and-coming interven-
tions as ab interno procedures that induce minimal disruption
of normal anatomy/physiology, have a high safety profile, are
able to lower IOP and offer rapid recovery.

The goal of MIGS is to slow glaucoma progression, reduce

eye pressure and eliminate or minimize eye drop use. Types
of MIGS include trabecular meshwork bypass surgery (devices
that incise the trabecular meshwork to move aqueous through
the collector channels), suprachoroidal/supraciliary shunts
(tubes that act as a gateway to connect the anterior eye to the
suprachoroidal space by creating a controlled cyclodialysis
cleff) and subconjunctival stents (stents that direct flow from the
anterior chamber into the subconjunctival space).

In the trabecular meshwork bypass surgery space, the
iStent (Glaukos) is one example. It forges a bypass through the
trabecular meshwork, Schlemm’s canal and collector channels
to improve natural fluid outflow. The surgeon uses a goniolens
and gonioscopic landmarks to correctly position the device for
alignment. Conversely, the Kahook Dual Blade (New World
Medical), another MIGS in this category, acts as a wedge
to lift and excise the trabecular meshwork, allowing greater
access to the collector channels.

Moving to suprachoroidal shunts, one type of device,
the Cypass (Alcon) is inserted below the scleral spur and
advanced into the supraciliary space, bypassing the tradi-
tional outflow pathway.

MIGS

Device Company Site Availablility Approval

istent Glaukos L Yes A

New Waorld Medical
MecMedin

Elex

Trabecular

sightsclence e

Alcon SupracChoroidal

Aergan Sub-Conjuntival

EndoOptiks Ciliary Body

Trab
Hydrus Ivantis e

IStent inject Glaukos

I5tent supra Glaukos SupraCharoidal

FIGURE 1. TODAY’S MIGS LANDSCAPE

Minimally Invasive Glaucoma Surgery (MIGS) has exploded in recent
years. Here is a lineup of some devices in the space.

Images: John Berdahl, MD

In the subconjunctival category, the Xen gel stent (Aller-
gan), is advanced by the surgeon using a preloaded nee-
dle; the needle sleeve is refracted, leaving in place the gel
implant—similar to a hard macaroni noodle that becomes
gelatinous once implanted.

Now in clinical trials, a supraciliary microstent known as
the iStent Supra (Glaukos) is inserted through a clear corneal
incision in the aqueous humor fo access the suprachoroidal
space. The device is placed below the scleral spur and above
the iris.

Considerations for MIGS

As a general rule, potential MIGS candidates should be
individuals with cataracts and glaucoma or ocular hyperten-
sion; pseudophakic patients with uncontrolled glaucoma; or
occasional phakic patients with uncontrolled glaucoma.

REVIEW OF OPTOMETRY/MARCH 2018 17



ADVANCING THE

GLAUCOMA

LATEST CoNcerTs IN CARE & TREATMENT

Six factors that should go into an assessment for MIGS
include: eye pressure, visual fields (VFs), OCT imaging scans,
family history, central corneal thickness (CCT) and appear-
ance of the optic nerve. Add that information into a clinical
puzzle with a goal of reducing eye pressure to between 15
mmHg and 18 mmHg, and brainstorm the best and safest way
to get there. If a patient has a borderline need for MIGS, cor-
neal hysteresis (CH) —a biomechanical property related to the
eye’s ability to absorb shock—can sway the decision. Low CH
is independently associated with glaucomatous damage and
disease progression and can be more revealing than other risk
factors, including IOP and CCT.¢

A patient presenting with high eye pressure on the first
visit typically has more MIGS options available than one start-
ing with lower pressure since some trabecular bypass devices
won't reduce pressure enough in the latter individual. If some-
one comes in at an acute stage, with severely damaged retinal
ganglion cell axons and very poor VFs, we likely don’t have
time to assess whether a safer procedure might be acceptable,
so we would probably move to a trabeculectomy or a tube
shunt immediately.

Efficacy of MIGS

MIGS fill a huge void in the surgical space, but it is essen-
tial to learn what the scientific literature tells us about their
safety and effectiveness for patients. Most studies confirm the
|OP-lowering benefits of these procedures and also show a
reasonably good safety profile and low complication rate.

My team conducted a study on 464 enrolled subjects (108
at three years)—the largest eye stent study published until
now—and evaluated the safety and efficacy of the iStent fro-
becular microbypass stent combined with cataract surgery in
individuals with pseudoexfoliation glaucoma (PXG). 7 The pre-
operative mean IOP dropped from 20 mmHg + 6.95 mmHg
(SD) to 15.54 mmHg =+ 3.83 mmHg (p<.01) at one year and
14.51 mmHg = 2.79 mmHg (p<.01) at two years. The pre-
operative mean number of glaucoma medications of 1.41 =
1.04 fellto 0.71 = 0.94 at two years postoperatively (p<.01).

To summarize, individuals with moderately high preop-
erative IOPs can get up to 4.5 mmHg of IOP lowering when
combining an iStent and cataract surgery, and up to a 50%
reduction in medications. However, we found the strategy
didn’t work well in people with lower eye pressures. For
example, those with 14 mmHg to 17 mmHg had only about
a 1-mmHg reduction. Another paper similarly found that stent
implantation plus cataract surgery yielded lower pressures and
the need for fewer medications than cataract surgery alone
a year after the procedures.? The question then becomes
whether the cataract surgery is the real workhorse and the
stent is essentially an ornament.

My team also studied the iStent in pseudophakic eyes
with open-angle glaucoma.® The preoperative mean IOP of
20.26 mmHg = 6 mmHg was reduced to 16.34 mmHg +
3.78 mmHg (p<0.01) at one year and 13.62 mmHg + 4.55

mmHg (p<0.01) at two years.” The preoperative mean num-
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ber of glaucoma medications—1.95 £ 1.01—fell to 1.69 +
1.28 (p>0.05) at one year postoperatively.® The safety profile
appeared favorable with a low rate of IOP spikes; only one
patient required additional surgery.® In other words, pressures
came down to 13 mmHg on average and medication use
dropped by about 30% at two years. I's clear that the iStent
lowered IOP in pseudophakes. One side note to mention was
that preoperative IOPs were somewhat higher than the aver-
age cataract patient. The reason is because | wouldnt perform
surgery on an eye that didn't already require it unless the
patient wasn't tolerating medications or disease was rapidly
progressing. Again, the advanced glaucoma patient was a
good fit for this procedure.

Our research also revealed positive findings for the
Kahook Dual Blade.! Preoperative eye pressures were 17.5
mmHg vs.13 mmHg postoperatively, so this approach success-
fully lowered eye pressure as well. Medication use dropped
by 0.8 for all eyes and by 0.7 for those that received Kahook
Dual Blade combined with cataract extraction.

Looking at the suprachoroidal space and supraciliary mic-
rostenting, the CyPass Micro-Stent (Transcend Medical) with
cataract surgery yielded about a 7.4 mmHg drop in pres-
sure compared with 5.4 mmHg from cataract surgery alone;
85% of microstent subjects did not require IOP medications at
two years.'® No visionthreatening microstent-related adverse
events (AEs) occurred, and visual acuity was high in both
groups through two years. !

Moving into the subconjunctival space with the Xen gel
stent, positive findings were seen here as well.'? The stent
was placed ab interno in individuals whose prior filtering/cil-
joablative procedures had failed or whose IOPs on maximum-
tolerated medical therapy were uncontrolled, with medicated
IOPs =20 and <35 mmHg, and visual field mean deviation
<3 dB. At two years, 75.4% reported =20% IOP lowering
from baseline on the same or fewer medications.'? No intraop-
erative complications or unexpected postoperative AEs were
reported.'? Note that this cohort was a refractory glaucoma set
that had previously undergone glaucoma surgery.

The MIGS Surgeon

Three categories of surgeons tend fo be inferested in MIGS
surgeries: comprehensive ophthalmologists, high-volume cat-
aract surgeons and glaucoma surgeons. They each have a
unique perspective on the addition of MIGS to their clinical
practices.

The comprehensive ophthalmologist and the high-volume
cataract surgeon generally want to know if enough cases
would present to be able to get good at the procedures and
how these procedures might change the daily practice flow.
The glaucoma surgeon likely would consider whether MIGS
could lower eye pressure enough in more severe glaucoma
patients.

In the case of the high-volume cataract surgeon, it's been
borne out in studies that roughly 20% of people undergoing
cataract surgery have a concurrent diagnosis of glaucoma. 314



If the average U.S. cataract surgeon handles 400 cataract
cases a year, they would see roughly 40 to 80 patients who
also had glaucoma—enough cases to become decent at per-

Get Set

Tilt Scope 30° Away from you
Tilt Head 30° Away from you
Adjust Oculars

Have Patient Look at
Contralateral ear

Apply Gonio and Viscoelastic
Fine focus

PREPARING FOR SURGERY

When getting in position for trabecular meshwork bypass surgery,
the surgeon uses a goniolens and gonioscopic landmarks for proper
orientation of the device, and proceeds through a series of steps to
correctly align the device for implantation.

forming MIGS.

At the very least, patients must be informed about the
possibility of MIGS. | think it's incumbent upon us to make
sure patients know all of their options for glaucoma surgery.

The Financials

Medicare patients with supplemental insurance gener-
ally will have no or very low outof-pocket expenditure for
indicated MIGS procedures. However, some of these sur-
geries are performed “offlabel,” diminishing the likelihood
of reimbursement. We did a cost analysis comparing MIGS
to other procedures, specifically drops and selective laser
trabeculoplasty, and found that the cost-benefit ratio was
favorable for MIGS in a long-term Markov model.'s

In every case, we first educate patients about what we
think is best for their eye. Then we tell them historically what
percentage of time the procedure has been covered by
their insurance. If individuals want to proceed and choose
to potentially pay for the entire cost, we have them sign
Advance Beneficiary Notice of Noncoverage forms.

If a patient can’t afford the procedure, we seek an alter-
native solution. Maybe we do a Kahook Dual Blade, which
will usually be covered, or a trabeculectomy or tube shunt.
Creative thinking helps customize a plan for each patient.

End Game

Going back to my patient who unsuccessfully underwent
two trabeculectomies but was still dealing with IOPs of 34
mmHg after the surgeries, we decided to move her to a
MIGS procedure. We implanted two iStents in her left eye.
One week later, she spoke to us on video to report how she
was doing. Her pressure had dropped by nearly 20 mmHg
to 15 mmHg.

“Can you believe it2” she exclaimed into the camera.
“l am so happy.”

Based on the body of research on MIGS and anecdotal
experience, it's obvious that MIGS are not only expanding
our surgical toolbox, but they are offering an alternative
IOP-lowering strategy to serious and refractory glaucoma
patients who want to avoid, or have not been successful
with, traditional approaches. Beyond that, these evolving
devices have restored quality of life for many patients who
have reached the limits of established technologies, and
offered them a brighter vision of the future.

John Berdahl, MD, is an ophthalmologist at Vance
Thompson Vision in Sioux Falls, SD.
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Outreach
Glaucoma in Developing Countries
Robert D. Fechtner, MD

erving as the executive vice president of the World Glau-
coma Association for several years has brought me into
contact with a much wider glaucoma community than |
could have ever known as a practitioner in the United States.
My eyes have been opened to the varied experiences of glau-
coma patients and doctors trying fo fight glaucoma in many
lower-income and developing countries around the world.
| also have been humbled to learn that the skills |
acquired in school and in the field to diagnose, treat and
manage glaucoma as an American physician don’t necessar-
ily translate to many parts of the world. | have come to under-
stand that if we, as a global community, are going fo make a
dent in the staggering rates of glaucoma blindness occurring
across all of the globe's socioeconomic groups, we have to
understand what strategies are realistic and sustainable to aid
glaucoma patients in areas where resources are limited, scarce
or nonexistent.

REVIEW OF OPTOMETRY/MARCH 2018 19



ADVANCING THE

GLAUCOMA

LATEST CoNcerTs IN CARE & TREATMENT

Characteristics of Developing Countries

The World Bank defines low- to middle-income economies
as those having less than $3,955 per gross per capita income. !
When you look at the breadth of countries and regions that fall
into this category, the reality is that the majority of the world’s
population lives in the developing world.

The biggest medical challenge facing such areas is a lack of
access to routine and specialized medical care. When services
are available, not everyone has equal access to the physicians
or medical supplies, which can be strained and not geographi-
cally welldistributed. Other obstacles include aging popula-
tions, extreme terrain, poverty and illiteracy. Since more severe
forms of glaucoma can be unforgiving, by the time symptoms
are present in patients who have not received early or ongo-
ing freatment or management, it's often too late to significantly
change patient outcomes.

When you look at the enormous financial cost to treat glau-
coma patients in a developed nation, the magnitude of the bur-
den seems almost insurmountable for a lower-income country.
A 2013 study on the cost of vision loss and eye disorders in the
United States found that glaucoma and disorders of the optic
nerve had an astonishing $5.8 billion price tag at that time.?
In New York alone, where | practice, eye disorder and vision
expenditures can reach $10 billion.? These are just the direct
costs spent largely on medication and office visits, which don't
account for the indirect expenses absorbed by patients and their
families as they seek treatment.

So when you think of the scope of financial resources neces-
sary to treat the glaucoma patient today, it becomes apparent
why many glaucoma patients in the world’s lower-income com-
munities might be going under- or untreated.

Glaucoma Impact

The first tough question | pondered as | learned more
about glaucoma in less developed parts of the world was:
Given the abundance of health challenges and problems fac-
ing developing nations, is blindness from glaucoma worth
addressing? To answer, we must first know some basic infor-
mation about glaucoma incidence and blindness.

Estimates put the number of worldwide suspected glau-
coma cases at around 70 million, with that number expected
to increase to 111.8 million in 2040.3# The World Health
Organization (WHO) ranks glaucoma as the leading cause
of irreversible blindness and visual impairment, and the
second (fo cataracts) leading cause of global blindness.>¢
Unlike cataracts, glaucoma generally cannot be reversed.

One publication estimated that the world community
would see 79.6 million people with open-angle glaucoma
(OAG) and angleclosure glaucoma (ACG) in 2020, of
which bilateral blindness would be present in 5.9 million
cases of OAG and 5.3 million cases of ACG.”

When looking at a breakdown of the causes of global
vision impairment and blindness, 2010 WHO data found
that cataracts accounted for 51% of total blindness.® This
may explain why infernational efforts are often directed at

20 REVIEW OF OPTOMETRY/MARCH 2018

Global causes of blindness as percentage
of global blindess in 2010
childhood, 4%

undetermined, 21% /

DR, 1%

N

trachoma, 3% —

CO, a%—

/

cataract, 51%

AMD, 5%

glaucoma, 8% /

RE, 3%

cataract blindness. In this same breakdown, glaucoma was
responsible for 8% of blindness.® Other conditions included:
undetermined, 21%; AMD, 5%; corneal opacities, 4%; child-
hood, 4%; trachoma, 3%; onchocerciasis, 3%; and diabetic
retinopathy, 1%. Glaucoma is a fairly large component of
the blindness-causing disease picture, so this chronic, pro-
gressive disease certainly rises to a level worthy of consider-
ation for the world’s resources.

Targeted Populations

With so many global communities in dire need of glau-
coma care, the next difficult question is which parts of the
world to target.

One study revealed that individuals in Asia and Africa
would be disproportionally affected by primary OAG and
primary ACG glaucoma cases.* And a 2004 WHO bulletin
suggested that ACG was reaching “epidemic proportions”
in China and other parts of Asia.’

The WHO has cited a lack of trained ophthalmologists as
a major factor limiting the diagnosis and care of people with
glaucoma in developing countries.” In 2004, Europe report-
edly had one ophthalmologist for every 10,000 people,
India had one ophthalmologist for every 400,000 people
and Africa had one ophthalmologist or less for every mil-
lion.?

These doctor-patient ratios are somewhat shocking. What
| view as my daily clinical load seems insubstantial when
colleagues on another continent could have a million people
seeking their services.

Work in the Himalayas

We know from the 2010 WHO data that cataracts
account for about 51% of total blindness in the world, making
cataract programs a high priority for global eye resources.
Perhaps we can look to cataract strategies happening in
developing areas of the world as a model for glaucoma.

In one cataract study, public health officials in the Tibet
Autonomous Region of China conducted a survey of blind-
ness, eye diseases and eye care service utilization to assist



the development of a 10-year blindness prevention and treat-
ment plan, determine the prevalence of blindness and visual
impairment, and assess cataract surgical coverage and out-
comes in the region.'°

Among the 15,900 people enumerated, 12,644 were
examined for a response rate of 79.6%.'° The crude prev-
alence of blindness (better visual acuity [VA] of less than
6/60) was 2.3%; age and gender-adjusted blindness preva-
lence was 1.4% (Cl, 1.3 to 1.5). Researchers found visual
impairment in 10.9% (Cl, 10.5 to 11.2) of the population.'®
Cataracts were the primary cause of blindness (50.7%), fol-
lowed by macular degeneration (12.7%) and corneal opac-
ity (9.7%).1°

Researchers concluded that blindness was a serious pub-
lic health problem in Tibet.'® They added that, as elsewhere
in the world, women had an excess burden of blindness com-
pared with men, and that about 75% of blindness in Tibet
could be prevented or treated.

It makes fremendous sense that cataracts are the first priority
to reduce worldwide sight loss, but we shouldn’t overlook the
opportunity for glaucoma interventions to have an impact on
blindness as well.

Turning to a glaucoma study in Nepal, officials provided
annual targeted glaucoma screenings, treatment and education
between 2004 and 2007."" Data from three one-day screen-
ing clinics in 2006 showed that approximately 2% to 4% of
patients 50 years of age or older were newly diagnosed with
primary OAG (POAG). Primary-angleclosure (PAC) glaucoma

patients were identified as well.

Slowing Glaucoma Rates

When it comes to glaucoma rates, one major concern is that
the number of cases trends upward with age. Since the popula-
tion is aging in many corners of the world, this is a growing
problem. Given that PAC glaucoma can be acute and result in
more visual morbidity than POAG, PAC patients might be one
group in which scant resources could be turned info measur-
able, positive outcomes.

The first step to addressing the issue is to develop glaucoma
screening and related public health strategies. However, putting
in place programs in developing nations is not a straightforward
process. For one thing, since resources are constrained, bring-
ing practitioners fo patients, or vice versa, and delivering some
meaningful level of care are major obstacles. Second, you can
detect or raise awareness of glaucoma, but if no reasonable
treatment is available, public health initiatives will obviously
be useless. As such, training human resources on accessible
therapeutic tools also will be necessary. Finally, clinicians in
developing countries fend to be less wellversed in conducting or
reviewing research, so a number of respected researchers are
now collaborating with colleagues in many parts of the world.

For an OAG population, freating individuals with functional
loss who aren’t blind could be a target for interventions. Beta-
blockers might be the only affordable medication, but the drugs
are often efficacious. Obstacles with incisional surgery are that

it requires postoperative care. For example, trabeculectomy
patients must be followed for a lifetime if the procedure hap-
pens to work beyond four or five years.'2

With ACG, interestingly, cataract intervention programs
might help prevent blindness in this more serious form of dis-
ease, given the findings of studies such as EAGLE."

Innovative Research

We are fortunate that many researchers are actively seeking
creative ways to lower IOP for glaucoma patients in financially
strained parts of the globe.

One team characterized the 12-month IOP-lowering effi-
cacy of selective laser trabeculoplasty (SLT) as the sole therapy
for POAG in an Afro-Caribbean population.'# Subjects in St.
Lucia and Dominica were randomized to: rapid washouts of
IOPJowering medications followed by SLT, three-month delays
followed by washouts and SLT, or sixmonth delays followed by
washouts and SLT.™

The target IOP was a 20% or greater IOP decrease from
postwashout baseline. Overall, 72 patients underwent SLT
treatment. The mean IOP at enrollment was 15.4 mmHg = 3.6
mmHg in right eyes and 15.4 mmHg + 3.6 mmHg in left eyes,
which rose to 21 mmHg = 3.3 mmHg and 20.9 mmHg + 3
mmHg, after washouts. The mean IOP at three, six, nine and 12
months ranged from 12.5 mmHg to 14.5 mmHg. The 12-month
success rate was 78%, with transient photophobia and discom-
fort as common side effects.

Researchers concluded that SLT monotherapy safely pro-
vided significant IOP reduction in Afro-Caribbean eyes with
POAG and that this treatment could play a role in preventing
glaucoma vision loss and blindness in people of African descent
living in low-resource regions. These findings have triggered
efforts to roll out similar IOPlowering initiatives in Africa.

Another somewhatmaverick team investigated the results
of SLT performed directly on the sclera without a gonioscopy
lens, af the Meir Medical Center in Kfar-Saba, Israel.™ Adults
with uncontrolled POAG or pseudoexfoliation glaucoma were
randomized into two groups. Confrols underwent conventional
SLT using a gonioscopy lens for 360 degrees of the trabecular
meshwork, while the other group had lasers using the same
parameters with laser energy administered on the perilimbal
sclera.

Thirty adults were randomized info two groups. The mean
(+SD) pretreatment IOP was 20.21 mmHg + 3.19 mmHg
for subjects (n=14) and 21.14 mmHg +2.98 mmHg for con-
trols (n=14; p=0.43), dropping to 16 mmHg +3.31 mmHg
and 14 mmHg * 2.45 mmHg (p=0.22) after one year. The
average |OP reduction at one year was 20.83% for subjects
and 33.77% for controls (p=0.528). Success—a decrease of
=15% at six months with no additional medications, laser or
glaucoma surgery—was achieved in 12 (85.7%) subjects and
nine (69.2%) controls (p=0.385). Complications were mild and
transient (n=30) but higher in controls (n=15; p<0.0001).

The conclusion: SLT applied directly to the perilimbal sclera
might be as effective as the conventional procedure for one year.
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These two sets of innovative researchers might be on to
something. We need a few unorthodox ideas o have an impact
on glaucoma care in the developing world.

EAGLE Trial

One transformative clinical frial that might help in our global
glaucoma efforts, EAGLE, studied a new surgical method offer-
ing the IOPlowering and vision benefits of cataract surgery.'®
Researchers randomly assigned subjects with PAC glaucoma,
or angleclosure, and high IOP to receive clear-lens extraction,
or standard care with laser peripheral iridotomy (LPI) and
topical medical treatment.'® The lens extraction group’s IOP
ended in the 16 mmHg to 18 mmHg range—lower than the
LPI group. At 36 months, 60% of these individuals had an
average pressure of 16.6 mmHg on no medication. Only
one person in the group needed further surgery, while 24
people undergoing LPI went on to have other interventions,
including 16 cataract surgeries and several glaucoma sur-
geries.

Researchers concluded that clear-lens extraction yielded
greater efficacy and costeffectiveness than LPI, and recom-
mended it be considered for firstline treatment. This concept
of clear-lens extraction is evolving. But from a global perspec-
tive, we hope to one day train local clinicians in developing
nations to perform such a surgery to prevent blindness in one
or both eyes in individuals at high risk of PAC glaucoma.

Digging In

Returning to my World Glaucoma Association respon-
sibilities, our group is sponsoring a series of fellowships in
partnership with the International Council of Ophthalmology.
As part of the program, we're bringing African physicians to
established teaching programs in developed countries and
housing them from one to three months in a glaucoma unit
so they can attend a World Glaucoma Congress meeting
and gain additional training. The goal is to spark inferest in
practitioners in developing countries who want to bring the
latest knowledge back home and spread the message about
the urgent need for a global effort to fight glaucoma.

GLAUCOMA

We can play a part in this battle by identifying where
opportunities exist for us to be involved, sharing knowledge
and resources, and possibly mentoring colleagues in other
communities. Perhaps, we might all push ourselves to think
and act a litfle more globally.

The 100 to 200 cases we might see in a week certainly
makes an impact on patient lives, but imagine what we could
accomplish with a forum to potentially touch millions of lives.
My challenge to you would be: Reach out a little further,
do something—just one thing—to learn about glaucoma in
the developing world and see whether there’s some area
where you can make a difference.

Robert D. Fechtner, MD, is professor and chair of ophthal-
mology, Upstate Medical University in Syracuse, N.Y.
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The Optometric Glaucoma Society’s (OGS) mission is to promote excellence in the care of glaucoma patients through
professional education and scientific investigation. For more information:
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BRIEF SUMMARY OF PRESCRIBING INFORMATION

This Brief Summary does not include all the information needed to use VYZULTA
safely and effectively. See full Prescribing Information for VYZULTA.

VYZULTATM (latanoprostene bunod ophthalmic solution), 0.024%, for topical
ophthalmic use.
Initial U.S. Approval: 2017

1 INDICATIONS AND USAGE

VYZULTA™ (latanoprostene bunod ophthalmic solution) 0.024% is indicated for the reduction
of intraocular pressure (IOP) in patients with open-angle glaucoma or ocular hypertension.

4 CONTRAINDICATIONS

None

5 WARNINGS AND PRECAUTIONS
5.1 Pigmentation

VYZULTA™ (latanoprostene bunod ophthalmic solution), 0.024% may cause changes to
pigmented tissues. The most frequently reported changes with prostaglandin analogs
have been increased pigmentation of the iris and periorbital tissue (eyelid).

Pigmentation is expected to increase as long as latanoprostene bunod ophthalmic
solution is administered. The pigmentation change is due to increased melanin content
in the melanocytes rather than to an increase in the number of melanocytes. After
discontinuation of VYZULTA, pigmentation of the iris is likely to be permanent, while
pigmentation of the periorbital tissue and eyelash changes are likely to be reversible in
most patients. Patients who receive prostaglandin analogs, including VYZULTA, should be
informed of the possibility of increased pigmentation, including permanent changes. The
long-term effects of increased pigmentation are not known.

Iris color change may not be noticeable for several months to years. Typically, the
brown pigmentation around the pupil spreads concentrically towards the periphery of
the iris and the entire iris or parts of the iris become more brownish. Neither nevi nor
freckles of the iris appear to be affected by treatment. While treatment with VYZULTA™
(latanoprostene bunod ophthalmic solution), 0.024% can be continued in patients who
develop noticeably increased iris pigmentation, these patients should be examined
regularly [see Patient Counseling Information (17) in full Prescribing Information].

5.2 Eyelash Changes

VYZULTA may gradually change eyelashes and vellus hair in the treated eye. These
changes include increased length, thickness, and the number of lashes or hairs. Eyelash
changes are usually reversible upon discontinuation of treatment.

5.3 Intraocular Inflammation

VYZULTA should be used with caution in patients with a history of intraocular
inflammation (iritis/uveitis) and should generally not be used in patients with active
intraocular inflammation as it may exacerbate this condition.

5.4 Macular Edema

Macular edema, including cystoid macular edema, has been reported during treatment
with prostaglandin analogs. VYZULTA should be used with caution in aphakic patients, in
pseudophakic patients with a torn posterior lens capsule, or in patients with known risk
factors for macular edema.

5.5 Bacterial Keratitis

There have been reports of bacterial keratitis associated with the use of multiple-dose
containers of topical ophthalmic products. These containers had been inadvertently
contaminated by patients who, in most cases, had a concurrent corneal disease or a
disruption of the ocular epithelial surface.

5.6 Use with Contact Lens

Contact lenses should be removed prior to the administration of VYZULTA because this
product contains benzalkonium chloride. Lenses may be reinserted 15 minutes after
administration.

6 ADVERSE REACTIONS

The following adverse reactions are described in the Warnings and Precautions section:
pigmentation (5.1), eyelash changes (5.2), intraocular inflammation (5.3), macular
edema (5.4), bacterial keratitis (5.5), use with contact lens (5.6).

6.1 Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction
rates observed in the clinical trials of a drug cannot be directly compared to rates in the
clinical trials of another drug and may not reflect the rates observed in practice.

VYZULTA was evaluated in 811 patients in 2 controlled clinical trials of up to 12 months
duration. The most common ocular adverse reactions observed in patients treated

with latanoprostene bunod were: conjunctival hyperemia (6%), eye irritation (4%), eye
pain (3%), and instillation site pain (2%). Approximately 0.6% of patients discontinued
therapy due to ocular adverse reactions including ocular hyperemia, conjunctival
irritation, eye irritation, eye pain, conjunctival edema, vision blurred, punctate keratitis
and foreign body sensation.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary

There are no available human data for the use of VYZULTA during pregnancy to inform
any drug associated risks.

Latanoprostene bunod has caused miscarriages, abortion, and fetal harm in rabbits.
Latanoprostene bunod was shown to be abortifacient and teratogenic when administered
intravenously (IV) to pregnant rabbits at exposures > 0.28 times the clinical dose.

Doses > 20 pg/kg/day (23 times the clinical dose) produced 100% embryofetal lethality.
Structural abnormalities observed in rabbit fetuses included anomalies of the great
vessels and aortic arch vessels, domed head, sternebral and vertebral skeletal anomalies,
limb hyperextension and malrotation, abdominal distension and edema. Latanoprostene
bunod was not teratogenic in the rat when administered IV at 150 mcg/kg/day (87 times
the clinical dose) [see Dataj.

The background risk of major birth defects and miscarriage for the indicated population
is unknown. However, the background risk in the U.S. general population of major birth
defects is 2 to 4%, and of miscarriage is 15 to 20%, of clinically recognized pregnancies.

Data
Animal Data

Embryofetal studies were conducted in pregnant rabbits administered latanoprostene
bunod daily by intravenous injection on gestation days 7 through 19, to target the period
of organogenesis. The doses administered ranged from 0.24 to 80 mcg/kg/day. Abortion
occurred at doses > 0.24 mcg/kg/day latanoprostene bunod (0.28 times the clinical
dose, on a body surface area basis, assuming 100% absorption). Embryofetal lethality
(resorption) was increased in latanoprostene bunod treatment groups, as evidenced
by increases in early resorptions at doses > 0.24 mcg/kg/day and late resorptions at
doses > 6 mcg/kg/day (approximately 7 times the clinical dose). No fetuses survived
in any rabbit pregnancy at doses of 20 mcg/kg/day (23 times the clinical dose) or greater.
Latanoprostene bunod produced structural abnormalities at doses > 0.24 mcg/kg/day
(0.28 times the clinical dose). Malformations included anomalies of sternum, coarctation
of the aorta with pulmonary trunk dilation, retroesophageal subclavian artery with
absent brachiocephalic artery, domed head, forepaw hyperextension and hindlimb
malrotation, abdominal distention/edema, and missing/fused caudal vertebrae.

An embryofetal study was conducted in pregnant rats administered latanoprostene
bunod daily by intravenous injection on gestation days 7 through 17, to target the
period of organogenesis. The doses administered ranged from 150 to 1500 mcg/kg/day.
Maternal toxicity was produced at 1500 mcg/kg/day (870 times the clinical dose, on
a body surface area basis, assuming 100% absorption), as evidenced by reduced
maternal weight gain. Embryofetal lethality (resorption and fetal death) and structural
anomalies were produced at doses > 300 mcg/kg/day (174 times the clinical dose).
Malformations included anomalies of the sternum, domed head, forepaw hyperextension
and hindlimb malrotation, vertebral anomalies and delayed ossification of distal limb
bones. A no observed adverse effect level (NOAEL) was established at 150 mcg/kg/day
(87 times the clinical dose) in this study.

8.2 Lactation

Risk Summary

There are no data on the presence of VYZULTA in human milk, the effects on the

breastfed infant, or the effects on milk production. The developmental and health
benefits of breastfeeding should be considered, along with the mother’s clinical need
for VYZULTA, and any potential adverse effects on the breastfed infant from VYZULTA.
8.4 Pediatric Use

Use in pediatric patients aged 16 years and younger is not recommended because of potential
safety concerns related to increased pigmentation following long-term chronic use.

8.5 Geriatric Use

No overall clinical differences in safety or effectiveness have been observed between
elderly and other adult patients.

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Latanoprostene bunod was not mutagenic in bacteria and did not induce micronuclei

formation in the in vivo rat bone marrow micronucleus assay. Chromosomal aberrations
were observed in vitro with human lymphocytes in the absence of metabolic activation.
Latanoprostene bunod has not been tested for carcinogenic activity in long-term animal
studies. Latanoprost acid is a main metabolite of latanoprostene bunod. Exposure of
rats and mice to latanoprost acid, resulting from oral dosing with latanoprost in lifetime
rodent bioassays, was not carcinogenic.

Fertility studies have not been conducted with latanoprostene bunod. The potential to
impact fertility can be partially characterized by exposure to latanoprost acid, a common
metabolite of both latanoprostene bunod and latanoprost. Latanoprost acid has not been
found to have any effect on male or female fertility in animal studies.

13.2 Animal Toxicology and/or Pharmacology

A 9-month toxicology study administered topical ocular doses of latanoprostene bunod
to one eye of cynomolgus monkeys: control (vehicle only), one drop of 0.024% bid, one
drop of 0.04% bid and two drops of 0.04% per dose, bid. The systemic exposures are
equivalent to 4.2-fold, 7.9-fold, and 13.5-fold the clinical dose, respectively, on a body
surface area basis (assuming 100% absorption). Microscopic evaluation of the lungs
after 9 months observed pleural/subpleural chronic fibrosis/inflammation in the 0.04%
dose male groups, with increasing incidence and severity compared to controls. Lung
toxicity was not observed at the 0.024% dose.
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NEW FROM BAUSCH + LOMB

VYZULTA DELIVERS A DUAL MECHANISM
OF ACTION FOR THE REDUCTION OF IOP
IN GLAUCOMA PATIENTS'

ONE MOLECULE. TWO OUTFLOW PATHWAYS.
PROVEN IOP REDUCTION ™

“In studies up to 12 months' duration, the IOP-lowering
effect was up to 7.5 to 9.1 mmHg, in patients with an
average baseline IOP of 26.7 mmHg

INDICATION

VYZULTA™ (latanoprostene bunod ophthalmic
solution), 0.024% is indicated for the reduction of
intraocular pressure (I0P) in patients with open-angle
glaucoma or ocular hypertension.

IMPORTANT SAFETY INFORMATION

* Increased pigmentation of the iris and periorbital
tissue (eyelid) can occur. Iris pigmentation is likely
to be permanent

+ Gradual changes to eyelashes, including increased
length, increased thickness, and number of eyelashes,
may occur. These changes are usually reversible
upon treatment discontinuation

+ Use with caution in patients with a history of
intraocular inflammation (iritis/uveitis). VYZULTA
should generally not be used in patients with active
intraocular inflammation

* Macular edema, including cystoid macular
edema, has been reported during treatment with
prostaglandin analogs. Use with caution in aphakic
patients, in pseudophakic patients with a torn
posterior lens capsule, or in patients with known
risk factors for macular edema

BAUSCH+LOMB

VYZULTA and the V design are trademarks of Bausch & Lomb Incorporated or its affiliates.

©2017 Bausch & Lomb Incorporated. All rights reserved. VYZ.0019.USA.16

IMPORTANT SAFETY INFORMATION (CONTINUED)

* There have been reports of bacterial keratitis
associated with the use of multiple-dose
containers of topical ophthalmic products that
were inadvertently contaminated by patients

» Contact lenses should be removed prior to the
administration of VYZULTA and may be reinserted
15 minutes after administration

« Most common ocular adverse reactions with
incidence 22% are conjunctival hyperemia (6%),
eye irritation (4%), eye pain (3%), and instillation
site pain (2%)

For more information, please see Brief Summary
of Prescribing Information on next page.

References:
1. VYZULTA Prescribing Information. Bausch & Lomb Incorporated. 2017.

2. Weinreb RN, Sforzolini BS, Vittitow J, Liebmann J. Latanoprostene bunod 0.024%
versus timolol maleate 0.5% in subjects with open-angle glaucoma or ocular
hypertension: the APOLLO study. Ophthalmology. 2016;123(5):965-973.

3. Medeiros FA, Martin KR, Peace J, Sforzolini BS, Vittitow JL, Weinreb RN.
Comparison of latanoprostene bunod 0.024% and timolol maleate 0.5% in
open-angle glaucoma or ocular hypertension: the LUNAR study. Am J Ophthalmol.
2016;168:250-259.

For more information about VYZULTA and
how it works, visit vyzultanow.com
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