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(fluocinolone acetonide
Inravitreal implant) 0.18 mg

Discover continuous
calm in uveitis'

YUTIQ is designed to deliver a sustained release of fluocinolone for up to 36 months
for patients with chronic non-infectious uveitis affecting the posterior segment of the eye'

Proven to reduce uveitis recurrence at 6 and 12 months™

At 6 months-18% for YUTIQ and 79% for sham for Study 1 and 22% for YUTIQ and 54%
for sham for Study 2 (P<.01). At 12 months—28% for YUTIQ and 86% for sham for Study 1
and 33% for YUTIQ and 60% for sham for Study 2.

Extended median time to first recurrence of uveitis'? For more
At 12 months—NE' for YUTIQ/92 days for sham in Study 1; NE for YUTIQ/187 days information, visit
for sham in Study 2.

Mean intraocular pressure (IOP) increase was comparable to sham'?
Study was not sized to detect statistically significant differences in mean IOP.

*Study design: The efficacy of YUTIQ was assessed in 2 randomized, multicenter, sham-controlled, double-masked, Phase 3 studies
in adult patients (N=282) with non-infectious uveitis affecting the posterior segment of the eye. The primary endpoint in both studies
was the proportion of patients who experienced recurrence of uveitis in the study eye within 6 months of follow-up; recurrence was

also assessed at 12 months. Recurrence was defined as either deterioration in visual acuity, vitreous haze attributable to non-infectious
uveitis, or the need for rescue medications.

*NE=non-evaluable due to the low number of recurrences in the YUTIQ group.

INDICATIONS AND USAGE

YUTIQ® (fluocinolone acetonide intravitreal implant) 0.18 mg is indicated for the treatment of chronic non-infectious
uveitis affecting the posterior segment of the eye.

IMPORTANT SAFETY INFORMATION

CONTRAINDICATIONS

Ocular or Periocular Infections: YUTIQ is contraindicated in patients with active or suspected ocular or
periocular infections including most viral disease of the cornea and conjunctiva including active epithelial
herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, mycobacterial infections and fungal diseases.

Hypersensitivity: YUTIQ is contraindicated in patients with known hypersensitivity to any components

of this product.

WARNINGS AND PRECAUTIONS

Intravitreal Injection-related Effects: Intravitreal injections, including those with YUTIQ, have been associated
with endophthalmitis, eye inflammation, increased or decreased intraocular pressure, and choroidal or retinal

detachments. Hypotony has been observed within 24 hours of injection and has resolved within 2 weeks.
Patients should be monitored following the intravitreal injection.

Steroid-related Effects: Use of corticosteroids including YUTIQ may produce posterior subcapsular cataracts,
increased intraocular pressure and glaucoma. Use of corticosteroids may enhance the establishment of secondary
ocular infections due to bacteria, fungi, or viruses. Corticosteroids are not recommended to be used in patients
with a history of ocular herpes simplex because of the potential for reactivation of the viral infection.

Risk of Implant Migration: Patients in whom the posterior capsule of the lens is absent or has a tear are at risk
of implant migration into the anterior chamber.

ADVERSE REACTIONS

In controlled studies, the most common adverse reactions reported were cataract development and increases
in intraocular pressure.

Please see brief summary of full Prescribing Information on adjacent page.

References: 1. YUTIQ® (fluocinolone acetonide intravitreal implant) 0.18 mg full US Prescribing Information. EyePoint Pharmaceuticals, Inc.
May 2021. 2. Data on file.

E P . YUTIQ, the YUTIQ logo, and the EyePoint logo are registered trademarks of EyePoint Pharmaceuticals, Inc.
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YUTIQ® (fluocinolone acetonide intravitreal implant) 0.18 mg,
for intravitreal injection
Initial U.S. Approval: 1963

BRIEF SUMMARY: Please see package insert for full prescribing information.

1. INDICATIONS AND USAGE. YUTIQ® (fluocinolone acetonide intravitreal implant)
0.18 mg is indicated for the treatment of chronic non-infectious uveitis affecting
the posterior segment of the eye.

4. CONTRAINDICATIONS. 4.1. Ocular or Periocular Infections. YUTIQ is contra-
indicated in patients with active or suspected ocular or periocular infections includ-
ing most viral disease of the cornea and conjunctiva including active epithelial
herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, mycobacterial infec-
tions and fungal diseases. 4.2. Hypersensitivity. YUTIQ is contraindicated in
patients with known hypersensitivity to any components of this product.

5. WARNINGS AND PRECAUTIONS. 5.1. Intravitreal Injection-related Effects.
Intravitreal injections, including those with YUTIQ, have been associated with
endophthalmitis, eye inflammation, increased or decreased intraocular pressure,
and choroidal or retinal detachments. Hypotony has been observed within 24 hours
of injection and has resolved within 2 weeks. Patients should be monitored follow-
ing the intravitreal injection ésee Patient Counseling Information (17) in the full
prescribing information]. 5.2. Steroid-related Effects. Use of corticosteroids
including YUTIQ may produce posterior subcapsular cataracts, increased intraocu-
lar pressure and glaucoma. Use of corticosteroids may enhance the establishment
of secondary ocular infections due to bacteria, fungi, or viruses. Corticosteroids are
not recommended to be used in patients with a history of ocular herpes simplex
because of the potential for reactivation of the viral infection. 5.3. Risk of Implant
Migration. Patients in whom the posterior capsule of the lens is absent or has a
tear are at risk of implant migration into the anterior chamber.

6. ADVERSE REACTIONS. 6.1. Clinical Studies 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. Adverse reac-
tions associated with ophthalmic steroids including YUTIQ include cataract forma-
tion and subsequent cataract surgery, elevated intraocular pressure, which may be
associated with optic nerve damage, visual acuity and field defects, secondary ocu-
lar infection from pathogens including herpes simplex, and perforation of the globe
where there is thinning of the cornea or sclera. Studies 1 and 2 were multicenter,
randomized, sham injection-controlled, masked trials in which patients with non-
infectious uveitis affecting the posterior segment of the eye were treated once with
either YUTIQ or sham injection, and then received standard care for the duration of
the study. Study 3 was a multicenter, randomized, masked trial in which patients
with non-infectious uveitis affecting the posterior segment of the eye were all
treated once with YUTIQ, administered by one of two different applicators, and then
received standard care for the duration of the study. Table 1 summarizes data avail-
able from studies 1, 2 and 3 through 12 months for study eyes treated with YUTIQ
(n=226) or sham injection (n=94). The most common ocular (study eye) and non-
ocular adverse reactions are shown in Table 1 and Table 2.

Table 1:  Ocular Adverse Reactions Reported in = 1% of Subject Eyes and
Non-Ocular Adverse Reactions Reported in > 2% of Patients
Ocular
YUTIQ Sham Injection
ADVERSE REACTIONS (N=226 Eyes) (N=94 Eyes)

n (%) n (%)
Vitreous Hemorrhage 4( 2%) 0
Iridocyclitis 3(1%) 7( 7%)
Eye Inflammation 3(1%) 2( 2%)
Choroiditis 3( 1%) 1(1%)
Eye Irritation 3( 1%) 1(1%)
Visual Field Defect 3(1%) 0
Lacrimation Increased 3(1%) 0

Non-ocular
YUTIQ Sham Injection
ADVERSE REACTIONS (N=214 Patients) (N=94 Patients)

n (%) n (%)
Nasopharyngitis 10 ( 5%) 5(5%)
Hypertension 6( 3%) 1(1%)
Arthralgia 5( 2%) 1(1%)

1. Includes cataract, cataract subcapsular and lenticular opacities in study eyes
that were phakic at baseline. 113 of the 226 YUTIQ study eyes were phakic at
baseline; 56 of 94 sham-controlled study eyes were phakic at baseline.

Table 2:  Summary of Elevated IOP Related Adverse Reactions
YuTia Sham
ADVERSE REACTIONS (N=226 Eyes) (N=94 Eyes)

n (%) n (%)

IOP elevation = 10 mmHg o o
from Baseline 50 (22%) 11(12%)

|OP elevation > 30 mmHg 28 (12%) 3(3%)
Any 10P-lowering medication 98 (43%) 39 (41%)

Any surgical intervention
for elevated IOP 5 (2%) 2 (2%)

Figure 1: Mean IOP During the Studies

Table 1:  Ocular Adverse Reactions Reported in = 1% of Subject Eyes and
Non-Ocular Adverse Reactions Reported in = 2% of Patients
Ocular
YUTIQ Sham Injection
ADVERSE REACTIONS (N=226 Eyes) (N=94 Eyes)
n (%) n (%)

Cataract! 63/113 (56%) 13/56 (23%)
Visual Acuity Reduced 33 (15%) 11 (12%)
Macular Edema 25(11%) 33 (35%)
Uveitis 22 (10%) 33 (35%)
Conjunctival Hemorrhage 17 ( 8%) 5(5%)
Eye Pain 17 ( 8%) 12 (13%)
Hypotony Of Eye 16 ( 7%) 1(1%)
Anterior Chamber Inflammation 12 ( 5%) 6 ( 6%)
Dry Eye 10 ( 4%) 3( 3%)
Vitreous Opacities 9( 4%) 8( 9%)
Conjunctivitis 9( 4%) 5( 5%)
Posterior Capsule Opacification 8 ( 4%) 3(3%)
Ocular Hyperemia 8 ( 4%) 7(7%)
Vitreous Haze 7(3%) 4( 4%)
Foreign Body Sensation In Eyes 7(3%) 2( 2%)
Vitritis 6 ( 3%) 8 ( 9%)
Vitreous Floaters 6 ( 3%) 5( 5%)
Eye Pruritus 6 ( 3%) 5( 5%)
Conjunctival Hyperemia 5( 2%) 2( 2%)
Ocular Discomfort 5( 2%) 1(1%)
Macular Fibrosis 5( 2%) 2( 2%)
Glaucoma 4( 2%) 1(1%)
Photopsia 4( 2%) 2( 2%)
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8. USE IN SPECIFIC POPULATIONS. 8.1 Pregnancy. Risk Summary. Adequate and
well-controlled studies with YUTIQ have not been conducted in pregnant women to
inform drug associated risk. Animal reproduction studies have not been conducted
with YUTIQ. It is not known whether YUTIQ can cause fetal harm when administered
to a pregnant woman or can affect reproduction capacity. Corticosteroids have been
shown to be teratogenic in laboratory animals when administered systemically at
relatively low dosage levels. YUTIQ should be given to a pregnant woman only if the
potential benefit justifies the potential risk to the fetus. All pregnancies have a risk of
birth defect, loss, or other adverse outcomes. In the United States general population,
the estimated background risk of major birth defects and miscarriage in clinically rec-
ognized pregnancies is 2% to 4% and 15% to 20%, respectively. 8.2 Lactation. Risk
Summary. Systemically administered corticosteroids are present in human milk and
can suppress growth, interfere with endogenous corticosteroid production. Clinical or
nonclinical lactation studies have not been conducted with YUTIQ. It is not known
whether intravitreal treatment with YUTIQ could result in sufficient systemic absorp-
tion to produce detectable quantities of fluocinolone acetonide in human milk, or
affect breastfed infants or milk production. The developmental and health benefits of
breastfeeding should be considered, along with the mother’s clinical need for YUTIQ
and any potential adverse effects on the breastfed child from YUTIQ. 8.4 Pediatric
Use. Safety and effectiveness of YUTIQ in pediatric patients have not been estab-
lished. 8.5 Geriatric Use. No overall differences in safety or effectiveness have been
observed between elderly and younger patients.
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What's in a number?

t's the age-old beauty of per-
spective. Is your glass half-full or
half-empty?

One in 43 eyes, or 2.3 percent.
That’s the proportion of patients with
a Port Delivery System with ranibi-
zumab (Susvimo) who had a septum
dislodgement, according to a provider
letter from Genentech/Roche. Most
of those incidents came in the context
of a refill-exchange procedure.

Along with data from a simulated
aging analysis that showed the risk of
septum dislodgement may increase
with additional refill-exchanges,
Genentech/Roche decided to volun-
tarily recall the device.

I've implanted dozens of these into
patients with a variety of exudative
retinal diseases in multiple clinical
trial programs. The majority are very
happy with their outcomes.

But, what percentage of unwanted
outcomes is too high? Since the recall,
most of these patients have chosen to
delay additional refill-exchanges as
long as possible to theoretically ex-
tend the life-span of the device.

Different patients and physicians
can view the same risk-benefit ratio
quite differently. For example, in the
OAKS and DERBY Phase III trials,
we observed a 12.2 percent rate of
exudative age-related macular degen-
eration development with monthly
pegcetacoplan compared to 3.1 per-
cent with sham through two years.' Is
this risk too high?

Some physicians, myself included,
believe that, in the absence of any
other treatment, most patients will
accept a potential side effect of wet
AMD during treatment of geographic
atrophy, knowing we can monitor and
treat them as needed.

RETINA SPECIALIST | NOVEMBER/DECEMBER 2022

However, some physicians believe
this risk profile, combined with the
modest treatment effect of 16 to
22 percent reduction in GA growth
through two years, may not be worth
the benefit. With the Food and Drug
Administration action date for peg-
cetacoplan set for early next year, it
will be interesting to see how pro-
viders and patients interpret this
risk-benefit ratio.

Artificial intelligence, as Yavuz
Cakir, MD, and Justis P. Ehlers, MD,
explore on page 36, may eventually
help us determine which patients may
benefit most from pharmacotherapy
for GA and who may be most likely to
develop exudative AMD.

Similarly, differences in perspective
can lead to different approaches to
rhegmatogenous retinal detachment
repair.? If two approaches achieve the
same visual acuity outcome but one
has a higher single-operation success
rate while requiring more time and
longer patient recovery, which would
you choose? Which would your pa-
tient choose? Some surgeons are in-
clined to add a scleral buckle. Others
see a large number needed to treat
and decide against the hassle and in-
creased recovery time. Same data;
different applications.

How numbers impact your practice
may depend on your perspective. ®

o by

REFERENCES

1.Wykoff CC. Treatment of Geographic atrophy secondary
to AMD with pegcetacoplan: Two-year outcomes from the
randomized Phase 3 DERBY and OAKS Trials. Paper presented
at American Academy of Ophthalmology Retina Subspecialty
Day, Session RET10; Chicago, IL; September 30, 2022.

2.Ryan EH, Mittra RA. Surgeon judgment and the role of
scleral buckle in addition to vitrectomy in eyes with retinal
detachments. Ophthalmol Retina. 2022;6:869.
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RETINA UPDATE

A deeper dive into anti-VEGF loss
to follow-up: Study identifies risk factors

n analysis of almost 200,000
Apatients undergoing treatment

with anti-VEGF drugs for neo-
vascular age-related macular degen-
eration is the largest study to date
of why some don’t come back for
injections and potentially the first to
identify risk factors for what’s known
as loss to follow-up.!

Raul Khurana, MD, of Northern
California Retina Vitreous Associ-
ates in Mountain View, presented
the study at the American Academy
of Ophthalmology Retina Subspe-
cialty Day.

A previous study found that loss
to follow-up (LTFU) rates were 22
percent.? “That’s very alarming and
that's why we did the analysis,” Dr.
Khurana tells Retina Specialist.

“What was interesting is, we did
find risk factors for it,” Dr. Khurana
says.

Study design and findings

The study used the IRIS (Intelli-
gent Research in Sight) registry to
evaluate follow-up and treatment
in 553,722 patients diagnosed with
nAMD from 2013 through 2015,
191,694 of whom had received anti-
VEGEF treatments through 2018.

IN BRIEF

Apellis Pharmaceuticals has submitted an amended New Drug
Application (NDA) for pegcetacoplan, resulting in a delay for the drug’s
Prescription Drug User Fee Act (PDUFA) action date from November 26

LTFU was defined as not returning
for a visit more than 12 months after
the last intravitreal injection. Overall,
11 percent of the patients were con-
sidered loss to follow-up.

“We found things such as advanc-
ing age, as patients above the age of
75 had a higher chance of being loss
to follow-up,” Dr. Khurana says. The
rates rose steadily after age 76, with
highest rates among patients age
90 years and older; they were three
times more likely to miss appoint-
ments (overall risk 2.95, p<0.001).

“We found that patients who had
unilateral disease were 2.5 times
more likely to be loss to follow-up
than those who had bilateral dis-
ease,” Dr. Khurana adds (p<0.001).

The study also found men were
more likely to be LTFU, as were
Latinos and African Americans than
White patients.

“Our hope is that by identifying
these patients earlier we can hope-
fully find a better way of having them
maintain their care,” Dr. Khurana
says.

Expert comment
Jason Hsu, MD, co-author of the
previous study Dr. Khurana cited,

notes that the rate this study found
was half what his group reported.

“It makes sense given the IRIS
registry is generally able to track pa-
tients if they move from one practice
to another as long as the other prac-
tice is part of the registry,” Dr. Hsu
says in submitted comments. “The
fact that one in nine patients will
get an injection and not return for
a year or more emphasized the fact
that we still have a long way to go to
improve treatment adherence and
outcomes.”

Dr. Khurana disclosed relation-
ships with Genentech/Roche, Apel-
lis, Chengdu Kanghong Pharmaceu-
ticals Group, Clearside Biomedical,
EyePoint Pharmaceuticals, Opthea
and RegenxBio. Dr. Hsu disclosed
relationships with Gyroscope Thera-
peutics, Iveric bio, Bausch + Lomb,
OccuRx, Genentech/Roche and Ald-
eyra Therapeutics.

REFERENCES

1. Khurana RN, Li C, Lum F. Loss to follow up in patients
with neovascular AMD treated with anti-VEGF therapy in the
United States. Poster 337 presented at the American Academy
of Ophthalmology, Retina Subspecialty Day; Chicago, IL;
September 30, 2022.

2.0beid A, Gao X, Ali FS, et al. Loss to follow-up among patients
with neovascular age-related macular degeneration who
received intravitreal anti-vascular endothelial growth factor
injections. JAMA Ophthalmol. 2018;136:1251-1259.

The FDA set a PDUFA date of August 29, 2023.

to February next year. Pegcetacoplan is an investigative drug to treat

geographic atrophy in age-related macular degeneration.

Outlook Therapeutics reports that the Food and Drug Administration
has accepted its Biologics License Application for ONS-5010/
Lytenava, an investigational ophthalmic formulation of bevacizumab.

Iveric bio has submitted to the FDA the first part of its NDA for a rolling
review of avacincaptad pegol (Zimura), its complement factor 5 (C5)
inhibitor for the treatment of GA secondary to AMD. The drug candidate
already has FDA Fast Track designation.

The FDA has granted Regeneron Pharmaceuticals pediatric exclusivi-

ty for Eylea (aflibercept) that extends the period of U.S. market exclusiv-

n RETINA SPECIALIST | NOVEMBER/DECEMBER 2022

ity an additional six months through May 17, 2024. Regeneron says the
determination is based on data from two Phase Il trials in retinopathy of
prematurity in preterm infants.




Where are the women in retina?
Not at the podium, study reports

omen ophthalmologists have

been underrepresented as

speakers and presenters at
professional meetings, but among
ophthalmology subspecialties, retina
lags behind most others in the pro-
portion of women to men speakers.

And since COVID-19, the dispar-
ity has worsened, according to a ret-
rospective analysis of 50 ophthalmol-
ogy conferences with almost 8,000
speakers presented at the American
Academy of Ophthalmology.’

“We looked at keynote speakers,
panel moderators and paper pre-
senters and there was a statistically
significant large difference between
men presenters and women present-
ers in each of these categories,” lead
study author Seema Emami, MD,
senior ophthalmology resident at the
University of Toronto, tells Retina
Specialist.

The study evaluated conferences
all over the world and found the
disparity in every region and every
subspecialty except for pediatric and
neuro-ophthalmology. “So it was
quite pervasive,” she says.

The study reviewed the largest
ophthalmic conferences across eight
subspecialties and nine regions in
2020 and 2021, identifying speaker
gender by pronouns used in speaker
biographies or by first name or pho-
tograph. It identified gender in 99
percent of 7,964 speakers.

Overall, men held 67 percent of the
speaking roles. Nearly half of speaker
panels had 70 percent men or greater.
Women comprise about 40 percent
of ophthalmology trainees in North
America, Dr. Emami adds.

Seema Emami, MD,
discusses her study into
women's representa-
tion on ophthalmology
conference programs. Available at:
https://bit.ly/RetSpecMag-2022-06

“In retina in particular, over 72
percent of speakers identified as
men compared with over 34 per-
cent women (p<0.0001),” Dr. Ema-
mi says.

Retina also had the highest per-
centage of all-men panels across all
subspecialties, 22.3 percent com-
pared with 12.6 percent for ophthal-
mology overall. Only seven of 966
conference sessions in ophthalmology
were all-women, a rate of 0.7 percent.

Dr. Emami notes that from 2010
to 2019, the trend for more wom-
en on speakers’ panels was moving
upward, but then derailed in 2020
with the pandemic, with 26 percent
of speakers being women. In 2021
that overall percentage rebounded to
33.8 percent.

“Having women on the ophthalmic
podium is really integral to allowing
them to continue to reach greater
heights and to participate in oph-
thalmic leadership and ophthalmic
societies as they participate in more
research and presentations,” Dr.
Emami says. “It increases the number
of women who are going to be consid-
ered for ophthalmic awards.”

Dr. Emami has no relevant rela-
tionships to disclose. ®

1. Emami S, Qian J, Bakshi. Striving towards gender diversity
at the ophthalmic podium: How close are we to achieving
parity? Poster 220 presented at the American Academy
of Ophthalmology, Retina Subspecialty Day; Chicago, IL;
September 30, 2022.
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Top 10 OCT terms for vitreoretinal surgery

r

Department Editor Efrem D. Mandelcorn, MDD, FR

A review of must-know optical coherence tomography nomenclature for the vitreoretinal

surgical practice.
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ptical coherence tomography has

evolved considerably over the last

decades and the literature in that

time has described many distinct
OCT terminologies. In addition to serv-
ing a significant diagnostic role, OCT can
enable better prognostication of patient
outcomes and also inform operative deci-
sion-making.

A good understanding of OCT patterns
is essential in vitreoretinal practice where
what we see on OCT may guide our sur-
gical decision-making. Here, we summa-
rize the top 10 OCT terminologies that
are relevant in the context of vitreoretinal

surgery.

1. Disorganization of retinal inner
layers (DRIL)

DRIL is an OCT pattern that involves
the inner nuclear layer, outer plexiform lay-
er (OPL) and ganglion cell-inner plexiform
layer complex (Figure 1). Specifically, OCT
can’t clearly distinguish the boundaries of
the aforementioned layers.!

Greater DRIL extent in patients with
epiretinal membrane has been associated
with poorer outcomes following pars plana
vitrectomy, which we should take into con-
sideration when we're discussing the visual
prognosis in patients undergoing ERM

surgery.?

DRIL

2. INL microcysts

INL microcysts (Figure 2) are cystic,
hyporeflective spaces generally observed
in the INL in eyes affected with condi-
tions such as ERM that result in macular
edema.® The formation of INL microcysts
following ERM peel is common and pre-
dicts poor postoperative visual outcomes.
Additionally, unlike cystoid macular ede-
ma, INL microcysts don’t respond to in-
travitreal steroids and shouldn’t be treated
in patients with these findings following

ERM peel.*
INL

e ,
.-'-‘ o0 e

Figure 2. Inner nuclear layer microcysts, shown
as white debris in the orange INL.

3. Cotton ball sign (CBS)

CBS (Figure 3) is a round, hyperreflec-
tive region that’s observed between the in-
terdigitation zone (IZ) and ellipsoid zone.®
The presence of CBS is strongly associated
with ERM presence and vitreomacular
traction. Importantly, when the tractional
forces on the fovea are released, the CBS is
no longer observable on OCT?

Epiretinal membrane

Figure 1. Disorganization of retinal inner layers
(DRIL), characterized by the spot of intraretinal
fluid. (Images by the authors except where
noted)
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EZ

Cotton Ball

Figure 3. Cotton ball sign appears as a round,
hyperreflective region between the ellipsoid
zone (EZ, lowest blue layer) and interdigitation
zone (IZ, yellow layer toward bottom).



CBS may predict future decline in visual
acuity because it indicates significant fove-
al traction. However, the presence of CBS
doesn’t necessarily mean that the patient
has poor visual acuity because this pattern
can be observed in patients with relatively
good VA

4. Foveal crack sign (FCS)

FCS (Figure 4) appears on OCT as a
vertical, hyperreflective line in the fove-
ola.® Clinicians should be aware of this
sign because it’s uniquely associated with
macular hole formation following PPV
for rhegmatogenous retinal detachment.
Specifically, Tomoyuki Ishibashi, MD, and
colleagues in Japan observed FCS in 100
percent of eyes that developed a secondary
macular hole following PPV for RRD.*

They observed FCS on OCT at 255 +
217 days following PPV, and macular hole
development at 232 + 171 days follow-
ing FCS appearance, indicating that these
patients should be followed longer term
following RD repair.

Figure 4. Foveal crack sign manifests as a
vertical, hyperreflective line in the foveola
(arrow). (From: Ishibashi T, Ivama Y, Nakashima
H, Ikeda T, Emi K. Foveal crack sign: An OCT
sign preceding macular hole after vitrectomy
for rhegmatogenous retinal detachment. Am

J Ophthalmol. 2020;218:192-198. Used with
permission.)

5. Epiretinal membrane staging
Andrea Govetto, MD, and colleagues
were the first to offer a standardized, OCT-
based description of the relevant ERM
stages.” Clinically speaking, this classifica-
tion system is useful in assessing overall
severity and prognosticating patient out-
comes. The stages are:
* Stage 1. In this stage, ERM (Figure
5A), the foveal depression is generally

o I e e U SRR
Whais g lmrte ¥ T MR Y REAY et

Figure 5. The four stages of epiretinal membrane: A) stage 1; B) stage 2; C) stage
3; and D) stage 4. (From: Govetto A, Lalane RA 3rd, Sarraf D, Figueroa MS,
Hubschman JP. Insights into epiretinal membranes: Presence of ectopic inner
foveal layers and a new optical coherence tomography staging scheme. Am J
Ophthalmol. 2017;175:99-113. Used with permission.)

preserved. Additionally, the individual
retinal layers are preserved and can be
distinguished easily.

e Stage 2. The retinal layers can still be
readily distinguished in this stage (Fig-
ure 5B). However, the foveal depres-
sion isn’t present and the ONL is com-
monly widened.

Stage 3. This stage (Figure 5C) is
characterized by the absence of the
foveal depression and presence of well-
defined layers of the retina. However,
the presence of ectopic inner foveal lay-
ers (EIFL) is a central feature of stage
3 ERM. EIFL is associated with worse
outcomes following PPV in patients
with ERM.8

Stage 4. Stage 4 ERM (Figure 5D)
retains the same features as stage 3 (ab-
sence of foveal depression, EIFL), with
one key exception: the retinal layers
can’t be determined as clearly as they
can in DRIL. Also, retinal thickening is
typically observed in stage 4.

As these ERM stage progress, postop-
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erative outcomes tend to be poorer as the
macular architecture continues to worsen
(e.g., EIFL presence). Ultimately, the de-
cision to operate will depend on several
factors, such as ERM stage, preoperative
VA and degree of metamorphopsia.

6. Tractional lamellar hole
Tractional lamellar holes (Figure
6) form when the OPL and ONL sep-
arate. On OCT, this
pattern can be readi-
ly identified due to
its moustache-like
appearance. Traction-
al lamellar holes are
typically observed in
eyes with ERM and
VMT.? Vision is gener-
ally good despite the

tractional lamellar holes, these cases are
often observed.
8. Macular pseudohole

The main features of macular pseudo-
holes (Figure 8) include fovea-sparing
ERM, retinal thickening and vertical fo-
veal edges.'®!! The mechanism of macular
pseudohole formation is thought to be due
to centripetal ERM contraction.

Macular pseudohole

. S . e e
Figure 8. Macular pseudohole is thought to
be due to centripetal epiretinal membrane
contraction.

Figure 6. Tractional lamellar hole, readily identifiable presence of tractional
by its moustache-like appearance. (From: Govetto
A, Dacquay Y, Farajzadeh M, et al. Lamellar macular

lamellar hole,? likely 9. Needle sign

hole: Two distinct clinical entities? Am J Ophthal-
mol. 2016;164:99-109. Used with permission.)

because the photore-
ceptor-RPE interface
isn’t disturbed.

7. Degenerative lamellar hole

Several features characterize degener-
ative lamellar holes (Figure 7), including
a central cavitation that may involve the
layers of the outer retina, foveal bump,
and EZ disruption.

In contrast to the moustache-like ap-
pearance of tractional lamellar holes, de-
generative lamellar holes have a top-hat
like appearance. Most degenerative lamel-
lar holes are also associated with the pres-
ence of epiretinal proliferation.® Similar to

Figure 7. Degenerative lamellar hole,
characterized by central cavitation. (From:
Govetto A, Dacquay Y, Farajzadeh M, et al.
Lamellar macular hole: Two distinct clinical
entities? Am J Ophthalmol. 2016;164:99-109.
Used with permission.)
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Needle-shaped deposits on the retina
surface characterize the needle sign (Fig-
ure 9). This sign is typically observed in
eyes that have previously undergone PPV
and, more rarely, in cases of ocular amy-
loidosis.'

Needle sign

Figure 9. Needle sign, as evidenced by
needle-shaped deposits on the retinal surface.

10. Omega sign (Il)

Retention of perfluorocarbon (PFCL)
bubbles following PPV can lead to the
subsequent accumulation of PFCL in
the subretinal space. This can result in a
bubble with a dome-shaped appearance,
called the omega sign (Figure 10, page
15).

If this occurs in the subfoveal space, the
PFCL should be removed to avoid long-
term damage to the photoreceptors.'®

(Continued on page 15)
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Can we spare the OR?

A case and discussion of macular hole management with medical therapy.

n 83-year-old male presented to

the emergency department for

evaluation of a central scotoma in

the right eye for one day. He re-
ported that, before the symptoms came
on, he had applied pressure to the right
globe with his finger. When he removed
his finger, he noticed that there was a dark,
flower-shaped spot in the center of his vi-
sion in that eye.

Examination findings and work-up

Best corrected visual acuity was 20/70
in the right eye and 20/20 in the left. His
pupils were equal and reactive without a
relative afferent pupillary defect, and intra-
ocular pressures were within normal limits
in each eye.

The slit lamp examination was notable
for a posterior vitreous detachment in both
eyes. A dilated fundus examination re-
vealed a small, full-thickness macular hole
in the right eye.

Optical coherence tomography of the
macula in the right eye revealed an absent
hyaloid face (Figure 1). Notably, there was
a small, full-thickness macular hole in the
n'ght eye, measuring 193 pm. Cystic intra-
retinal fluid collected at the edges of the
hole.

Diagnosis

We diagnosed the patient with a
full-thickness macular hole likely second-
ary to self-induced trauma following digital
pressure on the globe.

Management

The patient was referred to the retina
service for a follow-up evaluation four
weeks after the symptom first appeared.
After this period of observation, best-cor-
rected visual acuity remained 20/70 in the
right eye and the macular hole persisted
with an increase in the amount of IRF at
the hole margins.

We considered three options: obser-
vation; medical treatment; and surgical
intervention. Given the small size of the
macular hole, the absence of vitreomacular
traction and the presence of IRF at the
hole margin, we decided to start medical
treatment, prescribing topical ketorolac
0.5% q.i.d. in the right eye.

Macular hole closure

We saw the patient again five weeks af-
ter starting treatment. At that visit, he re-
ported an improvement in his symptoms.
BCVA remained 20/70 in the right eye.
Examination and OCT (Figure 2, page 14)

Figure 1. Optical coherence tomography of the right eye at the time of presentation demonstrates
an absent hyaloid face along with a small, full-thickness macular hole. Cystic intraretinal fluid had
collected at the edges of the hole.

By Alyssa C.
Bonnell, MD,
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McKay, MD
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determined the closure of the macular hole
and resolution of the IRF with residual
subretinal fluid. We told the patient to keep
applying ketorolac q.i.d. in the right eye.

At the most recent follow-up appoint-
ment, 17 weeks after the patient started
treatment, he remains on ketorolac at the
same dose. BCVA is 20/30 in the right eye.
The macular hole has remained closed.
Persistent trace subretinal fluid continues
to improve at each visit.

Why Medical Therapy?

Vitreomacular traction has been thought
to play a role in the development of macular
holes for more than 30 years.! This theory
has been widely accepted and supported by
the fact that reducing traction on the reti-
na with vitrectomy, with or without inner
limiting membrane peeling or gas tampon-
ade, has long been a successful treatment
for macular holes.? In many cases, OCT
imaging demonstrates the progression of
vitreoretinal traction in the development of
macular holes.?

However, some macular holes develop
and persist in the absence of retinal trac-
tion.* In these cases, patients may have had
vitrectomy previously or OCT didn’t show
evidence of vitreomacular traction in the
affected eye. These observations have led

AR VA

PR

to a supplemental theory of macular hole
formation: the hydration theory.

The hydration theory of macular hole
development surmises that IRF at the mac-
ular hole edges distorts the normal retinal
architecture and precludes hole closure.
By reducing this fluid, the hole edges can
reapproximate and close.>® Surgeons are
now using medical therapies targeting this
fluid before taking select patients to the
operating room.

Medication Selection

The literature on macular hole closure
following medical therapy is growing. Au-
thors have reported on the use of a variety
of medical therapies and doses targeting
macular edema.

Selected therapies include topical ste-
roids and topical nonsteroidal anti-inflam-
matory drugs, including ketorolac, as we
used in this case.®!* Other therapies in-
clude topical carbonic anhydrase inhibi-
tors. M

Considering a Therapeutic Effect
Macular holes have been known to close
spontaneously. It’s possible that our patient,
and others reported in the literature, would
have closed regardless of medical interven-
tion. Spontaneous macular hole closure has

Figure 2. Five weeks after starting treatment with topical ketorolac, optical coherence tomography demonstrates macular hole
closure and resolution of intraretinal fluid with persistent subretinal fluid.
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been reported in 4 to 11.5 percent of cases.'* Spontaneous
closure is more likely in cases of small holes, especially
smaller than 250 pm, without vitreomacular traction—
again, as was the case for our patient."

However, two reports have described a close associ-
ation between treatment and macular hole status.”® In
both cases, patients demonstrated macular hole closure
after topical NSAID and steroid exposure, respectively.
What's interesting is that both cases had macular hole
recurrence after the topical therapy was stopped, but
then the holes closed again when the patients restarted
the medications.

This relationship between medication exposure and
macular hole status is interesting to consider, though not
conclusive. We need prospective research to further elu-
cidate this relationship.

Bottom line

A growing number of reports have described a rela-
tionship between medical treatments targeting IRF and
macular hole closure, including this case. A large selection
of medications and doses have been tried and reported in
the literature.

In light of these reports, hope is emerging that medical
treatment for macular holes may offer patients compa-
rable visual and anatomic outcomes to surgery but with
reduced morbidity. However, at this time we lack the evi-
dence to support this hypothesis. We need to prospective-
ly study medical therapy in the management of macular
holes to better understand this relationship. ®
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Top 10 OCT terms for vitreoretinal surgery
(Continued from page 12)

Figure 10. Omega sign, caused by retention of perfluorocarbon
bubbles. (Courtesy Nicolas Yannuzzi, MD, and Jayanth Sridhar,

MD)

Bottom line

Here, we provide a brief summary of OCT terminol-
ogy that vitreoretinal surgeons encounter in practice.
We should be aware of these subtle changes on OCT to
help us in deciding whether to offer surgery to patients.
Understanding their nuances can help guide our surgical
decision-making. ®
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s retina specialists, we have sever-

al techniques for intraocular lens

placement in eyes with poor capsu-

lar support. GORE-TEX-sutured
intraocular lens fixation remains a steadfast
method that has several advantages, includ-
ing excellent stability, minimal risk of suture
breakage and a small corneal wound through
which the IOL can be inserted.'

Here, we review GORE-TEX-sutured
IOL placement using the Bausch + Lomb
enVista MX60 lens with four-point fixation
and highlight key steps, and tricks to avoid
common issues such as suture tangling, lens
decentration and optic tilt.

Cannula positioning

We create peritomies temporally and nasal-
ly with relaxing radial incisions for adequate
exposure, then use external cautery to achieve
proper hemostasis.

Precise and careful mea-
surement before placing
the cannula is essential. The
corneal limbus is marked at
two points along the hori-
zontal axis, each 180 degrees
apart to establish the axis of
fixation. Rotation by a few
clock hours can help avoid
interference from the nasal
bridge. The sclera is marked
at two points, each 3 mm
posterior to the limbus, 5
mm apart, centered around
the horizontal limbal marks
(Figure 1).

A 25-gauge cannula is
placed, non-tunneled, at
the superior mark and the
25-g trocar, marked with a
sterile marking pen, is used
to create a sclerotomy at the
inferior mark. The same is
repeated on the opposite
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View the Video

Dr. Sivalingam and Dr. Cohen
demonstrate their technique for
GORE-TEX sutured intraocular
lens placement. Available at:
https://bit.ly/VideoPearl 32

side of the limbus.

When creating these sclerotomies, the
blade must be oriented parallel to the limbus
to avoid wound gaping when tightening the
suture. Mismeasurement during trocar place-
ment can lead to lens tilt and decentration,
so it’s essential to take extra time to confirm
proper placement.

Avoiding fog
The enVista MX60 lens is a hydropho-
bic acrylic lens, so it’s not susceptible to
(Continued on page 19)

Figure 1. Schematic of the 25-gauge cannula and sclerotomy
placement. The corneal limbus is marked at two points, 180
degrees apart, along the horizontal meridian. The 25-g cannulas
are placed 3 mm posterior to the limbus. Sclerotomies are made
3 mm posterior to the limbus and 5 mm inferior to the cannulas.
Cannulas and sclerotomies are centered around the horizontal
meridian.



PROGRESSION IN GEOGRAPHIC ATROPHY
IS RELENTLESS AND IRREVERSIBLE"*

The consequences of Geographic Atrophy (GA) are too critical to be ignored’”*®

IN A MEDIAN OF ONLY 2.5 YEARS, 2 OUT OF 3 PATIENTS

GA lesions encroached on the fovea @ﬁ lost the ability to drive in a median
according to a prospective AREDS study () @®" time of <2 years according to a
(N=3640)** retrospective study (n=523)"%

GA lesions can lead to visual impairment even before they reach the fovea'**

*Daita sourced from the Age-related Eye Disease Study (AREDS) Report #26—'3’?&@&% multicenter,
.« prospective study examining progression of GA area in a cohort of 3640 patients with sngns of early and
more advanced forms of AMD.

*A retrospective cohort anaIyS|s (N=1901) of a multlcenter electronic medical record database exammlng
/disease burden and progression in patients in the United Kingdom with bilateral GA secondary to AMD.
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SURGICAL

PEARL VIDEO

opacification under gas or air. This makes it a
great choice for patients with a history of ret-
inal pathology who may be at risk for future
retinal surgery requiring a tamponade.

Threading the lens

Proper placement of the 8-0 GORE-TEX
suture through the eyelet is a key step to
avoiding lens tilt. We pass the suture down
through the islet and then back up and over
the optic (Figure 2). We bring both ends of
the suture anterior to the haptic to rest on
its anterior surface. This orientation must be
maintained after the lens is placed inside the
eye. If a suture end slips under the haptic,
lens tilt will surely happen.

Avoiding suture twisting

It's paramount to maintain proper superior
and inferior orientation of the suture ends
while threading through the cannula and
sclerotomy. Threading one side of the suture
through the sclerotomies before inserting the
lens helps with stability.

Once one side is carefully threaded, the
lens must be folded carefully while maintain-
ing the orientation of the suture. We do this
by folding the IOL in half and tucking the
lead optic into the “taco.”

The corneal wound must be large enough
to smoothly allow for IOL insertion into the
eye while maintaining a constant tension on
the suture. Once the IOL is in the appropri-
ate position, you can remove the cannula and
throw a stabilizing knot to keep the IOL in
position. This allows for easier visualization
of the optic through the pupillary margin to
ensure that the suture is oriented correctly for
threading the opposite sclerotomies.

Once the lens is stabilized on both sides
(using the first tie of a slipknot or the first
throw of a 3-1-1 tie), we recommend using a
Sinskey hook or a Lester pusher to displace
the iris peripherally and visualize the suture
orientation over the haptic and verify the po-
sition is appropriate.

Mind the eyelet

It’s important to place minimal tension on

Figure 2. The enVista MX60 lens (Bausch + Lomb) in proper backwards S
configuration. Two CV-8 GORE-TEX sutures are passed down through each eyelet
and passed back over the haptic. Each end of the suture lies flat on the anterior
surface of the haptic.

the eyelet itself during suture tightening, be-
cause not doing so can lead to eyelet tears and
lens dislocation. The tension should be just
enough that the lens is centered, suture slack
is minimal and the lens sits flush to the sclera.
You can titrate this by gently pulling the su-
ture loop to gauge its tension.

Bottom line

GORE-TEX-sutured IOL placement us-
ing the enVista MX60 along with standard
pars plana vitrectomy is a safe, predictable
and efficient method for secondary IOL
placement. Proper sclerotomy placement,
careful suture threading through the eyelet,
and consistent suture placement through the
sclerotomies are all key steps that, if done
properly, will lead to success. ®
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Anti-VEGF for RVO:
A look at real-world results

They don’t necessarily measure up to what clinical trials show, pointing to a
need for more durable therapies.

Abdulla Shaheen,
MD

Carl J. Danzig, MD

Bios

Dr. Shaheen is with the
Bascom Palmer Eye Institute,
University of Miami Miller
School of Medicine, Miami.

Dr. Danzig is with the Rand
Eye Institute, Deerfield Beach,
Florida, and Florida Atlantic
University, Charles E. Schmidt
School of Medicine, Boca
Raton.

DISCLOSURES: Dr. Shaheen
has no relevant disclosures.

Dr. Danzig disclosed rela-
tionships with Adverum Bio-
technologies, Alexion, Bayer,
Genentech/Roche, Gyroscope
Therapeutics, IvericBio,
Kodiak Sciences, Novartis,
Regeneron Pharmaceuticals
and Unity Biotechnology.

By Abdulla Shaheen, MD, and Cazrl J. Danzig, MD

Take-home points

» In randomized clinical trials, patients with macular edema from retinal vein occlusion demonstrated significant
improvements in best-corrected visual acuity during year one with monthly monitoring and frequent anti-VEGF

injections.

» In real-world studies, RVO patients with macular edema, who were monitored less often and received fewer injec-
tions, didn't attain the same BCVA gains within the first year.

» A novel anti-VEGF therapy with a longer duration is required to reduce the treatment burden for RVO patients, provide
greater improvement in BCVA in real-world settings and overcome the demand for regular monitoring.

etinal vein occlusion is the second

most common cause of retinal vas-

cular diseases after diabetic reti-

nopathy.' Its defined by the site of
occlusion as branch RVO, when the occlu-
sion occurs at a venous tributary; hemiretinal
vein occlusion, when it occurs at the major
bifurcation of the retinal vein; and central
RVO, when it occurs within or posterior to
the optic nerve head.! The etiology of RVO
includes impaired venous return and its
manifestation ranges from asymptomatic to
complete visual loss.!

BRVO is subdivided into major and mac-
ular BRVO. Major BRVO presents with a
peripheral field defect due to an occlusion
of a retinal vein. Macular BRVO presents
with central field defect due to occlusion of a
macular vein. In both subtypes, visual acuity
can improve without treatment by three or
more lines, yet the two subtypes have differ-
ent final visual outcomes.?

In contrast, VA in eyes with CRVO may
range from excellent vision in the absence of
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retinal nonperfusion to severe vision loss if
the retinal nonperfusion is substantial.* Eyes
with mild-to-moderate nonperfusion may
go on to develop progressive nonperfusion
with potential further complications, making
their future visual outcomes more challeng-
ing to predict.®

Moving from surgery to anti-VEGF

Several interventions aimed at enhanc-
ing perfusion and relieving venous block-
age have proven ineffective. These include
creating anastomoses by surgery and laser,
thrombolysing the occlusion and bypassing
the congestion via optic nerve sheathotomy.
For this reason, the management revolves
around treating and preventing RVO com-
plications.

RVO can cause macular edema and/or
ischemia, vitreous hemorrhage, tractional
retinal detachment and neovascular glauco-
ma. Clinical trials for RVO initially focused
on laser photocoagulation, which demon-
strated effectiveness in BRVO but limited



efficacy for CRVO. In 2009 the
dexamethasone steroid injec-
tion (Ozurdex, Allergan/Abb-
Vie) became the first intravitreal
medication to be specifically ap-
proved by the Food and Drug
Administration to treat macular
edema from RVO.

Bevacizumab (Avastin, Ge-
nentech/ Roche) was used off-la-
bel for RVO as early as 2005.*
FDA approval of ranibizumab
(Lucentis, Genentech/Roche)
and aflibercept (Eylea, Regen-
eron Pharmaceuticals) for RVO
followed Ozurdex a few years later. More
recently, two Phase III studies of faricimab
(Vabysmo, Genentech/Roche) have demon-
strated equivalency to aflibercept in treating
BRVO and CRVO, and intravitreal tarco-
cimab (KSI-301, Kodiak Sciences) is being
evaluated for macular edema due to RVO.
Here, we explore the evidence supporting
the FDA-approved treatments for RVO.

Ranibizumab in BRVO

The BRAVO?® and CRUISES trials, re-
spectively, evaluated ranibizumab for effi-
cacy and safety for BRVO- and CRVO-asso-
ciated macular edema. BRAVO enrolled 397
patients receiving a 1:1:1 pattern of monthly
intraocular injections of 0.3 or 0.5 mg ranibi-
zumab or sham. The mean (95% CI) change
in Early Treatment Diabetic Retinopathy
Study letter score in BCVA at six months was
16.6 (14.7 to 18.5) and 18.3 (16.0 to 20.6) in
the 0.3- and 0.5-mg treatment groups, and
7.3 (5.1-9.5) in the sham group (p<0.0001
for each ranibizumab group vs. sham).

The proportion of patients who gained
>15 letters at month six was 55.2 and 61.1
percent in the respective ranibizumab
groups, and 28.8 percent in the sham arm
(p<0.0001). At month six, significantly more
ranibizumab-treated patients (67.9 and 64.9,
respectively) had BCVA of 220/40 than
sham patients (41.7 percent; p<0.0001).
Central foveal thickness (CFT) decreased by
amean of 337 and 345 pm in the ranibizum-

Figure 1. A) Color fundus photograph and corresponding optical coherence tomography scan of
an eye with central retinal vein occlusion before aflibercept injections and B) six months after

treatment. Notice resolution of the hemorrhages, optic disc swelling and the decrease in vessel
tortuosity and dilatation.

ab groups and 158 pm in the sham group
(p<0.0001).

Ranibizumab in CRVO

The CRUISE trial included 392 CRVO
patients with macular edema and the design
was similar to that of BRAVO. The mean
(95% CI) change from baseline BCVA letter
score at month six was 12.7 (9.9 to 15.4) and
14.9 (12.6 to 17.2) in the 0.3 mg and 0.5 mg
ranibizumab groups, respectively, and 0.8
(-2 to 3.6) in the sham group (p<0.0001).

The percentage of patients who gained
>15 letters in BCVA at month six was 46.2
and 47.7 percent in the respective ranibi-
zumab groups and 16.9 percent in the sham
group (p<0.0001). At six months, CFT de-
creased by a mean of 434 pm (0.3 mg) and
452 pm (0.5 mg) vs. 168 pm in the sham
group (p<0.0001). The FDA approved ran-
ibizumab 0.5 mg for treating macular edema
following RVO in 2010.

Aflibercept for RVO

The VIBRANT trial evaluated aflibercept
for efficacy and safety against macular grid
laser for BRVO-associated macular edema
(Figure 1)." In the aflibercept group, 52.7
percent gained > 15 ETDRS letters at the
week 24 vs. 26.7 percent in the laser group
(p=0.0003), with a mean improvement of
17 ETDRS letters in the former and 6.9
ETDRS letters in the latter (p<0.0001).

Aflibercept was also evaluated for

RETINA SPECIALIST | NOVEMBER/DECEMBER 2022




CRVO-associated macular edema in the
COPERNICUS trial involving 188 patients.®
Trial subjects received aflibercept injection
2 mg or sham injections every four weeks
up to week 24. During weeks 24 to 52, pa-
tients in both arms received aflibercept in-
jection pro re nata with monthly follow-up.
In weeks 52 to 100, subjects also received
aflibercept injections PRN but with at least
every three months follow-up evaluation. At
week 25, 56.1 vs. 12.3 percent gained > 15
ETDRS letters; at week 52, the respective
gains were 55.3 vs. 30.1 percent; and at week
100, 49.1 vs. 23.3 percent (p<0.001 for all).
The mean change from baseline BCVA
was also significantly higher in the treat-
ment arm: +17.3 vs. —4 letters at week
24 (p<0.001); +16.2 vs. +3.8 at week 52
(p<0.001); and +13 vs. +1.5 at week 100
(p<0.0001). At the same time points, the

A Mean injection number during year 1_
i

Mean injection number
during year 2

Mean injection frequency
{BL-M12)

Clinical trials (BL-M12)

8.5

Real-world studies LTE studies
(BL-M12) (M12-M24)

Mean vision improvement during year 1
L

Mean vision maintenance
during year 2

A

Mean BCVA change (BL-M12)
ETDRS letters

5 Clinical trials (BL-M12)

T
s
Mean BOVA change (M12-M24)
ETORS letters

-0.7

LTE studies
(M12-M24) L 5

Real-world studies
(BL-M12)

Figure 2. A) Patients with branch retinal vein occlusion in long-term extension (LTE)
and real-world studies received fewer injections on average over 12 months than
those in clinical trials. B) In addition, compared to clinical trials, patients with BRVO
in real-world studies had a lesser improvement in visual acuity. In contrast, patients
retained the initial vision improvements gained in clinical trials during LTE studies.

(Courtesy Genentech/Roche)
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mean central retinal thickness reduction
from baseline was 457.2 vs. 144.8 pm
(p<0.001); 413 vs. 381.8 pm (p=0.546); and
390 vs. 343.3 pm (p=0.366) in the treatment
vs. the control arms, respectively. The FDA
in 2014 approved aflibercept for treating
BRVO or CRVO with macular edema.

Clinical trials vs. the real world

As these results show,*!! frequent
anti-VEGF injections for macular edema
associated with BRVO or CRVO have im-
proved the mean VA in randomized clinical
trials. While RCTs are the most reliable
research design for evaluating the effec-
tiveness of interventions, what matters is
how this translates into real-world practice.
Real-world treatment involves variable
treatment patterns, patient groups, care
providers and, more importantly, follow-up
intervals.

Real-world studies on the approved
anti-VEGF treatments for RVO-associ-
ated macular edema have demonstrated
outcomes that diverge from the clinical
trials. We evaluated BCVA outcomes and
anti-VEGF injection frequency during the
first year of treatment and improvement
of macular edema in eyes with BRVO or
CRVO in real-world studies vs. randomized
clinical trials.

We also incorporated the published re-
sults of long-term extension (LTE) stud-
ies.'”> We included seven controlled clini-
cal trials (two BRVO, five CRVO; all with
monthly monitoring), four LTE trials (two
BRVO/CRVO, two CRVO; the majority
with less than monthly monitoring); and two
real-world studies (both BRVO/CRVO)
monitored at the investigator’s discretion.

Lower injection frequency
We found that the anti-VEGF injection
frequency in patients with branch RVO was
lower in real-world studies'®™* and LTE tri-
als®® than in clinical trials (Figure 2A).%'%'7 In
real-world studies, individuals with BRVO
who had fewer anti-VEGF injections didn’t
(Continued on page 27)



RVO in clinical practice

Though retinal vein occlusion is often a
straightforward diagnosis, treatment can
remain burdensome, leaving some patients
significantly undertreated. Treatment algorithms
vary amongst retina specialists, and often

they don’t exactly align with the clinical trial
paradigms.

Many factors enter into the treating physi-
cian’s mind. What’s the presenting vision? Is
the RVO ischemic or nonischemic? Is there an
afferent pupillary defect? Is the patient phakic?
Can | appreciate any neovascularization, par-
ticularly of the iris? Does the patient need prior
authorization in order to initiate therapy?

All of these factors play a role in how we treat
our patients. Off-label bevacizumab (Avastin,
Genentech/Roche) may be the first treatment,
or occasionally the only allowed treatment, for
a patient with macular edema due to RVO. That
may not be ideal for many patients, but it’s
absolutely a reasonable start.

Furthermore, all anti-VEGF injections can
suppress the downstream consequences of
RVO such as possible vitreous hemorrhage,
neovascular glaucoma and even traction retinal
detachment that would possibly occur had the
disease been left untreated. Both ranibizumab
(Lucentis, Genentech/Roche) and aflibercept
(Eylea, Regeneron Pharmaceuticals) can main-
tain good control of macular edema in many
patients, but some need more. These patients
often benefit from adding a dexamethasone
implant (Ozurdex, Allergan/AbbVie) to their
regimen. Yet, still some patients need focal laser
or panretinal photocoagulation depending on
the level of ischemia and nonperfusion seen on
fluorescein angiography.

Role of imaging

When | first encounter a new patient with
any type of RVO, | sometimes get a widefield
fluorescein angiogram if | feel the quality will
be adequate to identify areas of ischemia and
the information would be useful, but more often

than not | defer FA until | have better visual-
ization of the retina tissue once the degree of
hemorrhage lessens.

All'l need most of the time is a quality,
comprehensive examination and an optical
coherence tomography scan. From there, in
most cases | can initiate therapy on the same
day. Many of these patients have commercial
insurance and all too often I’'m forced to use
off-label bevacizumab as my initial therapy.

If I had my choice, and if it were available, |
would use a sample of aflibercept as my first-
line treatment, and | would continue it monthly
for at least three doses. Often, | continue
monthly for up to six doses, though | may use a
treat-and-extend protocol following the third or
fourth injection, depending on how the patient is
doing. During this time, between months three
and six, | commonly order a widefield FA to
assess peripheral nonperfusion.

Adding dexamethasone implant

If a patient can't go longer than six to eight
weeks between anti-VEGF, namely aflibercept,
injections, I'll usually add a dexamethasone im-
plant. A steroid injection isn’t a replacement for
anti-VEGF therapy, but rather a supplement to it.

Steroid treatments come with their share of
side effects. More than one intravitreal steroid
treatment will cause cataract progression in a
phakic patient. Intraocular pressure rise is also
of concern, but it only occurs in a subset of
patients. Laser isn’t commonly used, although it
may decrease the vascular endothelial growth
factor load in a patient with significant peripher-
al ischemia, as identified on widefield FA.

Overall, most patients do quite well, and
we’re no longer seeing nearly as much neo-
vascular complications that we did before the
anti-VEGF era. Nevertheless, more often than we
likely realize, patients are undertreated in the
real world, with the current burden of injections
too difficult for some patients to manage.

—CD.

Many fac-
tors enter
into the
treating
physician’s
mind.
What’s the
presenting
vision? Is
the RVO
ischemic

or nonisch-
emic? Is
there an
afferent
pupillary
defect? Is
the patient
phakic? Can
I appreciate
any neovas-
culariza-
tion?
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Inspired by a real patient
with Wet AMD.

IMPORTANT SAFETY INFORMATION
CONTRAINDICATIONS

- EYLEA is contraindicated in patients with ocular or periocular infections, active intraocular inflammation, or known
hypersensitivity to aflibercept or to any of the excipients in EYLEA.

WARNINGS AND PRECAUTIONS

- Intravitreal injections, including those with EYLEA, have been associated with endophthalmitis and retinal detachments.

Proper aseptic injection technique must always be used when administering EYLEA. Patients should be instructed to report
any symptoms suggestive of endophthalmitis or retinal detachment without delay and should be managed appropriately.
Intraocular inflammation has been reported with the use of EYLEA.

- Acute increases in intraocular pressure have been seen within 60 minutes of intravitreal injection, including with EYLEA.
Sustained increases in intraocular pressure have also been reported after repeated intravitreal dosing with VEGF inhibitors.
Intraocular pressure and the perfusion of the optic nerve head should be monitored and managed appropriately.

- There is a potential risk of arterial thromboembolic events (ATEs) following intravitreal use of VEGF inhibitors, including EYLEA.
ATEs are defined as nonfatal stroke, nonfatal myocardial infarction, or vascular death (including deaths of unknown cause). The
incidence of reported thromboembolic events in wet AMD studies during the first year was 1.8% (32 out of 1824) in the combined
group of patients treated with EYLEA compared with 1.5% (9 out of 595) in patients treated with ranibizumab; through 96 weeks,
the incidence was 3.3% (60 out of 1824) in the EYLEA group compared with 3.2% (19 out of 595) in the ranibizumab group. The
incidence in the DME studies from baseline to week 52 was 3.3% (19 out of 578) in the combined group of patients treated with
EYLEA compared with 2.8% (8 out of 287) in the control group; from baseline to week 100, the incidence was 6.4% (37 out of 578)
in the combined group of patients treated with EYLEA compared with 4.2% (12 out of 287) in the control group. There were no
reported thromboembolic events in the patients treated with EYLEA in the first six months of the RVO studies.

EYLEA is a registered trademark of Regeneron Pharmaceuticals, Inc.
© 2021, Regeneron Pharmaceuticals, Inc. All rights reserved
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PROVEN VISUAL OUTCOMES AT YEAR 1IN THE
VIEW STUDIES

Fewer injections with EYLEA Q8 vs ranibizumab Q4
Demonstrated in the largest phase 3 anti-VEGF trials completed to date in Wet AMD (N=2412)'3

Proportion of patients who maintained vision (<15 ETDRS letters lost of BCVA) at Year 1from baseline'**

Primary Endpoint (Year 1)

VIEW 1 VIEW 2

*Last observation carried forward; full analysis set.

9 5% 9 5% ISafety 'analy.si.s.set.
EYLEA Q4 (12,5 infections) (12, injections) Following 3 initial monthly doses.
EYLEA Q8* 94% 95% Vision was
(75 injections’) (7.7 injections®) maintained at
Year 1 with =5
ranibizumab 94% 95% fewer injections
Q4 (12.1 injections?) (12.7 injections') with EYLEA Q8 vs

ranibizumab Q4
EYLEA was clinically equivalent to ranibizumab.

VIEW 1and VIEW 2 study designs: Two multicenter, double-masked clinical studies in which patients with Wet AMD (N=2412; age range: 49-99 years,
with a mean of 76 years) were randomized to receive: 1) EYLEA 2 mg Q8 following 3 initial monthly doses; 2) EYLEA 2 mg Q4; 3) EYLEA 0.5 mg Q4; or

4) ranibizumab 0.5 mg Q4. Protocol-specified visits occurred every 28 (+3) days.' In both studies, the primary efficacy endpoint was the proportion of
patients with Wet AMD who maintained vision, defined as losing <15 letters of visual acuity at Week 52, compared with baseline.!

SEE WHAT EYLEA COULD DO FOR YOUR PATIENTS WITH WET AMD AT HCP.EYLEA.US

anti-VEGF, anti-vascular endothelial growth factor; BCVA, best-corrected visual acuity; ETDRS, Early Treatment Diabetic Retinopathy Study; Q4, every 4 weeks;
Q8, every 8 weeks.

ADVERSE REACTIONS

- Serious adverse reactions related to the injection procedure have occurred in <0.1% of intravitreal injections with EYLEA
including endophthalmitis and retinal detachment.

- The most common adverse reactions (=5%) reported in patients receiving EYLEA were conjunctival hemorrhage, eye pain,
cataract, vitreous detachment, vitreous floaters, and intraocular pressure increased.

- Patients may experience temporary visual disturbances after an intravitreal injection with EYLEA and the associated eye
examinations. Advise patients not to drive or use machinery until visual function has recovered sufficiently.

INDICATIONS

EYLEA® (aflibercept) Injection 2 mg (0.05 mL) is indicated for the treatment of patients with Neovascular (Wet) Age-related
Macular Degeneration (AMD), Macular Edema following Retinal Vein Occlusion (RV0), Diabetic Macular Edema (DME), and
Diabetic Retinopathy (DR).

References: 1. EYLEA® (aflibercept) Injection full U.S. Prescribing Information. Regeneron Pharmaceuticals, Inc. August 2019. 2. Data on file. Regeneron Pharmaceuticals,
Inc. 3. Heier JS, Brown DM, Chong V, et al; for the VIEW 1and VIEW 2 Study Groups. Intravitreal aflibercept (VEGF Trap-Eye) in wet age-related macular degeneration.
Ophthalmology. 2012;,119(12):2537-2548. doi:10.1016/j.0phtha.2012.09.006

03/2021
Please see Brief Summary of Prescribing Information on the following page. EYL.21.02.0019



BRIEF SUMMARY—Please see the EYLEA
full Prescribing Information available
on HCP.EYLEA.US for additional

product information.

G\ EYLEA

” (aflibercept) Injection
For Intravitreal Injection

TINDICATIONS AND USAGE

EYLEA is a vascular endothelial growth factor (VEGF) inhibitor indicated for the treatment of patients with:

Neovascular (Wet) Age-Related Macular Degeneration (AMD), Macular Edema Following Retinal Vein Occlusion (RV0), Diabetic
Macular Edema (DME), Diabetic Retinopathy (DR).

4 CONTRAINDICATIONS

4.1 0cular or Periocular Infections
EYLEA is contraindicated in patients with ocular or periocular infections.

4.2 Active Intraocular Inflammation

EYLEA is contraindicated in patients with active intraocular inflammation.

4.3 Hypersensitivity

EYLEA is contraindicated in patients with known hypersensitivity to aflibercept or any of the excipients in EYLEA. Hypersensitivity
reactions may manifest as rash, pruritus, urticaria, severe anaphylactic/anaphylactoid reactions, or severe intraocular inflammation.

5 WARNINGS AND PRECAUTIONS

5.1 Endophthalmitis and Retinal Detachments

Intravitreal injections, including those with EYLEA, have been associated with endophthalmitis and retinal detachments [see Adverse
Reactions (6.1)]. Proper aseptic injection technique must always be used when administering EYLEA. Patients should be instructed

to report any symptoms suggestive of endophthalmitis or retinal detachment without delay and should be managed appropriately
[see Patient Counseling Information (17)].

5.2 Increase in Intraocular Pressure

Acute increases in intraocular pressure have been seen within 60 minutes of intravitreal injection, including with EYLEA [see Adverse
Reactions (6.1)]. Sustained increases in intraocular pressure have also been reported after repeated intravitreal dosing with vascular
endothelial growth factor (VEGF) inhibitors. Intraocular pressure and the perfusion of the optic nerve head should be monitored and
managed appropriately.

5.3 Thromboembolic Events

There is a potential risk of arterial thromboembolic events (ATEs) following intravitreal use of VEGF inhibitors, including EYLEA. ATEs
are defined as nonfatal stroke, nonfatal myocardial infarction, or vascular death (including deaths of unknown cause). The incidence of
reported thromboembolic events in wet AMD studies during the first year was 1.8% (32 out of 1824) in the combined group of patients
treated with EYLEA compared with 1.5% (9 out of 595) in patients treated with ranibizumab; through 96 weeks, the incidence was
3.3% (60 out of 1824) in the EYLEA group compared with 3.2% (19 out of 595) in the ranibizumab group. The incidence in the DME
studies from baseline to week 52 was 3.3% (19 out of 578) in the combined group of patients treated with EYLEA compared with

2.8% (8 out of 287) in the control group; from baseline to week 100, the incidence was 6.4% (37 out of 578) in the combined group of
patients treated with EYLEA compared with 4.2% (12 out of 287) in the control group. There were no reported thromboembolic events
in the patients treated with EYLEA in the first six months of the RVO studies.

6 ADVERSE REACTIONS

The following potentially serious adverse reactions are described elsewhere in the labeling:

« Hypersensitivity [see Contraindications (4.3)]

« Endophthalmitis and retinal detachments [see Warnings and Precautions (5.1)]

« Increase in intraocular pressure [see Warnings and Precautions (5.2)]

« Thromboembolic events [see Warnings and Precautions (5.3)]

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 other clinical trials of the same or another drug and may not reflect the rates observed

in practice.

A total of 2980 patients treated with EYLEA constituted the safety population in eight phase 3 studies. Among those, 2379 patients
were treated with the recommended dose of 2 mg. Serious adverse reactions related to the injection procedure have occurred in <0.1%
of intravitreal injections with EYLEA including endophthalmitis and retinal detachment. The most common adverse reactions (=5%)
reported in patients receiving EYLEA were conjunctival hemorrhage, eye pain, cataract, vitreous detachment, vitreous floaters, and
intraocular pressure increased.

Neovascular (Wet) Age-Related Macular Degeneration (AMD). The data described below reflect exposure to EYLEA in 1824 patients
with wet AMD, including 1223 patients treated with the 2-mg dose, in 2 double-masked, controlled clinical studies (VIEW1and VIEW2)
for 24 months (with active control in year 1).

Safety data observed in the EYLEA group in a 52-week, double-masked, Phase 2 study were consistent with these results.

Table 1: Most Common Adverse Reactions (=1%) in Wet AMD Studies

Table 2: Most Common Adverse Reactions (=1%) in RVO Studies

CRVO BRVO

EYLEA Control EYLEA Control
Adverse Reactions (N=218) (N=142) (N=91) (N=92)
Eye pain 13% 5% 4% 5%
Conjunctival hemorrhage 12% 1% 20% 4%
Intraocular pressure increased 8% 6% 2% 0%
Corneal epithelium defect 5% 4% 2% 0%
Vitreous floaters 5% 1% 1% 0%
Ocular hyperemia 5% 3% 2% 2%
Foreign body sensation in eyes 3% 5% 3% 0%
Vitreous detachment 3% 4% 2% 0%
Lacrimation increased 3% 4% 3% 0%
Injection site pain 3% 1% 1% 0%
Vision blurred 1% <1% 1% 1%
Intraocular inflammation 1% 1% 0% 0%
Cataract <1% 1% 5% 0%
Eyelid edema <1% 1% 1% 0%

Less common adverse reactions reported in <1% of the patients treated with EYLEA in the CRVO studies were corneal edema, retinal
tear, hypersensitivity, and endophthalmitis.

Diabetic Macular Edema (DME) and Diabetic Retinopathy (DR). The data described below reflect exposure to EYLEA in 578 patients
with DME treated with the 2-mg dose in 2 double-masked, controlled clinical studies (VIVID and VISTA) from baseline to week 52 and
from baseline to week 100.

Table 3: Most Common Adverse Reactions (=1%) in DME Studies

Baseline to Week 52 Baseline to Week 100

EYLEA Control EYLEA Control
Adverse Reactions (N=578) (N=287) (N=578) (N=287)
Conjunctival hemorrhage 28% 7% 31% 21%
Eye pain 9% 6% 1% 9%
Cataract 8% 9% 19% 17%
Vitreous floaters 6% 3% 8% 6%
Corneal epithelium defect 5% 3% 7% 5%
Intraocular pressure increased 5% 3% 9% 5%
Ocular hyperemia 5% 6% 5% 6%
Vitreous detachment 3% 3% 8% 6%
Foreign body sensation in eyes 3% 3% 3% 3%
Lacrimation increased 3% 2% 4% 2%
Vision blurred 2% 2% 3% 4%
Intraocular inflammation 2% <1% 3% 1%
Injection site pain 2% <1% 2% <1%
Eyelid edema <1% 1% 2% 1%

Less common adverse reactions reported in <1% of the patients treated with EYLEA were hypersensitivity, retinal detachment, retinal
tear, corneal edema, and injection site hemorrhage.

Safety data observed in 269 patients with nonproliferative diabetic retinopathy (NPDR) through week 52 in the PANORAMA trial were
consistent with those seen in the phase 3 VIVID and VISTA trials (see Table 3 above).

6.2 Immunogenicity

As with all therapeutic proteins, there is a potential for an immune response in patients treated with EYLEA. The immunogenicity

of EYLEA was evaluated in serum samples. The immunogenicity data reflect the percentage of patients whose test results were
considered positive for antibodies to EYLEA inimmunoassays. The detection of an immune response is highly dependent on the
sensitivity and specificity of the assays used, sample handling, timing of sample collection, concomitant medications, and underlying
disease. For these reasons, comparison of the incidence of antibodies to EYLEA with the incidence of antibodies to other products may
be misleading.

In the wet AMD, RVO, and DME studies, the pre-treatment incidence of immunoreactivity to EYLEA was approximately 1% to 3% across
treatment groups. After dosing with EYLEA for 24-100 weeks, antibodies to EYLEA were detected in a similar percentage range of
patients. There were no differences in efficacy or safety between patients with or without immunoreactivity.

Baseline to Week 52 Baseline to Week 96 8 USE IN SPECIFIC POPULATIONS
. 8.1 Pregnancy
Active Control Control Risk Summar
. EYLEA (ranibizumab) EYLEA (ranibizumab) Adequate and well-controlled studies with EYLEA have not been conducted in pregnant women. Aflibercept produced adverse

Adverse Reactions (N=1824) (N=595) (N=1824) (N=595) embryofetal effects in rabbits, including external, visceral, and skeletal malformations. A fetal No Observed Adverse Effect Level
Conjunctival hemorrhage 25% 28% 2% 30% (NOAEL) was not identified. At the lowest dose shown to produce adverse embryofetal effects, systemic exposures (based on AUC for
Eye pain 9% 9% 10% 10% free aflibercept) were approximately 6 times higher than AUC values observed in humans after a single intravitreal treatment at the
Cataract 7% 7% 13% 10% recommended clinical dose [see Animal Data). o
Vitreous detachment % % % % Animal reproduction studies are not always predictive of human response, and it is not known whether EYLEA can cause fetal harm

- 5 c“ 5 G when ac d to a pregnant woman. Based on the anti-VEGF mechanism of action for aflibercept, treatment with EYLEA may
Vitreous floaters 6% 7% 8% 10% pose a risk to human embryofetal development. EYLEA should be used during pregnancy only if the potential benefit justifies the
Intraocular pressure increased 5% % 7% 1% potential risk to the fetus.
Ocular hyperemia 4% 8% 5% 10% All pregnancies have a background risk of birth defect, loss, or other adverse outcomes. The background risk of major birth defects
Comneal epithelium defect % 5% 5% 6% gn? m\scardriage for the indi?_at_ed”popu\atiqn izunknown._ln t_hez LJ;; gegﬁrsalz%g/pulat‘\on, theI estimated background risk of major birth
Detachment of the retinal pigment epithelilum % % % % efects and miscarriage in clinically recognized pregnancies is 2-4% an 6, respectively.
Injection site pain 3% 3% 3% 4% /D%Fa Dat.

oni 9 D D 9 nimal Data

Eore}gn‘luody sensatlgn Ineyes g; ;10//0 2;’ ‘21;" In two embryofetal development studies, aflibercept produced adverse embryofetal effects when administered every three days

Acrimation increase o ° o i during organogenesis to pregnant rabbits at intravenous doses >3 mg per kg, or every six days during organogenesis at subcutaneous
Vision blurred 2% 2% 4% 3% doses =01 mg per kg.
Intraocular inflammation 2% 3% 3% 4% Adverse embryofetal effects included increased incidences of postimplantation loss and fetal malformations, including anasarca,
Retinal pigment epithelium tear 2% 1% 2% 2% umbilical hernia, diaphragmatic hernia, gastroschisis, cleft palate, ectrodactyly, intestinal atresia, spina bifida, encephalomeningocele,
Injection site hemorrhage % 2% 2% 2% heart and major vessel defects, and skeleta\ malformations (fused vertebrae, sternebrae, and ribs; supernumerary vertebral arches
Eyelid ed % 2% 2% 3% and ribs; and incomplete ossification). The maternal No Observed Adverse Effect Level (NOAEL) in these studies was 3 mg per kg.

yelid edema il 2 2 " Aflibercept produced fetal malformations at all doses assessed in rabbits and the fetal NOAEL was not identified. At the lowest
Corneal edema 1% 1% 1% 1% dose shown to produce adverse embryofetal effects in rabbits (0.1 mg per kg), systemic exposure (AUC) of free aflibercept was
Retinal detachment <1% <1% 1% 1% approximately 6 times higher than systemic exposure (AUC) observed in humans after a single intravitreal dose of 2 mg.

Less common serious adverse reactions reported in <1% of the patients treated with EYLEA were hypersensitivity, retinal tear, and
endophthalmitis.

Macular Edema Following Retinal Vein Occlusion (RVO). The data described below reflect 6 months exposure to EYLEA with a
monthly 2 mg dose in 218 patients following central retinal vein occlusion (CRVO) in 2 clinical studies (COPERNICUS and GALILEO)
and 91 patients following branch retinal vein occlusion (BRVO) in one clinical study (VIBRANT).
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8.2 Lactation

Risk Summary

There is no information regarding the presence of aflibercept in human milk, the effects of the drug on the breastfed infant, or the
effects of the drug on milk production/excretion. Because many drugs are excreted in human milk, and because the potential for
absorption and harm to infant growth and development exists, EYLEA is not recommended during breastfeeding.

The developmental and health benefits of breastfeeding should be considered along with the mother’s clinical need for EYLEA and any
potential adverse effects on the breastfed child from EYLEA.

8.3 Females and Males of Reproductive Potential

Contraception

Females of reproductive potential are advised to use effective contraception prior to the initial dose, during treatment, and for at least
3 months after the last intravitreal injection of EYLEA.

Infertility

There are no data regarding the effects of EYLEA on human fertility. Aflibercept adversely affected female and male reproductive
systems in cynomolgus monkeys when administered by intravenous injection at a dose approximately 1500 times higher than the
systemic level observed humans with an intravitreal dose of 2 mg. A No Observed Adverse Effect Level (NOAEL) was not identified.
These findings were reversible within 20 weeks after cessation of treatment.

8.4 Pediatric Use

The safety and effectiveness of EYLEA in pediatric patients have not been established.

8.5 Geriatric Use

In the clinical studies, approximately 76% (2049/2701) of patients randomized to treatment with EYLEA were >65 years of age and
approximately 46% (1250/2701) were >75 years of age. No significant differences in efficacy or safety were seen with increasing age
in these studies.

17 PATIENT COUNSELING INFORMATION

In the days following EYLEA administration, patients are at risk of developing endophthalmitis or retinal detachment. If the

eye becomes red, sensitive to light, painful, or develops a change in vision, advise patients to seek immediate care from an
ophthalmologist [see Warnings and Precautions (5.1)].

Patients may experience temporary visual disturbances after an intravitreal injection with EYLEA and the associated eye examinations
[see Adverse Reactions (6)]. Advise patients not to drive or use machinery until visual function has recovered sufficiently.



attain the visual benefits found in clinical
trials. In contrast, individuals who participat-
ed in LTE studies were able to sustain their
initial vision gains made during clinical trials
(Figure 3B).

Similar to what we observed in patients
with BRVO, patients with CRVO received,
on average, fewer anti-VEGF injections
throughout the course of 12 months in
real-world studies''* and LTE trials®!>'8
than in clinical trials (Figure 3A).510111720
In contrast to patients with BRVO, patients
with CRVO were unable to preserve their
initial visual improvements throughout long-
term extension studies (Figure 3B).

Therefore, there’s now an unmet need
for longer-acting drugs that can address the
varying intervals between visits and injec-
tions that we encounter in the real world.

Faricimab emerges

Faricimab, a bispecific antibody with a
novel mechanism of action that targets an-
giopoietin-2 and VEGF-A, is being evalu-
ated against aflibercept for macular edema
associated with BRVO in the BALATON?!
and CRVO in the COMINO trials.?> Both
studies have two treatment arms:

e faricimab 6 mg given at fixed four-week
intervals for 20 weeks (part 1), followed
by a personalized treatment interval
(PTI) dosing regimen from week 24 to
week 72 (part 2); and

e aflibercept 2 mg at four-week intervals
through week 20 (part 1), followed
by faricimab 6 mg PTI from week 24
through week 72 (part 2).

The primary endpoint for these studies
is the average change in BCVA score from
baseline through week 24.

Genentech/Roche recently reported
topline results that showed both studies met
their primary endpoint of noninferior VA
gains compared to aflibercept. The trial also
reported that faricimab showed rapid drying
of retinal fluid, as measured by reduction in
central subfield thickness, as well as a safety
profile in line with previous trials. Both stud-
ies are expected to end in June 2023.

Tarcocimab

Another novel drug,
intravitreal tarcocimab
(KSI-301, Kodiak Sci-
ences), is being eval-
uated for macular
edema due to RVO in
the BEACON study,®
estimated to conclude
in July 2023. It has 568
participants random-
ized 1:1 to KSI-301
or aflibercept. Initial
results showed that
tarcocimab is the first
anti-VEGF therapy to
show non-inferior VA
outcomes with fewer
injections than used,
on average, in clinical
practice.*

Bottom line
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Figure 3. A) Patients with central retinal vein occlusion
who participated in long-term extension (LTE) and
real-world evidence studies got fewer injections over
12 months than those who participated in clinical trials.
B) In addition, in real-world studies, patients with CRVO
achieved lower vision improvements than in clinical
trials. Still, in LTE studies, patients didn’t retain the
initial vision gains seen in clinical trials. (Courtesy

Patients with mac-
ular edema from
BRVO and CRVO had considerable BCVA
improvements in RCTs during the first year
with frequent anti-VEGF injections and fre-
quent monitoring.

In long-term extension studies (months
12 to 24), however, patients with BRVO re-
tained the initial visual gains attained during
the clinical trials, but those with CRVO
couldn’t retain their vision improvements,
and their mean BCVA decreased. Patients
in real-world studies didn’t achieve the same
BCVA improvements reported in clinical
trials over the first year.

These findings highlight the need for
treatments with longer therapeutic action
to lessen the treatment burden and the ne-
cessity for frequent monitoring and, more
specifically, to bring the real-world practice
results closer to randomized control trials.
There’s a recent renewed interest in this en-
deavor, as evidenced by the ongoing Phase
III trials of faricimab, which has already
been approved for the treatment of diabetic

Genentech/Roche)

(Continued on page 46)
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Sickle cell retinopathy

An update on management

Laser photocoagulation is the gold standard, but adjunct anti-VEGF and
current and emerging systemic therapies may help improve retinopathy.
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Take-home points

g

Sickle cell disease (SCD) affects 100,000 people in the United States and sickle cell retinopathy (SCR) is the most
common cause of vision impairment in these individuals.

» Laser photocoagulation is the gold standard treatment of proliferative SCR.

» Off-label anti-VEGF therapy has emerged as an adjunct to scatter laser photocoagulation for SCR and systemic
treatments, including hydroxyurea and red blood cell exchange transfusions, may improve SCR.

ickle cell retinopathy is the most
common cause of vision impairment
and blindness in individuals with
sickle cell disease, which affects
100,000 individuals in the United States,
with a global incidence of 300,000 neonates.’

Sickle cell disease (SCD) results from
a point mutation in the position six of the
beta-globin gene of the hemoglobin A mole-
cule and remains the most common inherit-
ed disorder. The abnormal hemoglobin (Hb)
causes impaired tissue perfusion, resulting in
multisystem end-organ damage in affected
patients.

Sickle cell retinopathy (SCR) can be de-
fined as the range of retinal vascular changes
that result from repetitive vaso-occlusions
and ischemia in the retinal microvascula-
ture. SCR is stratified into nonproliferative
(NPSR) and proliferative (PSR) subtypes.
Sequelae of the latter are the most frequent
cause of vision loss in individuals with SCD,
typically due to complications from vitreous
hemorrhage and/or retinal detachment.

RETINA SPECIALIST | NOVEMBER/DECEMBER 2022

The impact that newer treatments for SCD may have on retinopathy has yet to be evaluated.

PSR is defined as the presence of patho-
logic characteristic “sea fan” neovascular-
ization that occurs from progressive retinal
ischemia. Given that SCR is part of a larger
systemic disease process, studies have iden-
tified hemoglobin parameters and systemic
biomarkers associated with SCR develop-
ment.>* Here, we review present manage-
ment of SCR and existing evidence on how
systemic therapies impact the disease.

Manifestations of SCR

Commonly observed manifestations of
NPSR include salmon patch hemorrhages,
black sunburst lesions (Figure 1A), macular
thinning (Figure 1B), retinal vaso-occlu-
sions and arterio-venous anastomoses. These
findings can be typically monitored without
intervention.

PSR can lead to visual impairment and/
or blindness from vitreous hemorrhage or
retinal detachment. Once PSR is detect-
ed, treatment is warranted to prevent pro-
gression to vitreous hemorrhage or retinal



detachment. The gold-standard treatment
for PSR remains laser photocoagulation,
which barricades sea-fan neovascular com-
plexes and targets transition zones of the
peripheral retina between the perfused and
nonperfused retina (Figure 2, page 30).*

Management of SCR

Although there are no currently es-
tablished treatment paradigms for using
anti-VEGF therapy to treat SCR, off-label
use as an adjunct to scatter laser photocoag-
ulation has been shown to be of benefit for
several indications. For example, intravitreal
bevacizumab (Avastin, Genentech/Roche)
has been shown to decrease vascularization
of PSR complexes that remain vascularized
despite scatter laser treatment.

Intravitreal bevacizaumab can hasten vitre-
ous hemorrhage resolution and it’s helpful
in preventing recurrence of vitreous hem-
orthage in PSR Further, bevacizumab has
shown utility as a preoperative medication,
allowing for dissection of sea-fan neovascu-
lar complexes while minimizing intraoper-
ative bleeding during PSR-related retinal
detachment repair.®

Surgery for PSR

Surgery is reserved for advanced PSR and
includes non-clearing vitreous hemorrhage,
retinal detachment, symptomatic epiretinal
membrane, macular hole or vitreomacular
traction. The surgical approach in managing
patients with SCR can be complex because
the peripheral retina is atrophic and thin,
making it susceptible to breaks.”

Systemic agents and SCR

Systemic therapies for the management of
SCR include red blood cell exchange trans-
fusions and hydroxyurea (Hydrea, Bristol
Myers Squibb). These agents reduce total
sickle hemoglobin (HbS) red cells to mini-
mize sickling and promote adequate blood
flow and tissue perfusion.

Hydroxyurea, the first systemic medica-
tion approved for use in SCD, increases the
production of fetal Hb (HbF). In patients

with homozygous HbS disease (HbSS),
studies have shown hydroxyurea slows
end-organ damage in SCD and decreases
the incidence of comorbidities, including va-
so-occlusive pain crisis, dactylitis and acute
chest syndrome.®

A study by Umar Mian, MD, and col-
leagues noted that the threshold for a 50-
percent reduction in SCR is HbF levels
of 15 percent.” However, this and another
study" failed to stratify SCR into PSR and
NPSR, limiting the conclusions that can be
drawn.

Furthermore, hydroxyurea can impact
SCR changes on a structural level. A pro-
spective study led by Jennifer Lim, MD,
noted decreased rates of macular thinning
in patients who received hydroxyurea com-
pared to those with SCD who didn’t receive
hydroxyurea.!!

Hydroxyurea may work to improve per-
fusion, reducing retinal ischemia and ret-
inal thinning."! Other work corroborated
this hypothesis, documenting decreased in-
termittent perfusion index (IPI) on optical
coherence tomography angiography two
months following initiation of hydroxyurea
in a patient with HbSS disease (Figure 3,
page 31).12

Red blood cell exchange transfusions are
routine for systemic SCD, and have de-
creased the frequency of vaso-occlusive
pain crises, stroke and silent cerebral infarc-
tions." Anecdotal case reports have demon-

Figure 1. A) Ultra-widefield fundus photograph of a patient with hemozygous
sickle cell disease (HbSS) with peripheral pigmentary changes consistent with
black sunburst lesions (white arrows) depicting mild nonproliferative sickle cell
retinopathy (SCR). B) Spectral-domain optical coherence tomography of a patient
with HbSS showing macular thinning most pronounced temporally, corresponding
to the watershed zone most susceptible to ischemia in SCR (asterisk).
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m Sickle cell retinopathy

strated that exchange transfusions may halt
PSR progression. However larger, systemat-
ic clinical studies are lacking. '

Systemic therapy pros and cons

Challenges with systemic use of hydroxy-
urea exist. Animal studies have suggested
that hydroxyurea is teratogenic and can pre-
dispose young patients to developmental
anomalies, including neural tube defects,
digit hypoplasia and craniofacial defects.
However, these findings haven't been repro-
duced in human studies.'

Some patients experience neutropenia,
hair loss, fingernail darkening and nau-
sea with hydroxyurea use.' Furthermore,
hydroxyurea adherence rates as low as 30
percent have been reported. The most-cit-
ed reasons include difficulty remembering
to take the medication, doubting its effec-
tiveness and concerns about side effects.!”
Nonetheless, data showing benefits of hy-
droxyurea 51gmﬁcantly outweigh the report-
ed potential side effects.
One analysis reported that
hydroxyurea was associated
with a 40-percent reduction
in mortality in patients with
HbSS disease.'®

Red blood cell exchange
transfusions, although their
role in SCR management
is unclear, are used regu-
larly in the management of
systemic complications of
HbSS. Indications for red
cell transfusions include
acute stroke, acute chest
syndrome and multiorgan
failure.'® These acute risks
are similar to those seen
with other transfusions,

Figure 2. A) Ultra-widefield fundus photography
of a patient with sickle cell hemoglobin C shows
peripheral retinal neovascularization representing
sea-fan lesions seen in proliferative sickle cell
retinopathy before treatment. B) After treatment
with laser photocoagulation, the sea-fan
neovascular complex shows partial regression
after scatter laser treatment.

including the possibility of
blood transmissible disease,
blood clots and alterations
in blood electrolytes. Risks
associated with chronic
transfusions include iron
overload, which can be mit-
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igated with chelation.'®

Curative therapies for SCD

Hematopoietic stem cell bone marrow
transplantation (BMT) and gene therapy are
two novel modalities that present promising,
potentially curative treatments to SCD.

The process for marrow transplant first
includes chemotherapy, which is used to
remove patient’s native stem cells, with bu-
sulfan being the most commonly used agent.
Then the patient’s bone marrow is replaced
with matched donor stem cells and the pa-
tient simultaneously receives graft versus
host disease (GVHD) prophylaxis with sys-
temic immunosuppressants to prevent re-
jection.

However, challenges with BMT include
finding a donor match, GVHD and toxici-
ty from immunosuppressive medications,
including secondary malignancy and infer-

tility."?

The potential of gene therapy

The second potentially curative modality
is gene therapy. Gene modification mecha-
nisms include:

¢ gene addition, which involves using a vi-
ral vector to deliver a nonsickling globin
gene to stem cells;

e gene editing, which involves gene dis-
ruption by binding to a certain element
of a gene and inducing double stranded
breaks;

e gene silencing by preventing expression
of certain proteins; and

e gene correction, which uses RNA as a
vector to identify mutations and a tem-
plate DNA to correct the mutation.

Gene therapy also carries significant po-

tential risks, including infertility in the my-
eloablation process, and the potential for
myelodysplastic syndromes and secondary
malignancy.® Although both BMT and gene
therapy are promising, their large-scale ap-
plication is limited. It will be interesting to
evaluate how these modalities impact mi-
crovasculature circulation patterns and SCR
progression.



Before Treatment On Treatment
Intermittent Perfusion Map Intermittent Perfusion Map

Differences in SCD variants Future therapies
Both HbSS and sickle cell Hb C (HbSC) New systemic agents for
disease can present with similar systemic ~ SCD include:

and ocular manifestations. Although HbSS ¢ Crizanlizumab (Adak-
disease is associated with more severe sys-
temic complications, vision—threatening
proliferative sickle cell retinopathy is more
common in HbSC disease.?!

The difference in retinopathy between
HbSS and HbSC genotypes isn't completely
understood. One hypothesis for increased
PSR in HbSC is the partial occlusion of ret-
inal microvasculature resulting in a chronic,
steady hypoxic state promoting vaso-prolif-
eration in contrast to the complete Vvaso-0c-
clusion seen during sickling events in HbSS
disease.?

Differences in pathophysiologic disease
processes between HbSC and HbSS sug-
gest that isolated studies evaluating systemic
agents to prevent retinopathy in HbSC pa-
tients would be beneficial because findings
from one disease process can't be directly
applied to the other.®

More PSR, macular thinning

In addition to experiencing a higher in-
cidence of vision-threatening PSR, patients
with HbSC disease also have higher rates
of macular thinning than their HbSS coun-
terparts and the lowest rates of hydroxyurea
therapy."

This difference can be attributed to cur-
rent practice patterns, because hydroxyurea
isn’t part of the standard systemic treatment
paradigm for HbSC. Larger-scale clinical
studies would help to evaluate hydroxyurea
as an agent to mitigate the effects of PSR in
HbSC patients."*

Although studies have noted that baseline
Hb greater than 12.5 g/dl and HbF are risk
factors for PSR, and exchange transfusions
may minimize retinopathy development in
HbSS, few studies in HbSC disease describe
systemic interventions to prevent PSR. Sim-
ilar to hydroxyurea, case reports have identi-
fied the use of transfusions to improve PSR
in patients with HbSC-associated SCR, but
large-scale analyses are limited.”®

veo, Novartis), a mono-
clonal antibody that in-
hibits the interaction of
P-selectin glycoprotein
ligand and thrombin
reducing vaso-occlu-
sion and thrombosis.
Preliminary random-
ized controlled trial re-
sults noted lower crisis
events and decreased
median time to the first
crisis with its use.”
Voxelotor (Oxbryta,
Global Blood Thera-
peutics), a HbS polym-
erization inhibitor that
reversibly binds to Hb
to stabilize the oxygen-
ated Hb state. Phase
III randomized trials
have shown increased
Hb levels and reduced
hemolysis markers in
SCD patients.*

* Amino acid L-glutamine (Endari,
Emmaus Medical), a pharmaceutical
grade 1 glutamine that increases the
proportion of nicotinamide adenine
dinucleotide, an antioxidant molecule
that, in a multicenter, Phase III trial
has been shown to reduce the median

number of pain crises.”

Parafovea

Temporal Retina

ENon-perfusion [[JRe-perfusion
Figure 3. A treatment-naive sickle cell patient
with homozygous hemoglobin sickle cell disease
(HbSS) genotype was imaged at an initial visit
(left column) and again after two months of
hydroxyurea treatment (right column). Before
treatment, the patient exhibited between-session
intermittent perfusion index (IPI) of 3 and 2.7
percent, respectively, at the (A) parafovea and (C)
temporal retina. After two months of
hydroxyurea, the between-session IPl was
reduced to 0.5 and 1.6 percent, respectively, at
the (B) parafovea and (D) temporal retina. (New
York Eye and Ear Infirmary of Mount Sinai)

Although these agents have yet to be
evaluated in SCR, their systemic benefits
suggest possible benefits for retinal perfu-
sion, with potential alterations in future SCR
treatment paradigms.®

Bottom line

SCR is the most common cause of vision
impairment in people with SCD, and while
laser photocoagulation is the gold standard
for PSR, off-label bevacizumab has be-

(Continued on page 46)
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Lessons from MEAD: The
potential for reversing DR

The dexamethasone implant has shown efficacy in diabetic macular edema,
but more recent evidence shows a signal for reversing diabetic retinopathy.
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Take-home points

» The intravitreal dexamethasone (DEX) implant is not only helpful in reducing central retinal thickness in diabetic
macular edema, but also in improving best-corrected visual acuity.

» Reversal of the diabetic retinopathy severity level may be achievable with the DEX implant in some patients.

» Phakic eyes treated with the DEX implant are at greater risk of cataract development.Intraocular pressure must be

monitored carefully in both phakic and pseudophakic eyes.

» DEX implants serve as a useful tool in our armamentarium for the treatment of DME. Patients with refractory DME

may also benefit significantly.

n treating patients with diabetic macular
edema, vascular endothelial growth fac-

tor is a popular target and anti-VEGF
agents have proven to be very effective

at both reducing the degree of DME and
improving visual acuity. Corticosteroids also
are a sensible agent to use in these patients,
given the cascade of proinflammatory cy-
tokines involved with DME. However, the
challenge with corticosteroids has been in
delivering the medication in the appropriate
way to achieve a desirable therapeutic result.
The intravitreal dexamethasone implant
(DEX, Ozurdex, Allergan/AbbVie) has
overcome many of these challenges, as we
learned from the MEAD trial conducted in
2014." More recently, our own retrospective
analysis of MEAD data demonstrated that
the DEX implant has the potential for re-
ducing the severity of diabetic retinopathy
and halting or slowing disease progression.?
Here, we report on what our retrospective
analysis found and review some important
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lessons from MEAD about the efficacy of
DEX in these patients.

Challenges of corticosteroid therapy

We've known that topical corticosteroid
agents can be effective, but they don’t always
penetrate to the retina to yield an adequate
response. Systemic steroids have their own
set of risks, the largest being disruption of a
patient’s glycemic status to a dangerous level.

A sustained-release intravitreal steroid
implant allows for direct delivery to the pos-
terior segment, which can offer a prolonged
reduction in retinal inflammatory markers
and go a long way toward reigning in un-
controlled DME in the right patient.3* The
MEAD trial thoroughly investigated using
the DEX implant in DME.

MEAD takeaways

MEAD, done in 2014, evaluated the safe-
ty and efficacy of the dexamethasone intra-
vitreal implant with dosages of 0.7 mg and



0.35 mg in the treatment of DME.!
The study included patients with a di-
agnosis of DME for a mean duration
of 24.9 months with a baseline visual
acuity of 20/50 to 20/200 and a central
retinal thickness 2300 pm, as mea-
sured with optical coherence tomog-
raphy.

Study patients had previously been
treated with medical or laser therapy.
MEAD was designed as two random-
ized, multicenter, sham-controlled
Phase III trials with identical proto-
cols. With three years of follow-up, the
study yielded a wealth of data on the
effectiveness of the DEX implant.

Over the study course, both the 0.7-
and 0.35-mg DEX implants proved to
be superior to sham for achieving the
primary study endpoint, defined as
improvement in best-corrected visual
acuity by 215 letters from baseline.
Not only was this clinically significant;
it was statistically significant.

A larger percentage of patients re-
ceiving the 0.7-mg implant reached
the primary study endpoint than those
receiving the 0.35-mg implant—22.2
vs. 18.4 percent.! After initial treat-
ment, retreatment in MEAD patients
was restricted to no more than every
six months. This helped to demon-
strate the durability of the implant.

DR regression

Our own retrospective analysis of
the MEAD data explored the effects
of the DEX implant on Diabetic Reti-
nopathy Severity Scale (DRSS) levels,?
which other trials in DME have used
to measure disease progression.

We found the DEX implant has the
potential to reduce the DRSS and halt
or slow disease progression. We eval-
uated patients improving one or two
steps in DRSS score and converting
between nonproliferaitve and prolif-
erative DR. Patients treated with the
DEX implant showed a one-step im-

provement in DRSS scores about two
months sooner than sham patients.

Additionally, the DEX implant
group achieved a two-step improve-
ment in DRSS score about 1.5 months
sooner than the sham group. These
findings were statistically significant.

Interestingly enough, when looking
at time to conversion from NPDR to
PDR, patients who had the DEX im-
plant had a delayed conversion time
to PDR by two months compared to
sham. The treatment arm also demon-
strated a regression from PDR to
NPDR 1.5 months faster than those
in the sham group.” These results con-
tinue to support the utility and benefit
of the DEX implant for patients with
DME and severe DR.

Putting it into practice

Keeping these datain mind, the DEX
implant can be a powerful tool when
implemented properly. Patients with
DME refractory to anti-VEGF ther-
apy or those who aren't candidates for
anti-VEGF therapy may benefit sig-
nificantly from intravitreal corticoste-
roid therapy with the DEX implant,
especially pseudophakic patients.>®

Of course, not all patients will be
candidates for the DEX implant, es-
pecially if they have a history of glau-
coma or have demonstrated an IOP
response to prior corticosteroids.

Before inserting the DEX implant,
consider first treating the patient with
a course of topical steroids to evaluate
their risk of a steroid response.

Typically, we treat a patient with
a topical corticosteroid for about six
weeks before initiating intravitreal cor-
ticosteroid therapy. This has the added
benefit of possibly demonstrating an
improvement in macular edema with
topical agents alone, although this re-
sponse tends to be less than what we
would see with the DEX implant.

It’s also critical to discuss with the
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The growing
burden of DME

ME is one of the most com-

mon ailments that we face.
It can be burdensome to patients
and have a significant impact
on their quality of life. As the
population continues to age and
obesity continues to be a prob-
lem, both diabetes and diabetic
macular edema will increasingly
affect our patients.'

The pathogenesis occurs
through alteration of the
blood-retinal barrier (BRB), char-
acterized by pericyte loss and
endothelial cell-to-cell junction
breakdown. With a weakened
BRB, other systemic conditions
can further the development of
DME.

Hypertension, heart failure
and renal failure are all common
comorbidities in patients with
diabetes. Both inflammation and
oxidative stress also contrib-
ute by causing an increase in
cytokines and growth factors
such as VEGF, angiopoietins,
tumor necrosis factor, interleu-
kins and matrix metalloprotein-
ases.'® These factors augment
the breakdown of the BRB even
further and lead to DME.'*? The
identification of these factors
allows for selective therapeutic
targets to treat DME.

— M.JW., K.J.B




Lessons from MEAD

In this patient treated with the dexamethasone intravitreal implant patient, central foveal thickness, as
evaluated on optical coherence tomography, improved from (A) 460 pm before treatment with the DEX
implant to (B) 210 ym afterward.

patient the potential for an IOP increase and
cataract development.'®!! In pseudophakic
patients, the cataract risk is mitigated, so the
DEX implant may be an even more favor-
able option.”> We've seen dramatic improve-
ments in patients’ macular edema when
treated with the implant. They also benefit
from a reduction in treatment burden due
to the implant’s sustained-release mecha-
nism.l&]-’l

We demonstrate one such case (Figure),
which shows serial OCTs of a patient before
getting the DEX implant and six weeks after-
ward. This patient’s central foveal thickness
improved from 460 to 210 pm and visual
acuity improved from 20/50 to 20/30 Snel-
len equivalent. This patient was minimally
responsive to previous anti-VEGF therapy,
but tolerated the DEX implant well and
didn’t go on to develop an IOP response.

Our DEX protocol

In our practice the DEX implant is a
powerful tool when treating DME. When a
new patient presents with visually significant
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macular edema, we start with anti-VEGF
therapy or topical corticosteroid drops. In
milder cases, we lean toward topical corti-
costeroid therapy. We monitor the patient
closely and bring them in at approximately
six weeks to assess their treatment response.

With anti-VEGF therapy, we give patients
one or two more injections, depending
on their response. If the macular edema
exhibits little to no response, we either give
another anti-VEGF injection or start the
patient on topical drops along with an ad-
ditional anti-VEGEF injection. At this visit,
we also discuss the DEX implant with the
patient as a treatment option.

The patient comes back in six to eight
weeks and if the treatment response remains
suboptimal and their IOP hasn’t shown a
response to the topical corticosteroids, we
start treatment with the DEX implant. The
patient returns again in six to eight weeks,
when we evaluate the treatment response,
paying careful attention to the patient’s IOP
to ensure a significant elevation hasn’t oc-
curred.

Patients who have been
on long-term anti-VEGF
therapy may develop a
refractory response to
continued treatment. In
these instances, the DEX
implant also proves to be a
valuable treatment option.
We manage these patients
in a similar fashion: with
a trial of topical cortico-
steroids to assess IOP re-
sponse and then the DEX
implant on follow-up. We
can give them supplemen-
tal anti-VEGF therapy
concurrently to optimize
their treatment response
and reduce DME. The
sustained-release therapy
that the DEX implant pro-
vides is a significant advan-
tage, as one injection leads
to continued control with



supplemental therapy available for break-
through edema.

Managing cataract, IOP outcomes

Cataract development and IOP increase
were the primary adverse events in MEAD
patients treated with the DEX implant.
Some patients ended up losing vision after
one year due to the development of cataract,
but then had their vision restored following
cataract extraction.

Despite cataract formation, at year three
study patients receiving the DEX implant
had significant improvement in BCVA over
the sham group, which indicated that even
with a cataract these patients still do well.

In fact, having the DEX implant on
board seemed to yield a protective effect
against an increase in DME following cat-
aract surgery.”” Upon subgroup analysis,
the 0.7-mg implant, currently the marketed
dose, proved to be more effective in treating
DME, with a safety profile similar to the
0.35-mg device.'

Patients receiving the DEX implant were
more likely to have an IOP increase 210
mmHg than the sham group—27.7 per-
cent in the 0.7-mg group vs. 24.9 percent
in the 0.35-mg group. Fortunately, topi-
cal medications controlled IOP in most of
these patients. Only three patients—two in
the 0.7-mg group and one in the 0.35-mg
group—required incisional surgery to cor-
rect their IOP rise.

Thus, MEAD provided supportive ev-
idence for the use of the DEX implant in
the management of DME. Up to one-third
of trial patients achieved vision of 20/40 or
better after their first treatment, which ap-
peared to be sustained after correcting for
the confounding effect of cataract develop-
ment. "7

Bottom line

DME poses a significant burden to a large
number of patients. Early intervention with
the DEX implant can significantly reduce
the degree of macular edema, improve
visual acuity and potentially scale back the

degree of DR, while at the same time re-
ducing the treatment burden of frequent
intravitreal injections. @
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retinal practice
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Take-home points

» A growing population at-risk for retina-related disease and the need for precision management of these patients may
be importantly augmented through the use of artificial intelligence (Al)-based technology.

» Advancing imaging methods have expanded retinal disease data acquisition, leading to the potential for new bio-
markers, which Al-integrated systems have the potential to detect, quantify and extract.

» Alis currently used in retinal screening and may allow for individualized management in the future.

rtificial intelligence is the ability for

a computer system to learn, adapt,

and perform complex tasks in a

way that mimics rational thinking.
Machine learning is a subset of AI (Figure
1). Advancements in machine learning, the
process by which algorithms and machines
learn from experience, have allowed for
dramatic improvements in the deployment
of AI within ophthalmology and the study of
retinal diseases.

One of the significant developments in
machine learning was the neural network,
which is a series of numeric matrices of con-
nected nodes that interact in such a way that
allow for complex computations with hidden
tunable layers that could adjust the connec-
tions between nodes (Figure 2). These net-
works are generally computationally taxing,
but adept at capturing complex non-linear
relationships. As computational power and
graphics cards have exploded in capacity
and potential, the size and depth of neural
networks has greatly increased, resulting in
deeper networks that became capable of
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recognizing increasingly abstract patterns.

The complexity, accuracy, and abstract
pattern recognition of neural networks has
become powerful enough to rival human
performance on an increasingly wide and
difficult range of tasks. The impressive per-
formance of these deeply constructed neural
networks has consequently created an entire
technical research field dedicated to devel-
oping and understanding them, including
deep learning (DL). DL algorithms are the
most capable way to handle complex tasks,
and they comprise the majority of AT work
done today.

Al applications in retina

The retina subspecialty is particularly
well-suited to AT deployment and explora-
tion due to the ease of acquisition of med-
ically relevant images and data. This, com-
bined with an aging global population that’s
increasingly diagnosed with chronic dis-
eases, suggests a major opportunity for the
expansion of Al research in retinal medicine.

According to a 2014 World Health Orga-



nization study, the number of AMD patients
in 2040 is expected to reach 288 million
globally.! Diabetes mellitus has a global
prevalence varying between 2 and 12 per-
cent.? In real-world studies, one of three pa-
tients with diabetes has diabetic retinopathy,
and one of every three patients with DR has
vision-threatening retinopathy:®

Given the large number of people affect-
ed by these diseases and the potential to
better understand and diagnose these dis-
eases using Al it's worthwhile to understand
specific applications of AI in ophthalmology.

Al in AMD

While there’s no Food and Drug Ad-
ministration-approved treatment for dry
age-related macular degeneration,* multiple
therapies in clinical trials have demonstrated
promising initial results. However, as our
treatment paradigms expand to include dry
AMD, multiple new challenges in the detec-
tion and monitoring of this highly prevalent
disease will emerge.

We'll need risk stratification of dry AMD
cases to accurately identify eyes at risk for
disease progression, to predict eyes most
likely to benefit from therapy and to po-
tentially maximize clinical trial enrichment.
Optimizing the precision approach to the
management of dry AMD will help facilitate
the treatment of patients at greatest risk for
progression and help identify eyes that could
benefit from therapy.

Machine
Learning

Figure 1. How artificial intelligence, machine learning and deep learning relate to
each other. Deep learning is a subset of machine learning, which is a subset of Al.

Performing effective, rapid risk stratifi-
cation in a growing and aging population
requires rapid, inexpensive and accu-
rate diagnostics. Al-enabled systems are
well-suited to address these concerns. Im-
aging techniques, such as optical coherence
tomography, fundus autofluorescence and
OCT angiography, can rapidly generate de-
tailed data of sufficient quantities to train
AT systems to identify medically useful bio-
markers and automate disease characteriza-
tion (Figure 3, page 38). Incorporating this
information and automated detection into
standard-of-care medical software platforms
allows for scalable longitudinal monitor-

ing, providing valuable feedback on

treatment results.

Numerous imaging biomarkers
have been studied in non-neovas-
cular AMD, including intraretinal
hyperreflective foci (HRF), com-
plex drusenoid lesions (DL, i.e.,
heterogeneous reflectivity), sub-
retinal drusenoid deposits (SDDs)

Figure 2. A convolutional neural network (CNN) is a network
architecture for deep learning that learns directly from data.
A CNN, like other neural networks, is made up of an input
layer, an output layer and several hidden layers in between.
These layers conduct operations on the data with the goal of

learning data-specific attributes.

and drusen burden.>® Predicting
GA development and progression
is a key area of research focus.™
A recent study found that ellipsoid
zone integrity and quantitative
characterization of the subretinal
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subfoveal GA."!

Alin DR

Figure 3. Retinal tissue thickness maps for a patient
with non-neovascular age-related macular degeneration
include A) B-scan with inner limiting membrane, retinal
pigment epithelium, ellipsoid zone and Bruch’s mem-
brane line segmentation; B) ILM-RPE thickness map; D)
EZ-RPE thickness map; and D) RPE-Bruch’s membrane
thickness map.

pigment epithelium compartments have
high predictive value in the progression to

In neovascular AMD, feature assessment
and accurate characterization of fluid is im-
portant for maximizing disease control and
outcomes. OCT is the gold standard for
monitoring and identifying fluid features.
Historically, fluid features were generally
evaluated in a binary fashion (i.e., presence/
absence of a specific fluid of interest).

With the advent of Al-enabled systems,
extensive characterization of fluid in nAMD
is now feasible, including fluid volume anal-
ysis and specific fluid type classification.
Volumetric fluid characterization, fluid dy-
namics and exudative volatility, and volu-
metric quantification of subretinal fibrosis
and hyperreflective material have all been
established in several studies.'>'*

Overall, many potential opportunities ex-
ist for the deployment and integration of AI-
based tools for the management of AMD.

Studies anticipate that by 2030 450 mil-

lion people will have
diabetes world-
wide—150 million
with mild DR and
about 30 million with
diabetic macular ede-
ma.'>'® While DR is
treatable, slow and
expensive screening
can be a major bar-
rier when treating
large populations. Al
is well positioned to
make significant im-
provements in these
screening processes
while integrating into
holistic platforms de-
signed to coordinate
with treatments for
other complications
typically resulting
from diabetes."”
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One example of merging diabetic reti-
nopathy screening with Al is IDx-DR (Dig-
ital Diagnostics), the first FDA-approved
autonomous device employing artificial in-
telligence software.'® A pivotal trial of 900
patients reported device sensitivity and
specificity for diabetes detection were 87.4
and 89.5 percent, respectively.

If the software detects severe DR, the
patient is referred to an eye-care profes-
sional. If the software doesn't detect severe
or moderate DR, the patient is directed to
rescreen in a year. The study reported that
DR screening has successfully referred in-
dividuals with DR symptoms over specific
thresholds to specialized facilities.'® The
idea is to reduce patient burden on tertiary
centers, allowing providers to spend more
time with patients who need advanced care.

While anti-VEGF therapy is widely used
to treat DME, retinal specialists disagree on
the ideal treatment frequency or duration,
or which patients will respond, resulting in
expensive and potentially more frequent
treatment than needed.

Deep-learning algorithms might be able
to recognize new features undetectable by
the human eye and incorporate existing
complex biomarkers, such as ultra-wide-
field fluorescein angiography biomarkers
(nonperfusion area, ischemic index, leakage
and microaneurysm counts).'”® These algo-
rithms have also recognized the following
OCT biomarkers (Figure 4):22

e central subfield thickness and disorga-

nization of retinal inner layers (DRIL);

e hyperreflective foci;

e ellipsoid zone integrity;

e retinal fluid index; and

e retinal fluid volatility.

These markers have been shown to cor-
relate with DR severity. Many of these pa-
rameters, such as quantitative UWFA pa-
rameters, including panretinal MA count,
ischemia and leakage index, have been
strongly associated with DR severity.?

As with AMD, the rapid proliferation
of new and emerging therapies provides a
unique need and opportunity for optimizing



treatment decision-making using a preci-
sion-based approach. Al-enabled systems
that provide insights into therapeutic re-
sponse and prognosis may enhance not only
screening and diagnosis, but may also help
to optimize the actual treatment for a given
patient.

Bottom line

Al is poised to expand dramatically in the
coming years, given the growing population
of patients with ophthalmic needs may over-
whelm traditional methods for screening
and chronic disease follow-up. Al-enabled
systems may help mitigate some of these
challenges by efficiently managing large
amounts of data and having the unique abil-
ity to extract key features relevant to disease
management, including identifying key im-
aging biomarkers. ®
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Climate change and social media

Exploring the axis of access: Pollution, health outcomes and your social media account.

By David R. P. Almeida,
MD, PhD, MBA
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he scientific consensus on the

anthropogenic cause of climate

change is overwhelming and unde-

niable. However, climate change
perceptions interact with how climate
change is portrayed in the news, which is
now increasingly accessed via social media
platforms.!

As we have assayed here in “Social Me-
dia Specialist” previously, social media
has the potential to be a significant means
of effective knowledge translation. But,
at they’re worst, social media platforms
turn into ideological echo chambers where
falsehoods can’t be set straight.

The confluence of cognitive biases (sys-
tematic errors in thinking that stem from
the propensity of mental shortcuts), social
bias (tendency to trust information that
comes from those with whom you identify
over information from other sources) and
algorithmic bias (inherent in social media
platforms) can distort accurate informa-
tion into incomprehensible opinion.

Pollution and health outcomes

The World Health Organization esti-
mates that roughly 7 million people die
yearly from “exposure to fine particles in
polluted air.”? That’s double the number of
people who died globally from COVID-19
in 2020.
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Quotable

Social media is an arena where
we can advocate for climate
change protections as an
access point in limiting the
negative effects of pollution on
our patients’ health.

The proximate health consequences of
pollution—pneumonia, stroke and heart
disease—are responsible for massive eco-
nomic costs of nearly $3 trillion annually.'
When the best evidence declares “no safe
level of air pollution,” interventions to im-
prove health outcomes necessitate plans
to mitigate the polluting effects of climate
change.?

Accessing health outcomes

There’s no doubt that climate change,
pollution, medicine, ophthalmology and
social media are disparate subjects. Still,
they're sympatico regarding accessing the
best possible health outcomes for individ-
uals and communities.

Social media is an arena where we can
advocate for climate change protections
as an indirect access point in limiting the
negative effects of pollution on
the health of our patients. ®
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AAO highlights: ILM peel in DR and more

Standout Retina Subspecialty Day 2022 talks include real-world faricimab and high-dose
aflibercept results, and Protocol T outcomes.

Take-home points

» The long-term effects of internal limiting membrane peeling on young patients with diabetic retinopathy are un-
known. ILM peeling isn’t advisable in all cases of diabetic macular edema or tractional retinal detachment.

» Faricimab real-world results reveal stable to improved visual acuity in both previously treated and treatment-naive
patients with neovascular age-related macular degeneration and the drug appears to be safe and well-tolerated.

» A large majority of patients receiving high-dose aflibercept for neovascular age-related macular degeneration

achieved dosing at 12-week or greater intervals.

» At two years, no statistically significant difference in visual acuity was found between patients receiving aflibercept
monotherapy or bevacizumab first for diabetic macular edema.

he Retina Subspecialty Day ses-
sions at the annual American
Academy of Ophthalmology meet-
ing are packed with important tri-
al readouts and a host of presentations
on new medical management and sur-
gical techniques. This year’s meeting in
Chicago lived up to expectations.

Here we present four notable abstracts

from the meeting:

e 4 literature review of outcomes for
internal limited membrane peeling
in patients with diabetic macular
edema;

¢ an update from the TRUCKEE
study of real-world outcomes in pa-
tients receiving faricimab for neo-
vascular age-related macular degen-
eration;

e 48-month results from the PUL-
SAR study of high-dose afliber-
cept for patients with nAMD; and

e an update from the DRCR Ret-
ina Network Protocol AC trial of
patients randomized to aflibercept
monotherapy or bevacizumab first.

Is ILM necessary in

diabetic vitrectomy?

i Internal limiting membrane

\ peeling in diabetic vitrec-
tomy has been proposed for

s DME, proliferative diabetic

retinopathy and tractional retinal detach-
ment. However, we don't fully understand
the long-term effects or even immediate
benefits of ILM peeling.

Stanley Chang, MD, of the Edward
Harkness Eye Institute at Columbia Uni-
versity Medical Center in New York, de-
scribed the important role Miiller cells play
as the primary glial cells of the retina.! ILM
peeling injures Miiller cells and nerve fi-
ber layer axons. Miiller cells are important
in maintaining retinal function including
recycling neurotransmitters, preventing
glutamate toxicity, participating in the ret-
inoid cycle, and regulating nutrient supply
and blood flow to the retina. Disturbing
the Miiller cells can affect all the cells in
the retina.

In diabetes, hyperglycemia activates
Miiller cells, increasing cytokine and
chemokine release. The retinal thickness
is also decreased in patients with severe
diabetic eye disease.

Dr. Chang performed a literature review
that found no difference in best corrected
visual acuity, postoperative central macular
thickness or macular thickness reduction
in patients undergoing ILM peeling for
DME.

ILM peeling in PDR showed slightly
more promising results. Patients under-
going ILM peeling for PDR or TRD had
better BCVA, needed fewer anti-VEGF
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TRUCKEE
showed that
atients
reated with
faricimab
have good
outcomes
with stable
to improved
VA, reduced
mean cen-
tral subfield
thickness
and de-
creased
pigment
epithelial
detachment
height.

injections, and had a lower postoperative
rate of DME and epiretinal membrane
formation. Dr. Chang noted some import-
ant limitations, namely that VA results for
patients undergoing subsequent epiretinal
membrane peeling weren't available.

Dr. Chang reviewed his own cases, not-
ing that the ILM shouldn’t be peeled if it
appears normal. No strong clinical evidence
exists that peeling ILM in cases of DME
leads to better outcomes. He advised peel-
ing ILM in diabetic eyes with macular trac-
tion if striae are present and underscored
that we don’t know the long-term effects of
ILM peeling on DR, especially in younger
patients.

Dr. Chang disclosed relationships with
Alcon Laboratories and Genentech.

Update from TRUCKEE
study of faricimab
TRUCKEE is an ongo-

ing collaborative cli-
nician-run trial across the
United States looking at
real-world outcomes in patients receiving
faricimab (Vabysmo, Genentech/Roche).?
So far, 491 patients with nAMD have been
enrolled, receiving a total of 1,231 injec-
tions; follow-up data are available on 335
patients. The majority were high-need pa-
tients and most were switched from afliber-
cept (Eylea, Regeneron Pharmaceuticals)
to faricimab.

Overall, TRUCKEE showed that patients
treated with faricimab have good outcomes
with stable to improved VA, reduced mean
central subfield thickness and decreased
pigment epithelial detachment height.

Treatment-naive patients gained on av-
erage 4.9 letters, had an 84.5-pm reduction
in mean CST and 93-pm reduction in PED
height. After one faricimab injection, 40
percent of patients had resolution of intra-
retinal fluid, 25 percent had total resolution
of subretinal fluid and 41.7 percent had
total resolution of PEDs.

For all patients switched from any
anti-VEGF medication to faricimab, IRF
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resolution occurred in 17.8 percent of eyes,
SRF resolution in 36.6 percent and PED
resolved in 11.1 percent. For those eyes
switched from aflibercept, 12.3 percent
had complete IRF resolution, 37.2 percent
complete SRF resolution and 3.2 percent
complete PED resolution. All switched
patients maintained or extended their pri-
or-treatment interval.

Faricimab was well-tolerated with one
case of infectious endophthalmitis and one
case of intraocular inflammation in the
study. Ramanath Bhandari, MD, of Spring
Clinic Eye Institute in Springfield, Illinois,
was asked about the need for repeating
loading doses when switching a patient to
faricimab and advised that a loading dose
is beneficial for patients that are amenable
when switching therapies.

Dr. Bhandari disclosed relationships with
Apellis Pharmaceuticals, Novartis, Regen-
eron Pharmaceuticals, RevOpsis and Vial.

High-dose aflibercept
extends intervals
PULSAR was a multi-

center, randomized, dou-
ble masked study of 1,011
patients with treatment-naive
nAMD .} Patients were randomized 1:1:1 to
aflibercept 2 mg q8 weeks, aflibercept 8 mg
q12 weeks or aflibercept 8 mg q16 weeks,
all after three monthly injections. Baseline
patient characteristics were similar across
all groups and the study met its primary
endpoint at week 48.

At 48 weeks, the standard dosing group
gained 6.2 letters, the 8-mg/ql12-weeks
group gained 6.7 letters and the 8-mg/
ql6-weeks group gained 7.6 letters, Paolo
Lanzetta, MD, of the University of Udine
and the European Institute of Ocular Mi-
crosurgery in Milan, reported.

At week 16, 63 percent of patients on
8-mg treatment didn’t have any retinal fluid
compared to 52 percent in the 2-mg group.
Overall, 83 percent of patients receiving
the 8-mg dose maintained a greater-than-
ql2-weeks dosing. Seventy-nine percent of



patients maintained a ql2-week regimen
and 77 percent a q16-week dosing.

All three groups had a similar CRT, and
no group saw a significant see-sawing effect
over the 48 weeks. The higher dose was
well tolerated and no significant safety sig-
nals were reported during the study.

Importantly, intraocular pressure in-
crease was similar across all groups, with
a 2.1 percent rise in the 2-mg group and
a 3 percent increase in the 8-mg groups.
PULSAR shows some encouraging results
for increasing duration with high dose af-
libercept.

Dr. Lanzetta disclosed relationships with
AbbVie, Aerie Pharmaceuticals, Apellis
Pharmaceuticals, Bausch + Lomb, Bayer
Healthcare Pharmaceuticals, Biogen, Boeh-
ringer Ingelheim, Centervue, Genentech,
Novartis, Outlook Therapeutics and Roche.

Aflibercept vs.
hevacizumab for DME

he Protocol AC study of

the DRCR Retina Net-
work evaluated aflibercept
monotherapy or bevacizum-
ab (Avastin, Roche/Genentech) first for
diabetic macular edema.*?

We know from Protocol T that patients
with 20/50 or worst vision who were started
on aflibercept did better at one and two
years.5 Insurers are increasingly demanding
that we employ “step therapy” to reduce
costs, but we don’t know if this treatment
strategy compromises visual outcomes for
patients.

In Protocol AC, patients with 20/50 or
worse vision were randomized to afliber-
cept monotherapy or bevacizumab first. At
12 weeks, patients receiving bevacizumab
first could be switched to aflibercept based
on the following criteria: persistent DME;
injection with bevacizumab at the last two
visits; no recent improvement; and con-
tinued suboptimal vision (20/50 or worse
before 24 weeks and 20/32 or worse after
24 weeks). Once patients were switched,
they were treated with aflibercept for two

monthly visits then retreated according to
preset criteria.

The bevacizumab-first patients averaged
1.5 more injections over two years. Over
two years, 70 percent of patients switched
from bevacizumab first to aflibercept. No
overall difference in mean vision or reti-
nal thickness was found between the two
groups. The number of patients with two-
and three-line improvement were similar
in both groups. CST wasn't statistically sig-
nificantly different between the two groups,
although the results slightly favored afliber-
cept.

At two years, 62 percent of aflibercept
eyes and 55 percent of bevacizumab eyes
had complete DME resolution. Adverse
events were similar across both groups.

Chirag Jhaveri, MD, of the Retina Con-
sultants of Austin and the Austin Research
Center for Retina in Texas, concluded that
rescue treatment with aflibercept mitigat-
ed the average visual and anatomic differ-
ence that arose from initiating therapy with
bevacizumab versus aflibercept. Initiating
treatment with bevacizumab may result in
cost reductions for the health-care system
without significant difference in visual out-
comes over two years.

Dr: Jhaveri disclosed relationships with
Boehringer Ingelheim, Genentech/Roche,
Gyroscope Therapeutics, Kodiak Sciences,
Novartis, Opthea, Oxurion and RegenxBio. ®
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Axitinib implant shows early potential

Interim results from Phase I trial of OTX-TKI, a bioresorbable hydrogel platform using a
tyrosine kinase inhibitor.

With Arshad

Arshad Khanani,
MD

What makes
tyrosine
kinase inhib-
itors novel in
the treatment
of exudative
retinal
disease is
their pan-
vascular
endothelial
growth factor
inhibition.

yrosine kinase inhibitors are drawing

heightened interest as a novel treat-

ment for exudative retinal disease.

They include vorolanib (EYP-1901,
EyePoint Pharmaceuticals), sunitinib (GB-
102, Graybug Vision) and axitinib.

The latter is the subject of two investi-
gative programs in neovascular age-related
macular degeneration: OTX-TKI (Ocular
Therapeutix), an intravitreal, bioresorbable
hydrogel implant; and CLS-AX (Clearside
Biomedical), a suprachoroidal microinjector
platform.

Seven-month interim results of the U.S.-
based Phase I trial of OTX-TKI 600 pg, re-
ported in October at the American Academy
of Ophthalmology meeting,' showed that the
implant was well-tolerated in the patients
who received it. All trial subjects had been
previously treated for their nAMD.

Novelty of TKls

What makes TKIs novel in the treatment
of exudative retinal disease is their pan-vas-
cular endothelial growth factor inhibition.
Existing treatments target one or two factors
(faricimab [Vabysmo, Genentech/Roche]
targets VEGF-A and angiopoietin-2).
Whether this translates into longer treat-
ment intervals is something the various clini-
cal trials of TKIs in retinal disease, including
the Phase I OTX-TKI trial, aim to sort out.

Here, Arshad Khanani, MD, who present-
ed the interim results at the AAO meeting,
answers questions about the Phase I trial
of OTX-TKI in wet AMD. Dr. Khanani is
managing partner and director of clinical
research at Sierra Eye Associates in Reno,
Nevada, and clinical associate professor at
the University of Nevada, Reno School of
Medicine. He is a consultant to trial sponsor
Ocular Therapeutix, as well as EyePoint
Pharmaceuticals, Genentech/Roche, Gray-
bug Vision, Novartis and Regeneron Phar-
maceuticals.
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What makes TKIs unique for treatment

of exudative retinal disease?

TKIs are designed for pan-VEGF inhi-

bition. They work on the intracellular
receptors. Current anti-VEGF treatments
target extracellular VEGF with antibodies or
trap, but TKIs bind to all VEGF receptors
and block them from inside the cell.

How does axitinib differ from the other

TKiIs in the pipeline?

The benefit of axitinib is that it seems

to have the highest affinity for VEGF-
2 compared to the other TKIs. The hope is
that with that high infinity and the sustained
dosing through the bioresorbable implant,
we'll be able to control nAMD for six months
or more in most of these patients.

Can you describe the design of the

Phase | U.S. trial?

This trial followed a study in Austra-

lia that detected a signal for efficacy.
That trial included both previously treat-
ed and treatment-naive patients. With the
U.S. study, the goal was to evaluate safe-
ty, durability and tolerability of OTX-TKI
in previously treated patients with nAMD.
Eligibility criteria included having controlled
retinal fluid and a response to anti-VEGF
previously.

Patients were randomized 3:1 to either
OTX-TKI or aflibercept (Eylea, Regeneron
Pharmaceuticals; n=15 and 5), with the af-
libercept arm getting a sham injection at
baseline. At four weeks, all patients received
an aflibercept injection, with the aflibercept
arm getting injections every eight weeks.

What were the criteria for rescue

therapy?

Rescue criteria were a >10-letter loss

from the previous best-corrected visual
acuity or 275 pm change in central subfield
thickness and a >5-letter loss and new macu-



lar hemorrhage. However, if the investigator felt the patient
needed treatment, they could exercise their own discretion.

What'’s the take-home from the seven-month trial

results?

The majority of patients on OTX-TKI maintained

BCVA and CSFT through seven months. The mean
change in BCVA was —1.2 (5.2) letters and -1 (5.3) letters in
the OTX-TKI and aflibercept arms, respectively. The mean
change in CSFT was +9.2 (38.6) pm and +0.4 (9.1) pm.

How many OTX-TKI patients needed rescue?

Eighty percent were rescue-free through six months

and 73 percent through seven months. Four patients

received five rescue injections, all based on the inves-
tigator’s discretion. One OTX-TKI patient received rescue
aflibercept at three and five months, two received rescue at
five months, and one received rescue at six months.

What were the findings with regard to safety?

There were no drug-related ocular serious adverse

events. One patient in the OTX-TKI arm had en-

dophthalmitis after receiving an aflibercept rescue
injection. It resolved after an intravitreal antibiotic injection
and the patient’s vision returned to baseline. There were no
reports of intraocular inflammation in the OTX-TKI arm.

What are the next steps in the development of OTX-

TKI?

First, the 12-month results from the Phase I U.S.

trial must be collected and analyzed. In my opinion,
the next trial should look at previously treated patients and
have the primary endpoint of noninferiority to aflibercept.
The Phase II trial in wet AMD is expected to start later next
year. Ocular Therapeutix also plans to start a U.S.-based
Phase I trial in diabetic retinopathy next year.

Any parting thoughts?

The bar is high whenever you have a new mechanism

of action and early stage data, so we're going to learn

together in terms of long-term efficacy, long-term
safety and durability of OTX-TKI as we go into larger trials
to make sure what we're seeing is real as well as if the safety
continues to look good. ®
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Anti-VEGF for RVO

(Continued from page 27)
macular edema and neovascular age-related macular de-
generation, and tarcocimab. ®
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Sickle cell retinopathy

come a useful adjunct. Systemic therapies for SCD have
shown some clinical signals to improve SCR, but they also
bring limitations, as do BMT and gene therapy. The impact
that newer therapies have on SCR has yet to be elucidated. ®
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VABYSMO™ (faricimab-svoa) injection, for intravitreal use
This is a brief summary. Before prescribing, please refer to the full
Prescribing Information

1 INDICATIONS AND USAGE

VABYSMO is a vascular endothelial growth factor (VEGF) and
angiopoietin 2 (Ang-2) inhibitor indicated for the treatment of
patients with:

1.1 Neovascular (wet) Age-Related Macular Degeneration
(nAMD)

1.2 Diabetic Macular Edema (DME)

4 CONTRAINDICATIONS

4.1 Ocular or Periocular Infections
VABYSMO is contraindicated in patients with ocular or periocular
infections.

4.2 Active Intraocular Inflammation
VABYSMO is contraindicated in patients with active intraocular
inflammation.

4.3 Hypersensitivity

VABYSMO is contraindicated in patients with known hypersensitivity
to faricimab or any of the excipients in VABYSMO. Hypersensitivity
reactions may manifest as rash, pruritus, urticaria, erythema, or
severe intraocular inflammation.

5 WARNINGS AND PRECAUTIONS

5.1 Endophthalmitis and Retinal Detachments

Intravitreal injections have been associated with endophthalmitis
and retinal detachments [see Adverse Reactions (6.1)]. Proper
aseptic injection techniques must always be used when
administering VABYSMO. Patients should be instructed to report
any symptoms suggestive of endophthalmitis or retinal detachment
without delay, to permit prompt and appropriate management /see
Dosage and Administration (2.6) and Patient Counseling Information
(17)].

5.2 Increase in Intraocular Pressure

Transient increases in intraocular pressure (IOP) have been seen
within 60 minutes of intravitreal injection, including with VABYSMO
[see Adverse Reactions (6.1)]. I0P and the perfusion of the optic
nerve head should be monitored and managed appropriately /see
Dosage and Administration (2.6)].

5.3 Thromboembolic Events

Although there was a low rate of arterial thromboembolic events
(ATEs) observed in the VABYSMO clinical trials, there is a potential
risk of ATEs following intravitreal use of VEGF inhibitors. ATEs are
defined as nonfatal stroke, nonfatal myocardial infarction, or
vascular death (including deaths of unknown cause).

The incidence of reported ATEs in the nAMD studies during the
first year was 1% (7 out of 664) in patients treated with VABYSMO
compared with 1% (6 out of 662) in patients treated with aflibercept
[see Clinical Studies (14.1)].

The incidence of reported ATEs in the DME studies during the first
year was 2% (25 out of 1,262) in patients treated with VABYSMO
compared with 2% (14 out of 625) in patients treated with
aflibercept [see Clinical Studies (14.2)].

6 ADVERSE REACTIONS

The following potentially serious adverse reactions are described
elsewhere in the labeling:

e Hypersensitivity [see Contraindications (4)]

e Endophthalmitis and retinal detachments [see Warnings and
Precautions (5.1)]

e Increase in intraocular pressure [see Warnings and Precautions
(5.2)]

o Thromboembolic events /see Warnings and Precautions (5.3)]

6.1 Clinical Trial 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 other clinical trials
of the same or another drug and may not reflect the rates observed
in practice.

The data described below reflect exposure to VABYSMO in 1,926
patients, which constituted the safety population in four Phase 3
studies [see Clinical Studies (14.1, 14.2)].

Table 1: Common Adverse Reactions (= 1%)

Adverse VABYSMO Active Control

Reactions (aflibercept)
AMD DME AMD DME
N=664 | N=1262 | N=622 | N=625

Conjunctival o o o o

hemorrhage 7% 7% 8% 6%

Vitreous o o o o

floaters 3% 3% 2% %

Retinal

pigment o o

epithelial 8% 1%

tear?

Intraocular

pressure 3% 3% 2% 2%

increased

Eye pain 3% 2% 3% 3%

Intraocular o o o o

inflammation® 2% 1% 1% 1%

Eye irritation 1% 1% <1% 1%

Ocular o 9 o o

discomfort 1% 1% <1% < 1%

Vitreous <1% 1% 1% <1%

hemorrhage

2AMD only

*Including iridocyclitis, iritis, uveitis, vitritis

Less common adverse reactions reported in < 1% of the patients
treated with VABYSMO were corneal abrasion, eye pruritus,
lacrimation increased, ocular hyperemia, blurred vision, eye
irritation, sensation of foreign body, endophthalmitis, visual acuity
reduced transiently, retinal tear and rhegmatogenous retinal
detachment.

6.2 Immunogenicity

The immunogenicity of VABYSMO was evaluated in plasma samples.
The immunogenicity data reflect the percentage of patients whose
test results were considered positive for antibodies to VABYSMO
in immunoassays. The detection of an immune response is highly
dependent on the sensitivity and specificity of the assays used,
sample handling, timing of sample collection, concomitant
medications, and underlying disease. For these reasons, comparison
of the incidence of antibodies to VABYSMO with the incidence of
antibodies to other products may be misleading.

There is a potential for an immune response in patients treated
with VABYSMO. In the nAMD and DME studies, the pre-treatment
incidence of anti-faricimab antibodies was approximately 1.8%
and 0.8%, respectively. After initiation of dosing, anti-faricimab
antibodies were detected in approximately 10.4% and 8.4% of
patients with nAMD and DME respectively, treated with VABYSMO
across studies and across treatment groups. As with all therapeutic
proteins, there is a potential forimmunogenicity with VABYSMO.

8  USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Risk Summary

There are no adequate and well-controlled studies of VABYSMO
administration in pregnant women.

Administration of VABYSMO to pregnant monkeys throughout
the period of organogenesis resulted in an increased incidence of
abortions at intravenous (IV) doses 158 times the human exposure
(based on C,,,) of the maximum recommended human dose /see
Animal Datal. Based on the mechanism of action of VEGF and
Ang-2 inhibitors, there is a potential risk to female reproductive
capacity, and to embryo-fetal development. VABYSMO should not
be used during pregnancy unless the potential benefit to the patient
outweighs the potential risk to the fetus.

All pregnancies have a background risk of birth defect, loss, and
other adverse outcomes. The background risk of major birth defects
and miscarriage for the indicated population is unknown. In the
U.S. general population, the estimated background risk of major
birth defects is 2%-4% and of miscarriage is 15%-20% of clinically
recognized pregnancies.

Data

Animal Data

An embryo fetal developmental toxicity study was performed
on pregnant cynomolgus monkeys. Pregnant animals received 5
weekly IV injections of VABYSMO starting on day 20 of gestation
at 1 or 3 mg/kg. A non-dose dependent increase in pregnancy
loss (abortions) was observed at both doses evaluated. Serum
exposure (C,,,) in pregnant monkeys at the low dose of 1 mg/kg
was 158 times the human exposure at the maximum recommended
intravitreal dose of 6 mg once every 4 weeks. A no observed adverse
effect level (NOAEL) was not identified in this study.

8.2 Lactation

Risk Summary

There is no information regarding the presence of faricimab in
human milk, the effects of the drug on the breastfed infant, or the
effects of the drug on milk production. Many drugs are transferred in
human milk with the potential for absorption and adverse reactions
in the breastfed child.

The developmental and health benefits of breastfeeding should be
considered along with the mother’s clinical need for VABYSMO and
any potential adverse effects on the breastfed child from VABYSMO.

8.3 Females and Males of Reproductive Potential

Contraception

Females of reproductive potential are advised to use effective
contraception prior to the initial dose, during treatment and for at
least 3 months following the last dose of VABYSMO.

Infertility

No studies on the effects of faricimab on human fertility have
been conducted and it is not known whether faricimab can
affect reproduction capacity. Based on the mechanism of action,
treatment with VABYSMO may pose a risk to reproductive capacity.

8.4 Pediatric Use
The safety and efficacy of VABYSMO in pediatric patients have not
been established.

8.5 Geriatric Use

In the four clinical studies, approximately 60% (1,149/1,929) of
patients randomized to treatment with VABYSMO were = 65 years
of age. No significant differences in efficacy or safety of faricimab
were seen with increasing age in these studies. No dose adjustment
is required in patients 65 years and above.

17 PATIENT COUNSELING INFORMATION

Advise patients that in the days following VABYSMO administration,
patients are at risk of developing endophthalmitis. If the eye
becomes red, sensitive to light, painful, or develops a change
in vision, advise the patient to seek immediate care from an
ophthalmologist /see Warnings and Precautions (5)].

Patients may experience temporary visual disturbances after
an intravitreal injection with VABYSMO and the associated eye
examinations [see Adverse Reactions (6)]. Advise patients not
to drive or use machinery until visual function has recovered
sufficiently.
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VABYSMO Is the First, IV'f‘ Injection Approved for
Q4W-Q16W Dosing Intervals in nAMD and DME**

Image not.intended to be a patient portrayal.

Visit VABYSMO-HCP.com

INDICATIONS

VABYSMO (faricimab-svoa) is a vascular endothelial growth factor
(VEGF) inhibitor and angiopoietin-2 (Ang-2) inhibitor indicated
for the treatment of patients with Neovascular (Wet) Age-Related

Macular Degeneration (nAMD) and Diabetic Macular Edema (DME).

IMPORTANT SAFETY INFORMATION

Contraindications

VABYSMO is contraindicated in patients with ocular or periocular
inflammation, in patients with active intraocular inflammation,
and in patients with known hypersensitivity to faricimab or any
of the excipients in VABYSMO.

Warnings and Precautions

- Endophthalmitis and retinal detachments may occur following
intravitreal injections. Patients should be instructed to report any
symptoms suggestive of endophthalmitis or retinal detachment
without delay, to permit prompt and appropriate management.

- Increases in intraocular pressure have been seen within 60
minutes of an intravitreal injection.

- There is a potential risk of arterial thromboembolic events
(ATESs) associated with VECF inhibition.

Adverse Reactions

The most common adverse reaction (25%) reported in patients
receiving VABYSMO was conjunctival hemorrhage (7%).

You may report side effects to the FDA at (800) FDA-1088 or

www.fda.gov/medwatch. You may also report side effects to
Genentech at (888) 835-2555.

THE
Genentech WINDOW
A Member of the Roche Group TO CHANGE

Please see Brief Summary of VABYSMO full Prescribing
Information on the following page.

*Dosing Information:
In NAMD, the recommended dose for VABYSMO is 6 mg (0.05 mL of
120 mg/mL solution) IVT Q4W for the first 4 doses, followed by OCT and
visual acuity evaluations 8 and 12 weeks later to inform whether to extend
to: 1) QI6W (weeks 28 and 44); 2) QI12W (weeks 24,36, and 48); or 3) Q8W
(weeks 20, 28,36, and 44).
In DME, the recommended dose for VABYSMO is 6 mg (0.05 mL of 120 mg/
mL solution) IVT Q4W for 24 doses until CST is <325 pm (by OCT), followed
by treat-and-extend dosing with 4-week interval extensions or 4- to 8-week
interval reductions based on CST and visual acuity evaluations through
week 52. Alternatively, VABYSMO can be administered IVT Q4W for the
first 6 doses, followed by Q8W dosing over the next 28 weeks.

Although VABYSMO may be dosed as frequently as Q4W, additional
efficacy was not demonstrated in most patients when VABYSMO was dosed
Q4W vs Q8W. Some patients may need Q4W dosing after the first 4 doses.
Patients should be assessed regularly and the dosing regimen reevaluated
after the first year.

CST=central subfield thickness; IVT=intravitreal, OCT=optical coherence
tomography; Q4W=every 4 weeks; Q8W=every 8 weeks; Q12W=every 12
weeks; Ql6W=every 16 weeks.
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