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Many retina specialists may be familiar with our dig-
ital platform, www.ModernRetina.com. Welcome 
to this inaugural print edition of Modern Retina™. 
In our cover story, Monika Fleckenstein, MD, high-

lights a recent review article that underscores the idea that age-
related macular degeneration is not a single entity but instead 
represents a disease spectrum with distinct phenotypes that 
appear to have different underlying risk factors. 

Turning to gene therapy, we hear from Marc Mathias, MD, 
as multiple inherited retinal disease therapies move toward 
approval. Realizing their potential requires that ophthalmolo-
gists recognize the importance of genetic testing.

Next, f luorescence lifetime imaging ophthalmoscopy may 
help delay disease progression by initiation of carotenoid supple-
mentation, says Jace Buxton, a medical student at the University 
of Utah School of Medicine in Salt Lake City. 

In diabetic eye disease, Raj Maturi, MD, reports the interim 
2-year results of the DRCR Retina Network Protocol W. Periodic 
aflibercept treatment for moderate-to-severe non-proliferative 
diabetic retinopathy (PDR) resulted in fewer patients develop-
ing PDR or center-involving diabetic macular edema (DME), 
although no positive effect on visual acuity was seen. Maturi 
notes this 4-year study may be key to determine if preventing 
PDR/center-involved DME improves long-term outcomes.

In surgical retina, Kotaro Tsuboi, MD, shares how inner fluid 
volume measured by optical coherence tomography differs sig-
nificantly in its amount, shape, and distribution compared with 
outer fluid volume. These findings represent a retinal degenera-
tive change associated with advanced macular holes.

Finally, David Lally, MD, talks about sustained-release intra-
ocular corticosteroid implants as an efficacious, long-lasting, 
and local treatment option for noninfectious uveitis.

Look for our next edition of Modern Retina™ this fall. As 
always, be sure to follow www.ModernRetina.com for the  
latest updates in cutting-edge retina science. •

Mike Hennessy Sr,  
Chairman and founder of Modern Retina™’s parent company, 
MJH Life Sciences™

Modern Retina™ 
for modern times
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We live in a time of remarkable 
scientific advancement, and it is my 
belief that no field within ophthalmol-
ogy has been affected by this more 
than retina. Even after 2 years of fel-
lowship, today’s retinal specialists 
must be lifelong learners as they stay 
updated on how to translate the lat-
est scientific and technologic develop-
ments into their clinical practices. It is 
exciting—but demanding—to stay on 
the cutting edge. 

Modern Retina™ is focused on  
highlighting for busy retina special-
ists the developments that will change 
how they practice tomorrow. In this 
inaugural issue you will find fascinat-
ing articles exploring the 2 epidemics 
of age-related macular degeneration 

(AMD) and diabetic  
retinopathy, and the key areas of  
gene therapy (in which application  
to retinal disease has led the rest  
of medicine), diagnostics and imag-
ing, surgical retina, and uveitis.

If I may be so bold, permit me  
to call your attention to a fascinating 
article on the conundrum known as 
AMD. Despite the varied and impres-
sive body of scientific knowledge 
accumulated in laboratories around 
the world during the past decade, 
we are seemingly no closer to under-
standing the pathogenesis of this  
disease and how to effectively inter-
vene early on to prevent human suf-
fering and the enormous cost burden 
of the vision loss plaguing our ever-
aging population. 

Is AMD caused by a fault of the 
complement system? Is it due to oxi-
dative damage? Is diet important? 

Our cover story explores the 
intriguing idea that AMD is not a dis-
ease, but rather, a group of diverse 

pathological conditions that share 
similar clinical features. If this 
hypothesis proves to be correct, one 
can imagine that we will see a  
“personalized medicine” approach  
in the future, with each patient  
being assigned to one of several  
subcategories and treated in a  
customized fashion. 

When our oncologist friends 
learned to stop thinking of  
lung cancer as 1 disease and  
segregated the population based on 
the presence or absence of certain 
mutations, cancer therapy underwent 
a revolution.  

We hope retina specialists will find 
Modern Retina™ well worth reading! •

Welcome to Modern Retina™

Advances will change how specialists practice tomorrow
Peter J. McDonnell, MD
is director of the Wilmer Eye Institute, Johns 
Hopkins University School of Medicine, 
Baltimore, and chief medical editor of 
Ophthalmology Times®.

P: 443-287-1511  
F: 443-287-1514  
E: pmcdonn1@jhmi.edu
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specialists must be 
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Pediatric ophthalmologists 
target inherited retinal diseases 
New opportunities continue to develop in an evolving landscape

By Marc Mathias, MD; Special to Modern Retina™

Inherited retinal diseases (IRDs) comprise a  
diverse group of clinical phenotypes that  
result from mutations in a variety of genes.  
Although it has been known for some time that 
a given IRD can arise from alterations in 1 or 
more genes, there has been little impetus to pur-

sue genetic testing to identify a patient’s specific muta-
tion because information gleaned from these tests often 
did not change clinical practice. With the exception of 

retinal dystrophy due to mutations in 
the RPE65 gene, there are no approved 
effective therapies for IRDs. 

Eye care professionals have typi-
cally monitored patients with these 
diseases for progressive vision loss 
without being able to provide treat-
ment beyond nutritional supplements, 
and these have not demonstrated sig-

nificant benefit with respect to disease progression or 
long-term vision outcomes. In the absence of effective 
therapy, many patients lose hope that they can prevent 
further vision loss and forgo their annual eye health 
exams.

Fortunately, the landscape of IRD therapies is evolv-
ing. In 2017, the FDA approved voretigene neparvovec-
rzyl (Luxturna; Spark Therapeutics), a gene therapy for 
the treatment of biallelic RPE65 mutation–associated 
retinal dystrophy. Voretigene neparvovec-rzyl  

utilizes an engineered adeno-associated virus as a  
vector for delivering a functional copy of the RPE65 gene 
to retinal cells, thereby restoring retinal cell function. 
This approval validated the use of gene therapy in the 
treatment of IRDs, creating new hope for patients across 
a variety of degenerative diseases, including X-linked 
retinitis pigmentosa (XLRP), choroideremia, achroma-
topsia, Stargardt disease, and other forms  
of retinitis pigmentosa due to mutations in the USH2A, 
RHO, or CEP290 gene, the latter of which causes Leber 
congenital amaurosis. 

Although these conditions can have variable age of 
onset, with the exception of congenital achromatop-
sia, which is present from birth, many can present in the 
pediatric age group. With at least 24 IRD clinical trials 
ongoing in the United States, and additional studies of 
stem cell therapy in several IRD indications under way, 
hope is on the horizon for many patients with IRDs who 
were previously considered untreatable. 

It is gratifying to have multiple IRD therapies mov-
ing toward approval, but realizing the potential of these 
therapies requires that eye care professionals, especially 
those who see pediatric patients, reorient themselves 
within an evolving landscape. A key first step in devel-
oping a new perspective and approach to clinical prac-
tice is recognizing the importance of genetic testing in 
empowering patients to understand the fundamental 
cause of their disease and identify opportunities for par-

Mathias
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(continued) 

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 
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Non-ocular 
                                                                  YUTIQ                 Sham Injection 
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baseline; 56 of 94 sham-controlled study eyes were phakic at baseline.  

Table 2: Summary of Elevated IOP Related Adverse Reactions  
                                                                 YUTIQ                           Sham  
         ADVERSE REACTIONS               (N=226 Eyes)                (N=94 Eyes) 
                                                                  n (%)                            n (%) 
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Figure 1:   Mean IOP During the Studies 
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ticipating in clinical trials. Although 
access to IRD genetic testing has his-
torically been limited because of lack 
of reimbursement for a test that had 
no impact on clinical practice, 2 pro-
grams currently provide free testing 
that can be performed by the patient 
at home or by a physician or eye 
health professional during a regular 
office visit.

The My Retina Tracker Program 
developed by the Foundation Fighting 
Blindness in partnership with Blue-
print Genetics and InformedDNA and 
supported by several pharmaceutical 
companies, including AGTC, allows 
any provider caring for a patient with 
an IRD to offer that patient genetic 
testing. Physicians who enroll patients 
in the program receive free testing 
kits in the mail and collect a genetic 
sample from the patient through a 
simple blood draw or saliva sample, 
the latter of which patients can per-
form themselves at home.  
For pediatric patients with IRDs, the 
ability to perform saliva testing in 
particular is both easy and efficient, 
removing any fear of needles often 
associated with other lab tests. 

The physician obtains informed 
consent from the patient or parent 
and completes a requisition form for 
the genetic test, and the forms and 
sample are returned to Blueprint 
Genetics in a prepaid mailing enve-
lope. The test currently evaluates  
285 genes associated with IRD, and 
now also includes mitochondrial DNA 
testing. Genetic test results are typi-
cally returned in 3 to 4 weeks. 

The program also offers free 
genetic counseling to patients 
through InformedDNA, which 
provides telephone-based genetic 
counselors who contact the patient 
to review and discuss the test results. 
The ID Your IRD program, which is 
offered through the genetic testing 
company Invitae and sponsored by 
Spark Therapeutics, offers a similar 
program that tests 293 IRD-associ-
ated genes, but does not include the 
RPGR gene associated with XLRP. 

Given the progressive nature of 
many IRDs, gene therapy may pro-
vide optimal benefit when adminis-
tered early in the course of disease 
when fewer retinal cells have already 
been damaged or lost. Genetic test-
ing in the pediatric population is now 
more important than ever, providing a 
more accurate diagnosis on a genetic 
level and offering potential opportuni-
ties for therapies at an earlier stage of 
disease. Recognizing the importance 
of early gene therapy in IRD, several 
ongoing clinical trials are enrolling 
pediatric patients. 

As an example, AGTC is enroll-
ing patients as young as 8 years in 
its ongoing phase 1/2 clinical trial in 
patients with XLRP and is enrolling 
patients between 4 and 8 years in  
its ongoing phase 1/2 clinical  
trials in patients with achromatop-
sia due to mutations in the CNGA3 
or CNGB3 gene. These trials and the 
potential near-term inclusion of pedi-
atric patients in other IRD gene ther-
apy trials underscore the importance 
of referring pediatric patients with 
IRDs for genetic testing. Eye care pro-
fessionals who see pediatric patients 
have a critical role to play in educating 
these patients and their parents about 
the availability and potential benefits 
of IRD genetic testing. 

Additionally, physicians who refer 
patients for testing should ensure 
that appropriate genetic counseling is 
available. 

Several patients 
in my practice have been 
treated with voretigene nepar-
vovec-rzyl and have experienced 
improvements in visual function, 
allowing even some to return to nor-
mal childhood activities. I am opti-
mistic that additional gene therapies 
will provide similar benefit to patients 
with other IRDs. Eye health profes-
sionals can help realize the full poten-
tial of these therapies by offering 
and encouraging patients to pursue 
genetic testing as soon as an IRD or 
other rare disease is suspected. 

Confirmation of an IRD with 
genetic testing can help patients and 
physicians make informed decisions 
about clinical trial opportunities 
today and future trial and treatment 
options as additional therapies enter 
the clinic and the market. Depending 
on the IRD, the sensitivity of genetic 
testing can range from around 60% to 
90%. Although a negative test does not 
rule out a genetic dystrophy, it may in 
some circumstances lead to testing 
for other causes. 

The availability of genetic counsel-
ing through the aforementioned  
testing programs allows for an accu-
rate interpretation of results along 
with any additional recommenda-
tions. According to an old advertising  
slogan, “an educated consumer  
is our best customer,” but in the evolv-
ing landscape of IRD gene therapy, an 
educated physician will be the best 
care provider. •

MARC MATHIAS, MD
p: 720-848-2020
Mathias is an assistant professor of ophthalmology at the 

University of Colorado School of Medicine in Aurora.Je
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gene therapy

With at least 24 inherited retinal 
disease (IRD) clinical trials ongoing 
in the United States, and additional 
studies of stem cell therapy in 
several IRD indications, hope is on 
the horizon for many patients. 

take-home
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FLIO provides insight into 
autofluorescence lifetimes 
in AMD
Imaging method may be useful to monitor disease progression 

By Lynda Charters; Reviewed by Jace Buxton

Detecting age-related macular degener-
ation (AMD) as early as possible is the 
best strategy for preventing irrevers-
ible damage down the line. Fluores-
cence lifetime imaging ophthalmos-
copy (FLIO), a noninvasive imaging 

method, may help delay progression by initiation of ca-
rotenoid supplementation, according 
to Jace Buxton, a medical student at 
the University of Utah School of Medi-
cine in Salt Lake City.

FLIO’s characteristic pattern is a 
ring-shaped area of prolonged mean 
autofluorescence lifetimes around  
the macula. Buxton and colleagues 
conducted a study in which they 
investigated the changes in the auto-

fluorescence lifetimes over time in patients with AMD 
to better understand disease progression and the 
responses to treatment.

STUDY AND FINDINGS
The study evaluated 28 patients with a mean age of  
73 years using a protype FLIO instrument (Heidelberg 

Engineering). Patients were followed for a mean of  
17 months (range, 6-35). FLIO was performed to  
investigate a 30° retinal field centered on the fovea, Bux-
ton explained. 

Fundus autofluorescence was excited at 473 nm, 
and FLIO lifetimes were recorded in short (498-560 nm) 
and long (560-720 nm) spectral channels (SSC and LSC, 
respectively) (Figure). 

The investigators reported increases in the values 
obtained in both the SSC and LSCs over time. At base-
line, the FLIO lifetimes in the outer ring of a standard-
ized early treatment diabetic retinopathy study grid 
were 297 ± 54 picoseconds (ps) and 405 ± 58 ps, respec-
tively, in the SSC and LSC. At the follow-up evaluation, 

Buxton
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“FLIO may help delay 
progression by initiation of 

carotenoid supplementation.”
—Jace Buxton
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the respective values for the same 
areas were 306 ± 59 ps and 411 ± 57 ps,  
changes that reached significance in 
both spectral channels (P < .01). The 

central area did not exhibit any signif-
icant changes in either spectral chan-
nel. The average 12-month prolonga-
tion of FLIO lifetimes in the outer ring 
was 7 ± 20 ps and 7 ± 13 ps in the SSCs 
and LSCs.

Buxton pointed out that the rate 
of progression varied among patients 
and even between eyes of the same 
patient. The investigators concluded 
that FLIO may be useful to monitor 
AMD progression as well as the effec-
tiveness of treatment approaches.  

For example, in 3 patients treated 
with anti-VEGF, there was a 10-ps 
annual decrease in the autofluores-
cence lifetimes. •

JACE BUXTON
e: Jace.Buxton@hsc.utah.edu
This article was adapted from Buxton’s presentation at 

the Association for Research in Vision and Ophthalmol-

ogy 2021 virtual annual meeting. He has no financial 

interests related to this subject matter.
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Fluorescence lifetime imaging ophthalmoscopy (FLIO) lifetimes (long spectral channel [LSC]) from 4 patients with age-related macular 
degeneration at baseline and follow-up. Individual patients show different progression independent of age. Progression was classified as fast, 
medium, or slow. The follow-up time in months is indicated in the images.  (Images courtesy of Jace Buxton)

Fluorescence lifetime imaging  
ophthalmoscopy may be useful  
to monitor the progression of AMD 
as well as the effectiveness of 
treatment approaches.

take-home
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 Do you want to submit an article to Modern Retina™?
The emphasis of every article should be practical and 
current. Articles describing techniques should include enough 
information so readers can make independent judgments 
about how applicable the approach is for them.

Articles usually contain 1000 to 2500 words, plus photos, 
graphs, charts, tables, diagrams, or other appropriate graphics.

The typical time between an initial inquiry and a published 

magazine article is 1 to 3 months.

Articles must be original work that has not been published 
elsewhere. Articles are considered for publication with 
the understanding that they are not simultaneously under 
consideration for publication elsewhere.

Contact Sheryl Stevenson, Group Editorial Director,  
with questions at SStevenson@mjhlifesciences.com.
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Gaining a greater
understanding of AMD
Paper provides perspective on current knowledge and future needs 

By Cheryl Guttman Krader, BS Pharm; Reviewed by Monika Fleckenstein, MD

Arecently published review article on 
age-related macular degeneration 
(AMD) presents a comprehensive dis-
cussion of current knowledge regard-
ing the disease state, raises important 
questions to be addressed in future 

research, and underscores the idea that AMD is not a 
single entity but instead represents a disease spectrum 
with distinct phenotypes that appear to have different 

underlying risk factors and patho-
genic pathways.

The 25-page paper1 was written 
by invitation from the journal’s edi-
tors and represents joint efforts by an 
international expert panel organized 
by Emily Y. Chew, MD, PhD, director 
of the Division of Epidemiology and 
Clinical Applications at the National 
Eye Institute at the National Institutes 

of Health in Bethesda, Maryland. The paper covers epi-
demiology; mechanisms/pathophysiology; diagnosis, 
screening, and prevention; management; and quality of 
life, and it cites 280 references. 

Monika Fleckenstein, MD, a professor of ophthal-
mology at John A. Moran Eye Center at the University 
of Utah in Salt Lake City, is the first author of the work. 
Although there have been several recent review  
articles on AMD, Fleckenstein told Modern Retina™ that 

she believes this paper stands out for the depth and 
breadth of the information it contains. 

“Although our paper, which is a review article, does 
not present new original research, we believe it high-
lights some important new concepts about AMD and 
topics for future investigations,” she said. 

Moreover, Fleckenstein added that her team believes 
the global overview of AMD provided in their paper will 
be useful for all ophthalmologists, ophthalmologists in 
training, and physicians in other fields of medicine in 
addition to anyone with a special interest in AMD. 

“We hope that our emphasis on the idea that AMD 
comprises diverse pathological conditions will be 
thought-provoking for basic and clinical scientists as 
they plan new research that ultimately will lead to 
improved care and better quality of life for patients with 
AMD,” she added. 

RETHINKING AMD
Fleckenstein pointed out that when the article was so-
licited, the journal editors asked that it describe a model 
of AMD. However, complying with this request chal-
lenged the writing group because the exact interactions 
of pathophysiological events that may culminate in dif-
ferent AMD types remain to be elucidated. 

“We know there are different phenotypes and stages 
in this bucket of AMD, and because of accumulating 
evidence, we are more and more convinced there are dif-

Fleckenstein
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ferent dominant mechanisms for their 
development,” Fleckenstein said.

For example, she noted that cur-
rent information indicates the risk 
factors for the development of geo-
graphic atrophy differ from those 
associated with progression of the 
atrophic lesions. Knowledge of these 
differences is important for investiga-
tors, as it indicates a need to focus on 
different targets for preventive versus 
therapeutic interventions. 

In discussing neovascularization in 
AMD, the paper highlights new con-
cepts and terminologies that have 
emerged thanks to clinicopathologi-
cal correlations that have been refined 
through advances in imaging tech-
niques. First, the paper uses the term 
macular neovascularization (MNV) 
rather than choroidal neovasculariza-
tion based on the fact that not all neo-
vascularization in the area of the mac-
ula arises from the choroid. 

In addition, the article reviews evi-
dence of different types of MNV, some 
of which seem to protect against AMD 
progression.

“This latter concept was first put 
forth decades ago by histopatholo-
gists but has only recently gained 
full attention because newer imag-
ing technologies have enhanced our 
ability to visualize different subtypes 
of MNV in vivo,” Fleckenstein said. 
“Indeed, several studies implementing 
high-resolution retinal imaging have 
shown that rates of dry AMD progres-
sion differ depending on the presence 
of certain MNV subtypes.”

Fleckenstein added that the obser-
vations may lead to the identification 
of new therapeutic targets and also 
argue against interventions that aim 
to eliminate all MNV.

CONSENSUS ON TERMINOLOGIES
One goal of developing new consensus 
terminologies for distinct manifesta-
tions of AMD is to provide a complete 
view of pathological changes that 

occur in the disease. 
Fleckenstein noted, however, that it 

is a task not easily done. For example, 
although the term MNV recognizes 
the fact that not all AMD-related neo-
vascularization originates from the 
choroid, it does not account for the 
fact that AMD can also be associated 
with neovascularization in the periph-
eral retina.

“It became clear to me while work-
ing on this project that it is not always 
possible to find all-inclusive terms 
that also reflect the range of experts’ 
opinions,” she said. Even if a group 
comes to a consensus about a particu-
lar classification system or preferred 
term, other specialists in the field may 
not agree.

“But it is the open-minded dis-
course that will advance our field,” she 
noted. “We also have to realize that 
terminologies are always subject to 
flux as new information emerges.” •
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MONIKA FLECKENSTEIN, MD
e: monika.fleckenstein@hsc.utah.edu
Fleckenstein receives grants from Heidelberg Engineer-

ing, Genentech/Roche, Novartis, and Optos; personal fees 

from Bayer, Heidelberg Engineering, Genentech/Roche, 

and Novartis; and nonfinancial support from Carl Zeiss 

Meditec, Heidelberg Engineering, and Optos outside the 

submitted work.

Differential enlargement rates of GA. Serial fundus autofluorescence images of eyes with 
GA. a] GA lesion with a progression rate of 1 mm2/year and only a few disseminated spots 
of increased FAF. b] A lesion with a progression rate of 2 mm2/year. In this eye, there is a 
widespread fine granular FAF signal surrounding the atrophic lesion. c] An eye with a trickling 
GA phenotype showing the fastest progression. The FAF signal is typically garish in the area of 
atrophy compared with the other GA subtypes, and the lesion is multilobular, surrounded by 
extensive reticular pseudodrusen. geographic atrophy = GA; fundus autofluorescence = FAF 
(Copyright: adapted from REF2)
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The state of retina therapeutics
Ophthalmologists face challenges of drug delivery for retinal diseases

By Cheryl Guttman Krader, BS Pharm; Reviewed by Albert J. Augustin, MD

DURING A RECENT ROUNDTABLE with Mod-
ern Retina™ and Ophthalmology Times Europe®, 
experts in retinal disease discussed the challenges of drug 
delivery for retinal diseases and investigational strategies 
for improving patient care and outcomes by overcoming 
existing issues. 

Moderated by Albert J. Augustin, MD, the interna-
tional panel included Jean-François Korobelnik, MD; 
Mariya Moosajee, PhD, MBBS, BSc, FRCOphth; 
and Tunde Peto, MD, PhD. 

After reviewing approaches to diagnosis, 
which establish the indication for treatment, 
and patient-specific factors that may factor into 
therapeutic decision-making, the group reviewed 
the current therapeutic landscape for exudative age-
related macular degeneration (AMD), diabetic macular 
edema (DME), diabetic retinopathy, macular edema  
secondary to retinal vein occlusion (RVO), and inherited 
retinal dystrophies. 

The physicians’ summaries highlighted the risks of  
the available modalities and their burdens for patients, 
caregivers, and providers.

To provide a foundation for understanding solutions  
to overcome the drawbacks of existing approaches, the 
discussion turned to barriers and unmet needs related to 
achieving effective drug delivery to the retina. Finally, partic-
ipants shared their perspectives on investigational therapeu-
tics, including novel compounds and delivery systems. 

NEW MOLECULES
The ability to prolong the treatment interval is a main goal 
for the development of new therapeutics for retinal diseases. 

Discussing brolucizumab, which is approved in both 
the United States and Europe for treating exudative AMD, 
Korobelnik noted that clinical trial data suggest that the 
benefit of this anti-VEGF agent may last longer than previ-
ously available VEGF inhibitors. 

However, clinical studies investigating brolucizumab 
were not designed to fully explore response durability,  
and inflammatory reactions have emerged as a potential 
concern in postmarketing experience, said Korobelnik, a 
professor and chief of ophthalmology at the University Hos-
pital of Bordeaux in France. 

He noted that despite some initial encouraging data, 
development has stalled for conbercept, designed ankyrin 
repeat proteins, and abicipar pegol because of efficacy  
and/or safety issues. 

New agents still in development include ripasudil  
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(Glanatec), a rho kinase  
inhibitor being investigated  
as a treatment for diabetic retino-
pathy, and CLS-AX, a suspension  
of axitinib for suprachoroidal injec-
tion. Axitinib is a VEGF receptor tyro-
sine kinase inhibitor that provides 
pan-VEGF inhibition. This formula-
tion is being studied for its potential 
to be a long-acting treatment for wet 
AMD. 

Discussing faricimab, a bispecific 
antibody targeting angiopoietin-2 and 
VEGF-A, Peto said that it has shown 
promise for allowing less frequent 
injections in clinical trials investigat-
ing its use to treat both DME and wet 
AMD. 

“During the first year, about  
one-half of patients needed repeat 
injections just every 4 months. We will 
have to wait to see if this prolonged 
activity holds up in the real world,” 
said Peto, a professor of clinical oph-
thalmology at Queen’s University 
Belfast in Northern Ireland, United 
Kingdom.

NOVEL DELIVERY SYSTEMS
Korobelnik noted that phase 3  
studies have been completed investi-
gating triamcinolone acetonide  
suprachoroidal injectable suspension 
to treat macular edema  
associated with uveitis and RVO. 
Compared with intravitreal admin-
istration, this approach offers easier 
administration and reduced risk of in-
traocular infection. 

However, it also carries a concern 
for causing increased IOP, he said.

Peto discussed the refillable port 
delivery system for ranibizumab 
(Lucentis). Panel members noted that 
the agent has a practical limitation of 
requiring placement by a vitreoretinal 
surgeon and that more research  
is needed to understand whether 
there are downsides from continuous 
exposure to VEGF blockade.

Sustained-release systems under 

investigation include a micro-
parti cle depot formulation of suni-
tinib (Sutent), GB-102. Sunitinib is a 
pan-VEGF inhibitor, and GB-102 is 
designed to be administered by intra-
vitreal injection twice per year.

“GB-102 has been evaluated for 
treatment of macular edema second-
ary to RVO in a phase 2A trial, and 
[appears] promising based on interim 
results from a phase 2B study,” said 
Augustin, professor and chairman of 
the Department of Ophthalmology at 
Klinikum Karlsruhe in Germany.

Patients with DME or exudative 
AMD are being recruited for  
enrollment in a safety study of an 
intravitreal implant providing sus-
tained release of AR-13503, an inhibi-
tor of rho kinase and protein kinase C. 
In addition, a sustained-release intra-
vitreal implant of axitinib (OTX-TKI) 
is being developed as a treatment for 
wet AMD, DME, and RVO.

KSI-301, an intravitreal anti-VEGF 
biopolymer conjugate, was associated 
with positive results in a phase 2 trial 
of DME; a phase 3 study is investigat-
ing an injection interval of up to 24 
weeks. 

“Of course, there is the potential for 
inflammation and induction of immu-
nogenicity with the devices and com-
pounds used for sustained release, 
and safety is something that every-
body is looking at very carefully,” 
Korobelnik said.

ADVANCES IN GENE THERAPY
Numerous trials are investigating 
gene therapy for hereditary retinal 
disorders, Moosajee said. Most are 
using adeno-associated viral (AAV) 
vectors, but these vectors have a pack-
aging limit. Therefore, ongoing re-
search aims to develop alternative ap-
proaches for delivering larger genes 
that include the use of dual AAV vec-
tors and nonviral vectors. 

Although the latter option has 
potential safety advantages compared 

with viral vectors, it may  
need to be used with microneedles, 
microelectroporation systems, or 
nanoparticles to achieve adequate 
transduction into target cells, said 
Moosajee, a professor of molecular 
ophthalmology at UCL Institute of 
Ophthalmology and a consultant oph-
thalmologist in genetic eye disease at 
Moorfields Eye Hospital in London, 
United Kingdom. 

Investigators in gene therapy are 
also looking at intravitreal injection 
using novel AAV capsids that may 
provide more efficient transduction 
into target cells. A phase 1 clinical 
trial is under way using this technol-
ogy to deliver the CHM gene for  
choroideremia, Moosajee said. Gene 
therapy for RPE65 retinopathy with 
voretigene neparvovec is now an 
approved treatment worldwide.

“The hope is that work being  
done with delivery systems in  
AMD and diabetic eye disease can  
be applied to our field and allow  
gene delivery through intravitreal 
injection that would have fewer risks  
and reach more parts of the retina,” 
she concluded. •

ALBERT J. AUGUSTIN, MD
e: albertjaugustin@googlemail.com
Augustin has no relevant financial interests to disclose.
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Study evaluates periodic 
aflibercept injections in 
NPDR treatment
Visual benefit is not seen during first 2 years of Protocol W

By Lynda Charters

Periodic aflibercept (Eylea; Regeneron 
Pharmaceuticals) treatment for moder-
ate to severe nonproliferative diabetic 
retinopathy (NPDR) resulted in fewer pa-
tients developing PDR or center- 
involving diabetic macular edema  

(DME), although no positive effect on visual acuity (VA) 
was seen, according to Raj K. Maturi, MD, Department 
of Ophthalmology, Indiana University School of Medi-
cine, Indianapolis, who reported the interim 2-year  
results of the DRCR Retina Network Protocol W study.

“Eyes with moderate to severe NPDR are at high 
risk for disease progression and development of vision-
threatening complications,” Maturi stated, underscor-
ing the importance of determining whether aflibercept 
prevents development of PDR and center-involved  
DME as well as the potential for a visual benefit at the 
later 4-year point. 

PROTOCOL W
Protocol W is a randomized multicenter clinical trial of 
adults with type 1 or 2 diabetes and severe NPDR in at 
least 1 eye. Included patients had no evidence of neovas-
cularization on fluorescein angiography and a best-cor-
rected VA letter score of 79 or higher, ie, Snellen  

acuity of 20/25 or better. Patients were randomly  
assigned to receive either 2 mg of periodically admin-
istered intravitreous aflibercept or sham injection. 
Monthly injections were administered for the first  
3 visits and followed by injections at months 4, 8, and 
12. Before 2 years, injections were administered at each 
visit, with subsequent treatment with aflibercept only if 
the diabetic retinopathy exceeded mild NPDR.

The primary outcome was the cumulative probabil-
ity of development of PDR or center-involving DME with 
vision loss. Treatment was deferred if the eye had no 
worse than mild NPDR. Aflibercept was administered in 
both groups if center-involving DME with vision loss or 
high-risk PDR developed. 

OUTCOMES
A total of 399 eyes of 328 patients were included (mean 
age, 56 years), all of whom had moderate to severe 
NPDR. Of these, 200 were randomized to aflibercept and 
199 to sham treatment; data from all these patients were 
included in the primary analysis. 

At 2 years, more patients randomized to sham ther-
apy developed DME or PDR compared with those ran-
domized to aflibercept (44% vs 16%, respectively; 
adjusted HR, 0.32; P < .001), Maturi reported.
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The time to development of PDR 
was 33% in the sham group and 14% 
in the aflibercept group. The time to 
development of DME was 15% in the 
sham group and 4% in the afliber-
cept group. “The criteria for the 
development of the first PDR and/or 
DME [were] met in 35 patients in the 
aflibercept group and 81 patients in 
the sham group,” Maturi said. 

Most patients in both groups devel-
oped neovascularization of  
the disc and/or neovascularization 
elsewhere, 4 patients in each group 
developed vitreous hemorrhage, and 1 
patient in the sham group developed 
neovascularization of the iris com-
pared with no patients in the afliber-
cept group.

VEGF therapy was administered to 
3 patients in each group, and focal or 
grid laser for DME was administered 
in 1 patient in the sham group.

Analysis conducted to determine a 
correlation between the baseline NPDR 
severity and development of DME or 
PDR indicated a definite relationship 
based on more severe disease.  

“Among patients with the lowest 
levels of NPDR, only 3% in the afliber-
cept group went on to develop DME or 
PDR compared with 24% in the sham 
group,” Maturi said. “Among patients 
with severe NPDR, 36%  
went on to develop DME or PDR  
in the aflibercept group, and 68%  
did so in the sham group despite  
regular treatments.”

Analysis of the change in the  
severity of diabetic retinopathy at  
2 years showed that 5% of patients 
in the aflibercept group had a 2-step 

worsening of disease compared with 
12% in the sham group. Regard-
ing improvement, 45% of patients in 
the aflibercept group had a 2-step or 
greater improvement compared with 
14% in the sham group.

Comparison of the 2 treatment 
groups showed almost no difference 
in adjusted mean VA over 2 years. The 
central subfield thickness improved 
slightly and nonsignificantly by 
–6 microns in the aflibercept group 
and –1 micron in the sham group. 

About 5 injections of aflibercept 
were administered for DME and  
0.3 in the sham group; over 2 years, 
the aflibercept patients received 
8 injections and the sham-treated 
patients received 1.1 injections.

Adverse events associated  
with aflibercept included 3 cases  
of endophthalmitis, 2 of retinal 
detachment, 13 of IOP spikes of  
10 mm Hg or higher, and 8 of IOP  
elevations of 30 mm Hg or higher. In 
the sham group, 2 patients had reti-
nal detachments, 12 had IOP spikes 
of 10 mm Hg or higher, and 3 had IOP 
spikes of 30 mm Hg or higher. 

Hypertension was the systemic 
event seen in more patients, with  
18 in the aflibercept cohort and  
13 in the sham group.

The major study findings indi-
cated that among eyes with moderate 
to severe NPDR, the proportion that 
developed PDR or center-involving 
DME was lower with periodic afliber-
cept treatments compared with sham 
treatment through the 2-year point. 
Preventive treatment with aflibercept 
did not confer a VA benefit compared 
with anti-VEGF initiated after PDR or 
DME development. 

Maturi pointed out that this  
4-year study may be important to 
determine whether preventing PDR 
and center-involved DME improves 
the long-term outcomes. •

RAJ K. MATURI, MD
e: maturi.md@midwesteye.com
This article was adapted from Maturi’s presentation at 

the Association for Research in Vision and Ophthalmology 

2021 virtual annual meeting. He has no financial interest 

in this subject matter.
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A noncontact laser imaging 
system—engineered by 
investigators at the University 
of Waterloo in Ontario, Canada—
may help ophthalmologists 
diagnose and treat eye 
diseases such as age-related 
macular degeneration, diabetic 
retinopathy, and glaucoma earlier 
than is currently possible. 

Photoacoustic remote sensing 
(PARS) is a new technology that 
utilizes multicolored lasers to 
image human tissue without 
touching it. This noninvasive, 
noncontact approach provides 
increased patient comfort  
and improved accuracy of  
test results.

“We are optimistic that 
our technology, by providing 
functional details of the eye such 

as oxygen saturation and oxygen 
metabolism, may be able to play a 
critical role in early diagnosis and 
management of these blinding 
diseases,” said Parsin Haji Reza, 
director of the PhotoMedicine 
Labs at Waterloo University, in a 
statement.

Investigators are also using 
PARS to analyze breast, gastro-
enterological, skin, and other 
cancerous tissues, and to enable 
real-time imaging to guide sur-
geons during the removal of brain 
tumors. Investigators hope to 
begin clinical trials within 2 years.
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The proportion of eyes that devel-
oped PDR or center-involving DME 
was lower with periodic aflibercept 
treatments compared with sham 
treatment through the 2-year point.
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Inner fluid volume: role in 
macular hole repair
Results may represent a retinal degenerative change

Tsuboi

By Lynda Charters; Reviewed by Kotaro Tsuboi, MD

Location is everything, especially in the eye. 
Inner f luid volume measured by optical 

coherence tomography (OCT) differs sig-
nificantly in its amount, shape, and distri-
bution compared with outer f luid volume 
(Figure). It also is associated with larger 

macular holes and poorer postoperative vision in con-
trast with outer f luid volume. 

These findings suggest that inner f luid volume rep-
resents a retinal degenerative change associated with 

more advanced macular holes, 
according to Kotaro Tsuboi, MD, a vis-
iting scholar from Aichi Medical Uni-
versity in Nagakute, Aichi, Japan, at 
Oregon Health & Science University.

The results are from a study in 
which investigators took a retrospec-
tive look at intraretinal cystoid spaces, 
which are often present next to mac-
ular holes, using the AngioVue OCT 

angiography (OCTA) and Avanti RTVue XR (Optovue). 
All study patients had undergone a successful surgery 
to close a macular hole that included pars plana vitrec-
tomy with internal limiting membrane peeling.  

The OCTA software in the Avanti machine produced 
volumetric data and custom software,1 and generated 
volume-rendering OCT images of the intraretinal f luid 
spaces, Tsuboi explained.

RESULTS
The study included 42 eyes of 39 patients. Using the  
International Vitreomacular Traction Study classifica-
tion, investigators classified the macular holes as small 
in 11 eyes (26%), medium in 11 eyes (26%), and large in 
20 eyes (48%). Sixteen eyes (38%) had vitreomacular 
traction (VMT). Of the 42 eyes, 39 (93%) underwent com-
bined phacovitrectomy and all eyes were pseudophakic 
postoperatively.

Importantly, large macular holes were associated 
with increased inner f luid volume compared with small 
macular holes, a difference that reached significance (P 
= .0030). No differences in outer f luid volume were seen 
in association with the size of the macular holes, Tsuboi 

“Inner fluid differed 
significantly in amount, 
shape, and distribution 

compared with outer  
fluid volume.”

—Kotaro Tsuboi, MD
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reported. In addition, VMT 
did not seem to drive the inner 
and outer f luid volumes, which 
were similar in eyes with and 
without VMT. 

Inner f luid volume and min-
imal macular hole size had a 
significant effect on postopera-
tive visual acuity (Pearson r [r] 
= 0.44, P = .0033 and r = 0.43, P 
= .0045, respectively), whereas 
basal macular hole size (r = 
0.21, P  = .19) and outer f luid 
volume (r = –0.17,  
P = .27) did not. The multivari-
ate analysis found that inner 
f luid volume was the only sig-
nificant factor affecting the 
postoperative 12-month visual 
acuity (r = 0.41, P = .021).

The main takeaways from 
the study were that OCT 
showed that inner f luid vol-
ume differed significantly in 
amount, shape, and distribu-
tion compared with outer f luid 
volume (Figure); it was asso-
ciated significantly with large 
macular holes and poorer post-

operative vision in contrast 
with outer f luid volume. 

Further, inner f luid volume 
may represent dysfunction  
of the Müller cells and a degen-
erative change associated with 
more advanced  
macular holes.•
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This article was adapted from Tsuboi’s pre-

sentation at the Association for Research in 
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Inner fluids are shown in green and outer fluids in red.  
Volume-rendering OCT shows the outer FV is greater than 

the inner FV. En face OCT demonstrates the different 
distribution pattern between inner and outer fluids. 

(Images courtesy of Kotaro Tsuboi, MD)  
optical coherence tomography = OCT; fluid volume = FV

Volume-rendering OCT

En face OCT

OCT B-scan

Daniel F. Kiernan, MD, discusses key findings 
of a clinical study analyzing the effect of 
dexamethasone intracameral drug-delivery 
suspension on macular thickness based on 
OCT testing following vitreoretinal surgery.

find more online
Analyzing clinical results of dexamethasone 
implant effect on macular thickness
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Sustained-release  
anti-inflammatory therapy 
is valuable in NIU
Long-term treatment helps chronic, vision-threatening disease

By David Lally, MD; Special to Modern Retina™

Noninfectious uveitis (NIU) comprises a 
group of diseases characterized by in-
flammation of the uvea and the sur-
rounding tissue. NIU affects approxi-
mately 300,000 adults in the United 
States, with a majority being of work-

ing age.1 The goals of NIU treatment are to control  
inflammation, reduce tissue damage, and potentially  
restore vision loss, while minimizing adverse effects.2 
Treatment of NIU is often challenging because of sig-
nificant variability in the disease presentation and the 
presence of accompanying systemic disorders.

The current standard of care in 
NIU treatment includes corticoste-
roids, which can be delivered via local 
or systemic routes. Systemic therapy 
may be desirable in managing NIU 
with concomitant systemic disease 
and/or when both eyes are affected. 
However, systemic corticosteroid 
treatment is associated with the risk 

of steroid-related adverse effects. Systemic and local 
(intra/periocular) steroids also require frequent dosing. 

Sustained-release intraocular corticosteroid implants 
provide an efficacious, long-lasting, and local treatment 

option for NIU. The implants have particular advan-
tages for the relatively young patient population affected 
by NIU, who may be challenged to return for frequent 
follow-up or wish to avoid systemic treatment because 
of concerns about fertility. In this category, Retisert (fluo-
cinolone acetonide 0.59 mg; Bausch + Lomb) and Yutiq 
(fluocinolone acetonide 0.18 mg;  
EyePoint) both provide the drug for up to 3 years. Retisert 
is implanted via a procedure, whereas the smaller Yutiq 
implant is delivered by an in-office intravitreal injec-
tion. Both implants help reduce the recurrence of uveitis, 
improve or stabilize vision, and limit the need for con-
comitant anti-inflammatory medications.3,4 

Although both implants are associated with risks 
of IOP elevation and cataract development, these risks 
are generally lower with the lower-dose Yutiq than 
Retisert3,4 and can be minimized by identifying steroid 
responders with a trial of sub-tenon/intraocular triam-
cinolone or intraocular dexamethasone. 

COST-EFFECTIVENESS ANALYSIS
Treatment with the sustained-release Yutiq implant can 
reduce recurrence of uveitis and the need for  
additional adjunctive anti-inflammatory therapies and 
provide substantial improvement to patients’ vision and 

Lally
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quality of life. Although it stands to 
reason that using a single-dose, sus-
tained release corticosteroid implant 
such as Yutiq would provide an over-
all benefit, formal cost-effectiveness 
analysis helps test this assumption 
and guide beneficiary decisions. 

The largest payers in the United 
Kingdom and United States are the 
National Health Service and the 
Department of Health & Human Ser-
vices, respectively. In the US, the 
Medicare program cost was $644 bil-
lion in 2019, corresponding to 15% 
of federal spending, and Medicare 
spending has increased, on aver-
age, by 4.8% per year since 2010.5,6 To 
manage the challenge of increased 
health care costs, governments could 
increase taxes or divert tax dollars 
toward health care and away from 
other vital parts of society, such as 
education and transportation. As no 
such policy is easy to implement, cost-
effectiveness analyses can be applied 
to help optimize the use of health care 
resources. 

In cost-effectiveness analyses, costs 
are determined using  
historical data and/or mathematical  
models and are then assessed in the  
context of health outcomes to deter-
mine whether one intervention could 

be more favorable than an alternative 
(eg, the standard of care). Incremen-
tal cost-effectiveness ratios (ICERs) 
describe the difference in mean costs 
of 2 interventions divided by dif-
ferences in the mean outcomes. In 
the context of NIU, a more desirable 
therapy may be one that offers cost 
savings while providing the same 
visual outcome and a longer dura-
tion. In addition to directly benefiting 
patients with NIU, a more cost-effec-
tive treatment allows scarce health 
care resources to be allocated else-
where, thus indirectly benefiting all 
patients and society as a whole.

COST-EFFECTIVENESS STUDY
The UK’s National Institute for Health 
and Care Excellence (NICE) recently 
initiated a cost-effectiveness analysis 
that compared the f luocinolone ace-
tonide (FA) intravitreal implant 0.18 
mg (Yutiq in the US) against the dexa-
methasone intravitreal implant 0.7 mg 
(Ozurdex) for treatment of recurrent 
NIU.7 The study used results from a 
36-month parallel, randomized, dou-
ble-blind trial that compared FA im-
plant  
with sham injection3 and evaluated  
3 scenario analyses, each assuming  
a different level of efficacy for the 

dexamethasone implant (HR, dexa-
methasone vs sham, 0.456 [derived 
from an earlier cost-effectiveness 
study]; HR, dexamethasone vs FA  
implant, 1 and 0.7). Additional 
assump tions also were incorporated 
into a de novo Markov model to carry 
out the cost-effectiveness assessment.

The study found that the FA 
implant extendedly dominated the 
dexamethasone implant in the first 
set of analyses, whereas dexameth-
asone dominated and extendedly 
dominated the FA implant in the sec-
ond and third, respectively. Across all 
analyses, the ICER of the FA implant 
vs sham injection/standard of care 
ranged from £12,325 to £30,153 
($16,896 to $41,335) per quality-
adjusted life-year (QALY). Additional 
analyses found that the FA implant 
was dominant (more effective, lower 
cost) in some scenarios, with most 
ICERs below £20,000 ($27,417) per Pi
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Sustained-release intraocular  
corticosteroid implants may  
provide an efficacious, long-lasting, 
and local treatment option for  
noninfectious uveitis. 

take-home
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QALY gained. Based on these addi-
tional analyses, the NICE Appraisal 
Committee recommended the FA 
implant as a cost-effective use of NHS 
resources for recurrent NIU affecting 
the posterior segment.

The study had several limita-
tions. First, it was unclear to the 
authors whether FA implants would 
be administered as a first, second, 
or third treatment line in the treat-
ment pathway, which would deter-
mine the most relevant comparator. 
Second, it was unclear whether subse-
quent FA implants should be consid-
ered, which would change the scope of 
the appraisal. In addition, the model 
structure may not have adequately 
represented the natural course of the 
disease and the effect of treatment on 
visual acuity, and only accounted for a 
single, treated eye, whereas NIU may 
often develop into a bilateral  
disease. Finally, no quality-of-life  
data were captured in the clinical 
study of the FA implant on which the 
model was based.

IMPLICATION FOR PRACTICE
I have found the FA implant (Yutiq) to 
be an effective treatment for NIU, and 
I discuss the option with patients who 
have chronic and/or recurrent NIU 
affecting the posterior segment and 
have previously responded to shorter-
duration intraocular steroid injections 
without associated IOP  

elevation. I prefer localized treatment 
over systemic therapy, especially in 
patients with unilateral disease and 
no extraocular inflammatory find-
ings. In my experience, Yutiq offers 
long-term control of intraocular  
inflammation and macular edema. 

One major drawback of model-
ing-based cost-effectiveness analy-
ses is the reliance on assumptions 
that may not be truly representative 
of routine clinical practice. In the real 
world, treatment must be individu-
alized. Cultural/geographical varia-
tions in clinical practice patterns also 
can alter the course of treatment. Still, 
although some assumptions and limi-
tations are inherent in cost-effective-
ness analyses, this research provides 
evidence on which to base decisions 
about the value of care.•
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Operating on a patient with 
chronic uveitis presents some 
challenges, but there are a 
few pearls that may increase 
success.

Promoting Tie2 signaling activity may 
complement inhibition of VEGF in 
addressing pathology in disease states 
characterized by angiogenesis, vascular 
permeability, and inflammation.

read more online
Successful ocular surgery in patients with chronic uveitis Therapeutic targeting in retinal vascular disorders
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