
EYLEA®
(AFLIBERCEPT):

EVIDENCE-BASED PROACTIVE 
DOSING UP TO Q16 IN nAMD1,2

TREAT AND EXTEND WITH  
CONFIDENCE UP TO Q16 IN nAMD

• One injection per month for 3 consecutive doses, 
followed by a dose at Month 5; thereafter,  

the flexibility to adjust injection intervals in 2- or  
4-week increments to a maximum of 16 weeks2

• Robust, long-term vision gains from baseline1

Prescribing Information can be found overleaf. 
EYLEA is indicated for adults for the treatment of neovascular (wet) 
age-related macular degeneration (AMD), visual impairment due to macular 
oedema secondary to retinal vein occlusion (branch RVO or central RVO), 
visual impairment due to diabetic macular oedema (DMO) and visual 
impairment due to  myopic choroidal neovascularisation (myopic CNV).2

 nAMD, neovascular age-related macular degeneration. Q16, every 16 weeks. T&E, treat and extend.
*Based on physician’s judgement, the schedule of monitoring visits may be more frequent than injection visits.

OPTIMISE TREATMENT FOR  
YOUR PATIENTS AND YOUR CLINIC

• Maintain vision with a proactive T&E regimen 1–3

• No requirement for monitoring between injections2*
• Potential to help manage your clinic’s capacity

Q16
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Eylea® 40 mg/mL solution for injection in a vial & Eylea® 40 mg/mL
solution for injection in pre-filled syringe (aflibercept) Prescribing
Information 

(Refer	to	full	Summary	of	Product	Characteristics	(SmPC)	before	
prescribing)

Presentation:	1	mL	solution	for	injection	contains	40	mg	aflibercept.	Vial: Each 
vial	contains	100 microlitres,	equivalent	to	4	mg	aflibercept.	Pre-filled syringe 
(PFS):	 Each	 PFS	 contains	 90  microlitres,	 equivalent	 to	 3.6  mg	 aflibercept. 
Indication(s): Treatment of neovascular (wet) age-related macular 
degeneration (wAMD), macular oedema secondary to retinal vein occlusion 
(branch RVO or central RVO), visual impairment due to diabetic macular 
oedema (DMO) in adults and visual impairment due to myopic choroidal 
neovascularisation (myopic CNV). Posology & method of administration: For	
intravitreal injection only. Must be administered according to medical 
standards	and	applicable	guidelines	by	a	qualified	physician	experienced	 in	
administering	intravitreal	injections.	Each	vial	or	PFS	should	only	be	used	for	
the treatment of a single eye. Extraction of multiple doses from a single vial or 
PFS	may	increase	the	risk	of	contamination	and	subsequent	infection.	The	vial	
or	PFS	contains	more	than	the	recommended	dose	of	2	mg.	The	extractable	
volume	of	the	vial	(100	microlitres)	or	PFS	(90	microlitres)	is	not	to	be	used	in	
total.	The	excess	volume	should	be	expelled	before	injecting.	Refer	to	SmPC	for	
full details. Adults: The recommended dose is 2	mg	aflibercept,	equivalent	to	
50	microlitres.	For	wAMD	treatment	is	initiated	with	1	injection	per	month	for	3	
consecutive doses. The treatment interval is then extended to 2 months. Based 
on the physician’s judgement of visual and/or anatomic outcomes, the 
treatment interval may be maintained at 2 months or further extended using 
a treat-and-extend dosing regimen, where injection intervals are increased in 
2- or 4-weekly increments to maintain stable visual and/or anatomic outcomes. 
If visual and/or anatomic outcomes deteriorate, the treatment interval should 
be shortened accordingly. There is no requirement for monitoring between 
injections. Based on the physician’s judgement the schedule of monitoring 
visits may be more frequent than the injection visits. Treatment intervals 
greater than 4 months or shorter than 4 weeks between injections have not 
been	studied.	For	RVO	(branch	RVO	or	central	RVO),	after	the	initial	injection,	
treatment is given monthly at intervals not shorter than 1 month. Discontinue 
if	 visual	 and	anatomic	outcomes	 indicate	 that	 the	patient	 is	 not	benefiting	
from continued treatment. Treat monthly until maximum visual acuity and/or 
no signs of disease activity. Three or more consecutive, monthly injections may 
be needed. Treatment may then be continued with a treat-and-extend 
regimen with gradually increased treatment intervals to maintain stable visual 
and/or	anatomic	outcomes,	however	there	are	insufficient	data	to	conclude	on	
the	 length	 of	 these	 intervals.	 Shorten	 treatment	 intervals	 if	 visual	 and/or	
anatomic outcomes deteriorate. The monitoring and treatment schedule 
should be determined by the treating physician based on the individual 
patient’s	 response.	 For	DMO,	 initiate	 treatment	with	 1	 injection/month	 for	 5	
consecutive doses, followed by 1 injection every 2 months. No requirement for 
monitoring	 between	 injections.	 After	 the	 first	 12	months	 of	 treatment,	 and	
based on visual and/or anatomic outcomes, the treatment interval may be 
extended such as with a treat-and-extend dosing regimen, where the 
treatment intervals are gradually increased to maintain stable visual and/or 
anatomic	outcomes;	however	 there	are	 insufficient	data	 to	conclude	on	the	
length of these intervals. If visual and/or anatomic outcomes deteriorate, the 
treatment interval should be shortened accordingly. The schedule for 
monitoring should therefore be determined by the treating physician and may 
be more frequent than the schedule of injections.  If visual and anatomic 
outcomes	 indicate	 that	 the	 patient	 is	 not	 benefiting	 from	 continued	
treatment,	 treatment	 should	 be	 discontinued.	 For	 myopic	 CNV,	 a	 single	
injection is to be administered. Additional doses may be administered if visual 
and/or anatomic outcomes indicate that the disease persists. Recurrences 
should be treated as a new manifestation of the disease. The schedule for 
monitoring should be determined by the treating physician. The interval 
between 2 doses should not be shorter than 1 month. Hepatic and/or renal 
impairment:	No	specific	studies	have	been	conducted.	Available	data	do	not	
suggest a need for a dose adjustment. Elderly population: No special 
considerations are needed. Limited experience in those with DMO over 75 
years old. Paediatric population: No data available. Contraindications: 
Hypersensitivity to active substance or any excipient; active or suspected 
ocular	 or	 periocular	 infection;	 active	 severe	 intraocular	 inflammation. 
Warnings & precautions:	 For	 traceability,	 name	 and	 batch	 number	 of	 the	
administered product should be recorded. As with other intravitreal therapies 
endophthalmitis,	 intraocular	 inflammation,	 rhegmatogenous	 retinal	
detachment, retinal tear and iatrogenic traumatic cataract have been 
reported.	Aseptic	injection	technique	is	essential.	Patients	should	be	monitored	
during the week following the injection to permit early treatment if an 
infection	occurs.	Patients	must	 report	any	 symptoms	of	endophthalmitis	or	
any of the above mentioned events without delay. Increases in intraocular 
pressure have been seen within 60 minutes of intravitreal injection; special 
precaution is needed in patients with poorly controlled glaucoma (do not 
inject	 while	 the	 intraocular	 pressure	 is	 ≥	 30	 mmHg).	 Immediately	 after	
injection, monitor intraocular pressure and perfusion of optic nerve head and 
manage appropriately. There is a potential for immunogenicity as with other 
therapeutic proteins; patients should report any signs or symptoms of 
intraocular	 inflammation	e.g	pain,	photophobia	or	 redness,	which	may	be	a	
clinical	sign	of	hypersensitivity.	Systemic	adverse	events	including	non-ocular	
haemorrhages and arterial thromboembolic events have been reported 
following	 intravitreal	 injection	 of	 vascular	 endothelial	 growth	 factor	 (VEGF)	
inhibitors.	Safety	and	efficacy	of	concurrent	use	 in	both	eyes	have	not	been	
systemically studied. No data is available on concomitant use of Eylea with 

other	anti-VEGF	medicinal	products	(systemic	or	ocular).	Caution	in	patients	
with risk factors for development of retinal pigment epithelial tears including 
large and/or high pigment epithelial retinal detachment. Withhold treatment 
in patients with: rhegmatogenous retinal detachment or stage 3 or 4 macular 
holes; with retinal break and do not resume treatment until the break is 
adequately repaired. Withhold treatment and do not resume before next 
scheduled	treatment	if	there	is:	decrease	in	best-corrected	visual	acuity	of	≥30	
letters compared with the last assessment; central foveal subretinal 
haemorrhage,	or	haemorrhage	≥50%,	of		total	lesion	area.	Do	not	treat	in	the	28	
days prior to or following performed or planned intraocular surgery. Eylea 
should	not	be	used	in	pregnancy	unless	the	potential	benefit	outweighs	the	
potential risk to the foetus. Women of childbearing potential have to use 
effective contraception during treatment and for at least 3 months after the 
last intravitreal injection. In patients presenting with clinical signs of irreversible 
ischaemic	 visual	 function	 loss,	 aflibercept	 treatment	 is	 not	 recommended.	
Populations	with	limited	data:	There	is	limited	experience	in	DMO	due	to	type	
I	diabetes	or	in	diabetic	patients	with	an	HbA1c	over	12%	or	with	proliferative	
diabetic retinopathy.  Eylea has not been studied in patients with active 
systemic infections, concurrent eye conditions such as retinal detachment or 
macular hole, or in diabetic patients with uncontrolled hypertension. This lack 
of information should be considered when treating such patients. In myopic 
CNV there is no experience with Eylea in the treatment of non-Asian patients, 
patients who have previously undergone treatment for myopic CNV, and 
patients with extrafoveal lesions. Eylea contains less than 1 mmol sodium (23 
mg) per dosage unit. Interactions: No available data. Fertility, pregnancy & 
lactation:	 Not	 recommended	 during	 pregnancy	 unless	 potential	 benefit	
outweighs potential risk to the foetus. No data available in pregnant women. 
Studies	in	animals	have	shown	embryo-foetal	toxicity.	Women	of	childbearing	
potential have to use effective contraception during treatment and for at least 
3 months after the last injection. Not recommended during breastfeeding. 
Excretion in human milk: unknown.  Male and female fertility impairment seen 
in animal studies with high systemic exposure not expected after ocular 
administration with very low systemic exposure. Effects on ability to drive 
and use machines: Possible	 temporary	visual	disturbances.	Patients	should	
not drive or use machines if vision inadequate. Undesirable effects: Very 
common: Visual acuity reduced, retinal haemorrhage, conjunctival 
haemorrhage (wAMD phase III studies: increased incidence in patients 
receiving anti-thrombotic agents), eye pain. Common: retinal pigment 
epithelial tear (known to be associated with  wAMD; observed in wAMD studies 
only), detachment of the retinal pigment epithelium, retinal degeneration, 
vitreous haemorrhage, cataract (nuclear or subcapsular), corneal abrasion or 
erosion,	 increased	 intraocular	 pressure,	 blurred	 vision,	 vitreous	 floaters,	
vitreous detachment, injection site pain, foreign body sensation in eyes, 
increased lacrimation, eyelid oedema, injection site haemorrhage, punctate 
keratitis, conjunctival or ocular hyperaemia. Serious: cf. CI/W&P - in addition: 
blindness, culture positive and culture negative endophthalmitis, cataract 
traumatic, transient increased intraocular pressure, vitreous detachment, 
retinal detachment or tear, hypersensitivity (during the post-marketing period, 
reports of hypersensitivity included rash, pruritus, urticaria, and isolated cases 
of severe anaphylactic/anaphylactoid reactions), vitreous haemorrhage, 
cortical cataract, lenticular opacities, corneal epithelium defect/erosion, vitritis, 
uveitis,	 iritis,	 iridocyclitis,	 anterior	 chamber	 flare,	 arterial	 thromboembolic	
events	 (ATEs)	 are	 adverse	 events	 potentially	 related	 to	 systemic	 VEGF	
inhibition. There is a theoretical risk of arterial thromboembolic events, 
including	stroke	and	myocardial	infarction,	following	intravitreal	use	of	VEGF	
inhibitors. As with all therapeutic proteins, there is a potential for 
immunogenicity. 
Consult	the	SmPC	in	relation	to	other	side	effects.	Overdose: Monitor 
intraocular pressure and treat if required. Incompatibilities: Do not mix 
with other medicinal products. Special Precautions for Storage:	Store	
in	a	refrigerator	(2°C	to	8°C).	Do	not	freeze.	Store	in	the	original	package.	
Unopened vials and unopened syringe blisters may be stored outside the 
refrigerator below 25°C for up to 24 hours before use.  
Legal Category:	POM.	Package Quantities & Basic NHS Costs: Single vial 
+ filter needle or PFS pack: £816.00 MA Number(s): EU/1/12/797/001-002. 
Further information available from:	Bayer	plc,	400	South	Oak	Way,	Reading	
RG2	6AD,	United	Kingdom.	Telephone:	0118	206 3000.	 
Date of preparation: April 2021.

Eylea® is a trademark of the Bayer Group  

Adverse events should be reported.  
Reporting forms and information can be found at 

www.mhra.gov.uk/yellowcard or search for MHRA Yellow Card in 
the Google Play or Apple App Store. Adverse events should also be 

reported to Bayer plc. Tel.: 0118 2063500,  
Fax.: 0118 2063703, Email: pvuk@bayer.com 
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+ Ultra-Widefield of view up to 200˚
+ Rich in details from center to periphery
+ Imaging through media opacities

iCare’s unique combination of sharpness and TrueColor 
offers now even wider view on the retina from 120° with 
a single shot, up to 200° with Mosaic functionality, 
helping to detect subtle signs of pathologies further in 
the periphery.*
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Many retina specialists may be familiar with our digi-
tal platform, www.ModernRetina.com. Welcome to 
this inaugural print edition of Modern Retina™. In our 
cover story, Monika Fleckenstein, MD, highlights 

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 towards 
approval. Realising their potential requires that ophthalmologists 
recognise the importance of genetic testing.

Next, f luorescence lifetime imaging ophthalmoscopy may help 
delay disease progression by initiation of carotenoid supplementa-
tion, 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 centre-involving diabetic macular oedema (DMO), 
although no positive effect on visual acuity was seen. Maturi notes 
that this 4-year study may be key to determine whether prevent-
ing PDR/centre-involved DMO improves long-term outcomes.

In surgical retina, Kotaro Tsuboi, MD, shares how inner f luid 
volume measured by optical coherence tomography differs sig-
nificantly in its amount, shape and distribution compared with 
outer f luid volume. These findings represent a retinal degenerative 
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 autumn. 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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editorial

We live in a time of remarkable 
scientific advancement, and it is my 
belief that no field within ophthal-
mology has been affected by this 
more than retina. Even after 2 years 
of fellowship, today’s retinal special-
ists must be lifelong learners as they 
stay updated on how to translate 
the latest scientific and technologic 
developments into their clinical prac-
tices. It is exciting—but demanding—
to stay on the cutting edge. 

Modern Retina™ is focused on high-
lighting for busy retina specialists the 
developments that will change how 
they practise tomorrow. In this inau-
gural issue you will find fascinating 
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 
imaging, 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 dis-
ease and how to effectively intervene 
early on to prevent human suffering 
and the enormous cost burden of the 
vision loss plaguing our ever-ageing 
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 
disease 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 “per-
sonalised medicine” approach in 
the future, with each patient being 
assigned to one of several subcat-
egories and treated in a customised 
fashion. 

When our oncologist friends 
learned to stop thinking of lung can-
cer 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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“Today’s retinal 
specialists must be 
lifelong learners.”
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gene therapy

Paediatric 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 di-
verse 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 pursue 

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

nal dystrophy due to mutations in the 
RPE65 gene, there are no approved ef-
fective therapies for IRDs. 

Eye care professionals have typically 
monitored patients with these diseases 
for progressive vision loss without 
being able to provide treatment beyond 
nutritional supplements, and these 
have not demonstrated significant ben-

efit 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 utilises an 
engineered adeno-associated virus as a vector for deliv-

ering 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 pig-
mentosa (XLRP), choroideremia, achromatopsia, Star-
gardt disease and other forms of retinitis pigmentosa 
due to mutations in the USH2A, RHO or CEP290 genes, 
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 
paediatric 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 towards approval, but realising the potential of these 
therapies requires that eye care professionals, especially 
those who see paediatric patients, reorient themselves 
within an evolving landscape. A key first step in devel-
oping a new perspective and approach to clinical prac-
tice is recognising the importance of genetic testing 
in empowering patients to understand the fundamen-
tal cause of their disease and identify opportunities for 
participating in clinical trials. Although access to IRD 
genetic testing has historically been limited because of 

Mathias
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gene therapy

lack of reimbursement for a test that 
had no impact on clinical practice, 2 
programmes currently provide free 
testing that can be performed by the 
patient at home or by a physician or 
eye health professional during a regu-
lar clinic visit.

The My Retina Tracker Pro-
gram developed by the Founda-
tion Fighting Blindness in partner-
ship with Blueprint 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. Phy-
sicians who enrol patients in the pro-
gramme receive free testing kits in 
the mail and collect a genetic sam-
ple from the patient through a sim-
ple blood draw or saliva sample, the 
latter of which patients can perform 
themselves at home. For paediatric 
patients with IRDs, the ability to per-
form saliva testing in particular is 
both easy and efficient, removing any 
fear of the 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 envelope. The 
test currently evaluates 285 genes 
associated with IRD, and now also 
includes mitochondrial DNA test-
ing. Genetic test results are typically 
returned in 3 to 4 weeks. 

The programme also offers free 

genetic counselling to patients 
through InformedDNA, which 
provides telephone-based genetic 
counsellors 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 
programme that tests 293 IRD-asso-
ciated 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 paediatric population is 
now more important than ever, pro-
viding a more accurate diagnosis on 
a genetic level and offering potential 
opportunities for therapies at an ear-
lier stage of disease. Recognising the 
importance of early gene therapy in 
IRD, several ongoing clinical trials 
are enrolling paediatric 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 achromatopsia due to 
mutations in the CNGA3 or CNGB3 
genes. These trials and the poten-
tial near-term inclusion of paediat-
ric patients in other IRD gene ther-
apy trials underscore the importance 
of referring paediatric patients with 
IRDs for genetic testing. Eye care pro-
fessionals who see paediatric patients 
have a critical role to play in educat-
ing 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 counselling 
is available. 

Several 
patients in my practice have 
been treated with voretigene nepar-
vovec-rzyl and have experienced 
improvements in visual function, 
even allowing some to return to nor-
mal childhood activities. I am opti-
mistic that additional gene thera-
pies will provide similar benefit to 
patients with other IRDs. Eye health 
professionals can help realise the full 
potential of these therapies by offer-
ing and encouraging patients to pur-
sue 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 coun-
selling through the aforementioned 
testing programmes allows for an 
accurate interpretation of results 
along with any additional recom-
mendations. According to an old 
advertising slogan, “an educated con-
sumer is our best customer,” but in 
the evolving 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.

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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diabetic
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Evaluating aflibercept  
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 moderate 
to severe nonproliferative diabetic reti-
nopathy (NPDR) resulted in fewer patients 
developing PDR or centre-involving dia-
betic macular oedema (DMO), although 

no positive effect on visual acuity (VA) was seen, accord-
ing to Raj K. Maturi, MD, Department of Ophthalmology, 
Indiana University School of Medicine, 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-threat-
ening complications,” Maturi stated, underscoring the 
importance of determining whether aflibercept prevents 
development of PDR and centre-involved DMO. 

PROTOCOL W
Protocol W is a randomised multicentre clinical trial of 
adults with type 1 or 2 diabetes and severe NPDR in at 
least 1 eye. Included patients had no evidence of neovascu-
larisation on fluorescein angiography and a best-corrected 
VA letter score of 79 or higher, or Snellen acuity of 20/25 or 
better. Patients were randomly assigned to receive either 2 
mg of periodically administered 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 probability 
of developing PDR or centre-involving DMO with vision 
loss. Treatment was deferred if the eye had mild NPDR. 
Both groups received aflibercept if centre-involving DMO 
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 randomised to aflibercept and 199 to 
sham treatment; data from all these patients were in-
cluded in the primary analysis. 

At 2 years, more patients randomised to sham therapy 
developed DMO or PDR compared with those randomised 
to aflibercept (44% vs 16%, respectively; adjusted HR, 0.32; 
P < .001), Maturi reported.

Most patients in both groups developed neovasculari-
sation of the disc and/or neovascularisation elsewhere, 4 
patients in each group developed vitreous haemorrhage 
and 1 patient in the sham group developed neovasculari-
sation of the iris.

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

Analysis determined a correlation between the base-
line NPDR severity and development of DMO or PDR indi-
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cated a relationship based on 
more severe disease.  

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

Analysis showed 5% of 
patients in the aflibercept 
group had a 2-step worsening of 
disease compared with 12% in 
the sham group. 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 treat-
ment groups showed almost no 
difference in adjusted mean VA 
over 2 years. The central sub-
field thickness improved non-
significantly by –6 microns in 
the aflibercept group and –1 
micron in the sham group. 

About 5 injections of afliber-
cept were administered for 
DMO and 0.3 in the sham 
group; over 2 years, the afliber-
cept patients received 8 injec-
tions 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 

RAJ K. MATURI, MD
e: maturi.md@midwesteye.com
This article was adapted from Maturi’s presenta-
tion at the Association for Research in Vision and 
Ophthalmology 2021 virtual annual meeting. He 
has no financial interest in this subject matter.

mm Hg or higher. In the sham group, 2 
patients had retinal detachments, 12 had 
IOP spikes of 10 mm Hg or higher and 3 
had IOP spikes of 30 mm Hg or higher. 

Hypertension occurred in 18 afliber-
cept patients and 13 in the sham group.

At the 2-year point, the study indicated 
that eyes with moderate to severe NPDR 

had lower chances of developing PDR 
or centre-involving DMO when receiv-
ing periodic aflibercept treatments com-
pared with sham treatments.

Preventive treatment with aflibercept 
did not confer a VA benefit compared 
with anti-VEGF initiated after PDR or 
DMO development. 
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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 characterised 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 minimising adverse 
effects.2 Treatment of NIU is often 
challenging because of significant 
variability in the disease presentation 
and the presence of accompanying 
systemic disorders.

The current standard of care in NIU treatment 
includes corticosteroids, which can be delivered via 
local or systemic routes. Systemic therapy may be desir-
able in managing NIU with concomitant systemic dis-
ease and/or when both eyes are affected. However, sys-
temic 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 advantages 
for the relatively young patient population affected by 
NIU, who may be challenged to return for frequent fol-
low-up or wish to avoid systemic treatment because of 
concerns about fertility. In this category, Retisert (f luo-
cinolone acetonide 0.59 mg; Bausch + Lomb) and Yutiq 
(f luocinolone 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 deliv-
ered by an in-office intravitreal injection. Both implants 
help reduce the recurrence of uveitis, improve or sta-
bilise vision, and limit the need for concomitant 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 minimised 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 addi-
tional adjunctive anti-inflammatory therapies and pro-
vide 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 programme cost was $644 
billion 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 
healthcare costs, governments could 
increase taxes or divert tax dollars 
towards healthcare 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 optimise the use of 
healthcare resources. 

In cost-effectiveness analyses, 
costs are determined using histori-
cal data and/or mathematical mod-
els and are then assessed in the con-
text of health outcomes to determine 
whether one intervention could be 
more favourable 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 differ-
ences in the mean outcomes. In the 
context of NIU, a more desirable ther-
apy may be one that offers cost sav-
ings while providing the same visual 

outcome and a longer duration. 
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-effective-

Sustained-release intraocular 
corticosteroid implants may 
provide an efficacious, long-lasting 
and local treatment option for 
noninfectious uveitis. 

take-home
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ness analysis that compared the 
f luocinolone acetonide (FA) intra-
vitreal implant 0.18 mg (Yutiq in the 
US) against the dexamethasone in-
travitreal implant 0.7 mg (Ozurdex) 
for treatment of recurrent NIU.7 The 
study used results from a 36-month 
parallel, randomised, double-blind 
trial that compared FA implant with 
sham injection3 and evaluated 3 sce-
nario analyses, each assuming a dif-
ferent level of efficacy for the dexa-
methasone implant (HR, dexameth-
asone vs sham, 0.456 [derived from 
an earlier cost-effectiveness study]; 
HR, dexamethasone vs FA implant, 
1 and 0.7). Additional assumptions 
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 
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 treatment 
pathway, which would determine the 
most relevant comparator. Second, 
it was unclear whether subsequent 

FA implants should be considered, 
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 dis-
ease. 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 el-
evation. I prefer localised 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 in-
flammation and macular oedema. 

One major drawback of modelling-
based cost-effectiveness analyses is 
the reliance on assumptions that may 
not be truly representative of routine 
clinical practice. In the real world, 
treatment must be individualised. 
Cultural/geographical variations in 
clinical practice patterns also can 
alter the course of treatment. Still, 
although some assumptions and lim-
itations 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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Treatment options that retina specialists select for patients with 
neovascular macular degeneration and diabetic macular edema 
are adequate—but not ideal, as required levels of monitoring and 
frequency of injections can lead to undertreatment. How near to the 
horizon are therapies with potential for improved outcomes through 
extended durability and superior safety and efficacy?

In this Rapid Readout video series by Modern Retina™ and 
Ophthamology Times Europe®, Dr. Anat Loewenstein discusses 
insights and data from YOSEMITE, RHINE, TENAYA and LUCERNE, 
recent phase 3 trials in synergistic therapeutic effects of dual 
Angiopoietin-2/VEGF-A inhibition.
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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  
Modern 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 deci-
sion-making, the group reviewed the current therapeu-
tic landscape for exudative age-related macular degen-
eration (AMD), diabetic macular oedema (DMO), diabetic 
retinopathy, macular oedema 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, care-
givers and providers.

To provide a foundation for understanding solutions to 
overcome the drawbacks of existing approaches, the discus-
sion turned to barriers and unmet needs related to achiev-
ing effective drug delivery to the retina. Finally, participants 
shared their perspectives on investigational therapeutics, 
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 con-
cern in postmarketing experience, said Korobelnik, a pro-
fessor and chief of ophthalmology at the University Hospi-
tal of Bordeaux. 

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 (Gla-
natec), a rho kinase inhibitor being investigated as a 
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treatment for diabetic retinopathy, 
and CLS-AX, a suspension of axitinib 
for suprachoroidal injection. Axitinib 
is a VEGF receptor tyrosine kinase 
inhibitor that provides pan-VEGF 
inhibition. This formulation is being 
studied for its potential to be a long-
acting treatment for wet AMD. 

Discussing faricimab, a bispe-
cific antibody targeting angiopoi-
etin-2 and VEGF-A, Peto said that it 
has shown promise for allowing less-
frequent injections in clinical tri-
als investigating its use to treat both 
DMO 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 pro-
longed activity holds up in the real 
world,” said Peto, a professor of clini-
cal ophthalmology at Queen’s  
University Belfast.

NOVEL DELIVERY SYSTEMS
Korobelnik noted that phase 3 stud-
ies have been completed investigat-
ing triamcinolone acetonide supra-
choroidal injectable suspension to 
treat macular oedema associated 
with uveitis and RVO. Compared 
with intravitreal administration, this 
approach offers easier administra-
tion and reduced risk of intraocular 
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 vitreoreti-
nal surgeon and that more research is 
needed to understand whether there 
are downsides from continuous expo-
sure to VEGF blockade.

Sustained-release systems under 
investigation include a micro-
particle 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 oedema sec-
ondary 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 Oph-
thalmology at Klinikum Karlsruhe in 
Germany.

Patients with DMO or exudative 
AMD are being recruited for enrol-
ment in a safety study of an intra-
vitreal implant providing sustained 
release of AR-13503, an inhibitor 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, DMO and RVO.

KSI-301, an intravitreal anti-VEGF 
biopolymer conjugate, was associ-
ated with positive results in a phase 2 
trial of DMO; a phase 3 study is inves-
tigating an injection interval of up to 
24 weeks. 

“Of course, there is the potential 
for inflammation and induction of 
immunogenicity with the devices 
and compounds used for sustained 
release, and safety is something that 
everybody is looking at very care-
fully,” 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 
packaging limit. Therefore, ongoing 
research aims to develop alternative 
approaches for delivering larger genes 
that include the use of dual AAV vec-
tors and nonviral vectors. 

Although the latter option has 
potential safety advantages com-
pared with viral vectors, it may need 

to be used with microneedles, micro-
electroporation systems or nanopar-
ticles to achieve adequate transduc-
tion into target cells, said Moosajee, 
a professor of molecular ophthalmol-
ogy at UCL Institute of Ophthalmol-
ogy and a consultant ophthalmolo-
gist in genetic eye disease at Moor-
fields Eye Hospital in London. 

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 tech-
nology 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 con-
cluded. •
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AMD
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

A recently 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 organised 
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 epidemiology; 
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 arti-
cles 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 evi-
dence, we are more and more convinced there are differ-

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

For example, she noted that cur-
rent information indicates that 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 neovascularisa-
tion in AMD, the paper highlights 
new concepts and terminologies that 
have emerged thanks to clinicopath-
ological correlations that have been 
refined through advances in imag-
ing techniques. First, the paper uses 
the term macular neovascularisa-
tion (MNV) rather than choroidal 
neovascularisation based on the fact 
that not all neovascularisation in the 
area of the macula arises from the 
choroid. 

In addition, the article reviews 
evidence 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 visualise different subtypes 
of MNV in vivo,” Fleckenstein said. 
“Indeed, several studies implement-
ing high-resolution retinal imaging 
have shown that rates of dry AMD 
progression 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 con-
sensus terminologies for distinct 

manifestations of AMD is to pro-
vide a complete view of pathological 
changes that occur in the disease. 

Fleckenstein noted, however, that 
it is a task not easily done. For exam-
ple, although the term MNV rec-
ognises the fact that not all AMD-
related neovascularisation originates 
from the choroid, it does not account 
for the fact that AMD can also be 
associated with neovascularisation 
in the peripheral retina.

“It became clear to me while 
working 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 particular 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 realise 

that terminologies are always subject 
to f lux as new information emerges.”•
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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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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 represents a reti-
nal 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 macular 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 In-
ternational 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 trac-
tion (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 volume:  
role in macular hole repair
Results may represent a retinal degenerative change

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 multivariate analy-
sis found that inner f luid vol-
ume was the only significant 
factor affecting the postopera-
tive 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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Volume-rendering OCT

En face OCT

OCT B-scan

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

 

Dr Daniel F. Kiernan discusses key findings of 
a clinical study analysing the effect of dexa-
methasone intracameral drug-delivery sus-
pension on macular thickness based on OCT 
testing following vitreoretinal surgery.

find more online
Analysing clinical results of dexamethasone 
implant effect on macular thickness
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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 degen-
eration (AMD) as early as possible is 
the best strategy for preventing irre-
versible damage down the line. Fluo-
rescence lifetime imaging ophthal-
moscopy (FLIO), a noninvasive imag-

ing method, may help delay progression by initiation of 
carotenoid supplementation, according to Jace Buxton, 

a medical student at the University of 
Utah School of Medicine in Salt Lake 
City.

FLIO’s characteristic pattern is a 
ring-shaped area of prolonged mean 
autofluorescence lifetimes around the 
macula. Buxton and colleagues con-
ducted a study in which they investi-
gated the changes in the autofluores-
cence 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 inves-
tigate a 30° retinal field centred on the fovea, Buxton 
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 LSC over time. At baseline, 
the FLIO lifetimes in the outer ring of a standardised 
early treatment diabetic retinopathy study grid were 
297 ± 54 picoseconds (ps) and 405 ± 58 ps, respectively, 
in the SSC and LSC. At the follow-up evaluation, the 
respective values for the same areas were 306 ± 59 ps 
and 411 ± 57 ps, changes that reached significance in 

Buxton

“FLIO may help delay 
progression by initiation of 

carotenoid supplementation.”
—Jace Buxton
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both spectral channels (P < .01). The 
central area did not exhibit any sig-
nificant changes in either spectral 

channel. The average 12-month pro-
longation of FLIO lifetimes in the 
outer ring was 7 ± 20 ps and 7 ± 13 ps 
in the SSC and LSC.

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 autofluorescence life-
times. •

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.

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

take-home

 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.

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)
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Elucidating AD pathophysiology
Study of subjects with rare inherited form of AD shows increased 
retinal capillary perfusion during the presymptomatic stage

By Cheryl Guttman Krader, BS Pharm

AS RESEARCHERS LOOK FOR ways to diagnose Alzheimer 
disease (AD) at a preclinical stage and gain better under-
standing of the pathophysiologic process, many have fo-
cused on the eye and particularly on the retina because it 
represents an extension of the brain that can be imaged 
noninvasively. 

Changes in retinal vascular structure and blood f low 
are among the targets of studies that are investigat-
ing pathologic changes associated with AD in the ret-
ina. However, the true relevance of their findings is con-
founded by the fact that the retinal vasculature is also 
affected by ageing and age-related comorbidities that are 
common in the AD patient population.

Now, in a study conducted in a unique group of 
patients with an inherited, early-onset form of AD and 
using cutting-edge OCT angiography methods, a mul-
tidisciplinary team led by ophthalmologist Amir H. 
Kashani, MD, PhD, and neurologist John M. Ringman, 
MD, MS, provide evidence that specifically implicates 
human capillary blood f low in the pathophysiology  
of AD.1 

“Our research group is interested in using OCT angiog-
raphy to understand and identify changes in the retinal 
vasculature that ref lect early stages of retinal vascular 
disease. Our working hypothesis in this study was that by 
using this technology, we would find changes in the reti-
nal capillaries of patients with early-onset AD before they 
developed symptoms of dementia and before any vascu-
lar pathology can be detected clinically,” Dr Kashani told 
Modern Retina™ . 

“Our findings suggest that the pathological process 
of AD affects blood f low regulation many years before 
symptoms develop and that blood f low changes can be 
measured during the presymptomatic stage of AD. These 

are exciting findings. However, because our study had a 
small sample size and was cross-sectional in design, the 
results need to be validated in larger studies and in stud-
ies with longitudinal follow-up.”

Giuseppe Querques, MD, PhD, who was not involved 
with the study, told Modern Retina™ , “Because it is very 
hard to isolate AD pathology in subjects with late-onset 
Alzheimer’s disease, these observations of abnormal 
blood f low in subjects who are genetically at risk for AD 
are very useful in understanding the vascular conse-
quences of AD pathology.”

Dr Querques, associate professor of ophthalmology 
at University Vita-Salute, IRCCS Ospedale San Raffaele, 
Milan, Italy, continued, “These findings seem to corrob-
orate the idea that retinal vascular function is impaired 
early in the Alzheimer disease process, likely even before 
detectable structural changes.2”

Dr Kashani is associate professor of ophthalmology, 
Wilmer Eye Institute, Johns Hopkins School of Medicine, 

“These findings seem to 
corroborate the idea that retinal 

vascular function is impaired 
early in the Alzheimer disease 

process, likely even before 
detectable structural changes. ”

—Giuseppe Querques, MD, PhD
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Baltimore, MD, and has NIH fund-
ing to study retinal vascular changes 
in subjects with neurodegenerative 
disease. Dr Ringman is professor of 
clinical neurology, Keck School of 
Medicine of the University of South-
ern California, Los Angeles, CA, 
and has NIH funding to study fami-
lies mainly originating from Jalisco, 
Mexico, whose members have or are 
at risk for autosomal dominant AD 
(ADAD).  

Persons with ADAD account for 
approximately 1% of the AD popu-
lation. This rare form of inherited 
AD is due to mutations in PSEN and 

APP, the same genes implicated in 
the pathophysiology of late-onset 
AD. Compared to late-onset AD, 
ADAD shares similar clinical and 
pathological phenotypes except that 
the age of onset of ADAD can be reli-
ably predicted based on the specific 
mutation variant of a carrier. For 
individuals with an F388 substitu-
tion in PSEN1, the expected age of 
dementia onset is 25 years, whereas 
it is ~42 years for persons carrying 
an A431E substitution in PSEN1 and 
52 years for those with a V717I sub-
stitution in APP. 

“Findings from previous studies 
suggest that clinically evident reti-
nopathy is associated with cognitive 
impairment or dementia in general.3 
Because of the age at which individ-
uals with ADAD develop dementia, 
this cohort afforded us the oppor-
tunity to see if they had retinal cap-
illary abnormalities without con-
founding inf luence from other issues 
that are present in the older AD pop-
ulation, such as diabetes, hyperten-
sion and age-associated changes,”  
Dr Ringman said.

STUDY DESIGN
The study enrolled subjects carry-
ing ADAD mutations and healthy 
controls, including individuals from 
families of the at-risk group who 
were not mutation carriers. The mu-
tation carriers were divided into 
early-stage (ES) and late-stage (LS) 
subgroups defined by whether they 
were ≥4 years or <4 years, respec-
tively, before the predicted age of de-
mentia diagnosis. 

The study cohort comprised 39 
control eyes from 21 subjects, 9 eyes 
from 5 ES mutation carriers, and 
11 eyes from 8 LS mutation carri-
ers. Analyses of the collected data 
showed that the ES AD subjects had 
significantly higher capillary blood 
f low compared with both normal 
controls and the LS AD subgroup. 
In addition, both the ES and LS sub-
groups had significantly higher cap-
illary blood f low heterogeneity com-
pared with the normal controls. In 
pairwise comparisons, there were no 
differences between any of the study 
groups in capillary density or capil-
lary calibre.

Findings from a study using OCT 
angiography for imaging retinal 
capillary blood flow in subjects with 
autosomal dominant Alzheimer 
disease (AD)-causing mutations 
suggest that the pathological 
process of AD affects blood flow 
regulation years prior to the onset 
of dementia.

take-home

En face optical coherence tomography angiography (OCTA) images from the superficial retinal layer of two human subjects at risk for 
autosomal dominant Alzheimer disease and one control subject. Each affected subject was classified as either an asymptomatic early-
stage (ES) carrier or symptomatic late-stage (LS) carrier. OCTA images were obtained on a commercially available spectral domain 
OCTA device (AngioPlex, Carl Zeiss Meditec). Arterioles and venules were purposely excluded from the image and quantitation. The 
magnitude of red blood cell movement (flux) or “blood flow” within individual capillaries and end-arteriolar vessels is represented by 
pseudocolouring where colder colours correspond to lower blood flow and warmer colours correspond to higher blood flow. Capillary 
blood flow is greater in the retina of the ES carrier compared with either the LS carrier or control.    (Images courtesy of Amir Kashani, MD, PhD)
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Ruikang Wang, PhD, a co-author 
on the study, and professor of bioen-
gineering and ophthalmology at the 
University of Washington, Seattle 
says, “OCTA-derived measures have 
a great deal of potential in detect-
ing very subtle changes in the reti-
nal vasculature. In this study, we 
were able to derive a new measure of 
red blood cell movement called ‘f lux’ 
that appears to be more sensitive 
than more widely used measures of 
capillary density.”

CLINICAL TRANSLATION
Dr Ringman said the findings might 
be explained based on what is known 
about the pathophysiology of AD.

“We know that deposition of amy-
loid protein in and around capil-
laries can occur in AD, and associ-
ated dementias and we postulate 
that it may be the cause of blood 
f low changes early in the disease 
process,” he said. “If the findings of 
our study are validated in larger tri-
als, they speak to the possibility 

that identifying changes in capillary 
blood f low may predict people at 
risk for pathologic progression and 
clinical onset of AD.” 

Looking ahead, the ability to 
identify patients at risk for develop-
ing AD while they are asymptom-
atic ultimately offers hope for alter-
ing the natural history of the disease 
through therapeutic modulation.

“Achieving that goal will take 
more research to validate these find-
ings and also understand the con-
tribution of other prevalent causes 
of dementia such as cerebrovascu-
lar disease to late-onset forms of 
AD. For example, we are conducting 
additional studies aimed at quan-
tifying retinal blood f low changes 
resulting from cerebral small-vessel 
disease, which will likely have differ-
ent therapeutic implications,4” said 
Dr Kashani. •
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A NON-CONTACT 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 
utilises multicoloured lasers to image 
human tissue without touching it. This 
non-invasive, non-contact 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 analyse breast, 
gastro¬enterological, skin, and 
other cancerous tissues, and to 
enable real-time imaging to guide 
sur¬geons during the removal 
of brain tumours. Investigators 
hope to begin clinical trials within 
2 years.

scan to 
read more 
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Dual imaging improves macular 
pathology detection
Study identifies value in OCT/ultrawide field imaging system

By Cheryl Guttman Krader; Reviewed by Lloyd P. Aiello, MD, PhD

FINDINGS OF A RETROSPECTIVE, comparative cohort study 
demonstrate benefits of integrating spectral domain opti-
cal coherence tomography (SD-OCT) with ultrawide field 
(UWF) imaging in a diabetic retinopathy (DR) telemedicine 
screening program.

According to Lloyd P. Aiello, MD, PhD, investigators eval-
uated data from 422 eyes of 211 patients (mean age: 53.5 
years) with diabetes, consecutively imaged between January 
8 and March 16, 2020, using a commercially available plat-
form (Monaco, Optos) that allows SD-OCT and UWF imag-
ing in a single sitting. The participants were seen in a free 
UWF image-based DR teleophthalmology program at Joslin 
Diabetes Center in Boston, Massachusetts.

The results showed dual imaging substantially increased 
detection and reduced false positive assessments of diabetic 
macular edema (DME) and epiretinal membrane (ERM).

“Given the reduced effort, compact footprint, and 
reduced overall cost of integrated SD-OCT/UWF devices, 
their use in large DR screening programs could substan-
tially improve disease identification and reduce unneces-
sary referrals,” said Aiello, a professor of ophthalmology at 
Harvard Medical School and director of the Beetham Eye 
Institute at Joslin Diabetes Center.

Because FDA approval for the Monaco instrument is 
pending, the OCT images were evaluated qualitatively using 
a standardised template. Each scan was evaluated for mac-
ular pathology, including surveying the foveal contour and 
for macular edema, ERM, macular degeneration, and other 
macular diseases. The UWF graders were masked to the 
OCT images and findings, and graders evaluating the SD-
OCT images were masked to the UWF images and findings.

Based on UWF grading, DR was absent in 58% of eyes, 
and 93% of eyes had no DME. Eyes with DR spanned the 
spectrum of severity, but the distribution was weighted 

toward less severe disease. Sixty eyes (14.2%) were deter-
mined to have referrable DR, defined as any level of macular 
edema or moderate nonproliferative DR or worse. 

With UWF imaging, less than 1% of eyes were ungradable 
for determining DR severity and less than 1% were ungrad-
able for determining DME presence. In both modalities, less 
than 1% were ungradable for overall macular pathology.

Macular pathology was identified by UWF in 8.1% of 
eyes and in 13% of eyes by OCT imaging. DME was the most 
commonly identified pathology on UWF imaging (75%), 
but it accounted for only 36% of macular disease identified 
by OCT. ERM accounted for 29% of macular pathology on 
UWF imaging but 52.7% of macular disease by OCT.

UWF and SD-OCT gradings often agreed when deter-
mining DME was not present. When UWF imaging alone 
found DME was not present, SD-OCT found DME in 1.5% of 
those eyes. However, when the UWF image identified DME 
as present, SD-OCT did not find DME  in 75% of those cases. 

“Thus, UWF alone had low sensitivity and low positive 
predictive value for DME detection but high specificity and 
high negative predictive value compared [with] SD-OCT,” 
Aiello explained. 

ERM was reported as present by UWF image grading 
in 2.4% of eyes and by SD-OCT in 6.8% of eyes. Only 3.4% of 
ERMs detected on SD-OCT images were identified on UWF 
imaging alone. When UWF imaging alone found ERM was 
absent, SD-OCT found an ERM in 6.8% of eyes. When UWF 
grading showed that an ERM was present, only 10% of those 
cases were confirmed by SD-OCT. •

LLOYD P AIELLO, MD PHD 
e: lloydpaul.aiello@joslin.harvard.edu
This article is based on Aiello’s presentation at the ARVO 2021 virtual meeting. Aiello is a 

consultant to Optos, but he is not paid for his services. 
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