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Purpose:	A	 sub‑population	 of	 patients	with	 diabetic	macular	 edema	 (DME)	 responds	 less	 effectively	 to	
off‑label	use	of	Bevacizumab.	Approval	of	Aflibercept	 for	DME	has	offered	Bevacizumab	nonresponders	
an	alternative	therapeutic	option.	Herein,	we	investigate	the	anatomical	and	functional	changes	associated	
with	Aflibercept	 treatment	 in	 Bevacizumab	 nonresponders	 with	 chronic	 DME	 in	 a	 Canadian	 setting.	
Methods:	A	 retrospective	 study	 of	 eyes	with	 persistent	DME	 that	were	 switched	 to	Aflibercept	 due	 to	
nonresponse	 following	 ≥6	 consecutive	 monthly	 Bevacizumab	 injections	 was	 performed.	 Anatomical	
and	 functional	 changes	 and	 the	 predictors	 of	 response	 were	 assessed	 using	 patients’	 characteristics	
prior	 to	 receiving	 their	 first	 (baseline)	 and	 seventh	 consecutive	 Aflibercept	 injections	 (follow‑up).	
Results:	Twenty‑four	eyes	were	 included,	with	a	mean	age	of	63.9	±	10.7	years,	an	average	of	16.8	±	8.5	
Bevacizumab	injections	prior	to	switching	to	Aflibercept,	and	mean	follow‑up	duration	of	11.8	±	1.7	months	
following	 switching	 to	Aflibercept.	 Best‑corrected	 visual	 acuity	 (BCVA)	 improved	 significantly	 from	
0.49	±	0.13	to	0.41	±	0.11	logMAR	(P	<	0.001)	and	central	subfield	thickness	(CST)	decreased	by	119.4	µm 
from	409.4	±	85.8	µm	to	290.0	±	64.5	µm (P	<	0.001),	with	50%	of	eyes	showing	complete	anatomical	response.	
Worse	BCVA	and	higher	CST	at	baseline	predicted	greater	vision	improvements	(P = 0.001 and P =	0.035,	
respectively)	while	a	larger	decrease	in	CST	was	associated	with	greater	baseline	CST	(P	=	0.001)	and	better	
glycemic	control	(P	=	0.039).	Conclusion:	Our	data	from	a	real‑world	clinical	setting	highlight	the	efficacy	
of	Aflibercept	 as	 an	 alternative	 therapeutic	 option	 for	DME	 recalcitrant	 to	 Bevacizumab,	with	 potential	
additional	benefit	to	those	with	worse	vision,	greater	CST,	and	better	glycemic	control	at	baseline.
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Diabetic	macular	edema	(DME)	causes	significant	vision	loss,	
diminished	quality	 of	 life,	 and	psychological	distress.	The	
individual	and	psychosocial	burden	of	DME	underlines	 the	
importance	of	optimizing	treatment	options	for	these	patients,	
particularly	those	with	more	challenging	and	less	responsive	
cases.

Current	 DME	 guidelines	 recommend	 anti‑vascular	
endothelial	growth	factor	(anti‑VEGF)	therapy	with	or	without	
adjunct	laser	photocoagulation	for	those	with	center‑involved	
DME	 (CI‑DME).[1]	Off‑label	use	of	Bevacizumab	 (Avastin®)	
has	 shown	 to	 be	 effective	 in	 treating	DME[2];	 however,	 a	
subpopulation	of	patients	is	considered	poor	responders	–	for	
which	there	exists	no	uniform	definition	in	the	literature.	In	
cases	of	poor	response,	switching	to	a	different	therapy,	such	
as	corticosteroids[3]	or	an	alternative	anti‑VEGF	agent	is	usually	
a	viable	step.[4]

Aflibercept	 (Eylea®)	 is	 an	 anti‑VEGF	 agent	 approved	
for	 the	 treatment	 of	DME.	 It	 is	 characterized	by	 a	 greater	
binding	affinity	to	VEGF	as	well	as	a	longer	half‑life	and	has	
shown	to	be	efficacious	in	treating	DME.[5] A few studies have 

investigated	the	outcomes	related	to	switching	to	Aflibercept	
in	DME	patients	 refractory	 to	 Bevacizumab	 therapy[6‑14];	
however,	the	number	of	pre‑switch	Bevacizumab	injections	
and	 the	 post‑switch	 follow‑up	 duration	was	 limited	 in	
the	majority	 of	 these	 studies.	 Further,	 the	morphometric	
features	 of	 the	macula	 and	 the	 predictors	 of	 response	 in	
this	 therapeutically	 challenging	 sub‑population	 remains	
understudied.

In	2014,	Health	Canada	approved	Aflibercept	for	treatment	
of	DME;	 however,	 switching	 to	 this	 anti‑VEGF	was	 set	
back	 because	 of	 limited	 provincial	 drug	 funding	 for	 this	
drug.[15]	Hence,	 switching	 to	Aflibercept	was	delayed	until	
more	recently,	when	Canadian	provincial	health	insurances	
approved	Aflibercept	 coverage	 for	DME	nonresponders.	
Here,	we	assessed	the	1‑year	anatomical	and	functional	vision	
outcomes	 of	 switching	 to	Aflibercept	 among	 a	Canadian	
cohort	of	chronic	DME	patients	recalcitrant	to	Bevacizumab	
therapy	 and	 investigated	 the	 predictors	 of	 response	 and	
morphometric	 features	 of	 the	macula	 following	 switching	
to	Aflibercept.
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Methods
Participants:	We	 performed	 a	 retrospective	 review	 of	 all	
patients	who	 received	Bevacizumab	 injections	 for	 reduced	
vision	from	CI‑DME	and	were	switched,	due	to	poor	response	
to	this	medication,	to	Aflibercept	at	a	single	ophthalmology	
clinic.	The	 inclusion	criteria	consisted	of	persistent	CI‑DME	
defined	 by	 central	 subfield	 thickness	 (CST)	 ≥300	µm[10] 
with	persistent	or	 increasing	 subretinal	 or	 intraretinal	fluid	
despite	 a	minimum	of	 six	 consecutive	monthly	 intravitreal	
Bevacizumab	 injections	 (1.25	mg/0.05	mL),	 and	decreased	
vision	from	CI‑DME	defined	by	BCVA	≤20/40.	Exclusion	criteria	
consisted	of	the	following	prior	to	switching:	retinal	vascular	
diseases	other	 than	DME,	dense	 cataracts,	 recent	history	of	
panretinal	or	macular	laser	in	the	study	eye	(<3	months),	recent	
cerebrovascular	 accident	or	myocardial	 infarction	within	 3	
months	of	screening.	Prior	history	of	pars	plana	vitrectomy	was	
not	considered	an	exclusion	criterion,	and	both	vitrectomized	
and	nonvitrectomized	eyes	were	included	in	the	study.

Imaging:	The	retinal	 imaging	was	done	using	 the	Cirrus	
HD‑OCT	 (Carl	 Zeiss	Meditec,	 Dublin,	 CA).	 The	 Cirrus	
HD‑OCT	Macular	Analysis	software	automatically	analyzed	
the	macular	thickness	(the	distance	between	the	inner	limiting	
membrane	and	the	Bruch’s	membrane)	in	all	nine	regions	of	the	
macula,	defined	by	the	Early	Treatment	Diabetic	Retinopathy	
Study	(ETDRS)	map.	All	subjects	underwent	imaging	prior	to	
receiving	each	injection,	which	served	as	the	basis	to	evaluate	
the	anatomical	characteristics	of	patients’	macula,	 including	
CST	(average	thickness	in	the	central	1	mm	diameter	circle	of	
the	ETDRS	grid),	average	macular	thickness	(AMT)	(average	
retinal	 thickness	 in	 all	 nine	ETDRS	 sections),	 and	 average	
macular	volume	(AMV)	(average	volume	in	all	nine	ETDRS	
sections).

Presence	or	absence	of	the	following	morphometric	features	
was	evaluated:	diffuse	retinal	 thickening	characterized	by	a	
uniformly	increased	retinal	thickness	of	greater	than	200	µm 
and	decreased	intra‑retinal	reflectivity,	hyper‑reflective	dots,	
hard	exudates,	ellipsoid	zone	disruption,	epiretinal	membrane,	
sponge‑like	 retinal	 swelling,	 subretinal	fluid,	vitreomacular	
traction	 and	 adhesion,	 disruption	 of	 the	 external	 limiting	
membrane,	as	well	as	 intra‑retinal	cystoid	space	which	was	
categorized	based	on	 its	horizontal	width	 (small:	 <250	µm, 
medium:	 250‑500	µm,	 and	 large:	 >=500	µm).	Cone	 outer	
segment	tip	(COST)	status	–	an	early	marker	of	photoreceptor	
damage[16]	–	was	classified	into	distinct,	discernible,	obscured,	
disrupted.	Ellipsoid	zone	 status	 –	 a	predictor	of	 functional	
vision	–	was	classified	according	to	the	degree	of	disruption	(0%,	
up	to	25%,	25‑50%,	and	>=50%).

Visual	 exam:	At	 every	 visit,	 prior	 to	 receiving	 the	
injection,	 subjects	were	 evaluated	 for	 BCVA	 using	 the	
Snellen	 chart.	 To	 ensure	 the	 continuity	 of	 the	 data,	 the	
BCVA	 scores	were	 converted	 to	 the	 logarithm	of	minimal	
angle	of	 resolution	 (LogMAR),	 and	 letters	of	vision	gained	
were	calculated	in	visual	acuity	rating	scale	(VAR)	using	the	
following	formula:	VAR	=	100	−	50(logMAR).

Injection	 procedure:	 Using	 sterile	 technique	 and	
following	application	of	 topical	 anesthetic	 (Tetracaine)	 and	
Povidone‑iodine	5%	(Betadine)	drops	onto	the	ocular	surface,	
the	 injection	 site	was	marked	 at	 3.5‑	 or	 4‑mm	posterior	 to	
the	 limbus	 (pseudophakic	 or	 phakic	 status,	 respectively).	

The	 injection	 site	 was	 inferotemporal	 and	 0.05	mL	 of	
Bevacizumab	(1.25	mg/0.05	mL)	or	Aflibercept	(2	mg/0.05	mL)	
was	 injected	 through	pars	plana	using	 a	 30‑gauge	needle.	
Following	 the	 injection,	 a	drop	of	povidone‑iodine	 5%	and	
antibiotic	drops	were	instilled.	The	switch	from	bevacizumab	
to	Aflibercept	occurred	according	to	 the	 following	regimen:	
the	first	six	Aflibercept	injections	were	administered	through	
a	fixed	 regimen	at	 8‑week	 intervals	 (loading	dose)	 and	 the	
subsequent	ones	were	administered	according	to	a	treat	and	
extend regimen.

Data	Extraction	and	Statistical	Analyses:	We	extracted	the	
clinical	characteristics	including	the	hemoglobin	A1C	(HbA1C).	
BCVA,	intraocular	pressure,	and	the	OCT‑derived	anatomical	
data	from	patients’	medical	records,	prior	 to	receiving	their	
first	 and	 seventh	 consecutive	Aflibercept	 injections,	 serving	
as	 the	baseline	and	 the	 follow‑up	data	points,	 respectively.	
The	outcomes	of	 interest	were	 improvements	 in	 functional	
vision	 and	macular	 structures.	Vision	 changes	were	 also	
broadly	categorized	as	improved	(change	in	LogMAR<‑0.01),	
stable	 (change	 in	 LogMAR	between	 ‑0.01	 and	 0.01),	 and	
deteriorated	(change	in	LogMAR	>0.01).	Complete	anatomical	
response	 to	Aflibercept	was	 defined	 by	CST	 <300	µm at 
follow‑up	with	 a	 reduction	greater	 than	 10%	compared	 to	
baseline	in	the	absence	of	sub‑retinal	fluid.[10]

Changes	 from	baseline	 (immediately	prior	 to	 switching	
to	Aflibercept)	 to	 the	 follow‑up	 (following	 6	 consecutive	
Aflibercept	injections)	were	evaluated	using	repeated‑measure	
ANOVA	 (continuous	 variables),	McNemar	 (dichotomous	
variables),	 and	Wilcoxon	 test	 (ordinal	variables).	Predictors	
of response were evaluated using linear regression models. 
All	analyses	were	performed	using	SPSS	Statistics	26.0,	with 
P <	0.05.	The	study	adhered	to	the	tenets	of	the	Declaration	
of	Helsinki	and	was	approved	by	the	local	ethics	committee.

Results
Baseline characteristics
Data	of	 24	 eyes	 from	17	patients	who	met	 the	 above‑cited	
inclusion	 criteria	 were	 extracted	 and	 analyzed.	 The	
demographic	 and	baseline	 clinical	 features	 of	 the	patients	
are presented in Table 1. There were no missing data for any 
patient.	The	average	age	was	63.9	±	10.7	years,	mean	diabetes	
duration	was	20.4	 ±	 11.7	years,	 and	 the	average	number	of	
Bevacizumab	 injections	 prior	 to	 switching	 to	Aflibercept	
was16.8	±	8.5	(the	last	six	of	which	were	administered	monthly).	
At	baseline,	the	average	BCVA	was	0.49	±	0.13	LogMAR,	mean	
CST	was	409.4	±	85.8	µm,	AMT	was	324.3	±	45.6	µm, and AMV 
was	11.7	±	1.7	µl. Half of the eyes (n	=	12),	had	proliferative	
diabetic	 retinopathy	 (PDR),	 all	 of	which	 had	 undergone	
panretinal	photocoagulation	(PRP).	None	of	the	patients	had	
severe	epiretinal	membrane	involving	the	macular	center	or	
vitreomacular	traction	that	required	vitrectomy.	At	follow‑up,	
all	eyes	had	received	six	intravitreal	Aflibercept	injections	with	
an	average	 injection	 interval	of	7.8	±	1.2	weeks	and	a	mean	
follow‑up	duration	of	11.8	±	1.7	months.

Functional and anatomical vision outcomes
Changes	 in	 functional	 and	 anatomical	 characteristics	 of	
patients	 from	 baseline	 to	 follow‑up	 are	 compared	 and	
presented in Table 2.	 Statistically	 significant	 improvements	
were	observed	 in	both	vision	and	macular	 swelling.	BCVA	
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improved	from	0.49	±	0.13	LogMAR	to	0.41	±	0.11	(P	<	0.001,	
Eta‑squared	=	0.479),	and	on	average	patients	gained	4	letters	
of	acuity.	Proportional	analyses	showed	that	vision	improved	
in	58%	of	the	patients,	remained	stable	in	38%,	and	deteriorated	
in 4%.

In	 terms	of	 anatomical	 changes,	CST	decreased	by	119.4	
µm	 (29%	 reduction),	 from	409.4	 ±	 85.8	µm	 to	 290.0	 ±	 64.5	
µm (P	<	0.001,	Eta‑squared	=	0.550)	and	71%	of	eyes	experienced	
a	reduction	greater	than	50	µm. In addition, the overall edema 
in	macula	 improved,	 as	 the	AMT	decreased	by	 10%	 from	
324.3	±	45.6	µm	to	290.3	±	29.5	µm (P	=	0.001,	Eta‑squared	=	0.434)	
and	total	macular	volume	reduced	from	11.7	±	1.7	µl	to	10.5	±	1.1	
µl (P	=	0.001,	Eta‑squared	=	0.413)	[Fig. 1].	Twelve	eyes	(50%)	
showed	 complete	 anatomical	 response	 to	Aflibercept.	
A	multivariate	logistic	regression	analysis	failed	to	unveil	any	
baseline	predictors	for	complete	response.	Fig. 2a illustrates the 
OCT	image	of	an	eye	with	clinically	significant	macular	edema	
at	baseline	and	Fig.	2b	shows	a	complete	anatomical	response	
to	Aflibercept	at	follow‑up	in	the	same	eye.	The	diffuse	retinal	
thickening	resolved	in	37%	(P	=	0.002),	the	size	of	intraretinal	

cystoid	spaces	decreased	(P	=	0.029)	with	complete	resolution	
in	five	(21%)	eyes,	and	ellipsoid	zone	disruption	improved	in	
half of the eyes (P	=	0.042).	No	other	changes	were	observed	
in	the	remaining	OCT	variables.

Among	 the	 eyes	with	 baseline	 PDR	 (all	 of	which	 had	
received	PRP),	 the	 average	baseline	BCVA	was	 0.55	 ±	 0.13	
LogMAR	and	the	mean	CST	was	405.0	±	105.5	µm.	At	1‑year	
follow‑up,	 BCVA	 improved	 by	 3.3	 letters	 to	 0.48	 ±	 0.12	
LogMAR,	 and	CST	decreased	by	 30%	 to	 283.5	 ±	 75.9	µm. 
Intergroup	analysis	between	those	with	PDR	(and	prior	PRP)	
and	those	with	no	PDR	did	not	evidence	any	differences	for	the	
primary	outcomes,	including	BCVA	(P	=	0.869),	CST	(P	=	0.641),	
AMT (P	=	0.095),	and	AMV	(P	=	0.091).	At	baseline,	four	eyes	
had	undergone	pars	plana	vitrectomy	for	nonclearing	vitreous	
hemorrhage.	The	average	vision	at	baseline	was	0.47	±	0.17	
LogMAR	and	the	mean	CST	was	356.0	±	74.9	µm.	At	1‑year,	
BCVA	 improved	by	an	average	of	4.75	 letters	 to	0.38	±	0.05	
LogMAR,	and	CST	decreased	by	11%	to	a	mean	of	317.0	±	40.3	
µm.	Given	the	differences	in	intravitreal	drug	pharmacokinetics	
following	pars	plana	vitrectomy,	we	compared	the	outcomes	

Table 1: Patients’ baseline demographics, clinical features, and OCT‑derived morphometric characteristics (n=24)

Variables Range [min‑max]

Age (years) 63.9±10.7 46‑98

Sex (M:F) 16:8

Study Eye (OD: OS) 14:10

Hypertension, n (%) 17 (71%)

Diabetes duration (years) 20.4±11.7 7‑39

Hemoglobin A1C (%) 8.0±1.5 5.5‑11.2

Number of Bevacizumab injections 16.8±8.5 10‑36

Bevacizumab therapy duration (months) 39.7±23.6 11‑91

Proliferative diabetic retinopathy 12 (50%)

History of panretinal photocoagulation 12 (50%)

Previous Triamcinolone treatment, n (%) 2 (8%)

Previous modified grid laser treatment 15 (63%)

History of vitrectomy, n (%) 4 (17%)

Best‑corrected visual acuity (logMAR) 0.49±0.13 0.30‑0.70

Intraocular pressure (mmHg) 17.0±3.7 11.0‑24.0

Central Subfield Thickness (µm) 409.4±85.8 302‑659

Average Macular Thickness (µm) 324.3±45.6 259‑429

Average Macular Volume (µl) 11.7±1.7 8.7‑15.4

Diffuse retinal thickening, n (%) 24 (100%)

Hyper‑reflective dots, n (%) 24 (100%)

Intra‑retinal cystoid space size (none : small <250 µm: medium=250‑500 µm: large >=500 µm) 0:8:8:8

Hard exudates, n (%) 21 (88%)

Cone outer segment tips (Distinct : Discernible : Obscured : Disrupted) 3:1:6:14

Ellipsoid zone disruption (no : 0‑25% : 25‑50% : >50%) 8:5:8:3

Epiretinal membrane, n (%) 12 (50%)

External limiting membrane disruption, n (%) 4 (17%)

Vitreomacular adhesion, n (%) 4 (17%)

Sponge‑like retinal swelling, n (%) 1 (4%)

Subretinal fluid, n (%) 1 (4%)

Vitreomacular traction, n (%) 0 (0%)
Tractional retinal detachment, n (%) 0 (0%)

The continuous and discrete data are presented as mean±standard deviation and frequency (percentage), respectively
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of	vitrectomized	and	nonvitrectomized	eyes,	which	failed	to	
evidence	any	time‑group	interaction	for	the	primary	outcomes,	
including	BCVA	(P	=	0.266),	CST	(P	=	0.216),	AMT	(P	=	0.108),	
and AMV (P	=	0.109).

Our	sample	included	7	patients	whose	both	eyes	met	the	
inclusion	 criteria	 and	an	additional	 10	patients	whose	only	

one	eye	did.	A	sub‑analysis	of	the	contralateral	eyes	of	these	
10	patients	was	performed:	Four	eyes	without	CI‑DME	were	
receiving	Bevacizumab	and	were	switched	to	Aflibercept	at	the	
same	time	as	their	contralateral	eye.	These	four	nonstudy	eyes	
did	similarly	to	their	contralateral	study	eye,	in	terms	of	both	
BCVA	changes	(P	=	0.417)	and	CST	reductions	(P	=	0.420).	Three	
eyes	had	no	history	of	prior	anti‑VEGF	therapy	but	developed	
CI‑DME	and	were	started	on	Aflibercept	at	the	same	time	as	
switching	their	contralateral	eye.	These	three	eyes	did	similarly	
to	their	contralateral	study	eye	in	terms	of	BCVA	(P	=	0.821)	
while	 a	 trend	 for	 larger	CST	 reductions	was	 observed	 for	
the study eyes (P	=	0.059).	Lastly,	three	eyes	had	no	CI‑DME,	

Table 2: Changes in functional and anatomical characteristics of patients from baseline to follow‑up (n=24)

Variables Baseline Follow‑up P Eta2

Best‑corrected visual acuity# (LogMAR) 0.49±0.13 0.41±0.11 <0.001* 0.479

Intraocular pressure# (mmHg) 17.0±3.7 17.5±4.2 0.507 0.021

Central Subfield Thickness# (µm) 409.4±85.8 290.0±64.5 <0.001* 0.550

Average Macular Thickness# (µm) 324.3±45.6 290.3±29.5 0.001* 0.434

Total Macular Volume# (µl) 11.7±1.7 10.5±1.1 0.001* 0.413

Diffuse retinal thickening$, n (%) 24 (100%) 15 (63%) 0.002*

Hyper‑reflective dots$, n (%) 24 (100%) 23 (96%) 0.500

Intra‑retinal cystoid space size† (none: small <250 µm: medium=250‑500 µm: large >=500 µm) 0:8:8:8 5:5:9:5 0.029*

Hard exudates$, n (%) 21 (88%) 21 (88%) 1.000

Cone outer segment tips† (Distinct : Discernible: Obscured: Disrupted) 3:1:6:14 3:9:0:12 0.091

Ellipsoid zone disruption† (No : 0‑25% : 25‑50% : >50%) 8:5:8:3 16:2:4:2 0.042*

Epiretinal membrane$, n (%) 12 (50%) 12 (50%) 1.000

External limiting membrane disruption$, n (%) 5 (21%) 6 (25%) 0.500

Vitreomacular adhesion$, n (%) 4 (17%) 3 (13%) 0.500

Sponge‑like retinal swelling$, n (%) 1 (4%) 1 (4%) 1.000

Sub‑retinal fluid$, n (%) 1 (4%) 0 (0%) 0.500

Vitreomacular traction$, n (%) 0 (0%) 0 (0%) 1.000
Tractional retinal detachment$, n (%) 0 (0%) 0 (0%) 1.000

The continuous and discrete data are presented as mean±standard deviation and frequency (percentage), respectively. #Based on the repeated measure 
ANOVA. $Based on the McNemar test. †Based on the Wilcoxon test. *Denotes statistical significance at P<0.05

Figure 1: Changes in the central subfield thickness (CST), average 
macular thickness (AMT), and average macular volume (AMV) from 
pre‑Aflibercept switching to follow‑up. The solid and dotted lines 
represent the CST and AMT, respectively (left axis), and the dashed 
line represents AMV (right axis). The vertical bars show the standard 
error of the mean. * denotes statistical significance at P < 0.05. η2, 
effect size. There was a significant decrease in CST (P < 0.001), 
AMT (P = 0.001), and AMV (P = 0.001)

Figure 2: (a) OCT showing clinically significant macular edema with 
central subfield thickness of 659 µm at baseline. (b) OCT showing 
complete anatomical response to Aflibercept and improved central 
subfield thickness of 271 µm at follow‑up. (c) OCT showing disrupted 
cone outer segment tip (arrowheads). (d) OCT showing significant 
improvements in cone outer segment tip (COST) with a discernible 
COST line
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were	not	receiving	any	intravitreal	injections,	and	remained	
dry	and	free	of	anti‑VEGF	therapy	throughout	the	follow‑up.	
These	 eyes	did	 similarly	 to	 their	 contralateral	 study	eye	 in	
terms	of	BCVA	(P	=	0.154);	however,	the	study	eye	experienced	
a	 significant	CST	 reduction	of	 50%	while	 the	nonstudy	eye	
remained	stable	with	a	baseline	CST	of	250.6	±	42.14	µm and a 
follow‑up	CST	of	244.7	±	37.1	µm	(2.5%	reduction, P =	0.238).

Another	 sub‑analysis	 included	 the	 seven	patients	whose	
bilateral	 eyes	were	 included	and	compared	 the	behavior	of	
each	eye	to	its	contralateral	eye	with	regards	to	the	primary	
outcomes.	Our	analysis	 found	that	bilateral	eyes	responded	
similarly	to	the	switch	in	terms	of	both	BCVA	(P	=	0.325)	and	
CST	(P	=	0.832).

Baseline predictors of response
Linear regression analyses were performed to investigate 
possible	 predictors	 of	 vision	 and	 anatomical	 response,	
accounting	 for	age,	 sex,	diabetes	duration,	glycemic	control	
represented	by	HbA1C,	presence	of	PDR,	the	total	number	of	
Bevacizumab	injections	received	prior	to	switching,	presence	
of	epiretinal	membrane,	history	of	vitrectomy,	modified	grid	
laser	or	panretinal	photocoagulation,	baseline	BCVA,	and	CST.

The	model	for	predictors	of	vision	response	accounted	for	
75%	of	variations	 in	BCVA	 (R2 = 0.749, adjusted R2 = 0.541, 
P =	0.009)	and	is	presented	in	Table	3.	Poorer	vision	at	baseline	
was	associated	with	greater	vision	improvements	(β = 0.742, 
P =	 0.001),	 and	 those	with	baseline	BCVA	worse	 than	 0.48	
LogMAR	 (~20/60)	 improved	 significantly	more	 (P	 =	 0.005).	
In	addition,	higher	baseline	CST	was	associated	with	greater	
vision improvements (β	=	0.439, P =	0.035).

The	regression	model	for	predictors	of	anatomical	improvement	
accounted	for	81%	of	the	variations	in	CST	(R2 = 0.809, adjusted 
R2 = 0.700, P = 0.001, Table	3).	Larger	baseline	CST	(β = 0.667, 
P =	0.001)	and	lower	HbA1C	(β	=	0.395, P =	0.039)	were	associated	
with	greater	anatomical	improvements.

Vision	 improvement	was	 associated	with	 improved	
intra‑retinal	cystoid	space	(P	=	0.038)	such	that	vision	improved	
in	 80%	of	 those	with	 improved	 intra‑retinal	 cystoid	 space	
at	 follow‑up	 compared	 to	 33%	 in	 those	without.	 Similarly,	
vision	improved	in	80%	of	those	with	COST	improvement	at	
follow‑up	compared	to	33%	of	those	without,	highlighting	an	
association	between	vision	improvement	and	decreased	COST	
disruption (P	=	0.038).	Fig.	2c	illustrates	an	example	of	disrupted	
COST	at	baseline	and	Fig.	2d	shows	COST	improvements	in	
the	same	eye	with	a	discernible	COST	line.

Safety and adverse events
No	systemic	or	ocular	adverse	events	including	endophthalmitis,	
ocular	hypertension,	retinal	detachment,	or	rapid	progression	
of	cataracts	were	evidenced	in	our	population.

Discussion
The	 common	 treatment	 options	 for	 DME	 include	 laser	
photocoagulation,	corticosteroids,	and	intravitreal	anti‑VEGF	
agents.	 Traditionally,	 laser	photocoagulation	has	 been	 the	
mainstay	of	 treatment	 for	DME;	however,	 this	 technique	 is	
associated	with	 limitations	 such	as	 atrophic	 creep,	 scotoma	
due	to	heat‑induced	damage	to	the	retinal	tissue,	and	restricted	
efficacy	in	maintaining	visual	acuity.[17]	Corticosteroids	have	
been	 shown	 to	be	 effective	 in	 reducing	macular	 edema	by	

inhibiting	the	expression	of	VEGF.	Evidence	from	randomized	
control	trials	highlighted	the	superiority	of	corticosteroids	over	
laser	photocoagulation	at	four‑month	follow‑up,	noninferiority	
at	 1	 year,	 and	 inferiority	 at	 2‑year	 follow‑up.[18]	 Concern	
regarding	the	long‑term	efficacy	and	the	safety	of	corticosteroids	
such	as	cataract	formation	and	intraocular	pressure	spikes[19] 
has	limited	their	use	to	mainly	adjuvant	therapy	in	anti‑VEGF	
nonresponders,	and	more	particularly	pseudophakic	patients.	
Evidence	 from	clinical	 trials	highlighting	 the	 superiority	of	
anti‑VEGFs	over	laser	photocoagulation	in	CI‑DME	has	shifted	
the paradigm of therapy for DME.[5,20]

Up	 to	 56.7%	 of	DME	 eyes	 treated	with	 Bevacizumab	
and	40%	of	those	treated	with	Ranibizumab	are	reported	as	
nonresponders,	shown	by	persistent	macular	edema	despite	
24	months	of	anti‑VEGF	therapy.[21,22]	In	cases	of	poor	response,	
switching	to	a	different	therapy,	such	as	corticosteroids[3] or an 
alternative	anti‑VEGF	agent	is	usually	a	viable	step.[4] A few 
have	 investigated	 the	 response	 to	 switching	 to	Aflibercept	
in	 a	 chronic	DME	 population	 refractory	 to	 longer‑term	
Bevacizumab	therapy[6‑14];	however,	the	number	of	pre‑switch	
Bevacizumab	therapy	and	the	post‑switch	follow‑up	duration	
was limited in the majority of these studies and only a few 
investigated	the	morphometric	features	and	the	predictors	of	
response	to	the	switch.

Prior	to	the	approval	and	public	drug	coverage	for	Aflibercept,	
many	Canadian	DME	patients	 received	 bevacizumab	 for	
extended	periods	of	time.	Our	sample	consisted	of	a	cohort	of	
DME	patients	with	poor	response	to	bevacizumab	that	got	the	
opportunity	of	switching	to	Aflibercept	following	its	approval	
and	drug	 coverage	 by	 the	provincial	 drug	 insurance.	 The	
results	of	 this	 study	show	that	 switching	 to	Aflibercept	 in	a	
chronic	CI‑DME	refractory	to	Bevacizumab,	leads	to	substantial	
anatomical	improvements,	as	evidenced	by	a	decrease	in	foveal	
and	macular	thickness,	diffuse	retinal	thickness,	 intra‑retinal	
cystoid	spaces,	as	well	as	ellipsoid	zone	disruption.	In	addition,	
vision improved in more than half of our population, and on 
average,	our	patients	gained	four	letters	of	acuity.	Our	findings	
are in line with a few similar studies.[10,12,13] Vision gain in our 
population	was	well	within	the	3.9	to	4.5	letters	range	previously	
reported[10,12,13]	and	the	29%	decrease	in	CST	is	comparable	to	the	
12.6 to 26.2% range reported in the literature. A previous study 
investigating	 the	early	outcomes	of	 switching	 to	Aflibercept	
reported	 complete	 anatomical	 response	 among	24%	of	 the	
patients	following	an	average	of	2.2	Aflibercept	injections	(2.4	
months	 follow‑up).[10]	 In	 our	 cohort,	 complete	 anatomical	
response	was	evidenced	in	half	of	the	eyes.	We	hypothesize	that	
a	larger	number	of	Aflibercept	injections	and	longer	follow‑up	
has	 likely	 allowed	 complete	 anatomical	 response	 among	a	
greater proportion of patients. Our regression analysis failed 
to	identify	any	baseline	predictors	of	complete	response,	which	
we	relate	 to	 the	 limited	sample	size	and	statistical	power	of	
our study. Future studies with larger samples should further 
investigate	 the	 characteristics	 of	 the	 eyes	with	and	without	
complete	response	to	switching	to	Aflibercept.

The	effect	of	vitreoretinal	abnormalities	on	the	efficacy	of	
intravitreal	anti‑VEGFs	was	assessed	in	a	previous	study,[23] 
which	did	not	 evidence	 any	differences	 in	CST	 reduction	
between	 eyes	with	no	 intravitreal	 abnormalities	 and	 those	
with	eccentric	ERM.	While	50%	of	the	eyes	in	our	cohort	had	
ERM,	none	were	severe	or	involved	the	macular	center	that	
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required	Vitrectomy.	In	line	with	the	findings	of	Kulikov	and	
colleagues,[23]	we	did	not	evidence	any	difference	between	the	
functional	and	anatomical	outcomes	of	the	eyes	with	eccentric	
ERM and those without ERM.

Anatomical	 improvements	 following	Aflibercept	were	
predicted	by	larger	baseline	CST,	which	is	in	agreement	with	the	
results	of	the	previous	studies	including	the	ETDRS	study.[24,25] 
We	hypothesize	that	this	phenomenon	can	be	explained	by	the	
fact	that	eyes	with	larger	CST	at	baseline	have	a	larger	room	
for improvement. In addition, larger vision improvements in 
those	with	higher	baseline	CST	could	be	secondary	to	greater	
anatomical	 improvements	observed	 in	 this	 sub‑population.	
Data	on	the	association	between	glycemic	control	and	response	
to	anti‑VEGFs	is	mixed.[26,27]	In	line	with	the	findings	of	a	few	
other studies,[26]	our	results	highlighted	an	association	between	
better	glycemic	 control	 and	greater	 anatomical	 response	 to	
Aflibercept;	however,	failed	to	evidence	an	association	for	the	
functional	response.	We	hypothesis	that	this	lack	of	association	
could	be	related	to	the	chronicity	of	DME,	as	other	studies	in	
chronic	DME	patients	also	failed	to	report	this	association.[26]

The	significant	role	of	COST	in	photoreceptor	function	has	
been	well	documented,	and	COST	disruption	has	been	linked	to	
photoreceptor	dysfunction.[16]	In	our	sample,	those	with	COST	

improvement	experienced	greater	vision	gains	compared	to	
the	ones	without.	Despite	the	individual‑level	improvements,	
COST	 only	 showed	 a	 trend	 for	 improvement	 (P	 =	 0.091)	
at	 follow‑up.	We	postulate	 that	 the	 absence	 of	 significant	
improvements	in	COST	could	have	potentially	limited	greater	
vision gains in our population. Future studies with a larger 
sample	shall	 further	assess	 the	 improvements	 in	COST	and	
its	association	with	vision	in	this	challenging	population.	The	
ellipsoid	zone	corresponds	to	a	portion	of	the	photoreceptors’	
inner	segment,	and	its	integrity	has	been	associated	with	visual	
function.[28]	 Similar	 to	Bahrami’s	findings,[29]	 ellipsoid	 zone	
disruption	did	not	predict	 functional	vision	 improvements.	
We	hypothesize	 that	 this	 lack	 of	 association	 could	be	due	
to	irreversible	damage	to	the	neural	retina	secondary	to	the	
chronicity	 of	DME,[30,31]	which	 in	 turn	might	 have	 limited	
visual	gains.	Anti‑VEGF	agents	have	 rarely	been	associated	
with	certain	ocular	and	systemic	adverse	events.[12,29]	None	of	
our	patients	experienced	any	adverse	events.

It	has	been	reported	 that	 the	 improved	vision	associated	
with	 Aflibercept	 leads	 to	 modest	 improvements	 in	
quality‑of‑life;	however,	 it	 is	not	 cost‑effective	 compared	 to	
Bevacizumab.[32]	It	is	important	to	note	that	the	focus	of	these	
studies	was	not	the	DME	patients	refractory	to	Bevacizumab,	
and	the	cost‑effectiveness	of	Aflibercept	in	this	therapeutically	

Table 3: Linear regression models for baseline predictors of response to switching to Aflibercept (n=24)

Best Corrected Visual Acuity, (R2=0.749, adjusted R2=0.541, P=0.009)

Independent Variable B β t P 95% CI

Age ‑0.001 0.104 0.579 0.574 ‑0.004 0.006

Sex ‑0.054 ‑0.215 ‑1.214 0.248 ‑0.150 0.043

Hemoglobin A1C (%) ‑0.011 ‑0.136 ‑0.698 0.499 ‑0.046 0.024

Duration of Diabetes 0.000 ‑0.037 ‑0.146 0.887 ‑0.006 0.005

Number of Bevacizumab injections 0.002 0.123 0.513 0.617 ‑0.006 0.010

Vitrectomy pre‑switching ‑0.056 ‑0.178 ‑0.819 0.429 ‑0.204 0.093

Proliferative diabetic retinopathy/
history of pan retinal photocoagulation

0.089 0.376 1.460 0.170 ‑0.044 0.223

Epiretinal membrane ‑0.030 ‑0.125 ‑0.673 0.511 ‑0.125 0.065

Macular laser pre‑switching 0.091 0.367 1.657 0.123 ‑0.029 0.212

Baseline BCVA ‑0.651 ‑0.742 ‑4.350 0.001* ‑0.976 ‑0.325
Baseline CST 0.001 ‑0.439 ‑2.382 0.035* ‑0.006 ‑0.001

Central Subfield Thickness, (R2=0.809, adjusted R2=0.700, P=0.001)

Independent Variable B β t P 95% CI

Age ‑0.866 ‑0.079 ‑0.505 0.623 ‑4.604 2.873

Sex ‑10.944 ‑0.049 ‑0.318 0.756 ‑86.360 64.371

Hemoglobin A1C (%) 28.956 0.395 2.321 0.039* 1.774 56.138

Duration of Diabetes ‑1.092 ‑0.116 ‑0.517 0.615 ‑5.697 3.513

Number of Bevacizumab injections 4.520 0.339 1.625 0.130 ‑1.541 10.518

Vitrectomy pre‑switching ‑23.117 ‑0.082 ‑0.432 0.673 ‑139.628 93.394

Proliferative diabetic retinopathy/
history of pan retinal photocoagulation

‑3.836 ‑0.018 ‑0.080 0.938 ‑108.489 100.816

Epiretinal membrane ‑35.739 ‑0.166 ‑1.223 0.240 ‑98.008 26.531

Macular laser pre‑switching ‑79.963 ‑0.356 ‑1.848 0.089 ‑174.260 14.334

Baseline BCVA ‑72.145 ‑0.091 ‑0.615 0.550 ‑327.736 183.446
Baseline CST ‑0.820 ‑0.667 ‑4.148 0.001* ‑1.251 ‑0.390

β, standardized coefficient beta; B, regression coefficient; BCVA, best‑corrected visual acuity; CI, confidence interval; CST, central subfield thickness. *Denotes 
statistical significance at P<0.05
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challenging	group	 remains	unclear.	Our	 results	 highlight	
statistically	significant	anatomical	and	vision	improvements	
associated	with	switching	to	Aflibercept.	While	it	can	be	argued	
that	these	improvements	might	not	be	clinically	significant,	it	
is	 important	 to	consider	these	 improvements	while	keeping	
in	mind	the	possibility	of	deterioration	among	these	eyes,	had	
switching	not	occurred.	In	the	absence	of	strong	evidence	about	
the	cost‑effectiveness	of	switching	to	Aflibercept	among	DME	
patients	with	poor	response	 to	Bevacizumab,	we	encourage	
future works to study this area.

Our	 study	 is	 limited	by	 its	 retrospective	nature,	 lack	of	
control	arm,	small	sample	size,	and	geographical	restriction,	
and	the	results	of	this	study	should	be	interpreted	in	light	of	
its	limitations.,	in	light	of	limited	evidence	on	outcomes	related	
to	switching	 to	Aflibercept	 in	DME	patients	with	refractory	
edema	and	insufficient	data	for	predictors	of	response,[10,12,13] our 
real‑world	results	and	predictive	analyses	further	add	to	the	
existing literature with the hope of helping ophthalmologists 
with	individualized	decision	making	while	also	encouraging	
future	studies	to	further	assess	different	treatment	regimens	
for	managing	the	challenging	cases	of	refractory	DME.

Conclusion
Chronic	 and	 recalcitrant	 DME	 remains	 a	 challenge	 in	
ophthalmology,	 responsible	 for	 visual	 disability	 and	
substandard	quality	of	life	among	many	patients	worldwide.	
Our	 results	 suggest	 that	 switching	 this	 population	 to	
Aflibercept	leads	to	functional	vision	improvements,	more	so	
in	those	with	poorer	baseline	vision	while	also	improving	the	
macular	edema.
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C o m m e n t a r y :  S w i t c h i n g  o f 
anti-vascular endothelial growth 
factor agents in refractory diabetic 
macular edema

Intravitreal	 injections	 of	 anti‑vascular	 endothelial	 growth	
factor	 (VEGF)	 are	widely	 accepted	 as	 the	 current	 gold	
standard	for	the	treatment	of	center	involving	diabetic	macular	
edema	(DME).	The	efficacy	of	these	injections	has	been	proven	
in	many	 large	 randomized	 controlled	 trials.	However,	 a	
percentage	of	patients	in	these	trials	showed	poor	response	to	
the	anti‑VEGF	agent.	Approximately	50%	of	cases	treated	with	
bevacizumab	in	the	Protocol	T	study	did	not	respond	and	had	
persistent	macular	edema	at	2	years.[1]	In	the	Protocol	I	study,	
among	the	patients	treated	with	ranibizumab,	52%	failed	to	
achieve	≥2	line	vision	improvement,	and	40%	had	persistent	
edema.[2]	However,	 the	definition	of	a	non‑responder	 is	not	
quite	certain.	The	patient	is	labeled	as	non‑responder	if	there	
is	 less	 than	5	 letter	visual	gain	or	 less	 than	10%	decrease	 in	
the	central	retinal	thickness	after	a	minimum	of	3	 injections	
over 12 weeks time period.[3]

Some	patients	might	not	 respond	to	anti‑VEGF	from	the	
beginning	itself	but	more	often,	the	non‑response	is	seen	after	
an	initial	good	response.	The	reason	for	non‑response	is	unclear	
but	tachyphylaxis	is	thought	to	be	responsible.	Tachyphylaxis	is	
the	diminished	therapeutic	response	to	a	drug	after	it	has	been	
administered repeatedly. Prolonged treatment for exudative 
age‑related	macular	degeneration	has	been	 shown	 to	 result	
in	tachyphylaxis	for	both	intravitreal	bevacizumab	as	well	as	
ranibizumab.[4]	The	reason	for	the	tachyphylaxis	phenomenon	
has	been	 speculated	 to	be	due	 to	 immune	 response	 to	 the	
anti‑VEGF	 antibodies.	Circulating	neutralizing	 antibodies	
develop	against	these	humanized	biologics	which	cause	rapid	
clearance	of	the	anti‑VEGF	antibodies	from	the	system.	Such	
antibodies	are	more	common	after	systemic	administration	of	
biologics	such	as	infliximab.	But	smaller	amounts	of	circulating	
neutralizing	 antibodies	 have	 been	 demonstrated	 against	
ranibizumab	as	well	as	bevacizumab.[5] The upregulation of 

VEGF	 receptors	 is	 also	another	 theory	proposed	 to	 explain	
the	 phenomenon	 of	 tachyphylaxis.	Apart	 from	 this,	 the	
non‑response	may	 also	 be	 due	 to	 disease	 reactivation	 or	
increased	VEGF	expression	from	the	inflammatory	cells.

The	problem	of	non‑response	 is	 addressed	by	 switching	
the	 therapeutic	 agent.	 Generally,	 a	 switch	 to	 another	
pharmaceutical	 class	 such	 as	 corticosteroids	 is	 considered.	
Dexamethasone	 implant	has	a	broad	antiangiogenic	as	well	
as	anti‑inflammatory	action.	It	is	shown	to	be	more	effective	
in	drying	 the	 retina	 and	has	proven	 its	 efficacy	 in	 chronic,	
non‑responsive	diabetic	maculae	edema.[6]	However,	a	switch	to	
another	anti‑VEGF	agent	is	also	possible.	Several	small	studies	
have	shown	the	benefit	of	switching	to	ranibizumab	in	DME	
patients	who	are	non‑responsive	to	bevacizumab.[3]

Switching	to	aflibercept	is	another	option.	The	results	of	the	
DRCR	Network	study	comparing	the	three	anti‑VEGF	agents	
for	DME	revealed	a	higher	visual	gain	with	aflibercept	at	1	year	
especially	 in	eyes	with	worse	visual	acuity	at	presentation.[7] 
The	mean	letter	gain	was	18.9	letters	with	aflibercept,	11.8	with	
bevacizumab,	 and	14.2	with	 ranibizumab.	This	 leads	one	 to	
believe	 that	eyes	with	severe	disease	and	poorer	vision	such	
as	those	with	chronic	DME	might	respond	better	to	aflibercept	
than	either	ranibizumab	or	bevacizumab.	The	possible	efficacy	
of	aflibercept	over	bevacizumab	or	ranibizumab	failure	may	be	
explained	by	the	fact	that	aflibercept	binds	not	only	VEGF‑A	but	
also	VEGF‑B	and	placental	growth	factor	(PlGF).	The	role	of	PlGF	
in	the	pathogenesis	of	DME	is	not	clear,	but	high	levels	of	PlGF	
were	seen	in	the	vitreous	in	diabetic	retinopathy.	It	is	postulated	
to	facilitate	the	breakdown	of	the	blood–retinal	barrier.[8]

In their study, Salimi et al.	 have	 shown	 substantial	
anatomical	 improvement	with	 respect	 to	 reduced	 central	
retinal	thickness,	reduction	in	intraretinal	cystic	spaces	as	well	
as	improvement	in	the	ellipsoid	zone	in	patients	with	chronic	
non‑responsive	DME	who	were	switched	to	aflibercept.[9] This 
encouraging	result	was	seen	despite	 the	very	 long	duration	
of	DME	 in	 their	 series.	The	mean	number	of	 bevacizumab	
injections	prior	to	switch	was	16.8	and	the	mean	duration	of	
treatment	was	3	years.
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