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Abstract

Purpose To compare two aflibercept treatment reg-
imens and the electrophysiological outcome concern-
ing cone and rod function in age-related macular
degeneration (nAMD) over 18 months.

Methods 41 patients with treatment-naive nAMD
were randomized 1:1 to either arm 1 or 2. Arm 1
received three consecutive monthly aflibercept injec-
tions, followed by bimonthly treatment until week 52.
Thereafter, a treat-and-extend (TAE) regimen was
applied. Arm 2 was treated according to a TAE
protocol throughout the 18-month follow-up. We
assessed visual acuity (VA), central retinal thickness
(CRT), injection rate and interval, and evaluated cone
and rod function with full-field and multifocal elec-
troretinography (ffERG, mERG).

Results There were no statistically significant dif-
ferences in mean baseline VA, lesion type, age,
gender, or symptom duration between the two arms.
During the 18-month follow-up, mean VA improved
in arm 1 (n = 19) from 63.5 £ 10.5 to 69.1 + 9.2
letters; p =0.098; and in arm 2 (n =20) from
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66.8 £ 13.6 to 73.9 £ 9.0 letters; p = .002. In both
arms, mean CRT was significantly reduced;
p < 0.000. At month 18, we found no significant
difference in the number of injections or injection
intervals between groups. Arm 1 had received
11.3 £+ 1.7 injections vs. 10.9 £ 2.0 in arm 2. The
mean injection interval was 9.2 £ 3.4 weeks vs.
9.5 £ 3.1, with 52% (n =10) on the maximum
12-week interval in arm 1, and 50% (n = 10) in arm
2. The combined rod-cone a-wave amplitude signif-
icantly decreased over time; p = 0.043. The isolated
rod b-wave amplitude showed a statistically signifi-
cant decline; p = 0.026. The overall mERG amplitude
and implicit time remained unchanged over time;
p = 0.878 vs. p =0.922. The central ring 1 mERG
amplitude improved; p = 0.041, with an unaffected
implicit time.

Conclusions After 18 months, both treatments arms
have received a similar number of injections at
comparable intervals. Electrophysiological evaluation
shows no signs of toxicity concerning cone function.
But ffERGs for the combined and isolated rod
response have declined, possibly reflecting either
toxic effects of the drug to rods or the natural course
of the disease itself.

Keywords Neovascular age-related macular
degeneration - Full-field electroretinography -
Multifocal electroretinography - Treat-and-extend -
Aflibercept
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Introduction

Age-related macular degeneration (AMD) presents a
leading cause of severe visual loss in the elderly
population in developed countries. Approximately
8-12% of people with AMD develop neovascular
AMD (nAMD) [1, 2] that requires treatment with
intravitreal injections to inhibit vascular endothelial
growth factor (VEGF). One of the available drugs is
aflibercept, a fusion protein with VEGF receptors 1
(VEGFR1) and 2 (VEGFR2), key domains binding
VEGF-A, VEGF- B, and placental growth factor
(PIGF). The recommended dose is 2 mg aflibercept,
equivalent to 50 pl. Treatment is initiated with one
injection per month for three consecutive doses
followed by bimonthly injections until the end of year
one [3].

Generally, there are different treatment regimens,
such as monthly evaluation with as-needed injections
secondary to signs of activity; pro re nata (PRN).
Another widely approved treatment regimen is treat-
and-extend (TAE), a more proactive regimen with an
injection administered at each visit. After a loading
dose, the treatment interval is extended if there are no
longer signs of activity, and reduced in case of
recurrence. TAE is considered equally effective as
monthly treatment and superior to PRN by reducing
the number of injections and visits, and improving
visual acuity outcome and persistence of treatment [4].

Special concerns relate to the long-term effects on
the retinal cells when repeatedly injected with anti-
VEGEF agents. Different electrophysiological evalua-
tion methods have been established to measure
photoreceptor function. Full-field electroretinography
(ffERG) is used to evaluate the response of rods and
cones of the total retina. Multifocal electroretinogra-
phy (mERG) measures the cone function of the central
retina. In vitro, aflibercept shows no sustained short-
term toxic effect on photoreceptors in the outer retina
layers on the electroretinogram [5]. Previous results of
mERG measurements after intravitreal anti-VEGF
treatment have shown a short-term improvement in
macular function [6]. In contrast, other studies report
no functional change during intravitreal treatment [7]
or find rod and cone dysfunction, some with preceding
early-onset rod-mediated dysfunction in early and
intermediate AMD [6, 8-10].

In this prospective study, we compared two
aflibercept treatment regimens in patients with
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treatment-naive nAMD. Our patients received either
TAE from the start or a fixed regimen with a loading
dose consisting of three consecutive monthly injec-
tions, followed by a bimonthly treatment interval until
week 52, after which patients switched to the TAE
protocol until the end of follow-up at month 18.
Therapeutic effects of intravitreal anti-VEGF treat-
ment was assessed with ff- and mERG over time, and
the outcome of the two treatment regimens was
compared concerning best corrected visual acuity
(BCVA), central retinal thickness (CRT), injection
rate and injection interval.

Methods
Study design

Our study was an 18-month, prospective, randomized,
non-controlled pilot study with aflibercept. The study
was approved by the institutional review board in
Lund and conducted in conformity with the Declara-
tion of Helsinki. Patients signed an informed consent
prior to randomization.

We included 41 eyes of 41 patients with treatment-
naive nAMD. Inclusion criteria were macular neovas-
cularization types 1-3, divided into occult, minimally
classic or predominantly classic lesions, and retinal
angiomatous proliferations (RAP) with symptom
duration of < 6 months, and visual acuity > 35 let-
ters. The patients were consecutively recruited from
the county of Skane in Sweden between February
2015 and July 2016 and were 1:1 randomized before
treatment start.

Treatment protocols

Patients with a diagnosis of nAMD were randomized
to one of two treatment arms. Arm 1, per label
regimen, comprised a loading dose with three monthly
injections, followed by injections every eight weeks
(q8) until week 52. Thereafter, patients were switched
to a treat-and-extend regimen. That meant an exten-
sion of the interval by 2 weeks if the macula appeared
to be dry or with a stable subretinal fluid layer on optic
coherence tomography (OCT). Confirmed signs of
activity, as intraretinal macular edema, increasing
subretinal fluid, or a new, small hemorrhage lead to a
reduction in the treatment interval by at least 2 weeks,
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with 4 weeks as the shortest possible interval, until the
macula was dry or with a stable subretinal fluid layer
on OCT at two consecutive visits. In case of a modest
or larger hemorrhage, the interval was to be reduced to
4 weeks. Patients in arm 2, TAE, started with an
injection interval of 4 weeks and could be extended to
6 weeks already after injection number two if pre-
senting dry on OCT. Otherwise, the group had the
same TAE change of interval criteria as above. The
maximum reachable interval of treatment for arms 1
and 2 was 12 weeks.

Of the total of 41 patients, 21 patients were
randomized to arm 1, and 20 patients to arm 2. Two
patients in arm 1 did not complete the 18-month
follow-up. One patient chose to withdraw from the
trial because of low visual acuity after an early retinal
pigment epithelial tear. The other patient switched to
ranibizumab after a non-infectious endophthalmitis.

Ophthalmological examination

At the baseline visit, 1-7 days before the first intrav-
itreal treatment, and at months 6 and 18, always
1 month, + 1 week, after the last given injection,
patients underwent best corrected visual acuity
(BCVA) assessment using the Early Treatment Dia-
betic Retinopathy Study (ETDRS) scale, slit-lamp
biomicroscopy, tonometry, dilated funduscopy, opti-
cal coherence tomography (OCT), full-field elec-
troretinography (ffERG), and multifocal ERG
(mERG). During the study period, BCVA, ETDRS
and OCT were assessed prior each intravitreal injec-
tion. Fluorescein angiography (FA), and indocyanine
green angiography (IOG) were performed prior to
randomization.

Full-field electroretinography

FfERGs were recorded with an Espion E? analysis
system (Diagnosys, Lowell, Massachusetts, USA)
according to the standardized protocol for clinical
electroretinography recommended by the Interna-
tional Society for Clinical Electrophysiology of
Vision (ISCEV) [11] with slight modifications (the
dark-adapted 10 ERG was not recorded). Measure-
ments were recorded with a Burian-Allen bipolar
corneal ERG contact lens electrode after 40 min of
dark adaptation and with maximally dilated pupils
(cyclopentolate 1% and 10%  phenylephrine

hydrochloride). The ground electrode was placed on
the forehead. Responses were obtained with a wide-
band filter (— 3 dB at 1 Hz and 500 Hz). To elicit the
isolated rod responses, the dark-adapted 0.01 ERG
was applied. A brighter white light (3 cd-s/m?) also
during dark adaptation, was used to measure the
combined rod-cone responses (dark-adapted 3. 0
ERG). The isolated cone responses were recorded
using 30 Hz flickering white light averaged over 20
sweeps both without and with background illumina-
tion (luminance 30 cd/mz). Concerning the ffERG
parameters, the a-wave amplitude, measured from the
baseline to the bottom of the through, is considered to
reflect photoreceptor activity [12, 13] while the
b-wave amplitude, measured from the bottom of the
through to the top of the peak is considered to
correspond to bipolar—and Miiller cell activity
[14-16] and also indirectly photoreceptor function.
To ensure reproducibility, the recordings were
repeated for all stimulus intensities until two succes-
sive identical curves were obtained.

Multifocal electroretinography

MERGs were recorded with a Visual Evoked
Response Imaging System (VERIS Science 6; EDI,
San Mateo, USA) using settings that adhere to the
ISCEV guidelines [17]. The stimulus matrix consisted
of 103 hexagonal elements, scaled with eccentricity to
elicit approximately equal amplitude responses at all
locations. Each hexagon independently alternated
between black and white according to a pseudorandom
binary m-sequence at 75 Hz. The pupils were maxi-
mally dilated with cyclopentolate 1% and 10%
phenylephrine. Retinal activity was registered using
a Burian-Allen bipolar ERG contact lens electrode that
was placed on the anesthetized (oxybuprocaine)
cornea. Fixation was monitored with an infra-red
(IR) eye camera, which is built into the equipment.
The first order component of the mERG was analyzed
regarding amplitudes (A) and implicit times (IT) of P1
(first positive peak) within the concentric rings (A 1-5
and IT 1-5) around the fovea. Ring 1, the innermost
ring, represents the summed responses from the
central hexagon and the hexagons of the first ring (A
1 and IT 1). The total area of the summed responses
represents the central 25° while the innermost seven
hexagons forming ring 1 corresponds to 5°.
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Fig.1 Mean change in visual acuity (A) and central retinal thickness (B) in treatment arms 1 and 2 from baseline to the final follow-up
at 18 months. Error bars represent the 95% confidence intervals (TAE treat-and-extend)

Statistical analysis

The data were analyzed using SPSS, version 25.0
(IBM SPSS Statistics, IBM Corporation, Chicago. IL,
USA). We applied nonparametic statistical analyses
because the group sizes were small, and ERG data are
often not normally distributed. The comparison of the
mean values between two related samples or mea-
surements was performed by applying the
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nonparametric Wilcoxon signed-rank test. The
Mann—Whitney U-test for nonparametric data was
used to compare data from two independent groups. In
cases of multiple comparisons of nonparametric data,
we used the Kruskal-Wallis test. All tests were two-
sided, and a p-value of < 0.05 was considered statis-
tically significant. The values are expressed as
mean =+ standard deviation. The sample size for this
pilot study was estimated to be 20 consecutive patients
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Fig.2 Mean injection interval in treatment arms 1 and 2 at month 6, 12, and 18. Error bars represent the 95% confidence intervals (TAE

treat-and-extend)

in each arm. Since it was a pilot study, we were not
able to do a full power calculation.

Results
Baseline characteristics

There was no statistically significant difference in
mean baseline visual acuity, lesion type, age, gender,
or symptom duration between the two arms. Arm 1
presented with a minimally classic lesion in two eyes
(9.5%), a predominantly classic lesion in four eyes
(19.0%), an occult lesion in 11 eyes (52.4%), and a
RAP in four eyes (19.0%). Arm 2 presented with a
minimally classic lesion in two eyes (10.0%), a
predominantly classic lesion in seven eyes (35.0%),
an occult lesion in 9 eyes (45.0%), and a RAP lesion in
two eyes (10.0%). The mean age in arm 1 was
80.3 + 5.8 years, and 76.4 £ 8.9 years in arm 2. The
gender distribution of the total of 41 patients was 14
(66.7%) women in arm 1 vs. 15 (75%) in arm 2. The
mean symptom duration was 10.6 + 7.6 weeks in arm
1, and 10.4 £ 8.1 weeks in arm 2.

Visual acuity

Baseline visual acuity (VA) improved in arm 1
(n=19) by a mean of 5.6 &+ 13.3 letters from
63.5 £ 10.5 letters to 69.1 £ 9.2 letters; p = 0.098.
In arm 2 (n =20), VA increased by a mean of
7.2 £ 8.0 letters from 66.8 £ 13.6 letters to
73.9 £ 9.0 letters; p = 0.002. (Fig. 1A).

Optical coherence tomography

During the 18-month follow-up, mean central retinal
thickness (CRT) decreased by 109.7 £ 82.2 um in
arm 1 from 327.8 4+ 87.6 pum to 218.1 £+ 34.4 um;
p < 0.000. In arm 2, CRT decreased by a mean of
773 £ 825 um  from  303.7 £92.0 pum  to
226.4 £ 32.3 pm; p < 0.000. (Fig. 1B).

Injections

At 6-month follow-up, patients in arm 1 (n = 19) had
received a mean of 5.0 & 0.2 injections compared to
4.7 £ 0.5 injections in arm 2 (n = 20); p = 0.023.
After 18 months, patients in arm 1 had received a
mean of 11.3 &+ 1.7 injections vs. 10.9 £ 2.0 injec-
tions in arm 2 [not significant (NS)].
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Table 1 Showing the mean final injection interval per treatment arm

Final Injection Interval (at month 18) Arm 1 (Label + TAE) Arm 2 (TAE) p-value
Mean injection interval (weeks £ SD) 92 +34 9.5 £ 3.1 ns
Individual intervals

4-week interval (n; %) 3 (16) 3 (15)

6-week interval (n; %) 4 (21) 2 (10)

8-week interval (n; %) 1(5) 2 (10)

10 week interval (n; %) 1(5) 3 (15)

12 week interval (n; %) 10 (52) 10 (50)

It lists the possible final individual injection intervals, describes the number of patients (1), and the corresponding percentage (%) in
arm 1 and arm 2. There is no statistically significant difference between the two arms (SD standard deviation; TAE treat-and-extend;

ns not significant)

Table 2 Showing means and standard deviations (SDs) for
ffERG amplitudes, implicit times (IT), best corrected visual
acuity (BCVA), central retinal thickness (CRT), difference A,

and p-values for the Wilcoxon Signed Ranks Test at baseline
and at 18-month follow-up of 39 eyes

Rod response  Combined 30-Hz flicker Cone 30-Hz flicker Cone BCVA CRT (um)
b-wave response response (LA) b-wave response (LA) (letters)
(Ampl) a-wave (Ampl)  (Ampl) b-wave (IT)
Baseline 201.8 £ 64.0 154.6 4+ 53.8 579 £ 19.3 309 £ 24 65.1 £ 12.1 3154 £ 89.5
18-month 175.7 £ 75.0 138.0 &+ 49.0 54.7 + 21.9 315+ 25 715 £9.2 2223 £+ 33.1
follow-up
Difference A 26.2 + 63.3 16.6 + 47.7 324133 6126 6.4+ 10.7 93.0 £ 82.8
p-value 0.026 0.043 0.171 0.105 0.001 0.000
Wilcoxon
Signed Ranks
Test

It compares the response of the rod b-wave, the combined rod-cone a-wave, and the isolated 30-Hz flicker cone b-wave (LA light-

adapted)

p-value < 0.05 considered to be statistically significant

After 6 months of treatment, the injection interval
had reached a mean of 8.0 & 0.0 weeks for patients in
arm 1 and 8.3 £ 2.1 weeks for patients in arm 2 (NS).
At 12 months, the next planned injection interval was
8.0 £ 2.3 weeks in arm 1 vs. 9.5 & 2.4 weeks in arm
2; p = 0.041. At 18 months, the interval had reached
9.2 &+ 3.4 weeks vs. 9.5 £ 3.1 weeks (NS). (Fig. 2)
At month 18, the latest injection interval per treatment
arm, divided up into 4- to 12-week intervals, is
presented in Table 1. The maximum reached mean
injection interval was 10.2 £ 2.0 weeks in the arm 1
group vs. 10.5 £ 2.1 weeks in the arm 2 group, during
the 18-month follow-up period (NS).
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Full-field electroretinography

Full-field electroretinography (ffERG) represents rod
and cone photoreceptor responses from the entire
retina. We compared baseline and 18-month results
and found no statistically significant differences in the
ffERG results concerning the light-adapted isolated
30-Hz flicker cone amplitude and implicit time. The
combined rod-cone a-wave amplitude and the isolated
rod b-wave amplitude significantly decreased over
time; p = 0.043 and p = 0.026, respectively (Table 2).
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Fig.3 FfERG responses of one representative patient from arm
1 (patient 35) and arm 2 (patient 12), at baseline and at
18 months follow-up. Showing the dark-adapted rod response,

with consecutive ranibizumab, bevacizumab or both
drugs [6, 7, 22], and as a l-year evaluation of
continuous treatment with ranibizumab [23, 24]. Yet
another 12-month study has used a bimonthly afliber-
cept regimen comparable to arm 1 in the present study
[25]. Consistent for those studies are mainly improved
or unchanged mERG amplitudes and implicit times
corroborating our results.

In contrast, other studies have shown a decline in
mERG values, maybe due to a different study design
with evaluation after only three consecutive ranibizu-
mab injections and with the inclusion of just three
patients [26], or eyes with more advanced mAMD
with a very low visual acuity of < 20/100 [27].

To our knowledge, there have been only a few
publications about electrophysiological assessment of
aflibercept in nAMD. Takayama et al. [28] have
retrospectively assessed the functional and morpho-
logical changes in 42 eyes of 42 treatment-naive
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the dark-adapted combined rod-cone response, and the light-
adapted 30-Hz flicker cone response (LA light-adapted)

nAMD patients who had received three monthly
aflibercept injections. Macular function was followed
by using focal macular electroretinograms and showed
statistically significant improved a- and b-wave
amplitudes and implicit times after the third injection
compared to baseline. Nishimura et al. [25] have
assessed cone function during bimonthly aflibercept
treatment of 44 eyes of 44 patients with nAMD at
baseline, at three, six and 12 months. They measured
the central 15° of the macula with focal macular ERG
and reported significantly improvements of all com-
ponents amplitudes and implicit times at 3 months,
some continued to improve, up to the final 12-month
follow-up. The majority of their study population
consisted of 26 eyes with polypoidal choroidal vascu-
lopathy that were excluded in our study. De Oliveira
Dias et al. [29, 30] have published 26- and 52-week
nAMD treatment results and data on the safety and
efficacy of off-label use of intravitreal ziv-aflibercept,



Doc Ophthalmol (2022) 144:99-115

107

Patient 35
Baseline

18 months

Patient 12
Baseline

20nV/deg”2

| 20 uv

OCT

50 ms

Fig.4 MERG responses and OCT images of one representative
patient from arm 1 (patient 35) and arm 2 (patient 12) at baseline
and at 18 months follow-up. The 3-D response density plots, the

which has been approved for intravenous treatment of
metastatic colorectal carcinoma. It is an identical
fusion protein to aflibercept with a different buffer
solution and purification process. The higher osmo-
larity might more likely cause retinal toxicity. In the
study, mERG amplitudes improved in the central 10°
and 5° of the retina by months 6 and 12, correlating to
the results of our study. Implicit times remained
unchanged after 6 months and improved for P in the
central retinal 5° after 12 months compared to
baseline.

Due to different study designs, i.e., concerning
what parts of the macula that were investigated,
various electrophysiological measurement techniques,
different drugs or varying follow-up periods that were

50 ms

summed mERG response for each ring (ring 1-5) and all rings
combined (sum), and the central macula region on OCT (left to
right) are shown

applied, it is not possible to directly compare the
described studies with our results.

In addition to measurements of macular function
with mERG, we also recorded total retinal function
using ffERG. The obtained ffERG light-adapted
30-Hz flicker cone responses show stable amplitudes
and implicit times over time, which corresponds to the
mERG findings (Tables 2 and 3). On the other hand,
we see a statistically significant decrease in the
combined rod-cone a-wave amplitude for the ffERG
where rods dominate the response. An even larger and
more significant decline develops for the isolated rod
b-wave amplitude during the observation period. This
might be due to the natural course of aging and age-
related macular degeneration or night vision
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symptoms in AMD [9, 31, 32]. Unfortunately, since
we do not have a control group of nAMD patients that
have not received treatment, our data cannot provide
fully conclusive evidence of the cause of reduced rod
function.

In the literature, rod and cone responses have been
described to decline exponentially with age [31].
Other studies have shown age-related reduced ampli-
tudes of the ffERG [33-35]. Weleber et al. [34] have
published data showing a 25% loss of ffERG b-wave
amplitude from 30 to 67 years of age. Moreover,
Dimopoulos et al. [8] have compared dark adaption in
eyes with neovascular, dry or no AMD of age-matched

subjects showing rod dysfunction in all wet and dry
AMD eyes, independently of disease severity. Patients
with wet AMD in one eye and dry AMD in the other
have presented with rod dysfunction in both eyes.
Another explanation for the generally decreased
rod function measured by ffERG could be drug
toxicity. In simulated in vivo conditions, bovine
retinas have shown significant reduction in a- and
b-wave amplitudes directly after exposure to 0.5 and
2 mg VEGF Trap-Eye, aflibercept [5]. At the end of
exposure and wash-out time, however, no reduction
compared to baseline measurements could be
detected. Short-term animal studies have not found

A Rod response b-wave (Ampl)

400

3 300
v
©
2
H
& 200
100 J—
0 18
Months
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o
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Fig. 5 Visualizes the combined ffERG data from baseline
(0 months) and the last follow-up (18 months). It shows the
inter quartile range and median of the response of the rod
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b-wave (A), the combined rod-cone a-wave (B), and the isolated
30-Hz flicker cone b-wave (C) with amplitudes and implicit
times (IT) (LA light-adapted)



Doc Ophthalmol (2022) 144:99-115

109

100

60

Amplitude (pV)

40

C 30-Hz flicker Cone response (LA) b-wave (Ampl)

o

|
1

Months

30-Hz flicker Cone response (LA) b-wave (IT)

40

Implicit Time (ms)
S

Fig. 5 continued

retinal toxicity with ERG in the retina of rabbits with
aflibercept at 4-week or ziv-aflibercept at 2-week
follow-up [36, 37]. Six-month and 1-year follow-up of
15 eyes of nAMD patients treated with ziv-aflibercept
have not shown signs of toxicity on ffERG [29, 30].

Other anti- VEGF agents have showed more varying
results in rabbits. Cardiakidis Myers et al. [38] have
evaluated retinal function after intravitreal beva-
cizumab, ranibizumab, or pegaptanib injection in
comparison with balanced saline solution. FfERG
revealed lower amplitudes of the b-waves for the dark-
adapted responses to dim light in the anti-VEGF
groups. In contrast, Shahar et al. [39] have evaluated
rabbits one month after one bevacizumab injection
without affected ffERG responses.

18

Months

Concerning ffERG evaluation in humans treated
with anti-VEGF drugs, a study with bevacizumab and
shorter follow-up time has also demonstrated an
impact on rod function. Pedersen et al. [6] have
followed bevacizumab-treated nAMD patients with
ffERG for 6 months. Two of three ffERG combined
rod-cone responses showed reduction by month 6.
However, two other short-term bevacizumab nAMD
studies have found stable ffERG responses [40] and
improved cone and rod function [41]. Neither of the
latter studies have detected any signs of short-term
photoreceptor toxicity.

In contrast to our findings, Nishimura et al. [25]
have detected a decline of cone function with full-field
cone ERG, but without measuring the rod function.
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They have followed bimonthly aflibercept-treated
nAMD patients for 12 months and seen a decreased
peripheral cone function, in contrast to improved cone
function in the central 15° of the macula. Their full-
field cone ERG results have been obtained using
another method and another background, they have
used a non-standard red stimulus to elicit the cone
responses, compared to the presented study. Even their
stimulation time differs with 2 ms compared to our
values with 20 microseconds. Therefore, these results
are not directly comparable.

The described variation in cone and rod function
might be due to different AMD phenotypes as
proposed by Dimopoulos et al. [8] or peripheral

lesions due to nAMD (Tan 2013) which we have not
differantiated. Perhaps, in the future it will be possible
to differentiate AMD types with the help of electro-
physiological evaluations that can uniquely predict the
response to future treatments.

The two compared treatment arms show similar
baseline characteristics, final mean injection interval,
and number of injections at 18-month follow-up.
Despite the similarities, the VA increase is statistically
significant only in arm 2. A possible explanation for
this is that the interval has been more quickly adjusted
to an individualized treatment approach in arm 2 than
in arm 1. In accordance with the Rival study [42], we
did not find any disadvantage in starting intravitreal
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Fig. 6 Visualizes the combined mERG data from baseline (0 months) and the last follow-up (18 months). It shows the inter quartile
range and median for mERG amplitudes and implicit times (IT) for the combined rings 1-5 (R1-R5) (A), and for ring 1 (B)
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Fig. 6 continued

treatment of nAMD with a treat-and-extend regimen
already from the beginning. Our two study arms
present with a considerably higher baseline and final
BCVA than the pivotal studies for ranibizumab
[43, 44] and aflibercept [3], with their baseline mean
VA ranging from 47 to 56 letters and final VA from 60
to 66 letters.

The trend toward a higher baseline VA and
maintaining visual acuity is probably due to earlier
detection, as well as more active and persistent
treatment. However, due to the better baseline VA,

we experience a ceiling effect with a lower letter gain
over time than in patients with lower baseline VA,
something that has been demonstrated in some recent
studies [45, 46].

Our data, regarding baseline VA and visual out-
come, is comparable to the Rival study interim
outcome at month 12 [42]. The Rival study has
compared the TAE regimen with ranibizumab (base-
line VA: 65.3 + 15.10; final VA: 729 £ 15.54
letters) vs. aflibercept (baseline VA: 65.1 £+ 12.53;
final VA: 70.5 4+ 14.63 letters) [42].

@ Springer



112

Doc Ophthalmol (2022) 144:99-115

Other studies have compared the TAE regimen with
monthly ranibizumab. In the TAE arms, patients have
gained 6.2 letters with 8.7 injections by the end of year
one in the TREND study [47], with +8.4 letters and
9.4 injections slightly more in the CANTREAT study
[48], and +10.5 letters with 10.1 injections at the
12-month evaluation in the TREX-AMD study [49].
24-month data from CANTREAT and TREX-AMD
have shown some decrease of visual gain, +6.8 and
+8.7 letters, and number of injections, 17.6 and 18.6
injections, compared to the 12-month data [50, 51].
Our 18-month evaluation falls in between the evalu-
ation visits of the other studies with a 7.2 letter gain
with 10.9 injections in the TAE arm. Despite, our
study presents with a lower number of injections,
which might be due to a longer effect of aflibercept.
Over the 18-month period, we see a maximum mean
injection interval of 10.5 weeks in the TAE group. The
TREX-AMD study has described a maximum exten-
sion interval of only 8.4 weeks by year one, and
8.5 weeks by the end of year two [49, 51].

A limitation of our study is that we do not have age-
matched control ERG material to definitively differ-
entiate a possible toxicity or confirm a progressive rod
function decline due to the natural course of AMD.
Another shortcoming is that we did not measure retinal
function in the fellow eye, which could have provided
an estimate of the natural course of change in retinal
function over time in these patients.

On the other hand, a strength of this study is that it
is, to our knowledge, the largest of its kind to follow-
up not only morphological but also functional changes
measured by mERG and ffERG over a longer period,
and in patients with two different aflibercept treatment
regimens.

In conclusion, the primary purpose of our study was
to evaluate the effect of intravitreal aflibercept treat-
ment in nAMD on electrophysiological retinal func-
tion. The results revealed stable cone function both in
the macula and in the periphery without signs of
toxicity. On the other hand, rod function was reduced
after 18 months, which we could not conclusively
explain and might be due to the natural course of AMD
or an effect of aflibercept. Thus, further studies with an
age-matched control group with nAMD are warranted.

Secondly, we have looked at further aspects of the
common intravitreal treatment process for nAMD. We
find similar treatment outcomes, number of injections
and injection intervals when comparing label vs. TAE

@ Springer

treatment regimens for aflibercept over 18 months.
This provides further evidence that the already widely
used TAE regimen with aflibercept seems to be non-
inferior to the bimonthly treatment according to label.

Acknowledgements We thank Ing-Marie Holst and Boel
Nilsson for their skillful technical assistance. We thank the
outpatient clinics and private ophthalmologists from Skéane
county for their recruitment efforts.

Funding Open access funding provided by Lund University.
This study was funded by grants from Bayer AB and Stiftelsen
for synskadade i fd Malmdohuslédn. The authors have full control
of all primary data and agree to allow the journal to review the
data on request.

Declarations

Conflict of interest The -corresponding author Marion
Schroeder has received research grants from Bayer AB and
Stiftelsen for synskadade i fd Malmohusldn and a speaker
honorarium from Novartis and Bayer AB. Author Ulrika
Kjellstrom has no conflict of interest regarding this study. The
author Monica Lovestam-Adrian has received research grants
from Bayer AB. The author Monica Lovestam-Adrian is a
consultant for Bayer AB, Novartis, Allergan, and Santen, and
has received a speaker honorarium from Bayer AB, Novartis,
Allergan, and Santen. Author Monica Lovestam-Adrian is a
member of the Swedish Macula Registry steering committee,
the Swedish Medical Retina steering committee, the Danish
Medical Retina steering committee, and the Vision academy
steering committee.

Ethical approval All procedures performed in studies
involving human participants were in accordance with the eth-
ical standards of the institutional review board in Lund and with
the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

Human rights Procedures were in accordance with the ethical
standards of the responsible committee on human experimen-
tation (institutional and national).

Informed consent Informed consent was obtained from all
individual participants included in the study.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any med-
ium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The
images or other third party material in this article are included in
the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly



Doc Ophthalmol (2022) 144:99-115

113

from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References

10.

. Leibowitz HM, Krueger DE, Maunder LR, Milton RC, Kini

MM, Kahn HA, Nickerson RJ, Pool J, Colton TL, Ganley
JP, Loewenstein JI, Dawber TR (1980) The Framingham
eye study monograph: an ophthalmological and epidemio-
logical study of cataract, glaucoma, diabetic retinopathy,
macular degeneration, and visual acuity in a general popu-
lation of 2631 adults, 1973-1975. Surv Ophthalmol
24(Suppl):335-610

. Jonasson F, Fisher DE, Eiriksdottir G, Sigurdsson S, Klein

R, Launer LJ, Harris T, Gudnason V, Cotch MF (2014)
Five-year incidence, progression and risk factors for age-
related macular degeneration: the age, gene/environment
susceptibility study. Ophthalmology 121:1766—1772

. Heier JS, Brown DM, Chong V, Korobelnik JF, Kaiser PK,

Nguyen QD, Kirchhof B, Ho A, Ogura Y, Yancopoulos GD,
Stahl N, Vitti R, Berliner AJ, Soo Y, Anderesi M, Groet-
zbach G, Sommerauer B, Sandbrink R, Simader C, Schmidt-
Erfurth U; VIEW 1 and VIEW 2 Study Groups (2012)
Intravitreal aflibercept (VEGF trap-eye) in wet age-related
macular degeneration. Ophthalmology 119:2537-2548

. Okada M, Kandasamy R, Chong EW, McGuiness M,

Guymer RH (2018) The treat-and-extend injection regimen
versus alternate dosing strategies in age-related macular
degeneration: a systematic review and metaanalysis. Am J
Ophthalmol 192:184-197

. Januschowski K, Schnichels S, Hagemann U, Koch V,

Hofmann J, Spitzer MS, Bartz-Schmidt KU, Szurman P,
Liike M, Aisenbrey S (2014) Electrophysiological toxicity
testing of VEGF Trap-Eye in an isolated perfused vertebrate
retina organ culture model. Acta Ophthalmol 92:e305-e311

. Pedersen KB, Mgller F, Sjglie AK, Andréasson S (2010)

Electrophysiological assessment of retinal function during 6
months of bevacizumab treatment in neovascular age-re-
lated macular degeneration. Retina 30:1025-1033

. Pedersen KB, Sjolie AK, Vestergaard AH, Andréasson S,

Mgller F (2016) Fixation stability and implication for
multifocal electroretinography in patients with neovascular
age-related macular degeneration after anti-VEGF treat-
ment. Graefes Arch Clin Exp Ophthalmol 254:1897-1908

. Dimopoulos IS, Tennant M, Johnson A, Fisher S, Freund

PR, Sauve Y (2013) Subjects with unilateral neovascular
AMD have bilateral delays in rod- mediated phototrans-
duction activation kinetics and in dark adaptation recovery.
Invest Ophthalmol Vis Sci 54:5186-5195

. Owsley C, Huisingh C, Clark ME, Jackson GR, McGwin G

Jr (2016) Comparison of visual function in older eyes in the
earliest stages of age-related macular degeneration to those
in normal macular health. Curr Eye Res 41:266-272

Tahir HJ, Rodrigo-Diaz E, Parry NRA, Kelly JMF, Carden
D, Aslam TM, Murray 1J (2018) Slowed dark adaptation in
early AMD: dual stimulus reveals scotopic and photopic
abnormalities. Invest Ophthalmol Vis Sci 59:AMD202—-
AMD210

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

McCulloch DL, Marmor MF, Brigell MG, Hamilton R,
Holder GE, Tzekov R, Bach M (2015) ISCEV Standard for
full-field clinical electroretinography (2015 update). Doc
Ophthalmol 130:1-12

Brown KT, Watanabe K (1962) Isolation and identification
of a receptor potential from the pure cone fovea of the
monkey retina. Nature 193:958 passim

Penn RD, Hagins WA (1969) Signal transmission along
retinal rods and the origin of the electroretinographic
a-wave. Nature 223:201-204

Green DG, Kapousta-Bruneau NV (1999) A dissection of
the electroretinogram from the isolated rat retina with
microelectrodes and drugs. Vis Neurosci 16:727-741
Robson JG, Frishman LJ (1998-1999) Dissecting the dark-
adapted electroretinogram. Doc Ophthalmol 95:187-215
Tian N, Slaughter MM (1995) Correlation of dynamic
responses in the ON bipolar neuron and the b-wave of the
electroretinogram. Vis Res 35:1359-1364

Hood DC, Bach M, Brigell M, Keating D, Kondo M, Lyons
JS, Marmor MF, McCulloch DL, Palmowski-Wolfe AM,
For the International Society For Clinical Electrophysiology
of Vision (2012) ISCEV standard for clinical multifocal
electroretinography (mfERG) (2011 edition). Doc Oph-
thalmol 124:1-13

Jurklies B, Weismann M, Hiising J, Sutter EE, Bornfeld N
(2002) Monitoring retinal function in neovascular macu-
lopathy using multifocal electroretinography—early and
long-term correlation with clinical findings. Graefes Arch
Clin Exp Ophthalmol 240:244-264

Torres-Soriano ME, Cubas-Lorenzo V, Garcia-Aguirre G,
Hernandez-Rojas M, Kon-Jara V, Diaz-Rubio J, Fromow-
Guerra J, Quiroz-Mercado H, Jiménez-Sierra JM (2012)
Multifocal electrophysiologic findings after intravitreal
bevacizumab (avastin) treatment. Retina 32:972-976

Park JY, Kim SH, Park TK, Ohn YH (2011) Multifocal
electroretinogram findings after intravitreal bevacizumab
injection in choroidal neovascularization of age-related
macular degeneration. Korean J Ophthalmol 25:161-165
Campa C, Hagan R, Sahni JN, Brown MC, Beare NA,
Heimann H, Harding SP (2011) Early multifocal elec-
troretinogram findings during intravitreal ranibizumab
treatment for neovascular age-related macular degenera-
tion. Invest Ophthalmol Vis Sci 52:3446-3451

Ju RH, He MS, Hou JT, Li MY, Zhang JL, Wu ZM (2017)
Multifocal electroretinography for therapeutic effect eval-
uation of intravitreal injection Lucentis for wet age-related
macular degeneration. Nan Fang Yi Ke Da Xue Xue Bao
37:933-937

Moschos MM, Brouzas D, Chatziralli IP, Ladas I (2011)
Ranibizumab in the treatment of choroidal neovascularisa-
tion due to age-related macular degeneration: an optical
coherence tomography and multifocal electroretinography
study. Clin Exp Optom 94:268-275

Reinsberg M, Hilgers RD, Liideke I, Nassar K, Grisanti S,
Grisanti S, Liike J, Likke M (2017) Testing the clinical value
of multifocal electroretinography and microperimetry and
the effects of intravitreal therapy with ranibizumab on
macular function in the course of wet age-related macular
degeneration: a 1-year prospective study. Clin Ophthalmol
11:621-629

@ Springer


http://creativecommons.org/licenses/by/4.0/

114

Doc Ophthalmol (2022) 144:99-115

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Nishimura T, Machida S, Hara Y (2020) Changes in cone-
driven functions after intravitreal aflibercept injections in
patients with age-related macular degeneration. Doc Oph-
thalmol 141:137-147

Feigl B, Greaves A, Brown B (2007) Functional outcomes
after multiple treatments with ranibizumab in neovascular
age-related macular degeneration beyond visual acuity. Clin
Ophthalmol 1:167-175

Almeida IN, Almeida LN, Almeida Sobrinho EF, Gomes
BD, Souza Gda S, Rosa AA, Silveira LC (2015) Optical
coherence tomography and multifocal electroretinography
of patients with advanced neovascular age-related macular
degeneration before, during, and after treatment with rani-
bizumab. Arq Bras Oftalmol 78:105-109

Takayama K, Kaneko H, Ueno S, Maruko R, Piao CH,
Yasuda S, Kawano K, Ito Y, Terasaki H (2017) Evaluation
of short-term outcomes of intravitreal aflibercept injections
for age-related macular degeneration using focal macular
electroretinography. Retina 37:553-560

de Oliveira Dias JR, de Andrade GC, Kniggendorf VF,
Novais EA, Maia A, Meyer C, Watanabe SES, Farah ME,
Rodrigues EB (2017) Clinical and electrophysiological
evaluation after intravitreal ziv-aflibercept for exudative
age-related macular degeneration. Retina 37:1499-1507
de Oliveira Dias JR, Costa de Andrade G, Kniggendorf VF,
Novais EA, Takahashi VKL, Maia A, Meyer C, Watanabe
SES, Farah ME, Rodrigues EB (2019) Intravitreal ziv-
aflibercept for neovascular age-related macular degenera-
tion: 52-week results. Retina 39:648-655

Birch DG, Anderson JL (1992) Standardized full-field
electroretinography. Normal values and their variation with
age. Arch Ophthalmol 110:1571-1576

Holopigian K, Seiple W, Greenstein V, Kim D, Carr RE
(1997) Relative effects of aging and age-related macular
degeneration on peripheral visual function. Optom Vis Sci
74:152-159

Karpe G, Rickenbach K, Thomasson S (1950) The clinical
electroretinogram. I. The normal electroretinogram above
50 years of age. Acta Ophthalmol 28:301-305

Weleber RG (1981) The effect of age on human cone and
rod ganzfeld electroretinograms. Invest Ophthalmol Vis Sci
20:392-399

Zeidler 1 (1959) The clinical electroretinogram. IX. The
normal electroretinogram. Value of the b-potential in dif-
ferent age groups and its differences in men and women.
Acta Ophthalmol 37:294-301

Lashay A, Riazi-Esfahani H, Faghihi H, Mirshahi A, Kho-
jasteh H, Khodabande A, Amoli FA, Ghassemi F, Bazvand
F, Khalili Pour E, Ebrahimiadib N, Torkashvand A, Delrish
E (2020) Safety of intravitreal injection of biosimilar of
aflibercept in rabbit eyes. J Ophthalmol 2020:2602918
Ramon D, Shahar J, Massarweh A, Man I, Perlman I,
Loewenstein A (2018) Retinal toxicity of intravitreal
injection of ziv-aflibercept in albino rabbits. Transl Vis Sci
Technol 7:23

Myers AC, Lovestam Adrian M, Bruun A, Ghosh F,
Andréasson S, Ponjavic V (2012) Retinal function and
morphology in rabbit after intravitreal injection of VEGF
inhibitors. Curr Eye Res 37:399-407

Shahar J, Avery RL, Heilweil G, Barak A, Zemel E, Lewis
GP, Johnson PT, Fisher SK, Perlman I, Loewenstein A

@ Springer

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

(2006) Electrophysiologic and retinal penetration studies
following intravitreal injection of bevacizumab (Avastin).
Retina 26:262-269

Maturi RK, Bleau LA, Wilson DL (2006) Electrophysio-
logic findings after intravitreal bevacizumab (Avastin)
treatment. Retina 26:270-274

Skaat A, Solomon A, Moroz I, Hai OV, Rechtman E,
Vishnevskia Dai V, Rotenstreich Y (2011) Increased elec-
troretinogram a-wave amplitude after intravitreal beva-
cizumab injection for neovascular age-related macular
degeneration. Acta Ophthalmol 89:6269-273

Gillies MC, Hunyor AP, Arnold JJ, Guymer RH, Wolf S, Ng
P, Pecheur FL, McAllister IL (2019) Effect of ranibizumab
and aflibercept on best-corrected visual acuity in treat-and-
extend for neovascular age-related macular degeneration: a
randomized clinical trial. JAMA Ophthalmol 137:372-379
Brown DM, Michels M, Kaiser PK, Heier JS, Sy JP, lan-
chulev T; ANCHOR Study Group (2009) Ranibizumab
versus verteporfin photodynamic therapy for neovascular
age-related macular degeneration: two-year results of the
ANCHOR study. Ophthalmology 116:57-65

Rosenfeld PJ, Brown DM, Heier JS, Boyer DS, Kaiser PK,
Chung CY, Kim RY; MARINA Study Group (2006)
Ranibizumab for neovascular age-related macular degen-
eration. N Engl J Med 355:1419-1431

Lovestam Adrian M, Vassilev ZP, Westborg 1 (2019)
Baseline visual acuity as a prognostic factor for visual
outcomes in patients treated with aflibercept for wet age-
related macular degeneration: data from the INSIGHT study
using the Swedish Macula Register. Acta Ophthalmol
97:91-98

Arnold JJ, Campain A, Barthelmes D, Simpson JM, Guymer
RH, Hunyor AP, McAllister IL, Essex RW, Morlet N, Gil-
lies MC; Fight Retinal Blindness Study Group (2015) Two-
year outcomes of “treat and extend” intravitreal therapy for
neovascular age-related macular degeneration. Ophthal-
mology 122:1212-1219

Silva R, Berta A, Larsen M, Macfadden W, Feller C, Monés
J; TREND Study Group (2018) Treat-and-extend versus
monthly regimen in neovascular age-related macular
degeneration: results with ranibizumab from the TREND
study. Ophthalmology 125:57-65

Kertes PJ, Galic 1J, Greve M, Williams RG, Rampakakis E,
Scarino A, Sheidow T (2019) Canadian treat-and-extend
analysis trial with ranibizumab in patients with neovascular
age-related macular disease: one-year results of the ran-
domized Canadian treat-and-extend analysis trial with
ranibizumab study. Ophthalmology 126:841-848

Wykoff CC, Croft DE, Brown DM, Wang R, Payne JF,
Clark L, Abdelfattah NS, Sadda SR; TREX-AMD Study
Group (2015) Prospective trial of treat-and-extend versus
monthly dosing for neovascular age-related macular
degeneration: TREX-AMD 1-year results. Ophthalmology
122:2514-2522

Wykoff Kertes PJ, Galic 1J, Greve M, Williams G, Baker J,
Lahaie M, Sheidow T (2020) Efficacy of a treat-and-extend
regimen with ranibizumab in patients with neovascular age-
related macular disease: a randomized clinical trial. JAMA
Ophthalmol 138:244-250

Wykoft CC, Ou WC, Brown DM, Croft DE, Wang R, Payne
JF, Clark WL, Abdelfattah NS, Sadda SR; TREX-AMD



Doc Ophthalmol (2022) 144:99-115 115

Study Group (2017) Randomized trial of treat-and-extend Publisher’s Note Springer Nature remains neutral with
versus monthly dosing for neovascular age-related macular regard to jurisdictional claims in published maps and
degeneration: 2-year results of the TREX-AMD study. institutional affiliations.

Ophthalmol Retina 1:314-321

@ Springer



	Electrophysiological evaluation and 18-month follow-up of two regimens with aflibercept for neovascular age-related macular degeneration
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study design
	Treatment protocols
	Ophthalmological examination
	Full-field electroretinography
	Multifocal electroretinography
	Statistical analysis

	Results
	Baseline characteristics
	Visual acuity
	Optical coherence tomography
	Injections
	Full-field electroretinography
	Multifocal electroretinography

	Discussion
	Funding
	References




