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Abstract

Purpose To evaluate a modified treat-and-extend (TAE) reg-
imen of intravitreal aflibercept injection (IAI) for treatment-
naive patients with neovascular age-related macular degener-
ation (AMD).

Methods Thirty-six eyes (36 patients) treated with the modi-
fied TAE regimen were evaluated at 12 months retrospective-
ly. The modified TAE regimen consisted of three steps: 1) an
induction phase, during which patients were treated with >3-
monthly TAls until exudative activity disappeared, 2) an ob-
servation phase, during which patients were monitored until
exudative activity appeared, and 3) a TAE phase, for which
the initial treatment interval was determined based on the dis-
ease recurrence interval, followed by treatment intervals
changing by 2 weeks.

Results Mean logMAR BCVA improved significantly from
0.48 £0.51 at baseline to 0.40+0.53 at 12 months (P <0.01),
and was maintained (losing <0.3 logMAR units) in 35 eyes
(97.2 %). Mean central retinal thickness and central choroidal
thickness decreased significantly after 12 months. In the TAE
phase, the distribution of treatment intervals was >8 weeks in
64.7 % (11 eyes) at 12 months. The mean number of injections
was 4.53.

Conclusion A modified TAE regimen of TAI for neovascular
AMD produced good functional outcomes over 12 months
with the small number of injections.
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Introduction

Age-related macular degeneration (AMD) is the leading
cause of blindness in the elderly populations of industri-
alized countries [1, 2]. Vascular endothelial growth factor
(VEGF) plays a key role in the pathogenesis of AMD [3].
Today, intravitreal anti-VEGF injection is the primary
treatment for neovascular AMD. In Japan, pegaptanib
(Macugen; OSI/Eyetech, Melville, NY, USA),
ranibizumab (Lucentis; Genentech, Inc., South San
Francisco, CA, USA) and aflibercept (Eylea; Regeneron,
Tarrytown, NY, USA, and Bayer, Berlin, Germany) are
the approved anti-VEGF agents for neovascular AMD.
Although pegaptanib, which inhibits VEGF 45 selectively,
has a favorable safety profile in the treatment of patients
with neovascular AMD [4], few patients achieve improve-
ments in visual acuity with intravitreal pegaptanib injec-
tions [5]. Thus, most patients with neovascular AMD re-
ceive intravitreal ranibizumab or aflibercept injections to
obtain improvements in VA [6-8].

Aflibercept appears to be one of the most effective
agent, because some studies have reported that
aflibercept is also effective for patients with neovascular
AMD refractory to ranibizumab [9—12]. Nevertheless,
most patients need continuous treatment to maintain the
initial visual gain, even if treated with aflibercept.
According to the VEGF Trap-Eye: Investigation of
Efficacy and Safety in Wet AMD (VIEW 1 and 2)
Studies, aflibercept (2 mg every 2 months after three
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initial monthly doses) is noninferior and clinically equiv-
alent to ranibizumab 0.5 mg monthly [13]. Thus, a bi-
monthly after three initial monthly dosing regimen has
been recommended when treatment-naive patients with
neovascular AMD are treated with aflibercept in Japan.
However, this regimen is overtreatment for patients who
never show signs of recurrence after the initial loading
dose of three monthly intravitreal injections, and might
be undertreatment for patients who show signs of recur-
rence within 2 months, resulting in deterioration of visu-
al function over the long term.

Many studies have demonstrated that the treat and extend
(TAE) regimen, which is an individualized proactive dosing
regimen, allowed for similar visual improvements with fewer
injections and visits compared with monthly treatments when
used for patients treated with bevacizumab (Avastin;
Genentech Inc., South San Francisco, CA, USA) and
ranibizumab [14, 15]. Therefore, medical facilities using the
TAE regimen for patients with neovascular AMD have also
increased in Japan. However, the standard TAE regimen might
also be overtreatment for patients who do not show signs of
recurrence after the initial loading dose, as well as the regimen
in the VIEW study, because of lacking the observation phase,
during which patients are observed without treatment until
exudative activity reappears, as well as the pro re nata
(PRN) dosing regimen.

It is very important to minimize the number of injections,
because frequent injections result in an increased risk of se-
vere ocular or systemic adverse events, and place a heavy
burden on patients, institutions, and the medical economy.

Mantel and colleagues reported the outcomes of the
observe-and-plan regimen with ranibizumab for neovascular
AMD [16]. This regimen contained an observation phase after
the induction phase, and patients were treated in an individu-
ally adapted treatment plan of a series of injections with a
fixed interval if exudative activity appeared. That study dem-
onstrated that the observe-and-plan regimen allowed for sim-
ilar visual improvements with fewer clinic visits compared
with other regimens, although the number of injections was
similar among the observe-and-plan, PRN, and TAE
regimens.

We explored a beneficial treatment regimen for all patients
with neovascular AMD. The standard TAE regimen is feasible
for determining an individual treatment interval, because in-
terindividual recurrence intervals are variable. It might be use-
ful to observe patients until exudative activity appears after the
induction phase in order to avoid overtreatment. From these
considerations, when our patients with neovascular AMD re-
ceived intravitreal ranibizumab or aflibercept injections, we
used a modified TAE regimen, which consists of an induction
phase, an observation phase, and a TAE phase. This is a report
of the 1-year results of a modified TAE regimen of aflibercept
using.
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Materials and methods
Study patients

We retrospectively reviewed 56 eyes with treatment-naive
neovascular AMD which underwent an initial loading dose
of at least three monthly intravitreal injections of aflibercept
2 mg at Kansai Medical University between August 2013 and
December 2014, and completed 1 year of follow-up. Two eyes
were excluded from this study due to the use of other treat-
ment regimens, which were fixed dosing and standard TAE
regimens. Thirty-six eyes (36 patients) were treated with the
modified TAE regimen, and 37 eyes (37 patients) were treated
with the pro re nata (PRN) dosing regimen. Each regimen
included 19 eyes (19 patients), which underwent only an ini-
tial loading dose, because there was not any sign of recurrence
until 12 months. These eyes were evaluated at 12 months.

The diagnosis of typical neovascular AMD was confirmed
by slit-lamp biomicroscopy, fluorescein angiography (FA)
with a Topcon fundus camera (TRC-50DX; Topcon Medical
Systems Inc., Oakland, NJ, USA), indocyanine green angiog-
raphy (ICGA) with a confocal laser scanning ophthalmoscope
(HRAZ2; Heidelberg Engineering GmbH, Heidelberg,
Germany), and optical coherence tomography (OCT) with a
spectral-domain OCT (Spectralis; Heidelberg Engineering
GmbH or RTVue; Optovue, Freemont, CA, USA). Patients
with polypoidal choroidal vasculopathy, retinal angiomatous
proliferation, pathologic myopia, angioid streaks, idiopathic
choroidal neovascularization (CNV), and other secondary
CNV were excluded. Exudative activity was confirmed by
hemorrhage, choroidal neovascular leakage on FA, and
intraretinal or subretinal fluid on OCT.

All patients underwent measurement of best-corrected VA
(BCVA) with a Landolt chart, slit-lamp biomicroscopy, and
OCT at every visit. The greatest linear dimension (GLD) of
CNV at baseline was measured on the basis of FA and ICGA.
The central retinal thickness (CRT), defined as the distance
between the inner limiting membrane (ILM) and the retinal
pigment epithelium (RPE) at the center of the fovea, and the
central choroidal thickness (CCT), defined as the distance
between Bruch’s membrane and chorioscleral interface at the
center of the fovea, were measured on OCT and enhanced
depth imaging (EDI)-OCT.

Treatment design

The modified TAE regimen consisted of the following three
steps:

(1) An induction phase, during which patients received three
or more monthly IAls (aflibercept 2.0 mg in 0.05 ml
volume) until a dry macula was achieved, defined as
complete resolution of intraretinal and subretinal fluid
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without new retinal hemorrhage. Any change on pigment
epithelial detachment (PED) was not included on dry
macula.

(2) An observation phase, during which patients were moni-
tored monthly until the first signs of exudative activity
appeared. The signs of recurrence were defined as any fluid
on OCT and new hemorrhage. Decreased BCVA and ex-
pansion of PED were not defined as signs of recurrence.

(3) A TAE phase, during which patients received monthly
IAIs until a dry macula was achieved, and then the next
injection was administered after the initial treatment in-
terval was determined based on the disease recurrence
interval, which was the time from when a dry macula
was achieved in the induction phase to when the first
signs of recurrence appeared. The initial treatment inter-
val was designed to be 1 week or 2 weeks less than the
disease recurrence interval. If no signs of recurrence ap-
peared at the point when the initial treatment interval
passed since last the TAI before a dry macula was
achieved, a new injection was administered, and the pe-
riod until the next injection was extended by 2 weeks at a
time, up to a maximum interval of 12 weeks during the
12 months after the initial IAI in the TAE phase. If signs
of recurrence appeared, the treatment interval was short-
ened by 2 weeks at a time, until a dry macula was
achieved. Even if a dry macula was achieved, the treat-
ment interval was not extended, and treatment was con-
tinued during the 12 months in order to avoid multiple
recurrences. However, if there was no sign of recurrence
three consecutive times at 4-week treatment intervals, the
treatment interval was extended by 2 weeks. After the
fixed treatment intervals during the 12 months, the treat-
ment intervals were extended by 2 weeks at a time, up to a
maximum interval of 16 weeks. If there was no sign of
recurrence, three consecutive times at 16-week treatment
intervals, the proactive treatment was interrupted (Fig. 1).

In the PRN dosing regimen, the need for retreatment is
determined at monthly or bimonthly visits. The retreatment
criteria included recurrence of intra-/subretinal fluid, or
hemorrhages.

Outcome measures

The outcome measures included the following: mean BCVA,
CRT, and CCT change, the initial treatment interval, the treat-
ment interval change, and the number of injections over
12 months.

Statistical analysis

All data are presented as mean + standard deviation. The mea-
sured BCVA values were converted to the logarithm of the

Induction phase

Monthly injections
until a dry macula was
achieved.

(at least 3 times)

Observation phase |

1

Monthly visits :] ° § _
until signs of exudative [:| 2o S
activity appeared. T (183 g
(at least 3 times) i 0e=

TAE phase I -
- . 5 é‘_;’
Monthly injections A==
until a dry macula was £3¢

achieved. i =

Injection after Initial
treatment interval
based on disease
recurrence intervals.

Exudative change (-)
interval extended
Exudative change (+)
interval shorten

by 2 weeks

I (njection [__]Only visit (Dry macula)

Disease recurrence Initial treatment
interval interval
< 6 weeks 4 weeks
6 ~ 8 weeks 6 weeks
8 ~ 10 weeks - 8 weeks
10 ~ 12 weeks 10 weeks
12 weeks < 12 weeks

Fig. 1 Treatment flowchart of our modified TAE regimen with
aflibercept for neovascular AMD. *The initial treatment interval was
designed to be 1 week or 2 weeks less than the disease recurrence interval

minimum angle of resolution (logMAR) units for statistical
analysis. The proportion of patients with changes in the
BCVA of 0.3 logMAR vision or more was also compared.
Student’s #-test was used to compare mean age, VA, GLD,
CRT, and CCT. Values of P < 0.05 were considered statistical-
ly significant.

Results

Of 56 eyes that completed 1 year of follow-up after the induc-
tion phase, 36 eyes were evaluated as the modified TAE group
retrospectively; 19 eyes (33.9 %) underwent only an initial
loading dose, because there was not any sign of recurrence
until 12 months, which means that these eyes remained in the
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observation phase. Seventeen eyes were treated in the TAE
phase because signs of recurrence appeared within 1 year. The
former group (19 eyes) was defined as the observation phase
group, and the latter group (17 eyes) was defined as the TAE
phase group. Thirty-seven eyes were evaluated as the PRN
group retrospectively.

Baseline characteristics

In the modified TAE group, 22 (22 eyes) were men, and 14
(14 eyes) were women. The mean patient age was 72.3 £
8.4 years (range, 53—86 years). Eight eyes had predominantly
classic, five eyes had minimally classic, and 23 eye had occult
with no classic. Patient clinical data at baseline are shown in
Table 1. There were no substantial differences between the
observation phase group and the TAE phase group at baseline.

In the PRN group, 21 (21 eyes) were men, and 16 (16 eyes)
were women. The mean patient age was 72.4 £+ 8.38 years
(range, 53-82 years). Nine eyes had predominantly classic,
and 28 eye had occult with no classic. Patient clinical data at
baseline are shown in Table 1. There were no substantial dif-
ferences between the modified TAE group and the PRN

group.

Best-corrected visual acuity

In the modified TAE group, the mean logMAR BCVA im-
proved significantly (P=0.037) from 0.48 +0.51 at baseline
to 0.40+0.53 at 12 months. In the PRN group, the mean
logMAR BCVA improved significantly (P=0.039) from
0.47+0.46 at baseline to 0.41 +0.46 at 12 months (Fig. 2a).

In the TAE phase group, the mean logMAR BCVA signif-
icantly improved (P =0.038) from 0.35+0.44 at baseline to
0.23+£0.46 at 12 months; however, in the observation phase
group, there was no significant difference at 12 months (0.56
+0.54) compared with baseline (0.60 +0.54). The mean
logMAR BCVA in the observation phase group was lower
than that in the TAE phase group, except at baseline (Fig. 2b).

In the modified TAE group, the BCVA improved 0.3 or
more logMAR units in five eyes (13.9 %), decreased 0.3 or
more logMAR units in one eye (2.8 %), and remained un-
changed in 30 eyes (83.3 %). In the PRN group, the BCVA
improved 0.3 or more logMAR units in three eyes (8.1 %),
decreased 0.3 or more logMAR units in one eye (2.7 %), and
remained unchanged in 33 eyes (89.2 %). There were no sub-
stantial differences between the groups (Fig. 3a).

There were no substantial differences between the TAE
phase group and the observation phase group (Fig. 3b).

Central retinal thickness and central choroidal thickness

In the modified TAE group, the mean CRT decreased signifi-
cantly from 278 £116 pum at baseline to 154 +59 um at
3 months (P <0.001), and this decrease was maintained to
month 12 (167+70 um, P<0.001). In the PRN group, the
mean CRT decreased significantly from 294 + 133 pm at base-
line to 165 £63 pum at 3 months (P <0.001), and this decrease
was maintained to month 12 (175 +73 um, P<0.001). There
were no significant differences between the groups (Fig. 4a).

There were no significant differences between the TAE
phase group and the observation phase group (Fig. 4b).

In the modified TAE group, the mean CCT significantly
decreased from 254 £ 111 pum at baseline to 225+ 102 pm at

Table 1 Baseline characteristics

Characteristics Modified TAE group (TAE phase group / PRN group P value*
observation phase group)

No. of eyes 36 (17/19) 37
Sex, no. (%)

Female 14 (38.9) 3/ 11) 16 (43.2)

Male 22 (61.1) (14/8) 21 (56.8)
Age: years, mean = SD 72.3+8.36 (75.6+7.60 / 72.6 £8.95) 72.4+8.38 0.198
Lesion type

Occult with no classic, no. (%) 23(63.9) (11/12) 28 (75.7)

Minimally classic, no. (%) 5(139)(5/0) 0(0.0)

Predominantly classic, no. (%) 8(222)(1/7) 9(24.3)
BCVA (logMAR), mean = SD 0.48+£0.51 (0.35+0.44/0.60 +0.54) 0.47+0.46 0.474
GLD (um), mean +SD 2665+ 1326 (2674 + 1137 /2657 £1507) 2640+ 1536 0.471
CRT (um), mean +SD 278 +116 (270 +£89 / 285+ 139) 294 +133 0.286
CCT (um), mean = SD 254 +£111 (253+118/255+108) 240+100 0.285

*Test for equality between the modified TAE group and the PRN group

BCVA best-corrected visual acuity, GLD greatest linear dimension, CRT central retinal thickness, CCT central

choroidal thickness, PRN pro re nata
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Fig. 2 Mean visual acuity. Changes in the mean logMAR BCVA from
baseline to 12 months after [Als. a The modified TAE group and the PRN
group. b The TAE phase group and the observation phase group in the
modified TAE. *P<0.05 and **P <0.01 versus baseline. TP <0.05
versus the TAE phase group

3 months (P<0.001), and this decrease was maintained to
month 12 (230+ 108 um, P <0.001). In the PRN group, the
mean CCT significantly decreased from 2404 100 pum at
baseline to 209 £ 86 um at 3 month (P < 0.001), and this de-
crease was maintained to month 12 (219+95 um, P <0.001)
(Fig. 5a).

There were no significant differences between the TAE
phase group and the observation phase group (Fig. 5b).

Injection frequency

The mean number of TAls was 4.53 £2.02 over 12 months in
the modified TAE group; 3.00 in the observation phase group
(three in 19 eyes), and 6.24+1.75 in the TAE phase group
(four in four eyes, five in two eyes, six in four eyes, seven in
two eyes, eight in three eyes, nine in two eyes). In the PRN
group, the mean number of [Als was 4.57 +£2.50 over
12 months.

intervals was 4 weeks in 5.9 % (one eye), 6 weeks in 5.9 %
(one eye), 8 weeks in 17.6 % (three eyes), 10 weeks in 11.8 %
(two eyes), and 12 weeks in 58.8 % (ten eyes). The distribu-
tion of treatment intervals at 12 months was 6 weeks in 35.3 %
(six eyes), 10 weeks in 17.6 % (three eyes), and 12 weeks in
47.1 % (eight eyes) (Fig. 6). Treatment intervals were extend-
ed in one eye (5.9 %; 2 weeks in one eye), shortened in six
eyes (35.3 %; 2 weeks in five eyes and 4 weeks in one eye),
and remained stable in ten eyes (58.8 %) over 12 months.

Adverse events

During the first year of this study, there were no severe ocular
or systemic adverse events.

Discussion

In this study, we demonstrated the 1-year visual and morpho-
logical outcomes of IAls for treatment-naive patients with
neovascular AMD with a modified TAE regimen and PRN
dosing regimen.

The mean BCVA improved significantly at 12 months
compared with baseline, and was maintained (losing <0.3
logMAR units) in 97.2 % (35 eyes) of 36 eyes over 12 months
according to this modified TAE regimen. The VIEW 2 study,
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phase group in the modified TAE. **P < 0.01 versus baseline

in which [Als were administered every 2 months after three
initial monthly doses, demonstrated that the mean BCVA im-
proved by 8.9 Early Treatment Diabetic Retinopathy Study
(ETDRYS) letters at 52 weeks from baseline (51.6 letters),
and was maintained in 95.4 % (losing <15 ETDRS letters)
over 52 weeks [13]. In this modified TAE regimen, the mean
BCVA was 65.0 letters (+4.0 letters from baseline) at
12 months when the measured logMAR VA values were con-
verted to ETDRS letters. Although the BCVA improvement in
this study was less during 1 year because of better VA at
baseline, this modified TAE is useful, because the mean
BCVA at 1 year was better compared with that in the VIEW
2 study.

In addition, the mean number of IAls was fewer in this
modified TAE regimen (4.5) than in the VIEW 2 study (7.5)
over 1 year [13]. One of the reasons for the fewer [Als in this
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study could be because the patients using the modified TAE
regimen were observed without injections until exudative ac-
tivity appeared after the induction phase. In the SUSTAIN
study, a 12-month, phase III, multicenter, single-arm, open-
label trial conducted in ten European countries and Australia
to evaluate the safety and efficacy of ranibizumab in treating
subfoveal CNV secondary to AMD, 20.5 % of patients who
received three initial monthly treatments did not receive any
additional dose for months 3 to 11 [17]. Kuroda and col-
leagues reported that the rate of no recurrence during 1 year
was 34.3 % of the eyes which showed complete resolution of
retinal exudative change after the three loading intravitreal
ranibizumab injections [18]. In this modified TAE regimen,
the rate of no recurrence during the 12 months after the induc-
tion phase was 33.9 % (19 eyes of 56 eyes). Thus, the
bimonthly-after-three-initial-monthly dosing regimen in the
VIEW 2 study might be overtreatment for patients who never
show signs of recurrence after the induction phase.

To our knowledge, there is no report describing the use of
aflibercept for treatment-naive patients with neovascular
AMD using a standard TAE regimen because of the good
results obtained in the VIEW study, though there are many
reports describing the use of bevacizumab and ranibizumab
[14, 15, 19]. In the LUCAS study, patients received monthly
injections until exudative changes disappeared, followed by
increasing or decreasing intervals between injections depend-
ing on disease activity. The mean BCVA improved to 67.2
letters (+7.9 letters) with bevacizumab and 69.6 letters (+8.2
letters) with ranibizumab at 1 year compared with baseline,
and was maintained (losing <15 ETDRS letters) in 96.2 % of
the eyes treated with bevacizumab and in 95.7 % of the eyes
treated with ranibizumab over 1 year. The mean number of
injections was 8.9 in the bevacizumab group and 8.0 in the
ranibizumab group during the first year [15]. Although it is not
suitable to compare the standard TAE and our modified TAE
because of the different drugs and treatment protocols in the
induction phase, our modified TAE regimen could be expect-
ed to produce good functional outcomes with fewer injections
compared with the standard TAE regimen during the first year.
Reducing the number of injections results in an advantage in
terms of medical safety and costs [16].

In addition, the distribution of treatment intervals at
12 months was over 8 weeks in 64.7 % of eyes in this mod-
ified TAE regimen. In the LUCAS study, the distribution of
treatment intervals at 1 year was over 8 weeks in 41.3 % of
eyes for bevacizumab and in 52.4 % of eyes for ranibizumab
[15]. These results indicate that aflibercept allows for longer
treatment intervals and fewer injections than bevacizumab or
ranibizumab when AMD patients were treated according to
the standard TAE regimen. Thus, treatment with aflibercept
using our modified TAE regimen might be encouraged.

In this modified TAE regimen, the treatment intervals at
12 months changed by more than 4 weeks as compared to

the initial treatment interval in one eye (5.9 %). This result
suggested that this method of determining the initial treatment
intervals was reasonable.

One of the advantages with regard to a standard TAE reg-
imen is that a standard TAE regimen is an individualized pro-
active dosing regimen, which could be expected to maintain
visual function over a long period by preventing a reactivation
of disease. In contrast, our modified TAE regimen may raise
concerns that the existence of an observation phase with no
treatment until the first signs of recurrence may result in ag-
gravation of disease or deterioration of visual function.
However, the number of eyes with VA that decreased signif-
icantly at the point when first signs of exudative activity ap-
peared compared with at the point when a dry macula was
achieved in the induction phase was zero. In addition, the
number of eyes that required multiple injections until a dry
macula was achieved after the first recurrence was only one
(3.9 %; twice in one eye). These results indicate that the ob-
servation phase is not likely to generate more resistance to
IAIs.

Another advantage with regard to a standard TAE regimen
is the reduction in the number of visits. In contrast, our mod-
ified TAE regimen requires monthly visits until signs of re-
currence appeared, at least 12 weeks after a dry macula was
achieved, in order to determine the adequate initial treatment
intervals, which resulted in an increase in the number of visits.
However, this burden would be necessary to provide ideal,
individualized medicine.

The problem with a proactive dosing regimen is that there
is no evidence with regard to when the injections should be
interrupted, although a guideline on interruption of injection
has been issued in Europe [20]. In our protocol, the injections
would be interrupted when a dry macula was maintained dur-
ing 1 year at 16-week treatment intervals, though it is impos-
sible to show a result because of the small number of cases.

In this study, there were no substantial differences between
the modified TAE regimen and the PRN dosing regimen over
12 months. However, real-life data on the long-term outcomes
for ranibizumab and bevacizumab with the PRN regimen re-
vealed poor functional results [21, 22]. Long-term follow-up
will be important to evaluate a difference between the modi-
fied TAE regimen and the PRN dosing regimen.

We acknowledge that this study has several limitations. It
was an uncontrolled retrospective study with a small number
of cases in a short follow-up period. Further prospective stud-
ies with larger study populations and longer follow-up would
be needed to confirm the usefulness of our regimen.
Furthermore, a randomized clinical trial comparing
ranibizumab and aflibercept should be planned.

In conclusion, we designed a modified TAE regimen as a
treatment protocol of IAI for patients with treatment-naive
neovascular AMD in order to avoid excessive injections,
based on the existing proactive dosing regimen, and
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demonstrated that this regimen allowed for similar visual im-
provements with fewer injections compared with the
bimonthly-after-three-initial-monthly dosing regimen in the
VIEW study or the standard TAE regimen during 1 year.
This regimen might be the ideal individualized protocol for
neovascular AMD with diversity.
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