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Abstract

Purpose To evaluate the short-term efficacy of aflibercept
monotherapy for patients with treatment-naive polypoidal
choroidal vasculopathy (PCV).

Design Prospective, consecutive case series.

Methods Thirty-three consecutive eyes of 33 symptomatic
PCV patients (17 men, 16 women, mean age 75+8.7 years),
not treated previously, received an intravitreal injection of
2.0 mg of aflibercept monthly for 3 months. Changes in
best-corrected visual acuity (BCVA), optical coherence to-
mography (OCT) findings, and indocyanine green angiogra-
phy (ICGA) findings 3 months after initial injection were
evaluated.

Results Compared with baseline, mean BCVA at 3-month
visit significantly improved (0.40+0.34 vs 0.22+0.20 log
minimum angle of resolution [logMAR] unit, P<12 0.001).
Eight eyes (24 %) showed improvement in BCVA>0.3
logMAR unit, and no eyes (0 %) showed a decrease in BCVA
0f>0.3 logMAR unit. Mean foveal thickness improved sig-
nificantly (348+184 um at baseline vs 194+£32 um at 3-
month visit, P<15 0.001). At 3-month visit, 31 eyes (97 %)
achieved dry macula evaluated on OCT. Polypoidal lesions
disappeared completely on ICGA in 16 eyes (48 %), and the
number and/or the size of polypoidal lesions decreased in nine
eyes (27 %). The remaining eight eyes (24 %) had unchanged
polypoidal lesions. A branching vascular network remained
and was unchanged in diameter in all 27 eyes in which it was
detected at baseline.

Conclusion Intravitreal aflibercept was well-tolerated in pa-
tients with treatment-naive PCV over the short-term.
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Introduction

Polypoidal choroidal vasculopathy (PCV) is a variant of wet
age-related macular degeneration (AMD) characterized [1] by
an inner choroidal vascular network of vessels with terminat-
ing polypoidal structures observed clearly on indocyanine
green angiography (ICGA) [2-5]. Several treatment strategies
have been reported for PCV [6]. Among them, photodynamic
therapy (PDT) [7] and intravitreal injection of anti-vascular
endothelial growth factor (VEGF) antibodies, including
ranibizumab (Lucentis; Genetech, Inc., South San Francisco,
CA, USA) [8-10] and bevacizumab (Avastin; Genetech, Inc.)
[11, 12] have shown favourable results. However, several
problems have been reported with these treatments. Serious
complications after PDT for PCV have been reported, includ-
ing massive subretinal hemorrhage and retinal atrophy [13].
With regard to anti-VEGF monotherapy, even if performed by
three monthly injections of ranibizumab, almost 65 % of eyes
achieved a dry macula [8, 9], and only 20-30 % eyes obtained
complete disappearance of polypoidal lesions [8—10]. Further-
more, it was reported that vascular abnormalities, such as
PCV, may be hidden in wet AMD refractory to a course of
anti-VEGF monotherapy [14, 15].

Aflibercept (VEGF-Trap Eye/Eylea; Regeneron,
Tarrytown, NY, USA) is a recently approved anti-VEGF drug
with greater binding activity to VEGF molecules than either
ranibizumab or bevacizumab [16, 17]. The VIEW (VEGEF-
Trap Eye: Investigation of Efficacy and Safety in Wet AMD) 1
and VIEW 2 studies demonstrated that aflibercept given every
2 months after three initial loading doses was not inferior to
monthly ranibizumab in maintaining vision in patients with
treatment-naive wet AMD over a 61-year period [18]. Several

@ Springer



352

Graefes Arch Clin Exp Ophthalmol (2015) 253:351-357

recent studies have shown that aflibercept monotherapy can
reduce exudative changes and preserve visual acuity in AMD
resistant to ranibizumab and/or bevacizumab monotherapy
[19-23]. With regard to PCV, Miura et al. [24] reported that
switching therapy to aflibercept was effective for patients with
PCV who developed tachyphylaxis to ranibizumab. To our
knowledge, there have been no reports regarding the efficacy
of intravitreal aflibercept monotherapy in patients with
treatment-naive PCV. In the present study, we evaluated the
short-term efficacy of aflibercept monotherapy in patients
with treatment-naive PCV.

Patients and methods

This was a prospective, consecutive case study. Thirty-three
consecutive eyes of 33 patients with PCV who had progres-
sive visual symptoms and had not undergone previous treat-
ments received an intravitreal injection of 2.0 mg of
aflibercept monthly for 3 months at the Kanazawa University
Hospital from December 2012 to August 2013. The institu-
tional review board approved the study protocol. PCV was
diagnosed based on the fundus findings and ICGA findings.
Diagnosis met at least one of the following criteria [25]: the
presence of elevated orange-red lesions (excluding pigment
epithelial detachment, choroidal hemangioma, and subretinal
blood) observed by fundus examination, or characteristic
polypoidal lesions on ICGA [2-5]. PCV was diagnosed in
all eyes after confirmation of the presence of polypoidal
lesions on ICGA. At baseline, all eyes had a complete oph-
thalmic examination, including best-corrected visual acuity
(BCVA) measured by decimal visual acuity, digital simulta-
neous fluorescein angiography (FA) and ICGA using Heidel-
berg Retina Angiograph 2 (HRA-2; Heidelberg Engineering,
Inc., Dossenheim, Germany) and optical coherence tomogra-
phy (OCT) (3D-OCT 1000 MARK 2; software version 3.36,
Topcon Corporation, Tokyo, Japan). The 3D-OCT 1000
MARK 2 scan protocols consisted of the radial scan (12
0.30-s radial scans with 1024 A-scans each, 6 mm in length).
Ophthalmic examinations, including BCVA measurement and
OCT, were performed monthly. Digital simultaneous FA and
ICGA using HRA-2 were also performed 3 months after the
initial aflibercept injection.

In this study, we defined dry macula as the absence of both
subretinal fluid (SRF) and intraretinal fluid (IRF) evaluated on
all 12 radial scans on OCT. Complete resolution of polypoidal
lesions 3 months after the initial intravitreal injection of
aflibercept was defined as the detection of no polypoidal
lesions on ICGA, while partial resolution was defined as a
decrease in the number and/or size of polypoidal lesions. Each
size of polypoidal lesions and branching vascular networks
was determined by careful observation of ICGA results
through the early to late phase, and measured as the greatest
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linear dimension using an electronic calliper within HRA-2. A
greater than 20 % decrease or increase in the greatest linear
dimension was defined as a decrease or increase respectively.

The differences in BCVA and foveal thickness between
baseline and 3 months after the initial injection were analyzed
using the paired Student’s ¢ test. The logarithm of minimal
angle of resolution (logMAR) unit calculated from decimal
visual acuity was used to analyze the BCVA. Statistical anal-
ysis was performed using SPSS 11.5.1 for Windows (SPSS
Inc, Chicago, IL, USA). In all analyses, P<0.05 was taken to
indicate statistical significance.

Results

Thirty-three patients (17 men, 16 women, mean age 75+
8.7 years, range, 60-89 years) were included in the study.
When compared with baseline, the mean BCVA 14 months
after the initial injection improved significantly (0.40+£0.34 vs
0.22+0.20 log MAR unit, P<0.001). Eight eyes (24 %)
showed improvement in BCVA 0f>0.3 logMAR unit, and
no eyes (0 %) had a decrease in BCVA 0of>0.3 logMAR
unit.The mean foveal thickness improved significantly (348
+184 pum at baseline vs 194+32 um 3 months after the initial
injection, P<0.001). At baseline, OCT showed SRF in 32 eyes
(97 %) and IRF in nine eyes (27 %). At 3 months, 31 eyes
(97 %) achieved dry macula. The numbers of initial consecu-
tive injections to achieve dry macula was one injection in 14
eyes (44 %), two injections in ten eyes (31 %) and three
injections in seven eyes (22 %). Dry macula was not achieved
in only one eye (3 %), even following three monthly injec-
tions. At baseline, pigment epithelial detachment (PED) was
detected in seven eyes (21 %) (serous PED; two eyes, fibro-
vascular PED; two eyes, hemorrhagic PED; three eyes) on
OCT. Complete disappearance of serous PED was recognized
in two eyes by 2 months after the initial injection. The size of
fibrovascular PED of two eyes was unchanged, and the size of
haemorrhagic PED of three eyes reduced gradually through
the 3-month treatment period.

At baseline, ICGA detected polypoidal lesions in all 33
eyes; 16 eyes (48 %) had multiple polypoidal lesions, and 17
eyes (52 %) had one lesion. OCT showed a steep, protruding
retinal pigment epithelium (RPE) corresponding to polypoidal
lesions in all eyes. The mean number of polypoidal lesions of
15 eyes with multiple lesions was 3.79+2.55 (range: 2—12),
except in one eye (Fig. 1) that had so many polypoidal lesions
that we could not clearly determine the demarcation of each
polyp and could not accurately count the number of
polypoidal lesions. Three months after the initial intravitreal
injection of aflibercept, the complete resolution of polypoidal
lesions and partial resolution were detected on ICGA in 16
eyes (48 %) (Fig. 2) and in nine eyes (27 %) (Fig. 1) respec-
tively. The remaining eight eyes (24 %) showed no changes in
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size and number of polypoidal lesions (Fig. 3). At baseline, a
branching vascular network was also detected in 27 eyes
(82 %). In the remaining six eyes (18 %), retinal and subretinal
hemorrhage obscured a possible branching vascular network.
Three months after the initial intravitreal injection of
aflibercept, a branching vascular network remained and
showed no change in greatest linear dimension of the
branching vascular network in all 27 eyes in which the net-
work was detected at baseline (Figs. 1 and 3).

None of the patients developed systemic complications,
such as thromboembolic events or cerebral vascular accidents.
Ocular complications, including intraocular inflammation, el-
evated intraocular pressure, increase in cataracts, and endoph-
thalmitis were not observed.

Discussion

In the present study, we investigated the short-term efficacy of
aflibercept monotherapy in patients with treatment-naive
PCV. In VIEW 1 and VIEW 2 studies in which the patients
with treatment-naive wet AMD were given three monthly
injections of 2.0 mg of aflibercept as loading doses, the mean
change in BCVA from baseline to 3 months after the initial
injection was almost 7 letters using the Early Treatment of
Diabetic Retinopathy Study charts (ETDRS) [18]. In this
study, the mean change in BCVA from baseline to 3 months
after the initial injection was 8.9 letters when the change of

BCVA measured by decimal visual acuity was converted to
the change in ETDRS score using the conversion table report-
ed by Tano et al. [26]. Table 1 shows the outcomes in the
present and previous studies 3 months after the initial anti-
VEGF monotherapy in eyes with treatment-naive PCV
[8—11]. Improvements in BCVA of>6 0.3 logMAR unit were
38 % in this study for aflibercept monotherapy, 0 % in
bevacizumab monotherapy [11], and 24-38 % in ranibizumab
monotherapy [8, 9] reported previously. The mean change in
BCVA evaluated with ETDRS score in this study was almost
equivalent to the result of +8.5 letters of the group treated with
ranibizumab monotherapy in the EVEREST study (efficacy
and safety of verteporfin photodynamic therapy in combina-
tion with ranibizumab or alone versus ranibizumab monother-
apy in patients with symptomatic macular polypoidal choroi-
dal vasculopathy) [10].

In previous studies of treatment-naive PCV, polypoidal
lesions decreased on ICGA in 9 % with bevacizumab mono-
therapy [11] and in almost 30-80 % with ranibizumab mono-
therapy [8—10]. The complete disappearance of polypoidal
lesions in these previous reports was detected on ICGA in
9 % of cases treated with bevacizumab monotherapy [11], and
in almost 19-33 % of those treated with ranibizumab mono-
therapy [8—10]. In this study, polypoidal lesions decreased in
25 eyes (76 %) and disappeared completely in 16 eyes (48 %)
treated with aflibercept. Therefore, aflibercept may not be
inferior to ranibizumab in resolution of polypoidal lesions of
eyes with treatment-naive PCV, and may be superior to

Fig. 1 The left eye of a 70-year-old man with polypoidal choroidal
vasculopathy (PCV). a At baseline, indocyanine green angiography
(ICGA) showed many polypoidal lesions and a branching vascular net-
work. b Horizontal optical coherence tomography (OCT) showed protru-
sions of the retinal pigment epithelium (RPE) corresponding to
polypoidal lesions on ICGA, subretinal fluid (SRF) and intraretinal fluid
(IRF). ¢ One month after the third intravitreal injection of aflibercept,

ICGA showed decreases in number and size of polypoidal lesions. The
branching vascular network remained and showed no change in diameter.
The baseline greatest linear dimension of abnormal network and that after
treatment were 5030 um and 5040 pm, respectively (vellow bidirectional
arrows). d OCT showed complete resolution of SRF and IRF. The
decimal visual acuity improved from 0.1 to 0.3
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Fig.2 Therighteye of a 67-year-
old woman with polypoidal
choroidal vasculopathy (PCV). a
At baseline, indocyanine green
angiography (ICGA) showed a
polypoidal lesion. b Horizontal
optical coherence tomography
(OCT) showed protrusion of the
retinal pigment epithelium (RPE)
corresponding to a polypoidal
lesion on ICGA and 22 subretinal
fluid (SRF). ¢ One month after the
third intravitreal injection of
aflibercept, ICGA showed
complete resolution of the
polypoidal lesion. d OCT showed
complete resolution of protrusion
of the RPE and SRF. The decimal
visual acuity improved from 0.8
to 0.9

ranibizumab for complete disappearance of polypoidal
lesions.

In previous reports, the branching vascular network persisted
in 77-100 % of eyes treated with ranibizumab [8—10] or
bevacizumab [11] monotherapy. In this study, the disappearance
of the small diameter of the branching vascular network or
reduction in the diameter of the branching vascular network
was not observed in all eyes, the branching vascular network
remained in all 27 eyes in which the network was detected at
baseline. This result was consistent with those of previous
studies. Residual branching vascular networks after laser photo-
coagulation were reported to be associated with disease

recurrence [27] and recurrent or newly developed polypoidal
lesions after PDT, all of which were connected to a residual
branching vascular network [28]. As aflibercept monotherapy
did not resolve the branching vascular network of PCV in the
present study, there is a potential risk of recurrence of polypoidal
lesions after the induction phase of aflibercept therapy.

The complete resolution of SRF on OCT at 3 months after
initial treatment with anti-VEGF drugs was 97 % in this study
with aflibercept, 20 % with bevacizumab [11] and almost 65—
66 % with ranibizumab [8, 9]. Therefore, aflibercept may be
superior to bevacizumab and ranibizumab in reduction of SRF
derived from polypoidal lesions and branching vascular

Fig. 3 The left eye of a 75-year-old man with polypoidal choroidal
vasculopathy (PCV). a At baseline, indocyanine green angiography
(ICGA) showed two polypoidal lesions and a branching vascular net-
work. b Horizontal optical coherence tomography (OCT) showed mild
protrusion of the retinal pigment epithelium (RPE) corresponding to
polypoidal lesions on ICGA and subretinal fluid (SRF). ¢ One month
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after the third intravitreal injection of aflibercept, ICGA showed no
changes in two polypoidal lesions and branching vascular network. The
baseline greatest linear dimension of abnormal network and that after
treatment were 2060 pm and 2050 pm, respectively (vellow bidirectional
arrows). d OCT showed complete resolution of SRF. The decimal visual
acuity improved from 0.2 to 0.6
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Table 1 Results of anti-vascular endothelial growth factor therapy for eyes with treatment-naive polypoidal choroidal vasculopathy 3 months after the

initial treatment in the present and previous studies

Gomi [11] Hikichi [8] Koizumi [9] Koh [10] Present study

Anti-VEGF therapy bevacizumab ranibizumab anibizumab ranibizumab aflibercept
Total no. eyes 11 50 47 21 33
Improvement of BCVA

No. eyes (%) 0/11 (0) 19 (38) 11/47 (24) N/A 8/33 (24)

>0.3 logMAR unit

ETDRS, letters N/A N/A N/A +8.5 +8.9°
Resolution of polypoidal lesions, no eyes (%)

Complete resolution 1/11 (9) 13/50 (26) 9/47 (19 6/21 (33) 16/33 (48)

Partial resolution 0/11 (0) 26/50 (52) 12/47 (26) N/A 9/33 (27)
Improvement of branching vascular network, 0/11 (0) 11/48 (23) 0/47 (0) N/A 0/27 (0)

no. eyes (%)
OCT findings, no. eyes (%)

Achievement of dry macula® N/A N/A 31/47 (66) N/A 31/32 (97)

Complete resolution of SRF 1/5 (25) 30/46 (65) N/A N/A 31/32 (97)

Complete resolution of IRF N/A 3/3 (100) N/A N/A 9/9 (100)

Resolution of PED 6/8 (75) 16/23 (70) 4/9 (44) N/A 57 (71)

VEGF, vascular endothelial growth factor; BCVA, best-corrected visual acuity; logMAR, logarithm of minimal angle of resolution; ETDRS, early
treatment of diabetic retinopathy study; OCT, optical coherence tomography; SRF, subretinal fluid; /RF, intraretinal fluid; PED, pigment epithelial

detachment; N/A, data not available

 In the present study, dry macula was defined as the absence of both of SRF and IRF

® The change of BCVA from baseline to 3 months after the initial injection measured by decimal visual acuity was converted to the change in ETDRS

score using the conversion table reported by Tano et al. [26]

network. On the other hand, the resolution of PED in this
study was observed on OCT in 67 % of eyes, which was
consistent with the results reported previously for other anti-
VEGF drugs [8, 9, 11].

The possible mechanism underlying the superiority of
aflibercept to bevacizumab and ranibizumab in complete res-
olution of SRF on OCT and polypoidal lesions on ICGA was
considered to involve the potentially important roles of
VEGF-A and other members of the VEGF family, including
placental growth factor (PIGF) [29] and VEGF-B [30], in
angiogenesis and hyperpermeability. These substances may
be related to the activities of PCV. Bevacizumab and
ranibizumab could only bind VEGF-A. Aflibercept could
bind not only VEGF-A, but also VEGF-B and PIGF [17].
Another potential mechanism is the higher binding affinity of
aflibercept to VEGF compared to ranibizumab [17]. These
pharmacologically superior characteristics of aflibercept to
bevacizumab and ranibizumab may be related to the greater
efficacy of aflibercept for suppression of PCV vascular le-
sions. However, we were unable to draw definitive conclu-
sions regarding the superiority of aflibercept or ranibizumab
for treatment-naive PCV, because the populations in the pres-
ent study with regard to aflibercept and previous studies with
regard to ranibizumab [8—10] were inherently different. PCV
has a variety of clinical manifestations with different natural

courses [31, 32]. Further randomised controlled clinical trials
should be performed to confirm the superiority of aflibercept
or ranibizumab for treatment-naive PCV.

Koh et al. [10] reported that both combination therapy of
PDT with ranibizumab and PDT monotherapy for treatment-
naive PCV were superior to ranibizumab monotherapy in
achieving complete polyp regression at month 6 in the
EVEREST study (77.8% and 71.4 % vs 28.6 %; P< 0.01),
which is the only randomised controlled clinical trial pub-
lished to date. The results with respect to polyp regression in
this study seem inferior to the results obtained in the
EVEREST study with PDT. But the improvement of BCVA
in this study (+8.9 letters) seem comparable to the result of the
group treated with combination therapy of PDT with
ranibizumab and PDT monotherapy in the EVEREST study
(+10.9 and £7.5 letters respectively). Improvements in BCVA
and central retinal thickness favoured combination therapy,
but the study did not have sufficient power to demonstrate the
statistical significance of differences. Therefore, improvement
of BCVA may be influenced by the existence of improvement
of exudative changes on OCT rather than the existence of
polyp regression on ICGA in the short time period in patients
with treatment-naive PCV. Lai et al. [33] concluded that
combination therapy and PDT monotherapy were more effec-
tive for achieving complete regression of the polypoidal
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lesions in ICGA compared with ranibizumab monotherapy at
3 months in which there were a few cases of previously treated
PCV, but there were no significant differences in BCVA or
visual change between eyes initially treated with ranibizumab
monotherapy, combination therapy, or PDT monotherapy at
12 months. There have been no previous studies concerning
combination therapy of PDT with aflibercept for AMD, in-
cluding PCV. Further studies are required for comparison of
treatment results among combination therapy of PDT with
aflibercept, PDT monotherapy, and aflibercept monotherapy
in treatment-naive PCV.

The present study provided evidence that one intravitreal
injection of aflibercept monthly for 3 months improves visual
and anatomical findings in patients with treatment-naive PCV.
Although the limitation of this study was the short follow-up,
aflibercept therapy is safe and well-tolerated in eyes with
treatment-naive PCV. Long-term follow-up is necessary to
determine the efficacy of aflibercept therapy for PCV.
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