
Research Article

Ophthalmologica 2022;245:80–90

Efficacy and Safety of Intravitreal Aflibercept Treat 
and Extend for Polypoidal Choroidal Vasculopathy 
in the ATLANTIC Study: A Randomized Clinical Trial

Rufino Silva 

a, b, c, d    Luis Arias 

e    Sandrina Nunes 

a, c    Claudia Farinha 

a, b, c, f     

Rita Coimbra 

a    João P. Marques 

a, b, c, f    Maria L. Cachulo 

a, b, c    João Figueira 

a, b, c, d     

Patricia Barreto 

a, c, g    Maria H. Madeira 

a, c    Isabel Pires 

a, b    João C. Sousa 

h    

Laura Distefano 

i    Paulo Rosa 

j    Ângela Carneiro 

k    Sara Vaz-Pereira 

l, m    

Angelina Meireles 

n    Francisco Cabrera 

o    Anniken Bures 

p    Luís Mendonça 

q    

Alvaro Fernandez-Vega-Sanz 

r    Sandra Barrão 

s    Adrian Koh 

t     

Chui Ming Gemmy Cheung 

u    José G. Cunha-Vaz 

a, c, d    Joaquim Murta 

a, b, c, f     

for the EVICR.net ATLANTIC Study Group 

aAssociation of Innovation and Biomedical Research in Light and Image (AIBILI), Coimbra, Portugal; bOphthalmology 
Department, Centro Hospitalar e Universitário de Coimbra (CHUC), Coimbra, Portugal; cCoimbra Institute for Clinical 
and Biomedical Research (iCBR), Faculty of Medicine, University of Coimbra, Coimbra, Portugal; dEspaço Médico 
de Coimbra, Coimbra, Portugal; eBellvitge University Hospital, L’Hospitalet de Llobregat, Barcelona, Spain; fClinical 
Academic Center of Coimbra (CACC), Coimbra, Portugal; gDepartment of Orthoptics, School of Health, Polytechnic 
of Porto, Oporto, Portugal; hCentro Hospitalar de Leiria, Leiria, Portugal; iVall d’Hebron Hospital, Barcelona, Spain; 
jInstituto Retina Diabetes Ocular de Lisboa, Lisbon, Portugal; kDepartment of Ophthalmology, Centro Hospitalar de São 
João, EPE, Oporto, Portugal; lDepartment of Ophthalmology, Centro Hospitalar Universitário de Lisboa Norte,  
EPE - Hospital de Santa Maria, Lisbon, Portugal; mDepartment of Ophthalmology, Faculdade de Medicina, Universidade 
de Lisboa, Lisbon, Portugal; nCentro Hospitalar Porto–Hospital Santo António, Oporto, Portugal; oHospital Insular 
de Gran Canaria (Las Palmas), Canarias, Spain; pInstituto Microcirugia Ocular, Barcelona, Spain; qDepartment of 
Ophthalmology, Hospital Braga, Braga, Portugal; rInstituto Oftalmológico Fernandez-Veja, Oviedo, Spain; sInstituto de 
Oftalmologia Dr. Gama Pinto, Lisbon, Portugal; tEye & Retina Surgeons, Singapore, Singapore; uSingapore Eye Research 
Institute, Singapore, Singapore

Received: December 7, 2020
Accepted: July 2, 2021
Published online: July 13, 2021

Correspondence to: 
Rufino Silva, rufino.silva @ oftalmologia.co.pt

© 2021 The Author(s)
Published by S. Karger AG, Basel

karger@karger.com
www.karger.com/oph

DOI: 10.1159/000518235

Keywords
Aflibercept · Efficacy · Monotherapy · Photodynamic 
therapy · Polypoidal choroidal vasculopathy

Abstract
Importance: Polypoidal choroidal vasculopathy (PCV) is far 
less common and studied in a Caucasian population than in 
an Asian population, and the optimal treatment approach 

remains to be confirmed. Methods: A 52-week, double-
masked, sham-controlled, phase 4, investigator-initiated 
randomized clinical trial (RCT) in naive symptomatic Cauca-
sian patients with PCV treated with aflibercept in a treat-and-
extend regimen (T&E) (intravitreal aflibercept injection [IVAI] 
T&E). Patients were randomized at week 16 to receive IVAI 
T&E plus either sham photodynamic therapy (PDT) or stan-
dard fluence PDT with verteporfin. The main outcome mea-
sures were changes in best-corrected visual acuity (BCVA) 
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from baseline to 52 weeks and polyp occlusion at week 52. 
Data are presented as median (interquartile range [IQR]) for 
BCVA, number of IVAI, and change in central retinal thickness 
(CRT). Results: Of the 50 patients included in the study, 48 
patients completed the 52 weeks of follow-up. During this 
period, a significant median (IQR) BCVA gain of 6 [2–12] Ear-
ly Treatment Diabetic Retinopathy Study letters was ob-
served for all patients (p < 0.001), after 8 (7–9) injections, with 
a significant reduction of −93.0 [−154.0, −44.0] µm in central 
macular thickness (p < 0.001). Using indocyanine green an-
giography, a complete occlusion of polypoidal lesions was 
documented in 72% of the cases. Still, no significant differ-
ence was detected between the sham PDT and the afliber-
cept PDT arms, at week 52, for BCVA change (6.5 [2–11] vs. 5 
[2–13] letters (p = 0.98)), number of IVAIs (8.5 [7–9] vs. 8 [7–9] 
(p = 0.21)), change in CRT (−143 [−184; −47] vs. −89 [−123; 
−41.5] µm [p = 0.23]), and rates of complete polyp occlusion: 
77 versus 68% (p = 0.53) or presence of fluid: 68 versus 57% 
(p = 0.56). No serious ocular adverse events were registered 
in the 2 arms. Conclusions and Relevance: To our knowl-
edge, this is the first RCT to compare aflibercept T&E mono-
therapy with aflibercept T&E plus verteporfin PDT in a Cau-
casian population with PCV. Aflibercept monotherapy in a 
T&E showed to be effective and safe with a significant me-
dian BCVA improvement of 6 letters and a complete occlu-
sion of polypoidal lesions in near 3 quarters of the eyes, at 1 
year. As only 22% of the eyes underwent PDT treatment, the 
benefit of combined treatment for PCV in Caucasian patients 
could not be definitively elucidated from this study. Trial 
Registration: The clinical trial was registered in ClinicalTrials.
gov Identifier NCT02495181 and the European Union Drug 
Regulating Authorities Clinical Trials Database EudraCT No. 
2015-001368-20. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Polypoidal choroidal vasculopathy (PCV) is a disease 
of the choroidal vasculature characterized by the presence 
of polyp-like dilations and an abnormal branching vascu-
lar network [1–4]. Although this clinical entity is far more 
common in Asian individuals (25–65%) with neovascular 
age-related macular degeneration [5, 6], it has been in-
creasingly recognized among Caucasian populations, in 
which it has been described as representing between 8 
and 31.9% of neovascular age-related macular degenera-
tion cases [7–10]. Despite sharing some clinical features 
and risk factors, these populations can have different ge-
netic backgrounds, epidemiologic characteristics, natural 

history, and treatment outcomes, suggesting distinct 
pathophysiologic processes [5, 11–14]. However, the best 
treatment is neither well defined nor unanimous and 
studies in Caucasians are scarce [10, 15–19].

The Everest II study [3, 20, 21], performed in an 
Asian population, showed that combination with verte-
porfin photodynamic therapy (PDT) was superior to 
ranibizumab monotherapy in best-corrected visual 
acuity (BCVA) gains and complete polyp regression 
while requiring fewer injections. Nevertheless, the ad-
verse events and long-term outcomes associated with 
PDT remain a concern [6, 22–24]. Moreover, the 
PLANET study [25, 26], a 2-year randomized clinical 
trial (RCT) designed to evaluate the efficacy and safety 
of treatment with intravitreal aflibercept injection 
(IVAI) in PCV and compare monotherapy with IVAI 
plus rescue PDT showed that functional and anatomi-
cal outcomes of IVAI monotherapy were noninferior to 
IVAI plus rescue PDT.

To our knowledge, no multicenter RCT has been 
conducted in Caucasian populations to evaluate the ef-
ficacy and safety of IVAI in a treat-and-extend (T&E) 
regimen for PCV as monotherapy or in combination 
with standard fluence verteporfin PDT (vPDT). Con-
sidering that several genetic variants associated with 
PCV do not appear to translate across ethnic lines [11, 
14, 27–29], it is an important proof of concept to evalu-
ate whether this combination regimen is superior to 
aflibercept monotherapy in Caucasian individuals. 
Hence, the present RCT evaluates the safety and effi-
cacy of aflibercept monotherapy in a T&E regimen and 
the potential benefit of adding standard fluence PDT 
with verteporfin in a Caucasian population with treat-
ment-naive PCV.

Materials and Methods

Participants
The ATLANTIC study was an investigator-initiated ran-

domized, double-masked, sham-controlled, phase 4, multi-
center clinical trial conducted at 14 clinical sites that aimed to 
compare the 1-year efficacy and safety of IVAI T&E plus sham 
PDT (sPDT) with IVAI T&E plus vPDT (verteporfin, 6 mg/m2; 
vPDT laser fluence, 50 J/cm2) in patients with PCV. It was an 
investigator-initiated study performed by the European Vision 
Institute Clinical Research Network (EVICR.net) [30]. This 
study followed the Consolidated Standards of Reporting Trials 
(CONSORT), the reporting guidelines for RCTs, and the tenets 
of the Declaration of Helsinki. Approval for this study was ob-
tained from each center’s Ethics Committee and the relevant na-
tional authorities. All patients provided written informed con-
sent to participate in this study, which was obtained from all 



Silva et al.Ophthalmologica 2022;245:80–9082
DOI: 10.1159/000518235

participants in a manner consistent with the Declaration of Hel-
sinki. No one received compensation or was offered any incen-
tive for participating in this study.

Male and female patients with naive PCV were included in 
the study between February 2016 and September 2018. The pa-
tients were recruited from 14 clinical sites (9 in Portugal and 5 
in Spain) and were followed up for 52 weeks. The inclusion and 
exclusion criteria along with the complete study protocol have 
been previously published [31]. In brief, the inclusion criteria 
were as follows: only treatment-naive patients, 50 years of age or 
older, were recruited. The diagnosis of PCV in the study fol-
lowed the EVEREST criteria [3, 20, 21, 32], and the eye was as-
sessed by a central reading center (CRC). Only eyes with a BCVA 
Early Treatment Diabetic Retinopathy Study (ETDRS) letter 
score at study entry of 25–80 letters and greatest linear dimen-
sion of the lesion of 5,400 μm or less as assessed by fluorescein 
angiography and ICGA were included. After the screening 
phase, when eligibility was confirmed by the CRC, patients re-
ceived initial dosing of 3 consecutive monthly IVAIs, 2 mg, at 
weeks 0, 4, and 8 (Fig. 1).

Randomization
Randomization was performed at week 16 by the coordinat-

ing center. It was done in blocks of 2 to achieve balance across 
treatment groups (IVAI T&E plus sPDT and IVA T&E plus 
vPDT) in each site, stratified by active or inactive polyps. A min-
imization scheme was employed to minimize, first, the imbal-
ance in each stratum and then by the treatment group alone in 
case of ties. All patients received an IVAI at week 16, and sPDT 
or vPDT was mandatory whenever active polyps were docu-

mented by the CRC. Polyps were considered active when visible 
on ICGA and associated with subretinal and/or intraretinal, flu-
id in spectral domain-domain optical coherence tomography 
(SD-OCT) (Fig. 1).

Additional Treatment with PDT
The need for additional treatment with PDT was evaluated at 

weeks 28 and 40. An ICGA was performed whenever a decrease in 
BCVA of 5 or more ETDRS letters was found in association with 
macular fluid on SD-OCT. In the presence of active polyps con-
firmed with ICGA, sPDT or vPDT was mandatory, according to 
the protocol and randomization.

Frequency of IVAI
After week 16, the interval between IVAIs was guided by the 

presence of macular fluid observed on SD-OCT: IVAI was short-
ened by 2 weeks in the presence of fluid, whereas it was increased 
by 2 weeks in the absence of fluid. The maximum interval between 
injections was 12 weeks and the minimum was 6 weeks.

Objectives
The primary objective of the study was to evaluate the efficacy 

of intravitreal aflibercept in a T&E regimen as monotherapy or as 
a combined treatment with standard fluence PDT in naive patients 
diagnosed with PCV by comparing: (1) BCVA change at week 52 
and (2) polyp occlusions at week 52. The secondary objectives in-
cluded evaluating the safety of intravitreal aflibercept and vPDT 
treatments in patients with PCV and morphologically characterize 
the 2 treatment regimens.

Enrollment

Allocation

86 Assessed for eligibility

50 Randomized

36 Excluded
• 36 Not meeting eligibility criteria

28 Allocated to intravitreal
injection of Aflibercept 2 mg T&E
+ Verteporfin PDT group

28 Allocated to intravitreal
injection of Aflibercept 2 mg T&E
+ Sham PDT group

Follow-up

1 Discontinued intervention
(received a diagnosis of vulva 
cancer)

1 Lost to follow-up
(withdraw consent)

Analysis

28 Analyzed with the ITT
26 Analyzed with the PP
• Excluded from analysis
 • 2 Major protocol deviation

22 Analyzed with the ITT
19 Analyzed with the PP
• Excluded from analysis
 • 3 Major protocol deviation

Fig. 1. CONSORT participant flow dia-
gram. ITT, intention-to-treat; PDT, photo-
dynamic therapy; PP, per-protocol; T&E, 
treat and extend.
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Outcomes
The primary outcomes were a change in BCVA from baseline 

to week 52 and polyp occlusion at week 52. Secondary outcomes 
included: (1) a change in BCVA at week 16 and over the follow-up 
period; (2) BCVA stabilization (BCVA change from baseline be-
tween −4 and 4 ETDRS letters), gain or loss of 5 or more, 10 or 
more, or 15 or more ETDRS BCVA letters at week 52; (3) complete 
or partial polyp occlusion and presence of active polyps at weeks 
16 and 52; (4) presence of leakage on fluorescein angiography at 
week 52; (5) change in central retinal thickness and presence of 
fluid over time as assessed with SD-OCT; (6) total number of injec-
tions and vPDT; and (7) frequency and severity of ocular and non-
ocular adverse events.

Statistical Analysis
Based on the previous studies, a very small difference in BCVA 

changes is expected between treatment arms [20, 21], meaning 
that a large sample size may be needed to test for differences be-
tween arms. Therefore, and since there is a low prevalence in the 
general population of these patients, a feasibility assessment was 
performed within the EVICR.net in Portugal and Spain to esti-
mate the population size. Due to this, 50 patients were planned for 
this study (25 from each country) to be recruited in a 1-year pe-
riod.

Categorical variables are summarized with frequencies and 
percentages, and numerical variables are presented as median and 
interquartile range (IQR), due to the small sample size and the 
non-normal distribution of the data, tested using the Shapiro-
Wilk test. To test for statistically significant differences between 
treatment groups (intravitreal aflibercept associated with vPDT 
and intravitreal aflibercept associated with sPDT), the Fisher’s ex-
act test was used for categorical variables, and the non-parametric 

Mann-Whitney test was used for continuous variables. The Wil-
coxon test was used to compare numerical variables between vis-
its.

The intention-to-treat (ITT) and per-protocol populations 
were used for analyses. The analysis with the ITT population, 
considered the main analysis, included all randomized patients 
receiving at least 1 study treatment and having a baseline and at 
least 1 pos baseline measurement for the primary outcome. Pa-
tients with protocol violations likely to affect the study outcome 
were excluded by masked review. Carrying forward of the last 
observation was used to compensate for data missing from the 
primary outcome. The per-protocol population was defined as 
the subset of patients in the ITT population with availability of 
measurements of the primary variable with no imputation con-
ducted for missing data. The primary efficacy analysis with the 
ITT population and with the per-protocol population yielded 
similar results.

Two additional analysis were performed in order to assure 
the integrity of our results. An exploratory analysis was con-
ducted with only the eyes that effectively received PDT in each 
group: 11 eyes from the sPDT group and 11 eyes from the vPDT 
group. To handle missing data in the primary outcome, a more 
efficient and robust statistical methodology than LOCF was per-
fomed. Multivariable missing data were imputed using multiple 
imputation by chained equations, with continuous variables im-
puted using a linear regression model and the binary variables 
using a logistic regression model. A total of 10 datasets were im-
puted and then combined using Rubin´s rule to obtain the final 
estimates for the model (see online suppl. Data Analysis; see 
www.karger.com/doi/10.1159/000518235 for all online suppl. 
material).

Table 1. Demographic and clinical baseline characteristics of the participants

Characteristics n = 50 eyes

Women, n (%) 25 (50)
Age, median (IQR), years 73.5 (64–79)
BCVA, median (IQR), ETDRS letters 66 (56–70)
Presence of macular drusen, n (%) 34 (68)
Presence of preretinal, intraretinal, subretinal, and sub-RPE hemorrhages, n (%) 9 (18)
Presence of BVN, n (%) 48 (96)
Presence of polypoidal lesions, n (%) 50 (100)

Macular 48 (96)
Peripapillary 5 (10)

Polyp area, median (IQR), mm2 0.071 (0.041–0.105)
Total lesion area, median (IQR), mm2 3.209 (2.045–5.295)
Presence of CNV–occult component, n (%) 48 (96)
Presence of CNV–classic component, n (%) 5 (10)
CRT, median (IQR), μm 317.5 (275–397)
Macular choroidal thickness, median (IQR), μma 214.6 (157.2–272.1)
Presence of diffuse pachychoroid, N of n (%) 9 of 45 (20)
Presence of focal pachychoroid, N of n (%) 27 of 44 (61)

BCVA, best-corrected visual acuity; BVN, branch vascular network; CNV, choroidal neovascularization; ETDRS, 
Early Treatment Diabetic Retinopathy Study; CRT, central retinal thickness; IQR, interquartile range. a Measured in 
the fovea, at 500 μm, and at 1,500 μm from the fovea.
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Results for the primary objectives (i.e., change in BCVA from 
baseline to week 52 and polyp occlusion at week 52) were consid-
ered statistically significant if a test reached an α level of 0.025. A 
2-sided value of p < 0.05 was considered statistically significant in 
the secondary analyses. All analyses were performed with Stata, 
version 16.1 (StataCorp).

Results

Baseline Characteristics
Fifty Caucasian individuals with naive PCV, from 

Portugal and Spain, were included in the study. Com-
pletion rates were 95% in the IVAI T&E plus sPDT 
group and 96% in the IVAI T&E plus vPDT group 
(Fig. 1). The median (IQR) age of the patients was 73.5 
(64–79) years. Twenty-five patients (50%) were wom-
en, and the overall median (IQR) baseline BCVA ET-
DRS letter score was 66 (56–70) (Table 1). At baseline, 

the median (IQR) macular choroid thickness was 214.6 
(157.2–272.1) µm and polyps were present in all 50 eyes 
(100%), being predominately located in the macula 
macular in 48 eyes (96%) and with a median (IQR) pol-
yp area of 0.071 (0.041–0.105) mm2 (Table 1). A branch-
ing vascular network was observed in 48 eyes (96%), 
while soft or intermediate macular drusen were identi-
fied in 34 cases (68%). The presence of pachyvessels was 
observed in 27 of 44 eyes (61%), and intraretinal and 
subretinal hemorrhages were identified in 9 eyes (18%) 
(Table 1).

Randomization
At week 16, 22 patients were randomized to IVAI T&E 

plus sPDT and 28 patients to IVAI T&E plus vPDT. From 
baseline to week 16, a significant median (IQR) BCVA 
gain of 4 (−1, 7) ETDRS letters was observed for all pa-
tients (p < 0.001). Complete polyp occlusion was docu-
mented in 19 eyes (38%) at week 16 and presence of fluid 

Table 2. Primary and secondary outcomes

Outcomes Treatment group p value

total 
(n = 50 eyes)

IVAI plus sPDT 
(n = 22 eyes)

IVAI plus vPDT 
(n = 28 eyes)

Median (IQR)
BCVA change from baseline to 52 wk, ETDRS letters 6 (2–12) 6.5 (2–11) 5 (2–13) 0.98
CRT change from baseline to 52 wk, μm −93.0 (−154.0;−44.0) −143 (−184;−47) −89 (−123.0;−41.5) 0.23
Injections from baseline to 52 wk, n 8 (7–9) 8.5 (7–9) 8 (7–9) 0.21
Mean interval between injections from baseline to 52 wk, days 46 (41.8–57.7) 43.3 (41.9–49.1) 46.5 (41.3–58) 0.26
BCVA change from baseline to 16 wk, letters 4 (−1; 7) 4 (−2; 10) 4 (−1; 7) 0.97
CRT at 16 wk, μm 247 (219–300) 255 (226–303) 237 (210–270) 0.19
Macular choroidal thickness at 16 wk, μm1 209.2 (173.6–263.3) 214.2 (161.9–255.0) 204 (173.6–263.4) 0.68
Total PCV lesion area at 52 wk, mm2 0 (0–0.005) 0 (0–0) 0 (0–0.013) 0.69

N (%)
Interval between injections of 8–12 wk 14 (28) 5 (23) 9 (32) 0.72
Presence of fluid at 52 wk 21 (42) 9 (41) 12 (43) <0.99
Presence of polyps at 52 wk 13 of 47 (28) 5 of 22 (23) 8 of 25 (32) 0.53
Presence of active polyps at 52 wk 4 of 47 (9) 1 of 22 (5) 3 of 25 (12) 0.61
Presence of complete polyps occlusion at 52 wk 34 of 47 (72) 17 of 22 (77) 17 of 25 (68) 0.53
Presence of partial polyps occlusion at 52 wk from baseline 7 of 47 (15) 2 of 22 (9) 5 of 25 (20) 0.42
Presence of polyps without occlusion at 52 wk 6 of 47 (13) 3 of 22 (14) 3 of 25 (12) >0.99
No FA leakage at 52 wk 30 of 46 (65) 15 of 21 (71) 15 of 25 (60) 0.54
Presence of polyps at 16 wk 31 (62) 15 (68) 16 (57) 0.56
Presence of active polyps at 16 wk 22 (44) 11 (50) 11 (39) 0.57
Presence of complete polyps occlusion at 16 wk 19 (38) 7 (32) 12 (43) 0.56
Presence of partial polyps occlusion from baseline at 16 wk 20 (40) 12 (55) 8 (29) 0.09
Presence of polyps without occlusion at 16 wk 11 (22) 3 (14) 8 (29) 0.31
Presence of fluid at 16 wk 31 (62) 15 (68) 16 (57) 0.56

BCVA, best-corrected visual acuity; ETDRS, Early Treatment Diabetic Retinopathy Study; IVAI, sPDT, sham photodynamic therapy; vPDT, standard fluence 
photodynamic therapy with verteporfin; CRT, central retinal thickness; IQR, interquartile range; PCV, polypoidal choroidal vasculopathy. 1 Macular choroidal 
thickness was measured in the fovea and at 500 μm and 1,500 μm from the fovea.
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in 31 eyes (62%). Only 22 eyes (44%) presented with per-
sistent active polyps at week 16 and were randomized to 
receive vPDT or sPDT along with IVAI T&E (Table 2), 
corresponding to 11 eyes in each group (50% of the IVAI 
T&E plus sPDT and 39% of the IVAI T&E plus vPDT 
eyes; p = 0.57).

Treatments
A median (IQR) of 8 (7–9) IVAI was administered 

from baseline to week 52. No meaningful differences 
were detected for the number of IVAIs between the 
sPDT group and the vPDT group median (IQR): 8.5 
(7–9) versus 8 (7–9) (p = 0.2) or for the interval between 
injections: 43.3 (41.9–49.1) versus 46.5 (41.3–58) days 
(p = 0.26). Moreover, following the T&E regimen, 14 
eyes (28%) were being treated with an interval between 

8 and 12 weeks at week 52, with no significant differ-
ence between the 2 arms (IVAI plus sPDT, 5 of 22 eyes 
[23%] vs. IVAI plus vPDT, 9 of 28 eyes [32%]; p = 0.72). 
The number of PDT treatments was similar in both 
groups of patients qualified for sham or active PDT: 11 
of 22 versus 11 of 28. Only 1 patient, from the sPDT 
group, required additional treatment at week 28, ac-
cording to the protocol.

Primary Efficacy Outcomes
A rapid and significant improvement in BCVA was 

observed after the initial dosing for both groups and con-
tinued until week 52, with a median (IQR) change in 
BCVA of 6 (2–12) ETDRS letters, with no significant dif-
ference between the 2 arms at week 16 (IVAI plus sPDT, 
4 [−2, 10] vs. IVAI plus sPDT, 4 [−1, 7] letters; p = 0.97) 

Aflibercept associated with
Sham PDT (n = 22) 
Aflibercept associated with
Verteporfin PDT (n = 28) 
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or at week 52 (IVAI plus sPDT, 6.5 [2–11] vs. IVAI plus 
sPDT, 5 [2–13] letters; p = 0.98) (Table 2; Fig. 2). Com-
plete polyps occlusion occurred in 72% of the eyes, and it 
was similar in the 2 arms (Table 2).

Secondary Efficacy Outcomes
The proportion of patients with a BCVA gain of 5, 10, 

or 15 ETDRS letters, BCVA loss of 5, 10, or 15 ETDRS 
letters, or with stable BCVA at week 52 was similar in 
both groups, IVAI plus sPDT versus IVAI plus vPDT  
(p = 0.32). The median (IQR) central retinal thickness 
decreased significantly with treatment from baseline to 
week 16, and from week 16 to week 52 (p < 0.001), with 
no difference between the 2 arms: −143 (−184; −47) ver-
sus −89 (−123; −41.5) µm (p = 0.23) at week 52 (Fig. 2). 
The number of eyes with fluid at week 16 was 31 (62%), 
and at week 52 was 21 (42%), with no difference between 
the 2 arms (p > 0.99) (Table 2).

Additional Analysis
An exploratory analysis comparing eyes with active 

polyps at week 16 that were randomized to receive sPDT 
or vPDT showed no significant anatomical or functional 
difference at week 52. Regarding the missing data in the 
primary outcomes, we compared the results between case 
complete analysis (without imputed data), LOCF, and 
multiple imputation approaches (online suppl. data). The 
multiple imputation approach showed no significant dif-
ferences from the previous analysis using LOCF. For that 
reason, the results shown are the ones from the LOCF 
analysis.

Adverse Events
The overall incidence of adverse events (AEs) was sim-

ilar in both groups: IVAI plus sPDT, 31 (43%) versus 
IVAI plus sPDT, 41 (57%). The AEs were documented as 
unrelated to the study drug (aflibercept and/or vertepor-
fin) in 65 cases (90%), as unlikely to be related in 2 cases 

Table 3. Safety results at week 52

AEs Participants with AEs, n (%)

treatment group

total 
(n = 50)

IVAI plus sPDT 
(n = 22)

IVAI plus vPDT 
(n = 28)

Any AE 25 (50) 9 (41) 16 (57)
Any ocular AE 11 (22) 7 (32) 4 (14)

Study eye 11 (22) 7 (32) 4 (14)
Fellow eye 6 (12) 3 (14) 3 (11)

Any nonocular AE 20 (40) 6 (27) 14 (50)
Any SAE 3 (6) 1 (5) 2 (7)

Any ocular SAE 0 0 0
Any nonocular SAE 3 (6) 1 (5) 2 (7)

Vulvar skin cancer 1 (2) 1 (5) 0
Abdominal hernia 1 (2) 0 1 (4)
Auricular fibrillation with pacemaker implantation 1 (2) 0 1 (4)

Any AE related to study drug 2 (4) 0 2 (7)
Any ocular AE 2 (4) 0 2 (7)

Study eye 2 (4) 0 2 (7)
IVAI related 2 (4) 0 2 (7)
PDT related 1 (2) 0 1 (4)

Any nonocular AE 0 0 0
Any AE leading to discontinuation of the study group 1 (2) 0 1 (4)
Any AE leading to interruption of the study drug 1 (2) 0 1 (4)
Any APTC-classified event 0 0 0
Any death 0 0 0

APTC, Antiplatelet Trialists’ Collaboration; IVAI, intravitreal aflibercept injection; SAE, serious adverse event; PDT, 
photodynamic therapy; sPDT, sham photodynamic therapy; vPDT, standard fluence photodynamic therapy with 
verteporfin; AE, adverse event.
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(3%), as possibly related in 2 cases (3%), and only as re-
lated in 3 cases (4%). Of all AEs, 57 (79%) were considered 
mild, 12 (17%) moderate, and 3 (4%) severe. The ocular 
AEs represented 19 (26%) of all 72 AEs, with no ocular 
severe AE being described. The most frequent ocular AE 
was eye pain, and it was described in 2 cases in the sPDT 
group and 3 cases in the vPDT group. The study drug was 
temporarily interrupted in 1 patient (2%) and perma-
nently discontinued in 1 patient (2%) (Table 3).

Discussion

The ATLANTIC study is the first multicenter RCT to 
compare IVAI in a T&E regimen as monotherapy with a 
combined treatment, adding standard fluence PDT, in a 
Caucasian population with PCV. Other multicenter RCTs 
examining PCV were previously performed exclusively in 
Asian populations, such as the EVEREST II [20, 21] or with 
a minor proportion of Caucasian patients, as observed in 
PLANET [25, 26], and the T&E regimen was not used or 
was only allowed in the second year. The study here pre-
sented confirmed the good functional and anatomic results 
of IVAI monotherapy already described in the PLANET 
study but extends these findings to a Caucasian population 
and for the use of a T&E regimen. A median significant 
BCVA gain of 6 ETDRS letters was observed with 28% of 
the eyes being treated with an interval between 8 and 12 
weeks at week 52. Similar to EVEREST II [20, 21], the AT-
LANTIC study compared the use of standard fluence PDT 
with sham PDT in patients with PCV. However, there are 
important differences between the present study and 
EVEREST II, mainly the smaller sample size, and the use 
of aflibercept in T&E regiment instead of ranibizumab “as 
needed” and, unlike in EVEREST II [20, 21], patients in the 
ATLANTIC study were eligible to PDT only at week 16. 
Because only 1 patient met the criteria for PDT retreatment 
after week 16, the benefits of additional PDT at weeks 28 
or 40 in our study could not be elucidated. This too differs 
from the PLANET study [25, 26], in which rescue criteria 
were used and <20% of patients met the criteria for PDT.

Rates of complete or partial occlusion of polypoidal le-
sions are highly variable across studies with different pro-
tocol designs, drugs, or treatment regimens, and the func-
tional and anatomical benefits are controversial [20–22, 25, 
26, 33–38]. In the EVEREST II study [20, 21], the combined 
treatment was associated with significantly higher rates of 
polyp occlusion and better BCVA outcomes. In PLANET 
[25, 26], complete closure rates of polypoidal lesions were 
similar in the 2 arms. The Fujisan study [38] showed that 

both early and deferred PDT had similar functional and 
anatomical results at 12 months. In our study, the closure 
of polypoidal lesions was determined by a CRC using ICGA. 
We followed a T&E regimen only after week 16 and up to 
week 52. Deferring PDT did not result in a significant re-
duction of the injection burden, and the T&E regimen 
meant that patients would receive treatment with IVAI 
even when their polyps were considered inactive. Following 
this protocol, only 44% of the eyes had active polyps 8 weeks 
after the loading dose, and only 22% were eligible for PDT 
with verteporfin. A complete polyp occlusion at week 52 
occurred in 72% of the eyes, which are higher rates when 
compared to the monotherapy results at the EVEREST II or 
PLANET studies and could be related with the smaller area 
of polyps in our Caucasian population when compared 
with the polyp’s area described in Asian studies [20, 21, 25, 
26]. Moreover, a sub-analysis comparing patients receiving 
IVAI T&E plus sPDT treatment (11 eyes) with those receiv-
ing IVAI T&E plus vPDT (11 eyes) showed no significant 
anatomical or functional differences, thus favoring the inef-
fectiveness of adding vPDT. Although our study did not 
demonstrate any anatomical or functional benefit with the 
combined regimen, validating the results of monotherapy 
obtained in the PLANET study [24, 25], our comparative 
results should be analyzed very carefully due to the limita-
tions of the study that include the small sample size (50 pa-
tients), the rate of patients randomized to PDT (44%), the 
short follow-up period (1 year), the short interval to detect 
differences between treatment groups (36 weeks), and dif-
ferences in the number of injections, all together preventing 
more definitive conclusions.

The good functional and anatomical results of the mono-
therapy with aflibercept in a T&E regimen in the ATLAN-
TIC study (Table  2) can be explained by the presence of 
shared findings with Asian populations, but, more impor-
tant, they can translate the more specific characteristics of 
Caucasian PCV eyes [7, 8, 10, 18, 22, 24]. Interestingly, we 
found a high prevalence of macular polypoidal lesions (96%) 
in contrary to some other literature descriptions of PCV in 
Caucasian populations [7, 8], and the presence of focal 
(20%) or diffuse pachychoroid (61%) observed in the pres-
ent study was similar to that reported in Asian populations 
[6, 11, 20, 21, 25, 26]. However, the median older age (73.5 
years), the high prevalence of soft and intermediate drusen 
(68%), the small polyp area, the low prevalence of intrareti-
nal and subretinal haemorrhages (18%), and the high rate of 
complete polyp occlusion (72%) are quite different from 
Asian populations and bring the PCV cases in our Cauca-
sian population closer to age-related macular degeneration 
characteristics. Additionally, potential genetic differences in 
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a Caucasian population [11–14, 29] when comparing to an 
Asian population, cannot be excluded. Of note, part of the 
population of our study was evaluated in a recent work, 
which revealed significant phenotypic and genetic differ-
ences among Asian and Caucasian patients with PCV, par-
ticularly in the expression of specific polymorphisms which 
can be associated with increased risk for PCV [14].

Limitations and Strengths
Our study has some limitations that should be clearly 

identified. First, although there was no statistically sig-
nificant difference between the 2 treatment arms, the low 
statistical power of the sample size limits the clinical value 
of the comparative results. Second, vPDT was performed 
only once in 11 patients. Third, limiting the study to 
1-year follow-up may prevent the potential detection of a 
significant difference in the number of injections, which 
is one of the clinical reasons to do add-on PDT.

Nevertheless, the ATLANTIC study had also impor-
tant strengths. First, to our knowledge, this is the first 
multicenter RCT performed in a Caucasian population of 
patients with PCV that evaluated a T&E regimen with 
IVAI with or without PDT. Second, according to the 
study design, only patients with a diagnosis of PCV con-
firmed by a CRC were included. Third, all patients started 
with initial dosing of intravitreal aflibercept, and PDT 
was performed only in patients with active polyps diag-
nosed with ICGA, which is reflective of clinical practice.

Conclusions

The ATLANTIC study is the first multicenter RCT to 
compare monotherapy with aflibercept in a T&E regimen 
with a combined treatment with standard fluence PDT 
conducted in a Caucasian population with PCV. The 
monotherapy in a T&E regimen was effective and safe 
with a significant improvement in BCVA and a complete 
occlusion of polypoidal lesions in about 3 quarters of the 
eyes. As only 22% of the eyes underwent PDT treatment, 
the benefit of combined treatment for PCV in Caucasians 
could not be definitively elucidated from this study.
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