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ABSTRACT

Introduction: To evaluate the outcomes of
intravitreal aflibercept injections for retinal
angiomatous proliferation (RAP) according to
disease stage.
Methods: This retrospective chart review
included 68 eyes of 53 individuals diagnosed as
having RAP and 109 neovascular age-related
macular degeneration (nAMD) eyes of 109
patients as controls. All patients received
intravitreal injections of aflibercept in a real-
world setting. The main outcome measures
were the changes in the mean of best-corrected
visual acuity (BCVA) and central retinal

thickness (CRT) as well as the total number of
injections received during the 3-year follow-up
period.
Results: The average BCVA and CRT changes in
eyes affected by RAP and the controls at 3 years
were non-significant. Both populations received
a similar number of injections. After 3 years of
treatment, patients with RAP had visual decline
despite stable anatomical outcomes. Approxi-
mately 50% of the eyes with stage II RAP
exhibited significant BCVA decline at the end of
the third year. Among those eyes that had
deteriorated BCVA, persistently worsening
BCVA and thinning CRT were observed from
year 2 to year 3.
Conclusion: Similar to treating nAMD, inten-
sive injections or aggressive treatment strategies
are required to treat RAP to achieve optimal
visual outcomes in a real-world setting. The
response to aflibercept treatment at the second
year is associated with the final visual outcome
of eyes with stage II RAP lesions.
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Key Summary Points

Intravitreal injection of anti-VEGF has
been widely used in treating RAP. The
influence of RAP stage on treatment
outcomes needs further investigation.

Eyes with stage I or III RAP were able to
achieve stabilized visual function
throughout the study period.

Approximately 50% of the eyes with
stage II RAP were unable to maintain their
visual acuity.

The response to aflibercept treatment at
the second year is associated with the final
visual outcome of eyes with stage II RAP
lesions.

INTRODUCTION

Retinal angiomatous proliferation (RAP), also
known as type 3 choroidal neovascularization
(CNV), is a subtype of neovascular age-related
macular degeneration (nAMD) that is charac-
terized by intraretinal neovascularization that
eventually leads to retinal-choroidal anastomo-
sis [1]. Up to 15% of patients with nAMD are
estimated to have RAP, and it accounts for
4–11% of CNV in Asian populations [2] and
13–15% in Caucasian populations [3].

Patients with RAP are predominantly female;
they have an average age of approximately
80 years and have a higher prevalence of bilat-
eral eye involvement than patients with type 1
or type 2 CNV [4, 5]. Clinical findings fre-
quently associated with RAP include reticular
pseudodrusen, superficial intraretinal hemor-
rhage, and the presence of pigment epithelial
detachments [6, 7]. Yannuzzi et al. [4] classified
RAP lesions into three stages based on the evo-
lution of the neovascular process. This staging
method remains the most widely used classifi-
cation in clinical studies [1]. The initial visual
acuity among patients with RAP varies widely,

and studies have suggested that the stage of the
disease at presentation may be a key factor in
prognosis and the effectiveness of treatment
[1, 8, 9].

In earlier reports, RAP was thought to be
relatively treatment resistant and to have worse
functional outcomes compared with other types
of CNV [10, 11]. The intravitreal injection of
vascular endothelial growth factor inhibitor
(anti-VEGF) has been widely used in treating
RAP and has been reported by many studies to
be effective [12–15]. Analyses from the Com-
parison of Age-Related Macular Degeneration
Treatments Trials (CATT) revealed that eyes
with RAP lesions had visual outcomes no worse
than those with other types of CNV under anti-
VEGF treatment over a 2-year period [16].
However, whether visual and anatomical out-
comes of RAP lesions treated with anti-VEGF are
comparable to those of non-RAP CNV lesions
remains controversial [1]. Furthermore, the
influence of RAP stage on treatment outcomes
has been highlighted in many investigations,
which demonstrated a trend of better prognosis
when early-stage RAP is treated relative to
trends when more advanced lesions are treated
[8, 12, 17–21]. Nevertheless, differences in the
anti-VEGF agents used and re-treatment criteria
in studies may have affected the reported out-
comes, and the RAP lesion stage was often not
clearly detailed [1].

The aim of this study was to compare real-
world outcomes for different stages of RAP
treated with intravitreal aflibercept injections
and those for other nAMD subtypes.

METHODS

Study Design, Patient Selection,
and Treatment Intervention

This retrospective study was approved by the
Institutional Review Board of Taipei Veterans
General Hospital (IRB-TPEVGH No. 2020-01-
016BC), and all research steps followed the
tenets of the Declaration of Helsinki. We
reviewed the medical records of all patients who
visited Taipei Veterans General Hospital during
2013–2020 with a diagnosis of nAMD. If both
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eyes were diagnosed as having nAMD, we
enrolled them as a single case.

The diagnostic criteria for RAP lesions were
based on clinical and angiographic findings,
including (1) age of 55 years or over; (2) nAMD
with characteristics of intraretinal lesions when
observed on optical coherence tomography
(OCT), including associated intraretinal edema
with or without subretinal pigment epithelium
fluid; (3) focal hyperfluorescent lesions and late
leakage on fluorescein angiography at the site of
an intraretinal lesion; and (4) a corresponding
‘‘hot spot’’ on indocyanine green angiography.
Eyes with RAP lesions were classified as stage I,
II, or III according to the classification system
proposed by Yannuzzi et al. [4]: stage I,
intraretinal neovascularization; stage II, sub-
retinal neovascularization; stage II,: choroidal
neovascularization with vascularized pigment
epithelium detachment and retinal-choroidal
anastomosis. Controls were selected from the
nAMD population diagnosed as having CNV
other than RAP. All enrolled patients had best-
corrected visual acuity (BCVA) between 20/40
and 20/400, as tested by Snellen equivalent, due
to the reimbursement regulation of the
National Health Insurance program in Taiwan.
Patients who had BCVA better than 20/40 or
worse than 20/400 were not eligible to receive
intravitreal injections of aflibercept. Patients
who withdrew or were followed up for less than
1 year were excluded. All enrolled patients were
followed up for 3 years after the first aflibercept
injection. The data of patients who were fol-
lowed up for less than 3 years were recorded but
excluded from the final analysis.

A complete ophthalmologic examination
was performed at baseline and during all follow-
up visits, including BCVA, slit-lamp biomi-
croscopy, noncontact tonometry, dilated fun-
dus evaluation and photography, and OCT
(Avanti RTVue XR, OptoVue, Fremont, CA,
USA). Fluorescein angiography and indocya-
nine green angiography were performed at
baseline and if any signs indicating relapse were
observed on fundoscopy during the study
period.

Treatment Protocol

Treatment decisions, such as the frequency and
timing of treatment, were entirely at the dis-
cretion of the practitioner in consultation with
the patient, reflecting real-world practice. Most
patients received three consecutive monthly
injections during the initial loading, followed
by a pro re nata regimen; in the latter, patients
received injections when their visual acuity
dropped more than two lines in a Snellen
chart compared with the previous visit without
developing other ocular diseases, or if
intraretinal or subretinal fluid was shown on
OCT exams.

Outcome Measurement

In all patients, the primary outcome was the
final BCVA at 3 years after treatment initiation.
The BCVA was converted to a logarithm of the
minimum angle of resolution (logMAR). Sec-
ondary outcomes were the change of central
retinal thickness (CRT) and the number of
injections.

Statistical Analysis

Statistical analysis was performed using SPSS
version 22.0 (SPSS, Inc., Chicago, IL, USA).
Because the distributions of most quantitative
variables were greatly different from normal
ones, nonparametric tests were used. The
Mann–Whitney U test and the Kruskal–Wallis
test were used to analyze quantitative variables
such as BCVA, CRT, and the number of injec-
tions between or within groups. The chi-
squared test was used to compare binomial
variables. Within-group changes in BCVA and
CRT were analyzed using the Wilcoxon signed-
rank test. A P value less than 0.05 was consid-
ered statistically significant in all analyses.

RESULTS

A total of 68 eyes of 53 patients diagnosed as
having RAP were initially included; 16 (24%)
and 18 (26%) patients were lost to follow-up
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before the second and third year, respectively.
Among all cases, 18, 29, and 21 eyes were clas-
sified as stage I, II, or III RAP, respectively. The
control group included 109 nAMD eyes of 109
patients with type 1 or type 2 CNV lesions; 24
(28%) and 12 (11%) patients were lost to follow-
up before the second and third year,
respectively.

RAP Versus Controls

The demographic characteristics of all patients
are presented in Table 1. The initial BCVA, CRT,
and age of the two populations did not differ.
The group affected by RAP had a higher pro-
portion of female cases compared with the
controls (47% vs. 29%, P = 0.017). Gradual
decline of BCVA was noted in both populations
but without significant difference during the
3-year follow-up. The average CRT measure-
ment of the two populations was similar during
the study period. Numbers of injections in the
first, second, and third year also exhibited no
difference between the RAP and control groups.

In eyes diagnosed as having RAP, the average
follow-up times were 17.4 ± 3.7 months and
29.2 ± 8.1 months for those lost to follow-up
before the second or third year, respectively.
Patients who were lost to follow-up in the sec-
ond year had a steeper drop in vision than those
lost in the first year. By contrast, a better base-
line BCVA and a relatively flatter decline slope
were noted in those who completed 2 or 3 years
of follow-up, as demonstrated in Fig. 1.

Comparison of Stages of RAP

The baseline characteristics and 3-year clinical
outcomes for the three stages are presented in
Table 2. The average baseline BCVA was
0.61 ± 0.39, 0.84 ± 0.45, and 0.80 ± 0.39 in
logMAR and the mean final BCVA at the third
year was 0.84 ± 0.53, 1.21 ± 0.53, and
0.73 ± 0.41 in eyes with stage I, II, and III RAP,
respectively. No significant difference in aver-
age BCVA was observed among the three stages
at baseline and at the end of the first and third
year. In the second year, the mean BCVA was
significantly poorer in stage II

Table 1 Demographic characteristics of patients

RAPs Controls P value

Eyes, n 68 109

2nd year

(lost

F/U)

52 (16) 85 (24)

3rd year

(lost

F/U)

34 (18) 73 (12)

Stage (I/II/

III)

18/29/21

Age (years) 80.3 ± 8.35 80.3 ± 8.77 0.928

Sex (male/

female)

36/32 77/32 0.017*

Best corrected visual acuity (logMAR)

Baseline 0.77 ± 0.42 0.82 ± 0.43 0.445

1st year 0.85 ± 0.50 0.88 ± 0.58 0.991

2nd year 0.9 ± 0.51 0.91 ± 0.58 0.996

3rd year 1.00 ± 0.53 1.00 ± 0.63 0.847

Central retinal thickness (lm)

Baseline 332.3 ± 105.89 352.0 ± 137.29 0.503

1st year 234.3 ± 60.63 258.7 ± 99.03 0.314

2nd year 227.8 ± 52.38 257.0 ± 87.19 0.122

3rd year 253.4 ± 96.24 252.8 ± 92.45 0.328

Numbers of injections

1st year 5.0 ± 1.54 4.6 ± 1.80 0.092

2nd year 2.5 ± 1.79 2.0 ± 2.02 0.156

3rd year 1.8 ± 1.75 1.5 ± 1.86 0.371

3 years

(total)

9.2 ± 3.72 8.3 ± 4.71 0.133

Data are presented as mean ± standard deviation when
applicable
F/U, follow-up; logMAR, logarithm of the minimum
angle of resolution; RAP, retinal angiomatous proliferation
*Statistically significant
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(1.08 ± 0.43 logMAR, P = 0.023) than that in
stage I and stage III RAP (0.60 ± 0.42 logMAR
and 0.85 ± 0.59 logMAR).

Among those with 3 years of follow-up, 18
eyes with stage II RAP had significantly declined
BCVA (from 0.77 ± 0.43 to 1.24 ± 0.55 in log-
MAR, P = 0.027) compared with those with
stage I or III RAP lesions. The CRT values and
number of total injections among the three
stages exhibited no significant difference during
the study period. Representative cases of stage I
and III RAP lesions before and after 3 years of
follow-up are demonstrated in Figs. 2 and 3.

Predictive Factors for Visual Outcome
in Stage II RAP

We further divided the eyes with stage II RAP
lesions into two groups for analysis (Table 3).
Group 1 consisted of eight eyes with stabiliza-
tion or improvement in BCVA; group 2 con-
sisted of 10 eyes with a decline in BCVA of more
than two lines in the Snellen chart compared
with baseline at the end of the third year. Rep-
resentative cases of group 1 and group 2 are
demonstrated in Figs. 4 and 5. The baseline

BCVA and CRT of the two groups were similar.
Starting from the end of the second year, the
average BCVA of eyes in group 2 were signifi-
cantly poorer than those of group 1
(1.27 ± 0.37 vs. 0.85 ± 0.38 in logMAR,
P = 0.036) at 2 years and (1.50 ± 0.35 vs.
0.86 ± 0.47 in logMAR, P = 0.034) at 3 years.
When further analyzing the change in BCVA,
we noted that in group 1, no eyes had declines
in BCVA during the 3-year follow-up. In
group 2, declined BCVA was observed in
approximately 40% of the eyes at 3 and
6 months, and in 60% of eyes at the first year,
and finally in 100% of eyes at the second year.
These eyes were then observed to have persis-
tently worsening BCVA from year 2 to year 3.
The average CRT was thinner in the eyes of
those in group 2 over the 3-year period, and the
difference reached statistical significance at the
second year compared with in group 1
(210.2 ± 37.32 lm vs. 279.1 ± 79.32 lm,
P = 0.04). The number of injections given to the
two groups did not differ.

Fig. 1 Visual outcomes at month 3, month 6, year 1,
year 2, and year 3 in eyes with RAP that were lost to
follow-up before year 2 and year 3 and that completed

3-year follow-up. BCVA, best corrected visual acuity;
logMAR, logarithm of the minimum angle of resolution;
RAP, retinal angiomatous proliferation
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DISCUSSION

The natural course of RAP causing visual
impairment is believed to be less favorable than
that of other types of nAMD. Viola et al. [10]
reported that in stage I and stage II RAP-affected
eyes, progression to poor vision was common
within 3 months in rapidly progressing cases
and within 1 year in cases with a slower pro-
gression. Several studies have reported many
options for treating RAP lesions [22–25]. At
present, anti-VEGF therapy is the first-line
therapy for RAP, and it has been reported to be
efficacious for these lesions [1, 12–16]. Afliber-
cept was demonstrated to be as effective as
ranibizumab for treating nAMD but with fewer

injections required [26]. Although optimal
outcomes with aflibercept have been reported
[27, 28], most studies have been limited by
small numbers of included individuals and
varied follow-up durations. Questions remain
regarding optimal treatment regimens, treat-
ment responses depending on the disease stage,
and long-term outcomes.

In our study, the patients enrolled with
either RAP lesions or other types of nAMD had
similar baseline characteristics including mean
age, BCVA, and CRT. The only difference noted
was the higher proportion of female patients in
the RAP group, which was consistent with other
investigations indicating that RAP is a female-
predominant disease [4, 5]. The 3-year visual

Table 2 Baseline characteristics and 3-year clinical outcomes of patients with three stages of RAPs

Stage I Stage II Stage III P value

Eyes, n 18 29 21

2nd year, n 13 24 15

3rd year, n 8 18 8

Best corrected visual acuity (logMAR)

Baseline 0.61 ± 0.39 0.84 ± 0.45 0.80 ± 0.39 0.177

1st year 0.63 ± 0.49 0.87 ± 0.38 1.02 ± 0.60 0.063

2nd year 0.60 ± 0.42 1.08 ± 0.43 0.85 ± 0.59 0.023*

3rd year 0.84 ± 0.53 1.21 ± 0.53 0.73 ± 0.41 0.071

Central retinal thickness (lm)

Baseline 305.2 ± 79.27 333.5 ± 106.39 357.7 ± 125.85 0.473

1st year 227.0 ± 62.31 240.6 ± 64.25 233.2 ± 56.50 0.663

2nd year 211.5 ± 29.52 236.7 ± 225.50 228.1 ± 41.00 0.550

3rd year 214.9 ± 35.45 269.7 ± 99.56 269.5 ± 138.68 0.498

Numbers of injections

1st year 5.3 ± 1.72 5.1 ± 1.33 4.6 ± 1.60 0.149

2nd year 3.3 ± 1.92 2.1 ± 1.95 2.4 ± 1.18 0.096

3rd year 2.3 ± 1.91 1.5 ± 1.70 1.9 ± 1.81 0.590

3 years (total) 10.4 ± 3.85 8.7 ± 3.86 9.3 ± 3.49 0.529

Data are presented as mean ± standard deviation when applicable
logMAR, logarithm of the minimum angle of resolution; RAP, retinal angiomatous proliferation
*Statistically significant
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and anatomical outcomes indicated that
aflibercept was equally efficacious in both
groups. Eyes affected by RAP and controls
received an average of 9.2 ± 3.7 and 8.3 ± 4.7
injections, respectively.

In our previous work, we described the real-
world outcomes of patients with nAMD treated
with aflibercept with an average total of
8.16 ± 4.57 injections over 3 years [29]. Despite
good anatomical outcomes, the average BCVA
at 3-year follow-up had declined to a level below
the baseline one. We observed a similar trend of
BCVA deterioration in the current study from
year 1 to year 3. The suboptimal visual outcome
was assumed to be related to relatively fewer
injections being administered compared with in
other studies [15, 27]. Invernizzi et al. reported

2-year real-world outcomes of eyes with RAP
treated with anti-VEGF. They administered a
median of 8 injections in the first year, and 13
injections at the end of the second year [15]. In
another study that had a subgroup of 10 eyes
with RAP which showed vision gains at 1 year,
the dosing regimen for aflibercept was 3
monthly injections followed by 4 bimonthly
injections [30]. Browning et al. reported that
patients with RAP treated prospectively with
aflibercept showed a similar degree of visual
improvement to those with nAMD. The treat-
ment strategy of this study was 3 initial
monthly injections of aflibercept followed by
bimonthly injections up to week 48. During
weeks 52 to 96, patients then received injec-
tions at least every 12 weeks [27]. Thus,

Fig. 2 Multimodal imaging of stage I RAP. a Fundus
photograph showing drusens and intraretinal hemorrhage.
b Early phase FA shows blocked fluorescence. c Late phase
shows indistinct leakage. d Late phase ICGA shows a hot
spot. e Fundus photograph showing resolution of intrareti-
nal hemorrhage at year 3 follow-up. f OCT image before
treatment shows RPE elevation and intraretinal thickening

and suggestion of a communicating vessel (arrow). g OCT
image taken at year 3 follow-up shows some RPE bumps.
FA, fluorescein angiography; ICGA, indocyanine green
angiography; OCT, optical coherence tomography; RAP,
retinal angiomatous proliferation; RPE, retinal pigment
epithelium
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intensive injections or aggressive treatment
strategies such as fixed-dose or treat-and-extend
regimen other than a pro re nata regimen result
in better visual outcomes.

Whether retina specialists undertreat
patients using anti-VEGF therapy in real-world
settings is debated. Undoubtedly, some patients
do not receive sufficient anti-VEGF treatment
[31]. In previous work, we concluded that in
treating nAMD in a real-world setting, intensive
treatment with more injections or other strate-
gies would be required for patients that are at
risk of having a poor prognosis [29].

The stage of RAP has been proposed as a key
factor in the effectiveness of treatment and

prognosis. Early-stage lesions (stage I) seem to
be associated with better visual and anatomical
outcomes, whereas late-stage diseases (stage III)
were reported to exhibit limited improvement
with treatment by intravitreal injections of
ranibizumab and bevacizumab [8, 12, 17–21]. In
the current study, the baseline BCVA and CRT
were similar among different stages. During the
3-year study period, a significant decrease in
BCVA was noted in eyes with stage II RAP at the
second year, whereas eyes with stage I or
stage III RAP could achieve stabilization in
BCVA. Park and Roh [21] reported that three
consecutive loading doses of intravitreally
administered ranibizumab was an effective

Fig. 3 Multimodal imaging of stage III RAP. a Fundus
photograph showing a circumscribed area of PED with a
focal area of retinal hemorrhage. b Early phase of ICGA
showing a vertically diving retinal vessel with retinal-retinal
anastomosis. c Late phase ICGA shows hot spots. d Late
phase FA shows choroidal neovascularization. e Fundus
photograph showing resolution of the circumscribed PED
and the retinal hemorrhage at year 3 follow-up. f OCT

image before treatment shows exudative maculopathy with
PED, subretinal and intraretinal fluid. g OCT image taken
at year 3 follow-up shows resolution of exudative macu-
lopathy. FA, fluorescein angiography; ICGA, indocyanine
green angiography; OCT, optical coherence tomography;
PED, pigment epithelial detachment; RAP, retinal
angiomatous proliferation
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treatment for patients with stage I RAP within
1 year, resulting in a significantly lower recur-
rence rate than in patients in later stages. By
contrast, our results indicated that an average of
5.3 ± 1.72 injections in the first year followed
by a total of 10.4 ± 3.85 injections were

required for patients with stage I RAP to main-
tain stabilized BCVA after 3 years.

The response to aflibercept in eyes with
stage II RAP was unsatisfactory in our study, as
BCVA significantly decreased at the second year
relative to eyes with stage I or III RAP. The

Table 3 Predictive factors for the visual outcomes of stage II RAP

Group 1 Group 2 P value

Eyes, n (stabilization ? improvement/decline) 8 10

3 months 8/0 5/3 (2 missing data) 0.055

6 months 8/0 6/4 0.043*

1st year 8/0 4/6 0.007*

2nd year 8/0 0/10 0.000*

Best corrected visual acuity (logMAR)

Baseline 0.97 ± 0.48 0.61 ± 0.31 0.101

3 months 0.79 ± 0.61 0.65 ± 0.44 0.442

6 months 0.76 ± 0.44 0.83 ± 0.48 0.897

1st year 0.79 ± 0.37 0.93 ± 0.42 0.573

2nd year 0.85 ± 0.38 1.27 ± 0.37 0.036*

3rd year 0.86 ± 0.47 1.50 ± 0.35 0.034*

Central retinal thickness (lm)

Baseline 346.1 ± 111.33 298.5 ± 111.26 0.279

3 months 251.8 ± 21.00 215.8 ± 56.83 0.225

6 months 343.1 ± 263.22 222.2 ± 41.12 0.181

1st year 230.1 ± 22.74 224.6 ± 48.37 0.536

2nd year 279.1 ± 79.32 210.3 ± 37.32 0.040*

3rd year 267.0 ± 78.24 230.5 ± 55.53 0.699

Numbers of injections

3 months 2.8 ± 0.35 2.7 ± 0.82 0.762

1st year 5.1 ± 1.64 5.2 ± 1.23 0.897

2nd year 2.3 ± 2.77 2.0 ± 1.33 0.762

3rd year 1.5 ± 2.00 1.4 ± 1.51 0.965

3 years (total) 8.9 ± 5.22 8.6 ± 2.63 0.762

Data are presented as mean ± standard deviation when applicable
logMAR, logarithm of the minimum angle of resolution; RAPs, retinal angiomatous proliferation
*Statistically significant
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decline in BCVA at the second-year timepoint
was consistent with the observation in the
CATT study, in which, among patients with
nAMD followed for 5 years, average BCVA
declined from year 2 to year 5 [16, 31]. Sub-
group analysis was performed for the eyes with
stage II RAP that achieved improvement or sta-
bilization in BCVA (group 1) and those that had
declines in BCVA (group 2) at the end of the
third year. The eyes in group 1 were able to
maintain BCVA during the 3-year period. In
group 2, declines in BCVA were observed in
approximately 40% of the eyes at 3 and
6 months, and 60% of eyes at the first year, and
finally in 100% of eyes at the second year

compared with baseline. The average CRT was
thinner in group 2 patients throughout the
study period, and CRT was significant different
at the second year compared with in group 1.
Taken together, we found that in patients with
stage II RAP, approximately 50% were unable to
maintain their BCVA at the end of the third
year. Among them, 60% had deteriorated BCVA
at the end of the first year, and eventually all of
them had worsened BCVA at year 2. All these
eyes were noted to have a thin CRT at year 2,
and to have persisted poor BCVA at the end of
year 3. In the CATT study, the development of
new adverse pathological features was thought
to be the reason for BCVA worsening from

Fig. 4 Multimodal imaging of stage II RAP in group 1
without reported BCVA decline. a Fundus photograph
showing drusens and intraretinal hemorrhage. b Early
phase ICGA demonstrating a neovascularized lesion in a
macula with retino-retinal vessel anastomosis. c Late phase
ICGA revealing a hot spot corresponding to a neovascu-
larized macular lesion. d Late phase of FA showing retinal-
retinal anastomosis and progressive pooling within the

PED. e Fundus photograph showing drusens and a PED at
year 3 follow-up. f OCT image before treatment showing a
PED with intraretinal fluid accumulation. g OCT image
taken at year 3 follow-up. BCVA, best corrected visual
acuity; FA, fluorescein angiography; ICGA, indocyanine
green angiography; OCT, optical coherence tomography;
PED, pigment epithelial detachment; RAP, retinal
angiomatous proliferation
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year 2. Nevertheless, some eyes without any
adverse pathology were still observed to have
deteriorated BCVA from year 2 to year 5. The
authors stated that some factors have not yet
been identified to account for this observation
[31]. Similarly, Cho et al. reported that in the
treatment of patients with RAP, visual acuity
improved over the first 2 years but subsequently
declined through year 3. They also determined
that the improvement in visual acuity was
limited by geographic atrophy (GA) that devel-
oped in one-third of the patients [12]. In our
study, 43% of the eyes in group 2 (data not
showed) were noted to have GA and

demonstrated a thin CRT on OCT at the end of
the second year.

The optimal treatment for stage III RAP
remains unclear [1]. Costagliola et al. [17]
reported that, despite reduction in macular
thickness, visual improvement was not
observed in stage III RAP treated with intravit-
real bevacizumab injections. However, a larger
study demonstrated stabilization of BCVA in
stage III RAP [18], which was consistent with
our results. It is expected that patients with
poor treatment response to anti-VEGF therapy
tend to be lost to follow-up [29]. Indeed, we
found that there was a relatively higher lost to
follow-up rate in patients stage III RAP.

Fig. 5 Multimodal imaging of stage II RAP in group 2
with reported BCVA decline. a Fundus photograph of a
PED with a diving retinal vessel (arrow). b Early phase
ICGA showing a vertically diving retinal vessel with
retinal-retinal anastomosis (arrow). c Early phase FA shows
a diving vessel with possible intraretinal neovascularization.
d Late phase of FA showing progressive pooling within the
PED. e Fundus photograph showing geographic atrophy at

year 3 follow-up. f OCT image before treatment showing a
PED with intraretinal fluid accumulation. g OCT image
taken at year 3 follow-up demonstrating a thin CRT.
BCVA, best corrected visual acuity; CRT, central retinal
thickness; FA, fluorescein angiography; ICGA, indocya-
nine green angiography; OCT, optical coherence tomog-
raphy; PED, pigment epithelial detachment; RAP, retinal
angiomatous proliferation
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This study has limitations. First, the rela-
tively small number of cases in each stage at the
end of the study period may have compromised
the data analysis. Second, because the study
reflects real-world practice, the frequency and
number of injections were determined by dif-
ferent physicians, and this variation may have
led to different responses to treatment. Third,
the high lost to follow-up rate may have led to
bias toward more favorable visual prognosis
because these lost patients may have had a poor
visual prognosis that was not taken into con-
sideration in determining final outcomes. As
demonstrated in Fig. 1, patients with poorer
initial vision and fast decline of vision tend to
be lost to follow-up. This may raise the possi-
bility that the treatment is not perceived to be
efficacious by the patients and hence they tend
to skip their follow-up. This reflects real-world
problems as these patients do not notice benefit
from aggressive treatment.

CONCLUSION

Our study demonstrated that eyes with RAP and
other types of nAMD lesions had similar
responses to aflibercept over a 3-year follow-up
in a real-world setting. More aggressive injec-
tions or treatment strategies other than a pro re
nata regimen are required to achieve optimal
visual outcomes. Eyes with stage I or III RAP
were able to achieve stabilized BCVA through-
out the study period. However, approximately
50% of the eyes with stage II RAP were unable to
maintain their BCVA. The response to afliber-
cept treatment at the second year is associated
with the final visual outcome of eyes with
stage II RAP lesions.
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