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Purpose: To report the results of 9-year follow-up examinations and predictive factors for

visual acuity outcome after intravitreal injection of anti-vascular endothelial growth factor

(VEGF) agents to treat retinal angiomatous proliferation (RAP).

Methods: We conducted a retrospective observational study of 85 treatment-naïve eyes in

61 patients (21 men, 40 women; age range, 70–95 years; mean age, 84.0 years) treated with

intravitreal injections of anti-VEGF agents. All patients received three consecutive monthly

injections as an induction treatment. During the maintenance phase, the patients received

intravitreal injections as needed or fixed dosing. The primary outcome measures were best-

corrected visual acuity (BCVA) during the follow-up period. Furthermore, we investigated

potential predictive factors of improvement in visual acuity. The proportion of patients who

developed specific complications were also analyzed.

Results: The mean BCVA gradually decreased from 0.58 at baseline to 0.70 at 36 months

(P = 0.146), 0.82 at 48 months (P = 0.004), and 0.92 at 108 months (P = 0.021). Improvement in

visual acuity at the final visits was associated with baseline visual acuity and central foveal

thickness. Massive subretinal hemorrhage, fibrotic scars, and macular atrophy developed in 4

(4.7%), 9 (10.6%), and 50 (56.8%) eyes, respectively, at the final visits, and were all significantly

associated with final visual acuity (P = 0.013, P < 0.001, and P = 0.001, respectively).

Conclusion: Long-term stabilization of vision in patients with RAP, regardless of treatment

modality, was difficult to achieve by using intravitreal injections of anti-VEGF agents.

Earlier detection and treatment are important to maintain visual acuity in patients with RAP.

Keywords: ranibizumab, aflibercept, retinal angiomatous proliferation, age-related macular

degeneration, intravitreal injection

Introduction
Yannuzzi et al first introduced the term retinal angiomatous proliferation (RAP) as

a variant of neovascular age-related macular degeneration (AMD), which origi-

nates from the retina and extends into the subretinal space with or without

pigment epithelial detachment (PED).1 The clinical course of RAP differs from

that of typical exudative AMD, with unfavorable visual outcomes.2 Several

methods of treatments for RAP, such as laser photocoagulation,3,4 photodynamic

therapy,5,6 surgical ablation,7,8 and transpupillary thermotherapy,3,9 have been

studied, but none have been found to be completely successful because of

difficulty completing obliteration of the lesions, progressive scarring, and recur-

rent exudation.
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Recently, anti-vascular endothelial growth factor (VEGF)

agents, such as ranibizumab (Lucentis®; Novartis PharmaAG,

Basel, Switzerland, and Genentech, South San Francisco, CA,

USA) and aflibercept (Eylea®; Bayer HealthCare, Berlin,

Germany), have been used extensively for the treatment of

AMD. The use of these agents to treat RAP has also achieved

better visual outcomes.10–12 Previously, our group showed that

intravitreal ranibizumab administered on an as-needed basis,

which is known as “pro re nata” (PRN), after 3 initial monthly

doses were effective for maintaining visual acuity, as evalu-

ated at a 3-year follow-up examination.13 However, no pre-

dictive factors for visual outcome have been investigated over

the long term.

Furthermore, it is known that many complications can

limit visual improvement after anti-VEGF treatment. Several

reports have concluded that enlargement of geographic atro-

phy (GA) occurred frequently in patients with RAP after

treatment,14,15 which might result in severe visual loss.

Another study reported that the incidence of subretinal

hemorrhage (SRH) increased steadily in patients with RAP

and was >10% after the 5-year follow-up period.16

The purpose of the present study was to analyze the

long-term functional results of anti-VEGF agents for the

treatment of RAP. We also evaluated factors that could

potentially influence final visual acuity. Furthermore, the

proportion of patients who developed specific complica-

tions were also analyzed.

Patients And Method
We conducted a retrospective observational study of 85

eyes in 61 consecutive Japanese patients with RAP who

were followed for ≥12 months after the first intravitreal

administration of ranibizumab or aflibercept. All patients

were treated at the Yokohama City University Medical

Center between April 2009 and March 2017. The study

was conducted according to the principles of the

Declaration of Helsinki, and consent statement was both

written and informed from all eligible patients. The ethics

committee of the Yokohama City University Medical

Center approved the study protocol.

The inclusion criteria were the presence of RAP as

diagnosed on the basis of clinical and angiographic find-

ings, treatment-naïve, availability for follow-up ≥12
months after the first intravitreal administration of anti-

VEGF agents, and a best-corrected visual acuity (BCVA)

of ≥20/400 at baseline. Patients who had previously

received treatment for RAP, such as laser photocoagula-

tion, submacular surgery, photodynamic therapy, or

intravitreal injection of any other anti-VEGF agent, were

excluded from the study. Furthermore, patients with eye

diseases that could potentially influence the visual acuity

of the studied eye, such as glaucoma, macular hole, dia-

betic retinopathy, or rhegmatogenous retinal detachment

(RRD), were also excluded.

BCVA measurements, spectral-domain optical coher-

ence tomography (SD-OCT), color fundus photography,

fluorescein angiography, indocyanine green angiography,

and fundus autofluorescence (FAF) imaging were per-

formed in all patients at baseline. At each follow-up

visit, measurements of BCVA and SD-OCT imaging

were performed. Fundus photography and FAF were per-

formed when necessary. The BCVA value was converted

to the logarithm of the minimum angle of resolution

(logMAR) for statistical analysis. The presence/absence

of reticular pseudodrusen (RPD) was investigated by

using SD-OCT and color fundus photography.

All patients received 3 consecutive monthly intravitreal

injections of 0.5 mg/0.05 mL of ranibizumab or 2 mg/0.05

mL of aflibercept through the pars plana via a 30-gage needle

as an induction treatment. For patients treated with PRN, the

intravitreal injections were repeated during the maintenance

phase if any of the following changes were observed by the

evaluating physician: 1) a visual acuity loss of 0.2 logMAR

vision or more, 2) new macular hemorrhage, or 3) evidence

of persistent or recurrent subretinal fluid accumulation,

intraretinal edema, or enlargement of the PED as diagnosed

by using SD-OCT at the 1- or 2-month follow-up examina-

tion, as judged by the retina specialists (M.M. or S.S.).

Patients with fixed dosing were first instructed to receive

monthly follow-up examinations. Then, based on the inter-

vals of recurrent disease, fixed treatment intervals were

decided to avoid the burden of frequent monitoring.

The primary outcome measure was change in the BCVA

from preinjection to postinjection at 108 months after initial

treatment by using a Student's t-test. The secondary out-

come was to investigate predictive factors influencing the

improvement of visual acuity and the final visual acuity.

Explanation variables, such as age, sex, visual acuity at

baseline, anti-VEGF agents (ranibizumab or aflibercept),

number of injections, greatest linear dimension (GLD) at

baseline, central foveal thickness (CFT) at baseline, central

choroidal thickness (CCT) at baseline, and the presence/

absence of RPD at baseline, were included in a multiple

regression analysis by stepwise selection. The response

variables were the improvement in visual acuity, which

was defined as the difference between pre- and postinjection
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BCVA at final visits, and the final visual acuity. These

visual acuity parameters were also compared between the

PRN group and the fixed dosing group using the t-test.

Furthermore, the proportion of patients who developed a

massive SRH, fibrotic scars, and macular atrophy was ana-

lyzed. Massive SRH was defined by a thick submacular

and/or subretinal pigment epithelium (RPE) hemorrhages

that extend past the equator in ≥2 quadrants. Scars were

classified as fibrotic with well-demarcated elevated mounds

of yellowish white tissue. Macular atrophy was defined as

loss of RPE and outer retina at the foveal center, evaluated

by color fundus photography, SD-OCT, and FAF. The asso-

ciation between these complications and the final visual

acuity was analyzed by using the unpaired t-test.

Additionally, the associations between the development of

macular atrophy and the patient characteristics, including

age, sex, baseline visual acuity, CFT, CCT, GLD, presence/

absence of RPD, anti-VEGF agents, and the number of

injections, were investigated by using multiple logistic

regression analysis.

All statistical analyses were performed by using Ekuseru-

Toukei 2012 (Social Survey Research Information, Tokyo,

Japan). P-values <0.05 were considered as an indication of

statistical significance.

Results
A total of 85 eyes were included in this study. The mean

follow-up period was 45.7 ± 26.4 months. The baseline

characteristics and clinical data for each patient are shown

in Table 1. Of the 85 eyes included in this study, 68

patients were treated with PRN and 17 patients with

fixed dosing. Of the 61 patients included in the series, 21

were men and 40 were women. The patient age ranged

from 70 to 95 years (mean age, 84.0 ± 6.7 years). At

baseline, 8 (9.4%) eyes had a stage 1 lesion, 25 (29.4%)

eyes had a stage 2 lesion without a PED, 28 (33.0%) eyes

had stage 2 lesions with a PED, and the remaining 24

(28.2%) eyes had stage 3 lesions.

Overall, the mean logMAR visual acuity at baseline was

0.58 ± 0.42. The mean BCVA gradually decreased from 0.58

at baseline to 0.70 at 36 months (P = 0.146), to 0.82 at 48

months (P = 0.004), and to 0.92 at 108 months (P = 0.021).

The postinjection BCVAvalues at 48, 60, 72, 84, 96, and 108

months were significantly worsened, than the value at base-

line (P = 0.004, P = 0.029, P = 0.002, P = 0.004, P = 0.011,

andP = 0.021, respectively). Themean numbers of injections

were 4.6 for the first year and 2.3–3.6 injections per year

from years 2 to 9 (Figure 1).

Twelve (14.1%) of the 85 eyes had an improvement in

visual acuity of ≥0.3 logMAR at the final visit. The visual

acuity of 41 (48.2%) eyes remained unchanged, and the

remaining 32 (37.7%) eyes exhibited deterioration in

visual acuity of ≥0.3 logMAR.

Table 2 shows the results of the stepwise multiple

regression analyses. Better baseline visual acuity was asso-

ciated with better visual acuity at final visits and a lesser

Table 1 Clinical Characteristics Of The Patients With RAP

Number of patients 61

Number of eyes 85

Age, mean ± SD, year 84.0 ± 6.7

Sex (male/female) 21/40

Baseline logMAR visual acuity, mean ± SD 0.58 ± 0.42 (Snellen equivalent 20/76)

RAP stage (1/2/3) 8/53/24

Presence of RPD, present/none (%) 40/45(47/53)

Central foveal thickness, mean ± SD (μm) 547 ± 287

Central choroidal thickness, mean ± SD (μm) 133 ± 60

Greatest linear dimension, mean ± SD (μm) 3034 ± 1288

Anti-VEGF agents (ranibizumab/aflibercept)(%) 69/16(81/19)

Treatment modality (PRN/fixed dosing) 68/17(80/20)

Abbreviations: RAP, retinal angiomatous proliferation; SD, standard deviation; logMAR, logarithm of the minimum angle of resolution; RPD, reticular pseudodrusen; VEGF,

vascular endothelial growth factor.
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degree of visual improvement (P = 0.003 and P < 0.001,

respectively). A smaller CFT was also associated with

better visual acuity at final visits and a greater degree of

visual improvement (P = 0.015 for both comparisons). On

the other hand, there were no significant associations

between any of the other explanation variables used in

this study (age, sex, anti-VEGF agents, number of injec-

tions, GLD, CCT, and presence or absence of RPD) and

the postoperative visual acuity parameters (all P > 0.05).

Regarding treatment modality, there were no significant

differences of final visual acuity and visual improvement

between the PRN group and the fixed dosing group

(P = 0.586 and P = 0.689, respectively).

During the follow-up periods, massive SRH developed

in 4 (4.7%) eyes, and fibrotic scar occurred in 9 (10.6%)

eyes. On the other hand, macular atrophy developed in 50

(56.8%) eyes at the final visits. Statistical analysis showed

that final visual acuity was significantly influenced by the

incidence of massive SRH, presence/absence of fibrotic

scar, and presence/absence of macular atrophy (P = 0.013,

P < 0.001, and P = 0.001, respectively) (Figure 2).

Furthermore, Table 3 shows the prognostic factors for

macular atrophy. Multiple logistic regression analysis

showed that baseline BCVA, age, and number of injections

were significantly associated with macular atrophy at the

final visits (P = 0.049, P = 0.049, and P = 0.014, respec-

tively). On the other hand, there were no significant asso-

ciations between any of the other variables used in this

study (sex, GLD, CFT, CCT, and presence/absence of

RPD, and anti-VEGF agents) and the presence of macular

atrophy (P > 0.05).

No systemic or ocular side effects, such as endophthal-

mitis and RRD, were noted in any of the patients during

the follow-up period. Figures 3, 4, and 5 show case reports

of representative patients with RAP.

Discussion
Our study demonstrated that it was difficult to stabilize

vision in patients with RAP by administering intravitreal

injections of anti-VEGF agents over the long term regard-

less of the treatment modality. Baseline BCVA and CFT

were significantly associated with final BCVA and

improvement in BCVA. This is the first report to describe

the treatment response to anti-VEGF in patients with RAP

for >9 years. Furthermore, not only development of macu-

lar atrophy but also occurrence of fibrotic scarring and

massive SRH could result in deterioration of visual acuity

in patients with RAP.

Several studies have reported the efficacy of intravi-

treal ranibizumab or aflibercept for the treatment of RAP,

although GA develops for prolonged periods of time.12,17

Our group also previously reported that anti-VEGF mono-

therapy was effective for maintaining or improving the

visual acuity of patients with RAP at 3 years after the

Figure 1 Graph showing the changes in the mean values of the logMAR BCVA from

baseline until 108 months after the first anti-VEGF injection. The difference in

postinjection BCVA relative to the baseline level was maintained throughout the

36-month period but was significantly decreased from 48 months to 108 months.

The upper numbers show the number of injections. The lower numbers show the

number of patients who were able to be examined during the follow-up.

Table 2 Stepwise Multiple Regression Analysis Of The BCVA At Final Visit And Improvement Of The Visual Acuity

Explanation

Variables

Response Variables

Post-Injection BCVA* Improvement Of The Visual Acuity**

Partial Regression

Coefficient

Standard

Error

p-Value Partial Regression

Coefficient

Standard

Error

p-Value

Baseline visual acuity 0.355 0.1149 0.003 −0.645 0.1149 <0.001

Central foveal thickness 0.0004 0.0002 0.015 0.0004 0.0002 0.015

Excluded variables: age, sex, central choroidal thickness, greatest linear dimension, presence of RPD, anti-VEGF agents, and number of injections.

Notes: *Post-injection BCVA = BCVA at final visit. **Improvement of the visual acuity = the difference between baseline visual acuity and BCVA at final visit.

Abbreviations: BCVA, best-corrected visual acuity; RPD, reticular pseudodrusen; VEGF, vascular endothelial growth factor.
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start of treatment.13 However, in this study, although

visual acuity was maintained for 3 years, maintenance

after 3 years was limited. As previous studies have

shown, development of macular atrophy is one possible

explanation for the decrease in visual acuity in patients

with RAP. The CATT research group reported that 24% of

AMD patients showed GA for the follow-up at 1 year17

and 36.8% at 3 years.18 In the SEVEN-UP study in

patients with AMD, macular atrophy was present in 98%

of the patients at a mean of 7.3 years.19 Baek et al reported

that GA developed in 60% of the RAP patients, and the

foveal center was involved in about one-fifth of the

patients at the follow-up of 3 years.20 In this study,

58.8% of the patients showed macular atrophy at a mean

follow-up of about 4 years, which was consistent with the

findings of previous studies. Furthermore, fibrotic scars

and massive SRH were also significant factors associated

with visual deterioration, which was consistent with the

findings of previous studies.16,21 Therefore, it is important

to prevent these complications to maintain BCVA in

patients with RAP. Another possibility for the decrease in

visual acuity is that some patients may have been under-

treated in this study. Although we administered injections

on the basis of our definition to retreat, irreversible

damage to the photoreceptors could have occurred because

of continuous or recurrent exudative changes. Stricter

injections may be needed to maintain BCVA over the

long term, although they could also be a risk factor for

progression of macular atrophy.

Figure 2 An association between complications and final visual acuity. Final BCVA was significantly influenced by the incidence of massive subretinal hemorrhage, presence/

absence of fibrotic scar, and presence/absence of macular atrophy (P = 0.013, P < 0.001, and P = 0.001, respectively).

Table 3 Multiple Logistic Regression Analysis To Predict The

Development Of Macular Atrophy

Independent

Variables

Odds

Ratio

95% CI p-Value

Baseline visual acuity 3.33 1.007–11.023 0.049

Age 1.08 1.000–1.165 0.049

Number of injections 1.07 1.015–1.138 0.014

Notes: Excluded variables: sex, central choroidal thickness, central choroidal

thickness, greatest linear dimension, presence of RPD, and anti-VEGF agents.

Abbreviations: CI, confidence interval; RPD, reticular pseudodrusen; VEGF, vas-

cular endothelial growth factor.
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Previous studies have reported several prognostic fac-

tors in patients with RAP. Chae et al reported that age, sex,

and baseline BCVA were prognostic factors for the treat-

ment of RAP.22 On the other hand, Cho et al described that

baseline BCVA and lesion size were associated with

BCVA.18 In this study, baseline BCVA and CFT were

associated with final BCVA and improvement in BCVA,

which was consistent with the findings of previous

studies.18,22 We speculate that a large CFT could have a

large PED, which indicates the progression of RAP. There

is a general consensus that more progressive stages show

worse visual acuity. Therefore, early detection of RAP and

prompt treatment are recommended to maintain visual

acuity over the long term.

In our study, factors associated with the development

of macular atrophy were also investigated. As a result, age,

baseline BCVA, and number of injections were associated

with macular atrophy at the final visits. There is a possi-

bility that patients with worse baseline BCVA have already

had partial macular atrophy due to disease progression and

that the atrophic area expands with longer follow-up.

Additionally, older patients may have more oxidative

stress-induced degeneration, which could result in an

easier progression of macular atrophy. Whether or not

the number of injections is associated with the develop-

ment of macular atrophy is controversial. Grunwald et al

reported that monthly injections showed a higher rate of

GA than that for PRN.23 However, analysis of CATT at 5

years showed that the difference was not statistically sig-

nificant between the monthly regimen and PRN regimen

although the monthly injections showed a higher risk of

GA incidence than that of PRN.24 Furthermore, the

SEVEN-UP study reported that the incidence of macular

atrophy was associated with disease activity itself, with

Figure 3 A 78-year-old woman presented with decreased visual acuity in her left eye. (A) A color fundus photograph of the left eye showing multiple soft drusen and

reticular pseudodrusen. (B) Late-phase fluorescein angiographic image of the fundus showing leakage from a retinal–retinal anastomosis (white arrowhead). (C) A hot spot

consistent with neovascularization is clearly identified by indocyanine green angiography. (D) SD-OCT at baseline revealing elevated PED with subretinal fluid. The visual

acuity was 20/40 in the left eye, and the patient was diagnosed as having RAP stage 2 with PED. (E) In total, 6 ranibizumab injections were administered. Finally, at the 67-

month follow-up examination, the patient’s visual acuity had stabilized at 20/40. (F) SD-OCT showing the remaining RPE and outer retina.
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leakage for a long time and it causes mechanical damage

from ischemic and inflammatory effects.19 It is natural that

higher disease activity requires a greater number of injec-

tions. Although further studies are needed to show an

association between anti-VEGF injection itself and macu-

lar atrophy, younger age with better visual acuity may be

important to prevent the progression of macular atrophy.

A limitation of this study was its retrospective nature.

The patients did not all receive the same anti-VEGF

agents and the same treatment modality, which may

have led to bias. Furthermore, patients who discontinued

follow-up were excluded from the study, which also

might have influenced the results. The results of this

study need to be validated with further prospective stu-

dies involving greater uniformity. Lastly, there may be

important underlying differences between Japanese and

Caucasian patients. Therefore, these results are applicable

to a relatively homogenous Asian population, and the

same conclusions may or may not be applicable to other

patients with similar lesions in the rest of the world.

In conclusion, stabilization of vision in patients with

RAP was difficult to achieve by giving intravitreal

injections of anti-VEGF agents over the long term

regardless of the treatment modality. Earlier detection

and treatment at earlier stages are the most important

factors for maintaining visual acuity over a long period.

Figure 4 A 78-year-old man presented with decreased visual acuity in his right eye. (A) A color fundus photograph of the left eye showing multiple soft drusen and preretinal

hemorrhage. (B) Early-phase fluorescein angiographic image of the fundus showing leakage from a retinal–retinal anastomosis and hypofluorescence consistent with hemorrhage.

(C) Indocyanine green angiography showing no abnormal findings. (D) SD-OCTat baseline revealing intraretinal neovascularization without PED (white arrowhead). The visual

acuity was 20/50 in the right eye, and the patient was diagnosed as having RAP stage 1. (E) In total, 36 ranibizumab injections were administered. Finally, at the 9-year follow-up

examination, the patient’s visual acuity had decreased at 20/100. Macular atrophy developed. (F) SD-OCT showing the loss of RPE and outer retina.
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Figure 5 An 84-year-old man presented with metamorphopsia in his left eye. (A) A color fundus photograph of the left eye showing multiple soft drusen and preretinal

hemorrhage with PED. (B) Late-phase fluorescein angiographic image of the fundus revealing pooling showing PED and hypofluorescence consistent with hemorrhage. (C)

Hot spot consistent with neovascularization is clearly identified by indocyanine green angiography. (D) SD-OCTat baseline revealing elevated PED. The visual acuity was 20/

25 in the left eye, and the patient was diagnosed as having RAP stage 2 with a PED. (E) After 15 ranibizumab injections were administered, at the 46-month follow-up, PED

disappeared and visual acuity improved to 20/16. (F) SD-OCT showing an improvement in the PED. (G) However, 2 days after the 46-month check-up, massive subretinal

hemorrhage developed and visual acuity declined to 20/200. (H) SD-OCT showing subretinal hemorrhage and hemorrhagic PED. (I) Finally, after an additional 30

ranibizumab injections, fibrosis with a partial small subretinal hemorrhage was observed at the 108-month follow-up. (J) SD-OCT showing fibrosis with loss of outer

retina. Visual acuity decreased to 20/1000.
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However, some complications, such as development of

macular atrophy, presence of fibrotic scar, and massive

SRH, have resulted in deterioration of visual acuity.
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