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Abstract: Anti‒vascular endothelial growth factor (anti-VEGF) ther-
apy has revolutionized the treatment of neovascular age-related macular 
degeneration (AMD). This review will summarize the current evidence 
of anti-VEGF therapy in neovascular AMD, including subtypes of retinal 
angiomatous proliferation and polypoidal choroidal vasculopathy (PCV). 
Importantly, 2 large multicenter randomized clinical trials evaluating the 
safety and efficacy of anti-VEGF monotherapy and combination with 
photodynamic therapy (PDT) have recently reported initial first-year 
outcomes. In this review, we summarize the latest updates in the effi-
cacy and safety of anti-VEGF monotherapy and combination with PDT 
in common lesion subtypes. Remaining gaps in current understanding are 
highlighted where further research is needed.

Key Words: age-related macular degeneration, anti-VEGF therapy, 
polypoidal choroidal vasculopathy

(Asia-Pac J Ophthalmol 2017;6:527–534)

Age-related macular degeneration (AMD) is a neurodegenera-
tive eye disease and is a major cause of blindness in people 

aged 50 years or older. By 2040, global projected cases of AMD 
will be 288 million, with the largest number of cases in Asia (113 
million).1‒3 Since the introduction of anti‒vascular endothelial 

growth factor (anti-VEGF) therapy in the mid-2000s, the man-
agement of neovascular AMD has been revolutionized, leading to 
a much brighter outlook for patients afflicted with this condition. 
Anti-VEGF therapy is currently the standard of care for neovas-
cular AMD. Registry data from several countries have reported a 
significant decrease in the incidence of AMD-associated blind-
ness since the introduction of anti-VEGF therapy.4‒6

There have been fewer studies on AMD in Asian popula-
tions. Nonetheless, the understanding of the epidemiology, risk 
factors, and genetic architecture of AMD in Asians has advanced 
significantly over the past 2 decades. Reports suggest that, de-
spite some differences in clinical manifestation, Asian and white 
populations share many key risk factors.7 Regarding therapy, the 
efficacy and safety of anti-VEGF therapy in Asian patients with 
neovascular AMD is also less well investigated compared with 
white populations. In addition, polypoidal choroidal vasculopathy 
(PCV), generally believed to be a subtype of neovascular AMD, 
constitutes 50‒60% of neovascular AMD cases in Asians (versus 
10% in Western populations).2,8 The optimal treatment modality 
of PCV remains unclear. Recently, 2 major randomized trials have 
been presented that have provided new evidence on the optimal 
treatment for PCV. The aim of this review is to summarize the 
latest evidence on anti-VEGF therapy for neovascular AMD and 
PCV in Asians to help guide clinicians managing patients with 
this condition.

Anti-VEGF in nEoVAsculAr AMD
Pegaptanib (Macugen) was the first anti-VEGF agent ap-

proved for use in neovascular AMD.9 However, subsequent expe-
rience with ranibizumab (Lucentis), aflibercept (Eylea), and the 
off-label use of bevacizumab (Avastin) have demonstrated more 
favorable visual outcomes and have largely replaced pegaptanib 
in clinical use.10‒13 

Ranibizumab is a Fab fragment of humanized monoclonal 
antibody against VEGF-A. In the pivotal MARINA and AN-
CHOR studies, patients gained 7‒11 letters over 12 months with 
monthly injections.10,11 Compared with previous standard of care 
[photodynamic therapy (PDT) or sham], treatment with ranibi-
zumab resulted in a difference of 17 to 18 letters at month 12.10,11 
The efficacy and safety of ranibizumab for neovascular AMD 
in the Asian population was initially evaluated in the phase 2/3 
open-label, multicenter EXTEND studies (EXTEND I in Japa-
nese patients, EXTEND II in Chinese patients, EXTEND III in 
South Korean and Taiwanese patients).14–16 All 3 studies demon-
strated significant improvement in best corrected visual acuity 
(BCVA) from baseline (+9.3 to 12.7 letters), whereas very few 
patients lost 15 letters or more.14–16 Recently, the phase 4, ran-
domized, double-masked, multicenter DRAGON study based 
in China further compared the efficacy of ranibizumab monthly 
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versus pro-re-nata (PRN) regimen.17 Significant improvement in 
BCVA was achieved in both arms (+12.1 letters in the monthly 
arm, +9.4 in the PRN arm). Between month 12 and month 24, 
patients were treated with ranibizumab 0.5 mg PRN guided by 
visual acuity (VA) stabilization criteria. At month 24, the BCVA 
gain was largely maintained (+10.6 letters in the monthly arm, 
+8.7 letters in the PRN arm) with a mean of 4.5 to 4.7 additional 
injections.  

Aflibercept is a fusion protein combining the ligand-bind-
ing domains of VEGFR1 and VEGFR2, which binds both VEGF 
and placental growth factor. The efficacy and safety of aflibercept 
was evaluated in the pivotal VIEW studies, which demonstrated 
that aflibercept given bimonthly after 3 initial loading doses was 
noninferior to ranibizumab 0.5 mg monthly and resulted in mean 
BCVA improvement of 8.4 letters from baseline.12,13 Importantly, 
the VIEW 2 study included 10.1‒12.0% of participants with Asian 
ethnicity.12 A subgroup analysis in the Japanese subpopulation of 
the VIEW 2 study18 demonstrated that at week 52, all Japanese 
patients in the aflibercept groups (n = 70) avoided losing less than 
15 Early Treatment Diabetic Retinopathy Study (ETDRS) let-
ters, compared with 96% of Japanese patients (n = 23/24) treated 
with ranibizumab, and achieved a mean improvement in BCVA 
of 8‒10 letters. The authors concluded that visual and anatomi-
cal outcomes were comparable between Japanese patients and the 
overall VIEW 2 population. 

Conbercept is an anti-VEGF agent that consists of the fourth 
binding domain of VEGFR2 in addition to VEGF binding do-
mains of VEGFR1 and VEGFR2.19 The additional binding do-
main is thought to decrease the positive charge of the molecule 
and result in decreased adhesion to the extracellular matrix. The 
AURORA study was a 12-month, randomized, double-masked, 
controlled-dose, interval-ranging phase 2 clinical trial conducted 
in China to assess the safety and efficacy of conbercept in patients 
with CNV secondary to AMD.20 The study demonstrated statis-
tically significant functional and anatomic improvement after 3 
initial doses, and these outcomes were maintained or improved 
further through month 12 following either monthly or PRN regi-
men. At month 12, mean changes in BCVA compared with base-
line ranged from 9.31 letters (0.5 mg monthly) to 15.43 letters 
(2.0 mg monthly). 

Although bevacizumab is not licensed for the treatment of 
neovascularization, its efficacy has been evaluated in the Com-
parison of Age-Related Macular Degeneration Treatments Trials 
(CATT), which compared ranibizumab versus bevacizumab us-
ing monthly versus PRN dosing.10 The CATT study established 
that when used with the same dosing regimen, bevacizumab is 
noninferior to ranibizumab within the prespecified noninferior-
ity margin. Two other randomized studies (IVAN and GEFAL) 
also concluded that ranibizumab and bevacizumab have similar 
efficacy in neovascular AMD.21,22 

Anti-VEGF in typE 3 nEoVAsculArizAtion
Although anti-VEGF therapy has been shown to be effective 

for both type 1 and type 2 neovascularization (occult and clas-
sic pattern leakage based on fluorescein angiography findings), 
the evidence for anti-VEGF to treat type 3 neovascularization 
[also known as retinal angiomatous proliferation (RAP)] is less 
robust.23 Retinal angiomatous proliferation is a unique variant 
of neovascular AMD and has been estimated to constitute up to 

15% of neovascular AMD in white populations but is possibly 
less common in Asian populations. Clinical features distinctly in 
this subtype include the association with reticular pseudodrusen, 
thin choroid, and development of geographic atrophy (GA). Al-
though anti-VEGF therapy is also frequently used in this subtype 
of neovascular AMD, most studies on RAP have been limited by 
the small number of subjects and variable follow-up duration. In 
addition, with advances in imaging that improve the accuracy of 
staging RAP lesions, it is now apparent that treatment response 
is highly dependent on the stage of lesion and no single treat-
ment is equally effective in all stages. Many case series reported 
stabilization or improvement of visual acuity and reduced macu-
lar thickness in eyes with RAP after treatment with ranibizumab, 
aflibercept, and bevacizumab.24‒29 Visual improvement was more 
common in eyes with stage 1 and 2.26,27,30 Presence of pigment ep-
ithelial detachment (PED) in stage 2 and stage 3 lesions is thought 
to be associated with worse prognosis.25,31 In a prospective study, 
Parodi32 reported that both ranibizumab and bevacizumab were 
effective in improving vision in eyes with stage 1 and 2 lesions, 
but resolution of PED was more common in the ranibizumab 
group compared with the bevacizumab group (90% vs 40%). In 
a recent meta-analysis of 190 eyes with stage 2 and 3 RAP, Tsai 
et al23 reported overall visual acuity improved by 6.5 letters at the 
final follow-up. 

Anti-VEGF in pcV
The role of VEGF in the pathogenesis of PCV is less clear 

compared with typical AMD. Evidence of VEGF expression in 
vascular endothelial and retinal pigment epithelial (RPE) cells in 
studies analyzing surgical specimens have been inconsistent.33–35 
The concentration of VEGF in aqueous humor was found to be 
elevated in eyes with PCV compared with normal controls but to 
a much lesser extent compared with eyes with typical neovascular 
AMD.36,37 There is currently a wide spectrum of treatment op-
tions for PCV, including focal laser photocoagulation; verteporfin 
PDT; anti-VEGF therapy with aflibercept, ranibizumab, and be-
vacizumab; and various combinations of these therapies. 

In most of the pivotal studies of anti-VEGF in neovascu-
lar AMD, indocyanine green angiography (ICGA) was not per-
formed and patients with PCV were not specifically differenti-
ated. Thus in most countries, there is no separate label under PCV, 
and patients may receive the same treatment as those with typical 
neovascular AMD. Early studies reported both ranibizumab and 
bevacizumab resulted in temporary stabilization of vision and 
reduction in exudation in PCV, with limited effect on polypoi-
dal lesions or choroidal vascular changes.38,39 Subsequent studies 
with more patients and longer follow-up reported 17% to 40% of 
patients achieved 15 letters or more improvement in BCVA.40‒43 
Most of these studies used a regimen of monthly injections for 
3 months, followed by PRN over 12 months (mean number of 
injections ranged from 4.2 to 6.1). Polypoidal lesion regression 
rate of up to 40% was reported at 12 months, although abnormal 
choroidal vascular complexes do not seem to be affected by anti-
VEGF monotherapy.44  

The PEARL studies consisted of 2 open-label studies in PCV 
using monthly ranibizumab (0.5 mg for 12 months in PEARL 1; 
2.0 mg for 6 months in PEARL 2). The proportion of patients 
who gained 15 letters or more was 23% and 26% in the PEARL 
1 and PEARL 2 studies, respectively.45 None of the patients lost 
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15 letters or more in visual acuity in either study. Visual acuity 
improvement was accompanied by anatomical improvement in 
reduction of subretinal hemorrhage and fluid in the majority of 
eyes, and decrease in polypoidal lesions was noted in 38% and 
79% in the PEARL 1 and PEARL 2 studies, respectively.

The effect of ranibizumab was subsequently evaluated as 1 of 
the treatment arms in 2 multicenter randomized controlled trials. 
The EVEREST study compared the efficacy of PDT with or with-
out ranibizumab 0.5 mg and ranibizumab monotherapy in achiev-
ing polyp closure based on ICGA. Although vision improved 
in all 3 arms (7.5 to 10.9 letters) at month 6, polyp closure rate 
was significantly lower in the ranibizumab monotherapy group 
(28.6%) compared with the PDT monotherapy group (71.4%; P < 
0.01) and the PDT with ranibizumab group (77.8%; P < 0.01).46 
The LAPTOP study is a phase 4, prospective multicenter random-
ized trial comparing the effect of PDT and intravitreal ranibizum-
ab in PCV using a PRN retreatment regimen.43 At month 12, more 
patients in the ranibizumab arm had a VA gain of at least 0.2 loga-
rithm of the minimum angle of resolution (logMAR) compared 
with the PDT arm (31% vs 17%; P = 0.039).44 At month 24, it was 
confirmed that injections of ranibizumab achieved better visual 
outcomes than PDT (P = 0.004). In addition, it was noted that 
although several patients in the PDT arm showed improvement in 
vision, approximately 15% of patients showed more than 6 lines 
of vision loss.43 Polyp closure rate was not assessed.

Several case series have also evaluated the efficacy of afliber-
cept following neovascular AMD posology in PCV and reported 
favorable visual outcome (VA gain of 5.5 to 10.5 letters) and 
polyp regression rate up to 69.2% at month 12.28,47‒50 The EPIC 
study is a prospective, open-label study of intravitreal aflibercept 
in 21 eyes with PCV. The study reported stabilization of vision at 
6 months (median vision was 20/40) and resolution of subretinal 
fluid (72%), subretinal hemorrhage (75%), regression of polyps 
(67%), and improvement of PED (87%).51 Inoue et al52 compared 
the functional and morphologic outcomes of patients treated us-
ing fixed bimonthly dosing versus PRN after 3 initial monthly 
doses and reported significant improvement in both groups. A 
post-hoc analysis of 29 Japanese patients with PCV (33% of 88 
Japanese patients with PCV confirmed on ICGA) in the VIEW 
2 study reported that no significant difference in visual acuity or 
retinal thickness reduction was noted between PCV and non-PCV 
groups treated with aflibercept. However, no posttreatment ICGA 
was available to determine angiographic outcome.53 

There have been fewer studies reporting the results of be-
vacizumab for PCV. Favorable outcome in improving vision 
and macular exudation but limited polyp regression has been re-
ported.38,54‒56 Cho et al56 compared ranibizumab and bevacizumab 
monotherapy and reported no difference in polypoidal lesion re-
gression rate, central macular thickness, and visual acuity at 6 
months.  

A subgroup analysis of 52 patients with PCV in the AU-
RORA study who received intravitreal injections of conbercept 
reported significant visual acuity improvement of 14 letters at 
month 12, accompanied by complete regression of polyps in 
52.9% to 56.5%.57 

Recently, the outcomes of 2 large randomized controlled 
trials (EVEREST II and PLANET) evaluating anti-VEGF and 
combination therapy have been reported. At 1 year, significant 
visual acuity improvement was seen in eyes treated with ranibi-
zumab monotherapy (+5.1 letters in EVEREST) and aflibercept 

monotherapy (+10.8 letters in PLANET). This was accompanied 
by polyp closure rates of 34.7% and 38.9% (ranibizumab mono-
therapy arm in EVEREST II and aflibercept monotherapy arm in 
PLANET, respectively). The mean number of injections in the 
monotherapy arms was 7.3 (EVEREST II, PRN after 3 initial 
monthly doses) and 8.1 (PLANET, fixed bimonthly dosing after 3 
initial monthly doses).58,59 These results were further corroborated 
by the subgroup analysis of the DRAGON study in which 41.7% 
of the 334 enrolled patients were diagnosed with PCV based on 
ICGA.17 Significant improvement in BCVA was achieved in both 
PCV and non-PCV patients in the monthly arm (+12.7 vs 12.1 
letters) and the PRN arm (9.4 vs 9.4 letters) at 12 months. 

Based on these clinical trial data, monotherapy with either 
ranibizumab or aflibercept can achieve visual improvement and 
reduction in disease activity and can be considered as first-line 
treatment in patients with PCV. There are no head-to-head stud-
ies to provide direct comparison among anti-VEGF agents. Com-
parison across studies should be interpreted with caution in view 
of potential differences in baseline characteristics, particularly 
BCVA, along with differences in dosing regimens.

coMbinAtion thErApy in nEoVAsculAr AMD
Combination therapy (anti-VEGF with PDT) was evalu-

ated in the MONT BLANC and DENALI studies. In the MONT 
BLANC study, combination therapy was noninferior to ranibi-
zumab monotherapy with regard to mean BCVA change at month 
12 compared with baseline (2.5 vs 4.4 letters). However, no ben-
efit in terms of reducing the number of ranibizumab injections 
over 12 months was demonstrated from the combination treat-
ment. The DENALI trial investigated whether standard fluence 
PDT (SF-PDT) or reduced fluence PDT (RF-PDT) in combina-
tion with ranibizumab, followed by retreatment with ranibizumab 
as needed, was noninferior to fixed monthly ranibizumab injec-
tions.60 Mean vision improvement at month 12 was +5.3 and +4.4 
letters with SD-PDT and RF-PDT, compared with +8.1 letters 
with ranibizumab monotherapy. However, noninferiority of com-
bination regimens to ranibizumab monotherapy was not demon-
strated. Based on these results, combination therapy is now rarely 
used for the treatment of typical neovascular AMD.

coMbinAtion thErApy in typE 3 
nEoVAsculArizAtion

The rationale for combining anti-VEGF with PDT in RAP is 
based on the proposed additional occlusive action on the retinal-
retinal anastomosis and retinal choroidal anastomoses.30,61  Sev-
eral small case series using the combination of ranibizumab or 
bevacizumab with PDT in RAP have reported good visual and 
anatomical outcomes.62‒64 Saito and colleagues65 reported encour-
aging results with a combination of PDT and bevacizumab in 11 
eyes with stage 2 to 3 RAP, in which visual acuity improvement 
was accompanied by reduction in macular thickness and resolu-
tion of angiographic leakage in all study eyes. In a separate study, 
visual acuity improvement was maintained at 2 years after PDT 
and 3 monthly ranibizumab injections in eyes with RAP of all 
stages.66 In a study with 3 years of follow-up, Rouvas and col-
leagues67 compared the treatment effect of ranibizumab alone 
with PDT and ranibizumab with PDT and intravitreal triamcino-
lone (IVTA) in eyes with RAP of all stages. Surprisingly, visual 
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acuity improvement was only seen in the group treated with PDT 
and IVTA, although the group treated with PDT and ranibizumab 
had the best anatomical outcome. However, more patients who 
received IVTA underwent cataract surgery, which may have been 
an important confounding factor.

coMbinAtion thErApy in pcV
For extrafoveal PCV, focal laser with or without anti-VEGF 

remains a viable treatment option. Combining anti-VEGF with 
focal laser can further resolve subfoveal exudation more rapidly, 
leading to more rapid visual improvement. Combination therapy 
including PDT and anti-VEGF therapy has also been reported 
to achieve significantly better visual outcomes than PDT alone 
and reduce the rate of PDT-related hemorrhages.68‒72 Further-
more, combination therapy has been shown to achieve high rates 
of polyp closure,2,46 which has traditionally been considered an 
important endpoint for the treatment of PCV, as achieving this 
angiographic endpoint may significantly reduce the need for con-
tinued anti-VEGF treatments. 

In the EVEREST I study, the combination therapy arm 
achieved a significantly higher polyp closure rate compared with 
ranibizumab monotherapy (77.8% vs 28.6%; P < 0.01). Although 
the study was not powered to evaluate differences in vision 
change, patients in the combination arm also achieved the highest 
BCVA gain numerically (10.9 letters) compared with patients in 
the ranibizumab monotherapy arm (9.2 letters) or the PDT mono-
therapy arm (7.5 letters) at month 6. In the EVEREST II study, 
the combination arm achieved superior BCVA gain (8.3 vs 5.1 
letters; P = 0.013), along with superior anatomical outcome, in-
cluding higher polyp closure rate (69.3% vs 34.7%; P < 0.01) 
and higher proportion with absence of disease activity (79.5% vs 
50.0%) at month 12 compared with ranibizumab monotherapy. 
The combination arm also required fewer injections (mean 5.2 
vs 7.3 injections over 12 months), with 50.6% of patients in the 
combination arm requiring only 3‒4 injections over 12 months, 
which was significantly lower than that in the monotherapy arm 
(26.2%). However, currently there are no clear criteria to iden-
tify this subgroup at baseline. These results suggest that although 
ranibizumab monotherapy is safe and achieves moderate BCVA 
gains in PCV, combination therapy is superior in terms of BCVA 
gain and polyp closure and can also reduce the number of ranibi-
zumab injections required in the first year of treatment.58

In addition to combination therapy performed at baseline, 
deferred combination has been evaluated in the Fujisan study.73 
Patients randomized to the deferred PDT arm were evaluated af-
ter 3 monthly intravitreal ranibizumab injections, and deferred 
combination treatment was performed in those who met the re-
treatment criteria. At 1 year, similar BCVA and polyp closure 
outcomes were reported in the 2 arms. With this approach, more 
than half of the patients in the deferred arm (17 out of 31 patients) 
avoided PDT, although more injections (3.8 vs 1.5 in addition to 
3 loading doses) were required.

The PLANET study evaluated deferred rescue PDT combi-
nation therapy. After 3 initial monthly aflibercept injections, all 
patients were treated with fixed 8 weekly aflibercept to month 
12. In addition, patients were evaluated for rescue criteria, which 
included 1) BCVA less than or equal to 73 ETDRS letters; 2) pres-
ence of new or persistent fluid on optical coherence tomography; 
3) evidence of active polyps on ICGA; and either 4) BCVA loss, 

no change, or insufficient gain (<5 letters gain); or 5) BCVA gain 
more than 5 letters but less than 10 letters and investigator deter-
mines that PDT would be of benefit. The study found that a large 
majority of patients did not meet the rescue criteria after 3 initial 
monthly aflibercept injections (87.9% and 85.7% in the aflibercept 
monotherapy arm and combination arm, respectively; P = 0.84) 
and only less than 15% of patients randomized to the rescue PDT 
arm received active rescue PDT. Both treatment arms achieved 
similar BCVA gain (10.7 vs 10.9 letters) and polyp regression 
rates (38.9% vs 44.8%, respectively; P = 0.32). Over 80% of pa-
tients had no signs of polyp activity at week 52. Patients who met 
the rescue criteria had worse visual outcome regardless of rescue 
PDT (+4.2 in the rescue PDT arm vs +1.9 letters in the sham PDT 
arm; P = 0.89). Polyp closure rate in patients who received active 
rescue PDT (44.4%) was similar to that in patients who did not 
meet rescue criteria (43.2‒44.8%). The PLANET study thus con-
cluded that no significant additional benefit was demonstrated in 
patients receiving fixed dosing aflibercept at week 52 by adding 
rescue PDT.59 

sAFEty oF Anti-VEGF thErApy
Despite the favorable initial results with anti-VEGF up to 

2 years, studies with longer follow-up have highlighted that the 
long-term visual outcome may be less favorable. The SEVEN UP 
study followed up a subgroup of patients enrolled in ANCHOR, 
MARINA, and HORIZON trials and found that the mean BVCA 
decreased to −8.6 letters worse than baseline after 7 years.74 Most 
patients did not attain durable treatment-free cessation of exu-
dative AMD 7‒8 years after intensive anti-VEGF therapy for 2 
years, suggesting that treatment may need to be continued for 
many years. Similarly, in the 5-year follow-up of the CATT study, 
most of the visual gain at 2 years was lost (mean change in VA 
was −3 letters from baseline and −11 letters from 2 years).75 The 
mean number of treatments after the clinical trial ended was 15.4. 
In a separate report using the Fight Retinal Blindness database, 
after a mean follow-up time of 53.5 months, better long-term out-
comes were reported, which the authors postulated to be the result 
of more injections given in years 3‒5.76

Development of macular atrophy (MA) has been noted in 
a significant proportion of patients after anti-VEGF therapy. In 
the SEVEN UP study, 98% of subjects showed RPE atrophy. In 
follow-up reports of the CATT and IVAN studies, development 
of MA was associated with poorer visual outcome.21,77 There are 
few studies in Asian subjects that report long-term functional or 
anatomical outcome beyond 2 years. Kuroda et al78 reported the 
incidence of RPE atrophy progression in Japanese patients treated 
with ranibizumab of 3.8% at 12 months, increasing to 5.4% after 
26.7 months. These figures seem to be lower than those reported 
in the white population. The authors further reported the inci-
dence of RPE atrophy was lower in PCV than in typical AMD, 
and the rate of progression was also slower in PCV. 

Eyes with RAP are thought to have a high risk of develop-
ment of MA. McBain and colleagues79 reported an incidence of 
de novo development of MA of 86% after anti-VEGF treatment 
in eyes with RAP. High incidence of development of MA has 
also been reported in Asian populations. Inoue and colleagues80 
reported that after 3 years of treatment with ranibizumab, 11 of 
17 eyes with RAP developed macular atrophy. In Korean patients 
with RAP followed up for 2 years, MA had developed in 37.2% 
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(16/43 eyes).81 Subfoveal choroidal thinning at baseline, the pres-
ence of reticular pseudodrusen, and the presence of GA in the 
fellow eye at baseline were associated with increased risk of GA 
development after treatment. Although these data suggest there 
may be ethnic differences in the progression of RPE atrophy after 
treatment, further studies are needed to confirm long-term mor-
phological outcome in Asians. Furthermore, as atrophy is a well-
recognized part of the natural history of RAP, it is not known 
whether anti-VEGF therapy has a causal effect.

Retinal pigment epithelium tear is a complication of neovas-
cular AMD and PCV and may adversely affect visual outcome. 
The risk of RPE tear associated with large PED (such as in PCV 
and RAP) is well recognized and may represent the natural his-
tory of PED. Therefore, it remains unclear whether anti-VEGF 
therapy increases the risk of RPE tear in eyes with PCV or RAP.

The systemic safety profile of intravitreal anti-VEGF ther-
apy continues to be a potential area of concern, although the 
landmark trials in ranibizumab and aflibercept delivered as in-
travitreal injection did not show a significant increase in stroke 
risk or antiplatelet trialist collaboration events.11,13,82,83 In patients 
who receive intravenous bevacizumab as part of cancer treatment, 
an increased risk of arterial and venous thromboembolism and 
hypertension has been reported. In the CATT study, the bevaci-
zumab group had a higher risk of serious systemic adverse events 
than the ranibizumab group. In the IVAN study, mortality was 
higher in groups treated with discontinuous ranibizumab or beva-
cizumab compared with groups treated continuously.10,21,84 Despite 
the small volume delivered intravitreally, differences in systemic 
exposure and reduction in plasma free VEGF have been noted, 
with the reduction in free VEGF levels greatest with aflibercept 
and least with ranibizumab.85,86 Associations between anti-VEGF 
exposure and risks of stroke and mortality have been inconsis-
tently reported.87‒90 Furthermore, it remains unclear whether 
patients with a history of stroke and heart attack are at higher 
risk when exposed to anti-VEGF therapy. A pooled analysis of 
5 randomized controlled trials using ranibizumab seems to sug-
gest that patients with a history of stroke may be at higher risk of 
developing stroke after anti-VEGF therapy. Therefore, it remains 
unclear whether anti-VEGF treatment should be modified for 
patients with a high risk of cardiovascular disease. A long-term 
postmarketing surveillance program is in place for ranibizumab 
and is likely to start soon for aflibercept. The need for heightened 
surveillance for systemic adverse events in patients treated with 
intraocular anti-VEGF cannot be over-emphasized. 

suMMAry AnD FuturE rEsEArch
The most important goal of treatment of neovascular AMD, 

including RAP and PCV subtypes, should be achieving the best 
possible visual outcome while minimizing the treatment burden. 
In neovascular AMD, anti-VEGF monotherapy is clearly the first 
line of therapy. Although monthly injection has been shown to 
produce the best visual outcome, intensive retreatment may not 
be sustainable in the long term. Other strategies to minimize 
treatment while maintaining visual gain include the use of the 
treat-and-extend strategy. Since its first description, its efficacy 
and safety has been demonstrated in large clinical trials91,92 and 
may represent a viable option in the Asia-Pacific region where 
frequent retreatment remains a major barrier. 

For PCV, current evidence suggests that anti-VEGF  

monotherapy and combination therapy give excellent functional 
visual outcomes at 1 year and are acceptable initial treatment op-
tions. Advantages of anti-VEGF monotherapy include the inde-
pendence from access to ICGA and PDT. In addition to the fixed 
dosing and PRN with monthly monitoring regimens evaluated 
in PLANET and EVEREST II, respectively, the role of a treat-
and-extend regimen in PCV should also be further evaluated.93 
In contrast, initial combination therapy has the advantage of re-
ducing the need for retreatment with ranibizumab up to 1 year 
based on results from EVEREST II. However, rescue PDT may 
have additional benefit if aflibercept is used as monotherapy. Al-
though focal laser therapy has largely been superseded by newer 
therapeutic options, this remains a useful therapeutic option for 
extrafoveal polyps. Combination with anti-VEGF therapy has 
been described to be effective in eyes with extrafoveal PCV in 
which exudation or hemorrhage extends to the fovea.94 Combina-
tion with anti-VEGF and/or selective PDT has been described to 
be effective in recurrent PCV.95

Despite the advances in various management approaches 
in neovascular AMD and PCV, there remain significant gaps in 
our knowledge of this disease. The pathogenesis of AMD, in par-
ticular the PCV subtype, remains to be explored. Improvement 
in understanding of VEGF independent pathways may lead to 
the development of novel therapeutic targets. The role of VEGF 
in nonneovascular forms of AMD, in particular in the mainte-
nance of the choriocapillaris and implications in development of 
macular atrophy, is another area where further understanding is 
needed. A key gap in our understanding of optimal management 
for PCV is the importance of polyp closure. Despite the higher 
polyp closure rate of combination therapy, there is limited current 
evidence showing that this is directly related to visual outcome. 
Studies with extended follow-up are needed to evaluate whether 
higher polyp closure rates eventually may translate into better vi-
sual outcome or lower recurrences. Both the EVEREST II and the 
Fujisan studies demonstrated heterogeneity in response to initial 
therapy within the first 3 months. However, descriptions of pre-
dictive biomarkers such as choroidal thickness and choroidal vas-
cular hyperpermeability have been limited to small clinical case 
series.96,97 Future clinical trials will be needed to address each of 
these knowledge gaps.
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