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Asian Age-Related Macular Degeneration: Current Concepts
and Gaps in Knowledge

Laurence Shen Lim,*Þ Chui Ming Gemmy Cheung,*Þ and Tien Yin Wong*Þ

Abstract: Data on the epidemiology and treatment of age-related mac-
ular degeneration (AMD) in Asian populations have been scarce. Re-
cently, significant advances in the current knowledge of AMD in Asia
have been made, but deficiencies in important areas remain. Epidemi-
ological data on AMD in those 80 years or older are lacking.

There are also few incidence data on AMD or polypoidal choroidal
vasculopathy (PCV), an important variant of AMD that seems to be more
common in Asia. The risk factors for PCV have not been clearly defined
to the extent that those for AMD have. No trials of nutritional supple-
mentation for AMD prevention in Asia exist, and there is also a lack
of long-term clinical trial data on combination therapy for PCV and
indeed very few trial data on PCV. These represent opportunities for
future research. With aging populations in Asia, increased data on the
prevalence, risk factors, prevention, and treatment of AMD and PCV
in Asian populations will be needed to formulate evidence-based public
health and clinical guidelines.

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

(Asia-Pac J Ophthalmol 2013;2: 32Y41)

Age-related macular degeneration (AMD) is a progressive
chronic disease of the central retina and is the leading cause

of vision loss in elderly people in the developed world.1 A de-
cade ago, AMD was largely untreatable. However, a new class
of pharmaceuticals based on suppression of vascular endothe-
lial growth factor (VEGF) or anti-VEGF agents was recently
introduced for the treatment of classic choroidal neovasculariza-
tion (CNV).2Y4 In 2006, landmark clinical trial results showed
that monthly intravitreal injections of ranibizumab (Lucentis;
Genentech/Novartis, South San Francisco, CA) prevented vi-
sion loss in nearly 95% of patients and significantly improved
vision in 40%. Another agent, bevacizumab (Avastin; Genen-
tech), is widely used globally as an ‘‘off-label’’ therapy for
neovascular AMD. Intravitreal bevacizumab is popular prin-
cipally because its efficacy was perceived to be similar to
ranibizumab but is available at a fraction of the cost of rani-
bizumab. In 2011, a head-to-head trial, the Comparison of
Age-Related Macular Degeneration Treatments Trial
(CATT), demonstrated that bevacizumab and ranibizumab
have equivalent efficacy over a 1-year period. Although these
new treatments are regarded as breakthroughs in AMD man-
agement, the long-term visual outcome and systemic safety of
intravitreal anti-VEGF drugs remain unclear.

Until fairly recently, most of the data on AMD epidemi-
ology and treatment originated from white populations. New
population-based data on the prevalence, risk factors, and treat-
ment responses of AMD in Asian populations have, however,
been steadily emerging. There are several key findings. First,
there is now good evidence that AMD is as common in Asian
populations as in the Western world. Second, risk factors
for Asian AMD appear to be similar to AMD in whites. Third,
it is now clear that polypoidal choroidal vasculopathy (PCV),
generally believed to be a variant of AMD, accounts for a
much larger proportion of AMD in Asian countries than in the
West.5,6 Polypoidal choroidal vasculopathy differs from AMD
in clinical and angiographic features and also in the response
to current treatments.

This review summarizes the current knowledge on the ep-
idemiology, risk factors, prevention, and treatment of AMD in
Asian patients and highlights continuing areas of controversy.

EPIDEMIOLOGY AND RISK FACTORS

Prevalence and Incidence
There have been many epidemiological studies on AMD

over the past 30 years. In a large meta-analysis of several
population-based studies in the United States, Australia, and
Europe, the prevalence of early AMD was estimated to be
6.83%, and late AMD (neovascular AMD and/or geographic
atrophy), 1.47% among persons 40 years and older.7 Other
studies, including studies in countries outside the United
States and Europe, have reported somewhat similar results in
white populations.

The last few years have seen increasing population-based
data on AMD in other racial/ethnic groups (Table 1). An Asian
meta-analysis using data from studies conducted on Japanese,
Korean, Chinese, Malay, and Indian populations showed that
the prevalence of AMD in Asian populations was largely similar
to that in white populations.8 In total, 9 studies were included
in the meta-analysis. An important aspect of these studies was
that they all used standardized AMD assessment methods, en-
suring comparability of results. Age-related macular degenera-
tion was graded from fundus photographs according to either the
Wisconsin age-related maculopathy grading system or the inter-
national classification proposed by the International ARM Epi-
demiological Study Group. The pooled prevalence estimates of
early and late AMD inAsian populations aged 40 to 79 years were
6.8% [95% confidence interval (CI), 4.6%Y8.9%] and 0.56%
(95% CI, 0.30%Y0.81%), respectively. The corresponding prev-
alence estimates in white populations were 8.8% (95% CI,
3.8%Y13.8%) and 0.59% (95% CI, 0.35%Y0.84%), respectively.
When stratified by age group, the prevalence estimates of early
AMD were lower in Asians for persons aged 60 to 79 years but
not in other age groups. Prevalence estimates were, however,
comparable for late AMD across all age groups. Some sex
effects were also seen, with Asian men having higher late AMD
prevalence compared with white men and Asian women having
lower prevalence of late AMD compared with white women.
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An important deficiency identified by this meta-analysis was
the lack of reliable data on subjects 80 years or older. Given the
increasing longevity of most Asian populations and the clear
role that age plays in AMD pathogenesis, further study on this
population is needed.

There are fewer studies on the incidence of AMD, with
most reports from the Western world.9,10 The Hisayama study
reported an age-standardized 9-year cumulative incidence of
early AMD of 10.0%, with late AMD in 1.4%.11

More importantly has been the emerging evidence that, in
Asian populations, there is a polypoidal dilatation of the inner
choroidal vasculature, termed PCV, which has been reported to
account for a larger proportion of neovascular AMD in Asians. In
most series published from the Western literature, PCV is esti-
mated to only make up 8% to 13% of neovascular AMD.5,12Y19

The frequency of PCV lesions among patients with exudative
AMD in the Shihpai Eye Study was 11%.20 Estimates from
Korean19,21 and Japanese15,22 populations have been even higher,
ranging from 22% to 50%. The importance of PCV is that the
diagnosis may be missed unless specifically looked for and that
it behaves differently from AMD in terms of natural history and
response to treatment (see below; Table 2).

Risk Factors
Age is the strongest risk factor for AMD, a universal

finding in all studies of AMD.7,23Y29 The prevalence of AMD
increases with age, with more than 10% of people older than
80 years having late AMD.7,30Y35 However, as mentioned pre-
viously, reliable prevalence estimates of AMD in persons aged
80 years or older are lacking in Asian populations. Female sex
has been variously identified either as a risk factor for AMD in
people older than 75 years7 or as being unrelated to AMD.36

Ocular risk factors that have been identified include iris
color,37,38 cataract surgery,38Y42 and hyperopic refraction.43Y47

A meta-analysis suggested that darker iris pigmentation is pro-
tective against AMD, but the results were not statistically
significant overall.48 The same study also analyzed the associa-
tion with cataract surgery. Estimates from 3 prospective cohort
studies found that previous cataract surgery was a strong risk
factor for AMD (relative risk, 3.05), and this was supported by
the data from 5 cross-sectional studies [odds ratio (OR), 1.59].
These 2 risk factors are likely to be linked to AMD because
they affect the amount of incident light on the retina.

In addition, a hyperopic refraction has been associated with a
higher prevalence of AMD in several studies.43Y47 The postulated
mechanism behind this association has been that shorter hyper-
opic eyes have higher scleral rigidity, which impairs the choroidal
circulation. In the Singapore Malay Eye Study (SiMES),46 each
diopter increase in hyperopic refraction and each millimeter de-
crease in axial length was associated with an 8% and 29% in-
creased risk of early AMD, respectively, although no association
was noted with late AMD.

Systemic risk factors that have been related to AMD in-
clude cigarette smoking,49Y51 obesity,49,52,53 sunlight expo-
sure,25,33,54Y59 and cardiovascular diseases. Of these, smoking, in
particular, has been identified as a strong and consistent risk factor
for AMD in numerous case-control, population-based, and pro-
spective studies,50,56,60Y66 including meta-analysis of these stud-
ies.48 In the SiMES,67 current smokers were more likely to have
late AMD with an OR of 3.79, comparable with that seen in the
Blue Mountains Eye Study (OR, 4.75). Smoking has also been
linked to PCV in a few studies.5,68

Cardiovascular risk factors, such as hypertension, have
also been linked with risk of AMD, although not alwaysTA
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consistently.27,48 In addition, persons with AMD are at in-
creased risk for cardiovascular disease. A prospective study
of 1.4 million elderly persons found that AMD increased the
risk of myocardial infarction by almost 20%,69 with larger
risks reported from other cohorts.70Y72 Patients with AMD are
also at increased risk for developing stroke beyond expected risks
in patients of similar age and vascular risk factors.71,73Y75 In one
study, persons with early AMD signs had double the risk of
incident stroke over 10 years.71 A recent cohort study from
Taiwan76 compared the rates of incident strokes over 5 years
between patients with AMD and age-matched controls. Patients
with AMD were twice as likely to have a stroke, particularly if
they were 65 years or older. These data suggest that AMD
itself may be a marker of higher cardiovascular and cerebro-
vascular risk.

Socioeconomic factors have also been linked to the risk of
AMD. In the SiMES, low educational level was associated with
a higher prevalence of early AMD signs, independent of age,
cardiovascular risk factors, and cigarette smoking.67

Studies on the risk factors for PCV in Asian populations
have been relatively limited. Kikuchi et al68 reported on the risk
factors for PCV in a cohort of 97 Japanese patients and with
PCV and found that patients with PCV were significantly more
likely to be smokers and had a higher prevalence of hyperten-
sion, diabetes mellitus, and stroke compared with controls. There
is currently very limited knowledge to study whether risk factors
for AMD and PCVare different (Table 2).

There is strong evidence of genetic influences on AMD
development. Several candidate loci have been identified, in-
cluding APOE, ABCA4, FBLN6, EFEMP1, complement factor
H (CFH) on 1q32, and LOC387715 and HTRA1 on the 10q26
gene cluster. Single-nucleotide polymorphisms in CFH (Y402H),
LOC387715, and a promoter variant in HTRA1 have been as-
sociated with AMD in large case-control cohorts.50,67,77Y100 Re-
cently, the largest meta-analysis of genomewide association
studies to date for advanced AMD identified 2 novel variants
near the VEGF-A and FRK/COL10A1 genes, implicating both
angiogenesis and extracellular collagen matrix pathways in the
development of advanced AMD.101 Recent work has found that
the COL1A2 confers increased risk of AMD but not PCV in
a Chinese population.102

Although some of these associations have been repli-
cated across multiple ethnic groups, new studies have sug-
gested that the genetic variants identified in white populations
may not apply to Asians. Variants in LOC387715 (A69S/
rs10490924) and HTRA1 (rs11200638) are more associated
with AMD in Asian populations than other variants found in
whites.79Y81,86,90,103 In addition, associations with other var-
iants in the CFH gene including rs1410996 have been found
in Japanese and Chinese populations.104

Because genetic determinants are likely responsible for
only between 25% and 50% of AMD cases, recent studies have
also concentrated on identifying how genetic factors interact
with established (modifiable) environmental risk factors, such
as cigarette smoking. For example, the effect of modifiable
risk factors such as body mass index and smoking on the CFH
variant Y402H has been demonstrated. In a cohort of 375
patients with PCV and 847 controls, Nakanishi et al105 dem-
onstrated that the presence of CFH Y402H and smoking had
a more than additive effect on increasing the risk of PCV.

The differences in the genes influencing AMD and PCV
may underlie the differences in AMD and PCV prevalence in
Asian populations. The role of the established AMD genes in
PCV has been evaluated in several studies. In a recent meta-
analysis, LOC387715 rs10490924, HTRA1 rs11200638, CFH
rs1061170, CFH rs800292, and C2 rs547154 were all associ-
ated with PCV.106 Genes that have not been consistently shown
to be associated with PCV include pigment epithelial growth
factor,5 elastin,107 and apolipoprotein E.108,109 Recently, the
rs833069 polymorphism in VEGF-A was shown to be signif-
icantly associated with PCV in a Korean population.110 How-
ever, Nakashizuka et al111 have demonstrated a lack of VEGF
positivity in the vascular endothelial cells of PCV, and it has
also been shown that VEGF levels in the aqueous of patients
with PCV are lower than those with CNV.112

CLINICAL FEATURES, CLASSIFICATION,
AND NATURAL HISTORY

A number of classification schemes for AMD have been
developed.113 A simple 4-stage classification of AMD from the
Age-Related Eye Disease Study (AREDS) was used in a large
US randomized trial enrolling mainly white patients114:
& No AMD (AREDS category 1): none or a few small drusen
(G63 Hm in diameter).

& Early AMD (AREDS category 2): any or all of the following:
multiple small drusen, few intermediate drusen (63Y124 Hm in
diameter), or retinal pigment epithelium abnormalities.

& Intermediate AMD (AREDS category 3): any or all of the
following: extensive intermediate drusen and at least 1 large
druse (Q125Hm in diameter, roughly equivalent to size of retinal
vein at the rim of the optic disc), or GA not involving the fovea.

& Advanced AMD (AREDS category 4): GA involving the fovea
and/or any of the features of neovascular AMD and visual loss
presumed to be due toAMD in the absence of signs of advanced
AMD. Although not part of this classification, late advanced
AMD may also include the involutional, atrophic stage of
neovascular AMD that is not amenable to further treatment.

In the AREDS study, the risk of developing advanced AMD
in at least 1 eye in participants assigned to placebo 5 years after

TABLE 2. Comparison of Characteristics of PCV and Neovascular AMD

PCV AMD

Clinical features Recurrent, occasionally massive subretinal hemorrhage;
orange subretinal nodules; drusen less common

Recurrent subretinal hemorrhages and exudation;
multiple drusen

Demographics Asian and pigmented races; younger Pigmented and nonpigmented races
Risk factors Smoking, hypertension, stroke, diabetes Age, smoking, white races, obesity, genetic factors
Natural history Recurrent episodes with less scarring Progressive scarring
OCT features SubYBruch membrane hyperreflective lesion Subretinal pigment epithelium hyperreflective lesion
Treatment Photodynamic therapy with anti-VEGF injections Anti-VEGF injections

OCT, optical coherence tomography.
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the start of the study was 1.3%, 18.3%, and 43.9% in catego-
ries 2, 3, and 4, respectively.114 These risks were confirmed in
longitudinal population-based data.36,115

The clinical features of AMD in Asian populations tend
to differ from those in white populations in several aspects.
These include a lower frequency of bilaterality, male prepon-
derance, relative lack of drusen in the affected and fellow eyes,
and the presence of macular polyps, serosanguinous maculo-
pathy, submacular hemorrhages, and hemorrhagic pigment epi-
thelial detachments.15,22,116Y118 These difference have largely been
attributed to the lack of distinction between CNVand PCV in these
studies. Because of the higher frequency of PCV seen in Asian
populations, most of these clinical differences probably reflect
differences in behavior between PCV and AMD.

Kawasaki et al8 has reported that, although early AMD
signs are less common in Asians compared with whites, late
AMD prevalence is comparable between the 2 populations. This
may reflect the culturally and socioeconomically rooted ten-
dency for Asian patients to present at a later stage of the disease.

Certain clinical and fluorescein angiography features, such
as large submacular hemorrhage, orange subretinal nodules,
and occult type of leakage, are suggestive of PCV (Table 2).
However, confirmation of the diagnosis requires demonstration
of at least the presence of subretinal nodular hyperfluorescence
(polyps) in fundus indocyanine green angiography (ICGA).
However, controversy around PCV definition remains, with no
concensus regarding issues such as exact timing of various
angiographic features, minimum size of polyps, and signifi-
cance of an associated branching vascular network. Yuzawa
et al171 described in detail the features of PCV on ICGA. In
addition, the Efficacy and Safety of Verteporfin Photodynamic
Therapy in Combination with Ranibizumab or Alone Versus
Ranibizumab Monotherapy in Patients with Symptomatic Mac-
ular Polypoidal Choroidal Vasculopathy (EVEREST) trial of
combination therapy for PCV119 further set out another set of
diagnostic criteria using the Heidelberg Retinal Angiogram sys-
tem. In addition, currently, ICGA can be performed on 2 systems,
namely, the flash system or the confocal system. Although it is
commonly agreed that the contrast on the HRA system is su-
perior, there has been only 1 study directly comparing these
2 systems. Gomi et al120 reported that PCV lesions were con-
firmed with both methods, although there was a difference
between maximum lesion size, which may impact on the spot
size of photodynamic therapy with verteporfin (PDT).

The course of PCV has also been suggested to be different
from CNV. Polypoidal choroidal vasculopathy may be associ-
ated with multiple recurrent episodes with minimal scarring,
whereas CNV demonstrates progressive disease with scar for-
mation.5,121 In a small Japanese series of 14 eyes of 12 patients,
Uyama et al122 reported that 50% of patients had favorable vi-
sual outcomes without treatment over a mean of 40 months of
follow-up. Eyes with poorer outcomes had a cluster of grapes-
like polypoidal dilatations of the vessel that exhibited repeated
bleeding and leakage. Bessho et al116 reported on the natural
history of PCV in 42 eyes of 41 Japanese patients over 1 year.
The mean (SD) visual acuity was 0.48 (4.0) logMAR units at
baseline and deteriorated significantly to 0.75 (5.7) logMAR
units after 12 months. Patients with a ‘‘clustered’’ appearance
of polypoidal lesions on angiography tended to have a poorer
prognosis, with visual acuity maintained over 12 months in
eyes without ‘‘clustered’’ lesions.

PREVENTION
Data on nutritional supplementation for AMD prevention

have focused on 4 types of supplements: AREDS formulations,

carotenoids (lutein and zeaxanthin), U-3 fatty acids, and berry
extracts. There are sparse data from Asian populations. In a
Chinese cohort of 263 subjects including 82 cases with exuda-
tive AMD, 92 cases with early AMD, and 89 control indivi-
duals, Zhou et al123 demonstrated that higher levels of serum
carotenoids, in particular zeaxanthin and lycopene, were asso-
ciated with a lower risk of exudative AMD. Interestingly, the
serum levels of carotenoids assayed were higher than those
reported in other ethnicities. This was attributed to the high
carotenoid content of a traditional Chinese diet.124 A similar
study125 in 722 older adult Japanese subjects consuming a tra-
ditional Japanese diet assayed serum levels of antioxidants. >-
tocopherol and A-cryptoxanthin were individually related to late
AMD, whereas the carotene and carotenoid families as a whole
were protectively associated with late AMD. No associations
were found with early AMD.

TREATMENT

Laser Photocoagulation
In the 1980s, the Macular Photocoagulation Study group

reported favorable outcomes for thermal laser photocoagulation
in a small proportion (approximately 20%) of eyes with well-
delineated classic small extrafoveal and juxtafoveal CNV le-
sions but less favorable outcomes in patients with subfoveal
CNV lesions.126,127 Direct thermal laser treatment has in gen-
eral fallen out of favor, except in cases of discrete extrafoveal
lesions distant from the macula. Focal laser treatment is also
effective in PCV cases with clearly defined extrafoveal polyps.5

Indocyanine greenYguided focal laser has also been described for
PCV.128 Focal laser treatment is also effective in PCV cases with
clearly defined extrafoveal polyps.

Photodynamic Therapy
Photodynamic therapy with verteporfin was introduced in

the late 90s. Successful clinical trials with PDT served to ex-
pand the therapeutic options for patients with subfoveal CNV
lesions less than 5400 Hm in diameter and increased the pro-
portion of patients for whom some type of treatment was avail-
able to some 30% of all incident CNV.129Y131 In the Treatment of
AMD with PDT study, over 2 years, 53% of subjects with pre-
dominantly classic CNV treated with PDT lost fewer than 3 lines
of vision, compared with 38% in those given placebo. However,
although the placebo group lost an average of 20 letters of visual
acuity, the mean change in vision was still a 13-letter loss in the
PDT group. In the other subgroups of CNV, treatment benefits
were generally smaller and also limited to those with smaller
lesions, poorer vision, and demonstrable progression of the
lesions. In Asian populations, the response of non-PCVAMD
to PDT has been similarly modest. Over 30 months, Honda
et al132 reported that patients with typical AMD treated with
PDT had poorer-than-baseline visual acuity in a multicenter
prospective study of 123 eyes.

Based on interventional cases series, PDT has been
shown to be effective for PCV, achieving avoidance of mod-
erate visual loss in more than 80% and 3-line improvement of
25% to 55%.32Y44 In particular, the response of PCV to PDT
appears to be significantly better than CNV. Most of these
studies, however, only reported a follow-up period of 1 year,
with a few exceptions of up to 3 years. Akaza et al133

reported on the 3-year follow-up results of PDT in 43 Japanese
patients. In more than half, enlargement of the abnormal vas-
cular network occurred, whereas in 18%, transformation to CNV
occurred. Polypoidal lesions recurred in 77% after 3 years. Vi-
sion loss occurred in all eyes after 3 years. In 22 patients,
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Lee et al134 reported that although 95% showed regression of
polypoidal clusters, 63% had recurrent CNV over 2 years. This
contrasts with data from white populations, which report better
outcomes. In 42 eyes in 38 Portuguese patients followed up for
3 years, 74% had no visual loss. Although recurrences were
common (59%), they responded well to re-treatment with no
further visual loss. In a retrospective review of 16 consecutive
patients with subfoveal PCV treated with PDT, Spaide et al135

reported a mean gain of 2.38 lines of visual acuity over
12 months. Chhablani136 has highlighted some difficulties
with the use of PDT in PCV. These include the difficulty
of treating the frequently large abnormal vascular network
with a single beam and of treating peripapillary lesions with
a circular spot and the need for multiple treatments because
of frequent recurrences. Despite the apparent efficacy of PDT
in PCV as initial therapy, recurrence rates have been reported
as high as 64%, even in cases where polyp regression has
been established angiographically after initial PDT treatment.
Multiple recurrences are likely to ultimately limit the visual
outcome because of cumulative structural damage to the retinal
tissues. The efficacy of repeated PDT has not been systematically
studied. Furthermore, there are concerns regarding high cost,
potential for cumulative choroidal vascular damage, and scarring.

The EVEREST trial is the first randomized controlled trial
investigating whether verteporfin therapy, either as monotherapy
or in combination with intravitreal ranibizumab, is more effica-
cious than ranibizumab monotherapy.46 The results from 61 re-
cruited patients reported polyp closure rates of 78.8%, 70.6%,
and 28.7% in the combination therapy group, PDT monother-
apy group, and ranibizumab monotherapy group, respectively.

Reduced fluence PDT had been described for PCV.
Yamashita et al reported that reduced fluence PDTwas effective
over 1 year of follow-up and could even improve vision in eyes
with good baseline vision.137

Anti-VEGF Therapy
The recognition of the key role that VEGF plays in CNV

pathogenesis was the first step in the development of the VEGF
inhibitors, a class of drugs that has since become firmly estab-
lished as the standard of care. Seminal clinical trials have es-
tablished ranibizumab as the treatment of choice for AMD.
The Anti-VEGF Antibody for the Treatment of Predomi-
nantly CNV in AMD (ANCHOR)3 trial of ranibizumab for
predominantly classic CNV and the Minimally Classic/Occult
trial of the Anti-VEGFAntibody ranibizumab in the Treatment
of Neovascular AMD (MARINA)2 trial of ranibizumab for
minimally classic or purely occult CNV both showed stabili-
zation of vision in most of the patients. In the ANCHOR trial, a
mean gain of approximately 2 lines of vision was achieved,
whereas in MARINA, a mean gain of slightly more than 1 line
was achieved. Bevacizumab is a full-length antibody that binds
all isoforms of VEGF. It is commonly used around the world as
an ‘‘off-label’’ treatment for CNV in AMD and, in some parts of
the world, is given more often than ranibizumab.138 Recently,
the CATT139,140 trial has, for the first time, demonstrated in a
randomized controlled trial that bevacizumab and ranibizumab
have somewhat equivalent efficacy, with few differences in visual
outcomes using either a monthly injection schedule or treatment
on an as-needed basis.

TABLE 3. Studies on Combination Therapy for PCV

Sample Size Follow-Up, mo Intervention Visual Outcome

EVEREST119 61 6 PDTwith ranibizumab
vs PDT alone vs
ranibizumab alone

Mean vision gain was 10.9 letters
with combination therapy, 7.5 letters
with PDT alone, and 9.2 with
ranibizumab alone

Sagong et al159 16 12 Reduced fluence PDT +
bevacizumab

Mean LogMAR acuity improved
from 0.76 to 0.46

Q3 line improvement in 56.3%, stable
in 37.5%, decreased in 6.3%

Tomita et al162 63 12 PDT + ranibizumab Mean LogMAR acuity improved
from 0.47 to 0.29

Kim et al153 22 24 PDT + ranibizumab Mean LogMAR acuity changed
from 0.28 at baseline to 0.39
(not statistically significant)

Kim and Yu154 39 12 PDT (n = 19) vs PDTwith
bevacizumab (n = 20)

Mean visual improvement 3.0 lines
with combination therapy and 1.6 lines
with PDT alone

Q3 line improvement in 55.0% with
combination therapy and 36.8% with
monotherapy

Lee et al156 17 12 PDT + Ranibizumab Mean LogMAR acuity improved
from 0.43 to 0.11

Moon et al157 22 12 PDT + ranibizumab
or bevacizumab

Mean LogMAR acuity improved
from 0.43 to 0.28

Gomi et al152 146 12 PDT (n = 85) vs PDT +
bevacizumab (n = 61)

Visual acuity significantly better in
combined treatment group than
monotherapy group at 3, 6, 9, and 12 mo

Mean visual improvement 1.2 lines with
combination therapy and 0.4 lines with
PDT alone

Ruamviboonsuk et al170 12 12 PDT + ranibizumab Mean visual improvement 12.3 letters
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Studies on the use of anti-VEGF agents for AMD in Asian
populations have been relatively few but have generally dem-
onstrated similar results to white populations. Li et al141 re-
ported the results of a study in 185 Chinese patients randomly
assigned to receive intravitreal bevacizumab every 6 weeks for
the first 3 injections followed by injections every 6 weeks or
every 12 weeks. At 48 weeks, mean visual acuity gains were
12.58 letters in those receiving 6 weekly injections and 10.06
letters in those receiving 12 weekly injections. In the EXTEND-
I study conducted in Japan,142 mean visual gains at 12 months
were 9.5 to 10.5 letters (depending on dosage regimen), and
31.7% to 37.1% gained 15 or more letters. The recent VIEW
studies on the efficacy and safety of aflibercept in wet AMD
was conducted on 1217 participants from the United States and
Canada (VIEW 1) and 1240 participants from Europe, Asia,
Japan, and Latin America (VIEW 2). Specifically, 269 Asian
participants were included. There were no significant differ-
ences in the findings between VIEW 1 and VIEW2. However,
detailed subgroup analyses of the Asian participants are still
ongoing.

Anti-VEGF agents have also been evaluated for PCV, with
numerous small clinical series reported. In general, anti-VEGF
injections are effective in reducing the exudative consequences
of both primary and recurrent PCV. However, the effects are
short-lived, necessitating repeated injections, and the abnormal
vascular network tends to persist.143Y151

The current and most promising approach to the manage-
ment of PCV has been the use of combination therapy. Al-
though numerous small case series and noncomparative studies
have been reported,152Y162 data from clinical trials are scarce
(Table 3). The EVEREST study was a multicenter, double-
masked, primarily ICGA-guided trial comparing standard flu-
ence PDT, ranibizumab, or a combination thereof.119 Sixty-one
subjects were enrolled and followed up for 6 months. For the
primary end point of complete polyp regression, PDT alone
or in combination with ranibizumab was superior to ranibizu-
mab alone (polyp regression in 71.4%, 77.8%,and 28.6%, re-
spectively). The mean gain in visual acuity was 10.9 letters
with combination therapy, 7.5 letters with PDT alone, and 9.2
with ranibizumab alone. Based on these findings, combina-
tion therapy for active symptomatic juxtafoveal and subfoveal
polyps has been recommended when there is extensive leakage
from the branching vascular network or polyps or where there
is confirmed or possible admixture of CNV and PCV.

CONCLUSION AND GAPS IN KNOWLEDGE
Significant advances in the current knowledge of AMD in

Asia have been made in recent years, but deficiencies in im-
portant areas that merit further study remain. First, epidemio-
logical data on AMD in those 80 years or older are lacking.
Second, there are also few incidence data on AMD or PCV.
Third, the risk factors for PCV have also not been clearly de-
fined to the extent that those for AMD have. Fourth, no trials of
nutritional supplementation for AMD prevention in Asia exist.
Finally, there is also a lack of long-term clinical trial data on
combination therapy for PCV, and indeed, very few trial data on
PCV. For example, aflibercept (VEGF-Trap Eye), the newest
approved drug for the treatment of AMD, has not been specif-
ically investigated in Asian populations or in PCV.

These present opportunities for future research. It is clear
that, with aging populations in Asia, increased data on the
prevalence, risk factors, prevention, and treatment of AMD in
Asian populations will be needed to formulate evidence-based
public health and clinical guidelines.
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