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Current management strategy of polypoidal choroidal vasculopathy

Christine P S Ho1,3, Timothy Y Y Lai2,3

Polypoidal choroidal vasculopathy (PCV) is a retinal disorder commonly found in Asians presenting as 
neovascular age‑related macular degeneration and is characterized by serous macular detachment, serous 
or hemorrhagic pigment epithelial detachment, subretinal hemorrhage, and occasionally visible orange‑red 
subretinal nodular lesions. PCV is diagnosed using indocyanine green angiography (ICGA), and the lesions 
appear as polypoidal aneurysmal vascular lesions with or without abnormal branching vascular network. 
Although ICGA remains the gold standard for the diagnosis of PCV, various imaging modalities have also 
facilitated the diagnosis and monitoring of PCV. Recent advances in imaging technology including the use of 
high resolution spectral domain optical coherence tomography (OCT) and OCT angiography have provided 
new insights on the pathogenesis of PCV, suggesting a link between PCV and pachychoroid spectrum 
of macular disorders. With the evolving understanding on the pathogenesis and clinical characteristics 
of PCV, different therapeutic options have been proposed. These include intravitreal anti‑vascular 
endothelial growth factor (anti‑VEGF) monotherapy, combination therapy with anti‑VEGF and verteporfin 
photodynamic therapy, and thermal laser photocoagulation. In recent years, major multi‑center randomized 
clinical trials such as EVEREST, EVEREST II, and PLANET studies have been conducted to compare the 
efficacy and safety of various treatment options for PCV. This review aims to summarize the results of recent 
literature, clinical trials and studies to provide an update on the management options of PCV. An overall 
management strategy for PCV will also be proposed.
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Polypoidal choroidal vasculopathy (PCV) is a retinal 
disorder characterized by the presence of polypoidal 
aneurysmal vascular lesions with or without branching 
vascular network (BVN) in the choroidal vasculature, and is 
commonly associated with recurrent exudative maculopathy 
and serosanguineous pigment epithelial detachments (PED).[1] 
PCV has a higher prevalence in Asian populations presenting as 
typical neovascular age‑related macular degeneration (AMD) 
compared with Caucasian populations, and the age of 
presentation is generally younger than typical neovascular 
AMD.[2] Although PCV and neovascular AMD share many 
common clinical features, differences in imaging features, 
genetics, epidemiology, and treatment outcomes have been 
found between PCV and neovascular AMD patients.[3,4] Systemic 
risk factors common to both PCV and neovascular AMD in 
Asians include age, increased body mass index, smoking, and 
elevated high density lipoprotein cholesterol.[5‑7] Shorter axial 
length is a risk factor for PCV,[5] and asthma is a risk factor 
for neovascular AMD.[6] The main genetic risk factors for both 
PCV and neovascular AMD include polymorphisms in CFH 
and HTRA1 genes, and they might interactive other additional 
genetic and environmental factors such as smoking status.[8‑10]

Recently, there is an evolving understanding on the 
pathogenesis of PCV. PCV was originally described as an 
abnormality of the inner choroid,[11] but subsequent studies 
have shown that PCV is a variant of type 1 choroidal 
neovascularization (CNV) occurring within or above the Bruch’s 
membrane.[12] Additional evidence have demonstrated choroidal 
thickening and increased choroidal hyperpermeability in eyes 
with PCV, suggesting a link between PCV and pachychoroid 
disorders including central serous chorioretinopathy and 
pachychoroid pigment epitheliopathy.[13]

The natural history of untreated PCV has shown variable 
outcomes, with half of the patients having a stable clinical 
course, and the other half having a significant deterioration in 
vision.[14,15] Therefore, treatment of PCV is generally indicated in 
patients with symptomatic visual loss. Although anti‑vascular 
endothelial growth factor (anti‑VEGF) agents have been the 
mainstay of treatment in neovascular AMD, the optimal 
treatment guidelines of PCV have not been clearly established. 
In recent years, various major clinical trials have provided new 
evidence on different treatment modalities for PCV. This review 
aims to summarize the results of recent major clinical trials and 
studies to provide an update on the management options for PCV.
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Diagnosis of PCV
Differentiating PCV from other macular diseases is essential 
to ensure appropriate treatment for the patients. Several 
diagnostic criteria have been proposed for the diagnosis of 
PCV. Two commonly adopted diagnostic criteria are according 
to the Japanese Study Group of PCV and the EVEREST Study 
Group.[16‑18] The Japanese Study Group of PCV defined definite 
PCV as having elevated orange‑red subretinal polypoidal 
lesion on fundus examination, and/or polypoidal lesions on 
indocyanine green angiography (ICGA), and probable PCV is 
defined as only abnormal BVN seen on ICGA with or without 
recurrent hemorrhagic or serous PED, without features of 
definite PCV.[16] With the need to conduct the EVEREST 
study, the first multicenter randomized clinical trial on PCV, 
the EVEREST Study Group developed diagnostic criteria for 
PCV where it was diagnosed depending on early subretinal 
ICGA hyperfluorescence (appearing within the first 5 min 
of dye injection) with at least one of the following criteria: 
nodular appearance of polyps when viewed stereoscopically, 
hypofluorescent halo around the nodule, pulsatile filling of 
polyps on dynamic ICGA, abnormal BVN, massive submacular 
hemorrhage, or orange subretinal nodules on color fundus 
photograph corresponding to hyperfluorescent area on 
ICGA.[17,18] A study by Cheung et al. compared the use of a 
single “subretinal focal hyperfluorescence” sign on ICGA with 
a modified EVEREST study criteria in the diagnosis of PCV, 
and the latter was shown to have a higher specificity.[19]

Clinical features of PCV
PCV often presents as serous or hemorrhagic pigment 
epithelial detachment (PED) without or without subretinal 
hemorrhage [Figs. 1 and 2].[2,11] PCV can be clinically classified 
into quiescent, exudative, or hemorrhagic types. In quiescent 
PCV, there is an absence of intraretinal fluid, subretinal 
fluid, or retinal or subretinal hemorrhage. Quiescent PCV 
is asymptomatic and is usually identified incidentally or in 
the fellow eye of PCV patients. Treatment for quiescent PCV 
is generally not required due to lack of exudative activity. 
Exudative PCV presents with exudation owing to leakage 
from active polyps and/or BVN but without hemorrhage 
and clinical features of exudative PCV can include serous 
PED, subretinal fluid, subretinal lipid exudation, and 
thickening of the neurosensory retina with intraretinal 
fluid. Hemorrhagic PCV is characterized by subretinal or 
sub‑retinal pigment epithelium (RPE) hemorrhage with or 
without exudation.[20] The hemorrhage can vary in size and 
can sometimes be massive covering the entire macula and can 
even result in breakthrough vitreous hemorrhage.

Indocyanine green angiography in PCV
The detection of polypoidal lesions on ICGA has been the gold 
standard for diagnosis of PCV.[21] Both fundus camera‑based 
and confocal scanning laser ophthalmoscope (cSLO) have been 
found to be useful in detecting nodular polyps in over 80% 
of eyes with PCV, with cSLO being more sensitive than the 
fundus camera‑based system in the detection of BVN and late 
hyperfluorescent plaques.[22] ICGA has also been shown to be 
useful in the evaluation of neovascular AMD patients who 
were poor responders to ranibizumab treatment and were 
subsequently diagnosed with having PCV in their revised 
diagnosis.[23] Recent studies have proposed the use of ICGA 
in the classification of PCV and have classified PCV into 2 

angiographic subtypes.[24] Polypoidal CNV (type 1 PCV) is 
characterized by the presence of feeder and draining vessels 
on ICGA and is reported to show better visual improvement 
in response to anti‑VEGF therapy but has poorer response 
to verteporfin photodynamic therapy (vPDT). Idiopathic 
PCV (type 2 PCV) is characterized by the absence of feeder 
vessels or draining vessels on ICGA and is reported to 
show better visual improvement in response to vPDT but 
has poorer response to anti‑VEGF therapy.[25,26] The distinct 
characteristics of these two subtypes may suggest differences 
in the underlying pathophysiology, disease prognosis, and the 
use of optimal treatment strategies.

Optical coherence tomography in PCV
Because ICGA is a slightly invasive procedure with a potential 
to cause adverse reactions,[27] studies have been evaluating the 
use of other non‑invasive imaging modalities in diagnosing 
PCV including the use of optical coherence tomography (OCT). 
OCT provides high‑resolution cross‑sectional images of the 
retina and is useful in evaluating polypoidal lesions and BVN 
in PCV.[28] Spectral domain OCT (SD‑OCT) features of PCV 
include “double‑layer sign” formed by two highly reflective 
layers consisting of RPE and Bruch’s membrane, “thumb‑like” 
protrusions caused by polyps, PED, and increased choroidal 
thickness [Fig. 3].[28‑31] SD‑OCT has demonstrated to have a 
high sensitivity and specificity in differentiating between 
PCV and neovascular AMD.[32] More recently, the use of 
SD‑OCT in the enhanced depth imaging (EDI) mode as well 
as swept source OCT (SS‑OCT) have also been shown to be 
useful in documenting the choroidal vascular changes and for 
evaluating choroidal thickness in patients with PCV.[33,34] EDI 
SD‑OCT and SS‑OCT provided invaluable assessments in PCV 
as PCV is part of the pachychoroid spectrum of eye diseases 
demonstrating thickened choroid and pachyvessels have been 
shown to be significantly associated with PCV.[34] Studies have 
also suggested increased number of hyper reflective foci on 
SD‑OCT as a predictive factor for poorer visual outcomes 
following treatment for PCV.[35] These hyper reflective spots 
are non‑specific biomarkers caused by migration of intraretinal 
microglial cells representing on‑going inflammation and 
are also seen in patients with other retinal vascular diseases 
including diabetic macular edema and retinal vein occlusion.[36]

OCT angiography in PCV
OCT angiography (OCTA) is a relatively new non‑invasive 
imaging tool that allows visualization of retinal and choroidal 
vasculature by detecting blood flow inside the vascular lumen 
through segmentation of images into different layers without 
the use of angiographic dye.[37] Several studies have compared 
the applications of OCTA and ICGA in the detection of polyps 
and BVN and have demonstrated ICGA to be comparable or 
marginally superior to OCTA in the detection of BVN.[38‑40]

Although polyps with cluster‑like structures and flow signals 
within the polypoidal lesions could be detected on OCTA, the 
sensitivity of OCTA in detection of polyps was lower and the 
size of polyps measured was smaller compared to ICGA.[39,40] A 
study by Inoue et al. also suggested that polyps were more 
clearly defined on cross‑sectional OCTA images than en face 
images.[41] Other studies have suggested the use of OCTA with 
other imaging modalities in the diagnosis of PCV. A study 
by Huang et al. demonstrated an increase in sensitivity in 
diagnosing PCV by 20% with OCTA following SD‑OCT and 
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Figure 3: (a) ICGA of PCV showing well‑defined nodular hyperfluorescent 
lesions owing to polyps and branching vascular network (BVN) with 
blocked fluorescence owing to lipid exudation; (b) SD‑OCT showing 
“double‑layer” sign owing to BVN associated with subretinal fluid and 
hyperreflective foci in the neurosensory retina. (c) ICGA of PCV showing 
well‑defined nodular hyperfluorescence owing to polyps and a small 
BVN; (d) SD‑OCT showing “thumb‑like” protrusion caused by polyp 
associated with mild subretinal fluid
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Figure 1: Left eye of a patient with exudative polypoidal choroidal vasculopathy. (a) Fundus photo showing pigment epithelial detachment, 
exudative maculopathy, and lipid exudation; (b) fluorescein angiography showing pooling of dye owing to large pigment epithelial detachment in 
the temporal macula; (c) indocyanine green angiography showing multiple well‑defined nodular hyperfluorescence owing to polyps associated 
with branching vascular network involving the central macula
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Figure 2: Left eye of a patient with hemorrhagic polypoidal choroidal vasculopathy. (a) Fundus photo showing hemorrhagic pigment epithelial 
detachment associated with subretinal hemorrhage; (b) fluorescein angiography showing blocked fluorescence owing to subretinal hemorrhage 
and hemorrhagic pigment epithelial detachment with hyperfluorescence owing to leakage from the polyps; (c) indocyanine green angiography 
showing multiple well‑defined nodular hyperfluorescence owing to polyps associated with the branching vascular network
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FA, largely owing to the detection of BVN on OCTA. However, 
an improvement in specificity was not observed.[42] Hence, 
OCTA is currently unable to replace ICGA as the gold standard 
diagnostic tool for PCV.

Fluorescein angiography in PCV
PCV lesions commonly appear as an occult hyperfluorescence 
pattern on fluorescein angiography (FA), which might appear 
similar to CNV in neovascular AMD.[43] Because FA is generally 
unable to visualize polyps located beneath the RPE layer, the 
role of FA in PCV diagnosis is rather limited. Nonetheless, 
FA is still useful for detecting secondary CNV that might be 
associated with PCV and to evaluate leakage or activity from 
the BVN.

Fundus autofluorescence in PCV
Fundus autofluorescence (FAF) is a non‑invasive imaging 
technique that utilizes the detection of the natural fluorophore 
lipofuscin accumulating in RPE cells, which reflects the function 
of RPE. FAF abnormalities have been shown to be more 
common in patients with PCV than in patients with retinal 
angiomatous proliferation or typical neovascular AMD.[44] 
Studies have demonstrated that PCV lesions show distinct 
FAF patterns. In a study by Yamagishi et al., polypoidal lesions 
were observed as having confluent hypoautofluorescence, and 
BVN as having granular hypoautofluorescence.[45] Another 
study proposed 6 FAF patterns of polypoidal lesions and 2 
FAF patterns of BVN.[46] However, because FAF patterns in 
PCV are still inconsistent between studies, FAF patterns can 
only be used as an adjunctive tool at present in the diagnosis 
and monitoring of PCV.
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Management of PCV
With our evolving understanding in the pathogenesis and 
features of PCV, the optimal treatment modality of PCV has 
been changing throughout the years. Currently, a number 
of treatment options are available for PCV, including 
thermal laser photocoagulation, vPDT monotherapy, 
anti‑VEGF monotherapy (aflibercept, ranibizumab, conbercept, 
bevacizumab, and ziv‑aflibercept), and combination therapy 
with anti‑VEGF and vPDT.

Thermal laser photocoagulation
Prior to the availability of vPDT and anti‑VEGF therapy, the 
use of thermal laser photocoagulation to ablate polyps on ICGA 
has been described in several studies with variable results[47,48] 
A study by Yuzawa et al. has demonstrated a decrease in 
visual acuity in 54% of patients,[49] while another study by 
Lee et al. has shown stable or visual improvement in up to 
75% of patients.[50] Because laser photocoagulation can result 
in ocular complications including formation of chorioretinal 
scars, subretinal or sub‑RPE hemorrhage, secondary CNV, and 
vitreous hemorrhage, it is generally only performed for polyps 
located far away from the fovea.[20] Studies have also reported 
the effectiveness of adjunctive laser therapy and anti‑VEGF 
therapy, which could improve visual outcomes.[51]

vPDT monotherapy
Prior to the availability of anti‑VEGF agent, vPDT monotherapy 
was the standard of care for treatment of symptomatic macular 
PCV.[20] The mechanism of action of vPDT in PCV is by the 
selective accumulation of the photosensitizer verteporfin in 
the CNV‑like polypoidal lesions including the polyps and 
BVN and followed by activation of the photosensitizer to cause 
thrombosis and occlusion of the abnormal vessels.[52] Multiple 
studies have demonstrated that vPDT monotherapy is effective 
in improving visual outcomes and inducing polyp regression 
in the short‑term.[53‑57] However, despite successful complete 
regression of the polyps and exudative maculopathy, the 
BVN commonly persisted after vPDT treatment.[54,57] A recent 
meta‑analysis of 29 studies evaluated the 3‑year outcomes of 
vPDT and studies generally reported visual improvement 
at 1‑year and 2‑year follow‑ups. However, results were less 
favorable at the 3‑year follow‑up, with most studies reporting 
worsening of visual acuity especially in eyes with recurrence 
of lesions.[58] In addition, complications such as subretinal 
hemorrhage, vitreous hemorrhage, and RPE rip might occur 
following vPDT for PCV.[59,60] With the availability of anti‑VEGF 
agents, the use of vPDT in PCV should always be performed 
in combination with an anti‑VEGF agent unless there is a 
contraindication for anti‑VEGF therapy.

Anti-vascular endothelial growth factor monotherapy for 
PCV
VEGF is one of the most important cytokines involved in 
angiogenesis and is implicated in the development of PCV. 
Elevated levels of VEGF have been found in the aqueous humor 
of eyes with PCV, though in lower levels compared with in 
neovascular AMD.[61] Various clinical trials have demonstrated 
the efficacy of anti‑VEGF agents in PCV, and it is currently 
one of the first line treatments for PCV. In a long‑term study 
by Hikichi, anti‑VEGF monotherapy has been shown to be 
effective in preserving vision of PCV patients after 6 years of 
follow‑up.[62] However, it was also recognized that continuous 

treatment was required to achieve these results, which is an 
important limitation in using anti‑VEGF monotherapy.

Anti‑vascular endothelial growth factor therapy with ranibizumab
Ranibizumab (Lucentis/Accentrix, Novartis, Basel, Switzerland) 
is a VEGF antibody fragment that neutralizes all isoforms of 
VEGF‑A,[63] and its efficacy in PCV has been evaluated in a 
number of studies including the LAPTOP and EVEREST 1 
and 2 studies.[18,64‑72] The PEARL and PEARL2 studies have 
demonstrated the short‑term efficacy of 0.5 mg and 2 mg 
ranibizumab in PCV, respectively. Monthly intravitreal 
ranibizumab was shown to stabilize vision, reduce subretinal 
hemorrhage, and decrease macular edema. At month 12, 
the studies reported polyp closure rates of 38% with 0.5 mg 
ranibizumab and 79% with 2.0 mg ranibizumab.[69,70] The 
results were comparable to the 34.7% polyp regression rate 
with 0.5 mg ranibizumab observed in the latest EVEREST II 
study.[67] However, BVN persisted in all PCV eyes in the PEARL 
and PEARL2 studies.

The effect of ranibizumab on visual acuity was evaluated 
in the LAPTOP study,[71] which was a phase IV, prospective, 
multi‑centered randomized controlled trial that compared 
the efficacy of vPDT monotherapy versus intravitreal 0.5 mg 
ranibizumab with 3 monthly injections followed by a PRN 
regimen. At month 12, the proportion of patients who gained 
0.2 logMAR units in the ranibizumab group was significantly 
higher than that in the vPDT group (30.4% vs. 17.0%; 
P = 0.039). However, the difference in change of central retinal 
thickness (CRT) was not statistically significant between the 
two groups.[71] At month 24, ranibizumab monotherapy was also 
shown to be superior to vPDT monotherapy in visual acuity 
gain. The authors recently reported the 5 years outcomes of 
the LAPTOP study, and more than 70% of patients have been 
converted to aflibercept therapy during the follow‑up.[72] The 
observed superior visual acuity result in the initial ranibizumab 
group compared with vPDT group at 2 years was retained at 
5 years.

Anti‑vascular endothelial growth factor therapy with aflibercept
Aflibercept (Eylea, Bayer, Leverkuensen, Germany) is a VEGF 
trap with activities inhibiting VEGF‑A, VEGF‑B, and placental 
growth factor (PlGF). It has been evaluated in the treatment 
of PCV. A study by Cho et al. has found that aflibercept 
appeared to be more effective than ranibizumab in causing 
polyp regression.[73] Aflibercept has also been found to be 
effective in PCV patients resistant to ranibizumab, resulting 
in significant BCVA improvement, shrinkage of BVN, and in 
polyp regression.[74,75]

Recent studies have evaluated the use of aflibercept with 
fixed interval dosing, pro re nata (PRN), and treat‑and‑extend 
regimens. Studies have reported the 1‑year treatment outcomes 
of 3 monthly 2 mg intravitreal aflibercept injections followed by 
bimonthly injections, where aflibercept was demonstrated to 
improve BCVA, decrease size of BVN, and achieve dry macula. 
The proportions of eyes with complete polyp regression 
after treatment ranged from 55.4% to 74%,[76‑79] which are 
comparable to the rate following vPDT. As frequent aflibercept 
injections may incur a huge treatment burden, variable dosing 
regimens have been evaluated in different studies. A study 
by Maruyama‑Inoue et al. compared the results of aflibercept 
with a fixed dosing and PRN regimen after 3 month of loading 
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doses. The fixed dosing was a quarterly dosing with capped 
PRN or treat‑and‑extend regimen. Three‑year outcomes have 
demonstrated that aflibercept improved or maintained vision 
in PCV patients, and patients receiving fixed dosing had greater 
improvement in visual acuity than patients receiving PRN 
treatment.[80] Recent studies have proposed treat‑and‑extend 
regimens, which aim at reducing the number of injections after 
resolution of exudation. The interval of aflibercept injection 
was extended by 2 weeks if there were no exudative changes, 
or shortened by 2 weeks if exudative changes were detected. 
The 1‑year and 2‑year outcomes using treat‑and‑extend regime 
are promising, resulting in significant improvement in vision, 
decrease in CRT, and reduction in retinal exudative changes, 
which were comparable to bimonthly dosing.[81,82]

Anti‑vascular endothelial growth factor therapy with conbercept
Studies have also evaluated the use conbercept (Lumitin, 
Chengdu Kang Hong Biotech, Chengdu, China) in the 
treatment of PCV. Conbercept is a fusion protein that inhibits 
VEGF‑A, VEGF‑B, and PlGF and is approved in China for 
the treatment of neovascular AMD.[83] Phase 3 clinical trials 
in the use of conbercept for neovascular AMD is also being 
planned in the United States in the PANDA‑1 and PANDA‑2 
trials (ClinicalTrials.gov Identifiers NCT03577899 and 
NCT03630952). The AURORA study was a 1‑year, randomized, 
double‑masked, controlled study that assessed the efficacy 
and safety of conbercept in neovascular AMD including PCV. 
Patients were randomized to receive 3 monthly injections of 
0.5 mg or 2.0 mg conbercept followed by as‑needed or monthly 
injections. Subgroup analysis of PCV patients showed both 
dosage groups had significant improvement in BCVA and 
anatomical outcomes, reducing CRT, regression of polyps, and 
BVN, and the two groups demonstrated no statistical difference 
in terms of improvement.[84] A recent study by Huang et al. 
compared the efficacy of conbercept and ranibizumab. Both 
anti‑VEGF agents showed similar improvement in BCVA 
and reduction in CRT at 6 months. However, complete polyp 
regression was found more frequently in the conbercept 
group compared to the ranibizumab group (47.7% vs. 
28.6% respectively, P = 0.029), which may be important in 
terms of long‑term treatment burden and prognosis of PCV 
patients.[85] Nonetheless, studies with longer follow‑up periods 
are yet to be conducted and are required to determine the 
long‑term efficacy and safety of conbercept in PCV.

Anti‑vascular endothelial growth factor therapy with bevacizumab
Bevacizumab (Avastin, Roche, Basel, Switzerland) has been 
used as an off‑label anti‑VEGF agent in the treatment of PCV. 
Studies have demonstrated bevacizumab to be effective in 
improving visual acuity and reducing macular exudation. 
However, the rate of complete polyp regression reported 
was relatively low.[86‑90] For example, Gomi et al. showed that 
polyp resolution only occurred in 1 out of 11 eyes at 3 months 
following intravitreal bevacizumab injection.[88] Nonetheless, 
because of the lower cost of bevacizumab, it remains a popular 
choice as an anti‑VEGF agent for treating PCV and neovascular 
AMD in many countries.

Anti‑vascular endothelial growth factor therapy with ziv‑aflibercept
Ziv‑aflibercept (Zaltrap, Sanofi, Paris, France) is an anti‑VEGF 
agent approved for the treatment of metastatic colon 
cancer.[91] Recently, studies have proposed the off‑label use of 
ziv‑aflibercept in the treatment of neovascular AMD including 

PCV. A report has demonstrated ziv‑aflibercept to be effective 
in cases of PCV refractory to other anti‑VEGF agents.[92] A 
subsequent study has evaluated the 9‑month efficacy and safety 
of ziv‑aflibercept in the treatment of PCV, where improvement 
in BCVA and decrease in CRT were comparable to studies 
using other anti‑VEGF monotherapy.[93] Although the long‑term 
efficacy of ziv‑aflibercept is yet to be determined, its lower 
cost might make it a potential cost‑effective treatment option 
in PCV.

Combined verteporfin PDT + anti-vascular endothelial 
growth factor therapy for PCV
Various studies have demonstrated the efficacy of combined 
vPDT with anti‑VEGF agents for the treatment of PCV.[63,64,94‑97]

The rationale of performing combination therapy lies in the 
effectiveness of vPDT in causing regression of polyps, while 
anti‑VEGF therapy suppresses angiogenic activities of VEGF, 
decreasing vascular permeability, and exudation. Anti‑VEGF 
therapy may also counteract the upregulation of VEGF 
following vPDT.[20,98]

Several key clinical trials have been conducted and have 
demonstrated the favorable efficacy of combination therapy 
in PCV. The EVEREST study was the first ICGA‑guided, 
randomized controlled trial that compared the efficacy 
of ranibizumab monotherapy, vPDT monotherapy, and 
combination therapy with ranibizumab and vPDT. The 
primary endpoint was complete polyp regression after 
6 months assessed by ICGA. At 6 months, results demonstrated 
that combination therapy and vPDT monotherapy were 
superior to ranibizumab monotherapy. Complete polyp 
regression was observed in 77.8% of patients receiving 
combination therapy, in 71.4% of patients receiving vPDT 
monotherapy, and in 28.6% of patients receiving ranibizumab 
monotherapy (P < 0.001 compared with ranibizumab 
monotherapy group). Visual acuity gain was also observed in 
all 3 groups, but the differences between the groups were not 
statistically significant because of the small sample size of this 
pilot study.[18] Therefore, subsequent large‑scale EVEREST II 
and PLANET studies were conducted to demonstrate whether 
anti‑VEGF therapy in combination vPDT could result in better 
treatment outcomes.

The EVEREST II study was a multicenter, randomized 
controlled trial that compared the efficacy of ranibizumab with 
vPDT combination therapy and ranibizumab monotherapy. At 
month 12, combination therapy was non‑inferior and superior 
to ranibizumab monotherapy in improving BCVA (8.3 vs. 
5.1 letters; P = 0.01). Combination therapy was also superior 
to ranibizumab monotherapy in achieving complete polyp 
regression as assessed by ICGA (69.3% vs. 34.7%; P < 0.01). The 
mean number of injections required over 12 months was also 
lower in the combination arm, with 50.6% of patients in the 
combination arm and 26.2% of patients in the monotherapy arm 
requiring only 3 to 4 ranibizumab injections, hence, reducing 
the treatment burden.[67]

Combination therapy using anti‑VEGF with initial or 
deferred vPDT has also been evaluated in other PCV trials. 
The FUJISAN study was a multicenter randomized controlled 
trial in Japan that compared the efficacy of intravitreal 
ranibizumab with initial or deferred vPDT in treatment‑naïve 
PCV patients.[99] Patients received with 3 loading doses of 
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ranibizumab at monthly intervals with or without vPDT 
at baseline. Retreatment with vPDT is performed at month 
3 assessment if ICGA demonstrated polypoidal lesions 
associated with subretinal fluid and the BCVA was 20/30 
or below. At 12 months, both groups had similar BCVA 
improvement, polyp regression rate, and reduction in mean 
CRT. However, eyes which received ranibizumab with initial 
vPDT had fewer number of additional ranibizumab injections 
than those in the deferred vPDT group (1.5 vs. 3.8 injections, 
P < 0.001).The PLANET study was a randomized controlled 
trial that compared aflibercept monotherapy and aflibercept 
with rescue vPDT.[100] Patients received 3 monthly aflibercept 
injections, followed by fixed dosing of aflibercept injections 
if the rescue criteria were not fulfilled, or monthly aflibercept 
injections with active or sham vPDT if rescue criteria were 
met. Results of the study at 1 year showed that aflibercept 
monotherapy was non‑inferior to combination therapy, with 
similar gains in BCVA and anatomical improvement. However, 
because less than 15% of patients in both groups met the 
rescue criteria and received rescue treatment by week 52, the 
benefits of adding rescue vPDT could not be elucidated. The 
study suggested that aflibercept monotherapy could prevent 
most patients from deteriorating to a level that required rescue 
therapy.

As mentioned previously, vPDT has been effective in 
stabilizing vision in PCV patients in the short‑term, but 
complications after vPDT have also been reported, which 
may affect the final visual outcome.[59,60] Recent studies have 
evaluated the vPDT regimen and have aimed to optimize the 
verteporfin dosage and laser fluence when used in combination 
therapy with anti‑VEGF agents. Wong et al. compared half‑dose 
versus standard‑dose vPDT in combination with ranibizumab 
and showed that the visual outcomes of half‑dose PDT were 
comparable to standard‑dose vPDT at one year. However, 
half‑dose vPDT was superior than standard‑dose vPDT when 
baseline BCVA was 20/50 or better, or when there were three 
or less polyps on the baseline ICGA.[101] Another study by Lee 
et al.also reported similar findings, with comparable visual 
outcomes in 2 groups, but half‑dose PDT was shown to be less 
effective in inducing polyp regression.[102]

Overall Management Strategy for PCV
The provision of optimal treatment for PCV patients is largely 
dependent on the accurate diagnosis of PCV and differentiation 
of PCV from other macular diseases. ICGA remains the gold 
standard in the diagnosis of PCV, while SD‑OCT is useful to 
determine the activity of PCV as shown by the presence of 
SRF, intraretinal fluid, and/or PED. In some occasions, the 
polypoidal lesions might not be visible at the initial clinical or 
ICGA assessments, and PCV is only diagnosed during the later 
course of the disease process. Therefore, in neovascular AMD 
cases non‑responsive to anti‑VEGF therapy, ICGA should be 
repeated to reassess the patients for a possible diagnosis of 
PCV. For symptomatic PCV with polyps and BVN located 
far away from the fovea, thermal laser photocoagulation can 
be considered. For symptomatic PCV with polypoidal lesions 
involving the juxtafoveal or subfoveal areas, anti‑VEGF therapy 
with or without vPDT can be considered. The choice of treatment 
depends on the characteristics of PCV and patients’ preferences, 
and the treatment responses can vary among individuals.

Anti‑VEGF monotherapy has been shown to be effective in 
improving BCVA, reducing leakage from BVN, and causing 
polyps regression, though the rates of polyp regression might 
vary between different anti‑VEGF agents. The PLANET 
study showed that fixed dosing of aflibercept monotherapy is 
effective in improving the visual acuity of PCV patients with a 
small proportion of patients requiring rescue vPDT. Although 
serious ocular or systemic complications are rare following 
anti‑VEGF monotherapy, frequent intravitreal injections may 
pose a large treatment burden to patients, especially in many 
Asian countries in which anti‑VEGF agents are not financially 
reimbursed. Frequent intravitreal injections might also increase 
the potential risks associated with repeated injections. Another 
option of first‑line treatment for PCV is to use combination 
vPDT and anti‑VEGF therapy. Results of EVEREST II and 
FUJISAN studies have shown promising results in combination 
therapy using ranibizumab and vPDT, with improvement in 
BCVA, higher rates of complete polyp regression and reduction 
in the number of anti‑VEGF injections required compared to 
ranibizumab monotherapy. PCV eyes with thicker subfoveal 
choroidal thickness might be less responsive to anti‑VEGF 
monotherapy, and therefore, combination therapy using 
vPDT with anti‑VEGF agents can be considered in these cases 
to reduce the treatment burden. However, in PCV eyes with 
large subretinal hemorrhage or choroidal thinning, anti‑VEGF 
monotherapy should be considered as the first‑line therapy. 
vPDT monotherapy is generally not recommended unless 
anti‑VEGF therapy is contraindicated. After initial treatment, 
patients should be evaluated using SD‑OCT, FA, and ICGA to 
determine the disease activity and to evaluate if the treatment 
regimen requires any modification. Because the recurrence rate 
of PCV is high with over 50% of patients developing recurrence 
after 18 months, patients should be monitored regularly and 
asked to seek ophthalmic care as soon as new symptoms arise.
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