
Evolution of Polypoidal Lesions after
Treatment of Polypoidal Choroidal
Vasculopathy

Colin S. Tan, MMed (Ophth), FRCOphth,1,2 Louis W. Lim, MBBS, MMed (Ophth),1,2 Philippe Margaron, PhD3

Purpose: To evaluate the status and evolution of polypoidal lesions during the course of treatment of pa-
tients with symptomatic macular polypoidal choroidal vasculopathy (PCV).

Design: Comparative cohort study of randomly selected patients from a multicenter, randomized controlled
clinical trial.

Participants: Thirty randomly selected patients from the EVEREST II study who were treated with combi-
nation ranibizumab and verteporfin photodynamic therapy (n ¼ 15) or ranibizumab monotherapy (n ¼ 15).

Methods: All patients were randomized at baseline and treated with a standardized treatment protocol.
Indocyanine green angiography (ICGA) images were graded at the central reading center at baseline and months
3, 6, 12, and 24. Polypoidal lesions present at baseline were overlaid on ICGA images at subsequent visits to
determine if these remained perfused or had regressed completely. New polypoidal lesions occurring at sub-
sequent visits were similarly tracked to detail the evolution of each polypoidal lesion.

Main Outcome Measures: Complete polypoidal lesion regression over time.
Results: Complete polypoidal lesion regression was higher in the combination therapy group compared with

the monotherapy group at all visits (month 12, 12 of 15 patients [80%] vs. 5 of 14 patients [35.7%]; P ¼ 0.016).
Persistence of baseline polypoidal lesions was lower in the combination therapy group: 1 of 15 patients (6.7%)
versus 7 of 14 patients (50%) in the monotherapy group at month 12. Recurrences of polypoidal lesions that had
regressed completely at an earlier time point were uncommon: 0% in the combination therapy group and 1
patient each at months 6 and 12 in the monotherapy group. Fewer new polypoidal lesions (arising after the
baseline visit) were found in the combination therapy group at all visits (combination therapy: 2 of 15 [13.3%] vs.
monotherapy: 4 of 14 eyes [28.6%] at month 12). Total polypoidal lesion area was significantly smaller in the
combination therapy group compared with the monotherapy group throughout the study (0.013 mm2 vs. 0.110
mm2; P < 0.01 at month 12).

Conclusions: Combination therapy was associated with higher rates of complete polypoidal lesion regres-
sion and fewer persistent polypoidal lesions compared with monotherapy. Closed polypoidal lesions rarely
reopened, regardless of the treatment. Ophthalmology Science 2022;2:100082 ª 2021 by the American Academy
of Ophthalmology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Polypoidal choroidal vasculopathy (PCV) is an important
disease that shares features with neovascular age-related
macular degeneration. Polypoidal choroidal vasculopathy
is differentiated from typical age-related macular degener-
ation by the presence of polypoidal lesions, which are
believed to be aneurysmal dilatations of the abnormal neo-
vascularization.1 These lesions are best seen on indocyanine
green angiography (ICGA),2 where they have a nodular
appearance on stereoscopic imaging.3 The prevalence of
PCV varies among different populations and is reported to
be higher in Asians,4,5 although recent studies have
suggested that the prevalence of PCV among Western
populations may be higher than previously believed.6,7

The management options for PCV include combination
therapy with verteporfin photodynamic therapy (PDT) and
intravitreal antievascular endothelial growth factor (VEGF)
agents, or monotherapy with anti-VEGF agents.8e11 The
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EVEREST II study8,11 reported that patients treated with
combination PDT and intravitreal ranibizumab
experienced superior gains in best-corrected visual acuity
and complete polypoidal lesion regression, as well as a
larger decrease in central subfield retinal thickness assessed
using spectral-domain OCT, compared with the group
treated with intravitreal ranibizumab alone.

Although most clinical trials for retinal diseases often
report outcomes in terms of best-corrected visual acuity,
central subfield retinal thickness, and disease activity
assessed using OCT, another important clinical outcome
measure for PCV is the rate of complete polypoidal lesion
regression.12e14 It is believed that polypoidal lesion
regression is important because polypoidal lesions that
remain perfused are a potential source of disease activity
and subsequently may demonstrate large subretinal hemor-
rhages, with resultant severe loss of vision.15e19 The
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Figure 1. A, Color fundus photograph illustrating orange subretinal nodules and subretinal fluid. B, Indocyanine green angiogram (ICGA) obtained at
baseline illustrating 3 polypoidal lesions (green). C, ICGA obtained at month 3 illustrating persistence of the 3 polypoidal lesions, although these have
reduced in size. D, ICGA obtained at month 6 illustrating complete regression of all polypoidal lesions. E, ICGA obtained at month 12 highlighting the
occurrence of 6 new polypoidal lesions (blue) that occur at a distinct location compared with the baseline polypoidal lesions. F, ICGA obtained at month 24
illustrating that 5 of the 6 new polypoidal lesions from month 12 are persistent, with 1 completely regressed. In addition, 2 new polypoidal lesions (red) have
developed at this time.
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EVEREST II study reported that rate of complete polypoidal
lesion regression in the combination therapy group was
almost double that of the monotherapy group at month 12
(69.3% vs. 37.4%; P < 0.001).8

Among articles that describe polypoidal lesion regression
and changes in polypoidal lesion area, the results are typi-
cally reported in a dichotomous fashion (for example, pol-
ypoidal lesion completely regressed, closed vs. present) or
as a mean polypoidal lesion area in each treatment group.8 A
key knowledge gap is how the individual polypoidal lesions
evolve and whether the polypoidal lesions change in size,
number, or both over the course of treatment. It is also
unknown what proportion of polypoidal lesions detected
during the course of follow-up are the result of persistence
of the original polypoidal lesions present at baseline, the
reopening of closed polypoidal lesions, and whether new
polypoidal lesions have arisen over time. This knowledge
may provide important insights into disease progression and
response to various forms of treatment. The objective of this
study was to evaluate the status and progression of indi-
vidual polypoidal lesions at different time points among a
2

cohort of patients with symptomatic macular PCV from the
EVEREST II study.
Methods

This was a post hoc analysis of 30 randomly selected patients, 15
from each of the 2 treatment arms, from the EVEREST II study
(ClinicalTrials.gov identifier, NCT01846273), which was a pro-
spective, multicenter, randomized clinical trial of patients with
symptomatic macular PCV. The detailed design and results of the
study were previously reported.8 In brief, 322 patients with active
macular PCV were equally randomized to receive combination
therapy of verteporfin PDT and intravitreal ranibizumab (the
combination therapy group) or intravitreal ranibizumab with
sham PDT (the monotherapy group).

All patients underwent multimodal imaging using standardized
imaging protocols at 5 mandatory time points: baseline and months
3, 6, 12, and 24. Fluorescein angiography (FA) and ICGA were
performed using the Heidelberg Spectralis device (Heidelberg En-
gineering). Dynamic FA and ICGA were performed for the first 30
seconds, followed by stereo pair images of the study eye at 1, 3, and
5 minutes (FA and ICGA) as well as at 10 and 20 minutes for FA.

http://ClinicalTrials.gov


Figure 2. A, Color fundus photograph. B, Indocyanine green angiogram (ICGA) obtained at baseline, illustrating 3 polypoidal lesions (green). CeF,
ICGAs obtained months 3, 6, 12, and 24, respectively, showing these remaining patent. At month 24 (F), a new polypoidal lesion (red) has arisen at a
distinct location.
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Image Grading

All images obtained at the 5 mandatory time points were
graded by certified graders (C.T.S. and L.W.L.) from the
central reading center (CRC; Fundus Image Reading Center,
National Healthcare Group Eye Institute, Singapore, Republic
of Singapore). The diagnosis of PCV was confirmed using a
standardized protocol,3,8,20,21 which required the presence of
early focal hyperfluorescence on ICGA occurring within the
first 5 minutes, together with at least 1 of the following
criteria: (1) nodular appearance of the hyperfluorescent
lesion on stereoscopic examination, (2) hypofluorescent halo
around the nodule, (3) presence of a branching vascular
network, (4) pulsation of the nodule on dynamic ICGA, (5)
orange-red subretinal nodules on color fundus photography,
or (6) presence of submacular hemorrhage of 4 disc areas or
more.

Indocyanine green angiography images at baseline and
follow-up visits were graded for the presence of polypoidal
lesions. Each polypoidal lesion that was identified using the
above criteria was mapped out using the Heidelberg Eye
Explorer version 1.7.1.0 (Heidelberg Engineering). The area of
each polypoidal lesion was measured using the measurement
tools of the Heidelberg Eye Explorer, as previously
described.3
Post Hoc Review of Indocyanine Green
Angiography

In a post hoc review by graders from the CRC, ICGA images from
the 5 time points were evaluated in sequence, with reference made
to the lesions detected at baseline. The CRC graders remained
masked to the treatment arm and to the clinical outcomes of all the
patients evaluated. All ICGA images were overlaid with Photoshop
version 19.1.6 (Adobe, Inc), using the major retinal blood vessels
and the visible portion of the optic disc as landmarks to ensure
alignment. Before evaluating the ICGA images, graders confirmed
that the major vessels from successive images were aligned
correctly. The transparency of the layers then was adjusted to allow
comparisons between visits. This process allowed graders to pre-
cisely determine whether a polypoidal lesion detected at subse-
quent visits coincided in location with a lesion originally present at
baseline or whether it was occurring at a different location (Fig 1).

Each polypoidal lesion identified at baseline was tracked at
subsequent visits to determine its evolution (Fig 2). Several
predefined terms were used to describe each polypoidal lesion.
For every polypoidal lesion detected at baseline, its status at
each subsequent visit was classified as persistent when evidence
was found on ICGA of a lesion at the same location that met the
diagnostic criteria for polypoidal lesions stated above. It was
defined as completely regressed when no evidence of a
3



Table 1. Evaluation of Complete Polypoidal Lesion Regression

Time Point Month 3 Month 6 Month 12 Month 24

Evaluation by eye
Combination therapy

Polypoidal lesion closure
From baseline 14/15 (93.3%) 14/15 (93.3%) 14/15 (93.3%) 14/15 (93.3%)
From month 3 d 0 0 0
From month 6 d d 1/1 (100%) 0
From month 12 d d 1/2 (50%)

Monotherapy
Polypoidal lesion closure
From baseline 2/15 (13.3%) 5/15 (33.3%) 7/14 (50%) 7/13 (53.9%)
From month 3 d 1/3 (33.3%) 1/3 (33.3%) 1/3 (33.3%)
From month 6 d d 3/4 (75%) 4/4 (100%)
From month 12 d d d 2/4 (50%)

Evaluation of individual polyp regression
Combination therapy

Polypoidal lesion closure
From baseline 48/49 (97.96%) 48/49 (97.96%) 48/49 (97.96%) 48/49 (97.96%)
From month 3 d 0 0 0
From month 6 d d 3/3 (100%) 3/3 (100%)
From month 12 d d d 1/1 (100%)

Monotherapy
Polypoidal lesion closure
From baseline 17/39 (43.6%) 23/39 (59.0%) 23/33 (69.7%)* 28/37 (75.6%)y

From month 3 d 2/4 (50%) 0/2 (0%)* 2/4 (50%)y

From month 6 d d 2/3 (66.7%)* 4/4 (100%)y

From month 12 d d d 2/8 (25%)y

d ¼ not applicable.
*One patient lost to follow-up at month 12.
yTwo patients lost to follow-up at month 24.

Ophthalmology Science Volume 2, Number 1, March 2022
polypoidal lesion was detected at the location of the original
polypoidal lesion on ICGA. A recurrent polypoidal lesion was
defined as a polypoidal lesion occurring at the same precise
location as an earlier polypoidal lesion, where complete
regression had been noted on ICGA on at least 1 prior visit.
New polypoidal lesions were defined as polypoidal lesions
arising at a location where no polypoidal lesion had been
detected at earlier visits.

Statistical analysis was descriptive in nature and was performed
using IBM SPSS software version 23 (SPSS, Inc). Chi-square tests
were used to compare categorical variables, whereas t tests were
used to compare continuous variables. Patient consent and insti-
tutional review board approval were obtained at the respective
Figure 3. Bar graph showing the proportions of eyes with persistent, new,
or recurrent polypoidal lesions at each time point. M ¼ month.
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study sites. The described research adhered to the tenets of the
Declaration of Helsinki.

Results

Of the 30 randomly selected patients, 15 received combi-
nation therapy and 15 received ranibizumab monotherapy.
At baseline, both groups were comparable in terms of pol-
ypoidal lesion characteristics. The median number of poly-
poidal lesions in the combination group was 3 (mean, 3.3
lesions; range, 1e8 lesions), compared with 3 lesions
(mean, 2.6 lesions; range, 1e6 lesions) in the monotherapy
group (P ¼ 0.512). The median total polypoidal lesion area
per eye was 0.27 mm2 (mean, 0.42 mm2; range, 0.04e2.12
mm2) in the combination group compared with 0.29 mm2

(mean, 0.46 mm2; range, 0.05e1.39 mm2) in the mono-
therapy group (P ¼ 0.595). The evolution of polypoidal
lesions was evaluated at the level of each eye and also by
assessing each polypoidal lesion individually.

Evaluation of Polypoidal Lesion Evolution for
Each Eye

Complete Polypoidal Lesion Regression. The rate of
complete polypoidal lesion regression was higher in the
combination therapy group compared with the monotherapy
group at all time points (Table 1). In the combination
therapy group, 14 of 15 eyes (93.3%) showed complete



Table 2. Evolution of Polypoidal Lesion by Eyes

Month 3 Month 6 Month 12 Month 24

Combination therapy
Persistent polypoidal lesions

From baseline 1/15 (6.7%) 1/15 (6.7%) 1/15 (6.7%) 1/14 (6.7%)
From month 3 d 0 0 0
From month 6 d d 0/1 (0%) 0
From month 12 d d d 0/1 (0%)
Total 1/15 (6.7%) 1/15 (6.7%) 1/15 (6.7%) 1/14 (7.14%)

New polypoidal lesions 0 1/15 (6.7%) 2/15 (12.4%) 5/14 (35.7%)*
Recurrent polypoidal lesions

From baseline d 0 0 0
From month 3 d 0 0 0
From month 6 d d 0 0
From month 12 d d d 0
Total d 0 0 0

Total eyes with polypoidal lesions 1/15 (6.7%) 2/15 (13.4%) 3/15 (20%) 4/14 (28.6%)*
Monotherapy

Persistent polypoidal lesions
From baseline 13/15 (86.7%) 10/15 (66.7%) 7/14 (50%) 6/13 (46.1%)
From month 3 d 2/3 (66.7%) 2/3 (66.7%) 2/3 (66.7%)
From month 6 d d 1/4 (25%) 0/4 (0%)
From month 12 d d d 2/4 (50%)
Total 13/15 (86.7%) 10/15 (66.7%) 9/14 (64.3%) 8/14 (57.1%)

New polypoidal lesions 3/15 (20%) 4/15 (26.7%) 4/14 (28.6%)y 4/13 (30.7%)z

Recurrent polypoidal lesions
From baseline d 1/15 (6.7%) 0 0
From month 3 d 0 0 0
From month 6 d d 0 1/13 (7.7%)
From month 12 d d d 0
Total d 1/15 (6.7%) 0 1/13 (7.7%)

Eyes with polypoidal lesions 13/15 (86.7%) 11/15 (73.4%) 9/14(64.3%) 8/13 (61.5%)

d ¼ not applicable.
*One patient lost to follow-up at month 24.
yOne patient lost to follow-up at month 12.
zTwo patients lost to follow-up at month 24.
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polypoidal lesion regression at month 3. The proportion
with complete polypoidal lesion regression remained high
at month 6 (13 of 15 eyes [86.7%]) and month 12 (12 of
15 eyes [80.0%]), before decreasing slightly at month 24
(9 of 14 eyes [64.3%]; Fig 3). In contrast, the proportion
of eyes with complete polypoidal lesion regression was
significantly lower among the monotherapy group at
month 3 (2 of 15 eyes [13.3%]; P < 0.0001), month 6 (4
of 15 eyes [26.7%]; P ¼ 0.001), and month 12 (5 of 14
eyes [35.7%]; P ¼ 0.016). At month 24, the proportion of
eyes in the monotherapy group with complete polypoidal
lesion regression was 38.5% (5 of 13 eyes; P ¼ 0.180).

Persistence of Polypoidal Lesions Present at Base-
line. When evaluating persistence of baseline polypoidal
lesions, only 1 eye (6.7%) in the combination therapy group
showed a single persistent polypoidal lesion throughout the
study. In contrast, in the monotherapy group, the proportion
of eyes with persistent baseline polypoidal lesions was
86.7% at month 3, 66.7% at month 6, 50% at month 12, and
46.2% at month 24 (Table 2).

Occurrence of New Polypoidal Lesions. New poly-
poidal lesions occurred in the combination group at month 6
(1 eye [6.7%]), month 12 (2 eyes [13.3%]), and month 24 (5
eyes [33.3%]; Table 2). All the new polypoidal lesions that
developed at months 6 and 12 were treated successfully and
had regressed completely by the subsequent standardized
ICGA evaluation, and none of them persisted. In contrast,
the rate of new polypoidal lesion occurrence was higher in
the monotherapy group. New polypoidal lesions occurred
in 3 of 15 eyes (20%) at month 3, 4 of 15 eyes (26.7%) at
month 6, 4 of 14 eyes (28.6%) at month 12, and 4 of 13
eyes (30.8%) at month 24. Of the new polypoidal lesions
that occurred, some polypoidal lesions persisted until at
least the subsequent time point.

Recurrence of Polypoidal Lesions. Recurrence of poly-
poidal lesions that had been demonstrated to have fully
regressed was relatively uncommon in both groups
(Table 2). In the combination group, none of the polypoidal
lesions that had completely regressed subsequently recurred
through month 24. This was true of both baseline polypoidal
lesions and new polypoidal lesions that subsequently
occurred, all of which were treated. In the monotherapy
group, 1 eye each (6.7%) experienced a recurrence of
baseline polypoidal lesions at months 6 and 24. In the eye
with recurrence at month 6, 1 of 6 baseline polypoidal
lesions (16.7%) recurred after closure at month 3, whereas
5



Table 3. Evolution of Polypoidal Lesion by Total Number of Polypoidal Lesions

Month 3 Month 6 Month 12 Month 24

Combination therapy (no., proportion of polypoidal lesions)
New polypoidal lesions 0 3 2 12
Persistent polypoidal lesions

From baseline 1/49 (2.04%) 1/49 (2.04%) 1/49 (2.04%) 1/49 (2.04%)
From month 3 d 0 0 0
From month 6 d d 0/3 (0%) 0/3 (0%)
From month 12 d d d 0/1 (0%)
Total 1 1 1 1

Recurrent polypoidal lesions
From baseline d 0 0 0
From month 3 d 0 0 0
From month 6 d d 0 0
From month 12 d d d 0
Total d 0 0 0

Total no. of polypoidal lesions detected 1 4 3 13
Monotherapy (proportion of polypoidal lesions)
New polypoidal lesions 4 6 9 9
Persistent polypoidal lesions

From baseline 22/39 (56.4%) 15/39 (38.4%) 10/33 (30.3%) 9/37 (24.3%)
From month 3 d 2/4 (50%) 2/4 (50%) 2/4 (50%)
From month 6 d d 1/3 (33%) 0/4 (0%)
From month 12 d d d 6/8 (75%)
Total 22 17 13 17

Recurrent polypoidal lesions
From baseline d 1 0 0
From month 3 d 0 0 0
From month 6 d d 0 1
From month 12 d d d 0
Total d 1 0 1

Total no. of polypoidal lesions detected 26 24 22 27

e ¼ not applicable.

Ophthalmology Science Volume 2, Number 1, March 2022
for the eye with recurrence at month 24, the recurrence was
from a single new polypoidal lesion that developed at month
6 and was closed at month 12.
Evaluation of Total Number of Polypoidal
Lesions in Each Group

Tables 1 and 3 summarize the results based on total number
of polypoidal lesions in all eyes at various time points.

Complete Polypoidal Lesion Regression. In the combi-
nation therapy group, 48 of 49 polypoidal lesions (97.6%)
present at baseline had completely regressed by month 3,
and none of these recurred throughout the 24-month follow-
up. In contrast, among eyes in the monotherapy group, only
17 of 39 baseline polypoidal lesions (43.6%) completely
regressed at month 3, and the proportion progressively
increased to 59.0% (23 of 39) at month 6, 69.7% (23 of 33)
at month 12, and 75.6% (28 of 37) at month 24 (Table 1).

Persistence of Polypoidal Lesions Present at Base-
line. Only 1 polypoidal lesion (2.0%) in the combination
group persisted through month 24 (Table 3). For the
monotherapy group, the proportion of baseline polypoidal
lesions that persisted at subsequent visits was 22 of 39 at
month 3, 15 of 39 at month 6, 10 of 33 at month 12, and
9 of 37 at month 24. The proportion of persistent
polypoidal lesions (whether from baseline or arising at a
6

previous time point) as a percentage of the total number
of detected polypoidal lesions was lower in the
combination group compared with the monotherapy
group: 25% versus 70.8% at month 6, 33.3% versus
59.1% at month 12, and 7.6% versus 63% at month 24.

Occurrence of New Polypoidal Lesions. Over 2 years, a
total of 17 new polypoidal lesions were observed in the
combination group, compared with 28 lesions in the mon-
otherapy group. The total number of new polypoidal lesions
arising was relatively lower from months 3 to 12 in the
combination group compared with the monotherapy group
in the first year (0 vs. 4 at month 3, 3 vs. 6 at month 6, and 2
vs. 9 at month 12). At month 24, the total number of new
polyps arising since the month 12 visit was 12 in the
combination group compared with 9 in the monotherapy
group.

Recurrence of Polypoidal Lesions. As previously
described, no recurrences took place in the combination
group and only 2 polypoidal lesions recurred in the mono-
therapy group over the 24-month period.

Total Polypoidal Lesion Area

The total polypoidal lesion area per eye was significantly
smaller among the combination group (range, 0.005e0.013
mm2) compared with the monotherapy group (range,
0.110e0.376 mm2) from months 3 through 12. This
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difference was especially evident when evaluating the area
of persistent baseline polypoidal lesions at subsequent visits.
At month 24, the area of baseline polypoidal lesions
remained small in the combination therapy group (0.05
mm2), and most of the mean polypoidal lesion area was
accounted for by new polypoidal lesions (0.097 mm2;
96.9% of total mean polypoidal lesion area). In contrast, in
the monotherapy group, the mean area of baseline poly-
poidal lesions was 0.091 mm2 (58.7%), compared with
0.064 mm2 (41.3%) for new polypoidal lesions.
Discussion

In this study, we evaluated the evolution of polypoidal le-
sions in PCV over 24 months and proposed standardized
terminology to describe the precise nature of polypoidal
lesions. An important and novel finding is that polypoidal
lesions seen at a particular time point may consist of either
persistent polypoidal lesions or new polypoidal lesions
arising at different locations. In contrast, recurrence of
polypoidal lesions at the same location is relatively un-
common after these polypoidal lesions have completely
regressed, regardless of the treatment.

Important differences were observed in the composition
of polypoidal lesions, depending on the treatment adminis-
tered. Among patients receiving combination therapy of
PDT and intravitreal ranibizumab, 48 of 49 polypoidal le-
sions present at baseline regressed by month 3 after the
initial treatment with PDT and 3 intravitreal ranibizumab
injections. None of these polypoidal lesions subsequently
recurred within a 24-month period, illustrating that combi-
nation therapy achieves long-term regression of polypoidal
lesions until at least month 24. With the exception of 1
persistent polypoidal lesion, all polypoidal lesions seen at
subsequent visits were new polypoidal lesions, arising at
distinct locations where polypoidal lesions were not previ-
ously seen. Photodynamic therapy is believed to produce
selective vascular occlusion. Verteporfin preferentially ac-
cumulates in abnormal vascular endothelial cells22 and,
when irradiated with the PDT laser, results in the creation
of cytotoxic free radicals and photothrombosis, which may
account for the definitive polypoidal lesion occlusion.

The composition of polypoidal lesions in the mono-
therapy group was quite different. Some polypoidal lesions
present at baseline persisted throughout the 24-month period
despite monthly follow-up and active treatment with intra-
vitreal ranibizumab when disease activity was present.
Similarly, some of the new polypoidal lesions developing at
subsequent time points also persisted, illustrating that
treatment with ranibizumab monotherapy was less effica-
cious in terms of polypoidal lesion regression. As a result,
eyes treated with monotherapy showed a combination of
both baseline and new polypoidal lesions over the course of
follow-up. Ranibizumab results in antiproliferative and anti-
permeability effects on patients with neovascular age-related
macular degeneration,23,24 and it is likely that the drug acts
in the same manner for polypoidal lesions. It is interesting to
note that the proportion of baseline polypoidal lesions that
completely regressed increased progressively from months
3 to 24. After these lesions had completely regressed,
recurrences were rare, at least until month 24. It is
possible that ranibizumab monotherapy may require more
time to achieve complete polypoidal lesion regression. It
would be interesting to observe if newer anti-VEGF
agents, which may potentially be more efficacious in
achieving a fluid-free retina, may increase the rate of com-
plete polypoidal lesion regression.

The relative proportion of persistent and new polypoidal
lesions varies with treatment regimen, as well as the period
of treatment. Earlier in the course of treatment, at the month
3 review, most polypoidal lesions present in both treatment
groups consisted of persistent polypoidal lesions. Over time,
however, the proportion of new polypoidal lesions increased
as more baseline polypoidal lesions regressed. In the com-
bination therapy group, new polypoidal lesions accounted
for most polypoidal lesions present from month 6 and
beyond. In contrast, in the monotherapy group, at months 12
and 24, the number of persistent and new polypoidal lesions
were almost equal. The total area of polypoidal lesions also
showed interesting differences that reflected the different
distribution of polypoidal lesion types (persistent, new, or
recurrent) between the 2 treatment arms. The mean area of
polypoidal lesions was smaller among eyes in the combi-
nation therapy group at all time points. More importantly,
more than 90% of the total polypoidal lesion area in the
combination group was accounted for by new polypoidal
lesions. In contrast, the percentage of total polypoidal lesion
areas accounted for by persistent polypoidal lesions in the
monotherapy group was larger.

An important observation is that in eyes receiving com-
bination therapy, new polypoidal lesions arising at locations
where polypoidal lesions were not previously detected on
ICGA account for most polypoidal lesions detected at sub-
sequent visits. This emphasizes the importance of definitive
imaging investigations3 to detect the precise locations of
these new polypoidal lesions should treatment with PDT
be considered. New polypoidal lesions occurred as early
as month 3 in the monotherapy group, whereas they
started to appear only from month 6 in the combination
group. It is possible that this could be the result of the
suppressive effect of the combination of PDT and
ranibizumab on the PCV lesion, which may modify the
vascular structures, delaying the onset of new polypoidal
lesions. An evaluation of the growth of the PCV lesion
showed that the branching vascular network reduced
slightly in size at months 3 and 6 in the combination
group, whereas it continued to grow despite active
treatment in the monotherapy group.

Interestingly, recurrences of polypoidal lesions, defined
as the presence of a polypoidal lesion at the same precise
location as a polypoidal lesion that had previously
completely regressed, were relatively rare. Only 2 of 30 eyes
demonstrated recurrences over a 24-month period, and both
were in the group receiving anti-VEGF monotherapy. It
seems that as soon as a polypoidal lesion has regressed,
either with combination therapy or anti-VEGF mono-
therapy, it is uncommon for it to recur.

Although earlier reports on PCV treatment often discuss
changes in best-corrected visual acuity or central subfield
7
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retinal thickness, not all describe the rates of polypoidal
lesion complete regression. Importantly, even among studies
reporting the presence of polypoidal lesions, they do not
distinguish among persistent, new, or recurrent polypoidal
lesions. It remains to be seen whether this distinction is
clinically important. However, it is essential to first recognize
that polypoidal lesions detected at subsequent visits may be
of different types and to use accurate and consistent termi-
nology to describe them before this evaluation can be
performed.

We observed that the composition of polypoidal lesions
varies with treatment regimen. This may yield interesting
insights on the mechanisms of action of the various treat-
ments on polypoidal lesions and may provide confirmation
of their efficacy. It is also useful to counsel patients on the
possible outcomes depending on treatment administered.
The 12-month results of the EVEREST II study showed
that eyes in the combination therapy arm demonstrated
significantly higher rates of complete polypoidal lesion
regression compared with the monotherapy arm (69.3% vs.
34.7%; P < 0.001).8

The strengths of the study are that all patients were
selected randomly from a multicenter, randomized
controlled clinical trial and underwent prospective,
monthly follow-up. In this randomized cohort, we saw
similar results in terms of complete polypoidal lesion
regression in both treatment arms compared with the re-
sults of the main study cohort, which validates the
8

selection of this sample. All patients were imaged using
standardized imaging protocols and were managed ac-
cording to a treatment protocol, depending on the
randomization group. The diagnosis of PCV was
confirmed by a CRC that is experienced in PCV clinical
trials, and the review of the ICGA images in this study was
performed by experienced graders. The status of each
polypoidal lesion was carefully assessed by overlaying
ICGA images with the baseline and earlier angiograms to
precisely track each polypoidal lesion longitudinally.

A potential limitation is that standardized ocular imaging
was performed and graded only at specific intervals, and it is
possible that polypoidal lesions may have arisen, and
possibly regressed, during the interval between imaging
tests, especially in the 11 months between months 12 and
24. However, this reflects the clinical setting where ICGA is
not frequently performed. Another potential limitation is the
small number of patients studied. Despite this, polypoidal
lesions that received different treatment methods still fared
differently. Future studies studying the full EVEREST II set
of patients will definitely be helpful.

In conclusion, this study proposed specific terminology
to describe individual polypoidal lesions when evaluating
PCV treatment. The composition of different types of pol-
ypoidal lesions in an eye varies depending on the treatment
administered and during the course of the disease. This
enhances our understanding of the evolution of PCV lesions
and may be of clinical relevance.
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