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IMPORTANCE The 2-year efficacy and safety of combination therapy of ranibizumab
administered together with verteporfin photodynamic therapy (vPDT) compared with
ranibizumab monotherapy in participants with polypoidal choroidal vasculopathy (PCV) are
unclear.

OBJECTIVE To compare treatment outcomes of ranibizumab, 0.5 mg, plus prompt vPDT
combination therapy with ranibizumab, 0.5 mg, monotherapy in participants with PCV for
24 months.

DESIGN, SETTING, AND PARTICIPANTS This 24-month, phase IV, double-masked, multicenter,
randomized clinical trial (EVEREST II) was conducted among Asian participants from August 7,
2013, to March 2, 2017, with symptomatic macular PCV confirmed using indocyanine green
angiography.

INTERVENTIONS Participants (N = 322) were randomized 1:1 to ranibizumab, 0.5 mg, plus
vPDT (combination therapy group; n = 168) or ranibizumab, 0.5 mg, plus sham PDT
(monotherapy group; n = 154). All participants received 3 consecutive monthly ranibizumab
injections, followed by a pro re nata regimen. Participants also received vPDT (combination
group) or sham PDT (monotherapy group) on day 1, followed by a pro re nata regimen based
on the presence of active polypoidal lesions.

MAIN OUTCOMES AND MEASURES Evaluation of combination therapy vs monotherapy at 24
months in key clinical outcomes, treatment exposure, and safety. Polypoidal lesion regression
was defined as the absence of indocyanine green hyperfluorescence of polypoidal lesions.

RESULTS Among 322 participants (mean [SD] age, 68.1 [8.8] years; 225 [69.9%] male), the
adjusted mean best-corrected visual acuity (BCVA) gains at month 24 were 9.6 letters in the
combination therapy group and 5.5 letters in the monotherapy group (mean difference,
4.1 letters; 95% CI, 1.0–7.2 letters; P = .005), demonstrating that combination therapy was
superior to monotherapy by the BCVA change from baseline to month 24. Combination
therapy was superior to monotherapy in terms of complete polypoidal lesion regression at
month 24 (81 of 143 [56.6%] vs 23 of 86 [26.7%] participants; P < .001). Participants in the
combination group received fewer ranibizumab injections (median, 6.0 [interquartile range
(IQR), 4.0-11.0]) than the monotherapy group (median, 12.0 [IQR, 7.0-17.0]) up to month 24.
The combination group required a median of 2.0 (IQR, 1.0-3.0) vPDT treatments for 24
months, with 75 of 168 participants (44.6%) requiring only 1 vPDT treatment.

CONCLUSIONS AND RELEVANCE The 24-month data findings confirm that ranibizumab
therapy, given as monotherapy or in combination with vPDT, is efficacious and safe for
treatment of PCV. Combination therapy with vPDT added to ranibizumab achieved superior
BCVA gain, increased odds of complete polypoidal lesion regression, and fewer treatment
episodes compared with ranibizumab monotherapy.
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P olypoidal choroidal vasculopathy (PCV) is generally rec-
ognized as a subtype of neovascular age-related macu-
lar degeneration characterized by the presence of an-

eurysmal polypoidal lesions with or without a branching
vascular network, as observed using indocyanine green angi-
ography (ICGA).1-3

In general, PCV is reported to be more prevalent in the East
Asian population, with the prevalence ranging from 22.3% to
61.6%.4-6 With increased use of multimodality imaging and
ICGA, an increase in the frequency of the diagnosis of PCV has
been observed across all patient groups, including Western
populations.4,7,8

Currently, anti-vascular endothelial growth factor (anti-
VEGF) agents administered as monotherapy or in combina-
tion with verteporfin photodynamic therapy (vPDT) are con-
sidered the 2 dominant treatments of choice for the
management of PCV.1,7,9 However, the optimal regimen for PCV
is yet to be established. Emerging evidence has shown that
PCV responds well to anti-VEGF monotherapy, resulting in a
rapid resolution of subretinal fluid or subretinal pigment epi-
thelial retinal fluid and thickening, exudate accumulation,
and improvement in vision. However, the polypoidal lesions
and associated branching vascular network complex often
persist after treatment, resulting in the risk of recurrent
bleeding and poor outcome.10,11 Polypoidal lesion regression
has therefore been suggested as an important end point in
PCV management.3

Combination of anti-VEGF therapy with vPDT aims to
achieve a synergistic treatment effect by combining photo-
thrombosis of the polypoidal lesions with anti-vasoprolifera-
tive and anti-permeability therapy to maintain vision, close pol-
ypoidal lesions, and reduce recurrence. However, vPDT may
have detrimental longer-term effects on visual acuity in eyes
with recurrent disease.12

Few retrospective and case-control studies have investi-
gated the efficacy of combination therapy in participants with
PCV.10,13-16 The first, to our knowledge, randomized, active
clinical trial in participants with macular PCV, the EVEREST
study,10 showed that ranibizumab combined with vPDT or
vPDT monotherapy was superior to ranibizumab mono-
therapy in achieving complete polypoidal lesion regression.10

EVEREST II11 showed that for 12 months, treatment of PCV with
ranibizumab combined with vPDT resulted in greater best-
corrected visual acuity (BCVA) improvement and a higher rate
of complete resolution of polypoidal lesions, with fewer ra-
nibizumab injections than ranibizumab monotherapy.11 How-
ever, whether the visual outcomes, polypoidal lesion regres-
sion rates, and treatment burden were maintained beyond 12
months was unknown. The current study reports on the 24-
month EVEREST II outcomes to generate further guidance on
the management of symptomatic macular PCV.

Methods
Study Design
The design of the EVEREST II randomized clinical trial
(NCT01846273) is available elsewhere (trial protocol in

Supplement 1).11 EVEREST II was a 24-month, phase IV,
multicenter,randomized,double-maskedtrial (Figure1).Thetrial
was conducted in accordance with the Declaration of Helsinki
and Tripartite International Council on Harmonization Good
Clinical Practice Guidelines,17 considering applicable local
regulations. The trial protocol was reviewed and approved by an
independent ethics committee or institutional review board at
each participating center. Participants provided written informed
consent before entering the trial and received no payment to
participate in the study. This trial followed the Consolidated
Standards of Reporting Trials (CONSORT) reporting guideline.

Participants
The study population consisted of treatment-naive partici-
pants with symptomatic macular PCV from 42 sites in Asia. The
diagnosis of PCV in the study eye was confirmed by the Cen-
tral Reading Center (Fundus Image Reading Center, National
Healthcare Group Eye Institute at Tan Tock Seng Hospital, Sin-
gapore) using standardized multimodal imaging modified from
the EVEREST grading criteria.9,18

Key Points
Question What are the differences in treatment outcomes of
combination therapy with intravitreal ranibizumab and verteporfin
photodynamic therapy vs ranibizumab monotherapy in polypoidal
choroidal vasculopathy at month 24?

Findings In the EVEREST II randomized clinical trial, combination
therapy was superior to monotherapy in terms of adjusted mean
best-corrected visual acuity gain and superior in achieving
complete absence of indocyanine green hyperfluorescence of
polypoidal lesions with fewer ranibizumab injections.

Meaning These data suggest that ranibizumab plus prompt
verteporfin photodynamic therapy is more effective compared
with ranibizumab monotherapy for polypoidal choroidal
vasculopathy with reduced treatment burden.

Figure 1. CONSORT Diagram of Study Participants

322 Patients with symptomatic macular polypoidal choroidal
vasculopathy as confirmed on indocyanine green angiography

322 Randomized

274 Completed study at month 24

168 Randomized to ranibizumab,
0.5 mg, with vPDTa

154 Randomized to ranibizumab,
0.5 mga

113 Switched to combination arm
41 Switched to ranibizumab,

0.5 mg, plus vPDTb

vPDT indicates verteporfin photodynamic therapy.
a Primary end point at month 12.
b Patients were at different levels of progression in the study at the therapy

switch time point, which occurred after month 21 for half of the patients from
the switched group.
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Randomization and Treatment
All eligible participants were randomized 1:1 to receive ranibi-
zumab, 0.5 mg, combined with standard fluence vPDT (com-
bination therapy; n = 168) or ranibizumab, 0.5 mg, mono-
therapy with sham PDT (monotherapy; n = 154). The
investigators were masked throughout the study. Partici-
pants were administered a ranibizumab, 0.5 mg, intravitreal
injection on day 1 (baseline visit) and at months 1 and 2, fol-
lowed by a pro re nata (PRN) regimen according to the protocol-
specific retreatment criteria, with an interval between 2 ra-
nibizumab treatments of at least 28 days. The vPDT treatment
was based on the ICGA findings, which covered the whole le-
sion during the initial treatment and targeted only the active
portions during subsequent treatments.

The participants in the monotherapy group were eligible
to switch to combination therapy in year 2 for ethical reasons
to offer therapeutic benefit. However, most (n = 113) of
monotherapy group participants had completed the study
before the month 12 analysis was concluded. Eligibility to
switch for the remaining participants (n = 41) occurred
between months 16 and 24, with half of the switch occurring
after month 21. Thus, only 14 of 41 participants from the
switched group actually received vPDT afterward. Most par-
ticipants (140 of 154 [90.9%]) assigned to monotherapy at
baseline received only ranibizumab therapy throughout 24
months despite the eligibility to switch. For this reason, data
are presented for participants (n = 154) randomized to mono-
therapy at baseline. The data on the 113 participants from the
monotherapy arm who completed the study before the
implementation of the switch decision overall were similar to
those for the randomized arm and are presented in
eTables 1-5 and eFigures 1-15 in Supplement 2.

Study Objectives
The primary objectives were met at month 12.11 For this
article, the following prespecified secondary end points up to
month 24 were analyzed, including (1) changes in BCVA dur-
ing 24 months and categorization of these changes; (2) the
proportion of participants with complete polypoidal lesion
regression (assessed by ICGA) at month 24 and those with
presence of leakage (assessed by fluorescein angiography) at
month 24; (3) changes in central subfield thickness from
baseline to month 24; (4) the number of ranibizumab injec-
tions and vPDT received in the study eye before month 24;
and (5) safety and tolerability of both treatments up to
month 24.

Statistical Analysis
The secondary efficacy analyses were conducted on the study
eye of the participants in the full analysis set (all participants
assigned to the treatment regimen). The first objective was to
demonstrate that combination therapy was noninferior to
monotherapy as assessed by the BCVA change from baseline
at month 24 and superior with respect to complete polypoi-
dal lesion regression at month 24 (at an overall 1-sided α level
of .025). The chosen margin of 5 letters was consistent with
other noninferiority trials of neovascular age-related macu-
lar degeneration.19-21 After this condition was satisfied, a su-

periority test with a 1-sided α level of .025 was performed with
respect to BCVA change from baseline at month 24. With this
hierarchical testing strategy, the overall 1-sided α (family-
wise error rate) was maintained at .025.

An analysis of covariance model including treatment group
as a factor and (centered) baseline BCVA as a continuous vari-
able was used for testing noninferiority or superiority of ad-
justed mean BCVA change from baseline. The Fisher exact test
was used to evaluate superiority with respect to complete pol-
ypoidal lesion regression. No missing data imputation method
was applied.

Other efficacy assessments, safety analysis, exposure to
treatment, demographics, and baseline characteristics are pre-
sented descriptively. Safety assessments (adverse events,
deaths) were reported for the safety set (all participants who
received at least 1 application of study drugs and had at least
1 postbaseline safety assessment). Safety assessments are
presented for the monotherapy, combination, and switched
groups.

Results
Participant Disposition and Baseline Characteristics
Baseline demographics were comparable between the treat-
ment groups. Among 322 participants, the mean (SD) age of
participants was 68.1 (8.8) years and 225 of 322 (69.9%)
were male.

Of the 322 participants randomized to receive combina-
tion therapy (n = 168) or monotherapy (n = 154), 274 (85.1%)
completed the 24-month study, including 146 of 168
(86.9%) in the combination therapy group and 128 of 154
(83.1%) in the monotherapy group. The most common rea-
sons for study discontinuation were adverse events (16 of
322 [5.0%]) and consent withdrawal (13 of 322 [4.0%])
(eTable 1 in Supplement 2). The mean (SD) baseline BCVA
letter score was 61.1 (approximate Snellen equivalent 20/63)
(13.2), and the mean (SD) central subfield thickness was
413.3 (157.2) μm.11

Efficacy
Visual Outcomes
Mean BCVA improved in both combination and monotherapy
groups from baseline to month 24. At month 24, the least-
squares mean (SE) improvement from baseline was 9.6 (1.0)
letters in the combination therapy and 5.5 (1.2) letters in the
monotherapy, with between-group mean difference of 4.1
letters (95% CI, 1.0-7.2 letters), demonstrating both 1-sided
noninferiority (P < .001) and superiority (P = .005) of combi-
nation therapy to monotherapy. The BCVA gains achieved at
month 12 were maintained to 24 months (Figure 2 and eFig-
ure 1 in Supplement 2). Of 146 participants in the combina-
tion group, 75 (51.4%) and 45 (30.8%) showed a BCVA gain of
at least 10 letters and at least 15 letters at month 24, respec-
tively; of 128 participants in the monotherapy, 50 (39.1%) and
31 (24.2%) showed a BCVA gain of at least 10 letters and at
least 15 letters at month 24, respectively (eFigures 2 and 3 in
Supplement 2).
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Anatomical Outcomes
Improvements in complete polypoidal lesion regression were
observed with both the combination and monotherapy groups.
However, combination therapy was superior to monotherapy
with respect to complete polypoidal lesion regression as-
sessed by ICGA at month 24 (81 of 143 [56.6%] vs 23 of 86
[26.7%] participants; P < .001) (eTable 2 in Supplement 2).
Complete polypoidal regression was achieved by month 3 in
115 of 161 participants (71.4%) in the combination therapy group
(eFigures 4 and 5 in Supplement 2). At month 24, 19 of 40
switched group participants (47.5%) showed complete polyp-
oidal lesion regression compared with 23 of 86 of those (26.7%)
who were not switched (eFigure 5 in Supplement 2).

At month 24, the mean (SD) central subfield thickness
reduction from baseline was greater in the combination
group than in the monotherapy group (–152.9 [129.7] μm vs
–109.3 [142.2] μm) (eFigures 6 and 7 in Supplement 2). A
higher proportion of participants in the combination group
showed absence of leakage on fluorescein angiography com-
pared with the monotherapy group (84 of 146 [57.5%] vs 41 of
128 [32.0%]) (eFigures 8 and 9 in Supplement 2). Similarly,
the proportion of participants with disease activity at month
23 was lower in the combination group (27.0% [40 of 148])
than in the monotherapy group (54.3% [69 of 127]) (eFigures
10 and 11 in Supplement 2).

At month 24, serosanguinous hemorrhage was present in
16 of 146 participants (11.0%) in the combination therapy
group and 17 of 127 participants (13.4%) in the monotherapy
group (eFigures 12 and 13 in Supplement 2). Submacular
hemorrhage in more than 4 disc areas was reported in 1 of 146
participants (0.7%) in the combination group and 1 of 127
(0.8%) in the monotherapy group (eFigures 14 and 15 in
Supplement 2).

Treatment Exposure
The median number of ranibizumab injections administered
up to month 24 was 6.0 in the combination group (interquar-
tile range [IQR], 4.0-11.0) and 12.0 in the monotherapy group
(IQR, 7.0-17.0). The mean (SD) number of ranibizumab injec-
tions administered up to month 24 was 8.1 (5.2) in the com-

bination group and 12.5 (6.7) in the monotherapy group. In the
monotherapy group, 30 of 154 participants (19.5%) required
20 to 24 injections for 24 months compared with 7 of 168 par-
ticipants (4.2%) in the combination group, whereas 51 of 168
participants (30.4%) in the combination group required 3 to 4
ranibizumab injections (0 or 1 additional injection with the
mandatory 3 loading doses) compared with 20 of 154 partici-
pants (13.0%) in the monotherapy group (Figure 3A). The me-
dian number of ranibizumab injections between months 12 and
24 was 2.0 (IQR, 0-5.0) in the combination group and 5.0 (IQR,
0-9.0) in the monotherapy group. Between months 12 and 24,
63 of 168 participants (37.5%) required no ranibizumab injec-
tion in the combination therapy group compared with 41 of 154
participants (26.6%) in the monotherapy group. Only 7 of 168
participants (4.2%) in the combination group required 11 to 12
injections compared with 26 of 154 participants (16.9%) in the
monotherapy group between months 12 and 24.

The median number of vPDT treatments up to 24 months
in the combination group was 2.0 (IQR, 1.0-3.0), and the total
of sham and vPDT treatments in the monotherapy group was
3.0 (IQR, 2.0-6.0). The mean (SD) number of vPDT treat-
ments administered up to month 24 was 2.2 (1.4) in the com-
bination group and the total of sham and vPDT treatments was
3.7 (2.3) in the monotherapy group. The median number of
vPDT or sham PDT received from months 12 to 24 in the com-
bination group was 0 (IQR, 0-1.0) and in the monotherapy
group was 1.0 (IQR, 0-3.0). Overall, 75 of the 168 participants
(44.6%) in the combination group needed vPDT only once dur-
ing 24 months (Figure 3B).

Safety
Ocular adverse events of the study eye regardless of study
drug relationship were reported in 64 of 172 participants
(37.2%) in the combination group, 49 of 135 participants
(36.3%) in the monotherapy group, and 8 of 14 (57.1%) in the
switched group (eTable 3 in Supplement 2). No severe or
sudden vision loss was reported among participants after
vPDT treatment.

Nonocular adverse events regardless of study drug rela-
tionship were reported in 94 participants (54.7%) in the

Figure 2. Mean Best-Corrected Visual Acuity (BCVA) Gain Up to Month 24 in the Combination
and Monotherapy Groups
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combination group, 72 (53.3%) in the monotherapy group, and
9 (64.3%) in the switched group (eTable 3 in Supplement 2).

Vitreous hemorrhage was the most common ocular seri-
ous adverse event, reported in 1 participant (0.6%) in the com-
bination therapy and 3 participants (2.2%) in the monotherapy
group. There were no cases of this adverse event in the switched
group (eTable 4 in Supplement 2).

Overall, the rates of nonocular serious adverse events re-
ported were comparable between the 3 treatment groups (23
[13.4%] in the combination therapy group, 18 [13.3%] in the
monotherapy group, and 2 [14.3%] in the switched group)
(eTable 5 in Supplement 2). Two deaths [1.2%] in the combi-
nation therapy group and 1 [0.7%] in the monotherapy group
were reported but were not suspected to be related to the study
treatment.

Discussion
The 24-month results of the EVEREST II trial confirmed that ra-
nibizumab,administeredasmonotherapyorincombinationwith
vPDT, is efficacious and safe for treatment of PCV. Combina-
tion therapy was superior to monotherapy in improving BCVA
and superior in achieving complete polypoidal lesion regres-
sion in participants with symptomatic macular PCV, with fewer
injections for 24 months. These results were consistent with
month 12, demonstrating a sustained treatment effect for com-
bination therapy.11

In the 12-month Fujisan study (n = 72),14 participants re-
ceiving combination therapy of vPDT with ranibizumab had
a BCVA gain of 8.1 letters at baseline and 8.8 letters with de-
ferred vPDT. In contrast, in the Dragon study,22 participants
(n = 139) showed a BCVA gain of 12.3 and 9.7 letters over 24
months with monthly and PRN ranibizumab monotherapy,
respectively.22 The 24-month BCVA gains in the Aflibercept in
Polypoidal Choroidal Vasculopathy (PLANET) study23,24

(n = 284) were 10.7 letters in aflibercept monotherapy group and
9.1 letters in aflibercept with rescue PDT group. Differences in
VA gains across various studies25 could be attributable to differ-
ences in study design and baseline BCVA, an important factor
associated with numerical change in BCVA. The baseline BCVA
for the ranibizumab monotherapy arm in EVEREST II (61.1 let-
ters) was numerically higher than that in the ranibizumab PRN
arm in the Dragon study (54.6 letters) and the aflibercept mono-
therapy (with sham rescue PDT) arm in the PLANET study (57.7
letters).11,23 It is therefore possible that the opportunity to gain
more letters in EVEREST II may have been limited by a ceiling
effect.

A key outcome of the EVEREST trials is the effect on pol-
ypoidal lesion regression. In the EVEREST trial, combination
therapy was superior to ranibizumab monotherapy in achiev-
ing complete polypoidal lesion regression for 6 months (77.8%
vs 28.6%, P = .002).10 Similarly, in EVEREST II, the rates of com-
plete polypoidal lesion regression at months 3, 6, 12, and 24
were consistently higher for combination therapy than for
monotherapy at months 3 (71.4% vs 23.3%), 6 (71.3% vs 28.0%),
12 (69.7% vs 33.8%), and 24 (56.6% vs 33.3%). In the Fujisan
study, the proportion of participants with complete polypoi-
dal lesion regression at month 12 was in broad agreement with
EVEREST II, whether vPDT was given at baseline (62.1%) or de-
ferred (54.8%) (P = .53).14 These findings strengthen the con-
cept that combination therapy is more efficacious than anti-
VEGF monotherapy in achieving higher polypoidal lesion
regression rates and superior BCVA outcomes in participants
with PCV.

The 24-month results of EVEREST II demonstrated that the
switched group participants showed better complete polyp-
oidal lesion regression than did those who were not switched
(47.5% vs 26.7%) (eFigure 5 in Supplement 2). These results
suggest that vPDT can still be applied even later in the treat-
ment course initiated with ranibizumab monotherapy to
achieve polypoidal lesion regression.

Figure 3. Treatments Received Up to Month 24 in the Combination and Monotherapy Groups
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In EVEREST II, the occurrence of serosanguinous hemor-
rhage and submacular hemorrhage decreased over time in both
treatment groups, showing that combination therapy did not
increase the rates of posttreatment hemorrhage and that the
hemorrhage was effectively controlled with regular monitor-
ing and ranibizumab treatment. Participants in the combina-
tion group demonstrated either better or similar efficacy than
those in the monotherapy group for all other secondary and
exploratory outcomes.

In terms of treatment burden, the median number of ra-
nibizumab injections was lower in the combination group (2.0)
than the monotherapy group (5.0) even in year 2. This reduc-
tion in injection number in the combination group was simi-
lar to other studies evaluating combination therapies for the
management of PCV.14,26 Prompt combination therapy may
help reduce the treatment burden, which is particularly
important in countries where there is limited national finan-
cial coverage for anti-VEGF therapies. In the present study,
44.6% of participants in the combination group needed a
single initial vPDT treatment for 24 months and 21.4% of
participants required 2 vPDT treatments. This number is
lower when compared with 5.6 and 5.0 vPDT treatments,
respectively, reported by the Treatment of Age-related
Macular Degeneration With Photodynamic Therapy and
Verteporfin in Photodynamic Therapy study groups20,27 for
24 months.

In EVEREST II, investigators were encouraged to limit la-
ser application to active portions of the PCV lesion using ICGA
guidance in the vPDT retreatment protocol to minimize post-
PDT complications. No new safety concerns were identified in
this study.

The involvement of a central reading center and the use
of predefined criteria for participant identification and diag-
nosis of PCV was one of the main strengths of EVEREST II.
Difficulties in diagnosing PCV, even on ICGA, are reflected
by the high rates of screening failure.28 Focal ICGA hyper-

fluorescence may be present in cases of retinal angiomatous
proliferation, type 2 choroidal neovascularization, central
serous chorioretinopathy, and focal retinal pigment epithe-
lial defect, mimicking PCV. Some patients with PCV do not
have well-defined polypoidal lesions or have extensive
bleeding or large lesion size, making diagnosis difficult.

Limitations
One of the limitations of this trial is that the retreatment in the
second year was based on disease activity as assessed by the
investigators, which can be subjective. Regular ICGA was not
mandated during the second year except the final ICGA per-
formed at the end of study; thus, it is possible that the polyp-
oidal lesion regression rate might not have decreased in the
second year if investigators diagnosed active polypoidal
lesions, which might have required additional combination
therapy. Furthermore, the use of the 3 initial monthly injec-
tions is presumptive and based on age-related macular degen-
eration protocol or treatment guidelines, which may not be
necessary in a PCV treatment algorithm. In addition, few par-
ticipants in the monotherapy arm who were eligible to switch
therapy actually received vPDT in the second year. The small
numbers preclude adequate analyses of the effect of delayed
vPDT on PCV treatment outcomes.

Conclusions
The EVEREST II 24-month results confirmed that the combi-
nation of ranibizumab with prompt vPDT was superior in
achieving improvement in BCVA and superior in achieving
complete polypoidal lesion regression (2 key clinical out-
comes for PCV management) compared with monotherapy.
These functional and anatomical outcomes were achieved with
fewer ranibizumab injections for 24 months, thereby reduc-
ing the treatment burden.
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