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Abstract

Purpose To evaluate the functional
outcomes of patients with polypoidal
choroidal vasculopathy (PCV) who
underwent intravitreal ranibizumab (IVR)
treatment, compared with photodynamic
therapy (PDT), after at least 2 years.
Methods We retrospectively studied all the
treatment-naive patients with PCV who were
scheduled to undergo IVR or PDT between
August 2005 and June 2010. All the patients
who had a 2-year or longer follow-up period
were included in the study. The best-corrected
visual acuity (BCVA) in the two groups was
compared before treatment and at 3, 6, 12, 18
and 24 months after the initial treatment. The
regression of the polyps was also assessed
using indocyanine green angiography.
Results A total of 77 patients were included
in this study. Thirty-three eyes were treated
with IVR, and 44 eyes were treated with
PDT. Although no significant differences
between the two groups were observed at
baseline or at 3, 6, and 12 months after
treatment, a significantly better BCVA was
seen in the IVR group, compared with the
PDT group, at 18 and 24 months after
treatment (P =0.035 and P =0.021,
respectively). No significant difference in the
rate of polyp regression was observed
between the two groups (P = 0.092).
Conclusion IVR was well tolerated and
maintained or improved the vision of
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patients with PCV, compared with PDT, as
evaluated at 2-year follow-up examinations.
PDT for the treatment of PCV might result in
unfavorable outcomes, with no superiority to
achieving the involution of polyps.
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Introduction

Yannuzzi et al'? was the first author to report

polypoidal choroidal vasculopathy (PCV) as a
variant of neovascular age-related macular
degeneration (AMD). The branching vascular
network and polypoidal structures derived
from the choroid seem to be unique to PCV.
The natural course of PCV might differ from
that of the typical exudative AMD, with
favorable visual outcomes.?> However, some
cases develop exudative changes and massive
hemorrhagic complications, resulting in a
severe visual loss.* Regarding the treatment
modalities for PCV, photodynamic therapy
(PDT) has been widely used, resulting in a high
frequency of the complete regression of polyps
and an improvement in visual acuity.>1
However, the long-term outcomes of PDT for
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PCV indicate that frequent recurrences often result in a
visual acuity loss.11714

On the other hand, ranibizumab (Lucentis, Genentech,
Inc., South San Francisco, CA, USA) is a recombinant
humanized anti-vascular endothelial growth factor
(VEGF) antibody fragment targeting all isoforms of
VEGF" that has been used extensively for the treatment
of AMD. The treatment of PCV using ranibizumab has
also yielded promising results.!®!7 Therefore, whether
PDT or ranibizumab should be selected for the treatment
of PCV is an important matter. A recent study described
that PDT with or without ranibizumab was superior to
ranibizumab alone for the complete resolution of polyp
lesions, and no significant differences in the
improvement of best-corrected visual acuity (BCVA)
were seen among the three groups.'® However, a longer
follow-up period is needed to confirm the optimal
treatment for PCV.

The purpose of this study was to evaluate the
functional outcomes of patients with PCV who
underwent intravitreal ranibizumab (IVR) treatment,
compared with PDT, after a follow-up period of at least
2 years.

Patients and methods

We studied 77 eyes in 77 Japanese patients aged 50 years
old or older who were diagnosed as having PCV. All the
patients were initially treated at the Yokohama City
University Medical Center between August 2005 and
June 2010. The treatment modalities were selected
according to the time period. PDT monotherapy was
used between August 2005 and May 2009, and
ranibizumab was administered between April 2009 and
June 2010. The study was performed according to the
principles of the Declaration of Helsinki. The study was
conducted with the approval of the ethics committee of
Yokohama City University Medical Center.

The inclusion criteria were the presence of PCV as
diagnosed based on the presence of clinical, optical
coherence tomography (OCT), fluorescein and confocal
indocyanine green angiographic ICGA) findings
showing a branching vascular network and polypoidal
structures; a treatment-naive status; availability for
follow-up at 24 months or longer after the first treatment;
and a BCVA of 20/400 or better at baseline.

Patients who had previously received treatment for
PCV (ie, laser photocoagulation, submacular surgery or
the intravitreal injection of other anti-VEGF agents) were
excluded from this study. Patients who received PDT
combined with anti-VEGF agents or patients who
underwent PDT that was subsequently switched to
ranibizumab monotherapy within 2 years were also
excluded. Furthermore, patients with eye diseases that
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could potentially influence visual acuity, such as
glaucoma, macular hole, diabetic retinopathy or
rhegmatogenous retinal detachment, were also excluded.

In the PDT group, verteporfin was administered for
over 10min, as per the Treatment of Age-Related
Macular Degeneration with Photodynamic Therapy
protocol.!? Fifteen minutes after the start of the
intravenous infusion, a 689-nm laser was applied for 83s
to deliver 50]/cm? The greatest linear dimension was
determined so as to cover the polyp lesions and the
surrounding abnormal vascular network. The need for
additional retreatment was evaluated every 3 months
using angiographic and OCT (Stratus or Cirrus high-
definition OCT; Carl Zeiss, Dublin, CA, USA) findings.

In the IVR group, all the patients received three
consecutive monthly intravitreal injections of
0.5mg/0.05ml of ranibizumab through the pars plana
via a 30-gauge needle as an induction treatment. During
the maintenance phase, IVR was repeated if any of the
following changes were observed by the evaluating
physician: 1) a visual acuity loss of 0.2 logarithm of the
minimum angle of resolution (logMAR) vision or more,
2) new macular hemorrhage or 3) evidence of persistent
or recurrent subretinal fluid (SRF) accumulation,
intraretinal edema or the enlargement of an area of
pigment epithelial detachment as diagnosed using
SD-OCT at a 1-month follow-up examination.

The main outcome measure was the BCVA and the
differences between the pre- and postoperative BCVA at
3, 6,12, 18 and 24 months after the initial treatment. The
BCVA was converted to the logMAR equivalent for the
statistical analysis. Furthermore, the proportion of
patients with changes in the BCVA of 0.3 logMAR vision
or more was compared between the two groups. The
secondary outcome was the regression of polyps
assessed using ICGA at 24 months.

The postoperative visual acuity parameters were
compared between the two groups using the Student’s
t-test. A Student’s paired t-test was used to compare the
preoperative and postoperative visual acuity in each
group. A chi-square test was used to compare the
proportion of improvement or deterioration in the
visual acuity at 24 months and the rate of polyp
regression between the two groups. Recurrence rate in
either group was investigated by Fisher’s exact test.
Statistical analyses were performed using PASW
Statistics (version 17.0; SPSS, Inc., Chicago, IL, USA).
A P-value <0.05 was considered to denote statistical
significance.

Results

The baseline characteristics and clinical data of the
patients are shown in Table 1. All 77 patients were
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Table 1 Patient characteristics of all study eyes with polypoidal choroidal vasculopathy

IVR group PDT group P-value*

Number of eyes 33 44
Number of patients 33 44

Male/female (%) 19/14 (58/42) 30/14 (68/32) 0.175
Age, mean *s.d., years (range) 73.2+7.5 (59-91) 71.0+7.8 (55-84) 0.104
Preoperative logMAR visual acuity, mean *s.d. 0.48 £0.38 0.52+0.28 0.283
Greatest linear dimention, mean * s.d. (um) 4171 £ 2631 3640+ 2120 0.173
Presence of retinal cysts, present/none (%) 3/30 (9/91) 8/36 (18/82) 0.123
Presence of subretinal fluid, present/none (%) 25/8 (76/24) 36/8 (82/18) 0.265
Presence of SRH, present/none (%) 13/20 (39/61) 16/28 (36/64) 0.395
Presence of PED, present/none (%) 13/20 (39/61) 16/28 (36/64) 0.395

Abbreviations: 1ogMAR, logarithm of the minimum angle of resolution; PED, pigment epithelial detachment; SRH, subretinal and/or subpigment

epithelial hemorrhage.
P-value calculated using the Student’s t-test.

included in this study. There were 33 patients in the IVR
group and 44 patients in the PDT group. Of the 77
patients, 49 were men and 28 were women, with the
patients’ ages ranging from 59 to 91 years (mean
age*s.d., 73.2+7.5 years) in the IVR group and from 55
to 84 years (mean age, 71.0 £ 7.8 years) in the PDT group.
Both groups were comparable with regard to age, sex,
preoperative logMAR visual acuity, greatest linear
dimension, presence of retinal cysts, SRE, subretinal
and/or subretinal pigment epithelial hemorrhage (SRH)
and pigment epithelial detachment (Table 1).

The mean logMAR visual acuity at the baseline was
0.48 £ 0.38 (median: 0.30) in the IVR group and 0.52 +0.28
(median: 0.52) in the PDT group. The mean logMAR
BCVA values at 3, 6, 12, 18 and 24 months after surgery
were 0.38 +0.42 (0.22), 0.37 £ 0.42 (0.22), 0.38 £ 0.42 (0.22),
0.37 £0.44 (0.22) and 0.39 £0.47 (0.22) in the IVR group
and 0.50 £0.35 (0.52), 0.47 +0.37 (0.40), 0.54 £ 0.41 (0.52),
0.54+0.41 (0.52) and 0.62+0.49 (0.52) in PDT group,
respectively. In the IVR group, the postoperative BCVA
improved significantly, compared with the preoperative
visual acuity, throughout the 24-month period (P = 0.006,
P=0.002, P=0.007, P=0.009 and P=0.047 at 3, 6, 12, 18
and 24 months, respectively). In the PDT group, on the
other hand, the mean logMAR BCVA was maintained
throughout the 24-month period (P =0.305, P =0.087,
P=0.383, P=0.336 and P=0.083 at 3, 6, 12, 18 and 24
months, respectively). Although the visual acuity at the
baseline and at 3, 6 and 12 months was not significantly
different between the IVR group and the PDT group,
significant differences in the changes in the logMAR
BCVA values were seen between the two groups at 18
and 24 months after the initial treatment (P =0.035 and
P =0.021, respectively; Figure 1).

The mean differences in the BCVA between the
preoperative value and the postoperative values at 3, 6,
12, 18 and 24 months after surgery were 0.10+0.21
(median: 0.08), 0.11 £0.20 (0.10), 0.10 +0.21 (0.10),
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Figure 1 Changes in the mean logMAR BCVA from the
baseline to 24 months post treatment in the IVR and PDT
groups. BCVA data at baseline and 24 months are shown as
mean BCVA *s.d. (median, IQR). Although the visual acuity at
the baseline and at 3, 6 and 12 months was not significantly
different, significant differences in the change of the logMAR
BCVA values were seen between the two groups at 18 and 24
months (P=0.035 and P =0.021, respectively).

0.11£0.26 (0.11) and 0.08 +0.28 (0.10) in the IVR group
and 0.02 £0.24 (median: 0.06), 0.05 £ 0.26 (0.10),
—0.02+0.34 (0.00), —0.02+0.36 (0.00) and —0.10+0.47
(0.00) in the PDT group, respectively. The IVR group
showed a greater degree of improvement in the visual
acuity after the initial treatment at 12, 18 and 24 months
(P=0.041, P=0.029, and P =0.018, respectively;

Figure 2).

In the IVR group, 7 of the 33 eyes (21.2%) had an
improvement in visual acuity of 0.3 logMAR or more at
the 2-year follow-up. The visual acuity of 23 eyes (69.7%)
remained unchanged, and the remaining 3 eyes (9.1%)
exhibited a deterioration in visual acuity of 0.3 logMAR
or more. In the PDT group, on the other hand, 10 eyes
(22.7%) showed an improvement in visual acuity,

19 eyes (43.2%) showed no change and the remaining
15 eyes (34.1%) showed a deterioration. The deterioration
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Figure 2 Differences between the pre- and postoperative BCVA
at 24 months after treatment (improvement in the visual acuity)
in the IVR and PDT groups. Change in BCVA at 24 months are
shown as mean changets.d. (median, IQR). The IVR group
showed a greater degree of improvement in visual acuity at the
12-, 18- and 24-month follow-up examinations (P=0.041,
P =0.029 and P =0.018, respectively).

23
IVR group (69.7%) ( N
19
PDT group (43.2%)
0% 20% 40% 60% 80% 100%

M Improvement Maintained  m Deterioration % P<0.05

Figure 3 Graphs showing the proportion of patients with
changes in their BCVA of 0.3 logMAR or more at the 2-year
follow-up. A greater proportion of eyes in the PDT group
showed a deterioration in the logMAR BCVA of >0.3, compared
with the IVR group (P =0.024).

in visual acuity following PDT was significantly higher
than that following IVR (P =0.024; Figure 3).

During the 24-month study period, the mean number
of ranibizumab injections that were administered was
7.1 £5.2 in the IVR group. The ICGA findings showed the
complete resolution of the polypoidal lesions in 20 eyes
(60.6%), persistence in 11 eyes (33.3%) and growth in 2
eyes (6.1%), although the abnormal vascular networks
remained the same in all the eyes. SRH occurred in two
eyes in which the PCV lesions had grown during the
follow-up period; however, these eyes were treated with
an additional IVR treatment.

In the PDT group, on the other hand, the mean number
of PDT treatments was 1.52 +0.66 during the 2-year
follow-up period. The ICGA findings showed the
complete disappearance of the polypoidal lesions in 34
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eyes (77.3%), persistence in 6 eyes (13.6%) and the
development of a new PCV or choroidal
neovascularization in 4 eyes (9.1%). SRH occurred in
seven eyes, five of which developed after 1 year. SRH
seriously damaged the visual acuity, with a score of 0.3
logMAR or more, in six eyes. No significant difference in
the rate of polyp regression was observed between the
two groups (P =0.092).

Recurrence rate in the PDT group was 43.2% (19/44),
that is, 19 eyes in the PDT group needed more than two
times of PDT during the 2 years. On the other hand,
additional injection needed in the maintenance phase in
the IVR group was 72.7% (24/33). IVR group showed
significantly higher recurrence rate compared with PDT
group in the maintenance phase (P =0.012).

No cases of ocular adverse effects such as endophthalmitis,
rhegmatogenous retinal detachment or any systemic
complications were encountered in either group.

Figure 4 shows the results for the eyes in the IVR.

Discussion

Our study demonstrated that IVR was effective for
improving vision in patients with PCV, compared with
PDT, as evaluated at 24 months after the treatment.
A recent study comparing PDT with or without
ranibizumab and ranibizumab monotherapy in Asian
people reported that all three groups showed a gain in
visual acuity over a 6-month period, although the PDT
groups were able to achieve the complete regression of
the polyps, compared with the IVR group.!® Although it
was a prospective randomized clinical trial, the long-
term outcomes were not clearly identified. The present
report is the first to describe the functional outcome of
IVR in Asian patients with PCV during the first 24
months after the initial treatment. Furthermore, the use
of IVR and PDT for the treatment of PCV was compared.
In this study, the postoperative BCVA in the IVR group
was significantly improved, compared with the baseline
value, throughout the 24-month period. As previously
described, IVR rapidly resolved the exudative findings,
such as retinal edema and SRF, resulting in a good visual
improvement.'®!” We speculated that the good visual
acuity continued during the 2-year period because of
anatomic improvements resulting from the anti-VEGF
therapy. Furthermore, although SRH occurred in two
eyes in which the polyps were found to have grown
based on the ICGA findings, additional IVR
administrations prevented severe visual deterioration.
A previous study reported that monthly IVR treatments
reduced the risk of macular hemorrhage, compared with
PDT in patients with AMD.20 Although TVR was
repeated as needed during the maintenance phase in this
study, prompt IVR after recurrences inhibited VEGF

Eye
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Figure 4 A 75-year-old man presented with reduced visual acuity in the left eye. (a) A color fundus photograph of the left eye shows
a large area of SRF. (b) Indocyanine green angiographic (ICGA) image showed staining indicating PCV. (c) Spectral-domain optical
coherence tomography (SD-OCT) at baseline revealed SRF with a polypoidal lesion. The visual acuity was 20/30 in the left eye, and the
patient was diagnosed as having PCV. (d) At 3 months after the first injection, the SRF had resolved, although the polypoidal lesion
persisted. The patient’s visual acuity had improved to 20/25. (e) However, at 13 months after the initial treatment, the SRF had
increased. Additional IVR treatments were administered. (f) At 2 years after the first treatment, the patient’s visual acuity was
maintained at 20/25. (g) An ICGA image shows the regression of the polyps, although the abnormal vascular network remains.
(h) SD-OCT also shows the disappearance of PCV. In total, 11 IVR treatments were administered during the follow-up period.

expression in the vascular endothelial cells of the PCV
lesion, possibly decreasing the risk of massive SRH.
However, careful monitoring of the size of polypoidal
lesions may be needed in some cases.

On the other hand, in the PDT group, the mean
logMAR BCVA tended to decrease over the 6-month
period following the initial treatment. Furthermore, the
proportion of eyes with a deterioration in visual acuity
following PDT was significantly higher, compared with
that following IVR. Similar to this study, the long-term
outcomes of AMD after PDT have indicated several
serious problems. For example, long-term influences of
PDT, such as damage to the retinal pigment epithelium
after PDT?! and choroidal hypoperfusion (which is
correlated with chorioretinal atrophy),?? have been
reported.

The continued decline in vision after PDT was found to
be caused by progressive photoreceptor degeneration in
the area over a scar resulting from CNV inactivation.??
We speculated that changes resulting from PDT
treatment, such as photoreceptor degeneration, fibrosis
and atrophic changes, might attenuate the visual acuity
improvement even if the lesion is inactivated.

Eye

Furthermore, choroidal ischemia caused by PDT, which
further secretes VEGF, might introduce recurrent lesions
and massive SRH with severe visual deterioration, as
SRH after PDT could be a common complication in
patients with PCV.24

Although previous reports have described that an
estimated 33-43% of patients treated with IVR showed
the complete regression of polyps, which seemed to be
inferior to that in patients treated with PDT,'"'® in the
present study, 60.6% of the patients in the IVR group
showed no polyp lesions on the ICGA findings, and no
significant difference between the two groups was
observed. The rate of polyp regression over time is
difficult to compare between the two groups because
ICGA was performed only at baseline and at 24 months
in the IVR group although the PDT group was evaluated
every 3 months. However, these results showed that
repeated IVR might be effective not only for suppressing
exudative changes but also for the involution of polyp
lesions during a long-term follow-up period (Figure 4).

Some concern about the data exists because the
baseline visual acuity differed between the two groups,
although a statistically significant difference was not



observed. However, these results might explain the
differences in the subsequent visual acuity outcome.
Therefore, we also investigated the improvement in the
visual acuity. As a result, the IVR group showed a greater
degree of improvement in the visual acuity at 12, 18 and
24 months after the initial treatment. IVR might be
superior to PDT with regard to the improvement in
visual acuity during the long-term follow-up period.

In this study, the abnormal vascular networks had
persisted in all the eyes when evaluated at a 2-year
follow-up examination, consistent with the results of
previous studies.'®!” Although our study showed
favorable results, the persistent abnormal vascular
networks may indicate a high risk of recurrent
polypoidal lesions.!? In fact, IVR group showed higher
recurrence rate compared with PDT group during the
follow-up period. Therefore, more investigations are
needed to assess the further long-term efficacy of IVR in
patients with PCV. The strict monitoring of patients
beyond 2 years after the initial treatment should be
considered.

Furthermore, although IVR was effective for
improving vision compared with PDT, financial cost
cumulates by the mean number of 7.1 £5.2 ranibizumab
injections. The total treatment cost is 1292449 yen
(182035 yen per one injection). On the other hand, the
treatment cost of mean number of 1.52 PDT is 565 227 yen
(371860 yen per one). Bevacizumab might be an
attractive alternative to ranibizumab from its lower cost
to reduce the economic burden. However, bevacizumab
has not received Food and Drug Administration
approval for the treatment of AMD. Furthermore, we
reported that bevacizumab injection was significantly
higher to cause endophthalmitis compared with
ranibizumab.? To realize an appropriate cost-
effectiveness treatment for AMD is needed in the future.

The main limitations of the present study were its
small sample size and its retrospective nature. The
retrospective nature of the study may have introduced
some bias. However, our approach to PCV is highly
homogenous, enabling patients to be compared
retrospectively because they have all been treated in a
similar way. Furthermore, we didn’t compare the
possibility of IVR or intravitreal bevacizumab combined
with PDT or reduced fluence PDT. In 2010-2012,
treatment of the PCV also focused on combined
’cherapy.%’29 However, in our institution, it was difficult
to compare these patients because recurrent patients of
combined therapy were changed into IVR monotherapy
within 2 years. Although combined therapy could be also
the main therapeutic choice in the present, Kim et al?’
described that the benefit of combined therapy
diminished in year 2 with no significant difference
compared with baseline. Further investigations are
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needed to compare combined therapy and IVR
monotherapy during the long follow-up periods.

In conclusion, IVR is well tolerated for maintaining or
improving vision in patients with PCV, compared with
PDT, as evaluated at the time of a long-term follow-up
examination. PDT for the treatment of PCV might result
in unfavorable outcomes with no superiority with regard
to achieving the involution of polyps.

Summary

What was known before
® A recent study described that PDT with or without
ranibizumab was superior to ranibizumab alone for the
complete resolution of polyp lesions, and no significant
differences in the improvement of BCVA were seen
among the three groups.

What this study adds
® A longer follow-up period is needed to confirm the
optimal treatment for PCV. We evaluated the functional
outcomes of patients with PCV who underwent IVR
treatment, compared with PDT, after a follow-up period
of at least 2 years.
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1. Your patient is a 72-year-old male with previously untreated
polypoidal choroidal vasculopathy (PCV). Based on the
retrospective study by Dr Inoue and colleagues, which of the
following statements about the effects of treatment with
photodynamic therapy (PDT) or intravitreal ranibizumab
(IVR) on visual acuity is most likely correct?

A Postoperative best-corrected visual acuity (BCVA) in the
IVR group did not improve from baseline throughout
the 24-month period

B BCVA was significantly better in the IVR group than in the
PDT group at 6 months after treatment

C  BCVA was not significantly better in the IVR group than in
the PDT group at 18 months after treatment

D  BCVA was significantly better in the IVR group than in the
PDT group at 24 months after treatment

2. Which of the following statements about the effects of treatment
with PDT or IVR on polyp regression in patients with PCV is most
likely correct?

A Polyp regression was assessed using indocyanine green

angiography

B Polyps resolved completely in less than half of eyes treated
with IVR

C  The rate of polyp regression was significantly better in the
PDT group

D In the maintenance phase of treatment, the groups did not
differ in recurrence rate
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3. Which of the following statements about other outcomes of
treatment with IVR in patients with PCV would most likely be
correct?

A In the IVR group, subretinal hemorrhage (SRH) occurred in
2 eyes in which the PCV lesions had grown during the
follow-up period

B Additional IVR treatment in eyes experiencing SRH did not
prevent severe visual deterioration

C  Abnormal vascular networks regressed significantly during
IVR treatment

D Repeated IVR was ineffective for suppressing exudative
changes
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