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Abstract

Purpose

To compare the 1-year visual outcomes and anatomical responses of patients who received
photodynamic therapy (PDT) combined with intravitreal ranibizumab (IVR) injections with
those of patients who received PDT combined with intravitreal aflibercept (IVA) injections for
treating polypoidal choroidal vasculopathy (PCV).

Methods

We retrospectively studied all treatment-naive patients with PCV who received PDT com-
bined with either IVR or IVA. Best-corrected visual acuity (BCVA), central macular thickness
(CMT), central choroidal thickness (CCT), the number of additional injections, and the pres-
ence of polypoidal lesions, as indicated by indocyanine green angiography (ICGA), during 1
year were evaluated.

Results

Forty-four eyes were assessed at the 1-year follow-up examination. Of these, 23 were
treated with PDT combined with IVR (PDT/IVR group), and 21 were treated with PDT com-
bined with IVA (PDT/IVA group). In both groups, BCVA was shown to be significantly
improved 1 year after the initial treatment. CMT and CCT were also significantly decreased
after 1 year. There were no significant differences in the changes in BCVA or CMT between
the two groups. However, the change in CCT in the PDT/IVA group was significantly larger
than that of the PDT/IVR group (P < 0.001). The mean number of additional injections was
0.78 £ 0.21 in the PDT/IVR group and 0.57 + 0.21 in the PDT/IVA group with no significant
difference between the two groups (P = 0.45). The polyp regression rate at 12 months was
78.2% in the PDT/IVR group and 78.9% in the PDT/IVA group with no significant difference
between the two groups.
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Conclusions

PDT combined with either IVR or IVA was well tolerated and appeared to improve both
vision and anatomy in patients with PCV. PDT/IVA may have a more pronounced effect on
macular choroidal thickness at 1-year follow-up.

Introduction

Polypoidal choroidal vasculopathy (PCV) is first reported by Yanuzzi et al. [1,2] as a distinct
subtype of wet age-related macular degeneration (AMD). PCV is characterized by elevated
orange-red lesions with exudation. By indocyanine green angiography (ICGA), hyperfluores-
cent aneurysmal lesions and a branching choroidal vascular network are typically visible. PCV
is also known to be more prevalent in Asians than in Caucasians. [3] In Japan, nearly half of
the patients with wet AMD suffer from PCV. [4]

Photodynamic therapy (PDT) with verteporfin is the first sanctioned treatment for neovas-
cular AMD. PDT has a high polyp regression rate in patients with PCV; however, massive
hemorrhage and visual deterioration are evident after a prolonged follow-up period. [5-7]
Nevertheless, previous studies report that anti-vascular endothelial growth factor (VEGF)
agents, such as ranibizumab (Lucentis, Genentech, Inc., South San Francisco, CA, USA) and
aflibercept (Eylea, Bayer Health Care, Berlin, Germany) have favorable effects in patients with
PCV, although a large number of injections are required to maintain patients’ visual acuity
with a lower polyp regression rate than that of PDT. [3,8-14]

Recently, the EVEREST Il study has reported that combination therapy using ranibizumab
and PDT showed more favorable visual outcomes and required fewer injections than ranibizu-
mab monotherapy. [15] Therefore, in recent years, combination therapy for treating PCV has
become widespread. Several studies have reported preferable visual outcomes as a result of
PDT combined with either intravitreal ranibizumab (IVR) [16-18] or intravitreal aflibercept
(IVA). [19-21] However, the anti-VEGF agents optimal for performing combination therapy
have not been identified. The purpose of this study is to compare the 1-year visual outcomes
and anatomical responses of patients with PCV who received PDT combined with IVR with
those of patients who received PDT combined with IVA.

Materials and methods

We retrospectively analyzed consecutive 44 eyes of 44 Japanese patients aged 50 years or older
who were diagnosed with treatment-naive PCV. All patients were initially treated at Yoko-
hama City University Medical Center between April 2017 and September 2018. This study
design was approved by the institutional review board at the Yokohama City University Medi-
cal Center. It also followed the tenets of the Declaration of Helsinki. Written informed consent
was obtained from all patients prior to use their medical record data in the research.

The inclusion criteria were the presence of PCV determined by clinical findings, spectral-
domain optical coherence tomography (SD-OCT) (SPECTRALIS Product Family Version 5.3;
Heidelberg Engineering, Germany), and fluorescein angiography (FA) and ICGA (SPECTRA-
LIS Product Family Version 5.3; Heidelberg Engineering, Germany) showing a branching vas-
cular network and polyp-like structures. Patients who had a history of previous treatment for
PCV (i.e, laser photocoagulation, PDT, the intravitreal injection of other anti-VEGF agents,
or intravitreal steroids) were excluded from this study. Patients who had a history of eye
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Injection of IVR No additional treatment Injection of IVA No additional treatment

Fig 1. Flow diagram of inclusion and exclusion criteria and treatment schedule.

https://doi.org/10.1371/journal.pone.0235213.9001

diseases such as uncontrolled glaucoma, macular hole, diabetic retinopathy, and rhegmatogen-
ous retinal detachment, were also excluded.

The patients received PDT combined with either IVR (PDT/IVR group) or IVA (PDT/IVA
group). The anti-VEGF agents were chosen according to time period. From April 2017 to
December 2017, IVR was administrated and from January 2018 to September 2018 IVA was
administrated. Photodynamic therapy with verteporfin (Visudyne, Novartis, Basel, Switzer-
land) was administered according to the TAP Study protocol [22] except for the determination
of the great linear dimension (GLD). Verteporfin was administered over 10 minutes. 15 min-
utes after the intravenous infusion started, a 689-nm laser was applied for 83 seconds to deliver
50 J/cm?2. The GLD was determined based on the ICGA findings instead of the FA findings.
The branching vascular network and polypoidal lesions were included in the GLD. A particu-
lar anti-VEGF agent was randomly selected by other person who wasn’t involved in this study.
Patients in both groups received three initial monthly injections of anti-VEGF as the loading
phase and PDT within 1 week after the initial injection. After the loading phase, all patients
received monthly follow-up examinations and injections of anti-VEGF by pro re nata (PRN)
regimen. [14] IVR or IVA was repeated in cases of the persistence or recurrence of subretinal
fluid (SRF), intraretinal edema, or the deterioration of pigment epithelial detachment on the
SD-OCT images and/or clinically perceptible hemorrhages (Fig 1).

The primary outcome measure was the change in best-corrected visual acuity (BCVA). The
secondary outcome measures were the changes in central macular thickness (CMT), central
choroidal thickness (CCT) measured manually using the caliper function in the SD-OCT, the
number of intravitreal injections during a maintenance phase, and the regression of polyps
evaluated by ICGA after 1 year.

CMT was defined as the distance between the internal limiting membrane and the RPE
at the fovea. CCT was defined as the thickness between the Bruch’s membrane and the inner
surface of the choroidal-scleral junction at the fovea. The great linear dimension (GLD)
was measured using digital simultaneous FA and ICGA with a confocal scanning laser
ophthalmoscope.
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The statistical analysis software used was Excel Toukei 2012 (Social Survey Research Infor-
mation, Tokyo, Japan). The Wilcoxon signed-rank test was used to compare pre-treatment
and post-treatment BCVA, CMT, and CCT in each group. Baseline characteristics were com-
pared using the Mann-Whitney U test and Fisher’s exact probability test. The BCVA was con-
verted to logMAR values for the statistical analysis. P value <0.05 was considered to denote
statistical significance.

Results

The patients’ clinical data prior to treatment are presented in Table 1. Of the 44 patients
enrolled in this study, 23 were in the PDT/IVR group, and 21 were in the PDT/IVA group.
There were 35 men and nine women. The mean age was 73.3 + 0.99 years (mean + standard
error [SE]) (range: 55 to 87 years). There was no significant difference between the two groups
in age, sex ratio, baseline logMAR BCVA, CMT, CCT, and GLD (Table 1).

In the PDT/IVR group, the mean logMAR BCVA significantly improved from 0.23 + 0.04
prior to the initial treatment to 0.15 + 0.05 at 3 months after the initial treatment (P = 0.014).
The mean logMAR BCVA was maintained at 0.14 + 0.06 (P = 0.010) after 6 months and
0.18 £ 0.08 (P = 0.022) after 1 year. In the PDT/IVA group, the mean logMAR BCVA signifi-
cantly improved from 0.27 + 0.08 prior to the initial treatment to 0.19 + 0.07 at 3 months
(P = 0.038) and was maintained at 0.16 + 0.06 (P = 0.018) after 6 months and 0.18 + 0.07
(P =0.018) after 1 year (Fig 2). Increases in BCVA after 1 year did not differ between the PDT/
IVR group (—0.05 + 0.05) and the PDT/IVA group (—0.08 + 0.03) (P = 0.58, Fig 5[A]).

In the PDT/IVR group, CMT significantly decreased from 361 + 26 pm prior to the initial
treatment to 202 + 15 pm at 3 months (P < 0.001) and was maintained at 231 + 25 pm
(P < 0.001) after 6 months and 244 + 29 um (P < 0.001) after 1 year. In the PDT/IVA group,
CMT significantly decreased from 439 + 35 um prior to the initial treatment to 226 + 24 um at
3 months (P < 0.001) and was maintained at 222 + 17 pm (P < 0.001) after 6 months and
220 £ 15 um (P < 0.001) after 1 year (Fig 3). The changes in CMT after 1 year did not differ
between the PDT/IVR group (-117 + 22) and the PDT/IVA group (-218 + 35) (P = 0.06,

Fig 5[B]).

In the PDT/IVR group, CCT significantly decreased from 287 + 15 um prior to the initial
treatment to 225 + 17 um at 3 months (P < 0.001) and was maintained at 223 £ 17 pm
(P < 0.001) after 6 months and 232 + 18 pm (P < 0.001) after 1 year. In the PDT/IVA group,

Table 1. Patient characteristics of all study eyes at baseline.

Number of eyes
Number of patients

Male/Female
Age, mean + SE, year (range)
logMAR BCVA, mean + SE (range)
CMT, mean + SE (pm) (range)
CCT, mean + SE (pm) (range)
GLD, mean * SE (um) (range)

PDT/IVR group PDT/IVA group P-Value

23 21

23 21
17/6 18/3 0.27
72.2 + 1.34 (55-82) 74.6 + 1.45 (55-87) 0.34
0.23 + 0.04 (0-0.82) 0.27 + 0.08 (-0.079-1.096) 0.68

361 + 26 (204-716) 439 + 35 (173-817) 0.055

287 + 15 (120-427) 261 = 20 (120-437) 0.41
3413 + 245 (1131-7438) 3374 + 208 (1701-4607) 0.63

PDT = photodynamic therapy; IVR = intravitreal ranibizumab; IVA = intravitreal aflibercept;

SE = standard error; BCVA = best-corrected visual acuity; CMT = central macular thickness;

CCT = central choroidal thickness; GLD = great linear dimention.

P Value indicates the statistical significance of difference between the group.

https://doi.org/10.1371/journal.pone.0235213.t001
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0.4

-+ -PDT/IVR
——PDT/IVA
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Time from initial treatment (months)

Fig 2. Changes in best-corrected visual acuity (BCVA) during the 12 month follow-up period. In both the PDT/
IVR and PDT/IVA groups, the mean BCVA at 3, 6, and 12 months had improved significantly compared with the
preoperative visual acuity (*P < 0.05).

https://doi.org/10.1371/journal.pone.0235213.9002

CCT significantly decreased from 261 + 20 um prior to the initial treatment to 208 + 19 um at
3 months (P < 0.001) and was maintained at 200 + 18 pm (P < 0.001) after 6 months and

193 £ 19 um (P < 0.001) after 1 year (Fig 4). The changes in CCT after 1 year were significantly
larger in the PDT/IVA group (-67 + 12) than in the PDT/IVR group (=55 + 9) (P < 0.001, Fig
5[C]).

500

400

- -PDT/IVR
——PDT/IVA

Central macular thickness (jum)
g

200

VAN WS VTS

0 3 6 9 12
Time from initial treatment (months)

Fig 3. Changes in the central macular thickness (CMT) during the 12 month follow-up period. The mean CMT at
3, 6, and 12 months decreased significantly compared with those at baseline in the PDT/IVR and PDT/IVA groups
(*P < 0.001).

https://doi.org/10.1371/journal.pone.0235213.g003
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Fig 4. Changes in the central choroidal thickness (CCT) during the 12 month follow-up period. The mean CCT at
3, 6, and 12 months decreased significantly compared with those at baseline in the PDT/IVR and PDT/IVA groups
(*P < 0.001).

https://doi.org/10.1371/journal.pone.0235213.9004

During the 1-year study period, the mean number of additional injections administered
was 0.78 £ 0.21 in the PDT/IVR group and 0.57 £ 0.21 in the PDT/IVA group. There was no
significant difference between the two groups (P = 0.45).

The proportion of the patients who showed complete polyp regression after 1 year using
ICGA was 78.2% in the PDT/IVR group and 76.9% in the PDT/IVA group. There was no sig-
nificant difference between the two groups (P = 0.57).

The exudative change did not recur in 13 eyes in the PDT/IVR group (56.5%) and 14 eyes
in the PDT/IVA group (66.6%) during the maintenance phase. No incidence of serious ocular

P=0.06

—
J

PDTIVR PDT/IVA PDT/IVR PDT/IVA

Changes in logMAR BCVA

P <0.0001

3
3

PDT/IVR PDT/IVA

Fig 5. (A) Changes in logMAR BCVA after 1 year. The rate of BCVA increase during 1 year did not differ between the
PDT/IVR (-0.05 + 0.05) and PDT/IVA groups (—0.08 + 0.03) (P = 0.58). (B) Changes in CMT after 1 year. The
changes in CMT during 1 year did not differ between the PDT/IVR (-117 + 22) and PDT/IVA groups (-218 + 35)

(P =0.06). (C) Changes in CCT after 1 year. The changes in CCT during 1 year were significantly larger in the PDT/
IVA group (67 * 12) than in the PDT/IVR group (-55 £ 9) (P < 0.001).

https://doi.org/10.1371/journal.pone.0235213.g005
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Fig 6. The case of a 79-year-old man who presented with reduced visual acuity in his left eye. (A) A color fundus
photograph shows the reddish-orange polypoidal lesion, including his fovea, submacular hemorrhage, and a large area
of subretinal fluid (SRF). (B) Early-phase fluorescein angiography (FA) revealed an occult leakage. (C) Early-phase
indocyanine green angiography (ICGA) exhibits a polypoidal lesion (arrowhead) and an abnormal vascular network.
(D) Optical coherence tomography (OCT) at the baseline shows SRF with a polypoid lesion. The visual acuity was 20/
25 in the left eye, and the patient was diagnosed with PCV. The patient received PDT/IVA treatment during the
loading phase, and during the maintenance phase, the exudative change did not recur. Twelve months after the first
injection, the patient’s visual acuity improved to 20/16. (E) A color fundus photograph shows no reddish-orange lesion
or hemorrhage at the macula. (F) Early-phase FA shows staining with no leakage. (G) Early-phase ICGA exhibits
complete polyp regression, although an abnormal vascular network remained. (H) OCT shows no polypoidal lesion or
SREF.

https://doi.org/10.1371/journal.pone.0235213.g006

adverse effects, such as endophthalmitis, rhegmatogenous retinal detachment, or any nonocu-
lar adverse events, such as cerebral infarction, myocardial infarction, occurred. Fig 6 shows a
representative case.

Discussion

We found that BCVA in both groups was significantly improved, with few additional injec-
tions during the maintenance phase in patients with PCV. Moreover, CMT and CCT were sig-
nificantly decreased after 1 year in both groups. There were no significant differences in the
changes in BCVA, CMT, the number of additional injections, or regression rate of the polyps
between the two groups; however, the changes in CCT in the PDT/IVA group were signifi-
cantly larger than those in PDT/IVR group. There were few previous reports comparing PDT/
IVR and PDT/IVA in patients with PCV.

Kikushima et al. reported that the PDT/IVA group demonstrated significantly greater visual
improvement compared with the PDT/IVR group after 2 years. [21] However, their method

PLOS ONE | https://doi.org/10.1371/journal.pone.0235213  June 24, 2020 7/11


https://doi.org/10.1371/journal.pone.0235213.g006
https://doi.org/10.1371/journal.pone.0235213

PLOS ONE

Efficacy of photodynamic therapy with ranibizumab or aflibercept for polypoidal choroidal vasculopathy

differed from that of this study. They did not administer two additional injections in the
loading phase and they basically followed every 3 months. Conversely, in our study, we
administered three consecutive monthly injections in the loading phase and followed up
according to PRN protocols. Much of the treatment in the loading phase and the strict fol-
low-up in our study may result in no differences between how the two anti-VEGF agents
improved BCVA.

In this study, after 1 year, CMT and CCT were significantly decreased in both groups. How-
ever, the changes in CCT in the PDT/IVA group were significantly larger than those in the
PDT/IVR group, which is consistent with the results of previous studies. Maruko et al.
reported that subfoveal choroidal thickness in patients with PCV decreased 1 month after
patients received PDT and remained thin until 6 months after the initial treatment. [23] Kim
et al. reported that there was a larger decrease in choroidal thickness in eyes treated with afli-
bercept compared with eyes treated with ranibizumab, and this difference was more remark-
able in patients with PCV than those with other subtypes of AMD. [24] Even when patients are
treated with a combination of PDT and anti-VEGF agents, CCT could become thinner by
using aflibercept rather than ranibizumab. However, it was reported that a thin choroid might
be a risk factor for the long-term development of chorioretinal atrophy (CRA) in patients with
PCV. Choi et al. studied 88 patients with PCV who received anti-VEGF injections either with
or without PDT. They reported that faster CRA growth was significantly related to a thin cho-
roid, whereas PDT history was not significantly correlated with the development of CRA. [25]
Thinning of the choroid could influence CRA in the longer term and CRA might be related
BCVA. Therefore, it should be more cautious about CCT. Excessive choroidal thinning might
further promote CRA, and it is necessary to consider whether it may affect the decrease of
visual acuity.

In this study, the mean number of injections patients received over 1 year, including during
the loading phase, was 3.78 in the PDT/IVR group and 3.57 in the PDT/IVA group. We previ-
ously reported the outcomes of a PRN regimen with IVA for treating PCV and reported that
the mean number of IVA injections was 5.0 during 1 year. [14] Hikichi et al. reported the
1-year results of a PRN regimen combined with IVR to treat PCV and found that the mean
number of IVR injections was 4.2. [8] Compared with IVA or IVR monotherapy, combination
therapy in the form of a PRN regimen required fewer anti-VEGF injections. Furthermore, in
the EVEREST Il study, which was a multicenter randomized clinical trial, compared with IVR
monotherapy, treating PCV with IVR combined with PDT resulted in a greater increase in
visual acuity with fewer numbers of IVR. [15] PDT combination therapy could reduce the
number of anti-VEGF drug injections and lessen the treatment burden for both patients and
doctors.

Importantly, it may be insufficient to evaluate the effect of treatment by increases in vision.;
polyp regression must also be considered. In this study, complete polyp regression rates at 12
months did not significantly differ between the PDT/IVR group (78.2%) and the PDT/IVA
group (76.9%). In the EVEREST Il study, the rates at 12 months were 69.7% in the patients
who received PDT/IVR therapy and 33.8% in patients who received IVR monotherapy. In our
previous study, when IVA monotherapy was used to treat PCV, the complete polyp regression
rate was 48.0% with a bimonthly fixed regimen and 52.9% with a PRN regimen. [14] The
polyp regression rate of patients who received combination therapy with either IVR and IVA
was higher than either IVR or IVA monotherapy, which may have resulted in the fewer addi-
tional injections in the maintenance phase.

This study has some limitations. A major limitation is the retrospective design. The second
limitation is the small sample size. Although there was no statistically significant difference in
the baseline characteristics between the two treatment groups, it is necessary to perform a
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large-scale randomized study to confirm the current results. Furthermore, the long-term out-
comes are unidentified. The results of this study must be evaluated with a longer follow-up
period.

Conclusion

PDT combined with either IVR or IVA effectively improved the vision and exudative changes
in patients with PCV, over a 1-year follow-up. Although the PDT/IVA group showed a larger
decrease in CCT than the PDT/IVR group, there was no significant difference in the visual
improvement, the change in macular thickness or the number of additional injections between
the two treatment groups after 1 year.

Author Contributions

Conceptualization: Maiko Maruyama-Inoue.

Data curation: Arisa Ito, Yoko Kitajima, Shimpei Sato.

Formal analysis: Arisa Ito, Yoko Kitajima, Tatsuya Inoue.
Investigation: Arisa Ito, Maiko Maruyama-Inoue, Shimpei Sato, Tatsuya Inoue, Shin Yamane.
Methodology: Arisa Ito, Maiko Maruyama-Inoue, Shimpei Sato.
Project administration: Arisa Ito, Maiko Maruyama-Inoue.
Resources: Tatsuya Inoue, Shin Yamane.

Software: Tatsuya Inoue, Shin Yamane.

Supervision: Maiko Maruyama-Inoue, Kazuaki Kadonosono.
Validation: Maiko Maruyama-Inoue.

Visualization: Arisa Ito.

Writing - original draft: Arisa Ito.

Writing - review & editing: Maiko Maruyama-Inoue, Kazuaki Kadonosono.

References

1. Yannuzzi LA, Sorenson J, Spaide RF, Lipson B. Idiopathic polypoidal choroidal vasculopathy (IPCV).
Retina. 1990; 10:1-8. PMID: 1693009

2. YannuzzilA, Ciardella A, Spaide RF, Rabb M, Freund KB,Orlock DA. The Expanding Clinical Spectrum
of Idiopathic Polypoidal Choroidal Vasculopathy. Arch Ophthalmol. 1997; 115:478. https://doi.org/10.
1001/archopht.1997.01100150480005 PMID: 9109756

3. KohAHC, Chen LJ, Chen SJ, Chen Y, Giridhar A, lida T, et al. Polypoidal choroidal vasculopathy: Evi-
dence-Based Guidelines for Clinical Diagnosis and Treatment. Retina. 2013; 33:686—716. https://doi.
org/10.1097/1AE.0b013e3182852446 PMID: 23455233

4. Marukol, lida T, Saito M, Nagayama D, Saito K. Clinical Characteristics of Exudative Age-related Macu-
lar Degeneration in Japanese Patients. Am J Ophthalmol. 2007; 144:15-22. https://doi.org/10.1016/].
2j0.2007.03.047 PMID: 17509509

5. GomiF, Ohji M, Sayanagi K, Sawa M, Sakaguchi H, Oshima Y, et al. One-Year Outcomes of Photody-
namic Therapy in Age-Related Macular Degeneration and Polypoidal Choroidal Vasculopathy in Japa-
nese Patients. Ophthalmology. 2008; 115(1):141-6. https://doi.org/10.1016/j.0phtha.2007.02.031
PMID: 17582498

6. HondaS, ImaiH, Yamashiro K, Kurimoto Y, Kanamori-Matsui N, Kagotani Y, et al. Comparative
assessment of photodynamic therapy for typical age-related macular degeneration and polypoidal cho-
roidal vasculopathy: A multicenter study in hyogo prefecture, japan. Ophthalmologica. 2009; 223
(5):333-8. https://doi.org/10.1159/000221837 PMID: 19478533

PLOS ONE | https://doi.org/10.1371/journal.pone.0235213  June 24, 2020 9/11


http://www.ncbi.nlm.nih.gov/pubmed/1693009
https://doi.org/10.1001/archopht.1997.01100150480005
https://doi.org/10.1001/archopht.1997.01100150480005
http://www.ncbi.nlm.nih.gov/pubmed/9109756
https://doi.org/10.1097/IAE.0b013e3182852446
https://doi.org/10.1097/IAE.0b013e3182852446
http://www.ncbi.nlm.nih.gov/pubmed/23455233
https://doi.org/10.1016/j.ajo.2007.03.047
https://doi.org/10.1016/j.ajo.2007.03.047
http://www.ncbi.nlm.nih.gov/pubmed/17509509
https://doi.org/10.1016/j.ophtha.2007.02.031
http://www.ncbi.nlm.nih.gov/pubmed/17582498
https://doi.org/10.1159/000221837
http://www.ncbi.nlm.nih.gov/pubmed/19478533
https://doi.org/10.1371/journal.pone.0235213

PLOS ONE

Efficacy of photodynamic therapy with ranibizumab or aflibercept for polypoidal choroidal vasculopathy

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Chan WM, Lam DSC, Lai TYY, Liu DTL, Li KKW, Yao Y, et al. Photodynamic therapy with verteporfin
for symptomatic polypoidal choroidal vasculopathy: One-year results of a prospective case series.
Ophthalmology. 2004; 111(8):1576—84. https://doi.org/10.1016/j.ophtha.2003.12.056 PMID:
15288991

Hikichi T, Higuchi M, Matsushita T, Kosaka S, Matsushita R, Takami K, et al. One-Year Results of
Three Monthly Ranibizumab Injections and As-Needed Reinjections for Polypoidal Choroidal Vasculo-
pathy in Japanese Patients. Am J Ophthalmol [Internet]. 2012 Jul; 154(1):117—-124.e1. Available from:
https://linkinghub.elsevier.com/retrieve/pii/fS0002939412000116 PMID: 22465366

Qishi A, Kojima H, Mandai M, Honda S, Matsuoka T, Oh H, et al. Comparison of the effect of ranibizu-
mab and verteporfin for polypoidal choroidal vasculopathy: 12-month LAPTOP study results. Am J
Ophthalmol [Internet]. 2013; 156(4):644—651.e1. Available from: http://dx.doi.org/10.1016/j.aj0.2013.
05.024 PMID: 23876867

Maruyama-Inoue M, Sato S, Yamane S, Kadonosono K. Intravitreal injection of aflibercept in patients
with polypoidal choroidal vasculopathy a 3-year follow-up. Retina. 2018; 38(10):2001-9. https://doi.org/
10.1097/IAE.0000000000001818 PMID: 28816730

Gomi F, Sawa M, Sakaguchi H, Tsujikawa M, Oshima Y, Kamei M, et al. Efficacy of intravitreal bevaci-
zumab for polypoidal choroidal vasculopathy. Br J Ophthalmol. 2008; 92(1):70-3. https://doi.org/10.
1136/bj0.2007.122283 PMID: 17567661

Lai TYY, Chan WM, Liu DTL, Luk FOJ, Lam DSC. Intravitreal bevacizumab (Avastin) with or without
photodynamic therapy for the treatment of polypoidal choroidal vasculopathy. Br J Ophthalmol. 2008;
92(5):661-6. https://doi.org/10.1136/bjo.2007.135103 PMID: 18356265

Hatz K, Printe C. Polypoidal choroidal vasculopathy in Caucasian patients with presumed neovascular
age-related macular degeneration and poor ranibizumab response. Br J Ophthalmol. 2014; 98(2):188—
94. https://doi.org/10.1136/bjophthalmol-2013-303444 PMID: 24246375

Inoue M, Yamane S, Taoka R, Arakawa A, Kadonosono K. Aflibercept for polypoidal choroidal vasculo-
pathy. Retina [Internet]. 2016 Aug; 36(8):1527-34. Available from: http://content.wkhealth.com/
linkback/openurl?sid=WKPTLP:landingpage&an=00006982-201608000-00015

Koh A, Lai TYY, Takahashi K, Wong TY, Chen LJ, Ruamviboonsuk P, et al. Efficacy and safety of ranibi-
zumab with or without verteporfin photodynamic therapy for polypoidal choroidal vasculopathy: A ran-
domized clinical trial. JAMA Ophthalmol. 2017; 135(11):1206—13. https://doi.org/10.1001/
jamaophthalmol.2017.4030 PMID: 28983556

Saito M, lida T, Kano M, ltagaki K. Two-year results of combined intravitreal ranibizumab and photody-
namic therapy for polypoidal choroidal vasculopathy. Graefe’s Arch Clin Exp Ophthalmol. 2013; 251
(9):2099-110.

Sakurada Y, lijima H. Two-Year results of photodynamic therapy with or without intravitreal Ranibizu-
mab for Polypoidal Choroidal Vasculopathy. J Ocul Pharmacol Ther. 2013; 29(9):832—6. https://doi.org/
10.1089/jop.2013.0044 PMID: 23962035

Kikushima W, Sakurada Y, Sugiyama A, Tanabe N, Yoneyama S, lijima H. Retreatment of polypoidal
choroidal vasculopathy after photodynamic therapy combined with intravitreal ranibizumab. Jpn J
Ophthalmol. 2017; 61(1):61-6. https://doi.org/10.1007/s10384-016-0479-4 PMID: 27663239

Takayama K, Kaneko H, Kataoka K, Hattori K, Ra E, Tsunekawa T, et al. Comparison between 1-year
outcomes of aflibercept with and without photodynamic therapy for polypoidal choroidal vasculopathy:
Retrospective observation study. PLoS One. 2017; 12(5):1-12.

Matsumiya W, Honda S, Otsuka K, Miki A, Nagai T, Imai H, et al. One-year outcome of combination
therapy with intravitreal aflibercept and verteporfin photodynamic therapy for polypoidal choroidal vas-
culopathy. Graefe’s Arch Clin Exp Ophthalmol. 2017; 255(3):541-8.

Kikushima W, Sakurada Y, Sugiyama A, Yoneyama S, Tanabe N, Matsubara M, et al. Comparison of
two-year outcomes after photodynamic therapy with ranibizumab or aflibercept for polypoidal choroidal
vasculopathy. Sci Rep [Internet]. 2017; 7(1):1-7. Available from: http://dx.doi.org/10.1038/s41598-017-
16476-1

Treatment of age-related macular degeneration with photodynamic therapy (TAP) Study Group. Photo-
dynamic therapy of subfoveal choroidal neovascularization in age-related macular degeneration with
verteporfin: one-year results of 2 randomized clinical trials. Arch Ophthalmol. 1999; 117:1329—-1345.
PMID: 10532441

Maruko |, lida T, Sugano Y, Saito M, Sekiryu T. Subfoveal retinal and choroidal thickness after verte-
porfin photodynamic therapy for polypoidal choroidal vasculopathy. Am J Ophthalmol [Internet].
2011; 151(4):594-603.e1. Available from: http://dx.doi.org/10.1016/j.a2j0.2010.10.030 PMID:
21295766

PLOS ONE | https://doi.org/10.1371/journal.pone.0235213  June 24, 2020 10/11


https://doi.org/10.1016/j.ophtha.2003.12.056
http://www.ncbi.nlm.nih.gov/pubmed/15288991
https://linkinghub.elsevier.com/retrieve/pii/S0002939412000116
http://www.ncbi.nlm.nih.gov/pubmed/22465366
http://dx.doi.org/10.1016/j.ajo.2013.05.024
http://dx.doi.org/10.1016/j.ajo.2013.05.024
http://www.ncbi.nlm.nih.gov/pubmed/23876867
https://doi.org/10.1097/IAE.0000000000001818
https://doi.org/10.1097/IAE.0000000000001818
http://www.ncbi.nlm.nih.gov/pubmed/28816730
https://doi.org/10.1136/bjo.2007.122283
https://doi.org/10.1136/bjo.2007.122283
http://www.ncbi.nlm.nih.gov/pubmed/17567661
https://doi.org/10.1136/bjo.2007.135103
http://www.ncbi.nlm.nih.gov/pubmed/18356265
https://doi.org/10.1136/bjophthalmol-2013-303444
http://www.ncbi.nlm.nih.gov/pubmed/24246375
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00006982-201608000-00015
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00006982-201608000-00015
https://doi.org/10.1001/jamaophthalmol.2017.4030
https://doi.org/10.1001/jamaophthalmol.2017.4030
http://www.ncbi.nlm.nih.gov/pubmed/28983556
https://doi.org/10.1089/jop.2013.0044
https://doi.org/10.1089/jop.2013.0044
http://www.ncbi.nlm.nih.gov/pubmed/23962035
https://doi.org/10.1007/s10384-016-0479-4
http://www.ncbi.nlm.nih.gov/pubmed/27663239
http://dx.doi.org/10.1038/s41598-017-16476-1
http://dx.doi.org/10.1038/s41598-017-16476-1
http://www.ncbi.nlm.nih.gov/pubmed/10532441
http://dx.doi.org/10.1016/j.ajo.2010.10.030
http://www.ncbi.nlm.nih.gov/pubmed/21295766
https://doi.org/10.1371/journal.pone.0235213

PLOS ONE Efficacy of photodynamic therapy with ranibizumab or aflibercept for polypoidal choroidal vasculopathy

24. KimJH, Lee TG, Chang YS, Kim CG, Cho SW. Short-term choroidal thickness changes in patients
treated with either ranibizumab or aflibercept: A comparative study. Br J Ophthalmol. 2016; 100
(12):1634-9. https://doi.org/10.1136/bjophthalmol-2015-308074 PMID: 26951770

25. ChoiEY, Park SE, Lee SC, Koh HJ, Kim SS, Byeon SH, et al. Long-Term Incidence and Growth of
Chorioretinal Atrophy in Patients with Polypoidal Choroidal Vasculopathy. Ophthalmologica. 2020;
243:136—144. https://doi.org/10.1159/000501724 PMID: 31454801

PLOS ONE | https://doi.org/10.1371/journal.pone.0235213  June 24, 2020 11/11


https://doi.org/10.1136/bjophthalmol-2015-308074
http://www.ncbi.nlm.nih.gov/pubmed/26951770
https://doi.org/10.1159/000501724
http://www.ncbi.nlm.nih.gov/pubmed/31454801
https://doi.org/10.1371/journal.pone.0235213

