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ABSTRACT

Introduction: To investigate the efficacy and
safety of proton-beam irradiation (PBI) com-
bined with intravitreal conbercept (IVC) injec-
tion for refractory or recurrent polypoidal
choroidal vasculopathy (PCV).
Methods: A prospective interventional clinical
trial included 12 patients with refractory PCV
(defined as persistent exudation or fluid after six

consecutive injections at monthly intervals
and/or photodynamic therapy) or recurrent
PCV (defined as new exudative signs after six
monthly injections and/or photodynamic
therapy) treated between January 2019 and
September 2020. Every patient underwent sin-
gle PBI (14 GyE) with concomitant IVC (0.5 mg)
within 1 week and further doses of IVC were
administered pro re nata.
Results: By the 12-month follow-up, the sub-
retinal fluid was completely absorbed in 9 eyes
(81.8%). The angiographic regression and clo-
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90% (18/20), respectively. The mean number of
IVC injections was 3.1 ± 1.37. The mean BCVA
improved by 20 letters (P = 0.006). The mean
central macular thickness (CMT) decreased
from 476.50 ± 123.63 lm to
317.70 ± 89.34 lm (P = 0.004). The areas of
branching vascular networks and polyps
decreased by 37.2% and 72.3%, respectively.
Radiation retinopathy was observed in five eyes,
but no systemic adverse events were observed.
Conclusion: PBI combined with IVC appears to
promote polyp regression and closure, reduce
CMT, and improve BCVA, with a favorable
safety profile, after 12 months. Therefore, PBI
may be a useful adjuvant therapy for patients
with refractory or recurrent PCV.
Trial Registration: Proton-Beam Irradiation
Combined with Intravitreal Conbercept for
Refractory or Recurrent Polypoidal Choroidal
Vasculopathy: Prospective Phase II Clinical
Study (ChiCTR2000038987).

Keywords: Intravitreal conbercept; Polypoidal
choroidal vasculopathy; Proton-beam
irradiation; Recurrent; Refractory

Key Summary Points

Polypoidal choroidal vasculopathy (PCV)
was estimated to affect 50% of
neovascular age-related macular
degeneration (nAMD) cases in Asia.

The treatment for refractory or recurrent
PCV has remained challenging.

Proton-beam irradiation has been studied
as an alternative treatment for the
management of nAMD.

Proton-beam irradiation combined with
intravitreal conbercept injection can
achieve a high polypoidal lesion
regression rate and good visual outcomes
at 12 months.

Our research could provide a new
approach for the therapy of refractory or
recurrent PCV.

INTRODUCTION

Polypoidal choroidal vasculopathy (PCV), first
termed by Yannuzzi et al. in the 1990s, is
characterized by polypoidal lesions and abnor-
mal branching vascular networks (BVNs) of
choroidal vessels [1]. PCV is predominantly
reported among Asian patients with age-related
macular degeneration (AMD), with a prevalence
of 20–60% in these patients [2]. Compared with
the management of neovascular AMD, the
management of PCV remains a conundrum
because the disease follows a natural relapsing
course without proactive treatment, and PCV is
more likely than AMD to affect long-term visual
acuity [3, 4].

Intravitreal anti-vascular endothelial growth
factor (VEGF) has become the mainstay therapy
for typical patients with neovascular AMD.
However, the effective therapy for PCV is still
contentious. A combination of an anti-VEGF
agent with photodynamic therapy (PDT) is
superior to anti-VEGF monotherapy not only in
terms of the improvement in best corrected
visual acuity (BCVA) and the closure of polyps
but also in terms of the number of anti-VEGF
agent injections required in the first year of
treatment [3]. Refractory or recurrent PCV is
defined as PCV in which the fluid persists or the
development of new active signs after six
monthly injections or/and PDT, respectively
[5, 6]. Refractory and recurrent PCV are not
uncommon, and the recurrence rates are
reported to be as high as 40–78.6% after at least
3 years of follow-up [7, 8]. Until now, the
treatment for refractory or recurrent PCV has
remained challenging.

Therefore, alternative approaches to manage
PCV must be explored. Introini et al. recently
evaluated the efficacy of stereotactic radiation
therapy (SRT) combined with ranibizumab in
the treatment of 12 patients with PCV [9]. A
high polypoidal lesion regression rate (83.3%)
and good visual outcomes were achieved after
12 months. Unlike SRT, proton-beam irradia-
tion (PBI) delivers more than 90% of the radia-
tion dose to the target tissue, thus minimizing
damage to the adjacent tissue [10]. This advan-
tage allows fixed-beam irradiation to target the
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subfoveal neovascular membranes, while deliv-
ering a minimal dose to nontarget tissues. PBI
has been studied as an alternative treatment for
the management of wet AMD [10–14], and is
thought to inhibit inflammation and fibrosis
and to induce the regression of choroidal neo-
vascularization (CNV) [15, 16].

On the basis of previous encouraging studies,
we evaluated the efficacy and safety of PBI in
conjunction with intravitreal conbercept (IVC)
injections in patients with either refractory or
recurrent PCV.

METHODS

The study protocol was approved by the insti-
tutional review board. All procedures were per-
formed in compliance with the principles of the
Declaration of Helsinki. Written informed con-
sent was obtained from every patient.

Study Design

This was a prospective, noncomparative, inter-
ventional trial of patients with refractory or
recurrent PCV treated between January 2019
and September 2020. All patients received a
single dose of 14 cobalt Gray equivalent (GyE)
PBI combined with an IVC injection (0.5 mg)
(Lumitin, Chengdu Kanghong Biotech Co., Ltd,
P. R. China) at baseline. All the patients received
PBI therapy at baseline and were then treated
with IVC within 48 h. After PBI, all patients
were followed up monthly, and received further
doses of IVC at each visit if the retreatment
criterion was met.

Patient Selection

Patients (age 50 years or older) with refractory
PCV (defined as persistent fluid after six con-
secutive injections with anti-VEGF agent at
monthly intervals and/or PDT) or recurrent PCV
(defined as new active polyps signs after six
monthly injections and/or PDT) with a BCVA of
20/40–20/320 (Snellen equivalent) and of 73–24
letters (Early Treatment Diabetic Retinopathy
Study, ETDRS) in the study eye were eligible for

the study. Macular PCV was diagnosed using
spectral-domain optical coherence tomography
(SD-OCT), fluorescein angiography (FFA), and
indocyanine green angiography (ICGA). Both
branching vascular networks (BVNs) and polyps
were located within a circle (6 mm diameter)
centered on the fovea. The activity of polyps
was based on presence of leakages on FFA and
ICGA, and subretinal and/or intraretinal fluid
OCT imaging at final visit. The ability to give
informed consent and to return for monthly
follow-up visits were also criteria for enroll-
ment. The main exclusion criteria were sub-
retinal hemorrhage (at least 6PD), RPE tear,
subretinal fibrosis, a vision-compromising dis-
ease other than PCV, a globe axial length of less
than 20 mm or greater than 26 mm in the study
eye, or type 1 or type 2 diabetes mellitus (see
Fig. 5).

PBI Therapy

To immobilize the patient for PBI, a customized
bite block and thermoplastic head mask were
manufactured 1 day before PBI. During the
treatment, the patient was fixed on a six-di-
mensional treatment chair with the bite block
and the head mask (Fig. 1). The isocenter was
first aligned to the center of the pupil of the
affected eye in a left–right and head–feet direc-
tion, and then aligned to the canthus in an
anterior–posterior direction. A retractor was
placed on the eye to move the eyelids away
from the proton beam (Fig. 2). To avoid the
effect of high-dose irradiation on the lens, the
patients were asked to stare at a red blinking
fixation light mounted to the side of the
beamline [11]. The chair was then translocated
laterally to align the macula at the center of the
beam and verified with a light field projected
through the treatment aperture.

A beam applicator with a ridge filter, a col-
limator, and a treatment aperture of 10 mm
diameter was used to deliver a uniform dose
(14 GyE) of 8 mm diameter, centered on the
macula, in one fraction (Fig. 5). The beam-on
time was about 1 min.
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Study Procedures

All patients underwent a detailed ophthalmo-
logical examination, including the measure-
ment of BCVA, fundus photography (FP,
Topcon TRC50LX; Topcon, Tokyo, Japan), fun-
dus autofluorescence (FAF, Heidelberg Engi-
neering, Heidelberg, Germany), SD-OCT
(Heidelberg Engineering), FFA & ICGA (Heidel-
berg Engineering, Heidelberg, Germany), ultra-

wide-field scanning laser ophthalmoscopy FFA
(UWF-FFA, Optos, PLC, Dunfermine, Scotland),
full-field electroretinography (ff-ERG), and
swept source OCT angiography (SS-OCTA, PLEX
Elite 9000; Carl Zeiss Meditec, Dublin, CA) at
baseline. The central macular thickness (CMT)
in the 1-mm-diameter central region of the
macula, according to the Early Treatment of
Diabetic Retinopathy Study thickness map, was
measured using Spectralis software. The sizes of
polyps and BVNs were measured with the on-
board software of ICGA (Heidelberg Retina
Angio-graph 2). Eligible patients underwent PBI
combined with IVC (0.5 mg/0.5 ml) at baseline,
and further doses of IVC were given pro re nata
(PRN), according to the retreatment criterion
(presence of either subretinal or intraretinal
fluid on OCT). Patients returned for clinical
assessment (BCVA, FP, SD-OCT, FAF, and SS-
OCTA) every month and for safety evaluation
(FFA, ICGA, and UWF-FFA) every 3 months. At
the final visit, ff-ERG was used by a certified
examiner to evaluate the retinal functions.
OCTA was an advanced technology to detect
the abnormal microvascular at different layers
of retina. All intravitreal injections were per-
formed by a retinal specialist and PBI was per-
formed by an expert.

Primary and Secondary Outcomes

The primary objectives of our study were to
evaluate the rates of polyp regression (defined as
the absence of polyps on ICGA) and polyps
closure (defined as the presence of polyps on
ICGA but no new subretinal or intraretinal fluid
on OCT), and the mean number of IVC injec-
tions given within 1 year. The secondary out-
come measures were the changes in BCVA,
central macular thickness (CMT), and the areas
of polyps and BVNs from baseline.

Vision Testing

A certified examiner tested both eyes of each
patient at every visit. BCVA was recorded as
described by the ETDRS protocol. If the patient
could read fewer than 20 letters at 2 m, visual
acuity was measured at 1 m.

Fig. 1 The set-up of a patient receiving proton-beam
irradiation

Fig. 2 The schematic diagram of the range of the proton-
beam irradiation
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Radiation Vasculopathy Assessment

Radiation retinopathy and radiation papillopa-
thy were assessed retrospectively at each visit
from color fundus photographs and every
3 months with fluorescein angiograms by two
specialists. Furthermore, ff-ERG was used to
detect any potential radiation retinopathy.

Data Analysis

CMT and SFCT were determined by SD-OCT.
The polyps numbers and the areas of BVNs and
polyps were evaluated by ICGA. The changes in
BCVA, CMT, subfoveal choroidal thickness
(SFCT), polyps numbers, and the areas of BVNs
and polyps were compared between baseline
and the final visit with paired-samples t tests.
Significance was defined as P\0.05. All statis-
tical analyses were performed with IBM SPSS
Statistics v19 (SPSS, Chicago, IL, USA).

RESULTS

Patients

Twelve eyes of 12 consecutive patients (five
women and seven men; mean age
62.58 ± 7.09 years, range 52–73 years) with
refractory or recurrent PCV were enrolled. One

of the 12 patients discontinued during the fol-
low-up period because of newly diagnosed
pancreatic carcinoma, and was excluded from
efficacy assessments. The remaining 11 patients
were followed up for 12 months. We have
evaluated the macular atrophy by autofluores-
cence shown in Fig. 3. In our cohort, no
patients showed macular atrophy detected by
autofluorescence at baseline and final visit. The
demographic and clinical data of all the patients
are presented in Table 1.

Treatments

During the study period, the mean number of
conbercept injections administered was
3.1 ± 1.37, and six of the 11 eyes (54.5%)
required three injections or fewer during the
12-month follow-up. The presence of recurrent
polypoidal choroidal vasculopathy (Fig. 4) and
refractory polypoidal choroidal vasculopathy
(Fig. 5) before and after therapy.

Polypoidal Lesion Changes on ICGA

At 3 months, the subretinal fluid was com-
pletely absorbed in 6 eyes (54.5%); the angio-
graphic regression and closure rates of the
polyps were 30% (6/20) and 60% (12/20),
respectively (Table 3). At the final visit, the

Fig. 3 The presence of fundus autofluorescence at baseline and final visit
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Fig. 4 Multimodal imaging findings of recurrent poly-
poidal choroidal vasculopathy before and after therapy in
case 2. At baseline, optical coherence tomography (OCT)
showed intraretinal fluid with hyperreflective materials
between the retinal pigment epithelium and Bruch’s
membrane (a), corresponding to early hyperfluorescence
on fluorescein angiography (FFA) (b) and the branching
vascular network (BVN) and polyps on early indocyanine
green angiography (ICGA) (c). OCT angiography showed

the morphology of the vasculature (d). After a single round
of proton-beam irradiation and two intravitreal injections
of conbercept, the fluid was completely absorbed (e) and
no active polyps were detected with FFA or ICGA (f, g).
The area of the BVNs was clearly reduced on OCT
angiography (h)

Fig. 5 Multimodal imaging of an eye with refractory
polypoidal choroidal vasculopathy (PCV) before and after
therapy. This 57-year-old man was diagnosed with refrac-
tory PCV in his right eye. He had previously received 12
intravitreal conbercept (IVC) injections in his right eye.
The best-corrected visual acuity was 20/200 in his right
eye. Optical coherence tomography (OCT) showed sub-
retinal fluid, pigment epithelial detachment, and hyper-
reflective materials between the retinal pigment epithelium
and Bruch’s membrane (a). Fluorescein angiography

demonstrated early focal hyperfluorescence (b), while
indocyanine green angiography (ICGA) revealed late
leakage corresponding to the branching vascular networks
(BVN) and polyps (c). After proton-beam irradiation and
four monthly injections of IVC, reduced BVN and polyp
areas were detected with ICGA (c, g) and OCT
angiography (d, h); the fluid was completely absorbed (e)
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subretinal fluid was fully absorbed in 81.8% (9/
11) of the patients, the polyps closure rate was
90% (18/20), and the complete polyp regression
rate was 60% (12/20). The areas of BVNs and
polyps decreased by 37.2% and 72.3%, respec-
tively. There were 20 active polyps of 11 par-
ticipants at baseline and two active polyps of
two patients at final visit (shown in table 3 and
table 4).

Visual Acuity Outcomes

The mean BCVA was significantly improved at
the final visit (61.55 ± 15.17 letters) compared
with that at baseline (41.09 ± 10.94 letters) on
the ETDRS chart (P = 0.006). The mean
improvement in BCVA from baseline was 20
letters.

The mean CMT decreased significantly from
476.50 ± 123.63 lm to 317.70 ± 89.34 lm by
12 months (P = 0.004). The mean SFCT
decreased from 211.90 ± 101.78 lm at baseline
to 176.20 ± 86.89 lm at the final visit
(P = 0.041). OCT revealed that new fluid
appeared in two of the 11 patients (case 3 and
case 9) at 12 months. Clinical features of eyes
with PCV detected by OCT and OCTA before
and after therapy are shown in Table 2.

Radiation-Related Changes

In total, five of the 11 eyes (45.5%) showed
radiation-related changes during the 1-year
period after their treatment. Radiation
retinopathy occurred in five eyes, with
microvascular telangiectasia. No other radiation
papillopathy was observed in this study. Ff-ERG
detected no obvious radiation-related retinal
abnormalities.

DISCUSSION

To our knowledge, this is the first prospective
study of PBI combined with IVC for the treat-
ment of refractory or recurrent PCV. Our results
suggest that PBI promoted polyp regression or
closure, reductions in CMT and the size of
BVNs, and an improvement in BCVA, with a

favorable safety profile, at the 12-month follow-
up (Table 3).

Previous studies have shown that anti-VEGF
monotherapy and a combination therapy with
PDT are the optimal treatment options for
patients with symptomatic PCV [3, 17]. How-
ever, refractory or recurrent PCV is not
uncommon. In the EVEREST-II and PLANET
studies, despite regular treatment, fluid per-
sisted for over 12 months in 8.8% and 15% of
patients, respectively [18, 19]. Patients with
refractory or recurrent PCV require multiple
injections, with the attendant risks entailed by
the intravitreal injection procedure and expo-
sure to anti-VEGF agents. Patients with persis-
tent fluid may also develop resistance to the
anti-VEGF therapy, including drug tolerance,
tachyphylaxis, and changes in the neovascular
architecture, which can diminish the thera-
peutic effects of the drug [3, 4, 20]. In patients

Table 2 Clinical features of eyes with polypoidal chor-
oidal vasculopathy detected by OCT and ICGA before
and after therapy

Parameters Baseline Final visit P

BCVA

(Snellen)

20/160 (20/

200–20/50)

20/63 (20/

200–20/25)

0.006

BCVA

(ETDRS)

41.09 ± 10.94 61.55 ± 15.17 0.002

CMT (lm) 476.50 ± 123.63 317.70 ± 89.34 0.004

SFCT (lm) 211.90 ± 101.78 176.20 ± 86.89 0.041

BVN areas

(mm2)

3.01 ± 3.75 1.89 ± 2.98 0.448

No. of

polyps

lesions

21 5 –

Polyps areas

(mm2)

0.47 ± 0.39 0.13 ± 0.14 0.014

BCVA best-corrected visual acuity, BVN branching vas-
cular network, CMT central macular thickness, ETDRS
Early Treatment Diabetic Retinopathy Study, OCT optical
coherence tomography, OCTA optical coherence tomog-
raphy angiography, SFCT subfoveal choroidal thickness
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with recurrent PCV, the defects associated with
repeated sessions of PDT, including less favor-
able long-term vision, subretinal hemorrhage,
choroidal ischemia, and retinal pigment
epithelium (RPE) tear, cannot be ignored [21].
The lack of effective therapies and the heavy
burden of treatment on these patients highlight
the need for new therapeutic modalities
(Table 4).

Radiation is a potentially beneficial modality
for the treatment of macular CNV. SRT had
been investigated as an optional treatment for
exudative AMD [22, 23], and the SRT device
used in the INTREPID study reduced the fre-
quency of ranibizumab injections required and
preserved good vision at 12 months [22].
Introini et al. subsequently used SRT in con-
junction with ranibizumab to treat patients
with PCV, with encouraging results [9]. The
characteristics of the Bragg peak mean that the
proton beam has the unique advantage of con-
centrating the maximum radiation dose within

a designated target area, while minimizing the
radiation to the surrounding tissues [24]. Pre-
liminary evaluations of the treatment of macu-
lar CNV with PBI have demonstrated its
beneficial effects and safety [10–12, 25–27].
Here, we investigated, for the first time, the
effects of PBI in patients with recurrent or
refractory PCV. Because the therapeutic effects
of PBI are not immediate [28], the concomitant
use of IVC was expected to promote the rapid
absorption of SRF and improve the visual out-
comes in this study. Our encouraging results
showed a mean improvement in BCVA of 20
letters from baseline, with the complete
absorption of SRF in 81.8% of the patients, and
54.5% of the patients had required three or
fewer injections at the 12-month follow-up.

Polyps closure or regression, assessed with
ICGA, is a vital prognostic indicator. Limited
complete polyp regression was an important
cause of persistent fluid despite the current
therapy, and also might be associated with the

Table 3 Changes of polyps at baseline and at final visit

Patient no./gender (F/M)/age
(years)

Baseline Final visit

Polyps Complete
regression

Partial
regression

Polyps closure No regression

No. Size
(mm2)

No. Size
(mm2)

No. Size
(mm2)

No. Size
(mm2)

No. Size
(mm2)

1/F/50s 2 0.2 2 0 – – – – – –

2/M/70s 3 0.16 3 0 – – – – – –

3/M/50s 1 0.69 – – – – 1 0.31 – –

4/M/50s 1 0.25 1 0 – – – – – –

5/M/70s 2 0.22 1 0 – – – – 1 0.05

6/F/60s 2 0.48 1 0 – – 1 0.13 – –

7/F/60s 1 0.23 – – – – – – 1 0.11

8/F/60s 3 0.4 1 0 – – 2 0.25 – –

9/F/60s 1 1.53 – – – – 1 0.34 – –

10/M/60s 1 0.42 1 0 – – – – – –

11/M/60s 3 0.58 2 0 – – 1 0.27 – –

12/M/50s 1 2.55 – – – – – – – –
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high recurrence rate during the long-term fol-
low-up. In the present study, complete polyp
regression rate of 60% (12/20) was achieved and
90% (18/20) of participants showed no active
polyps on FFA and ICGA, and OCT imaging at
the final visit. Our results suggest that PBI not
only affects the polyps itself but also enhances
the impact of the anti-VEGF agent on the
polyps, which is important because both
refractory and recurrent PCV frequently present
with drug resistance. The possible mechanism
by which PBI induces polyp regression or clo-
sure is thought to involve the inhibition of
proliferating angiogenic cytokine-producing
inflammatory cells, endothelial cells, and other
cell types during lesion formation, as observed
in AMD [15, 16]. As we know, proliferating
choroidal endothelial cells, which are essential
for the progression of PCV, are sensitive to
proton radiation. It is noteworthy that inflam-
mation is another driving force behind the
progression of PCV, and may account for the

resistance to anti-VEGF agents [29, 30]. The
anti-inflammatory and antifibrotic effects of PBI
could prevent the progression of polypoidal
lesions and reduce complications [9]. Our
results suggest that PBI not only exerts a syn-
ergistic effect with IVC by various mechanisms
but also exerts unique effects on polyps lesions.

As we know, the BVNs from which polyps
commonly sprout also provide nourishment for
the polyps. However, BVNs usually persist or
even gradually enlarge, which has been con-
sidered to correlate with recurrent polyps or
persistent exudation [9, 18, 19, 31]. Arterio-
genesis, the main driving force behind the
development of BVNs, is not merely a VEGF-
dependent process [32]. Therefore, the arterio-
genesis of BVNs is one explanation for the lack
of response to anti-VEGF treatments. Unlike
previous studies, a novel finding of our study is
that the area of BVNs was reduced to varying
degrees in all eyes during the follow-up period.
Compared with baseline, the area of BVNs had

Table 4 Changes of polyps at baseline and at 3-month follow-up

Patient no./gender (F/M)/age
(years)

Baseline Final visit

Polyps Complete
regression

Partial
regression

Polyps closure No regression

No. Size
(mm2)

No. Size
(mm2)

No. Size
(mm2)

No. Size
(mm2)

No. Size
(mm2)

1/F/50s 2 0.2 2 0 – – – – – –

2/M/70s 3 0.16 3 0 – – – – – –

3/M/50s 1 0.69 – – – – 1 0.48 – –

4/M/50s 1 0.25 – – – – – – 1 0.21

5/M/70s 2 0.22 – – – – 1 0.15 1 0.05

6/F/60s 2 0.48 – – – – 2 0.47 – –

7/F/60s 1 0.23 – – – – – – 1 0.22

8/F/60s 3 0.4 1 0 – – – – 2 0.34

9/F/60s 1 1.53 – – – – 1 1.43 – –

10/M/60s 1 0.42 – – – – 1 0.29 – –

11/M/60s 3 0.58 – – – – – – 3 0.52

12/M/50s 1 2.55 – – – – – – – –
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decreased by over 50% in 63.6% (7/11) of
patients at the final visit. The exact mechanisms
involved remain to be clarified. Radiation is
considered to inhibit the proliferation of chor-
oidal endothelial cells through the irreparable
damage to DNA and proteins caused by reactive
oxygen species [33]. We suspect that these
shrunken BVNs prompt the regression of polyps
and, more importantly, inhibit the recurrence
of polyps in the long run.

In previous studies, PBI was used to treat
CNV at doses ranging from 8 to 24 Gy, admin-
istered in one or two equal fractions, with
radiation-related change rates of 15.7–48% [14].
On the basis of reported experiences with CNV
[11], a dose of 14 Gy in one fraction was selected
for PCV in this study. With this fractionation
scheme, radiation retinopathy was observed in
5 eyes (45.5%), but no systemic adverse events
were detected during the 1-year follow-up per-
iod. The discrepancies in these findings may be
attributable to the different irradiation doses,
strategies used, populations examined, and fol-
low-up periods.

The limitations of this study were its non-
comparative design, small sample size, and
short-term follow-up. Although more than half
the patients showed a greater than 50% reduc-
tion in the area of BVNs after therapy, the
change was not statistically significant, which is
attributed to the small sample size. It was also
difficult to adjust the size or position of the PBI
spot used, which was 8 mm in diameter and
centered on the fovea. The dose was uniform to
within 5% over the 8-mm-diameter circle. A size
limit of 6 mm allows for alignment uncertainty.
Further studies are required to investigate the
optimal therapeutic dose of PBI and its optimal
timing, and the best types and frequency of
anti-VEGF therapy, for refractory or recurrent
PCV. The diverse therapeutic histories of the
patients in our study could also have affected
the efficacy of PBI. Head-to-head comparisons
between anti-VEGF monotherapy and its com-
bination with PBI may be required to identify
the most effective treatment for refractory or
recurrent PCV. Further research is also required
to confirm the long-term efficacy and safety of
PBI therapy combined with IVC.

CONCLUSION

The results of our study suggest that PBI com-
bined with IVC therapy causes polyp regression,
reduces the area of BVNs, and improves visual
acuity in patients with refractory or recurrent
PCV. Therefore, PBI may be a useful adjuvant
therapy for these patients.
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