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Purpose: To evaluate 18 months’ results of a strict anti–vascular endothelial growth
factor protocol for radiation maculopathy following proton therapy in choroidal melanoma.
Methods: Retrospective, comparative, nonrandomized study of 74 radiation maculopathy patients presenting macular lipid deposits, hemorrhages, microaneurysms, cystoid
edema, nerve layer infarction, telangiectasia, or capillary nonperfusion. The study group
included 52 consecutive patients injected with intravitreal anti–vascular endothelial growth
factors (bevacizumab/ranibizumab: 46/6) every two months for the ﬁrst and every 3 months
for the second year, with minimum 12 months’ follow-up. The control group consisted of 22
patients having declined this treatment. Best-corrected visual acuity, spectral domainoptical coherence tomography and optical coherence tomography angiography were recorded at baseline, 6, 12, and 18 months. The foveal avascular zone and capillary density
were measured at the superﬁcial capillary plexus.
Results: Radiation maculopathy was diagnosed at 2 years (1.5–3.5) after proton therapy.
Best-corrected visual acuity at baseline, 12 and 18 months improved in the study group
from 0.45, 0.3 to 0.2 logarithm of the minimum angle of resolution, but decreased in the
control group from 0.5, 0.9 to 1.0 logarithm of the minimum angle of resolution respectively
(P , 0.001 at 12 months). Simultaneously, foveal avascular zone enlargement was less in
the study (from 0.377, 0.665 to 0.744 mm2) than control group (from 0.436, 1.463 to
2.638 mm2) (P = 0.05 at 12 months). CMT (280 and 276 mm) and capillary density (37%
and 38%, at baseline, respectively) did not evolve signiﬁcantly different.
Conclusion: Intravitreal anti–vascular endothelial growth factors, every 2 months for the
ﬁrst and every 3 months for the second year, slow down, over up to 18 months, vision loss
and anatomical degradation in radiation maculopathy following proton therapy for choroidal
melanoma.
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adiation maculopathy (RM) is a major complication of conservative radiation therapy for choroidal
melanoma,1 causing signiﬁcant visual impairment.2,3
This late complication is characterized by a microangiopathy of the small retinal vessels secondary to
endothelial cell loss, capillary closure, and internal
blood retina barrier breakdown.4 These vascular
injuries induce hypoxic and proliferative changes leading to macular edema, microaneurysms, dilated vessels, lipid deposits, hemorrhages, nerve ﬁber layer
infarction, and retinal pigment epithelium atrophy.4,5

Several clinical studies report on the efﬁcacy of
intravitreal anti–vascular endothelial growth factor
(VEGF) agents in the management of RM secondary
to plaque or proton therapy, either by documenting a
regression of the macular edema observed on B-scan
optical coherence tomography (OCT)5–11 or by demonstrating a reduction in its incidence when administered prophylactically at 2-to4-month intervals.4,12,13
Optical coherence tomography angiography (OCTA) is a recent noninvasive technique that allows a
high-resolution visualization of the macular
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microvascular structure within the retina. It detects
changes of the perifoveal superﬁcial and deep retinal
capillary plexus before anatomical changes are visible
on spectral domain OCT (SD-OCT) or clinical fundus
examination. Moreover, the OCTA analysis software
(Angio Tool software) allows a qualitative and
quantitative investigation of perifoveal capillary
changes in RM. In that respect, recent papers proposed
a grading system14 and described ocular characteristics
of RM secondary to plaque or proton therapy based on
such a qualitative and quantitative analysis.1,15
We recently reported the short-term results of 2month interval intravitreal anti-VEGF treatment over a
period of 6 months regarding best-corrected visual
acuity (BCVA) and foveal avascular zone (FAZ) area
on OCTA, demonstrating positive functional results
and a limitation of FAZ enlargement in a nonrandomized, comparative study.6 The purpose of the present
study is to evaluate the effect over 12 to 18 months on
visual acuity, retinal thickness, and the superﬁcial capillary plexus assessed by OCTA of an intravitreal antiVEGF treatment bimonthly for the ﬁrst year and every
3 months during the second year.
Methods
Study Design and Patient Population
This is an extension of the retrospective, comparative, nonrandomized study previously reported by
Daruich et al.6 All research procedures described in
this study adhered to the tenets of the Declaration of
Helsinki and were approved by the ethics committee
of the Swiss Federal Health Department (Authorization CER-VD 2016-01861). All participants signed an
informed consent.
Clinical charts of choroidal melanoma patients
treated with proton therapy between January 2015
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and June 2018 were retrospectively reviewed and
consecutive treatment-naïve patients diagnosed with
radiation maculopathy and a subsequent follow-up of
at least 12 months were selected.
The diagnosis of radiation maculopathy was made
by a senior medical retina and ocular oncology
specialist (L.Z.) and based on the presence of characteristic signs on fundus examination (lipid deposits,
hemorrhages, or microaneurysms) and multimodal
imaging (cystoid macular edema or nerve ﬁber layer
infarction on SD-OCT, exudative retinal telangiectasia
or capillary nonperfusion on ﬂuorescein angiography
or capillary loss on OCTA), as previously reported.3,6
Only patients with a disrupted deep capillary plexus on
OCTA were enrolled. Logarithm of the minimum
angle of resolution (LogMAR) -and corresponding
Snellen-BCVA was measured at each visit. Comprehensive clinical data, SD-OCT, and OCTA images
were recorded at baseline, 6 months, 12 months, and
18 months. Each patient was advised to follow a strict
anti-VEGF intravitreal injection protocol. Patients who
did not accept the strict treatment regimen were
included in the control group.
Acquisition and Analysis of Images
The protocol of acquisition and analysis of images
has been described in our previous report.6 Brieﬂy,
SD-OCT and OCTA scans were acquired on the Angiovue RTx 100 device, which is based on the Angiovue Imaging System (Optovue, Inc, Fremont, CA) to
obtain amplitude decorrelation angiography images.
This instrument has an A-scan rate of 70,000 scans
per second, using a light source centered on 840 nm
and a bandwidth of 50 nm. Each OCTA volume contains 304 · 304 A-scans with two consecutive B-scans
captured at each ﬁxed position and is acquired over 3
seconds. Two consecutive orthogonal OCTA volumes
are acquired to perform a motion correction that automatically minimizes the motion artifacts because of
microsaccades (i.e., motion correction technology).
Using the split-spectrum amplitude-decorrelation angiography algorithm, measurement noise was reduced
by splitting the signal into 11 wavelengths. Volumes
were automatically segmented by the software to provide images of the superﬁcial plexus (3 mm below the
inner limiting membrane to 16 mm below the outer
border of the inner plexiform layer). We controlled
the correct segmentation for each patient before extracting the data.
Measurements of the FAZ area were performed
manually on 3 · 3-mm OCTA scans at the level of the
superﬁcial capillary plexus by two masked observers
(one retinal photographer and one retina specialist),
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using the publicly available ImageJ software (Version
1.50c4, Wayne Rasband; National Institutes of Health,
Bethesda, MD). The mean values of these FAZ area
measurements were withheld for further analyses.
Because our previous study found a higher repeatability of FAZ measurements in the superﬁcial plexus,6 we
only reported data from the superﬁcial capillary
plexus. The capillary density (CD) was automatically
calculated by the Angiovue software.
The central macular thickness (CMT) was measured
on SD-OCT volumes in the central subﬁeld of an Early
Treatment of Diabetic Retinopathy Study grid centered
on the fovea. We set the segmentation from the inner
limiting membrane to the Bruch membrane. We also
analyzed the presence of macular edema (ME),
observed on SD-OCT B-scan.

Anti–Vascular Endothelial Growth Factor
Treatment Protocol
The treatment protocol consisted of anti-VEGF intravitreal injections with either bevacizumab 1.25 mg/0.05
mL (Avastin; Roche, Basel, Switzerland) (46 patients) or
ranibizumab 0.5 mg/0.05 mL (Lucentis; Novartis, Basel,
Switzerland) (6 patients) administered at 2-month intervals during 12 months and at 3-month intervals during
the second year. Intravitreal injections were performed at
our institution or by the referring ophthalmologist.
However, the clinical evaluations were carried out at
our institution at 6-month intervals. The use of intravitreal VEGF inhibitors is off-label in this condition.

Statistical Analysis
Comparative analyses were conducted between the
patients who strictly followed the treatment protocol
and those of the control group during the 18-month
follow-up.
Continuous variables are expressed as a median
(interquartile range), while discrete variables are
presented as numbers (n) or percentages (%). Discrete
variables were compared with the “chi-square” test.
Continuous variables were compared using the
Mann–Whitney test. To calculate the differences
between the variables at 6-, 12- and 18- months’
follow-up with the baseline values, we employed the
“mean paired changes t-test”; for this reason, these
differences are expressed as a mean ± SD. We considered results statistically signiﬁcant when associated
with a P-value # 0.05.
We used the SPSS software version 20.0 (SPSS,
Inc, Chicago, IL) for all analyses.
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Results
Seventy-four patients with RM were included.
Initially, 52 patients strictly adhered to the antiVEGF injection protocol, forming the study group,
whereas 22 patients declined, and were allocated to the
control group. In practice, the mean number of intravitreal anti-VEGF injections was 7.3 (6–8) and 0.7 (0–
2) for the study and control group, respectively.
Patients in the study group received six injections in
the ﬁrst year and two injections in the following 6
months. The number of injections in the control group
varied between zero and two in the ﬁrst year, and none
of the control subjects received an injection in the
second year.
The demographic characteristics at baseline of both
groups are reported in Table 1. Median age was 58 years
(49–67) and 69 years (55–74) for the study and control
group, respectively. The former group included 20 men
(39%) and 32 women (61%), with in the latter 13 men
(59%) and 9 women (41%). Six patients in the study
group and 3 in the control group were affected by diabetes mellitus Type 2, whereas 13 and 8 had arterial
hypertension, respectively. Thirty (58%) patients in the
study group and 11 (50%) in the control group presented
ME on SD-OCT B-scan examination at baseline. The
estimated median radiation dose to the fovea was 48
cobalt grey equivalent (18–60) (percentage of irradiation
55%, range 30%–100%) and 46 cobalt grey equivalent
(27–60) (percentage of irradiation 100%, range 45%–
100%) for the study and control group, respectively.
The median time elapsed since proton therapy before
patient enrolment was 2.0 years (1.5–3.5) in the study
group and 2.0 years (1.5–3.3) in the control group. No
signiﬁcant differences were found between the two
groups for these baseline characteristics, except for the
median age (Mann–Whitney test, P = 0.03).
The clinical and imaging characteristics of the two
groups recorded at baseline, and at the 6-month, 12month, and 18-month visit are summarized in Table 2.
Over time, the number of patients in each group
declined, with only 34 patients left in the study group
at the 18-month visit, and 14 and 8 patients in the
control group after 12- and 18-months’ follow-up
respectively.
Median BCVA at baseline was 0.45 (0.60–0.20) LogMAR (Snellen equivalent 20/50 [20/80–20/32]) and 0.50
(0.70–0.30) LogMAR (Snellen equivalent 20/63 [20/
100–20/40]) for the study and control group respectively,
and the difference was not statistically signiﬁcant
(Mann–Whitney test, P = 0.30). Median BCVA in the
study group improved to 0.30 (0.50–0.20) LogMAR
(Snellen equivalent 20/40 [20/63–20/32]) both at the 6-
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Table 1. Baseline Demographic and Treatment Characteristics of the Cohort, Comparing the Study and Control Group
Baseline Demographic and
Treatment Characteristics
Median age in years (range)
Male gender: n (%)
Diabetes mellitus: n (%)
Arterial hypertension: n (%)
Median radiation dose to the fovea
in cobalt grey equivalent (range)
Median time since proton therapy in
years (range)
Macular edema on OCT: n (%)

Study Group (n = 52)

Control Group (n = 22)

P

58 (49–67)
20 (39)
6 (12)
13 (25)
48 (18–60)

69 (55–74)
13 (59)
3 (14)
8 (36)
46 (27–60)

0.03*
0.10*
0.80*
0.32*
0.38†

2.0 (1.5–3.5)

2.0 (1.5–3.3)

0.64†

30 (58)

11 (50)

0.54*

Bold are statistically signiﬁcant values.
*Chi-square test.
†Mann–Whitney test.

month and 12-month visit, and to 0.20 (0.50–0.20) LogMAR (Snellen equivalent 20/32 [20/63–20/32]) at the
18-month visit. In the control group, the median BCVA
decreased continuously during follow-up from 0.80

(1.00–0.30) LogMAR (Snellen equivalent 20/125 [20/
200–20/40]), to 0.90 (1.20–0.43) LogMAR (Snellen
equivalent 20/160 [20/400–20/50]), and eventually 1.00
(1.50–0.70) LogMAR (Snellen equivalent 20/200 [20/

Table 2. Clinical and Morphologic (Median [Range]) Characteristics of the Cohort at Baseline, 6-, 12-, and 18-Month
Visits, Comparing the Study and Control Group
Clinical and Morphological
Characteristics
Baseline
BCVA logMar
BCVA Snellen equivalent
FAZ A, mm2
CD, %
CMT, mm
CMT subgroup with ME at
baseline, mm, n
6 months
BCVA logMar
BCVA Snellen equivalent
FAZ A, mm2
CD, %
CMT, mm
CMT subgroup with ME at
baseline, mm, n
12 months
BCVA logMar
BCVA Snellen equivalent
FAZ A, mm2
CD, %
CMT, mm
CMT subgroup with ME at
baseline, mm, n
18 months
BCVA logMar
BCVA Snellen equivalent
FAZ A, mm2
CD, %
CMT, mm
CMT subgroup with ME at
baseline, mm, n

Study Group

Control Group

n = 52
0.45 (0.60–0.20)
20/50 (20/80–20/32)
0.377 (0.271–0.632)
37 (34–43)
280 (223–340)
(n = 30) 335 (193–470)

n = 22
0.50 (0.70–0.30)
20/63 (20/100–20/40)
0.436 (0.275–1.316)
38 (35–43)
276 (201–320)
(n = 11) 309 (155–569)

n = 52
0.30 (0.50–0.20)
20/40 (20/63–20/32)
0.537 (0.328–0.938)
35 (31–39)
259 (218–320)
(n = 30) 282 (185–439)

n = 22
0.80 (1.00–0.30)
20/125 (20/200–20/40)
0.948 (0.341–3.449)
35 (31–38)
243 (184–296)
(n = 11) 280 (125–566)

n = 52
0.30 (0.50–0.20)
20/40 (20/63–20/32)
0.665 (0.353–1.685)
33 (31–38)
257 (216–312) (n = 30)
282 (172–444)

n = 14
0.90 (1.20–0.43)
20/160 (20/400–20/50)
1.463 (0.443–4.027)
34 (28–40)
263 (154–418) (n = 8)
287 (125–641)

n = 34
0.20 (0.50–0.20)
20/32 (20/63–20/32)
0.744 (0.389–2.098)
32 (30–37)
246 (209–325)
(n = 17) 257 (190–464)

n=8
1.00 (1.50–0.70)
20/200 (20/640–20/100)
2.638 (0.357–4.566)
32 (28–40)
165 (138–299)
(n=4) 295 (165–325)

Bold are statistically signiﬁcant values.
*Mann–Whitney test.
†NA, not-available: too few patients in the control group (n = 4).

P*
0.30
0.47
0.74
0.45
0.54
,0.001
0.05
0.92
0.38
0.59
,0.001
0.05
0.97
0.96
0.57
,0.001
0.27
0.79
0.12
NA†
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Fig. 1. Evolution of median BCVA (snellen equivalent) following
proton therapy (baseline) at the 6-, 12-, and 18- month visits, comparing
the study group with the control group.

640–20/100]) at the 6-month, 12-month, and 18-month
visit respectively. The differences between the two
groups were statistically signiﬁcant (Mann–Whitney
test, P , 0.001) (Figure 1).
Concerning the morphological median parameters, the
FAZ area was larger in the control group than in the
study group and the difference reached statistical
signiﬁcance after 6- and 12-months’ follow-up (Mann–
Whitney test, P =0.05) (Figures 2 and 3). Moreover,
although the difference in CD loss, and CMT reduction
was not statistically signiﬁcant, a positive trend could be
observed between the study and control group. In the
subgroup of patients with macular edema at baseline,
there was no statistically signiﬁcant difference of CMT
between the two groups at any time point.
The mean differences (±SD) between the clinical
and imaging variables after 6-, 12- and 18-months’
follow-up compared with those at baseline are reported
in Table 3.
In the study group, the FAZ area (mean paired
changes t-test, P = 0.002, P , 0.001, P = 0.007), and
CD (mean paired changes t-test, P , 0.001) were
signiﬁcantly different at each visit, whereas the BCVA
(mean paired changes t-test, P = 0.001 and P = 0.02,
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respectively) and CMT (mean paired changes t-test, P
= 0.003 and P = 0.01, respectively) were only significantly different at the 6 and 12-month visit, although,
in the subgroup with ME at baseline, CMT remained
signiﬁcantly different at each visit (mean paired
changes t-test, P = 0.04, P = 0.03 and P = 0.04 respectively). On the contrary, within the control group, it
was only the BCVA which continued to decrease signiﬁcantly over the 6, 12, and 18-month visits (mean
paired changes t-test, P , 0.001, P = 0.003, P = 0.002,
respectively), whereas the FAZ area (mean paired
changes t-test, P = 0.01, P = 0.02) was signiﬁcantly
different after 6 and 12 months, and the CD (mean
paired changes t-test, P = 0.02) only after 6 months.
Discussion
This retrospective, comparative, nonrandomized
study evaluates the use of intravitreal anti-VEGF as
a treatment for radiation maculopathy secondary to
proton therapy in choroidal melanoma patients. In a
previous report, we observed less BCVA loss and FAZ
enlargement on OCTA over a 6 months’ period in
patients treated with intravitreal anti-VEGF than in
those of the control group.6 In analogy to other protocols,16 we adopted a strict intravitreal anti-VEGF regimen consisting of injections every 2 months during
the ﬁrst year, and at 3-month intervals in the second
year. In the present study, we demonstrate that 2monthly anti-VEGFs not only reduce progressive
vision loss and FAZ enlargement after 6 months, but
also after 1 year (P , 0.001 and P = 0.05, respectively) (Figures 2 and 3). Moreover, although the number of eyes was too small to reach statistically
signiﬁcant conclusions, a positive trend was also
observed after 18 months.

Fig. 2. Absence of signiﬁcant FAZ area enlargement in a case of radiation maculopathy on OCTA after intravitreal anti-VEGF treatment at 2-month
interval during a 12-month period (study group). Foveal avascular zone area (yellow outline) was 0.336 mm2 at baseline (A), 0.418 mm2 at 6 months
(B), and 0.430 mm2 at 12 months (C).

(±0.35) 20.38 (±0.23)
0.13 0.002
(±1.45) 1.660 (±2.54)
0.007 0.11
(±7.54) 24.75 (±6.90) ,0.001 0.09
(±111)
216 (±204)
0.29 0.82
(±24)
254 (±65)
0.04† NA‡

Bold are statistically signiﬁcant values.
*Mean paired changes t-test.
†Mann–Whitney test.
‡NA, not available: too few patients in the control group (n = 4).

0.003
0.02
0.08
0.46
0.73
BCVA logMar
0.07 (±0.14) 20.13 (±0.10)
0.001 ,0.001
0.06 (±0.17) 20.21 (±0.22)
0.02
FAZ A
0.208 (±0.46) 0.638 (±1.12)
0.002
0.01
0.398 (±0.71) 1.214 (±1.66) ,0.001
CD (%)
22.79 (±5.19) 22.77 (±5.03) ,0.001
0.02 23.83 (±4.84) 23.85 (±7.45) ,0.001
CMT
223 (±55)
215 (±73)
0.003
0.34
225 (±73)
45 (±203)
0.01
228 (±56)
CMT subgroup 240 (±19)
0.04
0.63
242 (±19)
24 (±69)
0.03
with ME at
baseline, mm

0.09
0.709
26.00
220
252

Control
Group
Control
Group

Clinical and
Morphological
Characteristics Study Group

Control
Group

Study
Group

Control
Group

Study Group

Control
Group

Study
Group

Study Group

Control
Group

Study
Group

P*
Mean (±SD) Differences
18 Months-Baseline
P*
Mean (±SD) Differences
12 Months-Baseline
P*
Mean (±SD) Differences
6 Months-Baseline

Table 3. Mean Variation/Differences of the Clinical and Morphologic Characteristics at 6-, 12-, and 18- Month Visit, Relative to Those at Baseline
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These results are consistent with other, nonrandomized studies. Shah et al 11 reported that 81 of
159 (51%) patients treated with intravitreal bevacizumab for RM secondary to iodine-125 plaque therapy
maintained or improved their visual acuity with a
mean of ﬁve injections over 18 months. Seibel
et al10 described how intravitreal anti-VEGFs stabilized visual acuity and reduced retinal thickness in
35 of 38 (92.1%) eyes with RM secondary to proton
therapy over 12 months. Finger et al9 preserved
BCVA in 96 of 120 (80%) cases presenting RM after
palladium-103 or iodine-125 brachytherapy by treating
them with continuous intravitreal anti-VEGFs for up to
10 years.
Two recent nonrandomized studies used aﬂibercept.
With a mean of 4.4 intravitreal injections, Fallico et al7
improved BCVA and reduced CMT in nine eyes with
radiation-induced macular edema after ruthenium-106
plaque therapy over a 24-month follow-up. Murray
et al8 demonstrated the efﬁcacy of aﬂibercept in 34
of 40 (85%) RM eyes, independently from the treatment regimen (ﬁxed 6-month vs. treat-and-adjust interval) in a prospective clinical trial over 12 months.
The strength of our study lies in the fact that it has a
concurrent, negative control group, as opposed to
others who used historical control patients,4,11,13 or a
positive control group.8 Only Shah,12 had a similar
setting but for his prophylactic protocol.
Another strong point of this study is that, besides the
usual parameters of BCVA and CMT, we also
analyzed morphologic changes, and, comparing with
the control group, evaluated quantitatively with OCTA
the effects of anti-VEGF treatment on radiation microangiopathy. As a result, we found a signiﬁcant
slowdown of the FAZ area enlargement and CD loss
in the treated eyes compared to the nontreated eyes at
both 6 and 12 months.
Matet et al3 already showed a correlation between
visual acuity and microvascular factors including FAZ
area and DCP integrity. In continuity with our previous report,6 because of the higher repeatability of FAZ
measurement in the SCP compared to the DCP, we
only analyzed the modiﬁcations at the level of the
SCP. Similar ﬁndings were reported in recent publications describing OCTA metrics (FAZ area and vessel
density) associated with diabetic retinopathy progression and diabetic macular edema development.17 Incidentally, also for other pathologies there is not yet a
consensus whether FAZ dimensions should be measured in the SCP or DCP. Our study illustrates how
OCTA metrics such as FAZ area and CD are simple
and noninvasive parameters that could be used to monitor disease progression and the response to treatment
in eyes with RM.

ANTI-VEGF FOR RADIATION MACULOPATHY  EANDI ET AL
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Fig. 3. Foveal avascular zone area enlargement in a case of radiation maculopathy on OCTA who did not receive intravitreal anti-VEGF injections over
a 12-month period (control group). Foveal avascular zone area (yellow outline) was 0.470 mm2 at baseline (A), 1.806 mm2 at 6 months (B), and
2.614 mm2 at 12 months (C).

The mechanisms responsible for FAZ alterations in
RM differ from those in other vascular diseases and
the effect of VEGF treatment is not fully understood
either. Radiation induces DNA damage of the vascular
endothelial cells,18 resulting in cell loss, progressive
capillary closure and delayed-onset microangiopathy.19 There is experimental evidence for the role of
bevacizumab in stabilizing the cell cycle and inhibiting
mitosis.20 In consequence, a treatment with antiVEGFs could slow down endothelial cell proliferation,
and reduce and delay subsequent capillary occlusion,
but without eliminating this process. Our clinical ﬁndings support this pathogenetic hypothesis.
Another potential mechanism is derived from observations in the literature where the initial injury to
vascular endothelial cells secondary to central nervous
system radiation seems to disrupt the blood–brain
barrier causing edema and perfusion alterations.4,21,22
The subsequent hypoxia causes a VEGF upregulation
that is responsible for further blood–brain barrier
alterations, leading to neurological damage. Similarly,
at the level of the retina we could observe a disruption
of the blood-retinal barrier following radiation treatment. Therefore, VEGF inhibition may limit this
damage and the subsequent neuronal cell death.4
A third hypothesis is inferred from the pathogenetic
mechanism underlying the development of microangiopathy and macular edema in diabetic retinopathy,
where a high intraocular concentration of VEGF is
associated with an overexpression of intercellular
adhesion molecule-1, resulting in downstream nonperfusion and capillary dropout.23–26 Although diabetic retinopathy differs from the microangiopathy in
RM, we speculate that VEGF is also involved in the
process. Therefore, regular and long-term anti-VEGF
treatment may delay progression of macular edema
and capillary ischemia in eyes with RM.

Finally, we speculate that anti-VEGF therapy may
impede FAZ enlargement, simply by preventing the
edema-induced macular toxicity. In fact, in several
diseases, long standing macular edema causes irreversible anatomical alterations, resulting in severe
visual loss. Vascular endothelial growth factor inhibition reduces vascular permeability and the consequent
ﬂuid accumulation, with its correlated toxicity.
The role of preventive anti-VEGF treatment, administered before RM develops, has not been deﬁned yet.
Recently, Kim et al4 reported a beneﬁt of bimonthly
ranibizumab following proton therapy for small/
medium choroidal melanoma. However, the number
of treated eyes was too small to drive deﬁnitive conclusions. Shah tested 4-monthly bevacizumab, starting
immediately following iodine plaque removal, and obtained statistically signiﬁcantly reduced rates of OCTevident macular edema (P = 0.004), clinically evident
radiation maculopathy (P = 0.001), moderate vision
loss (P , 0.001), and poor visual acuity (P = 0.004)
after 2 years.12 Recently, the same Philadelphia group
conﬁrmed the favorable effect of prophylactic 4monthly intravitreal bevacizumab for 2 years on the
reduction of OCT-evident cystoid macular edema,
clinically evident radiation maculopathy and papillopathy, and vision loss up to four years in a retrospective
cohort of 1,131 eyes following plaque radiotherapy,
when compared with a nonrandomized historical control group.13
Limitations of this study include its retrospective
design and the insufﬁcient number of eyes with an 18month follow-up, not allowing a conclusive statistical
analysis at this time point. The statistically signiﬁcant
difference in the median age between the two groups is
another limitation. In fact, visual prognosis is less
favorable in elder patients, which are also those who
refused the strict treatment regimen. Moreover, for a
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single-center study with its own speciﬁc treatment
regimen, a comparison with published results is
delicate. The use of two different anti-VEGF drugs
(bevacizumab and ranibizumab) represents another
limitation allowing only to evaluate the general effect
of a VEGF inhibition rather than the efﬁcacy of a
speciﬁc molecule. Finally, OCTA examination presents still limitations in both acquisition, although low
quality scans were discarded, and interpretation,
because there is still debate whether to use the SCP
or DCP for FAZ analysis. Furthermore, the presence
of macular edema can affect the quality and segmentation of the OCTA images. However, for this reason,
a trained ophthalmologist (L.Z.) controlled the correct
segmentation of each examination, to reduce this bias
which could have affected the OCTA quantitative data
and therefore the results.
In conclusion, intravitreal anti-VEGF treatment, at
2-month intervals for 1 year and at three-months
intervals for the second year, is able to slow down
over up to 18 months the natural vision loss and
anatomical degradation in eyes with radiation maculopathy secondary to proton therapy for choroidal
melanoma.
Key words: anti–VEGF, choroidal melanoma, intravitreal treatment, optical-coherence tomography
angiography, proton therapy, radiation maculopathy,
spectral-domain optical coherence tomography.
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