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Background: In patients predisposed to radiation retinopathy (RR), administration of therapy after

apparent clinical signs and symptoms are considered too late, resulting in substantial vision loss and blindness. Early initiation of anti-
vascular endothelial growth factor (anti-VEGF) might serve as a strategy to slow disease progression and prolong good eyesight.
Objective: To evaluate the efficacy of prophylactic anti-VEGF in preventing RR and preserving vision in patients at high risk of
radiation-induced vision loss.

Methods: A systematic literature search was performed from inception to 4 June 2023 using Cochrane Library, EMBASE, PubMed
(MEDLINE), and Scopus. Eligible studies were clinical trials and observational studies investigating the incidence of radiation
maculopathy (RM), radiation optic neuropathy (RON), moderate vision loss (loss of more than or equal to 3 lines of baseline visual
acuity [VA]) and final VA, whether good (20/40 or better) or poor (20/200 or worse), following prophylactic anti-VEGF. Three
reviewers independently conducted article screening, data extraction and risk of bias assessment. Random effects models were used to
determine the cumulative effects of each outcome.

Results: Four studies (one clinical trial and three observational studies), involving 2109 patients, were included in our analysis.
Across all studies, there were significant reductions in the events of RM (pooled odds ratio [OR] 0.50; 95% CI, 0.34-0.74; p = 0.001),
RON (pooled OR 0.62; 95% CI, 0.42-0.90; p = 0.012) and poor final VA (pooled OR 0.50; 95% CI, 0.37-0.68; p = 0.003). The
association of moderate vision loss and good final VA with the use of prophylactic anti-VEGF between the groups was unclear owing
to the high level of heterogeneity.

Conclusion: Prophylactic anti-VEGF therapy might delay RM and RON, preventing high-risk patients from developing poor VA by
approximately 50%. However, this evidence should be interpreted with caution because of its low level of certainty. Future robust
studies are warranted to confirm this finding.

Keywords: prophylaxis, prevention, anti-vascular endothelial growth factor, radiation injuries, retinal diseases

Introduction

In the management of ocular malignancies, radiation therapy is preferred to enucleation because it preserves the vision
and thereby improves the quality of life.! However, a dose-dependent, continuous radiation exposure to the eyes
inevitably induces local vascular injury and intraocular anti-vascular endothelial growth factor (VEGF) overproduction.
This breakdown of blood-retina barrier leads to increased vascular permeability, closure and proliferation, which
ultimately results in ocular complications associated with irreversible visual impairment.? The Collaborative Ocular

Melanoma Study (COMS) group demonstrated that 43% of 602 patients with uveal melanoma developed visual acuity of
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more than or equal to 20/200 three years after plaque radiotherapy.® This poor visual prognosis is typically attributed to
radiation retinopathy (RR), which manifests as radiation maculopathy (RM) and radiation optic neuropathy (RON).

In the absence of a standardized treatment for RM and RON, therapeutic approaches similar to those used for
diabetic retinopathy have been proposed because of their resemblance in disease development. A periodic, off-
labelled use of intravitreal anti-VEGF agents has been demonstrated to regress RM and RON findings as well as
stabilize or improve visual acuity (VA).*” Unfortunately, these beneficial effects were affected by the total doses of
radiation and timing of anti-VEGF administration. While a higher dose of radiation negatively correlates with anti-
VEGF efficacy, earlier treatment yields better visual prognosis because if anti-VEGF is administered when radiation-
related clinical findings are present, some degree of retinal injuries remain and often relapse with resultant vision loss
over time.® In addition, optical coherence tomography angiography (OCT-A), a highly sensitive modality of micro-
vascular imaging, revealed that immediately after radiation therapy has started, subclinical retinal vasculopathy
develops and will continue for approximately 23.2 months (range 3—72 months) until RR and ocular signs or
symptoms are evident.””

Therefore, patients treated with a radiotherapy dose of more than or equal to 50-70 Gy to the fovea have an
exceptionally high risk of developing RR and receiving delayed treatment.'®'" Initiation of anti-VEGF before the
presence of apparent retinal damage or radiation-associated vision loss has been proposed to slow the nature of the
disease and prolong the retention of VA. As studies investigating this hypothesis have emerged in recent years, this paper
aims to systematically review and conduct a pooled analysis regarding the efficacy of prophylactic intravitreal anti-VEGF
in preventing RR and preserving vision among high-risk patients.

Methods

The current review followed the predefined protocol of Prepared Items for Systematic Reviews and Meta-Analysis
(PRISMA) 2020'? and has been registered in PROSPERO (CRD42023432544).

Eligibility Criteria

All clinical trials and observational studies that used prophylactic intravitreal anti-VEGF in individuals at high risk of
radiation-induced vision loss were eligible for inclusion. High-risk patients were those who had subfoveal or juxtafoveal
tumor location, or had received a radiation therapy dose of more than or equal to 5070 Gy to the fovea.'®!" The main
exclusion criteria were pre-existing macular diseases, prior treatment for ocular malignancies, and previous administra-
tion of intravitreal injections. We also excluded studies performed on animals or adolescents (less than 18 years of age),
presented in case reports, and published in languages other than English.

Eligible studies reported at least one of the following outcomes: (1) clinically evident RM, defined as ophthal-
moscopic findings of macular edema, exudation, hemorrhage, or nerve fiber layer infarction; (2) clinically evident
RON, defined as ophthalmoscopic findings of optic disc congestion, edema, pallor, or peripapillary retinal nerve
fiber layer hemorrhage or infarction; (3) moderate vision loss, defined as loss of more than or equal to 3 lines of
best-corrected visual acuity (BCVA) from baseline on the Snellen chart;'® (4) good final VA, defined as a final
BCVA 20/40 or better vision on the Snellen chart; (5) poor final VA, defined as a final BCVA 20/200 or worse vision
on the Snellen chart.

Search Method

A literature search was conducted using four electronic databases: Cochrane Library, Embase, PubMed (MEDLINE), and
Scopus. We obtained all articles from the date of inception to 4 June 2023. The keywords included “radiation
retinopathy”, “anti-VEGF”, and their respective MeSH terms and synonyms. Studies that were not widely available
were identified using ProQuest, an online repository of global academic, corporate, governmental, public, and school
libraries. We also searched ClinicalTrials.gov for unpublished results of clinical trials. A manual search of relevant
review papers and websites of small ophthalmology journals and magazines was performed to find additional articles.
Table 1 details the search strategy.
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Table | Search Strategy

Database

Keywords

Hits

Cochrane

(Radiation retinopathy)

(Radiation maculopathy)

(Radiation papillopathy)

(Radiation optic neuropathy)

#1 OR #2 OR #3 OR #4

(Anti vascular endothelial growth factor)
(Angiogenesis inhibitor)

0 N o8 L1 AW N —

(Antibody monoclonal)

0

(Bevacizumab)

10 (Aflibercept)

I (Ranibizumab)

12 #6 OR #7 OR #8 OR #9 OR #10 OR #11
13 #5 AND #12

87

Embase

(“radiation retinopathy”/exp OR “radiation retinopathy” OR “radiation maculopathy”/exp OR
“radiation maculopathy” OR “radiation papillopathy”/exp OR “radiation papillopathy” OR
“radiation optic neuropathy”/exp OR “radiation optic neuropathy”) AND (“anti vascular
endothelial growth factor”/exp OR “anti vascular endothelial growth factor” OR “angiogenesis
inhibitor”/exp OR *angiogenesis inhibitor” OR *“antibody monoclonal”/exp OR “antibody
monoclonal” OR “bevacizumab”/exp OR bevacizumab OR “aflibercept”/exp OR aflibercept OR
“ranibizumab”/exp OR ranibizumab)

203

Scopus

(ALL (“Radiation retinopathy””) OR ALL (“Radiation maculopathy”) OR ALL (“Radiation
papillopathy””) OR ALL (“Radiation optic neuropathy”)) AND (ALL (“Anti vascular endothelial
growth factor”) OR ALL (“Angiogenesis inhibitor”) OR ALL (“Antibody monoclonal”’) OR ALL
(bevacizumab) OR ALL (aflibercept) OR ALL (ranibizumab))

682

PubMed (MEDLINE)

(((“radiate”[All Fields] OR “radiated”[All Fields] OR “radiates”[All Fields] OR “radiating”[All
Fields] OR “radiation”’[MeSH Terms] OR “radiation”[All Fields] OR “electromagnetic
radiation”[MeSH Terms] OR (“electromagnetic”[All Fields] AND “radiation”[All Fields]) OR
“electromagnetic radiation”[All Fields] OR “radiations”[All Fields] OR “radiation s”[All Fields]
OR “radiator”[All Fields] OR “radiators”[All Fields]) AND (“retinal diseases”[MeSH Terms] OR
(“retinal”’[All Fields] AND “diseases”[All Fields]) OR “retinal diseases”[All Fields] OR
“retinopathies”[All Fields] OR “retinopathy”[All Fields])) OR ((*radiate”[All Fields] OR
“radiated”[All Fields] OR “radiates”[All Fields] OR “radiating”[All Fields] OR “radiation”[MeSH
Terms] OR “radiation”[All Fields] OR “electromagnetic radiation”[MeSH Terms] OR
(“electromagnetic”[All Fields] AND “radiation”[All Fields]) OR “electromagnetic radiation”[All
Fields] OR “radiations”[All Fields] OR “radiation s”[All Fields] OR “radiator”[All Fields] OR
“radiators”[All Fields]) AND (“macular degeneration”’[MeSH Terms] OR (“macular’[All Fields]
AND *“degeneration”[All Fields]) OR “macular degeneration”[All Fields] OR “maculopathies”[All
Fields] OR “maculopathy”[All Fields]))) AND (((“antib technol j’[Journal] OR “anti”[All Fields])
AND (“vascular endothelial growth factors”’[MeSH Terms] OR (“vascular”[All Fields] AND
“endothelial”’[All Fields] AND “growth”[All Fields] AND “factors”[All Fields]) OR *“vascular
endothelial growth factors”[All Fields] OR (*vascular”[All Fields] AND “endothelial”’[All Fields]
AND “growth”[All Fields] AND “factor”[All Fields]) OR “vascular endothelial growth factor”[All
Fields])) OR (“‘angiogenesis inhibitors”[Pharmacological Action] OR ‘“angiogenesis
inhibitors”[MeSH Terms] OR (“angiogenesis”[All Fields] AND “inhibitors”[All Fields]) OR
“angiogenesis inhibitors”[All Fields] OR (“angiogenesis”[All Fields] AND “inhibitor”[All Fields])
OR *“angiogenesis inhibitor”[All Fields]) OR (“antibodies, monoclonal”’[MeSH Terms] OR
(“antibodies”[All Fields] AND “monoclonal”[All Fields]) OR “monoclonal antibodies”[All Fields]
OR (“antibody”’[All Fields] AND “monoclonal”’[All Fields]) OR “antibody monoclonal”[All
Fields]) OR (“bevacizumab”[MeSH Terms] OR “bevacizumab”[All Fields] OR *“bevacizumab s”[All
Fields]) OR (“aflibercept”[Supplementary Concept] OR “aflibercept”[All Fields]) OR
(“ranibizumab”[MeSH Terms] OR “ranibizumab”[All Fields]))

307
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Study Selection

All search results were incorporated into reference management software (EndNote version X9.3.3, Clarivate Analytics,
2013), and duplicates were removed. Three reviewers (AAV, THG, HS) independently screened study eligibility based on
the title and abstract, followed by the full text. Any disagreements between the reviewers were resolved by consulting
with other reviewers (GLS, AD, ARY, MMH). When multiple reports of the same trial were discovered, only the primary
report was included, whereas the other reports were considered companion reports.

Data Collection and Risk of Bias Assessment

Data from the included studies were extracted using a standardized abstraction table. These data included the first
author, year of publication, study location, study design, number of enrolled subjects, baseline characteristics (age,
underlying ocular malignancy, type and dose of radiation therapy), treatment details (regimen, dose, and duration),
treatment response (events of RM and RON, presence of visual loss, and final VA), duration of follow-up, and adverse
effects. To show the magnitude of the intervention effect, the baseline BCVA and its mean change were converted to
approximate Early Treatment Diabetic Retinopathy Study (ETDRS) letter scores.'*

The methodological quality of each included study was discussed among the three authors (AAV, THG, HS) using the
Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) tool.'> The assessment covered seven domains:
bias due to confounding, bias in selection of participants into the study, bias in classification of interventions, bias due to
deviations from intended interventions, bias due to missing data, bias in measurement of outcomes, and bias in selection
of reported results. Each domain was rated as low, moderate, serious, or critical risk of bias, with the worst value
representing the overall rating of each study. The certainty of evidence for each outcome was assessed in a manner
similar to the risk of bias using the Grading of Recommendations Assessment, Development and Evaluation (GRADE)
approach.

Data Synthesis and Statistical Analysis

To estimate the size of the treatment effect in each individual study, odds ratios (OR) and relative risks (RR) were used
accordingly. If the data were not readily available, manual calculations and/or conversions were appropriately performed.
Records at the longest treatment duration were taken, allowing trials that reported outcome data at different time points to
be included in the pooled analysis. The data were combined and analyzed using STATA 14.0 (StataCorp, 2015). Random-
effects models (DerSimonian-Laird [DL]) were used for the meta-analysis of each outcome. A priori subgroup analysis,
based on the type of effect estimate, was performed. An overall pooled effect estimate across the different types of effect
estimates was computed for comparison. Statistical heterogeneity was examined using the I” statistic and chi-square test.
I more than 50% demonstrates substantial heterogeneity, while a p-value less than 0.1 indicates statistically significant
heterogeneity. High levels of heterogeneity were assessed to determine the potential causes.

Results

Literature Search

As shown in Figure 1, the search strategy retrieved 1,301 citations from major databases and other sources. After
screening titles and abstracts, 121 articles were assessed based on the eligibility criteria. The final review obtained four
qualified studies for further analysis. One compatible publication was excluded because it originated from the same trial
in one of the selected studies and reported similar data.'®

Study Characteristics

The detailed characteristics of the four studies, consisting of a Phase I clinical trial'” and three retrospective cohorts,'® 2
are summarized in Table 2. These studies were conducted in the United States, ranging from 2014 to 2020. A total of
13,609 participants were included in this meta-analysis. All studies recruited middle-aged adults and elderly people, with
an average age of 60 years. No statistical difference was found in the participant age between the intervention and control

groups. Unlike most studies that were performed in choroidal melanoma patients and plaque radiotherapy recipients,
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Database search Grey literature
n=1,279 n=22
» | Duplicates removed
(n=312)
v
Title and abstract screening
n = 989
= Excluded
g (n = 868)
v
Full text retrieval
n=121
. Excluded
g (n=18)

v

Eligibility assessment

n=121
Reports excluded (n = 99):
¢ Coming from the same trial (n = 1)
> ¢ Anti-VEGF as treatment (n = 72)
v * Not relevant comparator (n = 8)
T e e Not relevant outcome (n =2)
- ¢ Reviews (n = 16)

Figure | Study selection process.

Shah et al investigated individuals with uveal melanoma'® and Kim et al explored those who underwent proton beam
radiotherapy.!” The mean dose of radiation therapy to the fovea (87 Gy across studies) did not significantly differ
between groups.

The therapeutic interventions used were intravitreal bevacizumab (IVB) or intravitreal ranibizumab (IVR), given in
varying delivery protocols and doses for two years (average time for RR and vision loss to occur’~?). The mean follow-
up duration was 26 months (range 3—117 months). Patients in the intervention arm were compared to those who
underwent observation only. Three studies used historical (before the advent of anti-VEGF therapy) case-matched
controls who met the criteria for tumor location, tumor size, and radiation dose to the fovea.'”'>?® BCVA was not

statistically different at baseline in two studies, but there was a greater mean reduction in BCVA in the control group.*'-*

No adverse events associated with intravitreal injections were reported among three studies.'”'®2°

Risk of Bias Assessment

Overall, the included studies had a moderate-to-serious risk of bias (Table 3). At the pre-intervention stage, bias
due to confounding was moderate in three studies since they did not adjust the outcomes with the confounders
despite appropriate matching. Only Shields’ study had a low risk of bias because the outcomes were adjusted for
age, tumor thickness or diameter, as well as dose and distance to the foveola or disc. For selection bias, three
studies were graded as moderate because they used historical controls, which may have inflicted some degree of
bias, instead of concurrent controls like in Shah’s study. Moreover, all studies had a low risk of intervention bias.
At the post-intervention stage, two studies had a moderate risk of bias due to deviations from the intended
interventions. Shah et al reported that only 9% (24/292) of patients received complete 7-dosed therapy, while
Shields et al reported that they could not ascertain the number of periodic interventions missed within the total
study duration. Considering that the assessment of RM, RON, and BCVA was subjective to some extent, bias in
outcome measurement was moderate in three retrospective studies because the assessors used objective data from
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Table 2 Study Characteristics

Author Country Study Sample Participants Radiation Therapy Intervention & Follow- Baseline Mean Adverse Events
(Year) Design Size (n) Comparison Up BCVA Change
(Months)t | (ETDRS | BCVA
Age Underlying Type Dose to Foveola Regiment, Dose, n Letters)T (ETDRS
(Years)' Disease (Gy)t Duration Letters)
Shah United Retrospective 418 60 (17-88) Uveal 1'% plaque 68 (5-571) IVB I.5 mg at 292 17 N/A N/A No complication
etal States cohort melanoma radio plaque removal and related to IVB
(2014) therapy every 4 months for
24 months; (Total
IVB: 7)
59 (19-87) 58 (6-265) No IVB 126 21 N/A N/A
Kim et al United Phase | clinical 415 61 (29-86) Choroidal Proton beam | 50 for small/medium- | IVR 0.5 mgor | mg 40 24 N/A N/A No complication
(2016) States trial melanoma radio sized tumor 70 for at tumor related to IVR |
therapy large-sized tumor localization surgery tumor recurrence
and then bimonthly (IVR group) 3 deaths
for 22 months; for metastatic
(Total IVR: 12) disease (IVR group)
58 (15-92) 50 for small/medium- | No IVR, historical 375 24 N/A N/A
sized tumor 70 for case-matched
large-sized tumor controls
Powell United | Retrospective 28 60 (44-73) Choroidal | Pd'® plaque 108 (60—184) IVB at plaque 14 24 80 -5 N/A
etal States case control melanoma radio placement and then
(2020) therapy every 4-6 weeks
69 (45-87) 108 (62-183) No IVB, historical 14 24 70 -30
case-matched
controls
Shields United | Retrospective 1248 60 (20-97) | Ciliary body | 1'® plaque 57 (4-508) IVB 1.25 mg at 1131 | 40 3-117) | 65 (0-85) -30 No complication
etal States cohort or choroidal radio plaque removal and related to IVB
(2020) melanoma therapy every 4 months for 2 vs 4 tumor
24 months; (Total recurrence (IVB
IVB: 7) group vs control
59 (19-87) 57 (7-265) No IVB, historical 117 | 58 (3-130) | 65 (0-85) 56 group)
case-matched
controls

Note: TMean (range).

Abbreviations:

IIZS

, iodine-125; IVB, intravitreal bevacizumab; IVR, intravitreal ranibizumab; N/A, not applicable; P

dIOZ

, palladium-103.
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Table 3 Risk of Bias Assessment Using ROBINS-I Tool

Pre-Intervention Intervention Post-Intervention Overall
DI D2 D3 D4 D5 Dé6 D7
Shah et al (2014) Moderate Low Low Moderate Low Moderate Low Moderate
Kim et al (2016) Moderate Moderate Low Low Low High Low High
Powell et al (2020) Moderate Moderate Low Low Low Moderate Low Moderate
Shields et al (2020) Low Moderate Low Moderate Low Moderate Low Moderate

Notes: D1: Bias due to confounding. D2: Bias in selection of participants into the study. D3: Bias in classification of interventions. D4: Bias due to deviations from intended
interventions. D5: Bias due to missing data. Dé: Bias in measurement of outcomes. D7: Bias in selection of reported result.

medical records to retrieve the outcomes of interest. However, Kim’s study had a serious risk of bias owing to the
nature of the early phase trial (no blinding to both the participants and assessors).

Effectiveness of Prophylactic Anti-VEGF in Preventing Events of RM and RON

The use of prophylactic anti-VEGF significantly reduced the presence of RM by half (pooled OR, 0.50; 95% CI, 0.34—
0.74; p = 0.001) at the end of the study (Figure 2). Low heterogeneity was detected among the observational studies (I> =
27.1%, p = 0.25). When combined with one study presented in RR, the overall pooled effect estimate was 0.51 (95% CI,
0.39-0.67). Similarly, the incidence of RON in the intervention group significantly decreased by 38% (pooled OR, 0.62;
95% CI, 0.42-0.90; p = 0.012), with no evidence of heterogeneity (I> = 0%, p = 0.44) (Figure 3). The overall pooled
effect estimate was 0.58 (95% CI, 0.40-0.83).

Effectiveness of Prophylactic Anti-VEGF in Preserving Vision
Although there was a decreasing trend in moderate vision loss favoring the control group, the difference was not
significant (pooled OR, 0.12; 95% CI, 0.01-1.97; p = 0.139) (Figure 4). A high level of heterogeneity (I* = 74.3%,

Anti-VEGF Group Control Group Effect Estimate Weight
Author Events Total Events Total (95% CI) (%)
Odds Ratio
Shah (2014) 47 292 39 126 + 0.43 (0.26, 0.70) 29.41
Powell (2020) 7 14 12 14 l 0.17 (0.03, 1.04) 2.29

Shields (2020) 431 1131 59 117
Subgroup, DL (I? = 27.1%, p = 0.254)
Test for overall effect: Z = -3.742 (p = 0.001)

0.61(0.41,0.89)  48.02
0.50 (0.34,0.74)  79.72

o=
O
|
]
:
Relative Risk :
Kim (2016) 8 24 42 62 —— 0.49 (0.27,0.89)  20.28
Subgroup, DL (1 = 0.0%, p = .) e 0.49 (0.27,0.89)  20.28
Test for overall effect: Z = -2.344 (p = 0.019) E
|
I
1
o

Heterogeneity between groups: p = 0.965
Overall, DL (I? = 0.0%, p = 0.429)
Test for overall effect: Z = -4.896 (p = 0.000)

0.51 (0.39, 0.67) 100.00

Favours control Favours anti-VEGF

Figure 2 Forest plot for events of RM following prophylactic anti-VEGF
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Anti-VEGF Group Control Group Effect Estimate Weight
Author Events Total Events Total (95% CI) (%)
Odds Ratio
Shah (2014) 20 292 12 126 — 0.70 (0.33,1.48) 23.44
Shields (2020) 197 1131 31 117 —— 0.59 (0.38,0.91)  69.21
Subgroup, DL (I? = 0.0%, p = 0.700) <> 0.62(0.42,0.90) 92.65
Test for overall effect: Z = -2.516 (p = 0.012) :
|
Relative Risk :
Kim (2016) 2 24 20 62 —"'—i'— 0.26 (0.07, 1.02) 7.35
Subgroup, DL (12 =0.0%, p =.) <> 0.26 (0.07, 0.99) 7.35
Test for overall effect: Z = -1.971 (p = 0.049) :
|
Heterogeneity between groups: p = 0.224 |
Overall, DL (I> = 0.0%, p = 0.444) ¢ 0.58 (0.40, 0.83) 100.00
Test for overall effect: Z = -2.956 (p = 0.003)
T T T T
.01 1 1 10 100
[ | |
Favours control Favours anti-VEGF
Figure 3 Forest plot for events of RON following prophylactic anti-VEGE
Anti-VEGF Group Control Group Effect Estimate Weight
Author Events Total Events Total (95% CI) (%)
Odds Ratio )
Shah (2014) 96 292 72 126 =] 0.37 (0.24,0.57) 53.14
Powell (2020) 0 14 10 14 + ; 0.02 (0.00,0.31)  4.50
Subgroup, DL (2 = 74.3%, p = 0.049) O:— 0.12 (0.01,1.97) 57.63
Test for overall effect: Z = -1.481 (p = 0.139) :
|
Relative Risk :
Kim (2016) 8 31 130 205 —:0— 0.41 (0.22,0.75) 42.37
Subgroup, DL (12 = 0.0%, p = .) <> 0.41(0.22,0.76) 42.37
Test for overall effect: Z = -2.850 (p = 0.004) :
|
Heterogeneity between groups: p = 0.406 |
Overall, DL (I? = 51.0%, p = 0.130) G 0.34 (0.18, 0.64) 100.00

Test for overall effect: Z = -3.374 (p = 0.001)

Favours control

Figure 4 Forest plot for risk of moderate vision loss following prophylactic anti-VEGF.

Favours anti-VEGF

p = 0.05) was identified in two studies reporting this outcome. Moreover, at the final examination, good VA was

considerably found in patients treated with prophylactic anti-VEGF. However, the results were not significantly
different (pooled OR, 4.03; 95% CI, 0.47-34.68; p = 0.204) or homogenous (I* = 80.3%, p = 0.02) (Figure 5). In
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Anti-VEGF Group Control Group Effect Estimate  Weight
Author Events Total Events Total (95% CI) (%)
Odds Ratio
Powell (2020) 12 14 4 14 —~——&—— 15.00(2.26,99.60) 53.14
Shields (2020) 419 1116 31 114 —— | 1.61 (1.05, 2.47) 4.50

Test for overall effect: Z = 1.269 (p = 0.204)

Subgroup, DL (I? = 74.3%, p = 0.049) <:> 4.03 (0.47,34.68) 57.63
1
1
1
1
:
)
-

Relative Risk
Kim (2016) 24 31 46 205 : 3.45 (2.51, 4.74) 42.37
Subgroup, DL (?=0.0%, p=.) <> 3.45 (2.51, 4.74) 42.37

Test for overall effect: Z = 7.636 (p = 0.000)

Heterogeneity between groups: p = 0.889
Overall, DL (I> = 81.9%, p = 0.004) <> 2.99 (1.39,6.46) 100.00
Test for overall effect: Z = 2.791 (p = 0.005)

Favours control Favours anti-VEGF

Figure 5 Forest plot for risk of good final VA following prophylactic anti-VEGF.

Anti-VEGF Group Control Group Effect Estimate  Weight
Author Events Total Events Total (95% CI) (%)
Odds Ratio
Shah (2014) 45 292 35 126 0.47 (0.29, 0.78) 53.14
Subgroup, DL (2 = 0.0%, p = 0.753) 0.50 (0.37,0.68) 57.63

¥
Shields (2020) 398 1116 59 114 : 0.52 (0.35, 0.76) 4.50
I:
!
Test for overall effect: Z = -2.990 (p = 0.003) -
!
1
!
1
1

Relative Risk
Kim (2016) 1 31 113 205—————— 0.06 (0.01, 0.40) 42.37

Subgroup, DL (12 = 0.0%, p = .) e 0.06 (0.01,0.38)  42.37

Test for overall effect: Z = -4.447 (p = 0.000)

Heterogeneity between groups: p = 0.026
Overall, DL (I? = 60.3%, p = 0.080) 0 0.41 (0.23,0.74) 100.00
Test for overall effect: Z = -2.963 (p = 0.003)

Favours control Favours anti-VEGF

Figure 6 Forest plot for risk of poor final VA following prophylactic anti-VEGF.

contrast, those who received preventive therapy showed a significant 50% reduction in the odds of developing poor
final VA (0.05; 95% CI, 0.37-0.68; p = 0.003). The result showed no heterogeneity (I> = 0%, p = 0.75) and was
consistent with the overall pooled effect estimate (pooled OR, 0.41; 95% CI, 0.23-0.74) (Figure 6).
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Discussion

Our meta-analysis included one clinical trial and three observational studies that investigated the effects of prophylactic
intravitreal anti-VEGF in individuals at high risk of radiation-induced vision loss. As the included studies had different
effect estimates, we used only the pooled OR, which was presented in more than one study, to draw conclusions for each
outcome.

The results of this review demonstrated that preventive anti-VEGF therapy significantly reduced the events of RM,
RON, and poor final VA in high-risk patients compared to observation alone. Higher reductions were noted for RM
(50%; 95% CI, 26—66%) and poor final VA (50%; 95% CI, 32—-63%), whereas the reduction rate for RON was 38% (95%
CI 10-58%). However, the certainty of evidence for these outcomes was low (Table 4) because of the nature of the
observational study and the lack of large effects, dose responses, opposing residual confounders, and other biases.

We also showed that although moderate vision loss was likely to be experienced by the control group and a good final
VA was likely to be found in the intervention group, the difference was not significant (Table 4). This finding may be
explained by the small sample size in one of the included studies (Powell’s study had only 28 subjects in total'”), which
caused the CI to be wide and the statistical heterogeneity to be large. Moreover, some degree of clinical heterogeneity
should be noted since most studies used different drug types and doses, as well as frequency of therapy. Only Shah et al
and Shields et al conducted their studies in a similar manner: IVB injections 1.25-1.5 mg every 4 months for 24 months.
Subgroup analysis of different clinical protocols was not performed due to the limited number of studies, but it can be
seen that when comparing the results between Shah’s study'® and Shields’ study,? the CI of each outcome overlapped.
With such a high degree of imprecision and inconsistency, the certainty of outcomes is downgraded. Given that the
strength of the evidence is very low, it is unclear whether prophylactic anti-VEGF can prevent substantial vision loss and
preserve the initial good VA.

Our findings are consistent with those of a previous systematic review by Fallico et al (2021).?! While their
review examines all therapeutic options for the treatment and prevention of RM, our review focuses on the use of
anti-VEGF as prophylaxis and adds valuable analysis on the cumulative effect of each clinically important outcomes
in hopes to draw conclusions and make clinical evidence-based recommendations. Moreover, previous early studies
using anti-VEGF as treatment for RM and RON agree with our findings with respect to the regression of radiation-
induced vasculopathy (ie edema, hemorrhage, and neovascularization) and the absence of adverse effects related to
repetitive injections.*>***** Other prospective studies also consistently reported that the majority of patients with RR
had better mean BCVA and central macular thickness (CMT) after treatment with anti-VEGF.**2°

However, in a subset of patients, their VA still worsens despite adequate therapy. Even though we could not determine
these findings, it appears that the visual response of RM to anti-VEGF may decline as the baseline condition deteriorates,
similar to that of diabetic macular edema.?’” Matet et al (2017) revealed that vision loss in RM may be influenced not only
by retinal anatomical factors but primarily by microvascular factors, including foveal avascular zone (FAZ) area and
retinal vascular density (VD).”® Cennamo et al (2020) also reported that when starting a monthly IVR for patients with
RM, there was a thinning in CMT but no significant improvement in FAZ area, retinal VD, and BCVA.?° Given that anti-
VEGF agent acts on the vascular permeability and affects the retinal exudation rather than the vascular blood flow, it may
fail to improve the injured retinal vascular network, which translates into VA stabilization. This finding suggests that
those with advanced disease (ie FAZ area has enlarged and/or retinal VD has decreased due to retinal ischemia following
radiotherapy) are more likely to tolerate treatment compared to those with early stage. Hence, both retention of initial
good VA and reduction of vision loss should theoretically be achieved in high-risk patients who receive early preventive
therapy.

Evidence that prophylactic anti-VEGF may preserve vision from RM and RON should be carefully implemented as it
has a low level of certainty and is currently limited to the United States. Based on this review, the recommended protocol
for RR prevention is VB injections of 1.25-1.5 mg every four months for a minimum of 24 months. However, to date,
the use of anti-VEGF as prophylaxis for RR is still off-label, with no coverage from medical insurance. In addition to
financial burden, multiple office visits per year may significantly lower patient compliance. It should also be emphasized
that not only periodic injections are required for the effect to occur but also the existing therapies are aimed at preventing
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Table 4 Summary of Certainty of Evidence Using GRADE Approach

Outcome No. of Studies Study Design Factors That May Decrease Certainty Effect Estimate Certainty
. . - . o N (95% cI)
Risk of Bias Inconsistency | Indirectness | Imprecision | Publication Bias
RM 3 (n=1694) Observational study Not serious Not serious Not serious Not serious Not serious OR, 0.50 (0.34-0.74) Low
RON 2 (n=1666) Observational study Not serious Not serious Not serious Not serious Not serious OR, 0.62 (0.42—-0.90) Low
Moderate vision loss 2 (n=446) Observational study Not serious Serious® Not serious Serious” Not serious OR, 0.12 (0.01-1.97) Very low
Good final VA 2 (n=1259) Observational study Not serious Serious® Not serious Serious” Not serious OR, 4.03 (0.47-34.68) Very low
Poor final VA 2 (n=1648) Observational study Not serious Not serious Not serious Not serious Not serious OR, 0.50 (0.37-0.68) Low

Notes: *Serious inconsistency (large heterogeneity 1 = 74.3%, p-value [p = 0.05], point estimates, and confidence intervals vary considerably). “Serious imprecision. 95% confidence interval includes no effect. “Serious inconsistency
(large heterogeneity I* = 80.3%, p-value [p = 0.02], point estimates, and confidence intervals vary considerably).
Abbreviations: GRADE, Grading of Recommendations, Assessment, Development, and Evaluation; OR, odds ratio; RM, radiation maculopathy; RON, radiation optic neuropathy; VA, visual acuity.
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disease deterioration, not restoring the full visual function. Therefore, a clear discussion with patients addressing the
current state of treatment and their visual goals is imperative because RR is almost always unilateral and progressive
despite adequate therapy.

Our meta-analysis has some limitations. First, all studies had at least a moderate risk of bias due to the use of
historical controls and lack of randomization and blinding. Second, the global generalizability of the results is still
questionable since all studies were performed in the United States. Third, the certainty of each outcome was low to very
low because the included studies were mostly observational, had small sample sizes, and were prone to bias. Given that
the use of prophylactic anti-VEGF has only been studied for a decade, it is reasonable that currently available studies are
limited. Therefore, multicenter, double-blind, randomized, placebo-controlled clinical trials with relatively long follow-
up period and adequate sample size are warranted. However, the need for a control group to receive sham therapy may
inhibit participant enrolment and study feasibility.

Conclusion

RR begins subclinically, progresses continuously (despite adequate treatment) and eventually causes irreversible loss of
vision. This meta-analysis shows that IVB injections of 1.25—1.5 mg every 4 months for a minimum of 24 months are
safe and may delay the development of RM and RON in high-risk patients. The amount of VA retained remains
uncertain; however, after 2 years of prophylactic anti-VEGF, the risk of BCVA less than or equal to 20/200 may be
reduced by approximately 50%.
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