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ABSTRACT

Purpose: To identify, through a scoping review of the literature, the evidence regard-
ing the efficacy of vascular endothelial growth factor inhibitor treatment in corneal
neovascularization. Materials and methods: A literature search was implemented
in medical indexing databases: Medline (Pubmed), Web Of Science, Embase,
and Scielo of articles in both English and Spanish, through the terms MesH and
DeCs: “Corneal Neovascularization,” “Cornea,” “Ranibizumab”, “Lucentis” and
“Vascular Endothelial Growth Factor” in the last ten years (2013 - 2023). Results:
6,124 articles were initially found, which, after review and selection, resulted in a
final sample of 37 articles, of which only 19 were clinical studies or case reports.
The studies were conducted in both humans and animals. They reported results
that included all types of vascular endothelial growth factor (anti-VEGF) inhibit-
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regardless of etiology or route of administration,
being more effective topically and at higher doses.
The most effective drugs were bevacizumab and
ranibizumab, but more evidence is needed with

experimental clinical studies in humans.

INTRODUCTION

The cornea is the outermost structure of the an-
terior segment of the human eye. It comprises
five layers: the epithelium, Bowman’s membrane,
stroma, Descemet’s membrane, and endothelium.
(1) Itis an avascular tissue, a fundamental property
for its optical function. (2)

The blood supply to the limbus, the site of the
junction of the cornea and sclera, originates from
the ciliary arteries, a branch of the ophthalmic
artery, and terminates in the pericorneal plexus.
(3) However, some capillaries may invade the
cornea from the limbal vascular plexus under

certain circumstances.

Neovascular and infectious diseases of the cor-
nea represent a significant public health problem
worldwide. In the United States, an estimated
1.4 million people may develop corneal NV, 4%
of the US population suffers from it, and 20% of
corneal samples obtained during corneal trans-
plantation show histopathologic evidence of vas-
cularization. (4,5)

However, there is no established therapy to treat
such NV. Some therapeutic modalities described
in the literature are corticosteroids (among the
drugs with the best anti-angiogenic properties at
the corneal level, especially in early stages), non-
steroidal anti-inflammatory drugs, subconjunctival
(SC) suramin, acetonide, topical ascorbic acid,

topical turmeric, topical methotrexate, thalido-

mide, and infliximab. (6-10)

Different ophthalmologic procedures with vari-
able results have been described, such as laser
photocoagulation, fine needle diathermy of the
corneal vessels, and ocular surface reconstruc-

tion with different surgical techniques. However,

these treatments demonstrated limited effects with
considerable complications, leading to whether
therapy should be continued. (6-10)

Developing vascular endothelial growth factor in-
hibitors (anti-VEGF) introduced a new perspective
in treating various ophthalmologic posterior seg-
ment conditions. (11) Hence, attempts have been
made to transfer this success to neovascular cor-
neal pathologies. Although insufficient evidence
indicates that this treatment improves corneal NV,
several authors have tried to prove its usefulness.
There is literature regarding its use, but there are
barriers since most publications describe animal
model results. Additionally, there has yet to be a
consensus on the type of drug to be used, the route
of administration, and its dose, so it is necessary to

consolidate the information in a literature review.
MATERIALS AND METHODS

Aliterature review was developed based on world-
wide information, primarily aimed at identifying
publications with clinical results on the use of an-
ti-VEGF drugs for treating corneal NV. The guide-
lines given in the PRISMA (Preferred Reporting
[tems for Systematic Reviews and Meta-Analyses)
statement were followed. (12)

The eligibility criteria taken into consideration
were original published articles in the last ten years
(2013 -2023) in English and Spanish languages,
in Pubmed, Web Of Science, Embase, and Scielo
databases, which included the following MesH
and DeCs terms: “Corneal Neovascularization,”
“Cornea,” “Ranibizumab,” “Lucentis” and “Vas-
cular Endothelial Growth Factor,” on the use of
anti-VEGF drugs as a treatment for corneal NV.

SEARCH FOR LITERATURE

Table 1 lists the search algorithms constructed
from the MesH and DeCs terms. Each keyword
was used and cross-referenced with the boolean
connectors to obtain more sensitive and specific
results. The number of search results is next to
each name in the database.
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TABLE 1. Search algorithms used in the review.

SOURCE

ALGORITH

ScoPE

Pubmed

(((“corneal neovascularisation”[All Fields] OR “corneal
neovascularization”[MeSH Terms] OR (“corneal”[All Fields] AND
“neovascularization”[All Fields]) OR “corneal neovascularization”[All
Fields] OR (“cornea”[MeSH Terms] OR “cornea”[All Fields] OR
“corneas”[All Fields] OR “cornea s”[All Fields] OR “corneae”[All Fields])))
AND (“ranibizumab”[MeSH Terms] OR “ranibizumab”[All Fields]))
OR (“ranibizumab”[MeSH Terms] OR “ranibizumab”[All Fields] OR
“Lucentis”[All Fields])) AND (2013:2023[pdat])

4,785

Web Of Science

((((ALL=(Corneal Neovascularization)) AND ALL=(Cornea)) AND

ALL=(Ranibizumab)) OR ALL=(Lucentis)) AND ALL=(Vascular En-
dothelial Growth Factor))

242

Embase

(corneal AND (‘neovascularization’/exp OR neovascularization) OR
‘cornea’/exp OR cornea) AND (‘ranibizumab’/exp OR ranibizumab)
AND ([english]/lim OR [english]/lim OR [english]/lim) AND [embase]/
lim AND [2013-2023]/py

489

Scielo

(((Corneal neovascularization) OR (Cornea)) AND (ranibizumab) OR

609

(Lucentis)) AND (vascular endothelial growth factors) OR (VEGF))

We exported search results to the RAYYAN tool to increase consistency in evidence source selection. (13)

The inclusion criteria for this review were observational studies reporting on anti-VEGF treatment in corneal NV in both humans and animals.

The screened articles were subjected to a complete reading by the research group.

The literature scoping review was registered in PROSPERO with code CRD42023473245.

STUDY SELECTION

Initially, 6,124 articles were found in the databases
using the terms MesH and DeCs mentioned pre-
viously. Subsequently, duplicates were eliminated,
obtaining 5,766 articles, for which independent
reading of titles and abstracts was performed, and
disagreements were resolved by consensus. Of
these, 83 were chosen for full-text review (JPV,

MAE, and MAA).

The content of each article was checked for the
availability of information on the use of anti-VEGF
drugs as a treatment for corneal NV and whether

they met the eligibility criteria. Forty-six articles
were excluded because the full text could not be
found. They were published in languages other
than English and Spanish because they were publi-
cations about treatments for the posterior segment
and were expert opinions, letters to the editor, or
conference abstracts. A final sample of 37 arti-
cles was obtained, of which only 18 were clinical
studies or case reports. A review protocol based
on the PRISMA statement was also developed.
Figure 1 shows the flow diagram related to the
selection of articles.
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FIGURE 1. Flowchart for item selection

Records identified through
database searching
(n=6.124)

Additional records identified
through other sources
(n=0)

‘ Records screened (n = 6.124)

Records after duplicates

Records excluded after
review of abstract and tittle

Removed (n = 5.766)

Full-text articles

(n =5.683)

Full-text articles excluded,
with reasons

assessed for eligibility
(n=283)

Studies included in
theoretical synthesis
(n=37)

(n=46)

Studies included in

RESULTS

Of the 37 articles analyzed, only 19 correspond
to experimental studies (15), prospective clinic-
al studies (3), and case reports (1), and of these,
15 were conducted in animals (rats, rabbits, and
mice). The four human studies included 34 eyes
corresponding to 28 patients, ranging in age from
21 to 80 years. All the studies were conducted in
9 countries: Singapore, the United States, Korea,
India, Iran, China, Brazil, Greece, and Turkey.
Publication dates ranged from 2011 to 2022. The
routes of administration of the drugs were topical,

qualitative synthesis
(n=19)

SC, and combined, and within the antiVEGF used
and reported in the studies were bevacizumab (10),
ranibizumab (12), aflibercept (2), pegaptanib (2)
and trastuzumab (1). No adverse events were re-
ported in any study. In contrast, in all the studies,
adecrease in the percentage or area of corneal NV
was documented, with bevacizumab and ranibi-
zumab standing out. (Table 1: Results: Features
of articles included in qualitative synthesis).
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Among the experimental studies, we found the
one written in 2011 by Esra Degirmenci et al.,
where an experimental model was compared in
rats where corneal NV was induced by chem-
ical burn with alkali. Specimens that obtained a
second-degree burn (moderate-sized raised blister
on the corneal surface) were selected for a subse-
quent SC application of antiVEGF (bevacizumab
1.25mg, ranibizumab 0.5mg, pegaptanib 0.3mg)
and HERZ antibody (trastuzumab 1.2mg), against
saline 0.1ml as control; all in a single dose. At
eight days, the rats were enucleated, and corneal
photographs and histopathological studies were
performed to assess NV intensity, inflammation,
fibroblastic activity, and pachymetry. Vasculariza-
tion decreased in all groups compared to control,
with bevacizumab (46.99+5.67% P<0.05) being the
most effective. Trastuzumab (57.58+3.72%) was
similar to pegaptanib (58.02+7.12% P>0.05%) and
both were superior to ranibizumab (65.26+4.84%
P<0.05). In all groups, fibroblastic activity was
lower compared to control (P<0.05), but no signifi-
cant differences were found between the different
groups (P>0.05). The intensity of inflammation was
lower in bevacizumab and trastuzumab compared
to the control group (P<0.05), with no statistically
significant differences between them (P>0.05).
The intensity of VN was lower in bevacizum-
ab and trastuzumab compared with the control
group (P<0.05), with no differences between the
two. There were no differences in the intensity
of VN between ranibizumab, pegaptanib, and
controls (P>0.05) nor the pachymetry levels of
the five groups (P>0.05). All four agents inhibited
corneal NV, but bevacizumab was much more

effective. (14)

In 2016, Ho Ra et al. published an experiment-
al study evaluating the effects of photodynam-
ic therapy (PDT) and topical bevacizumab on
corneal NV in rabbits. They induced corneal
NV with silk sutures in both eyes of 15 rabbits,
which were removed after seven days. The right
eyes were divided into three treatment groups
(Group 1: Topical Bevacizumab 1.5mg/ml 1 drop
every 12 hours for two weeks, Group 2: PD'T 150

J/em2, Verteporfirin 1.5mg/kg + balanced salt
solution (BSS) 1 drop twice daily for two weeks,
Group 3: Topical Bevacizumab 1.5mg/ml + PDT
150 J/em2, Verteporfirin 1.5mg/kg), while the
left eyes served as control group (Group 4: bal-
anced salt solution one drop twice daily for two
weeks). Corneal NV analysis was performed on
anterior segment photographs taken seven days
after suture placement (without treatment) and
at 21 days (after two weeks of treatment). Also, at
21 days, all 30 eyes were enucleated, and tissue
VEGEF levels were measured. They found that
in the therapeutic groups, the pre-treatment and
post-treatment corneal NV rate was higher than
compared to the control group 0.52+ 0.14(Group
1:0.25 £ 0.06 P=0.024, Group 2: 0.27 = 0.08 P=
0.027, Group 3: 0.19 £ 0.05 P=<0.001) with sta-
tistically significant differences (P<0.05). VEGF
levels obtained in the bevacizumab group were
221.4+8.6 mg/mL, 705.6+£16.4 pg/mL in the PDT
group, 264.5+14.2 pg/mL in the combined group,
and 658.4 £ 12.2 pg/mL in the control group.
Ho Ra et al. concluded that combination ther-
apy results in superior regression of corneal NV
(81.5%) compared to PD'T monotherapy (73.9%)
and bevacizumab monotherapy (75.3%), with this
difference being statistically significant P<0.05.
Although the differences were not statistically
significant, the Bevacizumab group demonstrated
lower VEGF levels than the control group, the
FTD monotherapy group, and the combination,
reporting that bevacizumab effectively decreases
VEGEF levels. Additionally, using bevacizumab
monotherapy reduces corneal NV significantly
more than PDT but less than the combination
therapy. (6)

Choun-Ki Joo etal. evaluated in 2012 whether graft
survival in presensitized corneas was affected by
SC application of ranibizumab in rats. Forty-five
rats underwent posterior penetrating keratoplasty
(PPC). The rats were divided into three groups
of 15 each (group 1: autologous skin graft + SC
injection SSB, group 2: allogeneic skin graft +
SC injection SSB, group 3: allogeneic skin graft
+ SC injection ranibizumab two microL.). Skin
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grafts were performed on the rats’ tails two weeks
before QPPs. Injections were performed on days
3,6,9,and 12 post-OPP, and on day 14, the rats
were sacrificed. Graft assessment was performed
by taking photographs on days 3, 7, 11, and 14
post-surgery to assess edema, transparency, and
NV. The percentage of corneal rejection by the
group was 40% in Group 1, 86.7% in Group 2,
and 26.7% in Group 3. A statistically significant
difference (P=0.001) was found between groups 2
and 3 but not between groups 1 and 3 (P= 0.440).
On the last day, corneal edema was significantly
higher in group 2 compared to group 1 (P=0.004)
and group 3 (P<0.001), opacity was higher in group
2 compared to group 3 and group 1 (P=0.002 and
P=0.106). Mean NV was lower in group 3 com-
pared to group 1 (P=0.021) and group 2 (P=0.002),
demonstrating that corneal NV in high-risk OPP
has a decreased or slowed onset with antiVEGF
application. (15)

Zeynep Duru etal. compared the effects of topical
cyclosporine 0.1% and bevacizumab on induced
corneal NV in rats. The study was performed on
30 rats with two healthy eyes, and the corneas
were cauterized with silver nitrate. They were ran-
domly divided into three groups of 10 rats (group
1 received topical treatment with bevacizumab
10mg/ml twice daily, group 2 was managed with
topical cyclosporine 0.1% twice daily, and group
3 was the control treated with topical SSB twice
daily). The slit-lamp evaluation was performed on
day 28, and subsequently, the rats were sacrificed
and enucleated for histologic examination of the
corneas. Corneal opacity and edema had a sta-
tistically significant decrease (P=0.04 for opacity
and P=0.00 for corneal edema) in the cyclospor-
ine-treated group (1.30 + 0.94) compared to the
control group (2.30 + 0.48). Histopathological
examination showed the average number of blood
vessels as follows: 1.55 + 1.2 in group 1, 1.34 +
1.57 in group 2, and 2.71 + 2.7 in group 3 with
a statistically significant decrease (P 0.001); al-
so, it was observed, that the cyclosporine treated
group (0.50 + 0.70) showed more regular col-
lagen formation than the bevacizumab treated

group (1.10 + 0.73) and the control group (1.60
+ 0.51) (P=0.03). In addition, the lowest degree
of corneal inflammation (P 0.014) was identified
in the cyclosporine-treated group (0.40 + 0.51),
followed by the bevacizumab-treated group (0.90
+0.73) and the control group (1.7 + 0.48). Final-
ly, a lower corneal thickness was observed in the
cyclosporine-treated group (110.76 + 28.73) than
in the other two groups, bevacizumab (129.54 +
32.35) and control group (132.57 + 33.52). The
authors conclude a statistically significant decrease
in corneal inflammation (P 0.014), fibroblast activ-
ity, and number of blood vessels (P 0.001) in the
group treated with topical bevacizumab compared
to the control. However, in this study, topical cyclo-
sporine was more effective in inhibiting corneal
NV than bevacizumab, and this may be due to
the limited ability of bevacizumab to penetrate
the intact corneal epithelium. (16)

In 2017, Matsuo et al. compared the effects of
topical and SC bevacizumab application for cor-
neal NV secondary to chemical burns in rabbits.
They were divided into five groups (group A: top-
ical bevacizumab 0.04 mL, one drop twice daily
for ten days; group B: bevacizumab SC 2.5 mg
single injection; group C: topical SSB, one drop
twice daily for ten days, group D: SSB SC 2.5mg
single injection). Follow-up was performed by
taking photos on days 5 and 10 after treatment,
and animals were sacrificed on the same day, 10.
They found a higher corneal NV area in rabbits
treated with SSB (corneal NV area at day 10: SSB
injected 9.86, SSB topical 8.82). There was no
significant difference between SC and topical
bevacizumab group (corneal NV area at day 10:
bevacizumab injection 3.83, topical bevacizum-
ab 1.98; P>0.05) but between the bevacizumab
and SSB groups (P<0.05). We demonstrated the
inhibitory effect of bevacizumab on corneal NV
with no statistically significant differences between
the application methods (topical versus SC). (17)

Another experimental study was performed by
Sung Kun Chung et al., who assessed the inhib-
itory effect of topical aflibercept on corneal NV
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in rabbits. They induced corneal NV with silk su-
ture in the corneal stroma of 24 eyes of 12 rabbits
which were then divided into four groups (group
1: topical aflibercept 2mg/0.5mL 0.1%, group
2: aflibercept 2mg/5mL 0.01%, group 3: topical
bevacizumab 2.5mg/1 mL 0.1% and group 4:
topical SSB), treatments which were started seven
days after induction of corneal NV. Follow-up was
performed by photographic study on day 7 (day
of initiation of therapy) and day 14 (completion
of treatment) by measuring the area diameter of
the NV. Additionally, on day 14, all eyes were re-
moved, and corneal VEGF and placental growth
factor messenger RNA (PIGF) concentrations
were measured. The degree of corneal NV was
lower in the aflibercept and bevacizumab group
compared to the control group. The pre-treatment
and post-treatment corneal NV rate was higher in
the control group (pre 0.9+0.2 post 0.8+0.2) than
in aflibercept 0.1% (pre 0.8+0.1 post 0.2+0.1) P=
0.021 and in the bevacizumab group (pre 0.9+0.1
post 0.3+0.2) P= 0.021. There were no differences
between aflibercept and bevacizumab at the same
concentration, but aflibercept at 0.01% concen-
tration had a higher regression rate (pre 0.8+0.1
post 0.5+0.1) than aflibercept at 0.1%. On VEGF
concentrations in the three treatment groups were
lower than in the control group (aflibercept 0.1%:
0.227; aflibercept 0.01%: 0.811; bevacizumab
0.1%: 0.495 and control: 1.491 with P=0.031)
being lower in the aflibercept 0.1% group with
no differences with the bevacizumab 0.1% group.
PIGF expression was lower in afliberceptat 0.1%
(0.791) than at 0.01% (0.743), being statistically
significant (P>0.05). There was no difference in
PIGF expression in bevacizumab 0.1% (1.194)
with the control group (1.458). The effectiveness
of aflibercept at both 0.1% and 0.01% was con-
cluded, and no differences were found between
aflibercept 0.1% and bevacizumab 0.1% as a treat-
ment for corneal NV. (18)

Similarly, Panagiotis G. Theodossiadis et al. 2014
evaluated the effect of ranibizumab SC on corneal
and anterior segment NV. Chemical cauteriza-
tion induced corneal NV in 16 rabbits randomly

divided into two equal groups. Cauterized eyes
were treated with ranibizumab 0.1 mL (1 mg)
SC or given a sham injection. All animals were
monitored daily for 14 days, and the extent of
corneal healing and NV were measured on days
1, 7, and 14. Similarly, following enucleation,
ocular tissues were assessed with an operating
microscope, and VEGF levels were measured with
enzyme-linked immunoadsorbent assay (ELISA).
Statistical analysis was performed to compare the
extent of corneal NV, where they concluded that
ranibizumab SC significantly inhibited corneal
NV in both the first and second week compared
to untreated controls being statistically significant
(P=0.006 and P=0.001, respectively), concluding
that early SC administration of ranibizumab can
successfully inhibit alkali-induced corneal NV in
an animal model. Since one of the study’s primary
objectives was measuring tissue VEGF levels, these
were significantly lower in all anterior segment
tissues, such as the cornea, iris, aqueous humor,
and conjunctiva of treated eyes (P<0.01). The re-
duction of VEGF levels ranged from 19% to 73%
in different ocular tissues, so it can be concluded
that ranibizumab SC significantly reduces VEGF
levels not only in the cornea and bulbar conjunc-
tiva but also in the aqueous humor and iris. (19)

In the same year, Ihsan Caca et al. sought to com-
pare the effectiveness of topical and SC ranibi-
zumab on corneal NV in rats. They generated
corneal NV by cauterization with silver nitrate in
all right eyes of 30 rats (the left eye was neither
treated nor cauterized). Five randomized groups
were performed (group 1: topical artificial tears
twice daily, group 2: topical ranibizumab 5mg/
mL four times daily, group 3: topical ranibizumab
10mg/mL four times daily, group 4: ranibizumab
SC injection 0.5 mg/0.05 mL on day 1, 3 and 7;
group 5: ranibizumab SC injection 1 mg/0.1 mL
on day 1, 3). On day 10, anterior segment photo-
graphs were taken for analysis of the vascularized
corneal area and corneal edema. The rats were
enucleated on the same day, and the microvascular
structure was assessed immunohistochemically

by hematoxylin-eosin staining, von-Willebrand
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factor, and cytology for CD34. When the different
treatment groups were compared, no relative dif-
ferences between NV areas were evident (P>0.05),
but these were much lower than the control group.
Fibroblastic activity and corneal edema were lower
in the treatment groups than in the control group
(P=0.005 and P=0.006, respectively). Staining was
higher in the control group than in the treatment
groups, but the differences were not statistically
significant. The authors conclude that corneal
NV inhibition was equal in both doses of topical
treatment and that a dose increase is unnecessary.
As for SC administration, inhibition was achieved
with both doses, but with no differences between
them (0.5mg/0.05mL: 42.63 £ 1.87%; 1mg/0.1mL
37.83 £7.75%). Finally, when comparing topical
and SC efficacy, the latter was more effective, in-
creasing as the dose was increased. (20)

In 2015, Sung Kun Chung et al. compared the in
vivo anti-angiogenic effect of tacrolimus and beva-
cizumab on corneal NV in rabbits. They studied
32 eyes of 16 rabbits, and NV was induced with
3.0 silk sutures, which were removed seven days
later. On day seven, they were divided into four
groups of 4 rabbits each. Group 1 was given an
SC injection of bevacizumab (5 mg/ 0.05 mL),
group 2 was given an SC injection of tacroli-
mus (0.25mg/0.05ml), group 3 was given topical
tacrolimus (1mg/ml) every 6 hours, and the last
control group was given topical SSB every 6 hours
in the right eye and SC injection in the left eye
(0.05ml). To evaluate the NV area, anterior seg-
ment photographs were taken on days 7 and 14;
to evaluate the pre-and post-treatment corneal NV
ratio, which was higher in the control group than
in the treatment groups, on day seven, the mean of
this ratio was 0.58 + 0.05 in the Bevacizumab SC
treated group, 0.60 + 0.05 in the group receiving
Tacrolimus SC, 0.68 + 0.04 in the group treated
with topical tacrolimus and 0.81 + 0.05 in the
control group. In addition, the concentrations
of VEGF, TNF-a, and IFN were measured, and
decreased levels were found in both treatment
groups compared to the control group. In this
study, it was observed that both Bevacizumab

and Tacrolimus effectively decreased the area of
NV and had a similar anti-angiogenic effect. In
addition, they concluded that injected tacrolimus
was more effective than its topical administration

in drops. (21)

Yanlong Bi etal., 2016, performed an experiment-
al study evaluating the possibility of regressing
lymphangiogenesis and hemangiogenesis by intra-
corneal ranibizumab injection. Hemangiogenesis
and lymphangiogenesis were induced in mice by
provoking a suture-induced inflammatory NV.
The treatment group received an intracorneal
injection of 2.5 pL. ranibizumab (10 mg/mL) for
each quadrant, and the control group received 2.5
pL phosphate- buffered saline solution for each
quadrant. The authors removed the corneas at
different times (1, 5, and 10 days) after injection
to describe the results. The results were docu-
mented from the first day, where one day after
injection, lymphatic vessels were reduced by 18%
(P=0.4) and blood vessels by 22% (P=0.083). After
5and 10 days, lymphatic vessels were reduced by
50% (P=0.002) and 63% (P<0.001), respectively,
and blood vessels by 52% (P=0.0031) and 68%
(P<0.001), respectively. This demonstrates that
intracorneal injection of ranibizumab is a novel
technique to induce specific corneal blood and
lymphatic vessel regression. (22)

Merve Alpay et al. 2022 investigated the effects of
bevacizumab SC, ranibizumab, and aflibercept in
an experimental model of corneal NV. The eyes of
24 rats were chemically cauterized and random-
ly divided into four groups: bevacizumab group
(0.05 mL/1.25 mg), ranibizumab (0.05 mL/0.5
mg ranibizumab), aflibercept (0.05 mL/1.25 mg)
and the control group saline (0.05 mL). Plasma
VEGF levels were one of the primary measures to
assess corneal NV. Each cornea was excised and
examined histologically for outcome analysis on
day 21. In the post-injection period, the number
of major corneal arteries decreased significantly
in the injection groups compared to the control
group (P=0.037). However, no statistically signifi-
cant differences were observed between injection
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groups (P>0.05), and the aflibercept group had
the smallest area of NV. The authors concluded
that although bevacizumab SC, ranibizumab SC,
and aflibercept SC crossed the blood barrier and
appeared to be effective in inhibiting corneal NV
without causing epitheliopathy in an experimental
rat model compared to controls, no significant re-
sults were observed among these three anti- VEGF
molecules. The number of principal vessels and
the percentage of corneal NV area before SC in-
jections and 11 days after injections showed no

significance. (23)

Nursen Yiiksel et al. compared the effects of SC
and topically applied bevacizumab in rats. They
studied twenty-four rats with two healthy eyes,
which induced corneal NV by cauterization with
silver nitrate on the suitable corneas. The rats
were divided into three groups of § rats each as
follows: Group 1 received management with SC
injection of bevacizumab single dose of 0.05ml
(1.25mg), group 2 was treated with topical beva-
cizumab (10mg/ml) 2 times a day for seven days
and control group 3 was given SC BSS 2 times
a day. Subsequently, they were evaluated at the
slit lamp, and photographs were taken on day
8. On this day, the rats were also sacrificed and
enucleated for histological study. It was observed
that the mean VN score was statistically lower in
the groups receiving SC and topical bevacizum-
ab management compared to the control group
(P=0.015 and P=0.035 respectively) if the route
of bevacizumab administration is compared, the
mean VN score was lower in the SC bevacizumab
treated group (2.8 £ 1.7), with topical bevacizum-
ab it was 3.5 + 1.6. In the control group, 5.5 +
0.8; however, the difference was not statistically
significant between topical or SC administration
of bevacizumab (P=0.512). Likewise, the mean
percentage of corneal NV area was lower in the
groups treated with SC (42.7 £ 15.0) and topical
(55.8 £ 18.2) bevacizumab, with no statistically
significant difference between the two routes of
administration (P=0.142). In the histopathological
evaluation, both groups treated with bevacizumab
presented less NV, inflammation, and fibroblast ac-

tivity than the control group (P=<0.05). Therefore,
they conclude that SC and topical application of
bevacizumab effectively inhibit corneal NV and
decrease inflammation and fibroblast activity in
this animal model. (24)

On the other hand, Marcus Ang et al. (2019)
evaluated the usefulness of optical coherence
tomography (OCT) in monitoring corneal ves-
sel regression after anti-VEGF treatment using a
previously established rabbit model of corneal vas-
cularization. Sixteen rabbits with suture-induced
corneal vascularization were used; in the right eye
of each rabbit, a corneal suture was placed. From
that moment on, slit-lamp and OCT images were
taken weekly. Fifteen days after inducing corneal
NV, SC, or topical treatment was started and lasted
two weeks. Two groups of 8 rabbits each were div-
ided into two groups, and the first group received
asingle 0.05 ml SC injection of ranibizumab 0.5
mg or a single 0.05 ml SC injection of aflibercept
2 mg. Control eyes received single-dose injections
of normal saline. The second group comprised
topical instillation in three subgroups of topic-
al ranibizumab or topical aflibercept, and the
group was controlled with topical normal saline
(each eye received four drops (80 pul=20 pl*4) of
the eye drop twice daily starting on day 15 after
inducing vascularization in the cornea, until the
last day). Among the results, it was observed that
global measurements of vascular density by OCT
showed a good correlation (r=0.988, P<0.001),
with no significant differences between the two
treatment groups (P=0.795). Therefore, it is con-
cluded that there was no difference between the
use of ranibizumab and aflibercept, both topically
and in SC. This may be due to the sample size,
given that the main objective was to evaluate the

usefulness of OC'T. (25)

In the same year, Ghazaleh Baradaran-Rafi et al.
compared the effect of adiponectin versus beva-
cizumab in decreasing corneal NV. The study was
performed on 30 rabbits, where corneal NV was
induced by a single 7-0 silk suture. The rabbits
were randomly divided into three groups: adi-
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ponectin (20 pg/mL), bevacizumab (5mg/mL),
and artificial tears. Treatments continued for 14
days. At the end of these days, mean vessel length
decreased 57.68%+19.98% (P<0.001) with adi-
ponectin, 42.49%+27.17% in the bevacizumab
group (P=0.048), and 14.81%+5.64% (P=0.112)
in ocular lubricant group. The findings showed
that topical adiponectin significantly reduced the
length and surface area of recent corneal NV.
However, its effect on decreasing corneal NV
length was comparable to bevacizumab, and the
decreasing NV surface area was significantly greater
than bevacizumab. (26)

Yonca Aydin Akova et al. compared the efficacy of
SC administration of bevacizumab, ranibizumab,
and pegaptanib in an experimental rat model. This
study used 16 corneas, and NV was induced by
cauterization with silver nitrate. Rats were divid-
ed into four groups, each including four corneas:
group 1 treated with a single dose of bevacizumab
SC (0.05mL/1.25mg), group 2 received a sin-
gle dose of ranibizumab SC (0.05mL/0.5mg),
group 3 received a single dose of pegaptanib SC
(0.05mL/0.15mg) and the last control group re-
ceived a dose of SSB (0.05ml) SC, each injection
given one day after cauterization. A slit lamp exam-
ination was performed on day 15 post-drug appli-
cation, and then the rats were enucleated for the
histological study of the corneas. It was shown that
conjunctival injection of Bevacizumab, Ranibi-
zumab, and Pegaptanib significantly inhibited the
number of corneal vessels (P<0.05) (Bevacizumab:
1.75+0.50, Ranibizumab: 15.50+9.67, Pegapt-
anib: 13.50+6.87 and SSB: 19.50+5.80) and had
a lower corneal NV area P<0.05 (Bevacizumab:
16.19+1.72%, Ranibizumab: 28.81+7.29%, Pegapt-
anib: 25.82+7.18% and SSB: 40.38+12.74%),
furthermore, it was observed that bevacizumab
was more effective than the other two treatment
groups. There was no statistically significant dif-
ference between Ranibizumab and Pegaptanib
(P>0.05). No epitheliopathy was detected in either
treatment group during this study. (27)

Among prospective studies, Doh Lee etal. in 2015
compared the short-term effects of bevacizumab
and ranibizumab injections on the regression of
corneal NV. They included 16 eyes of 16 patients
with secondary corneal NV (herpetic keratitis (7),
graft rejection (6), chemical burn (1), pemphi-
goid (1), and recurrent ulcer (1)), which were
randomized to 2.5mg bevacizumab (group 1) or
Img ranibizumab (group 2) injection via SC and
intrastromal route. Patients were prospectively
followed up for one month after the injections:
before, one week after, and one month after. Cor-
neal NV areas before and after the injections were
compared. In group 1, the preoperative corneal
NV area (8.75 £ 4.33%) decreased significantly to
5.62 + 3.86% one week after injection and 6.35
+ 3.02% one month after injection (P=0.012 and
P=0.012, respectively). The corneal NV area in
group 2 also showed a significant change, from
7.37 +4.33% to 6.72 + 4.16% one wecek after in-
jection (P=0.012). From the above, it is inferred
that bevacizumab injection resulted in a more
effective and stable corneal NV regression than
ranibizumab injection. (28)

In 2021, Marcus Ang et al. described the use of an-
terior segment coherent optical angio tomography
(AS-OCTA) to monitor corneal NV and corneal
scar reduction after combined use of fine needle
diathermy (FND) with ranibizumab SC. They
performed a prospective study with six corneas of
6 subjects with NV and corneal scar in the visual
axis secondary to different causes (infectious and
chemical burns) who were treated with FND as-
sociated with ranibizumab SC. The mean age of
the subjects was 60 + 23 years; 3 were men, and
3 were women. Follow-up was performed from 2
to 6 months, during which the mean visual acuity
(VA) of the six patients was significantly improved
P 0.03 (preoperative VA: logMAR 0.6 (0.3-0.7) vs.
(vs). Postoperative VA: logMAR 0.3 (0-0.5)). This
study showed that NDF in combination with SC
injection of ranibizumab significantly reduced
corneal scar area (preoperative area of 30.2mm?
vs. 14.8mm? in control at six months P 0.046)
and also reduced corneal vessel density (with a
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mean preoperative percentage of 20.8% to 17.6%
postoperatively P<0.001). The investigators con-
clude that the use of AS-OCTA is applicable and
associated with slit lamp examination photogra-
phy to perform objective monitoring of corneal
scar reduction. Furthermore, AS-OCTA is also
of great utility for the surgeon to identify corneal
vessel depth prior to performing selective FND,
and the combined use of FND and Ranibizumab
SC is a safe and effective option for corneal NV

and corneal scar reduction. (29)

Reza Dana et al. studied the effect of topical ra-
nibizumab on clinically stable corneal NV. They
performed a prospective uncontrolled study in
10 eyes of 9 patients, of which 4 were men, and
5 were women, with a mean age of 57.3 years.
They received topical ranibizumab (10mg/ml) 4
times daily for three weeks. They were followed
up at weeks 1, 3, 8, and 16. During that time,
a complete ocular examination was performed,
corneal photographs were taken, the central cor-
neal thickness was evaluated, and a complete
review of medical and pharmacological history
and blood pressure was performed to evaluate
possible systemic effects. The study observed a
significant reduction in neovascular area in the
cohort (P<0.001), a reduction in neovascular area
from the first visit to week three (P<0.05), from
the first visit to week sixteen (P<0.001) and the
mean reduction in neovascular area in the cohort
was 55.3%. They also observed a decrease in vessel
caliber (P<0.001) and a mean reduction in the
cohort of 59%. No significant change in the area
of invasion was observed (P=0.26). There were also
no local (alteration of corneal thickness, changes
in intraocular pressure) or systemic adverse effects.
In conclusion, this study shows the efficacy and
safety of using ranibizumab to treat neovascular
corneal pathology. (30)

Finally, Sung Kun Chungetal., in 2014, made a
case report where they described the clinical history
of a 32-year-old woman diagnosed with herpetic
keratoconjunctivitis with refractive corneal NV
despite two previous injections (one SC and one

intrastromal)) of bevacizumab. For this reason, they
decided to start ranibizumab, where he received
one SC and one intrastromal injection of ranibi-
zumab. Six months after the procedure, there was
a significant regression of the neovascular area
and vessel caliber by 8.02%. The authors reported
improved corneal NV with SC and intrastromal
ranibizumab injections, previously refractory to

bevacizumab injection. (31)
DISCUSSION

The blood supply to the limbus originates from
the ciliary arteries, a branch of the ophthalmic
artery that terminates in the pericorneal plexus.
(3) Under certain circumstances, some capillaries
of this plexus can invade the cornea, forming new

blood vessels known as angiogenesis, a term first

proposed by Dr. John Hunter. (32)

Angiogenesis in the cornea can be secondary to
a wide range of inflammatory, infectious, dege-
nerative disorders, immune rejection, limbal cell
deficiency, hypoxia, and trauma. (4,15,33-37) This
can generate corneal distortions or irreversible
opacities that make it necessary to perform QPP
to achieve visual rehabilitation. (4,15,20,35,36)

QPP removes the entire corneal thickness and
its exchange for donor tissue. (38) It is currently
the world’s most frequently performed form of
transplantation. It is also recognized as one of
the most successful tissue transplants, with high
survival rates without systemic immunosuppres-
sive therapy. (37,39) The success of surgery is
secondary to the preservation of corneal immune
privilege, and corneal vascularization is the lea-
ding risk factor for rejection, so new therapies are

aimed at decreasing its occurrence or achieving

its regression. (4,6,39,40)

The etiology of corneal NV has yet to be entirely
discovered. However, it is known that corneal
avascularity requires low levels of angiogenic fac-
tors and high levels of anti-angiogenic factors
under baseline conditions. (41,42) Disruption
of this homeostasis results in the pathogenesis

of corneal NV. (43) The main anti-angiogenic
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factors are thrombospondin 1 and 2, endostatin,
angiostatin, pigmented epithelium-derived fac-
tor, matrix metalloproteases, essential fibroblast
growth factor, platelet-derived growth factor, and
VEGEF. (4,44,45)

VEGEF is considered the most prominent angio-
genic factor, and it is a growth factor peptide se-
creted mainly by macrophages, T cells, retinal
pigment epithelial cells, astrocytes, and smooth
muscle cells. (4,46) The family includes VEGF A-
B-C-C-D-E, which are involved in lymphatic and
vascular vessel growth. (47) The isoform involved
in hemangiogenesis is factor A, subdivided into
several isoforms. (47) Factors C and D are invol-
ved in lymphangiogenesis, and VEGF receptors
(VEGFR) are responsible for counteracting the
angiogenic role of VEGF. (47) Corneal epithelium
expresses the soluble factor VEGF1 that seques-
ters VEGFA, inactivating its angiogenic potential.
(4,48) VEGFR 2 and 3 act similarly by trapping
the prolymphangiogenic factors VEGF C-D. (48)
VEGF has been shown to increase corneas with
edema and vascularization in humans and animal
models. (4,49,50) This is where the importance
of their study arises to achieve adequate manage-
ment and treatment of corneal NV and improve

the prognosis of PPKD.

The review found that the anti-VEGF agents used
in the studies included bevacizumab, ranibizu-
mab, aflibercept, pegaptanib, and trastuzumab.
Among them, ranibizumab was mentioned in the
most significant number of studies (12), followed
by bevacizumab (10). The results suggest that
ranibizumab could be the most widely used anti-
VEGEF. Ranibizumab was used experimentally and
clinically, obtaining superior results in efficacy.
However, it should be noted that bevacizumab
also showed comparable results to ranibizumab,
according to authors such as Marcus Ang et al.,
making these two antiVEGFs the most studied,
according to this scoping review. (25)

Regarding experimental animal studies that com-
pared the application of anti-VEGFs, all drugs
achieved a decrease in corneal NV, with ranibi-

zumab and bevacizumab standing out as the most

effective. (14,27,28)

On the other hand, human studies were 4 in total,
which 3 were prospective clinical studies and 1
case report. Among them, it is worth highlighting
a prospective study by Doh Lee et al., which com-
pared the efficacy of bevacizumab and ranibizu-
mab in the treatment of corneal NV in humans,
with similar results between both drugs, although
bevacizumab was superior in efficacy. It should be
noted that the doses used were higher than those
used in experimental animal studies. (18,28-30)

Most articles reviewed applied the drug in SC
form (8 of them), and five administered it topically;
both forms of application showed a decrease in
corneal NV. Four of the reviewed articles com-
pared the route of administration when it was
performed with the same drug. It was shown that
the topical route was more effective in reducing
the area of corneal NV with a longer duration of
these results. The duration time and area of NV
decrease were dose-dependent (the higher the dose,
the more excellent the effect and duration), with
consistent results in the works of Thsan Caca et
al., Marcus Ang et al. in 2019, Matsuo et al. and
Nursen Yiiksel, et al. Two works did combinations
of treatments or routes of administration; V. Hui
Xian Foo et al. performed the application of Ra-
nibizumab SC with fine needle vessel diathermy,
obtaining regression of corneal NV, without this
being superior to the results reported by other
authors with ranibizumab SC. Sung Kun Chung
etal. combined an SC injection of bevacizumab
with a stromal injection, obtaining regression of
NV and a decrease in the caliber of the vessels,
without better results compared to the applica-
tion of bevacizumab alone SC reported by other
authors. It can be concluded that the combination
of routes of administration or treatments did not

show greater efficacy than using a single route of

administration. (17,20,21,24,25,29)

Regarding the doses in the different studies, the
doses for bevacizumab SC were 1.25mg, 2.5mg,

and 5mg. (14,17,21,23,24,27,28) Topically, 1 mg,
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1.5mg/ml, 2.5 mg/ml, 5 mg/ml, and 10mg/ml
were used. (6,16-18,24,26) On the other hand,
ranibizumab SC doses ranged from 0.3mg, 0.5mg,
and Img. (14,19,20,23,25,27-29) Topical ranibi-
zumab was used in the different studies at 5mg/
ml and 10mg/ml. (20,30) All demonstrated de-
creased corneal NV, but none of the included
studies compared different doses of the same drug
by SC route, so we cannot be sure which is the
most effective dose by this route regardless of the
drug used. As for topical administration, it was
found that efficacy is dose-dependent according to
Caca et al., where they compared different doses
of ranibizumab and showed that higher doses of
ranibizumab provided a more significant reduc-
tion in the area of NV (20). However, this theory
remains to be demonstrated with other drugs. (20)

If we compare the use of antiVEGFs with con-
trol groups, all experimental studies indicate that
antiVEGFs are effective and show statistically
significant differences compared to the use of
BSS. However, some authors compared the effi-
cacy of antiVEGF's with other molecules, such
as tacrolimus and adiponectin, in which it is evi-
dent that the effect of both topical tacrolimus
and SC and adiponectin was comparable with
that of bevacizumab. (21,26) On the other hand,
Zeynep Duru et al. analyzed the use of bevaci-
zumab vs. cyclosporine 0.1% topically, in which
they indicated that the latter was more effective
in inhibiting corneal NV, probably secondary to
the limited ability of bevacizumab to penetrate
the intact corneal epithelium due to its molecular
weight of 149 kDa. (16,51) The above is evidence
of the wide range of molecules that could be used
to treat corneal NV pathology; however, further
studies are needed to evaluate their efficacy in
humans and conduct them over prolonged pe-
riods to assess long-term effects. Let us compare
these drugs in terms of cost-benefit. The control
group molecules tend to be much more afforda-
bly priced than anti-VEGF (tacrolimus eye drops
USD 37.38, ranibizumab USD 1,170, aflibercept
USD 1,850, bevacizumab USD 2,400) (52,53)

This can be concluded if a price-only comparison

is performed; however, one of the limitations is
insufficient data on the cost-benefit ratio of the
different formulations of anti-VEGF agents, as
no study included performing this analysis. (54)

Regarding the etiology of corneal NV, in fourteen
of the 19 studies included, NV was induced by
chemical cauterization (8 articles) or by appli-
cation of sutures (6 articles), proving to be an
effective model for the generation of corneal NV,
achieving in all cases a decrease in the affected
area with the different drugs used. In the case of
specific pathologies, anti-VEGF is helpful to avoid
rejection in high-risk sensitized corneas with an
indication for transplantation, as demonstrated by
Choun-Ki Joo etal. The article by Doh Lee et al.
uses ranibizumab and bevacizumab for the control
of corneal NV secondary to various pathologies
(herpetic keratitis, graft rejection, chemical burn,
pemphigoid, and recurrent ulcer), obtaining an
improvement in all cases, Sung Kun Chung et
al also demonstrates its usefulness in corneal NV
secondary to herpes keratoconjunctivitis as does V.
Hui Xian Foo, etal. Thus, it is demonstrated that
inhibition and suppression of NV of any origin

can be achieved with antiVEGF. (15,21,28,29)

Regarding safety, the studies did not detect any
adverse effects of the drugs. The safety of ranibi-
zumab was the most studied, and comparisons
were made with other agents. Marcus Ang et al.
found that both methods of administration (SC
vs topical) were effective. Their use was safe re-
gardless of the route of administration, being drugs
suitable for use on the corneal surface in the short

and medium term. (25)

The limitations include the variability in the
methodologies used in the studies analyzed, the
different pathologies, routes of administration, do-
ses, and drugs. This makes it difficult to compare
the different results obtained in each of the studies,
but it also allows for a more complete analysis of
the action of anti-VEGF on the cornea. It should
be noted that none of the articles found include
long-term results of the effect of these drugs on
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the cornea; all the results reported are short- and

medium-term.
CONCLUSIONS

The study demonstrated the efficacy of several
anti-VEGF drugs in treating corneal NV, with
ranibizumab being the most effective. It was ob-
served that inhibition and suppression of NV of
different origins, such as infectious keratitis, graft
rejection, chemical burn, pemphigoid, severe
blepharo-keratoconjunctivitis, and recurrent ulcer,
was possible using antiVEGF. In addition, these
drugs may also decrease corneal graft rejection
rates in high-risk or previously sensitized corneas.
It was documented that the topical route of ad-
ministration was more effective in reducing the
area of corneal neovascularization, and the results
were longer-lasting compared to other forms of
administration. The duration and the area of NV
decrease were dependent on the dose administe-
red. However, no greater efficacy was found when
combining different routes of administration or

using fine needle diathermy.

Overall, the study highlighted the potential of
anti-VEGF drugs to inhibit corneal NV. Specifi-
cally, drugs such as bevacizumab and ranibizumab
showed promising results in reducing vasculari-
zation. It is essential to mention that none of the
investigations compared different doses of the same
drug in the SC route, and the ideal dose for this
administration still needs to be discovered. Also,
the molecular weight of the drugs proved to be
an essential factor, as it influenced their ability
to penetrate the corneal epithelium.

Thus, it is demonstrated that anti-VEGF's are be-
neficial drugs for treating corneal NV and could
facilitate the management of corneal beds with
poor prognosis when performing PPC and possibly
other corneal transplants. However, the literature
is limited, and experimental results in humans are
needed to extrapolate the results to daily clinical
practice in ophthalmology.
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