Al-Azhar Med. J . (Surger). Vol. 52 (1), January, 2023, 25 - 36
DOI: 10.21608/amj.2023.273676
https://amj.journals.ekb.eg/article_273676.html

OUT COME OF THE USE OF TOPICAL
BEVACIZUMAB IN TREATMENT OF CORNEAL
NEOVASCULARIZATION

By
Ahmed Ismail Abd Allah Ebrahim, Ahmed Hassan Barrada and

Mostafa Mahmoud Mostafa
Department of Ophthalmology, Faculty of Medicine, Al-Azhar University
Corresponding author: Ahmed Ismail Abd Allah Ebrahim,
E-mail: aboismail.aboismail@gmail.com

ABSTRACT

Background: Corneal neovascularization (NV) can occur as a consequence of anterior segment
inflammation, injury and ischemia. This pathological response can cause visual impairment or other
conditions such as corneal edema, corneal scarring, lipid deposition, increased risk of graft rejection after
corneal transplantation, and bleeding during corneal flap preparation in laser in situ keratomileusis (LASIK)
surgery. Many studies have shown that anti- vascular endothelial growth factor agents can inhibit corneal
neovascularization. One such inhibitor is bevacizumab, a humanized murine monoclonal antibody against all
vascular endothelial growth factor isoforms.

Objective: To evaluate the results of using topical bevacizumab (Avastin) as a treatment of corneal
neovascularization due to different causes.

Patients and methods: In this study, Bevacizumab was used topically as eye drops with a concentration of
0.5 mg/ml. Total 30 eyes were included in this study. All were diagnosed with corneal neovascularization.
Careful history was taken from all patients and they underwent ophthalmological examination including slit
lamp biomicroscopy examination , color photos of the anterior segment and intra oculae pressure . All cases
were selected from outpatient clinic of the Ophthalmology Department at Al-Azhar University Hospital
(Cairo) from October 2018 to October 2020.

Results: The corneal opacity decreased in 13.3% of the studied group. However, the remaining 86.7% didn’t
show any change at all. The best corrected visual acuity (BCVA) improved in about one third of the studied
group (33.3%). However, the remaining 66.7% didn’t show any change at all. There was ahighly significant
difference between the studied group as regarding effect of Avastin on neovascularization after one and two
weeks. It was noticed that moderate response increased from the first to the second week (3.3% versus 56.7%
respectively). There were highly statistically significant differences between the different pathologies as
regarding Avastin’s effect on corneal neovascularization after both one and two weeks.

Conclusion: The use of topical bevacizumab (avastin) eye drops in cases of corneal NV was safe, well
tolerated, associated with mild to moderate regression of corneal NV and not associated by any drug related
side effects.
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INTRODUCTION maintains that avascularity. This so-called
corneal—angiogenic privilege is

The normal cornea is devoid of both .
important for corneal transparency and

blood and lymphatic vessels and actively
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vision. Furthermore, it contributes to the
success of corneal transplantations
performed into avascular  low-risk
recipient beds (Bock et al., 2012).

Koenig et al. (2013) showed that
corneal neovascularization (NV) is
characterized by the invasion of new
blood vessels into the cornea from the
limbus. Various inflammatory, infectious,
degenerative, or traumatic disorders are
associated with corneal
neovascularization. This sight- threatening
complication occurs when the balance
between angiogenic and anti- angiogenic
factors is tilted towards angiogenic
molecules. Neovascularization is
promoted by a complex array of
microenvironmental changes that involve
a diverse array of cellular and molecular
mediators.

Vascular endothelial growth factor
(VEGF) is a critical mediator of retinal
and iris NV following injury and
ischemia, and in diabetic retinopathy too.
Corneal epithelial and endothelial cells,
endothelial cells of limbal vessels, and
fibroblasts and macrophages in scar tissue
all excrete VEGF, especially in inflamed
and vascularized corneas. The receptors of
VEGF (VEGFR1 and VEGFR2) are also
found in newly proliferating vascular
endothelial cells in inflamed cornea (Chen
etal., 2014).

Stevenson et al. (2012) showed that
VEGF neutralizing agents have proven
invaluable in the treatment of pathologic
conditions such as neovascular age-related
macular degeneration (AMD) and diabetic
retinopathy; furthermore, recent findings
suggest that VEGF inhibition may be an
effective therapeutic modality for corneal
NV.

Bevacizumab (Avastin) is a humanized
monoclonal antibody that binds to
isoforms of VEGF1. It was initially
approved for the treatment of metastatic
colorectal cancer; however, it has since
been used to treat a variety of ophthalmic
conditions, including neovascular age-
related macular degeneration, diabetic
retinopathy, central retinal vein occlusion,
and neovascular glaucoma. The systemic
administration of bevacizumab has been
associated with several severe and
potentially life-threatening complications,
including hypertension, impaired wound
healing,  gastrointestinal  perforation,
bleeding, arteriolar hemorrhage, and
arterial thromboembolic events. The route
of administration that provides the best
combination of safety, efficacy, and
practicality should be pursued; with
regard to the cornea, the preferred method
of administration is generally ocular
surface topical instillation (Stevenson et
al., 2012).

The aim of this work was to evaluate
the results of using topical bevacizumab
(Avastin) as a treatment of corneal
neovascularization due to different causes.

PATIENTS AND METHODS

In this study, Bevacizumab was used
topically as eye drops with a concentration
of 0.5 mg/ml. Total 30 eyes were included
in this study. All were diagnosed with
corneal neovascularization. All cases were
selected from outpatient clinic of the
Ophthalmology Department at Al-Azhar
University Hospital (Cairo) from October
2018 to October 2020.

Dose: The standard solution
(concentration of 0.5 mg/ml bevacizumab)
diluted in 0.9% saline.
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Method of administration: 1 drop 4
times daily for 2 weeks.

Follow-up: Evaluation was performed
pretreatment and in 7and 14 day post
treatment.

Inclusion criteria: Patients aged from 15
to 70 years old, acquired corneal
neovascularization, and BCVA not less
than hand motion.

Exclusion criteria: Patients with no light
perception, pregnant females, and corneal
dystrophies.

Informed consent was obtained from
all patients before administration of
Bevacizumab eye drops including their
acceptance to use the drops, knew the
advantages, disadvantages, risks, possible
complications and periodical follow up for
2 weeks.

All patients were subjected to history
taking including personal history (name,
age, gender, occupation, residence),
complaint, present history and past history
specially ophthalmic history including
history of corneal infection, inflammation,
degenerative disorders and traumatic
disorders.

All patients were examined as follow:

1. Functional assessment: Visual acuity
test using "Landolt’s chart".

2. Clinical assessment:

a. Anterior segment by slit lamp
examination, colored photos, and
intra ocular pressure.

b. Posterior segment (fundus) by
direct  ophthalmoscopy, and
indirect ophthalmoscope.

Bevacizumab eye drops were prepared
in the hospital pharmacy under complete

sterile conditions from the standard
solution diluted in 0.9% saline to a
concentration of 0.5 mg/ml. The eye drops
were stored at 4°C during that time.

The patients were instructed to instill 1
drop 4 times daily for 2 weeks. They were
also instructed to maintain punctual
occlusion and close their eyes for at least
1 min after drug instillation in order to
reduce systemic drug absorption. The
patients who were using other ocular
drops were instructed to instill the
Bevacizumab drops first and wait at least
5 min before instilling other drops (if the
patients were already on other medical
ophthalmic drops) in order to prevent drug
washout.

Follow-up evaluations were performed
on days 7 and 14, and they included
BCVA as well as slit-lamp examinations.
Color photos of the anterior segment were
obtained at baseline and at the final visit.

Each  patient  underwent  post-
administration ophthalmic examination
in the days 7 and 14 as follow:

1. Visual acuity test using "Landolt’s
chart".

2. Using slit lamp biomicroscopy cornia
was examined to detect regression of
the vessels either mild which was
defined as partial regression of the
corneal  neovascularization  and/or
clearing of corneal opacification or
moderate, which was defined as clear-
cut regression of corneal
neovascularization and/or clearing of
corneal opacification.

3. Intraocular tension was measured
using Goldmann applanation
tonometry to detect any changes of
IOP.
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4. Posterior segment of the eye was

examined using indirect
ophthalmoscop.

Statistical analysis:
The collected data were coded,

processed and analyzed using the SPSS
(Statistical Package for the Social
Sciences) version 22 for Windows® (IBM
SPSS Inc, Chicago, IL, USA). Data were
tested for normal distribution using the

Shapiro Wilk test. Qualitative data were
represented as frequencies and relative
percentages. Chi square test (y2) was used
to calculate difference between two or
more groups of qualitative variables.
Quantitative data were expressed as mean
+ SD (Standard deviation).P value < 0.05
was considered significant.

RESULTS

The age of the studied group ranged
between 28 and 70 years with a mean of
52.6 years. More than half of them were
males (60%). Half of the patients had
pterygium, 16.7% showed pannus. Failed

penetrating keratoplasty (PKP), resolved
keratitis, and old trauma had the same
frequency (10%). However, healed
corneal ulcer was only detected in one
patient (3.3%) (Table 1).

Table (1): Socio-demographic data and detected pathology of the studied group

Variables Studied group (n=30)
Age:
Mean + SD 526 +13.4
Range 28 -70
No %
Gender:
Female 12 40
Male 18 60
Pathology:
Failed PKP 3 10
Resolved keratitis 3 10
Pannus 5 16.7
Pterygium 15 50
Old trauma 3 10
Healed ulcer 1 3.3
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The corneal opacity decreased in
13.3% of the studied group. The
remaining 86.7% didn’t show any change
at all. The BCVA improved in about one

third of the studied group (33.3%).The
remaining 66.7% didn’t show any change
at all (Table 2).

Table (2): Effect of Avastin on corneal opacity and Avastin on the best corrected
visual acuity (BCVA) of the studied group

Studied group (n=30) Studied group (n=30)
\Variables No %
Corneal opacity:
No change. 26 86.7
Decreased. 4 13.3
BCVA:
Unchanged. 20 66.7
Improved. 10 33.3

There was a significant difference
between the studied group as regards the
effect of Avastin on neovascularization
after one and two weeks. It was noticed

that moderate response increased from the
first to the second week (3.3% versus
56.7% respectively) (Table 3).

Table (3): Effect of Avastin on corneal neovascularization after one and two weeks

among the studied group

Time| One week (n=30) Two weeks (n=30) P
Variables No % No % value
Corneal vascularization:
No response. 10 33.3 8 24.6
Mild. 19 63.3 5 16.7 <0.001
Moderate. 1 3.3 17 56.7




30 AHMED I. EBRAHIM et al.,

There were no statistically significant regarding Avastin’s effect on BCVA.
differences  between the  different Resolved keratitis patients were found to
pathologies as regarding avastin’s effect have the highest frequency in decrease in
on corneal opacity. There were no BCVA (66.7%) when compared to other
statistically significant differences pathologies (Table 4).

between the different pathologies as

Table (4): Comparison of corneal opacity and BCVA among the studied groups.

Groupy Failed |Resolved . Old Healed
PKP | keratitis Pa:]n_nSus Pte;;_/%éum trauma | ulcer
m=3) | (n=3) | ™™ | O35 | sy | (n=) | P
No. No. No. No. No. No.
Corneal opacity (%) (%) (%) (%) (%) (%)
2 2 5 13 3 1
No change 66.7) | (66.7) | (100) | (86.7) (100) | (100)
<0.629
Decrease ! ! 0 2 0 0
(33.3) (33.3) (0) (13.3) (0) 0)
BCVA
No change 3 ! 4 v 2 L
(100) (33.3) (80) (60) (66.7) | (100) | 0.521
Improve 0 2 L 6 ! 0
0) (66.7) (20) (40) (33.3) 0)
There were statistically significant on corneal neovascularization after both
differences  between the  different one and two weeks (Table 5).

pathologies as regarding avastin’s effect

Table (5): Comparison of corneal neovascularization after one and two weeks among
the studied groups

Groups Failed | Resolved . Old |Healed
PKP | keratitis P(z::n_nSl;s Ptze;ilgg;m trauma| ulcer
(n=3) (n=3) B B (n=3) | (n=1) P
Corneal No. No. No. No. No. No.
vascularization (%) (%) (%) (%) (%) (%)
Mild 0 2 2 14 1 0
After 0) (66.7) (40) (93.3) (33.3) 0)
0 0 0 1 0 0
One Moderate 0.04
week 0) 0) 0) (6.7) (0) 0)
No response 3 ! 3 0 2 L
(100) (33.3) (60) ()] (66.7) | (100)
Mild 1 2 2 0 0 0
After (33.3) (66.7) (40) (0) (0) 0)
two Moderate 0 0 1 15 1 0 0.001
week 0) © | (0 | (100 |(333)] (0)
No response 2 1 2 0 2 1
(66.7) (33.3) (40) (0) (66.7) | (100)
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DISCUSSION

Topical application of drug is the
preferred method of administration to the
cornea, ocular surface, and anterior
segment, because achieving a high
therapeutic level of medicine in these
tissues can often be feasible without
imposing systemic side effects. However,
topical treatment and periocular injections
will only be effective if the drug can
penetrate through the ocular barriers
(Dastjerdi et al., 2011).

Bevacizumab eye drops demonstrated
the ability of inhibition the corneal
neovascularization and regresed newly
formed corneal blood vessels. The effect

Fig.1: pre and two weeks after treatment of a case of pterygium with moderate
regression.

of the eye drops and the treatment time
needed to calm down the angiogenic
response were very variable. Reasons for
interindividually  different effects of
bevacizumab eye drops include intensity
of angiogenic stimulus, epithelial barrier
function (although the eye drops also
work with an intact epithelium), time-
course of neovascularization (established
corneal vessels do not depend on VEGF
any more, dosing etc (Bock et al., 2012).

Waisbourd et al. (2013) reported that
the optimal dosage for treating corneal
neovascularization by topical
bevacizumab has not yet been established,
and various dosage regimens have been
recommended.
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The aim of this work was to evaluate
the efficacy of bevacizumab eye drops
0.5mg/ml on the corneal neovessels. Total
30 eyes of 30 patients participated on this
study. All were diagnosed with corneal
neovascularization due to different causes
including pterygium, failed penetrating
keratoplasty, resolved Keratitis, healed
corneal ulcer, old trauma and pannus, and
all the patients received bevacizumab eye
drops four times daily for two weeks.

The main follow wup parameters
included best corrected visual acuity
before and after receiving treatment,
regression of the newly formed blood
vessels, and effect on the corneal opacity.

As regarding the BCVA, in this study,
33.3% showed mild improvement of the
BCVA after receiving the treatment and
that was consistent with the results of
other studies.

Waisbourd et al. (2013) reported
improvement of BCVA in 52.9% using
topical bevacizumab eye drops with a
concentration of 25mg/ml four times daily
for two weeks.

Krizova et al. (2014) reported that the
improvement of BCVA especially in cases
of failed PKP after receiving topical
bevacizumab eye drops with a
concentration of 2.5mg/ml twice daily for
2 weeks.

Ferrari et al. (2013) reported
improvement of the BCVA after receiving
topical bevacizumab eye drops with a
concentration of 10mg/ml four times daily
for 3 weeks.

Regarding the regression of neovessels,
in this study there was a significant
difference between the studied groups
after one and two weeks follow up after

receiving treatment. It was noticed that
moderate response increased from the first
to second week 3.3% versus 17/30 ;
56.7%). Also, other studies reported
regression of the corneal neovessels.

Waisbourd et al. (2013) reported that
the regression of the neovessels in eleven
eyes 65%.

Ferrari et al. (2013) reported
regression of the neovascular area in
55.3% of the studied eyes at the end of
third week of treatment.

Bock et al. (2012) reported regression
of the vascularised corneal area to very
variable degrees and a reduction in
vascularized area during treatment was
ranging from 13% to 75%.

Regarding the corneal opacity, no
significant difference was reported before
and after treatment in this study. Only
13.3% showed decrease in the corneal
opacity. While Cheng et al. (2012)
documented that the reduction of the
opacity was in 20% of studied eyes after
receiving topical bevacizumab eye drops
with a concentration of 10 mg/ml four
times daily for 3 weeks and the different
between results due to little number of
patients and lesser concentration of topical
bevacizumab eye drops in our study.

Ferrari et al. (2013) showed no
significant changes in the corneal opacity
after treatment. Regarding complications,
neither systemic nor local complications
were detected in this study, but Waisbourd
et al. (2013) reported that the local
complications in the form of one case
each of epitheliopathy, eye lid swelling
and chalazion, and these complications
were found to be mild and transient and
the authors explained them due to the use
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of high dose of topical bevacizumab eye
drops.

Kim et al. (2012) reported
epitheliopathy in six out of ten patients
treated with bevcizumab eye drops with a
concentration of 12.5 mg/ml. Koenig et al.
(2013) reported epitheliopathy in 5 out of
27  patients  treated for  corneal
neovascularization  with  bevacizumab
topical eye drops with a concentration of 5
mg/ml and the different brtween results
due to the use of high dose of topical
bevacizumab eye drops.

Galor and Yoo (2010) reported a case
of idiopathic corneal perforation who
underwent PKP developed corneal graft
melt while using high dose of topical
bevacizumab eye drops with a
concentration of 25 mg/ml. Fallah et al.
(2010) and (—Nihms86910.Pdf, n.d.)
didn’t mention any local or systemic
adverse effects among their patients who
received bevacizumab topical eye drops
with a concentration of 1-5 mg/ml.

CONCLUSION

The wuse of topical bevacizumab
(avastin) eye drops in cases of corneal NV
was safe, well tolerated, associated with
mild to moderate regression of corneal
NV and not associated by any drug related
side effects. This study advices to use
small dose topical bevacizumab eye drops
for short duration in treatment of corneal
NV to achieve the benefit of blood vessels
regression with minimal risk of local
complications.

REFERENCES

1. Bock F, Yanyan K, Friedrich K, Martin B
and Claus C. (2012): Angioregressive
Pretreatment of Mature Corneal Blood Vessels
Before Keratoplasty: Fine-Needle Vessel

10.

Coagulation Combined With Anti-VEGFs.
Cornea, 31(8):887-92.

Chen W, Yan-Ming C, Hsiao-Sang C,
Chung-Tien L, Lu-Ping C, Chih-Ta C and
Fung-Rong H. (2014):  Mechanisms
Controlling the Effects of Bevacizumab
(Avastin) on the Inhibition of Early but Not
Late Formed Corneal Neovascularization.
PloS One, 9 (4): 94205-94205.

Cheng S, Mohammad HD, Giulio F, Andre
O, Kraig SB, Denise SR and Francisco A.
(2012): Short-Term Topical Bevacizumab in
the  Treatment of  Stable  Corneal
Neovascularization. American Journal of
Ophthalmology, 154 (6): 940-948.

Dastjerdi MH, Sadrai Z, Saban DR, Zhang
Q and Dana R. (2011): Corneal Penetration
of Topical and Subconjunctival Bevacizumab.
Investigative  Ophthalmology &  Visual
Science, 52 (12): 8718-23.

Fallah MR, Khosravi K, Hashemian MN,
Beheshtnezhad AH, Rajabi MT and Gohari
M. (2010): Efficacy of topical bevacizumab
for inhibiting growth of impending recurrent
pterygium. Curr Eye Res., 35(1):17-22.

Ferrari G, Dastjerdi MH, Okanobo A,
Cheng SF, Amparo F, Nallasamy N and
Dana R. (2013): Topical Ranibizumab as a
Treatment of Corneal Neovascularization.
Cornea, 32 (7): 992-97.

Galor A and Sonia HY. (2010): Corneal
Melt While Using Topical Bevacizumab Eye
Drops. Ophthalmic Surg Lasers Imaging, 9: 1-
3.

Kim SW, Byung JH, Eung KK, Hungwon T
and Tae-im K. (2012): The Effect of Topical
Bevacizumab on Corneal Neovascularization.
Ophthalmology, 115 (6): 33-38.

Koenig Y, Felix B, Folkert H, Friedrich K,
Katja S and Claus C. (2013): Short- and
Long-Term Safety Profile and Efficacy of
Topical Bevacizumab (Avastin) Eye Drops
against Corneal Neovascularization. Graefe’s
Archive for Clinical and Experimental
Ophthalmology, 247(10): 1375-82.

Krizova D, Magdalena V, Katerina L and
Pavel S. (2014): Treatment  of Corneal
Neovascularization Using Anti-VEGF



AHMED I|. EBRAHIM etal.,

Bevacizumab. Journal of Ophthalmology, 14:
1-7.

11. Stevenson W, Sheng-Fu C, Mohammad H

Dastjerdi, Giulio Ferrari and Reza D.
(2012): Corneal Neovascularization and the
Utility of Topical VEGF Inhibition:

Ranibizumab (Lucentis) vs Bevacizumab
(Awvastin). The Ocular Surface, 10(2): 67-83.

12. Waisbourd M, Levinger E, Varssano D,

Moisseiev E, Zayit-Soudri S, Barak A,
Loewenstein A and Barequet 1. (2013):
High-Dose Topical Bevacizumab for Corneal
Neovascularization. Pharmacology, 92: 5-6.



OUT COME OF THE USE OF TOPICAL BEVACIZUMAB IN...

e Y1 il b oradasall il gy daaslin aladia) il
a8l 4, ganll

Alas 1gana Abag 03143 (pesd daa] cash) ) Al ae Jos Law daa
AV daala ) LIS (gl da) 2 g ks aid

E-mail: aboismail.aboismail@gmail.com

Gl agmd pdl o d A el d e Y gai dia sy O Sy sdagl) Aild
A pall Lt Vo2 s i (o Sy A il (B35 a5 (el aY) s )
i Al ws A il Ay Jte g AleiWl s A, Ble)
sl G il g A il g h)am g g Sl y e ol 8y Tadsal )y o saa )
Ay (Al ol A il o af s watd sl a3 Al Al i
I el i e DUl cadll A ildaddl o aill - alge f il jall o wa el gl
s—a ol hidled an sl 4yl a4 el d e oY) e Sl o o Say
An dll e Gl e Al il a g (s dl e a5 g ¢ la g uliy

e sl Plad) gail) Jalad 4y gyl JISEY) apan

7o aS (i) aa gall ol g iy aladi ) il ey s ad) (pa Cia gl
Adline Gl 4l 3 4 sadl) e Y1 5S30

RXPURE S IEICN VU DPS AV EHUIC I PR PE S R PSSP Py PO X PRGN
a3 Al yall ol 8L 30 30 Jla) Gl a S Ja / a2e 0.5 S S Gpall
Gl A Al a5 Al o dd el i e Wl as o g mladl i gan pand
sidale AN Al gl da ga il ety i all pes e G
isle Hywmy B Al pl adlgs ol g ) gl andll Ay geill e YAl
ialaseha @i o lall sl el eVl all aen JLidl ad ol ¥ e 3l

2020 581 ) 2018 ST (e (381l 58 HY) drals Sidisey ) saall
O—Sd sl e ganall 7133 8 A Al A e o mids) ) il 5

o—adlsr a i waia By U LYN e i ol edai 4 17867 Al 4l
icseadlen B My s 824/6— 36/6 G—s IS il daa L ad)l



mailto:aboismail.aboismail@gmail.com

36 AHMED I. EBRAHIM etal,

e st gl elai 2 17/66.7 il Al (a1 o a g ¢(7%33.3) Ayl
Al bl addwy ndl e gandll (py > S (5 aa 38l LS 3L LY
et W olaas Tope sl g o wla 2d ysalld e ¥ e i Wil L Ge
e 756.7 3—18a 73.3) S g sV N IV g sV e ala 3 54 Liiall
L A aliaall (ol p a1 (s Adle Al aan) 4 1V0 <l G5 8 s < SIS () 5l

e sl o) g sal aay A 8l A 4 geall e V) e pialdl il lay

A VL Al Al BT L lasi 1 Y

Ay seall dae W) gai il 2 0le ¢((aiuldl) (ol g iy Al clalsl)



