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Abstract
Purpose To evaluate the short- and long-term in vivo safety
and efficacy of topical bevacizumab (Avastin) application
for treatment of corneal neovascularization secondary to a
variety of corneal diseases.
Methods Thirty eyes of 27 patients with progressive
corneal neovascularisation (not responding to conventional
anti-inflammatory treatment) due to different underlying
corneal diseases received topical bevacizumab (Avastin)
eye drops (5 mg/ml Bevacizumab) for 0.5-12 months (five
times/day on average). At each visit, a routine Snellen
visual acuity assessment was performed, followed by
ophthalmic examination including fluorescein staining.
Changes of corneal neovascularization and vessel diameter
were assessed using morphometry of standardized digital
corneal photographs.
Results Five patients (five eyes) developed new corneal
epithelial defects during topical bevacizumab treatment. In
22 patients, no new epithelial defects were observed. None
of the 27 patients complained about any drug-related ocular
or systemic adverse events during follow-up. No allergic
reactions were observed.

Corneal photographs of 21 eyes (19 patients) could be
assessed. The mean reduction in vascularized area during
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treatment was 61%. The mean reduction in vessel diameter
under topical Avastin therapy was 24%.

Conclusions Off-label topical bevacizumab therapy against
corneal neovascularization secondary to different corneal
diseases was generally well-tolerated for up to 12 months.
Bevacizumab (Avastin) eye drops inhibit corneal neo-
vascularization, and lead to a reduction of the vessel
diameter. Our results suggest that off-label use of Bevaci-
zumab eye drops is a relatively safe and well-tolerated
option for the treatment of corneal neovascularization. Care
should be taken in patients with epithelial defects and
neurotrophic keratopathy.

Keywords Cornea - Angiogeneis - Inhibition - Safety -
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Introduction

Background

The human cornea is normally avascular, actively main-
tained by expression of antiangiogenic and antilymphan-
giogenic factors [1, 2]. In various inflammatory, infectious,
degenerative or traumatic disorders, corneal neovasculari-
zation may occur. The consequences are decreased visual
acuity and bad prognosis for corneal transplantation, by
losing the immunologic privilege of the avascular cornea [3].

So far, no specific antiangiogenic treatment against
corneal neovascularization has been available. Although
steroids are the first choice in clinical practice, they are not
always effective, and have serious side-effects. Several
studies showed that members of the vascular endothelial
growth factor (VEGF) family play a key role in pathologic
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neovascularization [4, 5]. Bevacizumab (Avastin, Roche
Pharma AG) is a humanized monoclonal antibody blocking
VEGF-A, which results in inhibition of the outgrowth of
new vessels. Bevacizumab is approved for the treatment of
metastatic colorectal cancer. It is currently injected “off-
label” into the vitreous for the treatment of proliferative and
nonproliferative diabetic retinopathy, neovascular age-
related macular degeneration, and neovascular glaucoma,
with promising results [2].

Recently, cell culture studies showed evidence for the
safe use of bevacizumab on cultured human corneal cells
[6]. We and others were recently able to demonstrate that
bevacizumab eye drops are able to inhibit corneal angio-
genesis in vivo in small pilot studies [7, 8, 13]. Based on
these initial results, we initiated off-label treatment with
Avastin eye drops in a larger group of patients with
progressive corneal neovascularization not responding to
conventional therapy. Here we report on the short- and
long-term in vivo safety profile and efficacy of topical
bevacizumab (Avastin) application for treatment of pro-
gressive corneal neovascularization due to a variety of
corneal diseases in a larger group of patients.

Patients and methods

This uncontrolled, non-randomized case series consists of
30 eyes of 27 patients (22 male, five female) between 28—
83 years of age (mean age: 51+15 years) with progressive
corneal neovascularisation due to limbal stem cell deficien-
cy after chemical burn (n=11), corneal graft rejection (n=
1), keratoplasty (n=4), herpetic keratitis (n=1), measles
keratitis (n=1), ocular pemphigoid (n=2), Steven-Johnson
syndrome (n=1), KID syndrome (n=1), graft-versus-host
disease (n=1), recurrent pterygium (n=2), aniridia (n=1)
and Salzmann nodular corneal degeneration (n=1). Patients
received off-label topical bevacizumab (Avastin) treatment
for 0.5-12 months (mean: 3.4+2.9). Dosing varied from
one to ten times per day (average five times per day).
Bevacizumab eye drops were given in addition to current
local and systemic therapy including steroid and immune
suppression, which were unable to stop progressive corneal
neovascularization alone. The therapy was terminated when
corneal neovascularization had at least partly regressed. The
institutional review board approved this treatment, and all
patients gave a written consent prior to treatment.
Bevacizumab eye drops were prepared in the hospital
pharmacy from the standard solution diluted in 0.9% saline
to a concentration of 5 mg/ml. Avastin was portioned into 1
ml syringes for daily use. The eye drops were stored at -20°C;
after opening they were used within 14 days, and kept at 4°C
during that time. The costs of the Avastin eye drops is
approximately 20 €/5 mg Avastin. In our case, by applying on
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average eye drops five times per day, the monthly cost would
be around 150 €.

At each visit, a routine Snellen visual acuity assessment
was performed, followed by an ophthalmic examination
including fluorescein staining and tonometry. Changes in
corneal neovascularization and vessel diameter were deter-
mined by repeatedly performed standardized digital slit-
lamp pictures, which were then analyzed morphometrically
using image analysis software based on grey filter sampling
(Cell"'F: Olympus, Hamburg, Germany) as described
previously [7, 18]. The area of vascularization was
measured in terms of pixels. Its ratio to the entire corneal
area resulted in the percentage of corneal neovasculariza-
tion. The vessel diameters before and during topical Avastin
treatment were also measured in terms of pixels.

Statistical analysis was done by Microsoft Excel 2000
and InStat 3 Version 3.06 (GraphPad Software Inc., San
Diego, CA, USA). Graphs were drawn using Prism4,
Version 4.03 (GraphPad Software Inc.). Statistical signifi-
cance was defined as P<0.05.

Results

a. Safety data

The mean duration of follow-up was 8.4+5.1 months, and
the median follow-up time was 7 months. The mean
treatment duration was 3.4£2.9 months. Table 1 summa-
rizes the patients” baseline data and therapy duration, and
gives an overview of the outcomes after topical bevacizu-
mab treatment.

In total, 14 eyes showed improvement in visual acuity,
15 eyes showed stable visual acuity and one eye showed
vision worsening.

Generally, Avastin eye drops did not cause new
epithelial defects. Out of 30 eyes, only five eyes (five
patients) showed new corneal epithelial defects during
topical bevacizumab treatment, but four patients already
had preexisting epithelial defects prior to treatment. The
remaining eye had a persistent epithelial defect immediately
after pannectomy and limbal stem cell transplantation (after
which Avastin eye drops were initiated). One patient with a
pre-existing corneal ulcer developed a spontaneous corneal
perforation 5 months after start of additional bevacizumab
treatment.

Eleven eyes (ten patients) with preexisting recurrent
epithelial defects showed no new epithelial defects under
the topical Avastin therapy. No new epithelial defects were
observed in the remaining 14 eyes. Corneal sensitivity was
difficult to assess in most patients due to multiple previous
corneal operations. Ten eyes (eight patients) showed
punctate epithelial keratopathy. All of them already had
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Table 1 Outcomes of topical bevacizumab treatment

Pt Age Tx/fu Potential side Parallel Previous treatments
(years) duration effects medication
(months)
Pre-existing New epithelial SPK
corneal defects defects
Chemical Burn
1 40 1.5/6 Recur. No No 1,2,3 LTX, keratectomy
2 52 5/5 Recur. No No 1,2,3 LTX, AMT, KP, Ahmed valve
implantation
3 42 2/9 Recur. No No 1,2,3,4 AMT, HLA-matched KP and limbal
transplantation
4 61 1.5/5 No No Yes (bilat.) None None
5 47 4/11 Recur. No No 1,2,3 LTX
6 69 9/9 Persist. Closed during Tx No 1,2,3,4 KP, corneoscleral transplantation,
7 46 6/12 Persist. Recur. No 1,2,3 KP, keratectomy, AMT, oral mucosa
plastic surgery
8 72 1/6 Persist. Closed during Tx No 1,2,3 KP, AMT, feeder vessel coagulation
54 2/22 Persist. Persist. No 1,2,3,4 KP, corneoscleral transplantation, AMT
10 50 3/8 Persist. Persist. No 1,2,3 KP, LTX
11 36 6/9 Persist. Persist. No 1,2,3 LTX
Corneal neovascularization after keratoplasty/graft rejection
12 83 2/6 No No No None KP, feeder vessel coagulation
13 28 0.5/18 No No No 1,2 KP
14 39 3/3 No No No None KP
15 71 1/12 No No No 2 KP
16 61 12 Persist. Closed during Tx Yes (bilat.) 2,3 KP, AMT
General diseases (e.g. Stevens-Johnson syndrome, KID syndrome, g-v-h disease)
17 43 12/14 No No Yes (bilat.) 1,2,3 AMT, lamellar keratectomy
18 39 1.5/21 No No No 1,2,3 Oral mucosa plastic surgery, LTX
18 39 7/9 No Yes (immed. No 1,2,3 LTX, AMT, pannectomy
post surgery)
19 38 4.5/7 No No Yes 2,3 None
19 38 4.5/7 No No Yes 2,3 None
20 78 1/3 No No No 1,2,5 Feeder vessel coagulation,
subconjunctival injection of
Bevacizumab
21 31 1.5/5 Recur. No Yes 1,4 KP, AMT
21 31 1.5/5 Recur. No Yes 1,4 KP, AMT
Aniridia
22 39 1/5 Recur. No No 2,35 Oral mucosa plastic surgery, AMT,
laser trabeculoplasty,
trabeculectomy
Keratitis
23 36 2.5/8 No No Yes (bilat.) 1,2,3 Keratectomy, feeder vessel coagulation
24 69 8/12 Recur. No Yes 1,2,3 Keratectomy, AMT, KP, trabeculectomy
Recurrent Pterygium
25 49 1.5/3 No No No 2,3 Pterygium surgery, pannectomy
26 49 0.5/2 No No No 1,2 Pterygium surgery
Salzmann nodular corneal degeneration
27 46 7/7 No No Yes (bilat.) 3,5 Keratectomy, Pannectomy

Pt, patient; f-u, follow-up; SPK, superficial punctate keratitis; IOP, intraocular pressure; LTX limbal stem cell transplantation; AMT, amniotic
membrane transplantation; KP, keratoplasty; g-v-h disease, graft-versus-host disease Tx, therapy; HLA, human leukocyte antigene; persist,
persistent; recur, recurrent; bilat, bilateral.

1. antibiotics; 2. topical steroids; 3. artificial tears; 4. systemic immunosuppression; 5. topical antiglaucoma drops.
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punctate epithelial keratopathy prior to topical bevacizumab
treatment.

None of the 27 patients complained about pain or
discomfort throughout follow-up, nor about any drug-
related ocular or systemic adverse events. No allergic
reactions were observed. No IOP elevation was observed.

b. Antiangiogenic efficacy: Avastin eye drops inhibit
corneal neovascularization

Corneal photographs of 21 eyes (19 patients) were
available for morphometrical assessment using image
analysis. The mean reduction in vascularized area during
treatment was 61% until visit 4 (Fig. 1). Visit 1 (n=21 eyes)
is defined as the first visit, prior to topical bevacizumab
treatment. Visits 2, 3 and 4 are the follow-up visits. At visit
3, we only had photographs of 16 patients. At visit 4, there
were only four patients remaining. Sixteen patients had a
significant reduction of neovascularization at visit 3 (28%,
p=0.01) and four patients had a reduction of 61% at visit 4
(p=0.0182).

By considering the two major patient subgroups (chem-
ical burns n=6, post keratoplasty/graft rejection n=3) a
reduction of corneal neovascularization in both groups
could also be detected (Fig. 2). Figure 3 demonstrates this
effect for a patient suffering graft rejection.

Furthermore, we compared patients after transplantation
of cultured limbal stem cells (fibrin gels), who received
additional topical bevacizumab eye drops (n=5) with
patients who did not receive the bevacizumab therapy (n=
4). Patients with topical bevacizumab eye drops showed 5
months after limbal stem cell transplantation significantly
less corneal neovascularization (p=0.023, Figs. 4, 5). Due
to the small number of patients who underwent this
precedure at our clinic, the p-value should be regarded
with caution.
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Fig. 1 Decrease of corneal neovascularization in 19 patients over four
visits (paired #-test). Visit 1: n=21 eyes, visit 2: n=21 eyes, visit 3: n=
16 eyes, visit 4: n=4 eyes. Green line: two follow-ups, blue line: three
follow-ups, red line: four follow-ups. * p=0.0182, ** p=0.01, n.s.=
statistically not significant
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Fig. 2 Topical Avastin application leads to reduction of corneal
neovascularization in two major subgroups of patients (chemical burns
n=6, keratoplasty/immune rejection n=3). Paired r-test was done

Avastin eye drops diminish the vessel diameter

We previously observed that Avastin eye drops seem to be
able to reduce the perfusion of established vessels [7].
Therefore, we examined the vessel thickness before and
during topical Avastin treatment. The mean reduction in
vessel diameter under topical Avastin therapy was 24%
within all 19 patients (Fig. 6). The strongest reduction in
vessel diameter was seen in the keratoplasty group. The
reduction rate was statistically significant within all patients
(»=0.01) and in the keratoplasty group (p=0.005). Figure 7
shows a significant reduction for a patient from the
chemical burn group.

Time course of blood vessel diameter reduction
during antiangiogenic therapy

The strongest regression of corneal vessel thickness
appeared to happen within the first 3 months of anti-
VEGEF treatment (Fig. 8). After that, the vessels seemed to
reach a condition of equilibrium.

Discussion

Various inflammatory, infectious, degenerative, or traumatic
disorders are associated with corneal neovascularization.
This sight-threatening complication occurs when the bal-
ance between angiogenic and anti-angiogenic factors is
tilted towards angiogenic molecules. The vascular endothe-
lial growth factor (VEGF) has been shown to be up-
regulated in inflamed and vascularized corneas in humans
and in animal models [9, 10]. VEGF promotes several steps
of angiogenesis and lymphangiogenesis, including proteo-
lytic activities, endothelial cell proliferation, migration and
capillary tube formation [11-13]. Bevacizumab is a
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Fig. 3 Avastin eye drops
potently inhibit corneal neovas-
cularization in graft rejection
(patient 16). Aggressive corneal
neovascularization and persistent
corneal epithel defects due to
graft rejection prior to (a) and 4
weeks after initiation of
additional treatment with
bevacizumab eye drops

(c). The corneal defects closed
under the additional anti-VEGF
therapy. No new corneal defects
were observed. Pictures b and
d are images of morphometrical
analysis of pictures a and ¢
respectively

humanized monoclonal antibody to VEGF, approved for
intravenous administration for the treatment of colorectal
cancer. A low incidence of significant adverse effects has
been observed in systemic treatment, such as mild to
moderate hypertension, increased rate of thrombosis and
impaired wound healing [14]. In vitro studies have shown
no significant side-effects in cells of the anterior segment of
the eye [6]. Bevacizumab also showed no significant side-
effects when injected intravitreally in the treatment of
choroidal and retinal neovascularization [15].

Our results show that topical bevacizumab therapy for
corneal neovascularization due to different corneal diseases
was generally well-tolerated for up to 12 months treatment
duration.
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Fig. 4 Difference in corneal neovascularization after limbal autograft
transplantation with (n=5) and without (n=3) topical Avastin therapy

Kim et al. recently observed epitheliopathies and
descemetocele in six of ten eyes under topical bevacizumab
treatment. In our series, two of 30 eyes suffered from
epitheliopathy. One eye showed a persistent epithelial
defect immediately after pannectomy and limbal stem cell
transplantation. One patient with a pre-existing corneal
ulcer developed a spontancous corneal perforation 5
months after start of additional Bevacizumab treatment.
But 11 eyes (ten patients) with preexisting recurrent
epithelial defects closed their epithelial defects under the
topical Avastin therapy. None of the remaining patients
suffered from new or increased epitheliopathy. The reason
for the low incidence of these possible side effects may be
that the Avastin eye drops Kim et al. used were more than
twice as concentrated as the ones we used in our study
(12.5 mg/ml versus 5 mg/ml, respectively 1.25% versus
0.5%). It is known that VEGF inhibitors may impair wound
healing processes. This could happen in a dose-dependent
manner. The exact mechanisms remain the subject of further
studies. In addition, VEGF neutralization at the ocular
surface might cause a neurotrophic keratopathy since VEGF
is known to have neuroprotective effects [16]. Therefore,
care should be taken in patients with epithelial defects and
neurotrophic keratopathy. In our study, patients received
Avastin eye drops from 1-ml syringes. In any case, injuries
by the syringes should also be considered. Whether Avastin
eye drops have other side-effects (such as reduced corneal
sensitivity, altered corneal thickness, loss of endothelial cell
etc.), not studied here, remains open to future studies.
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Fig. 5 Bevacizumab eye drops
inhibit corneal neovasculariza-
tion after limbal stem cell trans-
plantation. Immediately after
limbal stem cell transplantation,
both patients showed almost no
corneal neovascularization

(a and c¢). Five months after
surgery, the patient who re-
ceived additional topical beva-
cizumab treatment (d) showed
less new vessels than the patient
who did not receive Avastin eye
drops (b)

Our results also suggest that topical application of

bevacizumab (Avastin) can lead to reduction of the vessel
thickness and inhibit corneal neovascularization. The effect
of the eye drops was very variable. There are several

Fig. 6 Effect of bevacizumab
eye drops on vessel diameter.
Bevacizumab eye drops dimin-
ish corneal blood vessel diame-
ters. Chemical burn n=6, KP/
graft rejection n=3, general dis-
eases n=6. n.s. non significant,
* p<0.005 ** p<0.01
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Fig. 7 Avastin eye drops reduce corneal blood vessel diameters (patient 8). After 4 weeks of topical bevacizumab treatment, the vessel diameter

was reduced by 41 %

groups. Third, cytokines other than VEGF (such as
fibroblast growth factor and transforming growth factor-c)
which can induce corneal vascularization were not antag-
onized by bevacizumab [10, 17]. Fourth, bevacizumab is
most efficient against actively growing corneal neovascula-
rization (established corneal vessels do not depend on
VEGF any more) [19]. The intensity of angiogenic stimulus

Time course of vessel diameter regression
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Fig. 8 Reduction of vessel diameter under Avastin treatment during

total follow-up time of 18 months. The main effect on vessel diameter
occurred during the first 3 months

was different even between patients with similar corneal
diseases. Bevacizumab inhibited neovascularization signif-
icantly if administered early. Regression of established
vessels occurred to a different degree in each patient. The
reason, therefore, could be that in inflamed and vascular-
ized corneas there is increased penetration of eye drops into
and though the cornea [20]. Established vessels produce
fewer inflammatory factors, and respond less well to the
Avastin treatment. Nonetheless, we were able to show that
almost all patients not responding to conventional anti-
inflammatory treatment could benefit from the additional
topical Avastin treatment. Despite the small number of
patients who had undergone limbal autograft transplanta-
tion at our clinic, the comparison of with and without
additional bevacizumab therapy clearly showed the benefit
of the anti-VEGF therapy. In addition, patients with corneal
neovascularization after low- and high-risk keratoplasty
were able to benefit from Avastin treatment. It has recently
been shown that antiangiogenic therapy both after low- and
high-risk keratoplasty may progress graft survival [21, 22].

In summary, our preliminary results suggest that topical
bevacizumab treatment seems to be a relatively safe and
well-tolerated option for the treatment of progressive

@ Springer



1382

Graefes Arch Clin Exp Ophthalmol (2009) 247:1375-1382

corneal neovascularization. Topical Avastin therapy may be
used in cases of progressive corneal neovascularization not
responding to conventional therapy. Future controlled
prospective randomized trials are necessary to learn more
about the long-term safety, tolerability and efficacy of
Avastin eye drops.
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