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Abstract: Purpose: To evaluate the efficacy of bevacizumab as an antiangiogenic and anti
lymphangiogenic agent in the management of cases with primary conjunctival intraepithelial and
invasive neoplasia. Methods: 10 eyes of 10 patients, 7 males and 3 females with a mean age of 45
years with primary conjunctival intraepithelial and invasive neoplasia who presented with elevated
vascularized swelling of the bulbar conjunctiva participated in this study. A diagnosis of conjuctival
neoplasia was made by surgical biopsy. An imunohistochemical study of VEGF in all conjunctival
specimens was done and the expression pattern of the VEGF was studied. All subjects were injected
with a single subconjunctival 2.5 mg. (0.1 ml) bevacizumab and morphological changes of the
neoplasm were observed and followed up for 12 months. Impression cytology was done to all eyes
at the end of the follow up period at the site of the conjunctival lesion to detect any abnormal tuomor
cells. Results: Imunohistochemical study of VEGF in the conjunctival specimens showed a strong
immunoreactivity in the expression pattern of VEGF in 7 out of the 10 conjunctival specimens.
Dramatic recession of the size of the neoplasm and the feeding vasculature was observed two weeks
after injection in 6 eyes. This decrease continued noticeably for one month and plateaued after that.
Five eyes had total cure with no recurrence at the end of the 12 month follow up period, as proven
by impression cytology to the conjunctiva at the site of the lesion, 3 eyes had decrease in the size
and vascularity with no evidence of tumor cells in the impression cytology. The remaining 2 eyes had
recurrences at the end of the 12 months follow up period. Conclusion: Subconjunctival bevacizumab
as an antiangiogenic and anti lymphangiogenic agent is effective in managing highly vascular
neoplasms of the conjunctiva as conjunctival intraepithelial and invasive neoplasia.
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INTRODUCTION

Angiogenesis has been defined as the formation of new blood vessels from preexisting vascular structures.
Corneal neovascularization (NV) occurs when the balance between angiogenic and antiangiogenic factors shifts
toward angiogenic factors. Vascular endothelial growth factor (VEGF) has been found to be a significant
angiogenic factor in corneal NV in human and animal models. Therapy specifically aimed at anti- VEGF may
suppress corneal NV and increase the chance of transplant survival (DeStafeno and Kim, 2007). Inhibition of
VEGF and, thereby, inhibiting angiogenesis can be an effective treatment for a variety of ocular diseases
followed by neovascularization such as proliferative diabetic retinopathy and corneal neovascularization
(Manzano et al. 2006, Hosseini and Nejabat 2007).

Bevacizumab (Avastina), a humanized monoclonal anti-body to VEGF, was designed for intravenous
application and was approved for the treatment of colorectal cancer (Kabbinavari et al., 2003, Emmanouilides
et al., 2004, Hurwitz et al., 2004). Recently bevacizumab has been used, with promising results, as a systemic
or intra-vitreal treatment for exsudative age-related macular degeneration (AMD) (Michels et al., 2005, Avery
et al., 20006).

The diagnosis of squamous conjunctival neoplasia is typically made by biopsy. Like most squamous
epithelial tumors, invasion beneath the epithelium into the substantia propria defines these lesions as carcinoma.
When the tumor is contained within the epithelium, it does not have access to the lymphatic system (metastatic
potential). Management of these cases includes surgical excision with cryotherapy and/or alcohol application
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(Finger 2008), and use of topical chemotherapy with mitomycin C (Daniell et al. 2002, Shields et al. 2002,
Prabhasawat et al. 2005), 5-fluorouracil, or interferon (Boehm and Huang 2004, Holcombe and Lee 2006).

The subconjunctival injection is a widely used delivery method of drugs in the eye. It seems to be a good
option to inhibit corneal neovascularization. This delivery method has the advantage of being easy and simple
to perform, and has minimal related complications. The possible systemic absorption and extra ocular side
effects need to be adequately addressed to avoid potential complications (Barros and Belfort, 2007).

The aim of this study is to evaluate the effect of a single subconjunctival bevacizumab injection in primary
conjunctival intraepithelial and invasive neoplasia with accompanying neovascularization and estimate the rate
of recurrence over a 12 month period.

MATERIALS AND METHODS

Ten eyes of 10 patients, 7 males and 3 females (mean age 45 years) with primary conjunctival
intraepithelial neoplasia who presented with elevated vascularized swelling of the bulbar conjunctiva
participated in this study. The cases were collected from the outpatient clinics of the Research Institute of
Ophthalmology in Giza, Egypt. The study adheres to the provisions of the Declaration of Helsinki for research
involving human subjects and all subjects signed an informed consent form before participation in the study.

A diagnosis of conjunctival intraepithelial and invasive neoplasia was made by surgical biopsy.and
histopathology of all specimens. An imunohistochemical study of VEGF in all conjunctival specimens was
done and the expression pattern of the VEGF was studied. A single subconjunctival injection of bevacizumab
(Avastin; Genentech, Inc., South San Francisco, CA, USA) 2.5 mg. (0.1 ml) was given to all eyes at the out
patient clinics. The injection site was the upper temporal bulbar conjunctiva regardless the site of the lesion.
Morphological changes of the neoplasm were observed and followed up every month for 12 months using slit
lamp biomicroscopy. Impression cytology was done to all eyes at the end of the follow up period at the site
of the conjunctival lesion to detect any abnormal tumor cells.

RESULTS AND DISCUSSIONS

Results: Imunohistochemical study of VEGF in the conjunctival specimens showed a strong immunoreactivity
in the expression pattern of VEGF in 7 out of the 10 specimens. Histopathologic study was done for all 10
specimens and showed positivity for conjunctival intraepithelial neoplasia in 8 specimens and invasive neoplasia
of the conjunctiva in 2 specimens.

Out of the 10 eyes, dramatic recession of the size of the neoplasm and the feeding vasculature was
observed in 6 eyes two weeks after injection. These 6 eyes were among the 7 specimens showing high
immunoreactivity in the expression pattern of VEGF. The remaining 4 eyes, showed a slight decrease in the
size of the neoplasm and feeding vasculature one month after injection. Figure 1 shows conjunctival neoplasia
pre and one month post subconjunctival bevacizumab injectioin. This decrease continued noticeably for two
months and either plateaued or showed minimal changes after that in all 10 eyes.

At the end of the 12 month follow up period, 5 eyes had total cure with no recurrence, as proven by
impression cytology done to the conjunctiva at the site of the lesion, 3 eyes had a decrease in the size and
vascularity with no evidence of tumor cells in the impression cytology. The remaining 2 eyes had recurrences
at the end of the 12 months follow up. The 2 recurrent cases were among those showing low immunoreactivity
in VEGF expression. One of these recurrent cases suffered from invasive neoplasia of the conjunctiva.

[0
A)) Pre bevacizumab injection Case # 7 B) One Month Post bevacizumab

Fig. 1: Conjunctival neoplasia pre and one month post subconjunctival bevacizumab injectioin. in case # 7.
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Discussion:

In this study, subconjunctival bevacizumab, an antiangiogenic and antilymphangiogenic agent, has proven
to be an effective tool in managing vascular neoplasms of the conjunctiva as conjunctival intraepithelial
neoplasia. We found that the use of subconjunctival bevacizumab gave a dramatic recession of the size of the
neoplasm and the feeding vasculature in 6 out of 10 eyes two weeks after injection. The remaining 4 eyes also
showed a slight decrease in the size and the vasculature one month after injection. This decrease continued
noticeably for two months and plateaued or had minimal changes after that in all the 10 eyes. At the end of
the 12 month follow up period, 5 eyes had a total cure with no recurrence as proven by impression cytology
to the conjunctiva at the site of the lesion, 3 eyes had a decrease in the size of the neoplasm and feeding
vascularity with no evidence of tumor cells in the impression cytology. The remaining 2 eyes had recurrences
at the end of the 12 months follow up. The 2 recurrent cases were among those showing low immunoreactivity
in VEGF expression possibly due to the difference in the nature of the lesion vascularity thus did not show
high response to bevacizumab. We noticed that bevacizumab was more effective in highly vascularized
neoplasms with small —sized, corck-screw shaped vessels. One of these recurrent cases suffered from invasive
neoplasia of the conjunctiva.

Vascular endothelial growth factor (VEGF) is a potent angiogenic factor acting on VEGF receptor-1 (Flt-1)
and VEGF receptor-2 (KDR, Flk-1). Inhibition of VEGF has been shown to prevent tumor growth (Kim et al.
1993). The expression of VEGF is elevated by diverse stimuli, which include proto-oncogene activation and
hypoxia (Dibbens et al. 1999).

Angiogenesis, the growth of new vessels from preexisting vessels, is a fundamental step in tumor growth
and progression. Vascular endothelial growth factor (VEGF) is a key angiogenic factor implicated in tumor
blood vessel formation and permeability. Overexpression of VEGF has been observed in a variety of cancers
and has been associated with a worse relapse-free and overall survival. The antiangiogenic agent bevacizumab,
a monoclonal antibody directed against VEGF, has shown clinical benefit in multiple cancers like metastatic
colorectal, lung, and breast cancer used in combination with chemotherapy a multitude of clinical trials
combining bevacizumab with a variety of chemotherapy agents as MMC. Against this background, several
preclinical studies have investigated the antitumor activity of combined anti-HER1/EGFR and anti-VEGF agents
(Herbst et al. 2003). Additional trials are under way evaluating the feasibility of bevacizumab in combination
with chemotherapy in treating conjunctival neoplasia. (Hurwitz et al 2004, Kabbinavar et al 2003, Kabbinavar
et al 2005, Miller et al 2005, Johnson et al 2005, Sandler 2007)

Bevacizumab has a good potential for use in managing highly vascular neoplasms of the conjunctiva as
conjunctival intraepithelial and invasive neoplasia. Further studies are needed on a larger number of patients
and possibly combining bevacizumab with other treatment modalities to increase the success rate and prevent
recurrence of these highly resistant, fast recurring neoplasms.
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