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t is well established that angiogenesis is essential for
many physiologic and pathologic processes.1,2

Conversely, antiangiogenesis is a validated strategy
to treat a number of disorders, including solid

tumors and intraocular neovascular syndrome.3-5

Expression of the vascular endothelial growth factor-A
(VEGF-A) gene and protein occurs in healthy ocular tis-
sues, especially in the retina, and has been shown to be
upregulated during neovascularization responses associ-
ated with proliferative retino-pathies.6 VEGF-A concen-
tration increases in the aqueous humor of eyes with
intraocular neovascularization due to ischemic retinal
diseases such as diabetic retinopathy, retinal vein occlu-

sion, radiation retinopathy, and in eyes with heman-
gioma or choroidal melanoma.7

SIDE EFFECTS OF R ADIATI ON F OR TUMOR S
Uveal melanoma is a rare tumor with a poor progno-

sis both in terms of local morbidity and high rates of
mortality following systemic spread.8 Conservative treat-
ment, using plaque brachytherapy or proton beam irra-
diation, is the standard choice for uveal melanoma with
limited extension.8 Radiation retinopathy is a predictable
complication after radiotherapy, most commonly in
medium and large tumors.9

In 1,300 patients treated with plaque radiotherapy,
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Figure 1. Anterior segment photography of a patient affected by neovascular glaucoma subsequent to I-125 brachytherapy for

posterior uveal melanoma (A).The same patient 1 month after intravitreal injection of bevacizumab showed complete resolu-

tion of iris neovascularization (B).
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radiation retinopathy was found in 46% at 5 years.10 The
risk of radiation retinopathy is related to effective dose,
the presence of systemic disease (eg, diabetes mellitus),
and the use of radiation sensitizers (eg, chemotherapy).11

The risk of radiation maculopathy, including macular
ischemia and macular edema, is related to capillary
abnormalities due to capillary endothelial cell loss.12,13

The management of radiation macular edema contin-
ues to be challenging. Different authors have investigat-
ed treatment strategies for radiation macular edema
including focal laser therapy, photodynamic therapy, and
intravitreal triamcinolone.9 Recently bevacizumab
(Avastin, Genentech, Inc.), a VEGF inhibitor, was found
(in an off-label application) to decrease macular edema
caused by central retinal vein occlusion and neovascular
age-related macular degeneration.14,15

M ACUL AR EDE M A
Finger et al16 evaluated intravitreal bevacizumab in

the treatment of radiation retinopathy, particularly radi-
ation maculopathy and macular edema. In this series,
regression of radiation retinopathy (hemorrhage, exu-
dates, intraretinal microangiopathy, and macular
edema) was noted after treatment. The most consistent
finding was decreased leakage from both preexisting
and neovascular retinal vessels. These findings seem to
be significantly different from the natural course of
radiation maculopathy. 

A larger series of 21 patients with radiation retinopa-
thy (edema, hemorrhages, capillary dropout, and neo-
vascularization) and a subjective or objective loss of
vision was recently reported by the same author.11

Angiographic findings revealed closure of intraretinal
microangiopathy; decreased vascular transudation,
edema, and exudates; and resolution of retinal hemor-
rhages after treatment. The reduction of macular edema
related to bevacizumab treatment was the most consis-
tent finding associated with improvement in vision. At
the last examination, visual acuity was stable or
improved in 86% of patients, findings that were attrib-
uted to retrieval of the functional anatomy of the macu-
lar nerve fibers.11 Conversely, there was no apparent
effect on capillary nonperfusion. 

Mason et al9 reported 10 consecutive patients with
macular edema due to radiation retinopathy after
plaque radiotherapy for choroidal melanoma. After a
single intravitreal bevacizumab injection, mean foveal
thickness decreased with only modestly improved best-
corrected visual acuity (BCVA). 

In our experience, intravitreal bevacizumab treatment
provided excellent short-term resolution of radiation-
induced macular edema but only a modest short-term
BCVA gain (unpublished data). Restoration of normal
macular anatomy appears to be insufficient, in the
majority of cases, to obtain normal visual function,
despite normal macular appearance. Data from Mason
et al9 suggest that radiation-induced capillary nonperfu-
sion may be responsible for the minimal improvement
in BCVA.

RON
Radiation-induced optic neuropathy (RON) is an

uncommon, albeit devastating, complication of radia-
tion exposure to the visual pathways.17 Early RON can

occur within several weeks of irra-
diation and is characterized by
acute inflammation leading to
optic nerve pallor.17 In contrast,
late RON occurs years after treat-
ment and has been characterized
by irreversible vasculitis, necrosis,
and optic disk pallor.17

Histopathologic analysis of RON
reveals necrosis, exudates, and
obliterative endoarteritis (loss of
endothelial cells and thickened ves-
sel walls).18,19 On the optic disk,
radiation can result in ischemia,
neovascularization, and leakage.20

Intravitreal bevacizumab was
reported to be effective in short
term RON resolution accompanied
by improvement in visual acuity in
a short-term follow-up.20
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Figure 2. B-Scan ultrasonography of a patient affected by choroidal melanoma with

persistent serous retinal detachment after I-125 brachytherapy (A).The same patient

4 months after intravitreal injection of bevacizumab showed complete resolution of

subretinal fluid, decreased tumor thickness, and increased tumor reflectivity (B).
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In our experience, bevacizumab appears to be effec-
tive in reducing optic nerve edema, with modest and
transient improvement in visual acuity (as in macular
edema), but remains useless in the treatment of the
ischemic component of this disease. Moreover, VEGF
protects retinal ganglion cells against oxidative–stress-
induced cytotoxicity.21 This neuroprotection may rely on
the glutathione reductase pathway and it is blocked by
anti-VEGF agents.21

Triamcinolone acetonide may theoretically obtain
similar results to VEGF inhibition, without the risk of
blocking neuroprotection in ischemic retinal and optic
nerve tissue, if the aim of the treatment of RON (and
maculopathy) is only to reduce tissue edema and
intraretinal leakage. A multicenter study on the influ-
ence of ranibizumab (Lucentis, Genentech, Inc.) and
intravitreal triamcinolone acetonide (Kenalog, Bristol-
Myers Squibb) is under way, but it is limited to the treat-
ment of radiation-induced maculopathy.

SRD,  IR I S  NEOVA SCUL AR IZATI ON ,  AND
NEOVA SCUL AR GL AUCOM A

Serous retinal detachment (SRD) in posterior uveal
melanoma may be present at the time of diagnosis and
increases after radiotherapy.7 It is strictly related to reti-
nal and tumor ischemia.7 SRD in posterior uveal
melanoma may depend on the intraocular VEGF level.7

Sheidow et al demonstrated expression of VEGF-A in
94% of uveal melanomas; the levels, however, were low
(staining was weak in 62% of tumors).22

Stitt et al23 revealed that the tumor was not the sole

source of VEGF-A production and
that the retina may be a source of
VEGF-A, as they found increased
production of VEGF-A mRNA in
ganglion cells and inner nuclear lay-
ers of the retina. Missotten et al7

also suggested that both tumor tis-
sue and retina are sources of aque-
ous VEGF-A, and they observed
increased VEGF-A expression in
detached retinal tissue. Intraocular
VEGF levels also seem to be related
to the persistence of peritumoral
serous retinal detachment after
radiotherapy due to the subretinal
leakage from abnormal tumor ves-
sels stimulated by tissue ischemia.3

These data underline that a close
pathophysiologic relation exists
between tumor dimension, post-
treatment ischemia, SRD, and neo-

vascular glaucoma in eyes with posterior uveal
melanoma treated with radiation therapy.

Vasquez et al24 reported the effect of intracameral
bevacizumab in the treatment of neovascular glauco-
ma and exudative retinal detachment after
brachytherapy in a patient affected by choroidal
melanoma. One week after injection, there was regres-
sion of the iris and angle neovascularization.
Intracameral bevacizumab injection was repeated
monthly for an additional 3 months. One month after
the last injection, the retinal detachment resolved, but
the visual acuity remains no light perception. 

In our case series, intracameral and intravitreal injection
of bevacizumab appeared to be effective in the treatment
of iris neovascularization and neovascular glaucoma, caus-
ing a rapid response of pathological vessels in all treated
patients (Figure 1).25 Retreatment, however, remains neces-
sary every few months. Long-term follow-up is needed to
obtain more information about the appropriate retreat-
ment timing and long-term side effects of this approach.
SRD appears less sensitive to anti-VEGF agents compared
with neovascular glaucoma (Figure 2).25 Moreover, the role
of radiotherapy alone in the resolution of SRD must be
considered in patients treated with both intravitreal anti-
VEGF injection and radiotherapy. Indeed, radiation thera-
py alone may either resolve or increase SRD in conserva-
tively treated posterior uveal melanoma .26

ADDITI ONAL USE S  
Anti-VEGF agents have also been used in selected

cases as intravitreal local chemotherapy for metastatic
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Figure 3. B-Scan ultrasonography of a patient affected by familial exudative vitreo-

retinopathy with large, perilesional SRD (A).The same patient 2 months after intrav-

itreal injection of bevacizumab showed marked resolution of subretinal fluid,

decreased tumor thickness, and increased tumor reflectivity (B).
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tumors to chorioretinal tissues. Kuo et al27 reported a
case of a 65-year-old woman with posterior pole metas-
tases arising from colorectal adenocarcinoma successful-
ly treated with intravitreal bevacizumab. The presumed
mechanisms for the response are the antiangiogenic and
antipermeability effects of bevacizumab on the new
tumor vessels, and this was supported by fluorescein
angiography changes. 

While angiogenesis inhibitors are already widely used
to treat retinal disease in adults, only limited reports are
currently available for the use of anti-VEGF agents in
pediatric vitreoretinal diseases such as retinopathy of
prematurity, Coats disease, familial exudative vitreo-
retinopathy, and retinopathy of incontinentia pigmenti
(Figure 3). Sun et al28 reported a case of stage 4 Coats
disease in a pediatric patient who was unresponsive to
scleral buckling and subretinal fluid drainage. The
patient was treated with intravitreal injection of an anti-
VEGF agent. After injecting the anti-VEGF agent (pegap-
tanib sodium; Macugen, OSI/Eyetech) the elevated
VEGF levels markedly decreased and exudative retinal
detachment improved. More recently, Jun et al29 report-
ed the resolution of severe macular edema in adult
Coats disease using intravitreal triamcinolone and beva-
cizumab injections.

SUMM ARY
The use of anti-VEGF agents has opened a panoply of

new options for patients with diseases involving chori-
oretinal vasculature, and further investigation is required
to elucidate their optimal application.27 Identification of
proangiogenic growth factors in the presence of uveal or
retinal tumors may provide an opportunity for thera-
peutic intervention, particularly in the period immedi-
ately following radiation therapy, which may reduce the
incidence of secondary enucleation. ■

Edoardo Midena, MD, PhD, is Professor and
Chairman in the Department of Ophthal-
mology, University of Padova, Italy. He is also
the Chairman of the European Ocular
Oncology Group. Dr. Midena can be reached at
+39 049 821 2110; fax: +39 049 821 2129; or via e-mail at
edoardo.midena @unipd.it.

Raffaele Parrozzani, MD, is a Fellow in
Ophthalmic Oncology at the University of
Padova. He can be reached at +39 049 821
2121; fax: +39 049 821 2129; or via e-mail at
parrozzani@libero.it

The authors have no commercial or proprietary interest
in the products or companies mentioned in the article. 

1. Risau W, Flamme I. Vasculogenesis. Ann Rev Cell Dev Biol.1995;11:73–91.
2. Red-Horse K, Crawford Y, Shojaei F, Ferrara N. Endothelium microenvironment interac-
tions in the developing embryo and in the adult. Dev Cell. 2007;12:181–194.
3. Yu L, Wy X, Cheng Z, Lee CV, Le Couter J, Campa C, et al. Interaction between beva-
cizumab and murine VEGF-A: A reassessment. Invest Ophthalmol Vis Sci.
2008;49:522–527
4. Folkman J. Angiogenesis in cancer, vascular, rheumatoid and other disease. Nat Med.
1995;1:27–31.
5. Ferrara N, Kerbel RS. Angiogenesis as a therapeutic target. Nature. 2005;438:967–974.
6. Lopez PF, Sippy BD, Lambert HM, Thach AB, Hinton DR. Transdifferentiated retinal pig-
ment epithelial cells are immunoreactive for vascular endothelial growth factor in surgically
excised age-related macular degeneration-related choroidal neovascular membranes.
Invest Ophthalmol Vis Sci. 1996;37:855–868.
7. Missotten GS, Notting IC, Schlingemann RO, Zijilmans HJ, Lau C, Eilers PH, et al. Vas-
cular Endothelial Growth Factor A in Eyes With Uveal Melanoma. Arch Ophthalmol.
2006;124:1428–1434
8. Midena E, Bonaldi L, Parrozzani R, Radin PP, Boccassini B, Vijosevic S. In Vivo mono-
somy 3 detection of posterior uveal melanoma: 3-year follow-up. Graefes Arch Clin Exp
Ophthalmol. 2008:246;609–614.
9. Mason JO, Albert Jr, Persaud TO, Vail RS. Intravitreal bevacizumab treatment for radia-
tion macular edema after plaque radiotherapy for choroidal melanoma. Retina.
2007;27:903–907.
10. Gunduz K, Shields CL, Shields JA, Carter J, Freire JE, Brady LW. Radiation retinopa-
thy following plaque radiotherapy of posterior uveal melanoma.  Arch Ophthalmol.
1999;117:609–614.
11. Finger PT. Radiation retinopathy is treatable with anti–vascular endothelial growth fac-
tor bevacizumab (Avastin). Int J Radiation Oncology Biol. Phys. 2008;70:974–977.
12. Kinyoun JL, Kalina RE, Brower SA, Mills RP, Johnson RH. Radiation retinopathy after
orbital irradiation for Graves’ ophthalmopathy. Arch Ophthalmol. 1984;102:1473–1476.
13. Karren KA, Droll SM, Char DH, Castro JR. Diabetic radiation morbidity. Br J Ophthal-
mol. 1992;76:61–62.
14. Rosenfeld PJ, Fung AE, Puliafito CA. Optical coherence tomography findings after an
intravitreal injection of bevacizumab (Avastin) for macular edema from central retinal vein
occlusion. Ophthalmic Surg Lasers Imaging. 2005;36:336– 339.
15. Rosenfeld PJ, Moshfeghi AA, Puliafito CA. Optical coherence tomography findings
after an intravitreal injection of bevacizumab (Avastin) for neovascular age-related macular
degeneration. Ophthalmic Surg Lasers Imaging. 2005;36:331–335.
16. Finger PT, Chin K. Anti–vascular endothelial growth factor bevacizumab (Avastin) for
radiation retinopathy. Arch Ophthalmol. 2007;125:751–756.
17. Miller NR. Radiation-induced optic neuropathy: still no treatment. Clin Experiment
Ophthalmol. 2004;32:233– 235.
18. Levy RL, Miller NR. Hyperbaric oxygen therapy for radiationinduced optic neuropathy.
Ann Acad Med Singapore. 2006;35:151–157.
19. Gardiner TA, Amoaku WM, Archer DB. The combined effect of diabetes and ionizing
radiation on the retinal vasculature of the rat. Curr Eye Res. 1993;12:1009 –1014.
20. Finger PT. Anti-VEGF bevacizumab (Avastin®) for radiation optic neuropathy. Am J
Ophthalmol. 2007;143:335–338.
21. Brar VS, Sharma RK, Keshavamurthy R, Chalam KV. Vascular endothelial growth fac-
tor protects against oxidative stress in differentiated retinal ganglion cells. Invest Opthal-
mol Vis Sci. 2009;50:E-Abstract 4443.
22. Sheidow TG, Hooper P, Crukley C, Young J, Heathcote JG. Expression of vascular
endothelial growth factor in uveal melanoma and its correlation with metastasis. Br J Oph-
thalmol. 2000;84:750–756.
23. Stitt AW, Simpson DA, Boocock C, Gardiner TA, Murphy GM, Archer DB. Expression
of vascular endothelial growth factor and its receptors is regulated in eyes with intra-ocular
tumors. J Pathol. 1998;186:306–312.
24. Vasquez LM, Somani S, Altomare F, Simpson ER . Intracameral bevacizumab in the
treatment of neovascular glaucoma and exudatie retinal detachment aftehr brachitherapy
in chorodal melanoma. Can J Ophthalmol. 2009;44:106–107.
25. Midena E, Pilotto E, Parrozzani R, de Belvis V, Radin PP, Vujosevic S. Bevacizumab
after brachytherapy for choroidal malignant melanoma. Invest Opthalmol Vis Sci.
2007;48:E-Abstract 5758.
26. Harbour JW, Ahmad S, El-Bash M. Rate of resolution of exudative retinal detachment
after plaque radiotherapy for uveal melanoma. Arch Ophthalmol. 2002;120:1463–1469.
27. Kuo IC, Haller JA, Maffrand R, Sambuelli RH, Reviglio VE . Regression of a subfoveal
choroidal metastasis of colorectal carcinoma after intravitreous bevacizumab treatment.
Arch Ophthalmol. 2008;126:1311–1313.
28. Sun Y, Jain A, Moshfeghi DM. Elevated vascular endothelial growth factor levels in
Coats disease: rapid response to pegaptanib sodium. Graefes Arch Clin Exp Ophthalmol.
2007;245:1387–1389.
29. Jun JH, Kim YC, Kim KS. Resolution of severe macular edema in adult coats’ disease
with intravitreal triamcinolone and bevacizumab injection. Korean J Ophthalmol.
2008;22:190–193.

54 I RETINA TODAY I JULY/AUGUST 2009

COVER STORY


