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Proton beam
therapy and iris
neovascularisation
in uveal melanoma

Abstract

Purpose Local treatment of uveal melanoma
by radiotherapy involves the use of
brachytherapy with radioactive plaques
attached to the sclera, or proton irradiation.
Both treatments induce growth arrest within
the tumour and its slow involution over
several years. Although ocular retention rates
are excellent, regrowth of tumours due to
resistance and neovascular glaucoma leads to
enucleation of up to 10% of affected eyes.
Proton irradiation involves part of the iris in
most cases and we noticed that
neovascularisation only occurred in the part of
the iris that was not irradiated. We therefore
conducted this study to determine the
relationship between the development of iris
neovascularisation and iris irradiation.
Methods A total of 21 enucleation specimens
from patients who had previously had proton
irradiation were collected from the files of the
Department of Pathology, Moorfields Eye
Hospital during the 5-year period from 1994 to
1999. Sections of these eyes were assessed for
VEGF-A, bFGF, and von Willebrand Factor
(vWF) by immunohistochemistry. Ophthalmic
notes and radiotherapy records were reviewed
to assess the extent of iris irradiation.

Results In all, 11 cases showed clinical
evidence of iris neovascularisation and were
selected for further study. Three of these eyes
also showed clinical evidence of regrowth of
the tumour. Histological evidence of iris
neovascularization was noted in all 11 of the
eyes examined, and was only present in the
nonirradiated side of the iris in 8/11 eyes. NVI
was present on both sides of the iris in three
cases, but was less severe in the irradiated
part. Expression of VEGF-A was at most weak
within the tumour, but was present in the
detached retina and in the epithelium of both
ciliary body and iris. Some bFGF staining was
noted around vessels in the iris stroma.
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Conclusions Our results suggest that
irradiation leads to iris atrophy, and that
atrophic, irradiated iris is resistant to the
development of neovascularisation.
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Introduction

Treatment of primary uveal melanoma has
improved significantly over the last 20 years
and there are now several treatment options, of
which enucleation is only one, with various
types of radiotherapy (particularly plaque
based) in use by most centres. However, this is
unsuitable for very large tumours and for these
eyes, proton beam irradiation has become a
commonly preferred option in patients who
wish to keep their eye.

The principle of proton beam irradiation is
based on the improved dose distribution that
can be achieved within the tumour, sparing
intraocular structures due to maximum
irradiation occurring at the apex of the Bragg
peak."” The effect of proton beam therapy is
growth arrest and the tumour only slowly
involutes over many years.®> Histologically, the
tumours show degenerative changes with
balloon cells and lack of mitotic activity.*® The
histology of rubeosis iridis following proton
therapy was first described postproton by
Seddon et al,* and also by Ferry et al,> who
noted iris neovascularisation (NVI) in both
the treated and untreated area of the iris
(70 GyE, given), although this case had iris
involvement.

Although ocular retention rates over 90%
have been reported, proton beam irradiation is
not without its problems.”'> Regrowth of
tumours due to resistance is relatively common,



and many patients with larger tumours develop
glaucoma secondary to NVL'® This is usually
unresponsive to treatment and necessitates enucleation
of the eye. We treated a patient in whom NVI developed
only in the nonirradiated part of the iris. The irradiated
iris showed atrophic changes, but no evidence of
irradiation. We have therefore gone back through our
files to determine how prevalent this pattern is and to
examine its pathogenesis.

Materials and methods

A total of 21 enucleation specimens from patients who
previously had proton irradiation were collected from
the files of the Department of Pathology, Moorfields Eye
Hospital during the 5-year period from 1994 to 1999. All
patients were treated at Clatterbridge using proton beam
irradiation."® All were cut either fixed (1 =12) or prior to
fixation (n=9) at 90° to the plane of the tumour, antero-
posteriorly, and embedded as single block representing
the middle portion of the eye including tumour, cornea,
and optic disk. The paraffin-embedded tissue was cut at
6 um to provide sections for diagnostic histology and
immunohistochemistry.

Immunohistochemistry

Paraffin-processed sections (6 um) of the eye were
assessed for VEGF-A, Bfgf, and von Willebrand Factor
(vWF) by immunohistochemistry using an avidin-biotin
immunoalkaline phosphatase method as previously
published.* Briefly, sections were dewaxed in xylene,
rehydrated through a series of alcohols, and washed in
water. Sections were immunostained for VEGF-A using
an affinity-purified rabbit IgG polyclonal antibody
(5C152, Santa Cruz, Autogen Bioclear UK Ltd, Calne,
Wilts, UK) at a 1:75 dilution. For this antibody, antigen
retrieval was performed as described by Sheidow et al."”
Sections were placed in a microwave in citrate buffer pH
6.0 for 3.5min on high power and 10 min on medium
power, then 0.015% trypsin at 37°C for 45min. A
polyclonal antibody to Factor VIII related antigen (vVWE,
M616, Dako Ltd, High Wycombe, UK) was used at 1:500
following 30 min trypsinisation. Polyclonal anti-bFGF
was obtained from Calbiochem/Oncogene Research
Products (PC194L, Nottingham, UK) and used at a 1:20
dilution following trypsinisation of the sections for

15 min. Following repeated washing in Tris-buffered
saline, (pH 7.6; TBS) for 10 min, nonspecific antibody
binding was blocked by 0.1% bovine serum albumin
(BSA) in TBS for 25 min. Primary incubations were
performed for 1h at room temperature in a humidified
chamber. Slides were washed three times in TBS and the
second antibody added. In all the cases, this was a
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biotinylated multilink antibody (Dako) used at a 1:300
dilution in TBS for 45min. After washing, sections were
incubated with a tertiary streptavidin-alkaline
phosphatase reagent (Dako). The sections were again
washed in TBS and incubated in Vector Red for 15 min
according to the manufacturer’s instructions (Vector
Laboratories, Peterborough, England), washed and
lightly counterstained with Mayer’s haematoxylin for 5s.
Sections were then viewed by direct microscopy and the
positivity of the iris and ciliary body was assessed
qualitatively after ranking the specimens in the order of
greatest staining."* Immunohistochemical staining was
graded as 0 (no staining), 1 (weak staining of >50%
cells), 2 (intermediate staining of >50% cells), and 3
(strong staining of >50% of cells). Specificity of staining
for VEGF-A was determined by competition with soluble
recombinant cytokines (R&D Systems, each at up to

1 ug/ml) in three positive tumours with each antibody
(data not shown).

Data analysis

The clinical notes made by the ophthalmologist were
reviewed and the clinical data recorded in an ACCESS
database, to which information from the histological and
immunohistological examination was added.
Radiotherapy plans were reviewed and the degree
involvement of the iris in the radiation field noted. The
results were crosstabulated to generate descriptive
statistics.

Results
Clinical and radiotherapy data

Of the 21 cases in our files over a 5-year period (1994-
1999 inclusive), 11 showed clinical evidence of NVI and
were selected for further studies. Partial iris atrophy was
noted in 10 cases (Figure 1a). Three of these eyes also
showed clinical evidence of regrowth of the tumour. The
details of each of these cases are shown in Table 1. The
median age of the patients was 60 years (range 26-73
years), and the group included five male and six female
patients.

Pathology

In all the cases, the tumours were large (median largest
tumour diameter at enucleation =12 mm, range
7-25mm) and either posteriorly placed (n=38) or
peripheral, involving the ciliary body (1 =3). Many were
thin and appeared atrophic. This was reflected by the
presence of mitotic activity, which was detected only in
four tumours, three of which had clinical evidence of
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Figure 1 (a) Clinical appearance of the irradiated eye, showing
atropy of one side of the iris with neovascularisation of the
remainder. (b) Histology of irradiated iris, showing atrophy with
no evidence of neovascularisation (vWF, x 100 original magni-
fication). (c) Histology of nonirradiated iris showing neovascu-
larisation (red) with peripheral anterior synechiae and ectropion
uveae (VWEF, x 100 original magnification).

regrowth (Table 1). Involvement of the iris in the
radiotherapy field ranged from 70 to 270°
(median = 180°).

Eye

As all eyes were cut antero-posteriorly through the
tumour, one side of the iris was irradiated (always the
same side as the tumour) in the sections examined.
Histological evidence of NVI was noted in all the 11 eyes
examined (Table 1), and was most severe on the
nonirradiated side of the iris (the same side as the
tumour) in all the cases. NVI was present on both sides of
the iris in three cases.

Irradiated iris showed evidence of atrophy with
reduced thickness and cellularity (Figure 1b). Atrophy
was noted in 10 of the 11 eyes included. Rubeosis
involved the atrophic iris in three of 11 cases, but was
represented by the growth of capillary-like vessels over
the anterior surface and did not involve the atrophic
stroma (Figure 1c).

Immunohistochemistry

The presence of NVI histologically was confirmed in
sections stained for vVWEF, which preferentially labels
newly formed vessels. These sections (Figure 1) show
small capillary-like vessels on the anterior surface of the
iris, particularly at the pupillary margin. Expression of
VEGF-A was at most weak within the tumour, but was
present in the detached retina and in the epithelium of
both ciliary body and iris. Some bFGF staining was noted
around vessels in the iris stroma of eyes showing NVI.

Discussion

Our results suggest that irradiation leads to iris atrophy,
and that atrophic, irradiated iris is resistant to the
development of NVI. We noted bilateral growth of new
vessels over atrophic iris in patients with severe NVL
This tended to be less intense in the nonirradiated area of
the iris, and in these areas the degree of iris atrophy was
less obvious. This is most likely to represent incomplete
concordance between the plane of the histological section
and the orientation of the radiotherapy field, rather than
a biological phenomenon, although we cannot exclude
the possibility that growth of blood vessels over atrophic
iris may occur from nonirradiated NVI. Certainly,
involvement of irradiated iris by tumour can be
associated with NVI of the treated area,” although this
only explains one of our current cases with bilateral NVL
It has long been suspected that release of angiogenic
factors from the tumour or overlying retina might be
responsible for NVI in uveal melanoma.'®"'® We have
previously noted high levels of soluble VEGF in the
aqueous and vitreous of patients following proton beam
irradiation, including one of the patients studied here in
whom fresh vitreous was studied.'® We believe that this
comes mainly from the detached retina, which stains
strongly for VEGF-A."* Foss et al'® identified retinal
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Table 1 Summary of data for each patient studied

No. Path no. Age Sex Tumour LTD Cell type Mitoses| Degrees iris Tumour Rubeosis — Atrophy VEGF in CB
location (enucleation) mm  irradiated regrowth opposite side same side epithelium
present  to tumour  as RXT
1 1758/94 45 M  Posterior 17 Spindle 0.1 200 True True False False
2 474/95 47 F  Posterior 14 Spindle 0 150 False True True True
8 178/96 70 F  Ciliary body 12 Mixed 0 110 False  True True True
10 1833/96 61 M  Choroid and 10 Epithelioid 0 180 False  True True False
ciliary body
14 50/98 66 F  Posterior 25 Mixed 3 70 True True True False
15 78/98 60 F  Posterior 7 Mixed 0.3 180 True True True True
17 631/98 57 M Posterior 13 Spindle 0 270 False  True True True
18 2895/98 26 F  Posterior 16 Spindle 0 190 False  True True True
19 85/99 72 F  Ciliary body 12 Mixed 0 180 False = True True True
23 1980/99 55 M  Posterior 12 Mixed 0 270 False  True True True
24 1995/99 73 M  Posterior 12 Mixed 0.2 200 False True True True
N 11 5 M 8 posterior 11 4 Spindle 11.00 11 3 True 11 True 10 True 8 True
Median 60 6 F 3 CB involved 12 6 Mixed 0.00 180
Min 26 7 1 Epithelioid ~ 0.00 70
Max 73 25 3.00 270

detachment and large tumour size as the factors most
commonly associated with NVI following proton beam
irradiation on the basis of multivariate analysis,
confirming data from Coppin.'® This hypothesis is
supported by our finding of higher levels of VEGF-A in
vitreous than aqueous in these cases. bFGF is not found
in vitreous in high amounts, but is likely to be produced
locally as a secondary response to other cytokines,
including VEGE."**® Avoidance of iris irradiation can be
achieved in some patients, particularly using narrow
beam systems,® but even then, NVI is a major cause of
failure. We also note that NVI following proton beam
irradiation can be successfully managed with pan-retinal
photocoagulation.'®?! Mild anterior uveitis has been
noted after proton beam irradiation of larger tumours,
and we cannot exclude the possibility that this could
increase the exposure of the iris to proangiogenic
cytokines, although this inflammation usually resolves
rapidly.*

Cell proliferation is essential to angiogenesis, and
irradiated tissues show evidence of reduced ability of
their constituent cells to proliferate. This is as true of
fibroblasts as it is of endothelial cells, both of which are
essential to the wound-healing response.?® In proton-
irradiated tissue, various changes have been observed
previously. Endothelial cell loss has been noted in optic
nerve following irradiation,®* and irradiation reduces
mitotic and S-phase fraction in the tumour.>*®

Current clinical practice is to avoid irradiation of the
iris and anterior chamber as much as possible during
proton therapy for melanoma.'® This is primarily based
on the results reported by Char et al’ in several
publications on large series of cases treated by proton

therapy. However, this may represent a statistical bias
due to the fact that eyes with larger tumours need a
larger field of irradiation, and these are more likely to
develop NVI, giving a misleading correlation between
irradiation of the anterior chamber and the development
of NVI (DH Char, personal communication). Iris
irradiation has been associated with NVI or glaucoma
due to pigment dispersion from atrophic iris in a number
of studies.?*® The former has generally been associated
with a massive insult, such as extensive intraocular
tumour invasion, often with iris involvement, or
intravitreal haemorrhage. The pigment dispersion
syndrome may occur due to radiation-induced cytolysis
of the pigment epithelium, and may reflect direct
toxicity,”® which is unlikely to occur with the dose
distribution associated with modern proton beam
irradiation.

Our results may be taken to suggest that irradiation of
the whole iris in patients with a high risk of development
of NVI and glaucoma would be preferable. We are not
sure that this is true: damage to the angle or underlying
ciliary body from radiation around 360° could produce
more problems than it solves, although experimental
work on this possibility should certainly be considered
and in some patients it may be a reasonable therapy if
they are warned that enucleation may be required at a
later stage.
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