
Introduction

Radiobiology

The biological effects of radiation,
particularly at the molecular level, are
becoming increasingly well under-
stood. Both photons (X-rays and
gamma-rays) and particles (e.g. pro-
tons) interact with matter and may

lead to either direct damage to DNA
or indirect injury through interactions
with nearby molecules (such as water)
and subsequent free radical formation
(Hall 2000; McMillan 2003). Radia-
tion can also cause cell death through
the induction of apoptosis (pro-
grammed cell death) (Peltenburg
2000).

The efficacy of radiotherapy is
determined by aspects of radiation
delivery and the biological conse-
quences to the tumour and normal tis-
sues. By giving radiation doses over a
number of fractions, damage to nor-
mal tissues can be reduced due to the
repair of sublethal damage between
fractions and repopulation of cells
during the course of treatment.
Although the radiosensitivity of differ-
ent tumours varies considerably (Steel
1997), in general tumour cells are
more susceptible to radiation than
normal tissues as they are less able to
reduce the amount of DNA damage
inflicted by radiation and have less
fidelity of DNA repair.

Just as tumour cells differ in their
vulnerability to ionizing radiation, so
too do normal tissues. The tolerance
dose (TD) 5 ⁄5 (probability of a 5%
complication rate at 5 years) and the
TD 50 ⁄ 5 (probability of a 50% com-
plication rate at 5 years) are terms
used to express this variability in tis-
sue sensitivity. In 1991, Emami et al.
(1991) reviewed the literature to deter-
mine TD 5 ⁄ 5 and TD 50 ⁄ 5 using con-
ventional fractions of 1.8–2.0 Gy for
various structures including the lens,
retina and optic nerve. Subsequently,
others have published varying toler-
ance doses, some of which conflict
with the results published by Emami
et al. (1991) (Parsons et al. 1983,
1994a, 1994b, 1996; Jiang et al. 1994).
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ABSTRACT.

The role of radiotherapy in ophthalmic practice continues to grow. This

growth has seen an expansion of indications for radiotherapy, a refinement of

the modalities that can be used and a reduction in the ocular and adnexal com-

plications that result from this form of therapy. The compendium of indica-

tions for radiotherapy in ophthalmology continues to grow and now includes

many conditions such as the treatment of lid and adnexal disease, ocular sur-

face disorders and both benign and malignant disease of the posterior segment

and optic pathways. The radiotherapeutic modalities employed to manage

these conditions are numerous and include both radioactive plaques (brachy-

therapy) and external beam radiation techniques. New techniques such as ster-

eotactic radiosurgery are delivering benefits in the management of conditions

such as optic nerve sheath meningioma, where the treatment of this blinding

and occasionally life-threatening intracranial neoplasm now results in fewer

adverse affects. The purpose of this review is to give a brief overview of the

indications and treatment modalities, and a more in-depth discussion of the

potential side-effects when radiotherapy is used for ocular and periorbital dis-

ease.
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Table 1 represents a synthesis of these
data.

Radiotherapy types

The major modalities employed in
ocular radiotherapy are external beam
radiotherapy and brachytherapy
(application of plaques). The location
and type of pathology inform the
choice of technique (Table 2).

External beam radiotherapy

External beam radiotherapy (EBRT)
utilizes radiation types such as pho-

tons, electrons and protons. Photons
of lower energies (kilovoltage, kV) are
produced by superficial and orthovolt-
age X-ray machines. Higher energy
photons (megavoltage, MV) are pro-
duced by linear accelerators (Linacs).
High-energy MV photons penetrate
deeply through tissue and exhibit a
‘skin-sparing’ property (the surface
dose is less than the dose delivered to
the underlying tissue) (Khan 2003),
which allows for the delivery of ade-
quate doses to deep-seated tumours
without the limitations imposed by a

prohibitively large skin dose (Fig. 1).
Lower energy kV photons give their
maximum dose at or very near the
skin surface and penetrate less deeply
into tissue (Fig. 2). Hence, they are
clinically more useful for superficial
tumours such as periocular squamous
cell carcinoma (SCC) and basal cell
carcinoma (BCC).

Stereotactic radiosurgery (as a large
single fraction or multiple fractions)
involves the use of multiple, small
MV photon fields (typically <3–4 cm
diameter). These are delivered through
several arcs or fixed fields of radiation
centred on the same point to treat
well defined intracranial lesions. The
treatment concentrates the dose in the
target tissue and spares the normal
brain as much as possible. Stereotactic
fractionated radiotherapy is being
used increasingly in the management
of meningiomas in close proximity to
the visual pathway, such as those of
the optic nerve sheath or parasellar
region (Behbehani et al. 2005). Stereo-
tactic radiosurgery (gamma-knife) has
also been used experimentally for
uveal melanoma (Mueller et al.
2000) and for choroidal metastases
(Bellmann et al. 2000) as an alternat-
ive to enucleation. It has also been
employed in the treatment of choroi-
dal haemangioma (Shields et al. 2004).

Electron beams are used for treat-
ing superficial tumours with a charac-
teristic sharp drop-off in dose beyond
the tumour. This makes electrons
another useful modality for the treat-
ment of periocular SCC and BCC
(Anscher & Montana 1993; Dutton
1993; Leshin & Yeatts 1993).

Protons deposit their dose very
slowly with depth and then very shar-
ply near the end of the range (the
characteristic ‘Bragg peak’), before
dropping off to an almost zero value
beyond (Khan 2003). By confining the
high-dose region to the tumour vol-
ume, the dose to surrounding normal
tissue can be minimized. Some
researchers consider protons to be the
treatment of choice for choroidal mel-
anoma (Hall 2000).

Brachytherapy

Plaque brachytherapy involves the use
of radioactive sources such as stron-
tium-90, ruthenium-106, iodine-125
and palladium-103. These take the
form of ophthalmic applicators, which
are placed on or sutured to the sclera.

Table 1. Tolerance doses of the optic nerve, retina, ocular surface and lens.

Ophthalmic

structure

Manifestation of

toxicity

TD 5 ⁄ 5
(Gy)

TD 50 ⁄ 5
(Gy)

Optic nerve Optic neuropathy > 55 > 65

Retina Retinopathy 45–50 55

Ocular surface Severe dry eye 35 50

Lens Cataract 10 18

TD ¼ tolerance dose.

Table 2. Ophthalmic indications for radiotherapy and their respective treatment options.

Ophthalmic indications for radiotherapy Type(s) of radiotherapy used

Malignant tumours

Primary intraocular tumours

Choroidal melanoma Primary treatment: EBRT (protons), brachytherapy
125I, 198Au, 103Pd, 106Ru

Post-enucleation: EBRT (MV photons),

brachytherapy

Retinoblastoma Primary treatment: EBRT (MV photons),

brachytherapy (106Ru)

Adenocarcinoma of the RPE Brachytherapy

Primary orbital and periocular tumours

Tumours of the adnexa

(e.g. lymphoma, rhabdomyosarcoma)

EBRT (MV photons) or brachytherapy (electrons)

Lacrimal gland carcinoma EBRT (MV photons) or brachytherapy

Optic nerve tumours

(e.g. meningioma)

EBRT (MV photons) or stereotactic radiosurgery

Chiasmal tumours MV photons (EBRT) or stereotactic radiosurgery

Pituitary lesions EBRT (MV photons) or stereotactic radiosurgery

Periocular BCC, SCC EBRT (kV photons, MV)

Periocular and conjunctival EBRT (kV photons) or brachytherapy (90Sr)

Kaposi’s sarcoma

Secondary intraocular, orbital or periocular tumours

Choroidal deposits EBRT (MV photons) or brachytherapy (electrons)

Orbital ⁄ periorbital metastases

Benign conditions

Thyroid ophthalmopathy EBRT (MV photons)

Pterygium Brachytherapy (90Sr)

Exudative inflammatory processes

of the posterior segment

EBRT (MV photons)

Age-related macular degeneration EBRT (MV photons)

Choroidal haemangioma EBRT (MV photons) or brachytherapy

Non-specific orbital

inflammatory syndrome

EBRT (MV photons)

RPE ¼ retinal pigment epithelium; EBRT ¼ external beam radiotherapy; MV ¼ megavoltage;

kV ¼ kilovoltage; BCC ¼ basal cell carcinoma; SCC ¼ squamous cell carcinoma.
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These sources emit beta-particles (elec-
trons) with short ranges (millimetres),
making them clinically useful for the
treatment of lesions such as uveal mel-
anoma and retinoblastoma (Fig. 3).
Whereas the beta-particles emitted
from these applicators are potentially
damaging to important structures,
older applicators (e.g. cobalt-60) used
sources that emit more penetrating
gamma-rays (photons). The deeper
penetration of these rays had greater
potential to give damaging doses to
vital structures such as the macula
and optic nerve (Bomford 2003).

Indications for radiotherapy

Radiotherapy has many ophthalmic
applications (Table 2). These range
from malignant to benign conditions
and vary with the location of the
pathology from periocular and orbital

disease, to disease of the retina, chor-
oid and optic nerve pathways. How-
ever, these indications are not the
only scenarios where radiotherapy can
lead to ocular and adnexal complica-
tions. Radiotherapy used for treat-
ment of nasal, paranasal sinus and
intracranial disease also has the poten-
tial to cause adverse ophthalmic
effects if the periorbital area is inclu-
ded within the treatment field.

Complications of ocular
and periocular
radiotherapy

Periocular skin

The periocular skin undergoes acute
and late phase reactions following
radiotherapy. Radiation dermatitis

(Fig. 4) and madarosis are classed as
acute effects, whereas telangiectasia,
skin atrophy and depigmentation pre-
sent as late effects (Fig. 5A, B).

The initial reaction is seen within
2 weeks of fractionated EBRT. This
delay correlates with the time
required for cell migration from the
basal to the keratinized layer of skin
(Mettler & Upton 1995). Initially,
erythema is observed, and this is
soon followed by dry desquamation.
The skin at this time can be erythe-
matous, warm, and sometimes oede-
matous. Microscopically, the upper
dermal vessels are dilated and inflam-
matory infiltration with granulocytes,
macrophages, eosinophils, plasma
cells and lymphocytes is seen. Hamil-
ton et al. (1996) demonstrated that
factors such as male gender, age and
prior sun exposure increase the
occurrence of skin erythema inde-
pendent of the dose of radiotherapy.
The same study found that even with
doses of <1.5 Gy per fraction, the
occurrence of acute radiation erythe-
matous reaction was almost ubiqui-
tous.

The severity of the reaction depends
on skin dose per fraction and the total
dose delivered. The most severe reac-
tions often occur where the beam
strikes the skin tangentially, inducing
moist desquamation. This is a more
severe reaction, marked by disruption
of the epidermal layer. Treatment may
need to be interrupted to allow the
cells of the less affected basal layer to
re-epithelialize.

In the longer term, periocular skin,
like skin elsewhere, undergoes a fibro-
sing reaction after exposure to ion-
izing radiation. These changes are
thought to be mediated via connective
tissue changes such as stiffening of
elastic fibres and cytokine activation.
Activation of angiogenic factors may
be responsible for telangiectasia (Rie-
kki et al. 2001). These late changes
can lead to difficulties in diagnosing
the recurrence of the primary pathol-
ogy, especially in the case of skin
malignancy. In addition, the reduced
vascularity of the irradiated tissues
may make further surgery more prob-
lematic, particularly if techniques such
as skin grafting are used.

There is also evidence to suggest
significant DNA damage to the skin
cells as a result of radiotherapy. This
may be made manifest by the

Fig. 1. Isodose curves for an Aboriginal patient who underwent external beam radiotherapy

following exenteration for a choroidal melanoma. Note the relative skin-sparing effect, with the

majority of the dose concentrated on the area of the lesion. It should also be noted that some

radiation reached the occipital lobe.
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Fig. 2. Depth)dose curve for external beam radiotherapy (kV photons) on a superficial

tumour. The majority of the dose is delivered to the skin, whereas at a depth of 2.5 cm there is

negligible residual radiation.
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induction of various neoplasms (see
section on secondary neoplasia).

The management of complications
affecting the skin has not been exten-
sively studied. One double-blind,
randomized study found a significant
reduction in acute radiation dermatitis
with the use of potent corticosteroid
cream (Bostrom et al. 2001). Another
recent randomized, controlled trial
found no additional benefit in apply-
ing prophylactic creams (such as aque-
ous cream or sucralfate) to the skin
over washing with mild soap and

water. This led the authors to advise
that patients be informed that the use
of aqueous cream is not associated
with harm or benefit and that they
should therefore make an individual
decision as to whether to apply it to
inflamed skin (Wells et al. 2004).

Ocular surface, conjunctiva and lacrimal

gland

Xerophthalmia occurs as a result
of damage to glands within the eye-
lid, decreased conjunctival mucous

production and reduced lacrimal gland
secretion. Early effects are conjunctival
inflammation, chemosis and tear film
instability with a resultant dry eye sen-
sation. These generally subside but
may, on occasion, be persistent.

Dry eye syndrome occurs with
increasing frequency as the total dose
of radiotherapy increases (Parsons
et al. 1994c, 1996; Brady 1996). This
phenomenon is related to the toxic
effects on cells with high turnover, as
well as specific alterations in cell type
and function. For example, it is known
that increased conjunctival epithelial
stratification and reduction in goblet
cell numbers contributes to a dry eye
following radiotherapy (Heimann et al.
2001). Similarly, loss of serous acinar
cells from the lacrimal gland is contri-
butory (Stephens et al. 1991).

These effects are dose-dependent
(Parsons et al. 1994c; Kennerdell et al.
1999; Stafford et al. 2001) and the
incidence of dry eye increases steeply
at doses >40 Gy (Parsons et al.
1996). Parsons et al. (1994c) suggested
that EBRT at doses >57 Gy to the
lacrimal gland resulted in a 100%
(17 ⁄ 17) incidence of severe dry eye
(defined as dry eye resulting in corneal
opacification, ulceration or vasculari-
zation and secondary visual loss). At
doses of 30)45 Gy and <30 Gy
severe dry eye occurred with an inci-
dence of 30% and 0%, respectively.

Bessell et al. (1987) found similar
results to Parsons et al. (1994c), but a
further study involving radiotherapy
for orbital lymphoma suggested that
doses ‡ 35 Gy result in a significant
incidence of late complications to the
ocular surface (Stafford et al. 2001).
In another series on radiotherapy for
orbital lymphoma, Kennerdell et al.
(1999) used doses of 24 Gy or
25.5 Gy. They described no treatment-
limiting complications, but did note
that 50% (27 ⁄54) of patients experi-
enced early side-effects of mild xer-
ophthalmia and chemosis, and the
only chronic side-effect was mild xer-
ophthalmia in 33% (18 ⁄ 54) of
patients. Roth et al. (1976) also noted
changes at doses <30 Gy, describing
tear-oil deficiency and corneal drying
as a result of meibomian gland oblit-
eration at doses of 8–30 Gy.

A synthesis of these results suggests
that doses >57 Gy are predictive of
certain xerophthalmia and those
<30 Gy are less likely to have a

Fig. 5. (A) Squamous cell carcinoma at the left medial canthus prior to radiotherapy. (B) The

same patient 9 months after radiotherapy, with telangiectasia, atrophy and depigmentation of

the skin, as well as madarosis involving the medial upper and lower eyelids.
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Fig. 3. Depth)dose curve for brachytherapy where a 15.5-mm ruthenium-106 plaque has been

measured. The majority of the dose (118 mGy ⁄min) is delivered at a depth of 0.0 mm and only

1.46 mGy ⁄min is left at a depth of 10.7 mm. This demonstrates that in episcleral brachytherapy

for choroidal tumours, the sclera receives the highest dose.

Fig. 4. Erythema in radiation dermatitis 2 weeks after radiotherapy. In this case radiotherapy

was used as an adjuvant therapy following exenteration for lacrimal gland adenocarcinoma.
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lasting effect on the ocular surface. In
lower dose radiotherapy (30–45 Gy)
the time from treatment to the
appearance of these complications is
reported to be 4–11 years, whereas
with high doses (> 57 Gy) corneal
vascularization and opacification are
usually apparent within 9–10 months.
There is some evidence to suggest that
using a lacrimal shield in situations
where this would not compromise
tumour control may reduce these
adverse effects. Similarly, proton
beams and intensity modulated radio-
therapy (IMRT) may minimize these
effects. Treatment modalities for
radiation-induced xerophthalmia inc-
lude topical lubricants, punctual
occlusion and, rarely, salivary gland
transplantation.

Cornea

The effects of tear film dysfunction
may contribute to the temporary
keratopathy seen after radiotherapy.
This is most often manifest as punctate
epithelial erosions or, in the case of
severe dry eye, corneal scarring. The
former normally occurs at doses of 30–
50 Gy in 4–5 weeks and settles within a
few weeks or months of irradiation.
Topical steroids and antibiotics may
alleviate discomfort (Bomford 2003).

The cornea itself is also directly vul-
nerable to ionizing radiation that may
result in delayed corneal dystrophy and
eventually necrosis. This radiation-
induced corneal decompensation is
more likely associated with the loss of
stem cells than direct corneal ‘melting’.
This effect of radiotherapy upon the
cornea has been described as an early
result of high-dose radiotherapy, but it
is very rare and is more likely to
become apparent months after treat-
ment (Blodi 1958; Bedford 1966; Linn-
ell & Wolter 1967). A marker of this
late complication is decreased corneal
sensation to the point of complete
anaesthesia, which may then progress
to occult corneal ulceration. The ulcera-
tion is typically insidious, involving the
majority of the corneal thickness, and
can be located centrally or marginally.
Where ulceration involves the corneal
margin it can be either localized or cir-
cumferential. Few recent papers have
described this complication.

Sclera

The sclera is predominantly avascular
and is therefore more radioresistant

than other ocular tissues. However,
scleral atrophy and necrosis (Fig. 6)
have been reported to occur in eyes
receiving radiotherapy (Tarr & Con-
stable 1980; Petrovich et al. 1994;
Shields et al. 2001, 2003) for various
indications, including uveal melanoma,
retinoblastoma and in the adjuvant
treatment of pterygium (Hirst 2003).
The wide variation in its prevalence
appears to be unrelated to radiation
dose, degree of fractionation or patient
age, but the majority of papers that
describe scleral atrophy following
radiotherapy do so in the setting of
brachytherapy. Scleral atrophy and
necrosis are serious dose-limiting fac-
tors in episcleral brachytherapy. One
study reported the incidence of histo-
logical scleral atrophy in 38 enucleated
eyes that had undergoneEBRT, brachy-
therapy or enucleation alone for uveal
melanoma. Scleral atrophy was pre-
sent in 33% of eyes treated with
brachytherapy and in none treated
with EBRT or enucleation alone
(Petrovich et al. 1994).

The occurrence of scleral atrophy
has particular relevance in the setting
of postoperative brachytherapy fol-
lowing pterygium excision. Tarr &
Constable (1980) reported a preva-
lence of scleral atrophy of 80%
among 63 eyes treated with an aver-
age dose of 35 Gy. Follow-up ranged
from 3 to 20 years, with a mean of
144 months. More recent studies have
reported the prevalence of scleral atro-
phy following brachytherapy as 13%
(99 cases of 747 treatments, 95% of
which received 22 Gy and 5% 18 Gy
in single fractions) with follow-up
over 10 years (MacKenzie et al. 1991),
5% (five eyes of 100 treated with total
doses of 20, 30 and 60 Gy) with a
median follow-up of 49 months (Mon-
teiro-Grillo et al. 2000) and 0.5%

(two cases of 393, with doses of either
30 or 35 Gy in three fractions) with a
median follow-up of 17 months
(Fukushima et al. 1999). None of
these series reported statistically signi-
ficant correlates, such as total dosage
or fractionation, to predict the occur-
rence of this complication. However,
it was postulated by Tarr & Constable
(1980) that factors such as surgical
damage, degree of scleral exposure,
damaged conjunctiva and dry eye may
facilitate the development of this late
complication.

Diagnosis may be difficult as the
condition may masquerade as poster-
ior scleritis, serous retinal detachment
or pseudotumour, and it has a pro-
longed latency (‡ 20 years). In addi-
tion, scleral atrophy is not necessarily
a sterile event as it can be complicated
by corneoscleritis and endophthalmitis
with bacterial or fungal organisms
(Moriarty et al. 1993).

Iris and anterior chamber

Complications affecting the anterior
chamber are becoming less common
with reducing doses of radiotherapy.
Several side-effects can occur, inclu-
ding iridocyclitis (Tyradellis 1979;
Brovkina et al. 1991), iris atrophy
(Tarr & Constable 1980) and neovas-
cular glaucoma (NVG). The latter and
most worrying complication arises in
one of two settings: firstly after radio-
therapy (by EBRT or brachytherapy)
for iris or ciliary body malignant
melanoma, and secondly, as a result
of radiation retinopathy.

Ischaemia of the retina in radiation-
induced retinopathy may act to drive
the proliferation of new iris vessels.
Similarly direct damage to iris vessels
and the resultant ischaemia may drive
the formation of iris atrophy and the
local proliferation of iris vessels. It is
also hypothesized that the release of
humoural factors from irradiated
tumour tissue may stimulate neovas-
cularization in the iris (Foss et al.
1997). These mechanisms may then
lead to rubeotic glaucoma.

Neovascular glaucoma is a compli-
cation that arises in up to 35% of eyes
treated with radiotherapy (Shields
et al. 1989, 2001, 2003; Bacin et al.
1998) and may lead to enucleation
following radiotherapy. The reasons
for the variable prevalence of NVG
have been documented in a number of

Fig. 6. Scleral atrophy in a patient more than

10 years after plaque radiotherapy. The

brachytherapy was used as an adjuvant fol-

lowing surgical excision of the pterygium.
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papers. Daftari et al. (1997) reported
on the prevalence of NVG among 347
patients who underwent helium ion
EBRT for uveal melanoma. They
determined that the development of
NVG was correlated with the amount
of lens exposed, amount of anterior
chamber in the treatment field,
tumour volume, proximity to the
fovea, history of diabetes and the
development of vitreous haemorrhage.
Zehetmayer et al. (1998) confirmed
that complications in the anterior seg-
ment were mainly related to tumour
volume, as did Foss et al. (1997), who
also added that the presence of retinal
detachment was a significant inde-
pendent predictor of NVG. Shields
et al. (1989) discussed the reasons for
enucleating 59 of 1019 (6%) eyes fol-
lowing plaque radiotherapy for pos-
terior uveal melanoma. Of these 59
eyes, 31% were enucleated for NVG.
This uncontrollable NVG occurred an
average of 38 months after plaque
radiotherapy and, most commonly,
after cobalt-60 plaques, which are
now less frequently used (see Intro-
duction).

Lens

Exposure to several forms of electro-
magnetic radiation can lead to cata-
ract formation. The best studied are
those caused by ionizing radiation
(Cogan et al. 1952). In animal studies,
X- or gamma-irradiation causes char-
acteristic changes in the cells of the
lens, leading to posterior subcapsular
and cortical cataracts. The initial
insult in the cataractogenic process is
damage to the proliferating cells in
the germinative zone of the lens epi-
thelium, which leads to extensive cell
death (Worgul & Rothstein 1975,
1977; Worgul et al. 1976; Palva &
Palkama 1978). This is followed by a
wave of compensatory mitosis. When
the epithelial cells resulting from this
increased proliferation begin to differ-
entiate, the usually precise organiza-
tion of the fibre cells is disrupted
(Worgul & Rothstein 1977). Even-
tually these abnormal fibres form ‘bal-
loon cells’ or ‘Wedl cells’ at the
posterior pole, resulting in the forma-
tion of a cataract.

Exposure to ionizing radiation has
led to several types of cataract. Early
papers described doughnut-shaped
cataract, posterior subcapsular cata-

ract, sectoral posterior)subcapsular
cataract, cortical cataract and com-
plete opacification of the lens (Alter &
Leinfelder 1953; Macfaul & Bedford
1970). The degree to which these
occur is correlated with the total
radiation dosage, the way in which it
is delivered and the rate at which it is
given. For example, a prevalence of
0% was obtained when EBRT and
lens-sparing techniques were employed
to treat intraocular metastases. The
mean dose of radiation received was
46 Gy, with average follow-up of 12
months (Bajcsay et al. 2003). A much
higher incidence (70%) was noted
where plaque radiotherapy delivered
an average of 80 Gy across the cornea
to treat non-resectable iris melanoma
(Shields et al. 2003).

Radiation-induced cataract generally
occurs at doses >8–10 Gy (although
there are reports of it occurring with
doses as low as 2 Gy) (Schipper et al.
1985; Hall 2000). There is also evidence
to suggest that this adverse effect is
dependent on fraction size (Merriam &
Focht 1957, 1962; Deeg et al. 1984). In
addition, the use of more highly pene-
trating electrons and brachytherapy
appears to increase the rate of cataract
(Stallard 1933; Takeda et al. 1999).
Radiation-induced cataracts typically
occur 2–3 years after radiotherapy,
with a range of 6–64 months (Anteby
et al. 1998). They are often not regar-
ded as a ‘severe’ complication due to
the availability of treatment by phaco-
emulsification.

Retina

Radiation retinopathy was first des-
cribed by Stallard (1933). It has a
delayed presentation as a progressive
pattern of degenerative and prolifera-
tive vascular changes. These changes
have been reported to occur with
either EBRT or brachytherapy (Chee
1968; Brown et al. 1982; Archer &
Gardiner 1994; Parsons et al. 1994a,
1994b; Anteby et al. 1998; Gunduz
et al. 1999; Suarez Baraza et al. 2003;
Subramanian et al. 2004; Monroe
et al. 2005). The signs include capillary
occlusion, dilatation, microaneurysm
formation, telangiectasia, intraretinal
microvascular abnormalities, neovas-
cularization and retinal pigment epi-
thelial changes (Fig. 7). Interruption
to choroidal circulation has also been
described; (Archer & Gardiner 1994;
Midena et al. 1996). Histologically,
there is occlusion of vessels within the
choroidocapillaris, pigment dispersion
with reduced numbers of melanocytes
and corresponding areas devoid of
photoreceptor cells. Attenuation of
photoreceptors and the nerve fibre
layer, invasion of retinal tissue with
macrophages, and subretinal fibrosis
have also been reported (Gragoudas
et al. 1979; Krebs et al. 1992).

The pathogenesis of radiation-
induced retinopathy is dependent on
total dose, fraction size, number of
fractions and coexisting morbidity.
The condition does not usually occur
at total doses <45 Gy unless an addi-
tional risk factor such as diabetes is

Fig. 7. Radiation retinopathy in a patient with type 2 diabetes. There was no retinopathy prior

to radiotherapy; these changes developed within 12 months of external beam radiotherapy for

thyroid ophthalmopathy.
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present (Parsons et al. 1994b, 1996).
In a study where 68 eyes received
EBRT for the treatment of primary
extracranial head and neck tumours,
the incidence of retinopathy steadily
rose in the dose range of 45–55 Gy
where fractions >1.9 Gy were used
(Parsons et al. 1994b). It was also
noted by Parsons et al. (1996) that the
incidence of retinopathy increased
steeply after doses of 50 Gy. A recent
retrospective review suggests that this
incidence can be significantly reduced
by hyperfractionated (twice daily
doses of 1.1–1.2 Gy) EBRT, especially
when the retina receives more than
50 Gy (Monroe et al. 2005). The
effect of radiation is, however, aug-
mented by comorbidities such as
diabetic retinopathy, hypertension, sim-
ultaneous chemotherapy and by preg-
nancy (Brown et al. 1982; Viebahn
et al. 1991; Kumar & Palimar 2000).

The latency between radiotherapy
and onset of clinically significant reti-
nopathy can range from 1 month to
15 years, but most commonly occurs
between 6 months and 3 years. The
onset is more rapid where treatment
regimens have involved high-dose, sin-
gle-fraction radiotherapy.

Radiation-induced retinal ischaemia
has sequelae such as preretinal, papil-
lary and iris neovascularization that
can lead to preretinal fibrosis, vitreous
haemorrhage, retinal detachment and
neovascular glaucoma. The literature
suggests that radiation maculopathy
and proliferative retinopathy respond
to laser photocoagulation (Kinyoun
et al. 1988; Amoaku & Archer 1990).
Similarly, vitreous haemorrhage and
retinal detachment following radia-
tion-induced retinal damage can be
managed by vitrectomy and retinal
detachment surgery (Buzney et al.
1984).

Optic nerve

First described by Forest et al. (1956),
optic neuropathy is a rare but import-
ant complication of radiotherapy with
a potentially devastating impact upon
vision. It is commonly reported to fol-
low irradiation of primary extracranial
head and neck tumours (including the
nasal and paranasal sinuses) (Wijers
et al. 1999; Zhou et al. 2003), but has
also been described after radiotherapy
for age-related macular degeneration
(Mauget-Faysse et al. 1999), intraocu-
lar tumours (Meyer et al. 2000; Finger

et al. 2002; Emara et al. 2004; Puusa-
ari et al. 2004) and tumours of the
optic nerve sheath, parasellar region,
skull base and nasopharynx (Serova
et al. 2001; Bowyer et al. 2003;
Zhou et al. 2003; Shrieve et al. 2004;
Weber et al. 2004).

The effect of radiation upon the
optic nerve appears to be both vascu-
lar and neuropathic in nature. Micro-
scopically, there are reduced
perineural vascular endothelial cells,
perivascular inflammation, hyaliniza-
tion, fibrosis of vessel walls, infarction
and reactive gliosis (Kline et al. 1985;
Levin et al. 2000). There is also evi-
dence of an effect on replicating glial
cells. The induction of genetic muta-
tions in these cells by ionizing radi-
ation is thought to lead to
demyelination and neuronal degener-
ation (Fike & Gobbell 1991). As
noted by Miller (2004), this model is
consistent with the long latency
expected with the slow cellular turn-
over of both glial and endothelial cells
and with the observation that neuro-
nal demyelination and degeneration
occur prior to the development of any
vascular changes (Zeman & Samor-
ajski 1971).

The presentation of radiation-
induced optic neuropathy is variable
but most patients develop an irreversi-
ble, progressive visual loss 3 months
to 8 years following treatment, with a
peak onset at 18 months (Roden et al.
1990; McClellan et al. 1995). This
may be preceded by transient visual
loss and is usually the result of a non-
arteritic posterior ischaemic optic
neuropathy. There are, however,
reports of an acute onset non-arteritic
anterior ischaemic optic neuropathy,
manifest as disc swelling with sur-
rounding exudate, haemorrhages and
subretinal fluid (Brown et al. 1982).

The incidence of optic neuropathy
can be as high as 37% depending on
the volume of tissue irradiated, the
total dose given, the fraction size and
premorbid conditions. Jiang et al.
(1994) reported on the results of 219
patients who had undergone radio-
therapy for cancers of the nasal cavity
and paranasal sinuses. They found
that no optic neuropathy occurred at
total doses <50 Gy. Between 1964
and 1989 Parsons et al. (1994a) collec-
ted similar results following fraction-
ated EBRT upon 215 optic nerves in
131 patients who were being treated

for extracranial head and neck
tumours. They found no injury to
nerves that had received total doses of
<59 Gy and reported that in patients
who received ‡ 60 Gy, the dose per
fraction was more important than
total dose in producing optic neuropa-
thy. The 15-year actuarial risk of
optic neuropathy after doses ‡ 60 Gy
was 11% when treatment was given in
fraction sizes of <1.9 Gy, compared
with 47% in treatment given in frac-
tion sizes of ‡ 1.9 Gy. In another
review, Parsons et al. (1996) found
that after treatment at approximately
1.8–2.0 Gy per fraction, the incidence
of optic neuropathy steeply increases
after doses of 60 Gy. A more recent
review of radiotherapy for pituitary
adenoma causing acromegaly identi-
fied case reports of optic neuropathy
following doses in the 40–45 Gy range
with fraction sizes of <2 Gy (Van
den Bergh et al. 2003). These authors
and others noted that factors such as
diabetes mellitus, hypertension, older
age, prior chemotherapy and possibly
acromegaly itself increase tissue sensi-
tivity to radiation.

The optimal management of radi-
ation optic neuropathy remains elu-
sive. A recent editorial by Miller
(2004) outlined a lack of benefit from
either systemic corticosteroids or war-
farin. The same article alluded to a
limited role for hyperbaric oxygen,
but the timing of an appropriate regi-
men and its efficacy are yet to be
defined.

Lacrimal drainage apparatus

The punctae, canaliculi and nasolacri-
mal ducts can also be affected by
radiotherapy. Early series on the com-
plications of radiotherapy (Macfaul &
Bedford 1970) and also those reported
more recently (Buatois et al. 1996)
note stenoses of the lacrimal drainage
system. This most commonly occurs
within the lateral one-third of the sys-
tem, manifesting as either punctal or
canalicular stenosis. The presumed
pathogenesis is a radiation-induced
canaliculitis that eventually leads to
fibrosis and obstruction. It is not clear
whether prophylactic intubation of the
lacrimal drainage system prior to
radiotherapy decreases the risk of ste-
nosis.

Symptomatic canalicular stenosis
often requires insertion of a Jones
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tube; in a series of 13 patients with
radiation-induced canalicular stenosis,
12 were relieved of their symptoms
after conjunctivodacryocystorhinosto-
my (Call & Welham 1981). Nasolacri-
mal duct and canalicular obstruction
may also occur in patients treated
with intravenous radioactive iodine
(I131), perhaps as a result of the pas-
sive passage of tears containing radio-
active iodine or active uptake into the
tissues of the drainage system (Burns
et al. 2004). In addition, it should be
noted that concurrent chemotherapy
with agents such as 5-fluorouracil or
docetaxel may also be responsible for
punctal-canalicular stenosis (Eiseman
et al. 2003; Esmaeli et al. 2003).

Orbital bone

Radiotherapy to the ossification cen-
tres of bone in children can lead to
severe hypotelorism and orbital defor-
mation. This can also result from
radiation bone atrophy and necrosis
of cartilaginous structures (Macfaul &
Bedford 1970; Raney et al. 1999;
Nahum et al. 2001). The doses at
which these effects occur are not well
defined in the literature. It is known,
however, that the use of a single
fraction of 35 Gy by EBRT to infant
rabbits results in reduction of
orbital-zygomatic complex linear bone
growth, bone volume and bone den-
sity (Forrest et al. 2002). Similarly,
whereas osteoradionecrosis may rarely
involve orbital bone, it is not exten-
sively documented. It is a complica-
tion more commonly mentioned as an
indication for orbital reconstructive
surgery (Mu et al. 1999).

Secondary neoplasia

Second malignancy is also concerning
and has been the subject of many
reports (Forrest 1961; Soloway 1966;
Smith et al. 1993; Kroll et al. 1994;
Scaradavou et al. 1995; Rich et al.
1997; Raney et al. 1999; Matsumoto
et al. 2002). A Japanese survey found
that of 2000 patients who had
received radiotherapy for various indi-
cations (not only ocular or periorbital
disease), 54 developed second malig-
nancies. The most common was squa-
mous cell carcinoma (44%), followed
by sarcoma (29.6%), glioma (9.25%),
adenocarcinoma (5.5%), leukaemia
(5.5%), and others (5.5%) (Matsumoto
et al. 2002). This effect has a latency

of a few years to several decades and
bears a complex (non-linear) relation-
ship to dosage. Complicating its
occurrence is the use of chemotherapy
and the individual patient’s genetic
predisposition to malignant neoplasia.

The risk of second malignancy fol-
lowing radiotherapy for retinoblastoma
has been widely reported. It most
commonly occurs where the patient
initially has bilateral retinoblastoma
or harbours the Rb mutation, and
increases in frequency with time (An-
teby et al. 1998; Abramson et al.
2004). Abramson et al. (2004) suggest
that at 1 year after diagnosis and
treatment of retinoblastoma with
EBRT, the probability of a second
malignancy is 2.3% and at 5 years it
is 11.2%. The same authors suggest
that 29.7% of patients develop a sec-
ondary cancer within 10 years of ini-
tial treatment of retinoblastoma, and
that there is a cumulative risk of
29.7% at 10 years (Abramson et al.
2004). Second tumours included
orbital bone osteosarcoma, pineobla-
stoma, fibrous histiocytoma, hidrade-
noma, facial leiomyosarcoma or lip
angiosarcoma, and squamous cell car-
cinoma. It is known from this and
other studies that radiotherapy contri-
butes to this risk, especially with the
induction of sarcoma (Fig. 8) where a
dose–response curve is known to exist
(Abramson et al. 1982; Eng et al.
1993).

Concerns regarding tumour induc-
tion are even more pertinent to the
treatment of benign conditions such
as thyroid ophthalmopathy. A num-
ber of authors (Snijders-Keilholz et al.
1996; Broerse et al. 1999) have pub-
lished theoretical data suggesting that
the risk of any malignancy following

EBRT for thyroid ophthalmopathy
ranges from 0.3% to 1.4%. The theor-
etical risk of developing a fatal malig-
nancy following this form of therapy
has been estimated as ranging from
0.3% to 0.7% (Akmansu et al. 2003).
However, series with longterm follow-
up suggest that these figures may be
overestimates (Schaefer et al. 2002).
They must also be seen in the context
of the lifetime cancer probability of
25–33%, but may indicate a need to
consider the use of radiotherapy in
younger patients more carefully.

Radiotherapy also induces DNA
damage to the skin. This is manifest
by increases in proteins such as p53
and p21, which are involved in the
surveillance and correction of genetic
errors (Ponten et al. 2001). The
potential for radiotherapy to induce
the growth of a variety of cutaneous
neoplasms is well documented. These
include benign lymphangiomatous
papules (Diaz-Cascajo et al. 1999),
well differentiated angiosarcoma
(Cancellieri et al. 1991), SCC, BCC
and malignant melanoma (Di Pietro
et al. 1979; Swerdlow et al. 1997;
Chuang & Brashear 1999). Squamous
cell carcinoma in the setting of pre-
vious radiotherapy has a much higher
risk of metastasis than does cuta-
neous SCC in general (Weedon
1997). These neoplasms may occur
15 years or more after radiation ther-
apy and a dose of >20 Gy is gener-
ally required to induce malignant
change (Weedon 1997).

Conclusions

Radiotherapy has been used for ocu-
lar and periocular indications since
the beginning of the 20th century.
Both external beam and radioactive
plaque techniques have been employed
for malignant and benign disease, with
varying degrees of efficacy. Cataract,
dry eye and retinopathy were once
common sequelae to the use of radi-
ation. However, with a better under-
standing of the tolerance doses of
these structures, fractionated therapy,
targeted stereotactic beams and
utilization of the variable penetrance
of various energy forms, radiotherapy
has become invaluable in the manage-
ment of many ophthalmic and
periorbital pathologies. Complications
involving ocular and adnexal

Fig. 8. This patient was treated with external

beam radiotherapy for retinoblastoma at the

age of 2 years. His eye was later enucleated

after the tumour recurred. At the age of

18 years he presented unable to fit his pros-

thesis. Histology proved the mass to be osteo-

sarcoma.
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structures do, however, occur; know-
ledge of these will help in their identi-
fication and ongoing management.

Acknowledgements

We would like to thank Drs John L.
Crompton and Garry J. Davis,
Department of Ophthalmology and
Visual Sciences and the staff of the
Departments of Medical Physics and
Radiation Oncology, Royal Adelaide
Hospital. Their input into the colla-
tion of this review and the collection
of images was invaluable.

References
Abramson DH, Beaverson KL, Chang ST,

Dunkel IJ & McCormick B (2004): Out-

come following initial external beam radio-

therapy in patients with Reese)Ellsworth
Group Vb retinoblastoma. Arch Ophthal-

mol 122: 1316–1323.

Abramson DH, Marks RF, Ellsworth RM,

Tretter P & Kitchin FD (1982): The man-

agement of unilateral retinoblastoma with-

out primary enucleation. Arch Ophthalmol

100: 1249–1252.

Akmansu M, Dirican B, Bora H & Gurel O

(2003): The risk of radiation-induced carci-

nogenesis after external beam radiotherapy

of Graves’ orbitopathy. Ophthalmic Res

35: 150–153.

Alter AJ & Leinfelder PJ (1953): Roentgen-ray

cataract: effects of shielding of the lens and

ciliary body. Arch Ophthalmol 49: 257–260.

Amoaku WMK & Archer DB (1990): Cepha-

lic radiation and retinal vasculopathy. Eye

4: 195–203.

Anscher M & Montana G (1993): Manage-

ment of periocular basal cell carcinoma:

Mohs’ micrographic surgery versus radio-

therapy. II. Radiotherapy. Surv Ophthal-

mol 38: 203–210.

Anteby I, Ramu N, Gradstein L, Miskin H,

Pe’er J & Benezra D (1998): Ocular and

orbital complications following the treat-

ment of retinoblastoma. Eur J Ophthalmol

8: 106–111.

Archer DB & Gardiner TA (1994): Ionizing

radiation and the retina. Curr Opin

Ophthalmol 5: 59–65.

Bacin F, Kwiatkowski F, Dalens H et al.

(1998): Longterm results of cobalt-60 curie-

therapy for uveal melanoma. J Fr Ophtal-

mol 21: 333–344.

Bajcsay A, Kontra G, Recsan Z, Toth J &

Fodor J (2003): Lens-sparing external beam

radiotherapy of intraocular metastases: our

experiences with 24 eyes. Neoplasma 50:

459–464.

Bedford MA (1966): The corneal and con-

junctival complications following radiother-

apy. Proc R Soc Med 59: 529–530.

Behbehani RS, McElveen T, Sergott RC,

Andrews DW & Savino PJ (2005): Fractio-

nated stereotactic radiotherapy for parasel-

lar meningiomas: a preliminary report of

visual outcomes. Br J Ophthalmol 89: 130–

133.

Bellmann C, Fuss M, Holz FG et al. (2000):

Stereotactic radiation therapy for malig-

nant choroidal tumours: preliminary, short-

term results. Ophthalmology 107: 358–365.

Bessell EM, Henk JM, Whitelocke RA &

Wright JE (1987): Ocular morbidity after

radiotherapy of orbital and conjunctival

lymphoma. Eye 1: 90–96.

Blodi FC (1958): The late effects of X-radi-

ation on the cornea. Trans Am Acad Oph-

thalmol Otolaryng 56: 413–450.

Bomford CK (2003): Brachytherapy. In:

Bomford CK & Kunkler IH (eds). Walter

and Miller’s textbook of radiotherapy, 6th

edn. Edinburgh: Churchill Livingstone

225–244.

Bostrom A, Lindman H, Swartling C, Berne

B & Jonas B (2001): Potent corticosteroid

cream (mometasone furoate) significantly

reduces acute radiation dermatitis: results

from a double-blind, randomized study.

Radiother Oncol 59: 257–265.

Bowyer J, Natha S, Marsh I & Foy P

(2003): Visual complications of proton

beam therapy for clival chordoma. Eye

17: 318–323.

Brady LW (1996): Ocular complications of

high-dose radiotherapy. Oncol 10: 981–982.

Broerse JJ, Snijders-Keilholz A, Jansen JTM,

Zoetelief J, Klein C & Seegenschmiedt MH

(1999): Assessment of carcinogenic risk for

treatment of Graves’ ophthalmopathy in

dependence on age and irradiation geom-

etry. Radiother Oncol 53: 205–208.

Brovkina AF, Kaplina AV & Zarubei GD

(1991): Post-radiation secondary glaucoma

and prevention measures. Vestnik Oftalmo-

logii 107: 16–20.

Brown GC, Shields JA, Sanborn G, Augsber-

ger JJ, Savino PJ & Schatz NJ (1982):

Radiation optic neuropathy. Ophthalmol-

ogy 89: 1489–1493.

Brown GC, Shields JA, Sanborn G, Augsber-

ger JJ, Savino PJ & Schatz NJ (1982):

Radiation retinopathy. Ophthalmology 89:

1494–1501.

Buatois F, Coquard R, Pica A et al. (1996):

Treatment of eyelid carcinomas of 2 cm or

less by contact radiotherapy. J Fr Ophtal-

mol 19: 405–409.

Burns JA, Morgenstern KE, Cahill KV, Fos-

ter JA, Jhiang SM & Kloos RT (2004):

Nasolacrimal obstruction secondary to

I(131) therapy. Ophthal Plast Reconstr

Surg 20: 126–129.

Buzney SM, Pruett RC, Regan CDJ, Walton

DS & Smith TR (1984): Scleral buckling for

retinal detachment in patients with retino-

blastoma. Am J Ophthalmol 98: 473–477.

Call NB & Welham RA (1981): Epiphora

after irradiation of medial eyelid tumours.

Am J Ophthalmol 92: 842–845.

Cancellieri A, Eusebi V, Mambelli V, Ricotti

G, Gardini G & Pasquinelli G (1991): Well

differentiated angiosarcoma of the skin fol-

lowing radiotherapy. Report of two cases.

Pathol Res Pract 187: 301–306.

Chee PH (1968): Radiation retinopathy. Am

J Ophthalmol 66: 860–865.

Chuang TY & Brashear R (1999): Risk fac-

tors of non-melanoma skin cancer in Uni-

ted States veterans patients: a pilot study

and review of literature. J Eur Acad Der-

matol Venereol 12: 126–132.

Cogan DG, Donaldson DD & Reese AB

(1952): Clinical and pathological character-

istics of radiation cataract. Arch Ophthal-

mol 47: 55.

Daftari IK, Char DH, Verhey LJ et al.

(1997): Anterior segment sparing to

reduced charged particle radiotherapy com-

plications in uveal melanoma. Int J Radiat

Oncol Biol Phys 39: 997–1010.

Deeg HJ, Flournoy N, Sullivan KM et al.

(1984): Cataracts after total body irradi-

ation and marrow transplantation: a spar-

ing effect of dose fractionation. Int J

Radiat Oncol Biol Phys 10: 957–964.

Di Pietro S, Milani A & Volterrani F (1979):

Basal-cell tumours of the lumbar skin after

radiotherapy for arthrosis. Tumori 65:

127–132.

Diaz-Cascajo C, Borghi S, Weyers W, Retz-

laff H, Requena L & Metze D (1999):

Benign lymphangiomatous papules of the

skin following radiotherapy: a report of

five new cases and review of the literature.

Histopathology 35: 319–327.

Dutton JJ (1993): Management of periocular

basal cell carcinoma: Mohs’ micrographic

surgery versus radiotherapy III. Surv Oph-

thalmol 38: 210–212.

Eiseman AS, Flanagan JC, Brooks AB, Mit-

chell EP & Pemberton CH (2003): Ocular

surface, ocular adnexal and lacrimal com-

plications associated with the use of sys-

temic 5-fluorouracil. Ophthal Plast

Reconstr Surg 19: 216–224.

Emami B, Lyman J, Brown A et al. (1991):

Tolerance of normal tissue to therapeutic

irradiation. Int J Radiat Oncol Biol Phys

21: 109–122.

Emara K, Weisbrod DJ, Sahgal A et al.

(2004): Stereotactic radiotherapy in the

treatment of juxtapapillary choroidal mel-

anoma: preliminary results. Int J Radiat

Oncol Biol Phys 59: 94–100.

Eng C, Li FP, Abramson DH et al. (1993):

Mortality from second tumours among

longterm survivors of retinoblastoma.

J Natl Cancer Inst 85: 1121–1128.

Esmaeli B, Hidaji L, Adinin RB et al. (2003):

Blockage of the lacrimal drainage appar-

atus as a side effect of docetaxel therapy.

Cancer 98: 504–507.

Fike JR & Gobbell GT (1991): Central ner-

vous system radiation injury in large ani-

mal models. In: Gutin PH, Leibel SA &

Sheline GE (eds). Radiation Injury to the

Central Nervous System. New York:

Raven Press 113–135.

Finger PT, Berson A, Ng T & Szechter A

(2002): Palladium-103 plaque radiotherapy

for choroidal melanoma: an 11-year study.

Acta Ophthalmologica Scandinavica 2007

248



Int J Radiat Oncol Biol Phys 54: 1438–

1445.

Forest APM, Peebles Brown DA, Morris SR

& Illingworth CFW (1956): Pituitary radon

implant for advanced cancer. Lancet 270:

399–401.

Forrest AW (1961): Tumour following radi-

ation about the eye. Trans Am Acad Oph-

thalmol Otolaryngol 65: 694–717.

Forrest CR, O’Donovan DA, Yeung I et al.

(2002): Efficacy of radioprotection in the

prevention of radiation-induced craniofa-

cial bone growth inhibition. Plast Reconstr

Surg 109: 1311–1323.

Foss AJE, Whelehan I, Hungerford JL et al.

(1997): Predictive factors for the develop-

ment of rubeosis following proton beam

radiotherapy for uveal melanoma. Br J

Ophthalmol 81: 748–754.

Fukushima S, Inoue T, Inoue T & Ozeki S

(1999): Postoperative irradiation of ptery-

gium with 90SR eye applicator. Int J

Radiat Oncol Biol Phys 43: 597–600.

Gragoudas ES, Zakov NZ, Albert DM &

Constable IJ (1979): Longterm observa-

tions of proton-irradiated monkey eyes.

Arch Ophthalmol 97: 2184–2191.

Gunduz K, Shields CL, Shields JA, Cater J,

Freire JE & Brady LW (1999): Radiation

retinopathy following plaque radiotherapy

for posterior uveal melanoma. Arch

Ophthalmol 117: 609–614.

Hall EJ (2000): Radiobiology for the Radi-

ologist. Philadelphia: Lippincott 12–13,

439–442.

Hamilton CS, Denham JW, O’Brien M et al.

(1996): Under prediction of human skin

erythema at low doses per fraction by the

linear quadratic model. Radiother Oncol

40: 23–30.

Heimann H, Coupland SE, Gochman R,

Hellmich M & Foester MH (2001): Altera-

tions in expression of mucin, tenascin-c

and syndecan-1 in the conjunctiva follow-

ing retinal surgery and plaque radiother-

apy. Graefes Arch Clin Exp Ophthalmol

239: 488–495.

Hirst LW (2003): The treatment of ptery-

gium. Surv Ophthalmol 48: 145–180.

Jiang GL, Tucker SL, Guttenberger R et al.

(1994): Radiation-induced injury to the vis-

ual pathway. Radiother Oncol 30: 17–25.

Kennerdell JS, Flores NE & Hartsock RJ

(1999): Low-dose radiotherapy for lymphoid

lesions of the orbit and ocular adnexa.

Ophthal Plast Reconstr Surg 15: 129–133.

Khan FM (2003): The Physics of Radiation

Therapy. Philadelphia: Lippincott Williams

& Wilkins 38–177.

Kinyoun JL, Chittum ME & Wells CG

(1988): Photocoagulation treatment of

radiation retinopathy. Am J Ophthalmol

105: 470–478.

Kline LB, Kim JY & Cellabos R (1985):

Radiation optic neuropathy. Ophthalmol-

ogy 92: 1118–1126.

Krebs IP, Krebs W, Merriam JC, Gouras P

& Jones IS (1992): Radiation retinopathy:

electron microscopy of retina and optic

nerve. Histol Histopathol 7: 101–110.

Kroll SS, Woo SY, Santin A et al. (1994):

Longterm effects of radiotherapy adminis-

tered in childhood for the treatment of

malignant diseases. Ann Surg Oncol 1:

473–479.

Kumar B & Palimar P (2000): Accelerated

radiation retinopathy in diabetes and preg-

nancy. Eye 14: 107–108.

Leshin B & Yeatts P (1993): Management of

periocular basal cell carcinoma: Mohs’

micrographic surgery versus radiotherapy.

Surv Ophthalmol 38: 193–203.

Levin LA, Gragoudas ES & Lessell S (2000):

Endothelial cell loss in irradiated optic

nerves. Ophthalmology 107: 370–374.

Linnell PC & Wolter JR (1967): Corneal

necrosis after X-ray treatment. Eye Ear

Nose Throat Mon 46: 328.

Macfaul PA & Bedford MA (1970): Ocular

complications after therapeutic radiation.

Br J Ophthalmol 54: 237–247.

MacKenzie FD, Hirst LW, Kynaston B &

Bain C (1991): Recurrence rate and compli-

cations after beta-irradiation for pterygia.

Ophthalmology 98: 1776–1781.

Matsumoto Y, Nishimura T, Hirota S et al.

(2002): Second malignancies following

radiotherapy: an analysis of 54 cases accu-

mulated by mail survey in Japan. Nippon

Igaku Hoshasen Gakkai Zasshi 62: 27–31.

Mauget-Faysse M, Chiquet C, Milea D et al.

(1999): Longterm results of radiotherapy

for subfoveal choroidal neovascularization

in age-related macular degeneration. Br J

Ophthalmol 83: 923–928.

McClellan RL, el Gammal T & Kline LB

(1995): Early bilateral radiation-induced

optic neuropathy with follow-up MRI.

Neuroradiology 37: 131–133.

McMillan TJ (2003): Principles of radiobiol-

ogy. In: Bomford CK & Kunkler IH (eds).

Walter and Miller’s textbook of radio-

therapy, 6th edn. Edinburgh: Churchill

Livingstone 286–287.

Merriam GR & Focht EF (1957): A clinical

study of radiation cataracts and the rela-

tionship to dose. Am J Roentgenol 77:

759–785.

Merriam GR & Focht EF (1962): A clinical

and experimental study of the effect of sin-

gle and divided doses of radiation on catar-

act production. Trans Am Ophthalmol Soc

60: 35–52.

Mettler FA Jr & Upton AC (1995): Medical

Effects of Ionizing Radiation. Philadelphia:

Saunders 214–221.

Meyer A, Levy C, Blondel J et al. (2000):

Optic neuropathy after proton-beam ther-

apy for malignant choroidal melanoma.

J Fr Ophtalmol 23: 543–553.

Midena E, Segato T, Valenti M, Degli Angeli

C, Bertoja E & Piermarocchi S (1996): The

effect of external eye irradiation on choroi-

dal circulation. Ophthalmology 103: 1651–

1660.

Miller NR (2004): Radiation-induced optic

neuropathy: still no treatment. Clin Exp

Ophthalmol 32: 233–235.

Monroe AT, Bhandare N, Morris CG &

Mendenhall WM (2005): Preventing radia-

tion retinopathy with hyperfractionation.

Int J Radiat Oncol Biol Phys 61: 856–864.

Monteiro-Grillo I, Gaspar L, Monteiro-

Grillo M, Pires F & Ribeiro da Silva JM

(2000): Postoperative irradiation of primary

or recurrent pterygium: results and seque-

lae. Int J Radiat Oncol Biol Phys 48: 865–

869.

Moriarty AP, Crawford GJ, McAllister IL &

Constable IJ (1993): Severe corneosceral

infection. A complication of beta-irradia-

tion scleral necrosis following pterygium

excision. Arch Ophthalmol 111: 947–951.

Mu X, Dong J & Chang T (1999): Surgical

reconstruction of the contracted eye socket

and orbitozygomatic hypoplasia in a one-

stage operation. Plast Reconstr Surg 103:

487–493.

Mueller AJ, Talies S, Schaller UC, Horst-

mann G, Wowra B & Kampik A (2000):

Stereotactic radiosurgery of large uveal

melanomas with the gamma-knife.

Ophthalmology 107: 1381–1388.

Nahum MP, Gdal-On M, Kuten A, Herzl G,

Horovitz Y & Weyl Ben Arush M (2001):

Longterm follow-up of children with reti-

noblastoma. Pediatric Hematol Oncol 18:

173–179.

Palva M & Palkama A (1978): Ultrastructural

lens changes in X-ray-induced cataract of

the rat. Acta Ophthalmol 56: 587–598.

Parsons JT, Bova F, Fitzgerald CR, Menden-

hall WM & Million RR (1994a): Radiation

optic neuropathy after megavoltage exter-

nal beam irradiation: analysis of time)dose
factors. Int J Radiat Oncol Biol Phys 30:

755–763.

Parsons J, Bova FJ, Fitzgerald CR, Menden-

hall WM & Million RR (1994b): Radiation

retinopathy after external beam irradiation:

analysis of time)dose factors. Int J Radiat

Oncol Biol Phys 30: 765–773.

Parsons JT, Bova FJ, Fitzgerald CR, Men-

denhall WM & Million RR (1994c): Severe

dry eye syndrome following external beam

irradiation. Int J Radiat Oncol Biol Phys

30: 775–780.

Parsons JT, Bova FJ, Mendenhall WM, Mil-

lion RR & Fitzgerald CR (1996): Response

of the normal eye to high-dose radiother-

apy. Oncol 10: 837–847.

Parsons JT, Fitzgerald CR, Hood CI, Elling-

wood KE, Bova FJ & Million RR (1983):

The effects of irradiation on the eye and

optic nerve. Int J Radiat Oncol Biol Phys

9: 609–622.

Peltenburg LTC (2000): Radiosensitivity of

tumour cells: oncogenes and apoptosis. Q J

Nucl Med Mol Imaging 44: 355–365.

Petrovich Z, McDonnell JM, Palmer D,

Langholz BM & Liggett PE (1994): Histo-

pathologic changes following irradiation

for uveal tract melanoma. Am J Clin Oncol

17: 298–306.

Ponten F, Lindman H, Bostrom A, Berne B

& Bergh J (2001): Induction of p53 expres-

sion in skin by radiotherapy and UV radia-

tion: a randomized study. J Natl Cancer

Inst 93: 128–133.

Acta Ophthalmologica Scandinavica 2007

249



Puusaari I, Heikkonen J & Kivela T (2004):

Effect of radiation dose on ocular compli-

cations after iodine brachytherapy for large

uveal melanoma: empirical data and simu-

lation of collimating plaques. Invest

Ophthalmol Vis Sci 45: 3425–3434.

Raney RB, Asmar L, Vassilopoulou-Sellin

R et al. (1999): Late complications of

therapy in 213 children with localized,

non-orbital soft tissue sarcoma of the

head and neck: a descriptive report from

the Intergroup Rhabdomyosarcoma Stud-

ies (IRS) II and III. IRS Group of the

Children’s Cancer Group and the Pediat-

ric Oncology Group. Med Pediatr Oncol

33: 362–371.

Rich DC, Corpron CA, Smith MB, Black

CT, Lally KP & Andrassy RJ (1997): Sec-

ond malignant neoplasms in children after

treatment of soft tissue sarcoma. J Pediatr

Surg 32: 369–372.

Riekki R, Jukkola A, Oikarinen A & Kallioi-

nen M (2001): Radiation induces tenascin

expression and angiogenesis in human skin.

Acta Derm Venereol 81: 329–333.

Roden B, Bosley TM, Fowble B et al. (1990):

Delayed radiation injury to the retrobulbar

optic nerves and chiasm. Ophthalmology

97: 346–351.

Roth J, Brown N, Catterall M & Beal A

(1976): Effects of fast neutrons on the eye.

Br J Ophthalmol 60: 236–244.

Scaradavou A, Heller G, Sklar CA, Ren L &

Ghavimi F (1995): Second malignant neo-

plasms in longterm survivors of childhood

rhabdomyosarcoma. Cancer 76: 1860–1867.

Schaefer U, Hesselmann S, Micke O et al.

(2002): A longterm follow-up study after

retro-orbital irradiation for Graves’ oph-

thalmopathy. Int J Radiat Oncol Biol Phys

52: 192–197.

Schipper J, Tan KE & van Peperzeel HA

(1985): Treatment of retinoblastoma by

precision megavoltage radiation therapy.

Radiat Oncol 3: 117–132.

Serova NK, Eliseeva NM, Lazareva LA,

Arutiunov NV & Shishkina LV (2001):

Delayed radiation-induced optic neuropa-

thy in patients with tumours of the chias-

mal-sellar area after radiation therapy.

Vestnik Oftalmologii 117: 9–13.

Shields CL, Naseripour M, Shields JA, Freire

J & Cater J (2003): Custom-designed pla-

que radiotherapy for non-resectable iris

melanoma in 38 patients: tumour control

and ocular complications. Am J Ophthal-

mol 135: 648–656.

Shields CL, Shields JA, Cater J, Othmane I,

Singh AD & Micaily B (2001): Plaque

radiotherapy for retinoblastoma: longterm

tumour control and treatment complica-

tions. Ophthalmology 108: 2116–2121.

Shields CL, Shields JA, Karlsson U, Markoe

AM & Brady LW (1989): Reasons for enu-

cleation after plaque radiotherapy for pos-

terior uveal melanoma. Clinical findings.

Ophthalmology 96: 919–923.

Shields JA, Shields CL, Materin MA, Marr BP,

Demirci H & Mashayekhi A (2004): Chan-

ging concepts in management of circum-

scribed choroidal haemangioma: the 2003 J.

Howard Stokes Lecture, Part 1. Ophthalmic

Surg Lasers Imaging 35: 383–394.

Shrieve DC, Hazard L, Boucher K & Jensen

RL (2004): Dose fractionation in stereotac-

tic radiotherapy for parasellar meningio-

mas: radiobiological considerations of

efficacy and optic nerve tolerance. J Neuro-

surg 101: S390–S395.

Smith MB, Xue H, Strong L et al. (1993):

Forty-year experience with second malig-

nancies after treatment of childhood can-

cer: analysis of outcome following the

development of second malignancy. J Pedi-

atr Surg 28: 1342–1348.

Snijders-Keilholz A, De Keizer RJW, Gos-

lings BM, Van Dam EWCM, Jansen JTM

& Broerse JJ (1996): Probable tumour risk

after retro-orbital irradiation for Graves’

ophthalmopathy. Radiother Oncol 38: 69–

71.

Soloway HB (1966): Radiation-induced neo-

plasm following curative therapy for retin-

oblastoma. Cancer 19: 1984–1988.

Stafford SL, Kozelsky TF, Garrity JA et al.

(2001): Orbital lymphoma: radiotherapy

outcome and complications. Radiother On-

col 59: 139–144.

Stallard HB (1933): Radiant energy as (a) a

pathogenetic and (b) a therapeutic agent in

ophthalmic disorders. Br J Ophthalmol 6:

67–79.

Steel GG (1997): The radiobiology of

tumours. In: Steel GG (ed). Basic Clinical

Radiobiology, 2nd edn. London: Arnold

152–162.

Stephens LC, Schultheiss TE, Price RE, Ang

KK & Peters LJ (1991): Radiation apopto-

sis of serous acinar cells of salivary and

lacrimal glands. Cancer 67: 1539–1543.

Suarez Baraza J, Garcia Gonzalez J, Calzado

Hinojosa J & Miralles de Imperial J (2003):

Proliferative radiation retinopathy. Arch

Soc Esp Oftalmol 78: 215–218.

Subramanian PS, Bressler NM & Miller NR

(2004): Radiation retinopathy after fractio-

nated stereotactic radiotherapy for optic

nerve sheath meningioma. Ophthalmology

111: 565–567.

Swerdlow AJ, Barber JA, Horwich A, Cun-

ningham D, Milan S & Omar RZ (1997):

Second malignancy in patients with Hodg-

kin’s disease treated at the Royal Marsden

Hospital. Br J Cancer 75: 116–123.

Takeda A, Shigematsu N, Suzuki S et al.

(1999): Late retinal complications of radi-

ation therapy for nasal and paranasal

malignancies: relationship between irradi-

ated-dose area and severity. Int J Radiat

Oncol Biol Phys 44: 599–605.

Tarr KH & Constable IJ (1980): Late compli-

cations of pterygium treatment. Br J

Ophthalmol 64: 496–505.

Tyradellis H (1979): Beta-ray radiotherapy in

ophthalmic disease. Greek Ann Ophthal-

mol 16: 100–113.

Van den Bergh AC, Dullaart RP, Hoving

MA et al. (2003): Radiation optic neuro-

pathy after external beam radiotherapy

for acromegaly. Radiother Oncol 68: 95–

100.

Viebahn M, Barricks ME & Osterloh MD

(1991): Synergism between diabetic and

radiation retinopathy: case report and

review. Br J Ophthalmol 75: 629–632.

Weber DC, Lomax AJ, Rutz HP et al.

(2004): Spot-scanning proton radiation

therapy for recurrent, residual or untreated

intracranial meningiomas. Radiother Oncol

71: 251–258.

Weedon D (1997): Reactions to physical

agents. In: Weedon D (ed). Skin Pathology.

Edinburgh: Churchill Livingstone 502–504.

Wells M, Macmillan M, Raab G et al.

(2004): Does aqueous or sucralfate cream

affect the severity of erythematous radi-

ation skin reactions? A randomized con-

trolled trial. Radiother Oncol 73: 153–162.

Wijers OB, Levendag PC, Luyten GP et al.

(1999): Radiation-induced bilateral optic

neuropathy in cancer of the nasopharynx.

Case failure analysis and a review of the

literature. Strahlenther Onkol 175: 21–27.

Worgul BV, Merriam GR, Szechter A &

Srinivasan D (1976): Lens epithelium and

radiation cataract. I. Preliminary studies.

Arch Ophthalmol 94: 996–999.

Worgul BV & Rothstein H (1975): Radiation

cataract and mitosis. Ophthalmic Res 7:

21.

Worgul BV & Rothstein H (1977): On the

mechanism of radiocataractogenesis. Medi-

kon 1: 5.

Zehetmayer M, Ruhswurm I, Georgopoulos

M et al. (1998): Stereotactic irradiation for

uveal melanoma: first Vienna experience.

Spekt Augenheilk 12: 171–174.

Zeman W & Samorajski T (1971): Effects of

radiation on the nervous system. In: Berdjis

CC (ed). Pathology of Irradiation. Balti-

more: Williams & Wilkins 213–277.

Zhou P, Wang SF & Miao CH (2003):

Clinical study on optic neuropathy and

retinopathy subsequent to radiotherapy

of nasopharyngeal carcinoma. Chin

J Ophthalmol 39: 616–620.

Received on February 5th, 2006.

Accepted on September 5th, 2006.

Correspondence:

Dr Shane Durkin MBBS (Hons)

Resident in Ophthalmology

Department of Ophthalmology and Visual

Sciences

University of Adelaide

Royal Adelaide Hospital

North Terrace

Adelaide

South Australia 5000

Australia

Tel: + 61 8 8222 5222

Fax: + 61 8 8222 5221

Email: shane_durkin@yahoo.com

Acta Ophthalmologica Scandinavica 2007

250


