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Summary:

Proton beam radiotherapy for choroidal melanoma is a highly effective treatment method that minimizes, but does not eliminate, radiation-related

complications. The article covers the practical aspeds of the assessment of patient eligibility for treatment, therapy preparation, radiation procedures, and

freatment outcomes.
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Uveal melanoma is the most common primary intraocular
malignancy in adults. The incidence is higher among white po-
pulations and increases at higher latitudes. It exceeds eight cases
per million per year in Norway and Denmark but falls below two
cases per million per year in Spain and southern Italy [1]. Uveal
melanoma is categorized into three subtypes based on anatomi-
cal location: choroidal (85-90%), ciliary body (6-9%), and iris
(4-6%) [2].

Over the years, numerous methods for treating choroidal me-
lanoma have been developed. The choice of optimal therapy de-
pends on a variety of factors, including the tumor’s location and
size, coexisting complications, and the patient’s overall condition.
Treatment methods for choroidal melanoma include radiotherapy,
such as brachytherapy (e.g., Ru-106, I-125), proton radiotherapy,
and less commonly, external beam radiotherapy (EBRT) or stereo-
tactic radiotherapy, and surgical options encompassing endoresec-
tion and exoresection of the tumor, as well as ocular enucleation.
Another available treatment method is transpupillary thermothe-
rapy (TTT) using a diode laser [3].

Proton beam radiotherapy has been used at the Department
of Ophthalmology and Ocular Oncology in collaboration with the
Henryk Niewodniczafiski Institute of Nuclear Physics of the Po-
lish Academy of Sciences in Krakow (Poland) since January 2011.
Since the introduction of this treatment, 369 patients have under-
gone proton beam irradiation.

Notably, the efficacy of local tumor control after proton beam
radiotherapy (approximately 94-96%) and probability of eye pre-
servation (approximately 83-90%) are similar to those achieved
with brachytherapy [4-9].

A critical aspect of the treatment process is accurate asses-
sment of patient eligibility. Special consideration is needed when
evaluating proton beam radiotherapy as first-line therapy for pa-
tients:

v with tumors located in the papillary, peripapillary, or para-
papillary regions, as an alternative to combination treatment
(brachytherapy + TTT),

v with tumors located in close proximity to structures critical
for maintaining useful visual acuity, such as the macula and
optic nerve (CN II) disc,

v with tumors whose base dimensions are considerably smaller
than the diameter of the applicator with a radioactive source.
Proton beam radiotherapy is a treatment method that requires

a longer preparation period compared to brachytherapy, as well as

close collaboration between the patient and medical staff during

both the preparation phase and the irradiation process itself.

The initial stage of preparation involves a surgical procedure in
which 3 to 5 (typically 4) tantalum markers are sutured onto the
sclera of the affected eye (Fig. 1). They are crucial for accurately
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Fig. 1. Tantalum marker before and after suturing to the sclera.
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localizing the tumor in the irradiation plan. As a rule, the markers
are not removed after therapy. The patient then undergoes an ul-
trasound (USG) examination of the eye and magnetic resonance
imaging (MRI) of the orbits, following a strictly defined protocol.
These imaging procedures are used to create a three-dimensional
model of the eye, including the tumor, to facilitate precise the-
rapy planning. If MRI is contraindicated, a computed tomogra-
phy (CT) scan of the orbits is performed instead. The next step
is to prepare a custom thermoplastic face mask and a mouthpie-
ce made of a dental impression material. They are designed to
properly immobilize the patient during the irradiation procedure.
During a subsequent visit to the Henryk Niewodniczafiski Insti-
tute of Nuclear Physics of the Polish Academy of Sciences, the
prepared treatment plan is verified, and trial positioning of the
patient is performed (Fig. 2, 3). The actual therapy is conducted
on an outpatient basis over the course of the next four days.

The patient is positioned according to the predetermined set-
tings. Each patient has a custom collimator, beam range modula-  Fig.2. Patient positioning.
tor, and custom eyelid retractors. During irradiation, the patient’s
eye must remain focused on the light-emitting diode, with real-

-time verification to ensure proper alignment. The time required
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Fig. 3. Simulation and planning of proton beam radiotherapy (selected elements).
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to position the patient each day of therapy largely depends on the
patient’s cooperation with the medical staff. It typically takes abo-
ut 40-50 minutes, while the proton beam irradiation procedure it-
self lasts approximately 90 seconds. During radiotherapy, the total
dose delivered to the tumor apex is 60 CGE (15 CGE in 4 frac-
tions). Due to the highly individualized nature of the therapy, the
irradiated tissue area is restricted to the tumor itself and the ne-
cessary margin of surrounding healthy tissue (Fig. 4, 5) [10].

Proton beam radiotherapy for choroidal melanoma can lead
to both early and late complications, resulting from the irradia-
tion and necrotic processes occurring within the tumor. In the
early post-irradiation period, patients may experience redness
and swelling of the conjunctiva, eyelids, and orbital tissues, sub-
conjunctival petechiae, dry eye syndrome, epidermal exfoliation,
inflammatory reactions, increased intraocular pressure, worsening
retinal detachment associated with the tumor, diplopia, choroidal
detachment, and vitreous hemorrhage. Late post-radiation com-
plications include radiation retinopathy and maculopathy, which
can be managed with intravitreal or anterior chamber injections
of anti-vascular endothelial growth factor (anti-VEGF) inhibitors
or steroids. Other complications include radiation neuropathy, se-
condary glaucoma, complicated cataract, and dry eye syndrome.
Additionally, subcutaneous fibrosis, ulceration of eyelid skin, and
eyelash loss may develop. It is important to note that the pre-
servation of useful visual acuity after therapy primarily depends
on tumor location. Tumors located within 2 DD of the macula
or optic nerve are associated with an increased risk of significant
visual impairment (visual acuity less than 0.1) [10, 11]. The need
for enucleation of an eye previously treated with proton beam ra-
diotherapy is generally due to severe radiation complications or
tumor recurrence. The most common complication leading to
ocular enucleation is neovascular glaucoma [11-13].

Fig. 5.

Choroidal melanoma (on uliraound). A — before (2013) and B — after proton
beam radiotherapy (2024).

Each patient treated with proton beam radiotherapy requires
ongoing, regular ophthalmological follow-up to assess the tumo-
t’s response to treatment and monitor for potential local com-
plications. Additionally, regular oncological follow-up is necessary
for the early detection of distant metastases. Follow-up imaging
examinations (ultrasound, CT, or MRI) of the abdomen should
be performed every six months, along with liver enzyme activity
tests every six months, and chest imaging (X-ray or CT) every
12 months.

Proton beam radiotherapy enables individualized and precise
tumor irradiation while minimizing the exposure of healthy tissue
to radiation. However, it is important to note that this treatment
modality requires close collaboration between the patient and the
specialist, both during the planning stage and the irradiation pro-
cess. Additionally, the preparation period for proton beam radio-
therapy is longer compared to brachytherapy. The efficacy of both
treatment modalities in local tumor control is comparable, and the
likelihood of preserving useful visual acuity in the eye treated with
proton beam radiotherapy is mainly influenced by tumor location,
rather than the type of irradiation used.
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