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Purpose: Proton beam radiation therapy (PBRT) is a treatment option for advanced retinoblastoma (RB) resistant
to chemotherapy and focal ophthalmic treatment. Here we report a case of RB with phthisis bulbi following
PBRT.

Observations: A 16-day-old boy with a family history of RB was referred to our institution. Initial examination
revealed an extensive white mass in the right eye and a small tumor near the optic disk of the left eye. The patient
was diagnosed with bilateral RB and treated with chemotherapy and focal ophthalmic therapy. The right eye
showed shrinkage in the treatment course. The tumor control was not achieved bilaterally, and, therefore, PBRT
was performed to preserve the eyes. However, the right eye became significantly phthisical following PBRT and
ultimately required enucleation.

Conclusions and importance: PBRT for RB may result in phthisis bulbi. Further investigations of its role and

possible complications are warranted.

1. Introduction

Retinoblastoma (RB) is the most common intraocular malignancy in
childhood. The incidence is estimated at approximately 1 in every
16,000 live births, with sporadic (60%) and hereditary (40%) forms.'
Although uncommon and atypical, the incidence of patients with RB
who presented with primary phthisis bulbi was reported to be approx-
imately 39%.%° Currently, proton beam radiation therapy (PBRT) is one
of the final treatment options for eye-preserving therapy with progres-
sive diseases resistant to chemotherapy and focal treatment.” Protons
are physically advantageous over photons in sparing normal tissues.’
This reduction in orbital irradiation is clinically important, which
potentially decreases the late occurrence of secondary malignancies and
retardation of orbital bone growth. Reports that analyzed the compli-
cation of PBRT for RB are limited. Here we present a clinical course of RB
that led to phthisis bulbi and eventually required enucleation.

2. Case report

A 16-day-old boy with a family history of bilateral RB (father and
elder brother) visited our institution for an eye evaluation and was
diagnosed with bilateral tumors. Color fundus performed using a
RetCam3® (Clarity Medical System, Pleasanton, CA, USA) showed RB
with focal subretinal seeding and fluid in the right eye and juxtapapil-
lary RB in the left eye. Computed tomography (CT) scan revealed that
the tumor was occupying half of the right eyeball (Fig. 1). According to
the International Classification for Intraocular Retinoblastoma staging
system,® the disease stage was group E and B in the right and left eye,
respectively. Based on the American Joint Committee on Cancer staging
8th edition,” the tumors were categorized as cT2b and cT1b in the right
and left eye, respectively. No intracranial abnormality (trilateral RB®)
was observed at the initial imaging.

Chemotherapy with vincristine, etoposide, and carboplatin was
administered. After six cycles of the regimen, additional focal treatments
were administered. Local therapy included five consecutive intra-
arterial melphalan injections (2 mg and 5 mg/m?2/body surface area)’
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Fig. 1. Fundus photography and CT findings at baseline.

A and B, fundus images of OU. Extensive mass with local subretinal seeding and serous retinal detachment in OD. Small mass located near the optic nerve in OS.

C, Representative axial CT slice, the tumor occupying >50% of OD.

Fig. 2. Proton dose distribution plan with lateral beam, covering a target volume confined to the tumors in the posterior retina, sparing the lens.

with transpupillary thermotherapy for both eyes, two intravitreal
melphalan injections (16 pg in 0.05 mL solution)'? for the right eye, and
cutting-cryotherapy for the juxtapapillary tumor in the left eye. The
tumors regressed first, but the right eye showed recurrence with diffuse
subretinal and vitreous seeding, and the tumor near the optic disk per-
sisted in the left eye. In this case, the juxtapapillary tumor of the left eye
was refractory to chemotherapy and multiple focal treatments. At that
time, no useful vision would have been possible in the right eye as it was
already shrinking. Enucleation of the right eye or the use of simulta-
neous bilateral irradiation was carefully considered. When making the
medical decision, the parents wished for immediate treatment for the
left eye and preservation of the right eye if possible. Therefore, we
deemed radiotherapy as a viable treatment option to salvage the affected
eye as retinoblastomas are highly sensitive to radiation.

PBRT is a widely used treatment modality in pediatric and ocular
tumors such as pediatric brain tumors'' or uveal melanomas'?; how-
ever, the application of PBRT on RB is limited. Compared to external
beam radiation therapy (EBRT), PBRT has unique physical properties by
using photons, which reduces not only ocular side effects, such as
cataract development, orbital fat atrophy, and bone growth abnormal-
ities, but also the incidence of subsequent primary malignancies, as the
size of the target volume in PBRT is smaller.!! Therefore, PBRT was
decided as a reasonable treatment option to preserve both eyes.
Consequently, bilateral PBRT was performed at 11 months. Radiation
covered the whole retina behind the lens of the right eye and was
distributed to the retina around the optic disk of the left eye, with a total
dose of 45 Gy delivered in 25 fractions (Fig. 2). One month after the end

of the PBRT, laser photocoagulation and intravitreal chemotherapy were
additionally performed. After 3 months, monitoring with examination
under anesthesia (EUA) showed inactive and calcified tumors in the
right and left eyes, respectively. After completing the PBRT, the right
eye was evidently phthisical at the age of 1 year and 11 months. With a
poor prognosis, the right eye was enucleated.

The patient underwent EUA before the enucleation surgery, and
fundus photos were obtained (Fig. 3). During EUA, a phthisical right eye
with lens opacity and hypotony was observed. Fluorescein angiography
revealed no neovascularization into the anterior chamber. The posterior
pole was not visible due to cataract and shrunken globe. The left eye
showed a normal anterior chamber and a regressed tumor adjacent to
the optic disk.

Histopathological analysis of the enucleated eye (Fig. 4) showed a
dysplastic retina with almost complete tumor necrosis. Microscopic foci
of choroidal invasion without viable tumor cells were also observed.
However, high-risk histopathological features for metastasis,">* such
as anterior structure, massive choroidal, and optic nerve invasions and
scleral infiltration, were not observed.

Follow-up brain magnetic resonance imaging was performed regu-
larly for screening and monitoring the optic nerve invasion. The patient
is alive at the time of writing this report and did not develop a recurrence
or metastatic disease during the 4-year follow-up period. The intraocular
condition of the left eye was stable at the last follow-up.
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Fig. 3. EUA images before enucleation.
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A and B, External photograph showing lens opacity and fluorescein angiogram of the iris showing no neovascularization in OD.
C and D, Fundus photography showing juxtapapillary retinoblastoma with calcification, depicted as hypofluorescence by fluorescein angiography in OS.

Fig. 4. Pathology of the enucleated eye.

A, Gross photograph of the enucleated eye. A residual tumor fills half of the posterior segment.

B, Histopathology of the whole eye (hematoxylin-eosin stain).

C, Photomicrograph showing calcification and a cluster of inviable tumor cells (hematoxylin-eosin stain, original magnification x 20).

3. Discussion

RB is highly radiosensitive and EBRT has been the first-line and
major treatment modality for this condition for more than a century.'®
However, the use of EBRT has significantly decreased because of
radiation-induced side effects, particularly orbital bone growth abnor-
malities and secondary malignancies.”'® Therefore, modern manage-
ment strategies were replaced by intravenous chemotherapy to reduce
the tumor size (chemoreduction) combined with local therapy, such as
cryotherapy, laser photocoagulation, plaque radiotherapy, intra-arterial
chemotherapy,’ and intravitreal chemotherapy.' !’

Advancement in radiation therapy resulted in the development of the
novel PBRT technique.'! Compared with conventional photon-based
radiotherapy, PBRT minimizes damage to normal adjacent structures'®

and may potentially reduce the risk for long-term adverse events.'®!%%°

Well-known PBRT-induced adverse events include cataracts, radiation
retinopathy, neovascular glaucoma, optic neuropathy, and vitreous
hemorrhage, though phthisis bulbi is rarely reported.'®>! To the best of
our knowledge, only one case with ciliary body failure, which was
highly similar to phthisis bulbi after PBRT, has been reported.” PBRT is
also the treatment of choice in patients with uveal melanoma, which is
the most common type of primary ocular malignancy in adults. Phthisis
bulbi after PBRT in patients with melanoma is rare. In a large
case-control study, 5% of juvenile patients and 4% of adult patients
developed phthisis bulbi.'?

In this report, we present a case of phthisis bulbi after PBRT for RB
that shrunk in the course of preceding treatments. However, the exact
mechanism of phthisis bulbi was unclear. We postulated that the eye
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with inadequate blood supply caused by the tumor and vascular toxic-
ities triggered by the intra-arterial chemotherapy”” began to shrink
before PBRT and ultimately progressed to phthisis bulbi with ciliary
body failure induced by irradiation.?®

4. Conclusions

It is unclear which cases of PBRT performed for RB result in phthisis
bulbi, as the number of such cases reported in the literature is small.
Further studies are required to better understand the complication
profile and overall role of PBRT in the context of RB management.
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