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Retinoblastoma is the most com-
mon childhood primary intraoc-
ular tumor, and occurs primarily 

in young children with 95% of cases 
arising before age 5. The RB1 gene on 
chromosome 13q14 was the first tumor 
suppressor gene discovered, and inac-
tivation of both alleles of the RB1 gene 
is the initiating event in the formation of 
retinoblastoma.1,2 Patients with herita-
ble retinoblastoma have a constitutional 
RB1 mutation and frequently develop 
bilateral retinoblastoma. One-fourth to 
one-third of patients with retinoblas-
toma present with bilateral disease and 
all of these cases are heritable. In addi-
tion, about 13% of cases of unilateral 
retinoblastoma are heritable.2-4 How-
ever, the majority of heritable cases 

have a de novo germline mutation with 
no family history of retinoblastoma.2 

The incidence of retinoblastoma 
has remained constant worldwide at 1 
case per 16,000 to 18,000 live births.5,6 
This corresponds to about 8,000 new 
cases annually, mostly concentrated in 
Asia and Africa where there are large 
populations with high birth rates. Great 
strides have been made in treating reti-
noblastoma in the developed world 
with 3% to 5% mortality in the United 
States, Canada, and Europe; however, 
mortality remains high at 40% to 70% 
in Asia and Africa.2 Radiotherapy has a 
long-standing and well-established role 
in the adjuvant treatment of children 
with retinoblastoma at a high risk of 
local progression. However, the exqui-
site radiosensitivity of normal tissue in 
very young children and the increased 
incidence of radiation carcinogenesis 
in patients with RB1 mutations have 
prompted new approaches of radiation 
avoidance or newer technology that 
might reduce the risk of collateral radia-
tion injury in retinoblastoma patients. 
This case illustrates a unique example 
of a radiation-induced rhabdomyosar-
coma in a child previously radiated for 
retinoblastoma in which proton therapy 

was recommended in hopes of mitigat-
ing additional radiation side effects. 

Pediatric case
At 5 months, our patient, a white 

male, was diagnosed with bilateral 
retinoblastoma. His right eye was 
staged as Group D, according to the 
International Classification for Intra-
ocular Retinoblastoma (large tumor 
with associated retinal detachment), 
and his left eye was staged as Group B 
(3 small peripheral tumors). The deci-
sion was made to treat with carboplatin, 
vincristine, and etoposide (CVE) che-
motherapy in view of bilateral disease 
rather than proceeding with immediate 
enucleation. After an anaphylactic re-
action to the first carboplatin infusion, 
he received ifosfamide, etoposide, and 
vincristine (IVE) for 6 cycles. His ini-
tial response to the chemotherapy was 
good with a response at all tumor sites. 
Unfortunately, at the end of the treat-
ment examination he was noted to have 
an extensive relapse (local and vitre-
ous base) in the right eye and a relapse 
near the macula in the left eye. In view 
of the early relapse, the prior use of if-
osfamide (a major component of any 
chemotherapy relapse strategy) and 
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the prospect of no useful vision in the 
right eye, he underwent enucleation of 
the right eye and radiotherapy to 40 Gy 
to the left eye. A left lateral lens-spar-
ing 6-MV technique exiting through 
the empty right socket was used, pre-
scribed to 2.5-cm depth for 20 fractions 
for 4 weeks using a vacuum fixation of 
the eye (Figure 1). Following comple-
tion of this treatment, the patient has 
had no evidence of recurrence of his 
retinoblastoma. There was no fam-
ily history of retinoblastoma, although 
on examination his father was noted 
to have a retinal scar (retinoma or re-
gressed retinoblastoma). The family 
declined genetic testing.

At 6 years old, now with an additional 
diagnosis of autistic spectrum disorder, 
our patient re-presented to his general 
practitioner with a 1-week history of 
painless swelling of the right side of his 
face. With no prior history of trauma, an 
infectious cause was presumed and he 
received a course of amoxicillin clavula-
nate. When the swelling did not improve 
after 48 hours on the antibiotics, he was 
referred to his local ophthalmologist and 
then to the retinoblastoma specialist for 
further assessment. On examination, he 
was found to have a 4-×-4-cm diffuse 
swelling over the right zygomatic region 
with no palpable adenopathy. Ultra-
sound of the right face revealed an oval-
shaped heterogeneously hypoechoic 
vascularized lesion that measured  

4.5-×-1.1 cm overlying the right zygo-
matic bone with no disruption of the 
underlying bone seen. Magnetic reso-
nance imaging (MRI) of the face and 
neck revealed a well-defined solid en-
hancing mass within the right infratem-
poral fossa with restricted diffusion in 
keeping with tumor. There was overly-
ing soft tissue edema that extended an-
teriorly into the muscles of mastication 
and buccal fat on the right. There were 
some enlarged right parotid and right 
upper cervical chain lymph nodes (Fig-
ure 2). The lesion was noted to involve 
the right zygomatic arch, right skull 
base, and mandibular ramus. 

Biopsy was performed of the mass 
overlying the right zygomatic bone as 
well as the right parotid lymph node and 
the right upper cervical lymph node. All 
3 specimens showed rhabdomyosar-
coma and favored alveolar type because 
of strong myogenin staining and cell 
morphology despite absence of PAX3-
FOXO1 and PAX7-FOXO1 fusion 
transcripts by RT-PCR.

Approximately 6 weeks after pre-
senting, the known right temporal mass 
had enlarged and now measured 5.7-
×-2.8 cm. The additional right parotid 
lesion measured 2-×-1.3 cm. The le-
sion in the right submandibular region 
measured 3.6-×-2 cm. There were sig-
nificantly enlarged right cervical nodes 
with smaller nodes present in the left 
side of the neck. 

Metastatic workup was negative and 
the patient was staged as T2bN1M0, 
Intergroup Rhabdomyosarcoma Study 
(IRS) stage 3, group III. The decision 
was made to treat the patient accord-
ing to the very high-risk group (H) of 
the European Pediatric Soft Tissue 
Sarcoma Study Group (EpSSG) RMS 
2005 study (the patient was technically 
eligible for enrollment because this was 
a second tumor) with the application 
of proton therapy for local control. He 
commenced chemotherapy with ifos-
famide, vincristine, actinomycin-D, and 
doxorubicin (IVADo) 2 months after 
presenting with right facial swelling. He 
tolerated chemotherapy poorly and lost 
4 kg in the first 2 weeks of treatment. A 
percutaneous endoscopic gastrostomy 
(PEG) tube was placed to maintain his 
nutrition. He had significant nausea, 
vomiting, mucositis, and anorexia and 
was hospitalized through the majority 
of his first 4 cycles of chemotherapy. 
MRI after completion of 4 cycles of 
IVADo demonstrated an almost com-
plete resolution of the right temporal 
mass and significant improvement in 
the right cervical adenopathy. 

As per protocol, he continued on if-
osfamide, vincristine, and actinomycin 
D (IVA) maintenance for 2 cycles prior 
to starting radiotherapy. MRI after the 
second cycle of IVA chemotherapy 
demonstrated no remaining disease. 
He commenced proton radiotherapy 
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FIGURE 1. Recreation of the original left lateral lens-sparing 6-MV technique prescribed to 2.5-cm depth.
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in conjunction with the third cycle of 
IVA chemotherapy. A total of 41.4 
Gy (relative biological effectiveness 
[RBE]) was delivered at 1.8 Gy (RBE) 
per daily fraction (23 fractions) to a 
target volume based on the pre-chemo-
therapy extent of disease, including the 
right cervical nodal chain, and the right 
parotid region with a 2-field 3-dimen-
sional conformal passive double-scat-
tering proton plan. An additional 9 Gy 
(RBE) at 1.8 Gy (RBE) per daily frac-
tion (5 fractions) was given to a target 
volume based on the post-chemother-
apy volume for a total dose of 50.4 Gy 
(RBE) in 28 daily fractions (Figure 3). 

The patient completed adjuvant che-
motherapy with 6 cycles total of IVA, 
and then received maintenance therapy 
with vinorelbine and oral cyclophos-
phamide for 6 cycles. Currently he is 
alive and well 12 months after complet-
ing treatment. He has normal endocrine 
function, no abnormal audiology, no 
additional eye changes beyond his origi-
nal diagnosis, and a reduced fractional 
shortening (28%) secondary to his an-
thracycline exposure. He continues ex-
periencing nutritional difficulties and 
relies on his percutaneous endoscopic 
gastrostomy (PEG) tube for feeding, and 
his educational progress and difficul-
ties pertaining to his autistic spectrum  

disorder have been compounded by the 
social complexities of his recent treat-
ment away from his home. 

Discussion
Even with successful treatment of 

retinoblastoma, patients with a constitu-
tional RB1 mutation are highly suscep-
tible to developing secondary malignant 
neoplasms (SMNs). The risk of SMNs 
in patients with heritable retinoblastoma 
is estimated to be 36% to 48% at 50 
years.7,8 This translates to an increased 
mortality from SMNs at 50 years after 
diagnosis in patients with heritable 
retinoblastoma of 17% to 26%.9,10 Re-
cently, patients with an inherited germ-
line mutation were found to have an 
increased risk for SMN compared to 
those with a de novo germline muta-
tion, largely due to an increased risk for 
melanoma, and there was no increased 
risk for bone or soft tissue sarcoma.11 
The increased risk of SMN may have a 
genetic basis, as patients with recurrent 
nonsense mutations have been found 
to have an increased risk of SMNs and 
those with low-penetrance mutations 
have a lower risk.12

Radiotherapy results in a threefold 
increased risk of SMNs in patients with 
heritable retinoblastoma. An analysis 
of the Dutch retinoblastoma registry 

found that the risk of SMN was 13.3% 
at 40 years in patients with heritable 
retinoblastoma who did not receive ra-
diotherapy, and this increased to 33.2% 
in those who received radiotherapy.13 
A cohort of heritable retinoblastoma 
patients from the United States dem-
onstrated a cumulative risk of SMN of 
21% at 50 years in those who did not re-
ceive radiotherapy, compared to 38% in 
those who received radiotherapy.8 Soft 
tissue sarcomas account for a sizeable 
proportion of these SMNs in patients 
with heritable retinoblastoma who re-
ceive radiotherapy, with a 13% cumu-
lative incidence at 50 years.14 A further 
analysis demonstrated that irradiated 
survivors had an increased risk of death 
from SMNs with a standard mortality 
ratio (SMR) of 3 times that of nonirra-
diated survivors. Patients irradiated at 
12 months or younger had a further in-
creased risk of death from SMNs with 
an SMR of 2 compared to those irradi-
ated older than 12 months.10 

Of the heritable retinoblastoma pa-
tients who receive radiotherapy and 
develop an SMN, 40% to 70% of these 
will occur in the radiation field.7,13,15 
SMNs that occur in a radiation field 
develop at an earlier age than those 
that occur outside of a radiation field 
or those in patients who did not receive 
radiation therapy. One review of over 
600 retinoblastoma patients with SMNs 
found a median age of diagnosis of 9 
years for tumors in the radiation field. 
Approximately 70% of these tumors 
will be bone or soft tissue sarcomas. 
There also appears to be a radiation 
dose response for developing an in-field 
sarcoma, with a risk threshold as low 
as 5 Gy.16 Patients with rhabdomyo-
sarcoma had the youngest age of onset 
with a median age of 7 years,13 very 
similar to our patient.

Radiation technique may also mod-
ify the risk of SMNs in patients with 
heritable retinoblastoma. One analy-
sis found the cumulative risk of SMNs 
was 32.9% at 40 years in patients with 

FIGURE 2. MRI demonstrating a well-defined solid enhancing mass within the right infratem-
poral fossa involving the right zygomatic arch, right skull base, and mandibular ramus. Note 
the enlarged right parotid and right upper cervical chain lymph nodes.
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heritable retinoblastoma treated with 
orthovoltage (prior to 1960), and this 
decreased to 26.3% in those treated with 
techniques that generated less scatter.7 
Conformal photon techniques such as 
volumetric arc therapy may provide bet-
ter conformality and may better spare 
the orbital bone and brain from higher 
doses compared to 2- or 3-dimensional 
conformal radiotherapy. However, 
these techniques also generate a higher 
integral dose of tissue receiving >5 Gy, 
which may increase the risk SMNs in 
patients with a germline mutation.17-19 
Dosimetric analyses have demonstrated 
that proton therapy results in optimal 
target coverage with the lowest dose 
to the surrounding orbital bone and re-
duced integral dose.18,19 Proton therapy 
may reduce the risk of SMN in patients 
with germline mutations compared to 
electron or photon techniques. The first 
report on SMN of patients with retino-

blastoma treated with proton therapy 
demonstrated a 10-year incidence of 
only 5%. Of the 52 patients from that 
single institution series, 85% had heri-
table retinoblastoma and the 1 patient 
with SMN suffered from a femoral os-
teosarcoma.20 While promising, this 
small series with a median 6.9 years of 
follow-up will need continued follow-
up to confirm these results.

The in-field alveolar rhabdomyosar-
coma with lymph node metastases that 
developed in our patient occurred in a 
typical time frame from his initial ra-
diation for his retinoblastoma. Patients 
with clinical group III (unresectable 
at diagnosis) rhabdomyosarcoma who 
were treated on IRS IV had a 5-year 
freedom from treatment failure rate of 
77%; however, this was lower at 63% 
for those with parameningeal prima-
ries.21 Patients on IRS IV with lymph 
node metastases had a significantly 

worse 5-year freedom from treatment 
failure rate at 46% compared to 73% 
for patients with N0 disease. This dif-
ference was more pronounced in those 
with alveolar histology,22 although the 
adverse prognosis seen with alveolar 
histology is likely driven by the 70% to 
80% of these patients who have a PAX-
FOXO1 fusion gene. A recent analysis 
attempted to combine stage, age and 
molecular data to develop a better risk 
stratification for patients with rhabdo-
myosarcoma and defined 4 clinicomo-
lecular risk groups. Patients such as 
ours who were stage 3 and did not have 
a PAX7-FOXO1 or PAX3-FOXO1 fu-
sion were placed in clinicomolecular 
risk group 2 with a 5-year overall sur-
vival rate of 65%.23

Our patient received standard Euro-
pean chemotherapy and the decision 
was made to use proton radiotherapy for 
local control because it has been shown 
to reduce the dose to the optic structures, 
brain, hypothalamus, pituitary, and all 
contralateral structures in a paramenin-
geal rhabdomyosarcoma.24 The reduced 
integral dose was also thought to be par-
ticularly important in this patient with a 
history of heritable retinoblastoma and 
already 1 radiation-induced SMN. The 
first clinical series of patients with para-
meningeal rhabdomyosarcoma treated 
with proton radiotherapy demonstrated 
comparable tumor control, with survival 
and toxicity comparing favorably to con-
temporary series.25 In our patient, the 
proton plan delivered no dose to his optic 
nerve, pituitary, hypothalamus, or con-
tralateral facial structures. Less than 50% 
of his ipsilateral temporal lobe received 
>20 Gy. His bilateral hippocampi and 
contralateral (left) temporal lobe were 
entirely spared, which was critical given 
his pre-existing developmental delay and 
autistic spectrum disorder. 

Patients with heritable retinoblas-
toma who survive an SMN remain at 
risk for further neoplasms. Examina-
tion of the Dutch registry demonstrated 
a 7-fold hazard ratio for the risk of a 

FIGURE 3. Two-field proton plan encompassing the primary tumor, right upper cervical nodal 
chain, and the right parotid region.
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third malignancy compared to the risk 
of a second malignancy. All of the third 
malignancies developed within 20 years 
of the SMN and only one of 11 were in 
the radiation field. Developing a third 
malignancy was also associated with a 
fivefold worse survival than developing 
a second malignancy.26 Of 211 patients 
with SMN after retinoblastoma fol-
lowed at a clinic in New York, the risk 
of developing a third primary was 22% 
at 10 years, and the 10-year survival rate 
for patients with a third malignancy was 
30%. The median time to developing a 
third malignancy was 6 years.27

Patients with heritable retinoblas-
toma are at an increased risk of SMN, 
and this risk is significantly increased 
by radiotherapy. Using proton therapy 
over photon therapy may reduce this 
risk as well as other late effects of ra-
diotherapy. In this unique setting where 
radiotherapy is determined to be neces-
sary for an optimal chance of disease 
control, then proton therapy specifically 
should be considered to minimize long-
term toxicity and the risk of subsequent 
malignancies.
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