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A Case of Radiation-Induced Osteosarcoma with RB1 Gene Alteration
Treated by Skull Base Surgery and Craniofacial Reconstruction
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A 35-year-old female presented with headache, photophobia and developed sudden loss of vision after having
undergone right-side ophthalmectomy and radiochemotherapy for retinoblastoma in infancy. A neoplastic
lesion was found in the left middle cranial fossa and was surgically removed. The diagnosis was radiation-in-
duced osteosarcoma with RBI gene alteration. Although she received chemotherapy for the residual tumor, it
progressed 17 months later. Maximal surgical resection with craniofacial reconstruction was required. We uti-
lized two three-dimensional models for surgical planning. She was discharged without neurological deficits
other than loss of light perception subsequent to left ophthalmectomy. In cases where retinoblastoma is treated
with radiotherapy, long-term follow-up is necessary to monitor for radiation-induced tumor development.
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adiation therapy has been used in cancer treat-

ment for more than 100 years and has shown
therapeutic benefits for malignancy. However, late side
effects, including secondary neoplasia, can be a severe
problem for long-term survivors. According to the
United States National Cancer Institute’s Surveillance,
Epidemiology and End Results (SEER) database, the
incidence of secondary neoplasia, including radia-
tion-induced second malignancies (RISMs), has dou-
bled over the past three decades [1]. The diagnostic
criteria for RISMs have been modified over time from
Cahan’s original criteria [2]. Currently, for a tumor to
be diagnosed as an RISM, (a) it must occur within the
previously irradiated field, (b) there must be a sufficient
latency period, such as several years, between the time
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of radiation and the time of tumor development, and
(c) it must differ histologically from the primary dis-
ease.

Retinoblastoma is the most frequent primary ocular
malignancy in the pediatric population, with an inci-
dence of 1 per 15,000 to 20,000 live births worldwide
[3,4]. Inactivation of the RBI tumor suppressor gene is
related to the tumorigenesis of retinoblastoma, and the
distribution of heritable versus non-heritable retino-
blastoma cases is estimated to be 30-40% versus
60-70%, respectively [5]. Since RBI is a tumor suppres-
sor gene, retinoblastoma survivors are at high risk for
RISM. Indeed, RISM is the primary cause of death in
retinoblastoma survivors [6,7]. Although bone sarco-
mas, including osteosarcoma, Ewing sarcoma, and
chondrosarcoma, are the most common RISMs in reti-
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noblastoma, radiation-induced osteosarcoma is a rare
tumor overall, comprising only 5.5% of all osteosarco-
mas and having an incidence of 0.01-0.03% in all irradi-
ated patients [8]. Radiation-induced osteosarcoma is
considered more aggressive than primary osteosarcoma
in terms of both local recurrence rate and life expec-
tancy [9-11] and requires multimodal therapy, includ-
ing surgical resection and chemotherapy.

Here, we report a case of radiation-induced osteo-
sarcoma of the left middle cranial fossa that developed
approximately 35 years after radiotherapy for retino-
blastoma. Multidisciplinary treatment was performed
after careful preoperative examination using worksta-
tions and bone models.

Case Report

A 35-year-old female presented with headache and
photophobia. The patient had been treated for bilateral
retinoblastoma at 7 months of age with ophthalmec-
tomy of the right eye, radiation (40 Gy for the left eye),
and chemotherapy (vincristine +cyclophosphamide);
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left-side visual function was normal. Computed
tomography (CT) and magnetic resonance imaging
(MRI) showed a neoplastic lesion with calcification and
bone destruction extending from the left middle cranial
fossa to the left orbit (Fig. 1A, B). She developed rapid
loss of vision in her left eye and underwent an emergent
craniotomy. The tumor was partially resected at around
70%. Pathological analysis of tumor cells showed
nuclear atypia and osteoid production, with a patho-
logical diagnosis of osteosarcoma (Fig.1C). Since her
symptoms had worsened rapidly, she received postop-
erative chemotherapy for the residual tumor. She was
treated with methotrexate, doxorubicin, and cisplatin
chemotherapy and 6 cycles of high-dose ifosfamide for
the remaining lesions, and the disease was well con-
trolled. However, at 17 months after her initial surgery,
MRI showed that the tumor was increasing in size, and
the heterogenous contrast-enhanced tumor mass was
mainly located on the anterior floor of the middle cra-
nial fossa (Fig. 1D). CT scans revealed a predominantly
osteoblastic expansive lesion of the left sphenoid ridge
growing into the posterolateral orbit, compressing the

Fig. 1

Cranial imaging and pathological findings. Head CT and MRI prior to the initial surgery revealed a calcified and heterogenous

enhanced tumor (A, B). Pathological analysis revealed that tumor cells with nuclear atypia produced osteoid (black arrow), and the patho-
logical diagnosis was osteosarcoma. (C). Seventeen months later, head CT and MRI showed the progression of the tumor accompanied
with an osteoblastic expansive lesion of the left sphenoid ridge growing into the posterolateral orbit, compressing the optic nerve, and
invading the posterior wall of the maxillary sinus, pterygoid fossa, and middle cranial fossa (D, E).
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optic nerve, and invading the posterior wall of the max-
illary sinus, pterygoid fossa, and middle cranial fossa
(Fig. 1E). At the time of tumor recurrence, her visual
acuity was limited to light perception in the left eye,
and her Karnofsky performance score (KPS) was 60.
Because the tumor was resistant to salvage chemo-
therapy (docetaxel, gemcitabine, and 1 course of high-
dose ifosfamide), we planned extensive tumor resection
and craniofacial reconstruction jointly with otolaryn-
gologists and plastic surgeons. Prior to surgery, we
utilized two three-dimensional (3D) models for surgical
planning. First, we created a 3D fusion image from CT
and MRI and visualized the tumor using a 3D image
analysis system (Synapse Vincent Fujifilm Medical Inc.,
Tokyo, Japan) (Fig.2A-C). Second, we prepared a
patient-specific 3D skull base model and designed the
resection line (Fig.2D-G). The medial resection line
connected the supraorbital notch and the foramen ovale
through the medial aspect of the supraorbital fissure and
foramen rotundum. The posterior resection line was set
from the posterior part of the zygomatic arch and fora-
men ovale. As for the facial bone, we planned to resect
it through the medial wall of the left orbit, left maxil-

Fig. 2
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lary sinus, and infratemporal fossa. Removal of the
contents of the left orbit, including the eyeball and part
of the optic nerve, was included in the plan.

Prior to surgery, we embolized the left middle men-
ingeal artery at the entry of the foramen spinosum to
reduce intraoperative hemorrhage. On the day of sur-
gery, we placed the bone model in a double-layered
clean transparent plastic bag and brought it to the sur-
gical field. Craniofacial resection was performed in
accordance with the preoperative planning and the
extradural part of the tumor was resected en bloc. Since
the dura matter attached to the left sphenoid wing was
thickened, we resected the dura matter to the furthest
extent possible. In addition, the brain parenchyma in
the left frontal and temporal lobe adjacent to this dura
matter were also resected. The left eyeball and a portion
of the optic nerve were carefully removed. After maxi-
mal tumor resection, craniofacial reconstructive sur-
gery with a vascularized anterolateral thigh flap was
performed (Fig.3A-D). Postoperative CT and MRI
showed the gross total resection of the tumor with mar-
gin (Fig.3E-H).

On the first postoperative day, the blood flow of the

Preoperative surgical planning utilizing two 3D models. A 3D fusion image was created using Synapse Vincent, with the tumor

shown in yellow (A-C, A: frontal view, B: left lateral view, C: superior view). A 3D skull base model was also made, from which the
resection line was designed (Fig. D-G, D: superior view, E: inferior view, F: frontal view, G: left lateral view). The white arrow indicates
anterior circulation, including the internal carotid artery and middle cerebral artery.
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Fig. 3

Intraoperative findings and postoperative images. After preparing a skin flap, we approached the tumor through the anterior wall

of the maxillary sinus and resected the tumor along the preoperatively designed line from the left orbit to the posterior wall of the maxillary
sinus. Then, craniotomy was performed (A). The anterior and middle skull base were resected along the designed medial line from the
supraorbital notch to the foramen ovale and posterior line. To connect the floor of the middle fossa and sphenoid sinus through the foramen
rotundum, endoscopic assistance from the nasal cavity was useful (B: intracranial view; C: view from the sphenoid sinus). The black
arrow indicates the diamond drill through the foramen rotundum. After gross total resection of the tumor, the vascularized flap (white
arrow) from the right thigh was anastomosed to the facial artery and vein (D). Postoperative CT (E, F) and MRI show the gross total resec-
tion of the tumor (G). The resected cavity was filled with the fat pad and vascularized flap (H).

graft deteriorated and we performed re-anastomosis of
the artery. In order to prevent cerebrospinal fluid (CSF)
leakage, lumbar drainage was continued for 1 week after
surgery. On neurological examination, immediately
after surgery she had right hemiplegia and aphasia,
which improved markedly within a few days. Her sense
of smell was preserved. She was discharged home on
postoperative day 17 at KPS 60. The pathological diag-
nosis was recurrence of osteosarcoma. At 15 months of
follow-up, she has had no recurrence of the tumor.

Ethics approval.  All procedures performed in
this study were in accordance with the ethical standards
of our institutional research committee (IRB#1911-
023), which follows the 1964 Helsinki declaration and
its later amendments. Written informed consent was
obtained from the patient before treatment and prior to
publication of this study.

Discussion

Retinoblastoma is a malignant tumor of childhood

originating from retinoblasts. It is caused by “two-hit”
inactivation of the RBI gene on chromosome 13, ql4.
Approximately 30% of the cases are bilateral while 70%
are unilateral, but all bilateral cases and 10-15% of the
unilateral cases totaling approximately 40% of all cases
are hereditary, with germline alterations in the RBI gene
inherited in an autosomal-dominant manner. Because
the RBI gene is a tumor suppressor gene, hereditary
retinoblastoma survivors are more likely to develop
subsequent malignant neoplasms (SMN) because allelic
mutations in one site of the RBI gene have already
occurred in all cells. The SMN subtypes reported in
retinoblastoma survivors are sarcoma (64%), carci-
noma (13%), melanoma (8%), leukemia and lym-
phoma (4%), CNS tumor (4%), and other SMNs (7%).
Of the SMN subtypes of sarcoma, 56% are bone sar-
coma [7]. Four large cohort studies of long-term reti-
noblastoma survivors from the United Kingdom,
United States, Netherlands, and Denmark have shown
that hereditary retinoblastoma survivors have a much
higher standardized incidence rate of SMN compared to
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the general population, with an 11- to 20-fold higher
incidence of tumors while non-hereditary retinoblas-
toma survivors do not have a higher incidence of
tumors. The 40-year cumulative incidence of any SMN
in the hereditary retinoblastoma survivor population
was determined as 32.9% (95% confidence interval
[CI]: 27-38.9) in the US and 28% (95% CI: 21.0-35.0)
in the Netherlands, respectively [6,12-14].

As for RISM, the long-term cumulative incidence of
SMN is significantly higher in irradiated hereditary ret-
inoblastoma survivors than in non-irradiated hereditary
retinoblastoma survivors, by approximately threefold
[15]. The strongest risk evidence is seen in sarcoma and
melanoma, for which long-term surveillance is recom-
mended [16-19]. The prognosis of radiation-induced
osteosarcoma is very poor. The median progres-
sion-free survival and overall survival of skull base radi-
ation-induced osteosarcoma are 9.5 and 41 months,
respectively [9,10]. Thus, multimodal treatment is
required.

Skull base surgery requires the manipulation of
deeply seated lesions surrounded by vital structures and
a long operation time. As a result, the complication
rate of skull base surgery is reported to be 33 to 54.7%
[20-26], among which the postoperative spinal fluid
leakage rate is reported to be 2 to 25% [27-29] and the
meningitis rate is reported to be 1 to 10% [30]. In addi-
tion, the incidence of internal carotid artery injury, a
major vascular injury, has been cited in 3 to 8% of
reports [31,32], although the number of reports is
small and the actual percentage is expected to be higher.
In order to reduce these complications, preoperative
simulation and training are currently recommended.
As attempts to apply 3D technology to human radiolog-
ical data are increasing, surgical training and preopera-
tive planning using a 3D model of the cranium made of
artificial bone material are attracting attention [33,34].
Surgical routes along the skull base are usually impeded
by a variety of unpredictable blood vessels, bone
shapes, and cranial nerve locations, so detailed indi-
vidualized planning is needed to determine the best
surgical approach. In addition, a realistic surgical sim-
ulation leads to surgeon confidence that the surgery will
be performed smoothly and safely due to the so-called
déja vu effect [35-38]. In this case, in order to safely
perform intraoperative procedures, the resection line
was determined in preoperative meetings with all sur-
geons using 3D fusion images and 3D bone models. The
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tumor was resected as a gross total resection with a neg-
ative margin, with complete preservation of brain func-
tion.

In conclusion, we report a case of radiation-induced
osteosarcoma after irradiation treatment for retinoblas-
toma in infancy. Although the former treatment for
retinoblastoma had been external irradiation, to pre-
serve the patient’s vision, it is rarely practiced any more
because of the risk of long-term complications, includ-
ing RISM. Thus, it is important to maintain long-term
follow-up for retinoblastoma patients who have been
irradiated. After emergent surgery and relapse, the
patient was successfully treated with carefully planned
surgical resection and craniofacial reconstruction. In
surgery for skull base malignancies, it is helpful to con-
duct comprehensive preoperative planning using bone
models and other methods in collaboration with coop-
erating departments, thereby avoiding key neural and
vascular structures.
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