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I. Introduction

Osteosarcoma is a rare malignant bone tumor that most 
commonly arises in the extremities and rarely in the head 
and neck region1. Osteosarcoma of the head and neck region 
comprises less than 10% of all osteosarcomas and 1% of all 
head and neck malignancies2.

The two main therapies for head and neck malignancies are 
surgery and radiation. Since it is known that osteosarcoma 
is a relatively radio-resistant malignant tumor, radiotherapy 
is usually not considered as the first choice of treatment3. In 
a retrospective study of 26 Korean patients with osteogenic 
sarcoma of the jaw, Jeong et al.4 found that the most impor-
tant factor for disease survival was surgical resection with a 
clear margin. Carbon-ion radiotherapy (CIRT) has recently 
emerged as an alternative therapy due to its concentrated dis-

tribution and strong biological effects. Photon radiotherapy 
with a dose of 50-60 Gy (gray) is currently considered to 
have a minor role in multi-disciplinary approaches5,6.

Here, we report a 50-year-old male who underwent CIRT 
without resective surgery on an osteosarcoma.

II. Case Report 

A 50-year-old male was referred for evaluation and treat-
ment of a malignant mesenchymal tumor of the left man-
dible, which was diagnosed after a peroral incisional biopsy 
that suggested sarcoma in November 2016. He reported 
symptoms such as facial swelling, weakness of ipsilateral 
facial nerve (temporal branch) and severe pain (visual ana-
logue scale [VAS], 7-8). Magnetic resonance imaging (MRI) 
revealed an osteolytic mass centered at the left mandibular 
condyle with involvement of the infratemporal fossa and 
pterygoid muscles.(Fig. 1. A) It was in close proximity with 
the inferior alveolar nerve, left parotid gland, pterygopala-
tine fossa, and skull base (cT1N0M0, high grade, stage IIA). 
While we originally recommended that he undergo surgi-
cal resection with microvascular reconstruction, the patient 
declined and underwent definitive CIRT at an institution in 
Japan. A total dose of 70.4 GyE (gray equivalents) in 16 frac-
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tions was administered over 1 month (from December 16, 
2016 through January 13, 2017).

In February 2017, he re-visited our institution for a check-
up and revealed new symptoms such as dysesthesia on the left 
buccal cheek, limited mouth opening, xerostomia, oral ulcers 
and ipsilateral otitis externa with hearing loss, which were 
considered to be CIRT side effects.(Fig. 2. A) While showing 
these new symptoms, the patient insisted on a reduced pain 
score of VAS 2-3, which had been 7-8 before treatment.

In April 2017, an MRI was taken and compared with one 
taken 6 months previously. The malignant mass increased 
in size (4.5 cm×3.9 cm to 7.2 cm×5.3 cm), with central ne-
crosis. Furthermore, involvement of the infratemporal fossa, 
pterygoid process, parotid gland and abutting into the poste-
rior wall of the left maxillary sinus was observed.(Fig. 1. B) 
No signs of lymph node metastasis were evident. The patient 

claimed no pain.
In October 2017, an MRI for periodic follow-up showed no 

change in the overall size of the large expansile necrotic tu-
mor.(Fig. 1. C) However, in a positron emission tomography-
computed tomography (PET-CT) whole body scan, newly de-
veloped 18F-fluorodeoxyglucose (FDG) uptake were found in 
the ipsilateral mandibular ramus and right lower lobe of the 
lung, suspicious for recurrence and metastasis, respectively.

A multidisciplinary discussion transpired between the De-
partments of Oral and Maxillofacial Surgery, Medical Oncol-
ogy, Radiation Oncology, and Thoracic and Cardiovascular 
Surgery. The patient was able to tolerate mouth opening for 
a peroral biopsy to determine the subtype, which turned out 
to be osteosarcoma, epithelioid type.(Fig. 2. B) The first pal-
liative chemotherapy, with cisplatin and doxorubicin, did not 
seem to have an effect on the lesion. Palliative radiotherapy 
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Fig. 2. A. Apirl 2017. The patient had 
newly-developed symptoms such as 
dysesthesia on left buccal cheek, limited 
mouth opening, xerostomia, oral ulcers 
and ipsilateral otitis externa with hearing 
loss. B. January 2018. Peroral biopsy of 
ulcerative soft tissue mass was done.
Tae-Wook Ha et al: Carbon-ion radiotherapy in os-
teosarcoma of the mandible: a case report. J Korean 
Assoc Oral Maxillofac Surg 2021

Fig. 1. Measured tumor size in magnetic resonance imaging. A. October 2016, before carbon-ion radiotherapy (CIRT). 4.5 cm×3.9 cm. B. 
April 2017, 3 months after CIRT. 7.2 cm×5.3 cm. C. October 2017, 9 months after CIRT. No change in overall size of tumor. D. October 
2018, 21 months after CIRT. Suspected recurrence of tumor.
Tae-Wook Ha et al: Carbon-ion radiotherapy in osteosarcoma of the mandible: a case report. J Korean Assoc Oral Maxillofac Surg 2021
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of total 2,500 cGy over 8 days (February 28 to March 7, 
2018) was then conducted. After the eighth palliative chemo-
therapy, a PET-CT taken in March 2018 demonstrated slight 
decreases in the sizes of the left mandibular mass and lung 
nodules.

A second multidisciplinary meeting was held in September 
2018 to discuss treatment planning, including the need for 
surgical resection of the primary lesion and lung nodules. 
The plan was to perform lung metastasectomy with resec-
tion of the primary lesion if possible, but the patient refused 
to undergo surgery. On MRI and PET-CT taken in October, 
1 month after the multidisciplinary meeting, recurrent tumor 
with metastatic lymphadenopathy was suspected.(Fig. 1. D, 3. 
D) In December 2018, necrotic change of the tumor was ob-
served, and the patient received intravenous antibiotic thera-
py under admission. During outpatient visits from December 
2018 to April 2019, necrotic bone falling out of the mandible 
was observed.

On chest CT and neck CT taken in January 2019, the over-
all disease was stable, implying successful local control of 
the primary lesion as well as the lung metastases, for the time 
being. The patient refused to undergo surgical treatment and 
is now awaiting palliative chemotherapy when his general 
condition improves.

III. Discussion

According to the National Comprehensive Cancer Network 
(NCCN) guidelines, both primary and adjuvant treatments 
can be altered according to the grade and subtype of osteo-
sarcoma. The epithelioid type is categorized as a rare variant 
of the central (intramedullary) type with a high histological 

grade7. Preoperative chemotherapy can be performed after 
reassessment of the lesion with various imaging modalities 
including MRI, PET-CT, and chest CT. If the tumor is con-
sidered resectable, wide excision can be done with adjuvant 
treatment of chemo- and radiotherapy. A literature review 
indicates that the current principle of treatment for osteo-
sarcoma of the extremities is neo-adjuvant chemotherapy 
prior to surgery and subsequent adjuvant chemotherapy, but 
the principle of treatment for head and neck osteosarcoma 
involves a primarily multidisciplinary approach. The major 
component of multidisciplinary management is adequate 
surgical resection with wide margins8. The benefits of both 
neoadjuvant and adjuvant chemo/radiotherapy remain con-
troversial. Osteosarcomas are known to be relatively resistant 
to conventional photon radiation therapy, which makes radia-
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Fig. 4. A comparison of the physics of X-ray and particle beam 
doses. The proton and carbon ion beams have a significantly 
lower entrance dose, and no exit dose.
Tae-Wook Ha et al: Carbon-ion radiotherapy in osteosarcoma of the mandible: a case 
report. J Korean Assoc Oral Maxillofac Surg 2021

Fig. 3. A. November 2016. Mass with increased 18F-fluorodeoxyglucose (FDG) uptake in the left masticator space, suggesting malignancy. 
No sign of lymph node or distant metastasis was observed. B. October 2017, 9 months after carbon-ion radiotherapy (CIRT). C. February 
2018, 13 months after CIRT. D. October 2018, 21 months after CIRT. Recurrent tumor with metastatic lymphadenopathy was suspected.
Tae-Wook Ha et al: Carbon-ion radiotherapy in osteosarcoma of the mandible: a case report. J Korean Assoc Oral Maxillofac Surg 2021
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tion therapy insignificant as a primary modality. On the other 
hand, the benefits of radiotherapy are the reduction of local 
recurrence and improvement of overall survival for patients 
with positive/uncertain surgical margins9,10.

CIRT is a heavy ion radiotherapy that uses a particle beam 
of carbon ions. Particle beam is different from conventional 
radiotherapy in both its physical and biological characteris-
tics. In conventional radiotherapy, a photon releases energy 
continuously through biological objects, thus the dose is 
distributed roughly equally throughout the path. In particle 
beams, however, the energy is released at the inverse of the 
velocity11. The particle beams are accelerated very fast (ap-
proximately 70% of the speed of light) when they enter the 
patient’s body, thus the interaction between healthy tissue and 
the beam is low at the entry. However, when the speed drops 
as the beam pierces deeper into the patient’s tissues, the beam 
deposits almost all its energy at a certain velocity, suddenly 
rising to a peak when the particles ultimately stop (the “Bragg 
peak”).(Fig. 4) Furthermore, the dose deposition decreases 
rapidly after the Bragg peak, so the toxicity is significantly re-
duced by dose-sparing of normal and untargeted structures12. 
The charged particle beam can be adjusted to reach the Bragg 
peak precisely at the tumor. Other particle beams, such as 
protons, have a similar dose distribution as carbons. However, 
compared to protons, carbon with its larger mass decreases 
beam scattering, resulting in a sharper dose distribution bor-
der with minimal penumbra13. Therefore, CIRT is expected to 
suppress tumor growth and reduce complications of normal 
tissues, potentially more efficiently than protons or X-rays. 

Linear energy transfer (LET) is defined as the amount of 
radiation energy released to the surroundings per unit length 
as it passes through the medium. Because of the large LET of 

the carbon beam, the carbon beam has a biological effect that 
is significantly different at the DNA level. Relative biological 
effectiveness (RBE), a measure of the biological potency of a 
particular radiation modality, is defined as the ratio of a refer-
ence dose (usually X-rays of 250 kVp) to the test radiation 
dose in causing the same tumor kill. Therefore, the RBE of 
a photon is 1. Although RBE is a complex value affected by 
many variables (the LET of the test radiation, physical dose, 
type of tumor irradiated, depth of tumor, end point, etc.), gen-
erally speaking, the RBE for a proton is considered to be 1.1, 
and the RBE for a carbon ion is accepted to be 2-3 or higher14.

The dose distribution of CIRT is advantageous. However, 
it is not perfect because the range of the Bragg peak is uncer-
tain at the distal end, the range is sensitive to set-up variation, 
anatomical change can occur inter-fractionally, and there can 
be tumor motion. Despite these obstacles, it is believed that 
CIRT can deliver higher energy to deep tumors than photon- 
or proton-based treatments while simultaneously saving 
nearby radiosensitive structures15. Although no phase III ran-
domized trial data exist, the reported oncologic outcomes and 
side effect profiles of CIRT are very encouraging16. Because 
the infrastructure is costly, transnational collaborations are 
necessary to provide the basis of benefit14.

Patients with sarcomas originating in the head and neck re-
gion have the lowest overall survival rates among those with 
sarcomas of other body parts17. Jingu et al.18 reported that the 
overall survival rate of patients with head and neck osteosar-
coma treated with CIRT was superior to that in past studies 
using conventional therapy. The 3-year overall survival rate 
was 44.4%, whereas the reported 3-year survival rates for 
patients with unresectable osteosarcoma of the head and neck 
are 30% or less18. Compared with conventional radiotherapy 

Fig. 5. A. October 2016. Osteolytic lesion on left mandibular condyle with pathologic fracture. B. March 2018. C. November 2018. Ne-
crotic change was noted. D. January 2019.
Tae-Wook Ha et al: Carbon-ion radiotherapy in osteosarcoma of the mandible: a case report. J Korean Assoc Oral Maxillofac Surg 2021
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and CIRT with lower doses, CIRT with 70.4 GyE/16 fractions 
for bone and soft-tissue sarcoma of the adult head and neck 
is considered effective with acceptable toxicities18. No other 
studies of dose-escalation were found in our search of the lit-
erature.

In some case reports, CIRT showed a positive effect when 
combined with subsequent surgical removal of recurrent os-
teosarcoma. Kohyama et al.19 reported performing salvage 
and reconstructive surgery for the recurrence of osteosarcoma 
after CIRT. No postoperative complications, such as wound-
healing delay, were observed, so early initiation of adjuvant 
chemotherapy was possible19. In our case, pulmonary metas-
tases posed an obstacle to surgical resection of the primary 
lesion following CIRT. Our patient had necrotic bone falling 
out of the mandible 2 years after the CIRT since December 
2018.(Fig. 5) Sasahara et al.20 reported that volumes receiv-
ing more than 50 GyE and the presence of teeth within the 
planning target volume were risk factors for the development 
of osteoradionecrosis (ORN) after CIRT. Therefore, reduc-
tion of the bone volume exposed to a high radiation dose may 
prevent ORN20. In our case, the patient underwent palliative 
radiotherapy as well as CIRT, so the risk for ORN was higher.

Heavy ion therapy is still in its infancy compared with oth-
er radiotherapy modalities. However, technological advance-
ments such as LET painting, mixed beam strategy which 
adopts oxygen ions for hypoxic tumors, and improvement of 
motion management technologies make the future of heavy 
ion therapy promising14. Thus, CIRT is likely to play a major 
role as a future radiotherapy modality.
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