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INTRODUCTION
The head and neck region consists of subsites, including the 

oral cavity, pharynx, larynx, nasal sinuses, salivary glands, and 
orbits, and contains important organs performing functions 
that are directly related to the Quality of Life (QOL), such as 
chewing, swallowing, and phonation. It has been reported that 
32% of head and neck cancers occur in the oral cavity, 24% in 
the larynx, 35% in the pharynx, and 9% in the nasal cavity and 
sinuses [1]. Histopathologically, more than 95% of head and neck 
cancers are squamous cell carcinomas. With the advent of an 
aging society, there has been an increase in the number of people 
affected by head and neck cancers, including oral and pharyngeal 
cancers. Since head and neck cancers grow in or invade organs 
directly related to the QOL, surgical therapy, and, in the case of 
squamous cell carcinoma, radiotherapy and chemoradiotherapy, 
play an important therapeutic role. However, non-squamous 
cell carcinomas, such as adenocarcinoma and adenoid cystic 
carcinoma, are less radiosensitive to X-rays than their squamous 
cell carcinomas, and malignant melanoma is radioresistant. 
Therefore, non-squamous cell carcinomas are less likely to be 
cured by conventional radiotherapy, making surgical therapy 
the first-line treatment. However, locally advanced head and 

neck malignancies are often difficult to treat by surgery in many 
patients because of anatomical features.

Treatment results for non-squamous cell head and 
neck cancer

Radiotherapy is usually selected for patients whose 
squamous cell carcinomas are difficult to surgically resect 
due to their location and extent of local invasion, or in whom 
a decrease in the postoperative functional/cosmetic QOL 
becomes problematic. However, no sufficient local effects can be 
expected from conventional radiotherapy for low-radiosensitive 
non-squamous cell carcinomas. For resectable head and neck 
adenocarcinomas and adenoid cystic carcinomas, surgical 
treatment was generally performed [2]. Although many studies 
have reported the usefulness of postoperative radiotherapy, 
reports on the results of single-modality radiotherapy for 
unresectable head and neck carcinomas are limited. Mendenhall 
et al. reported that the 5- and 10-year local control rates of a 
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combination of surgery and postoperative radiotherapy for 
head and neck adenoid cystic carcinomas were 94 and 91%, 
respectively, and the postoperative radiotherapy was effective 
if the surgical margins were histopathologically positive [3,4]. 
They also reported that the 5- and 10-year local control rates 
of single-modality radiotherapy for adenoid cystic carcinomas 
were low, at 56 and 43%, respectively, and less satisfactory, at 
44 and 30%, respectively, for patients with T4 carcinomas [3]. 
The 10-year survival rate of patients treated by a combination 
of surgery and postoperative radiotherapy was 65%, whereas 
that of those treated by single-modality radiotherapy was only 
44% [3]. These reports indicate that the results of treatment of 
head and neck adenocarcinomas and adenoid cystic carcinomas 
by single-modality radiotherapy are poor [4-7].

Since malignant melanoma cells are highly radioresistant [8-
10], head and neck mucosal malignant melanomas are difficult to 
control by conventional single-modality X-ray radiotherapy [11]. 
In addition, chemotherapy has not been established for these 
malignant melanomas [12], making extensive surgical resection 
the treatment of choice [13]. However, it is often difficult to 
perform extensive resection with reconstruction because of 
functional and esthetic problems in the face, head, and neck 
regions, and because tumors often invade the orbit and skull 
base. In patients with unresected melanoma, a combination of 
radiotherapy and anticancer drug therapy or immunotherapy 
is often used. However, the 5-year survival rate of patients 
so treated by  these treatments is reportedly low, at about 20-
35% [14,15]. Postoperative radiotherapy has been attempted in 
patients with resected mucosal malignant melanomas. Most of 
studies have reported that postoperative radiotherapy improves 
local control rates, but does not contribute to improving survival 
rates. Moreno et al. reported that conventional postoperative 
fractionated radiotherapy improved local control, but not 
survival [14]. Gilligan et al. reported that the 5-year local control 
rate of postoperative radiotherapy was 61%, but the 5-year 
survival rate was only17.9% [16].

In terms of the dose distribution, intensity-modulated 
radiotherapy (IMRT) for head and neck cancers has recently 
been becoming commonly used [17]. IMRT is a highly precise 
radiotherapy capable of creating a favorable dose distribution 
for the tumor, while avoiding the adjacent organ at risk (brain, 
brainstem, spinal cord, eyes, and salivary glands). IMRT for head 
and neck cancers, such as nasopharyngeal cancer, can reduce 
adverse events by avoiding organ at risk and salivary glands 
[17]. Heidelberg University Hospital performed IMRT in patients 
with mucosal malignant melanoma of the nasal cavity and 
sinuses, using 59 Gy (54-64 Gy) at 2 Gy/fraction to the Clinical 
Target Volume (CTV) and 66 Gy (60-68 Gy) at 2.2 Gy/fraction 
to the Gross Tumor Volume (GTV), and the 3-year survival and 
recurrence-free survival rates were 75 and 57.1%, respectively, 
which were better than previously reported [18]. However, since 
locally advanced tumors of the nasal cavity and sinuses often 
border or invade the skull base, it is difficult to avoid organ at risk 
such as the optic nerves with IMRT or stereotactic radiotherapy. 
To overcome their radioresistance, it may be useful to use higher-
dose per fraction radiotherapy [13,19]. It was reported that there 
was a correlation between the radiation dose per fraction and 
radiation response of malignant melanomas, and radiotherapy 

at a dose of 3 Gy or more (with a BED of 118 or more) achieved 
good local control [20]. In a comparative clinical trial (RTOG 
83-50) of radiotherapy for metastatic malignant melanoma, no 
significant difference in the response rate was observed between 
patients treated with 8 Gy ×4 and those treated with 2.5 Gy ×4 
[21]. Although this suggests the usefulness of hypofractionated 
radiotherapy, the dose per fraction is so large that the risk of 
nerve damage is high if the tumor borders the central nervous 
system or optic nerves, making 3D-conformal radiotherapy 
inappropriate for a good dose distribution.

Proton radiotherapy is promising for locally advanced cancer. 
Clinical proton beam has superior dose distribution. However, 
it is low LET radiation that the biological effectiveness per unit 
of energy absorbed is very close to that of high energy X-ray 
[22]. Pommier reported a 3 year local control rate of 93 % was 
obtained by treated with proton radiotherapy of 70 Gy (BED) for 
adenoid cystic carcinoma with involvement of the base of skull 
region [23].

Carbon ion radiotherapy

Carbon-ion Radiotherapy (C-ion RT) has superior physical 
characteristics and high biological effectiveness, and offers the 
advantage of a high dose deposition within so-called “Bragg 
Peak”. Carbon ion beams have a high Linear Energy Transfer 
(LET), because carbon ions decelerate rapidly in the body and 
release the maximum energy near the Bragg Peak [24]. C-ion RT 
is capable of creating a favorable dose distribution for the tumor, 
while avoiding the adjacent organ at risk (brain, brainstem, 
spinal cord, eyes, optic nerves) (Figure 1). Carbon ion beams 
differ from X-rays and protons in their radiobiological properties, 
which result from much higher ionization density (high LET) 
[25]. Relative biological effectiveness of carbon beam is about 
2.5~3.0, and carbon ion beam is not affected by the oxygen effect 
[24]. Because of the lack of cellular repair , hypofractionation (the 
delivery of the dose in a few large fraction) has been proposed 
in many tumors [25]. Therefore, it is expected to exert excellent 
therapeutic effects against non-squamous cell carcinomas that 
are difficult to locally control by X-ray radiography, such as 
adenocarcinoma, adenoid cystic carcinoma, and melanoma.

Figure 1 Dose distribution of carbon ion radiotherapy for malignant 
melanoma in nasal cavity.
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A phase I/ II clinical trials of C-ion RT for head and neck cancer 
was initiated in 1994 at the National Institute of Radiological 
Sciences (NIRS) in Japan [26,27]. Locally advanced, histological 
proven, and new or recurrent cancer of head and neck were 
treated with C-ion RT in phase I/ II study [28]. The dose fraction 
of 72.0 GyE/ 18 fractions and 64.0 GyE/ 16 fractions showed 
equal clinical outcome [28]. In 2012, Mizoe reported the efficacy 
of C-ion RT for head neck cancer again [28]. Total dose of 64.0 
GyE or 57.6 GyE/ 16 fractions were administered. The 5-year 
local control rate was 68 % [26]. C-ion RT for head and neck 
cancer showed the therapeutic effectiveness for adenoid cystic 
carcinoma and malignant melanoma without severe morbidity 
of normal tissues. Treatment results obtained so far can be 
summarized by stating that a favorable local control rate of as 
high as 80 to 90 % has been achieved in adenocarcinoma and 
adenoid cystic carcinoma [29]. A clinical trial at NIRS showed that 
the local control of mucosal malignant melanomas was excellent, 
but many patients with distant melanoma metastases died, with a 
2-year survival rate of about 50%. Therefore, a combined carbon-
ion radiotherapy-chemotherapy (DAV therapy) regimen was 
started, and its safety and effectiveness are being investigated 
[30]. The 5-year local control and 5-year survival rates with 
this regimen for mucosal malignant melanoma are high, at 73.9 
and 62.5%, respectively, which are much higher than the 5-year 
survival rates of single-modality carbon-ion radiotherapy, and 
no adverse effect higher than grade 3 has been observed [30]. A 
tumor volume of 100 mL or more was a poor prognostic factor 
in patients undergoing carbon-ion radiotherapy [30]. If distant 
metastases occur early after therapy, occult distant metastatic 
disease may have been present. Since carbon-ion radiotherapy 
facilitates favorable local control, combination treatment for 
potential mucosal malignant melanoma is expected to improve 
the survival rate of patients with this disease. By using a compact 
prototype of the accelerator system, C-ion RT for the first patient 
at the Gunma University Heavy Ion Medical Center (GHMC) took 
place in 2010 [31]. Many clinical trials have been started at GHMC 
for head and neck tumor, lung cancer, hepatocellular carcinoma, 
recurrent rectal carcinoma, bone and soft tissue sarcoma, and 
prostate cancer, etc. Especially for mucosal melanoma, protocol 
of concurrent DAV combined with C-ion RT. C-ion RT was 
administered on a fractionation schedule consisting of 64.0 GyE/ 
16 fractions/ 4 weeks for non-squamous head and neck cancers 
and mucosal malignant melanoma. Preliminary results of GHMC 
shows that the 1-year and 2-year local control were 92 % and 77 
%, respectively for non- squamous head and neck cancers.

CONCLUSION
Because non squamous cell head and neck malignancies are 

radioresistant, conventional radiotherapy is not effective. On the 
other hand, high LET carbon ion radiotherapy has advantage for 
head and neck malignancies because of better dose distribution 
in the tumor volume and greater biological effectiveness. Carbon 
ion radiotherapy is promising for head and neck radioresistant 
tumor.
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