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Abstract. Background/Aim: To evaluate treatment outcomes
of carbon-ion radiotherapy for oropharyngeal non-squamous
cell carcinoma at four carbon-ion facilities in Japan. Patients
and Methods: We retrospectively analyzed the cases of 33
patients with oropharyngeal non-squamous cell carcinoma
who were treated with carbon-ion radiotherapy between
November 2003 and December 2014. Results: The histology
included adenoid cystic carcinoma (n=25) and mucosal
malignant melanoma (n=4). No patients had T1 tumors; 23
had T4 tumors. The most-commonly prescribed dose was 57.6
Gy (RBE) in 16 fractions. The median follow-up period was
34.8 months (range=4.2-122.8 months). The 3-year local
control and overall survival rates were 94.7% and 90.7%,
respectively. There were no grade =4 acute adverse events.
Only one patient experienced a grade =4 late adverse event.
No patients experienced late adverse events related to
swallowing or salivary function. Conclusion: Carbon-ion
radiotherapy appears to be a promising treatment option for
oropharyngeal non-squamous cell carcinoma.
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Oropharyngeal cancers account for approximately 25% of
cancers of the head and neck (1). Approximately, only 10% of
oropharyngeal cancers are histologically classified as non-
squamous cell carcinomas (SqCC) (2). Due to its rarity, only
a few retrospective studies with a small number of patients
have assessed its clinical outcomes (3-5). Some previous
studies of head and neck non-SqCC, including the oropharynx,
suggested that surgical resection with or without postoperative
radiotherapy was the best treatment modality, often considered
the treatment of choice to achieve a radical cure (6-9).
Definitive photon radiotherapy for head and neck non-SqCC
showed inferior treatment outcomes when compared to
surgical resection with or without postoperative radiotherapy
(6-9). An effective treatment strategy for inoperable cases of
head and neck non-SqCC has not yet been established.

Compared to photons, carbon-ions are characterized by
higher linear energy transfer and greater values of relative
biological effectiveness (RBE) (10). Carbon-ions also have
better dose localization properties owing to the Bragg peak
and small lateral scattering (11). Thus, we may hypothesize
that carbon-ion radiotherapy (CIRT) may provide better
tumor control and a lower probability of adverse events than
photon radiotherapy. A single institutional study of CIRT for
locally advanced adenoid cystic carcinoma of the tongue
base revealed favorable local control (LC) with acceptable
adverse events (12).

By the end of 2014, there were four functional carbon-ion
treatment facilities in Japan, namely, the QST Hospital,
Hyogo Ion Beam Medical Center, Gunma University Heavy
Ion Medical Center, and SAGA-HIMAT Foundation. The
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Japan Carbon-Ion Radiation Oncology Study Group (J-
CROS) study (1402HN) was a retrospective multicenter
analysis of the clinical outcomes of CIRT for head and neck
cancers (13-17). The present study was conducted to assess
the clinical outcomes of patients with oropharyngeal non-
SqCC based on a part of the J-CROS study database.

Patients and Methods

Ethics. All patients provided informed consent, authorizing the use
of their clinical information for research purposes. This study was
approved by the institutional review board of each participating
institute and was carried out in accordance with the Declaration
of Helsinki.

Study participants. This retrospective multicenter study was
conducted at the QST Hospital, Hyogo Ion Beam Medical Center,
Gunma University Heavy Ion Medical Center, and SAGA-HIMAT
Foundation. We analyzed patients with head and neck cancers who
received CIRT between November 2003 and December 2014.
Detailed inclusion criteria have been described in previous reports
(13-17). Patients who had previously undergone radiotherapy for the
same lesion were excluded. A total of 908 patients were enrolled in
the J-CROS study 1402HN. Among these, 33 patients who received
CIRT for oropharyngeal non-SqCC were evaluated for clinical
outcomes in this study.

Carbon-ion radiotherapy protocol. The carbon-ion dose is expressed
as the photon-equivalent dose in Gy (RBE) and defined as the
physical dose multiplied by the carbon-ion RBE. The biological
flatness of the spread-out Bragg peak was normalized using the
surviving fraction of human salivary gland tumor cells at the distal
spread-out Bragg peak region, resulting in an RBE value of 3 (10).
The biologically effective dose (BED) was calculated on the basis of
a linear-quadratic model assuming an o/f3 ratio of 10, and the BED,
was used to compare the association between various fractionation
doses with the prognostic factors as well as adverse events (18).

The detailed treatment planning has been described in previous
reports (13-17). The radiation treatments were planned using a
computed tomography (CT)-based three-dimensional treatment
planning system at each institution [Original HIPLAN software
(NIRS, Chiba, Japan); FOCUS-M (CMS, St. Louis, MO, USA);
Xio-M (Mitsubishi Electric, Tokyo, Japan); and XiO-N (Elekta,
Stockholm, Sweden and Mitsubishi Electric)]. The target reference
dose was prescribed to the isocenter, which was located at the center
of the planning target volume (PTV). A more than 90% isodose line
of the prescribed radiation dose covered the entire PTV. No patients
underwent prophylactic neck irradiation.

Definition of clinical outcomes. LC was defined as no evidence of
tumor regrowth in the PTV, including the PTV margin. Acute and
late adverse events were classified according to the Common
Terminology Criteria for Adverse Events, version 4.0.

Statistical analyses. All survival times were calculated from the first
day of CIRT. LC, progression-free survival (PFS), and overall
survival (OS) rates were determined using the Kaplan-Meier
method. For univariate analyses, log-rank tests were used to
compare the LC, PFS, and OS among subgroups based on age, sex,
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Table 1. Patient, tumor, and treatment characteristics (n=33).

Characteristic n (%) or Median (range)

Age, yrs 60 (22-79)
Gender

Male 13 (39)

Female 20 (61)
Performance status

0 25 (76)

1 8 (24)
Tumor classification

T2 7 (21)

T3 309

T4a 20 (61)

T4b 309
Node classification

NO 27 (82)

N1 6 (18)
Pathological type

Adenoid cystic carcinoma 25 (76)

Malignant melanoma 4 (12)

Mucoepidermoid carcinoma 1(3)

Basal cell carcinoma 13)

Basal cell adenocarcinoma 1(3)

Myoepithelial carcinoma 1(3)
Tumor status

Naive 31 (94)

Recurrence 2 (6)

GTV (cm3) 30 (6.44-80.7)

Protocol dose (BED):

57.6 Gy (RBE)/16 fractions 14 (42)
[78.3 Gy (RBE)]

64.0 Gy (RBE)/16 fractions 12 (36)
[89.6 Gy (RBE)]

65.0 Gy (RBE)/26 fractions 4(12)
[81.3 Gy (RBE)]

70.4 Gy (RBE)/32 fractions 309

[85.9 Gy (RBE)]

BED: Biologically effective dose; GTV: gross tumor volume; RBE:
relative biological effectiveness.

performance status, tumor and node classification, tumor
pathological type, gross tumor volume (GTV), and the BED,. p-
Values <0.05 were considered significant, and all statistical tests
were two-sided. All statistical analyses were performed using the
SPSS software, ver. 23 (IBM, Armonk, NY, USA).

Results

Patient and treatment characteristics. Patient, tumor
characteristics, and treatment details are summarized in Table
I. All tumors were staged according to the 7th edition of the
TNM staging system (International Union Against Cancer,
2009). The median patient age was 60 years (range=22-79
years). Stage T4a or T4b tumors accounted for 70% of the
tumors. There were various histological types of tumors, with
adenoid cystic carcinoma being the most common (76%). The
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Figure 1. Local control after carbon ion radiotherapy (n=33). LC:
Local control.
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Figure 2. Overall survival and progression-free survival after carbon
ion radiotherapy (n=33). OS: Overall survival; PFS: progression-free
survival.

dose and fractionation schedules were decided by each
institution. The most commonly prescribed dose was 57.6 Gy
(RBE) in 16 fractions (4 fractions per week), followed by
64.0 Gy (RBE) in 16 fractions (4 fractions per week).

Four patients received chemotherapy. One patient with
basal cell carcinoma received docetaxel, cisplatin, and
fluorouracil before CIRT, and three patients with mucosal
malignant melanoma received concurrent treatment with
dacarbazine, nimustine hydrochloride, and vincristine sulfate.

Table II. Univariate analysis for predictors of local control, overall
survival, and progression-free survival.

Factor n p-Value
LC oS PFS
Age, yrs 0.114 0.047 0.169
<60 15
>60 18
Gender 0.596 0.384 0.442
Male 13
Female 20
Performance status 0.195 0.002 0.023
0 25
1 8
Tumor classification 0431 0.956 0.596
T2,3 10
T4a, 4b 23
Node classification 0.495 0.816 0.693
NO 27
N1 6
Pathological type 0.355 0317 0.427
ACC 25
Other 8
GTV (cm3) 0.816 0.996 0.827
<30.0 16
>30.0 17
BED,( [Gy (RBE)] 0.168 0.328 0.549
<85.9 18
>85.9 15

ACC: Adenoid cystic carcinoma; BED: biologically effective dose;
GTV: gross tumor volume; LC: local control; OS: overall survival; PFS:
progression-free survival.

Local control and survival analyses. The median follow-up
period was 35 months (range=4-123 months). Eight patients
(24%) developed recurrence with initial recurrence patterns
of distant metastases in seven patients and local+regional
recurrence in one patient. Two patients developed local
recurrence, with one developing local recurrence after distant
metastases. The 3- and 5-year LC rates were 94.7% (95%
confidence interval [CI]=84.7-100.0%) and 86.8%
(95%CI1=69.4-100.0%), respectively (Figure 1).

By the last follow-up date, three patients had died of the
disease, and one patient had died of treatment-related mucosal
hemorrhage. The 3- and 5-year OS rates were 90.7%
(95%CI=77.9-100.0%) and 772% (95%CI=56.7-97.7%),
respectively (Figure 2). The 3- and 5-year PFS rates were
79.4% (95%CI=64.4-94 4%) and 66.2% (95%C1=45.3-87.1%),
respectively (Figure 2). Eight patients survived for >5 years.

The results of our univariate analyses of prognostic factors
for LC, PFS, and OS are shown in Table II. Younger age
(<60 years) was a significant good prognostic factor for OS.
A good performance status was a significant prognostic
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Table III. Acute (Grade =3) and late (Grade =2) adverse events.

Type of adverse event Grade 2 Grade 3  Grade 4 Grade 5
Acute events

Mucositis - 20 0 0
Dermatitis - 1 0 0
Late events

Osteonecrosis 4 1 0 0
of the jaw

Mucosal hemorrhage 0 1 0 1
Mucositis 1 0 0 0
Oral fistula 1 0 0 0
Dysgeusia 1 0 0 0
Hoarseness 1 0 0 0

factor for both PFS and OS. Tumor classification, tumor size,
and pathological type did not show an association with LC,
PFS, and OS in the univariate analyses.

Acute and late adverse events. Regarding CIRT-related acute
adverse events (grade =3), grade 3 mucositis was observed
in 20 patients (61%), and grade 3 dermatitis in 1 patient
(3%). There were no grade 4 or 5 acute adverse events.
Regarding late adverse events (grade =2), 1 patient (3%)
in her 60s with basal cell adenocarcinoma (clinical staging
c¢T4bNOMO, inoperable) died from a grade 5 hemorrhage
from an ulcer caused by epithelial destruction due to tumor
growth and tumor reduction following treatment. The
prescribed dose was 65.0 Gy (RBE)/26 fractions, and the
period between CIRT initiation and the hemorrhage was 6
months. There were no grade 4 late adverse events.
Osteonecrosis of the jawbone was observed in 5 patients
(15%), grade 2 in 4 patients (12%), and grade 3 in 1 patient
(3%) (Table III). No patients experienced grade =2 late
adverse events related to swallowing or salivary function.

Discussion

To the best of our knowledge, this is the first multicenter study
to assess the clinical outcomes of patients with oropharyngeal
non-SqCC. Although non-SqCC is considered a radiation-
resistant malignancy and higher number of T4 stage tumors
were included in this study, the 3-year and 5-year LC rates
were 94.7% and 86.8%, respectively. Regarding adverse
events, no patients experienced grade =2 late adverse events
related to swallowing or salivary function. However, grade =3
dysphagia and grade =2 dry mouth was experienced in about
5% and 30% patients of oropharyngeal SqCC treated with
intensity-modulated  radiotherapy = with chemotherapy,
respectively (19). However, one patient experienced grade 5
hemorrhage from an oropharyngeal epithelial ulcer.
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Koto et al. reported a single-institutional study of CIRT
for locally advanced adenoid cystic carcinoma of the tongue
base; among the 18 patients included in their study, the 5-
year LC and OS rates were 92% and 72%, respectively, with
acceptable adverse events (12). In our retrospective
multicenter study, the 5-year LC and OS rates were 86.8%
and 77.2%, respectively. Regarding treatment outcomes of
oropharyngeal minor salivary gland carcinomas based on a
population-based analysis of 1,426 patients, about 70% of
patients were treated with surgical resection with or without
photon radiotherapy and the 5-year disease-specific survival
rate of all patients was reported to be 75.1% (20). Iyer et al.
conducted a single-institution retrospective study in patients
with oropharyngeal minor salivary gland carcinomas and
reported a 5-year OS rate of 80% (3); however, the main
treatment modality in their study was surgical resection, and
only 20% of the patients had T3 or T4 tumors. Thus, CIRT
seems to be an effective treatment strategy for oropharyngeal
non-SqCC. The effectiveness of CIRT was also reported for
axial bone and soft tissue sarcomas (21).

In our study, 20 of the 33 patients (61%) presented with
grade 3 radiation mucositis. Musha et al. evaluated the
correlation between mucositis and carbon-ion radiation dose
in 39 patients treated with CIRT for head and neck
carcinoma and reported a threshold of 43.0 Gy (RBE) in 16
fractions for Grade 2-3 acute mucositis (as per RTOG
criteria) in the palate (22). In a systematic review of the
incidence of mucositis in patients with head and neck
carcinoma undergoing photon radiotherapy, 43% of the
patients receiving concurrent chemoradiotherapy and 34% of
those who underwent radiotherapy alone experienced grade
3-4 acute mucositis (23). The incidence of grade =3
mucositis was slightly higher for CIRT in our study than for
photon radiotherapy noted in the previous report; however,
no cases of grade =4 or mucositis were observed. An
incidence of grade =3 acute mucositis of 19% was reported
for CIRT in locally advanced sinonasal malignant tumors
(24). We hypothesize that the oropharynx being the tumor
site in our study may be the reason for the higher rate of
acute mucositis (61%) in our study, as it receives physical
stimulation when patients eat meals. Since all cases of acute
severe mucositis recovered after CIRT, we considered CIRT
for oropharyngeal non-SqCCs acceptable.

Regarding late adverse events, five patients developed
osteonecrosis of the jaw. In a series of 63 patients with head
and neck malignancies treated with CIRT, Sasahara et al.
concluded that the risk factors for osteonecrosis of the
maxilla included the presence of teeth within the PTV and a
maxilla dose volume >50 Gy (RBE) in a 16-fraction protocol
(25). For photon radiotherapy, several articles also reported
the risk factors for osteoradionecrosis (26-28). Tsai et al.
reported that maxilla dose volumes >50 Gy were risk factors
for osteonecrosis in a multivariate analysis (26). It has been
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shown that high-dose irradiation volumes of the jaw in both
carbon-ion and photon radiotherapy are risk factors of
osteonecrosis (25-27). A trend of a lower incidence of
osteonecrosis was observed for intensity-modulated
radiotherapy when compared to 2- or 3-dimensional photon
radiotherapy (26, 28). Intensity-modulated CIRT using spot
scanning irradiation may be an effective method to reduce
the incidence of osteonecrosis when compared to passive
beam irradiation (29). In this study, all patients were treated
with passive beam irradiation. It has also been suggested that
osteonecrosis develops as a result of gingival regression due
to radiotherapy, leading to an environment that is susceptible
to bone infection (30). Therefore, periodic dental
management and care after treatment may be effective in
reducing the risk of osteonecrosis of the jaw.

We observed no grade =2 adverse events related to
swallowing or salivary function. Boscolo-Rizzo er al.
reported that patients treated with radiotherapy for
oropharyngeal carcinoma showed a significantly higher rate
of adverse events related to teeth, open mouth, dry mouth,
and sticky saliva compared with surgical resection (31).
Unlike photon radiotherapy, the good dose localization
properties of carbon-ions may spare pharyngeal muscles and
salivary glands. Moreover, often CIRT for oropharyngeal
carcinoma involved only the primary lesions and did not
include prophylactic whole neck irradiation, which may
explain the preservation of swallowing and salivary function.
However, careful long-term follow-up is needed to confirm
lower rate of adverse events related to swallowing or salivary
function.

Tumor and node classification as well as tumor size have
been reported as prognostic factors in cases of oropharyngeal
carcinomas that were treated with surgical dissection (32,
33). In photon radiotherapy for hypopharyngeal cancer, Chen
et al. reported that a primary gross tumor volume (GTV) <30
cm® was a strong prognostic factor for good clinical
outcomes (34). A bulky malignant tumor has a larger
hypoxic volume, and photons have a higher oxygen
enhancement ratio when compared to carbon-ions (35).
These characteristics can lead to photon radio resistance in
bulky malignant tumors (35). Unlike previous reports, our
univariate analyses did not reveal tumor size or tumor
classification as prognostic factors. Carbon-ions are
characterized by a higher linear energy transfer and lower
oxygen enhancement ratio when compared to photons and
therefore may provide a higher probability of bulky tumor
control. Therefore, CIRT may be more effective than photon
radiotherapy for bulky tumors of the oropharynx.

This study has several limitations. First, it is a
retrospective study with a short median follow-up period;
moreover, the number of enrolled patients was small.
However, oropharyngeal non-SqCC is rare, and there are few
reports on treatment outcomes. Second, plural total doses and

fractionation protocols for CIRT were included. Third, there
were no data on the anatomical subsites of the oropharynx;
consequently, it was difficult to perform subgroup analyses
by anatomical subsites.

Conclusion

This is the first multicenter study of CIRT for oropharyngeal
non-SqCC. We found that the LC and OS rates of patients
undergoing CIRT were comparable to those previously
reported for oropharyngeal non-SqCC treated by surgical
resection, although our study included a higher number of
patients with T4 tumors as compared to the previously
published reports. Therefore, CIRT is a promising treatment
for oropharyngeal non-SqCC. A future study that includes a
larger sample size and longer follow-up is needed.
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