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Abstract
Background: This multi‐institutional retrospective study focused on the clinical out-
come of carbon‐ion radiotherapy (C‐ion RT) for non‐squamous cell malignant tu-
mors of the nasopharynx.
Methods: The Japan Carbon‐ion Radiation Oncology Study Group collected and 
analyzed data for 43 patients with non‐squamous cell malignant tumors of the naso-
pharynx treated with C‐ion RT at four institutions in Japan.
Results: Twenty‐nine patients had adenoid cystic carcinomas, seven had malignant 
melanomas, three had adenocarcinomas, two had mucoepidermoid carcinomas, and 
two had other pathologies. Twenty‐six of the 43 patients (61%) had T4 tumors. The 
most common dose‐fractionation schedule was 64 Gy (relative biological effective-
ness) in 16 fractions. The median follow‐up period was 30 months. The 2‐year local 
control (LC) and overall survival (OS) rates were 88% and 84%, respectively. For 
late toxicity, one patient developed grade 4 optic nerve disorder and two developed 
grade 5 pharyngeal hemorrhage. Actual incidence of grade 3 or higher late adverse 
events was 19%, and included cranial nerve dysfunction, jaw bone necrosis, central 
nervous system necrosis, and ear inflammation.
Conclusions: C‐ion RT provided good LC and OS rates with acceptable toxicity for 
treatment of non‐squamous cell malignant tumors of the nasopharynx.
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1  |   INTRODUCTION

Nasopharyngeal carcinoma (NPC) is common in South and 
Southeast Asia, where the incidence is 25 to 50 per 100 000 
people.1 The most common histologic type of NPC is poorly 
differentiated squamous cell carcinoma (SCC), which is 
different from other head and neck cancers.2 As a result of 
its high radiosensitivity and complex anatomic location, 
standard treatment for nasopharyngeal SCC is concurrent 
chemoradiotherapy using X‐rays.1-4 In contrast, non‐squa-
mous cell malignant tumors of the nasopharynx such as 
adenoid cystic carcinoma, malignant melanoma, adenocar-
cinoma, and mucoepidermoid carcinoma are rare compared 
with SCC.5 In general, non‐squamous cell malignant tumors 
of the nasopharynx show resistance to X‐ray radiotherapy 
(RT) or chemotherapy.6 The refractoriness of non‐squa-
mous cell malignant tumors of the nasopharynx means that 
there are no proper data for their treatment. Indeed, there are 
only a few single case reports about the clinical outcome of 
treatment for non‐squamous cell malignant tumors of the 
nasopharynx.7-9

Carbon‐ion RT (C‐ion RT) has been utilized since 1994 
at the National Institute of Radiological Sciences in Japan 
to treat photon‐resistant tumors such as soft tissue sarcoma 
or malignant melanoma. C‐ion RT has shown favorable re-
sults by taking advantage of its higher relative biological ef-
fectiveness (RBE) and better dose concentration compared 
with those of X‐ray RT.10,11 Theoretically, C‐ion RT has a 
potential advantage for non‐squamous cell malignant tumors 
of the nasopharynx in reducing toxicity by sparing critical or-
gans adjacent to the nasopharynx and its higher probability of 
control of photon‐resistant tumors. Recently, there has been 
increasing evidence of its efficacy and safety for head and 
neck malignant tumors.12-18 However, to date, there are no 
reports of C‐ion RT for non‐squamous cell malignant tumors 
of the nasopharynx. Therefore, Japan Carbon‐ion Radiation 
Oncology Study Group (J‐CROS) which consisted of all of 
four institutions performing C‐ion RT in Japan undertook a 
study to assess the efficacy and safety of C‐ion RT for non‐
squamous cell malignant tumors of the nasopharynx in a 
multi‐institutional retrospective analysis.

2  |   MATERIALS AND METHODS

2.1  |  Eligibility
This was a retrospective cohort study that included patients 
diagnosed with non‐squamous cell malignant tumors of 
the nasopharynx who had received C‐ion RT at four insti-
tutions in Japan, between November 2003 and December 
2014. The four institutions were the Hospital of the National 
Institute of Radiological Sciences (Chiba, Japan), Gunma 
University Heavy Ion Medical Center (Maebashi, Japan), 

Hyogo Ion Beam Medical Center (Tatsuno, Japan), and Ion 
Beam Therapy Center, SAGA HIMAT Foundation (Tosu, 
Japan). Eligibility criteria were as follows: (a) histologi-
cally confirmed non‐squamous cell malignant tumors of the 
nasopharynx; (b) no bone or soft tissue tumors; (c) N0 or 
N1 and M0 status; (d) medically inoperable tumors or re-
fusal of surgery; (e) treatment administered with definitive 
intent; (f) measurable tumors; and (g) Eastern Cooperative 
Oncology Group performance status of 0‐2. Patients with 
histology of SCC or who had previously received RT were 
excluded. This multi‐institutional retrospective study was ap-
proved by the Institutional Review Board of each institution 
(UMIN000024473).

2.2  |  Carbon‐ion RT
Dose of C‐ion RT was expressed in Gy (RBE), which was 
calculated by multiplying the physical dose of the C‐ion 
beam by an RBE of 3.10,11 Prescribed total doses ranged 
from 57.6 Gy (RBE) to 70.4 Gy (RBE) and doses per frac-
tion ranged from 2.2 Gy (RBE) to 4 Gy (RBE). Selection of 
dose‐fractionation was decided by each institution. Patients 
were immobilized using thermoplastic shells, and treat-
ment planning computed tomography (CT) was performed. 
Contrast‐enhanced CT or magnetic resonance imaging 
(MRI) was undertaken concomitantly and fused in the treat-
ment planning CT to help define gross tumor volume (GTV). 
The clinical target volume (CTV) margin, including micro-
tumor invasion, was added to the GTV. The planning target 
volume (PTV) was defined as a summation of the CTV and 
2‐5 mm of setup margin.

2.3  |  Follow‐up and evaluation
Acute toxicity was assessed daily during treatment. After 
treatment, diagnostic imaging such as CT, MRI, or fluoro‐
deoxyglucose positron‐emission tomography/CT was per-
formed every 2‐3 months for the first 2 years and every 
3‐6 months thereafter. Acute and late adverse events were 
classified using the National Cancer Institute’s Common 
Terminology Criteria for Adverse Events, version 4.0.19 
Local recurrence was defined as recurrence in the irradi-
ated field; progression was defined as local recurrence, 
lymph node recurrence, or distant metastasis; and over-
all survival (OS) was defined as the interval between ini-
tiation of C‐ion RT and the last follow‐up date when the 
patient was confirmed to be alive or the date when the 
patient died.

2.4  |  Statistical analysis
The local control (LC), progression‐free survival (PFS), and 
OS rates were calculated using the Kaplan‐Meier method and 
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compared between subgroups using log‐rank test. Differences 
between groups were evaluated using t tests. For univariate 
analyses, log‐rank tests were used to compare LC and OS 
among the subgroups. Values of P < 0.05 were considered 
statistically significant, and all statistical tests were 2 sided. 
All statistical analyses were performed using IBM SPSS 

Statistics for Windows, version 23.0 (SPSS Inc, Armonk, 
NY, USA).

3  |   RESULTS

3.1  |  Patient characteristics
We retrospectively analyzed 43 patients with non‐squamous 
cell malignant tumors of the nasopharynx treated with C‐ion 
RT. Patient and tumor characteristics are summarized in 
Table 1. The median follow‐up period was 30 months (range, 
3‐125 months). Concurrent chemotherapy with dacarbazine, 
nimustine, and vincristine was performed in three patients 
with malignant melanoma. Neoadjuvant chemotherapy was 
performed in three patients with adenocarcinoma, mucoepi-
dermoid carcinoma, and adenoid cystic carcinoma.

3.2  |  LC and survival
Nine patients experienced local recurrence and one experi-
enced lymph node recurrence. Eight patients died of primary 
disease, two of treatment‐related adverse events and one of 
intercurrent disease. The 2‐year estimated LC, PFS, and OS 
rates were 88%, 69%, and 84%, respectively. The LC, PFS, 
and OS curves are shown in Figure 1. In univariate analysis, 
there was no significant factor for LC, but sex, performance 

T A B L E  1   Patient and tumor characteristics (N = 43)

Characteristics

Age, y, median (range) 63 (38‐76)

Sex, n (%)

Male 13 (30)

Female 30 (70)

Performance status, n (%)

0 23 (53)

1 20 (47)

Histo‐pathological type, n (%)

Adenoid cystic carcinoma 29 (67)

Malignant melanoma 7 (16)

Adenocarcinoma 3 (7)

Mucoepidermoid carcinoma 2 (5)

Others 2 (5)

Disease, n (%)

Primary tumor 38 (88)

Recurrent tumor 5 (12)

Operability, n (%)

Operable 5 (12)

Inoperable 38 (88)

Combined therapy, n (%)

Radiotherapy alone 37 (86)

Neoadjuvant chemotherapy 3 (7)

Concurrent chemotherapy 3 (7)

T classification, n (%)

T1 1 (2)

T2 10 (23)

T3 6 (14)

T4 26 (61)

N classification, n (%)

N0 40 (93)

N1 3 (7)

Gross tumor volume, cm3, median (range) 30 (3‐171)

Radiation dose, n (%)

64 Gy (RBE) in 16 fractions 16 (37)

57.6 Gy (RBE) in 16 fractions 10 (23)

65 Gy (RBE) in 26 fractions 7 (16)

70.4 Gy (RBE) in 32 fractions 6 (14)

70.2 Gy (RBE) in 26 fractions 3 (7)

60.8 Gy (RBE) in 16 fractions 1 (2)
F I G U R E  1   Local control, progression‐free survival, and overall 
survival for all the patients (N = 43)
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status, and T4 classification were significant factors for OS. 
These results are summarized in Table 2.

3.3  |  Toxicity
Acute grade 3 mucositis was observed in nine patients (20%), 
and acute hematologic toxicity such as grade 3 leukopenia 
and anemia was observed in five patients (10%). No other 
acute toxicity of grade 3 or higher was observed. These 
acute symptoms were immediately resolved with conserva-
tive treatment. The late adverse events are summarized in 
Table 3. There were two patients with grade 5 pharyngeal 

hemorrhage and one with grade 4 optic nerve disorder. Fatal 
hemorrhage occurred in two adenoid cystic carcinoma pa-
tients with T4 tumors (tumor volume: 37 and 43 cm3) at 
9 months and 14 months after treatment. Both of the tumors 
surrounded the carotid artery at diagnosis. The bleeding was 
caused by ulceration at the tumor site with tumor shrinkage 
in response to C‐ion RT.

Five patients developed grade 2 or 3 osteonecrosis of jaw 
and seven developed grade 2 or 3 ear inflammation. Actual in-
cidence of grade 3 or higher late adverse events was 19% (eight 
patients). Student’s t test showed that mean tumor volume and 
age did not differ significantly between patients with or without 

No. of` patients

2‐y LC (%) 2‐y OS (%)

P value P value

Age

<63 20 94 0.989 82 0.793

≳63 23 83 86

Sex

Male 13 73 0.134 63 <0.001

Female 30 93 93

Performance status

0 23 89 0.166 90 0.004

1 20 85 79

Histology

Adenoid cystic 
carcinoma

29 92 0.259 83 0.893

Malignant melanoma 7 67 86

Adenocarcinoma 3 100 67

Mucoepidermoid 
carcinoma

2 100 100

Others 2 100 100

T classification

T1‐3 26 86 0.393 77 0.030

T4 17 91 94

Operability

Operable 5 86 0.192 81 0.489

Inoperable 38 100 80

Tumor volume

<30 cm3 22 80 0.770 95 0.064

≳30 cm3 21 100 73

Radiation dose

57.6 Gy (RBE) 10 88 0.064 89 0.962

≳64 Gy (RBE) 33 88 83

Fractionation

≤16 fractions 27 87 0.083 87 0.309

>16 fractions 16 83 80

LC, local control; OS, overall survival; RBE, relative biological effectiveness.

T A B L E  2   Univariate analysis for LC 
and OS rates
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grade 3 or higher late adverse events. The log‐rank test showed 
that T classification (T1‐3 or T4), histology (ACC or others), 
operability, dose‐fractionation (≤16 fractions or >16 fractions), 
and performance status (PS = 0 or 1) were not significantly cor-
related with occurrence of grade 3 or higher late adverse events.

4  |   DISCUSSION

In this retrospective analysis, the 2‐year estimated LC and 
OS rates were 88% and 84%, respectively. There was no 
significant factor for LC, which means that C‐ion RT for 
non‐squamous cell malignant tumors of the nasopharynx 
showed good efficacy regardless of histologic type, T stage, 
and other factors. There were only a few reports of site‐
specific clinical outcome of C‐ion RT for head and neck 
malignant tumors. Hayashi et al17 reported that the 3‐year 
LC and OS were 81% and 94%, respectively, for 69 patients 
with major salivary gland carcinomas. Koto et al18 reported 
that the 2‐year LC and OS were 84% and 80%, respectively, 
for 458 patients with locally advanced sinonasal malignant 
tumors. Our study suggested that outcome of C‐ion RT for 
non‐squamous cell malignant tumors of the nasopharynx 
was comparable to that for other head and neck tumors, 
even though most of our patients had highly malignant dis-
ease such as inoperable advanced tumor and radioresistant 
histology.

It is frequently difficult to balance safety and efficacy of 
RT for locally advanced NPC compared with other head and 
neck tumors, in terms of sparing critical normal tissue such 
as brain, brain stem, optic nerve, and optic chiasm. In the 
present study, actual incidence of grade 3 or higher late ad-
verse events with C‐ion RT was 19%, and the most common 
were ear inflammation and pharyngeal hemorrhage. Previous 
studies have shown that incidence of grade 3 or higher late 
adverse events such as ear inflammation, nervous system ne-
crosis, and trismus ranged from 13% to 27% in X‐ray RT, 

with or without chemotherapy for nasopharyngeal SCC.20-23 
Toxicity profile in our study was comparable with the re-
ported incidence of late adverse events after X‐ray RT for 
nasopharyngeal SCC. We conclude that C‐ion RT for non‐
squamous cell malignant tumors of the nasopharynx shows 
promising efficacy with acceptable toxicity.

Fatal adverse events should be carefully discussed in de-
tail, because, even if the incidence is not high, two patients 
with adenoid cystic carcinoma (4%) developed fatal pha-
ryngeal hemorrhage. Patients with nasopharyngeal tumors 
surrounding the carotid artery should be carefully followed 
during and after C‐ion RT. In our study, grade 4 visual im-
pairment was observed in one patient (2%). In this case, T4 
tumor invaded the orbital space and was close to the optic 
nerve, which made it difficult to reduce the dose to the optic 
nerve while delivering an adequate dose to the tumor. In all 
patients with highly advanced tumor who were expected 
to develop high‐grade adverse events, careful and adequate 
explanation was given repeatedly and informed consent 
was obtained prior to the treatment. Recently, much effort 
has been made to reduce adverse events.24-29 For example, 
we identified the optimal cutoff dose constraints for pre-
dicting the occurrence of brain necrosis by analysis of past 
cases and the dose constraints might help minimize brain-
stem necrosis after C‐ion RT.24 We have shared these ex-
periences within J‐CROS and all institutions treat patients 
with unified dose‐fractionation schedules and accumulate 
their clinical results to clarify the efficacy and toxicity pro-
files of C‐ion RT for non‐squamous cell malignant tumors 
of the nasopharynx.

This study had some limitations. First, this was a retro-
spective study with a small number of patients. However, 
because of the lack of clinical results about non‐squamous 
cell malignant tumors of the nasopharynx, we think that 
this study provides beneficial clinical information for treat-
ment of these tumors. Second, further follow‐up is neces-
sary to confirm the long‐term efficacy and incidence of 

Grade 2 Grade 3 Grade 4 Grade 5

Mucositis 1 (2) 0 (0) 0 (0) 0 (0)

Osteonecrosis of jaw 4 (9) 1 (2) 0 (0) 0 (0)

Central nervous system 
necrosis

1 (2) 1 (2) 0 (0) 0 (0)

Pharyngeal hemorrhage 0 (0) 1 (2) 0 (0) 2 (4)

Hearing impairment 2 (4) 0 (0) 0 (0) 0 (0)

Optic nerve disorder 0 (0) 0 (0) 1 (2) 0 (0)

Cranial nerve disorder 2 (4) 1 (2) 0 (0) 0 (0)

Ear inflammation 5 (11) 2 (4) 0 (0) 0 (0)

Tinnitus 1 (2) 0 (0) 0 (0) 0 (0)

Trismus 1 (2) 0 (0) 0 (0) 0 (0)

Data are shown as n (%).

T A B L E  3   Late adverse events 
(N = 43)
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late toxicity. Third, there was heterogeneity regarding the 
dose‐fractionation schedules because this study retrospec-
tively analyzed the data collected from four institutions. 
To overcome these limitations, we have been conducting 
a multi‐institutional registry study using fixed dose‐frac-
tionation schedules such as 64 Gy(RBE) in 16 fractions or 
57.6 Gy(RBE) in 16 fractions for the tumor which widely 
involves mucosa.

In conclusion, this multi‐institutional retrospective study 
showed that C‐ion RT achieved good LC and OS rates, with 
acceptable toxicity for non‐squamous cell malignant tumors 
of the nasopharynx.
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