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Abstract. The present study reports treatment outcomes of 
locally advanced and unresectable squamous cell carcinoma 
of the ethmoid sinus (SCC-ES) following proton beam 
therapy (PBT). Between January 1997 and December 2012, 
7 patients (median age, 63 years) with SCC‑ES underwent 
definitive PBT. All tumors were categorized as T4bN0M0 
(2009 UICC tumor‑node‑metastasis classification) and were 
treated using conventional fractionation at a median total dose 
of 72 Gy equivalents (GyE; range, 70.4‑76 GyE). Imaging 
diagnosis for the initial treatment effect within 3 months of 
PBT revealed that a complete response (CR) was achieved 
in 2 patients and a partial response (PR) in 5 patients. The 
overall median survival time of the patients was 43 months 
(range, 12‑62 months), and 4 patients survived for ≥3 years. 
No recurrence was observed in the 2 patients who exhibited 
an initial CR treatment effect; however, locoregional recur-
rences occurred in 4/5  patients who exhibited a PR. No 
grade 3 or severe acute toxicities were observed, but the late 
toxicities of grade 3 contralateral optic nerve damage and 
cataracts developed in 1 and 2 patients, respectively. Based 
on the findings of the present study, intensification of the 
local treatment effect may be important for yielding favor-
able treatment outcomes, since no distant metastasis was 
observed. PBT is therefore a potentially useful treatment tool 
for unresectable SCC-ES.

Introduction

Malignancies of the paranasal cavity are rare, representing ~3% 
of all head and neck cancers and ≤1% of total malignancies; the 

combination of surgery, chemotherapy and radiation therapy 
(RT) has been widely used in patients with the disease (1‑3). 
Among paranasal cavity malignancies, cancer of the ethmoid 
sinus complex is even rarer, and surgical approaches are 
usually complicated by a lack of satisfactory surgical clear-
ance and the risk of serious dysfunction of the surrounding 
normal tissues, including the brain stem and optic nerve (4). 
Consequently, definitive RT for patients with unresectable 
squamous cell carcinoma of the ethmoid sinus (SCC‑ES) has 
been performed, but it can be difficult to deliver a curative 
irradiation dose to the tumor without severe complications, 
such as visual loss and brain necrosis, among others (5). Thus, 
there is little information on the efficacy of RT for SCC‑ES at 
present.

Proton beam therapy (PBT) offers advantageous physical 
properties to RT for a variety of cancers. Since proton beams 
exhibit a spread‑out Bragg peak and achieve an improved 
dose distribution of the target volume using specified beam 
modulations compared with photon beams  (6‑10), PBT 
delivers a large irradiation dose to the tumor using limited 
numbers of portals while sparing the surrounding normal 
tissues. Hence, the technique may yield improved disease 
control with minimum morbidity compared with previous 
conventional RT (11). A number of previous studies have 
reported favorable outcomes for patients with head and neck 
cancers treated with PBT (8‑10), but SCC‑ES has not been 
an area of focus, as there is a limited number of patients with 
this disease. Therefore, the efficacy of PBT in addition to RT 
using photon beams in the management of SCC‑ES remains 
unknown.

The present study reports the clinical outcomes of patients 
with SCC‑ES who were treated with PBT for the first time, and 
reviews the literature regarding the role of RT in the manage-
ment of SCC‑ES. Furthermore, three‑dimensional conformal 
RT (3D‑CRT) and intensity‑modulated RT (IMRT) treatment 
planning using the same CT images was performed for the most 
recently treated SCC‑ES case in this series. The dose‑volume 
histograms of tumor and normal tissues, including the optic 
nerve, chiasm, brain and brain stem, from 3D‑CRT and IMRT 
were then compared with those from PBT in order to assess 
the physical advantages of using proton beams for the treat-
ment of SCC‑ES.
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Case report

Patients. A total of 7 patients with SCC originating from the 
ethmoid sinus were reviewed retrospectively in this study. The 
patients were treated with definitive PBT at the University of 
Tsukuba Hospital (Ibaraki, Japan) between January 1997 and 
December 2012. Patients with recurrent disease or tumors 
originating from other regions were excluded. Details of the 
patients' characteristics are presented in Table I. The median 
age of the patients was 63 years, ranging from 46‑79 years. 
Written informed consent was obtained from all subjects prior 
to the initiation of treatment.

Pretreatment evaluation was performed by physical exam-
ination, nasopharyngeal endoscopy, computed tomography 
(CT) and magnetic resonance imaging (MRI). All tumors 
evaluated in the present study were categorized as T4bN0M0 
based on sections of the nasal cavity and paranasal sinuses, 
according to the 7th edition of the tumor‑node‑metastasis 
classification of the International Union Against Cancer 
(2009) (12).

Proton beam therapy. The RT treatment policy for the present 
study has been described previously (13). PBT planning was 
performed on a 3D CT planning system with a 5‑mm slice 
thickness. Patients were immobilized in the supine position 
using a thermoplastic mask. In principle, the clinical target 
volume (CTV) included the gross tumor volume and bilateral 
ethmoid sinuses, and the initial planning target volume was 
determined by adding margins of 8‑10 mm to the CTV. To 
spare the surrounding normal tissues and to adapt the planning 
target volume to the tumor volume reduction, treatment plans 
were commonly changed twice to the total doses of 30‑40 Gy 
equivalents (GyE) and 60 GyE (Fig. 1). Dose constraints for 
the organs at risk were as follows: Optic nerve of the healthy 
side/chiasm, 50 GyE; optic lens, 10 GyE; and brainstem surface, 
50 GyE. However, in certain cases where the tumor was adjacent 
to these organs, it was not possible to follow these constraints. 
A median total total dose of 72 GyE (range, 70.4‑76 GyE) 
was delivered at a fractional dose of 1.8‑2.0 GyE. Patient 6 
underwent two 28‑day  cycles of induction chemotherapy 
with 5-fluorouracil (5-FU; 800 mg/m2, days, 1-5) and cisplatin 
(CDDP; 60 mg/m2, day 1) prior to PBT treatment. Patient 7 
underwent two 28‑day cycles of chemotherapy with 5-FU 

(700 mg/m2, days 1-5) and cisplatin (70 mg/m2, day 6), which 
was administered concurrently with PBT (Table I).

Follow‑up, treatment efficacy and toxicity evaluation. The 
last follow‑up was performed in February  2014, and the 
median follow‑up time was 3.6 years. The follow‑up included 
a physical examination and nasopharyngeal endoscopy, which 
was performed at 1‑2 month intervals during the first year 
following completion of PBT and at 2‑3 month intervals there-
after.

The initial treatment effect was evaluated using the 
RECIST 1.0  criteria  (14) based on diagnostic imaging by 
CT and/or MRI at 2‑3 months following the completion of 
PBT. The diagnostic imaging was repeated routinely every 
6 months thereafter. The toxicities were graded according 
to the Common Terminology Criteria for Adverse Events 
version 4.0 (15).

Results

Efficacy and failure pattern. The details of the treatment 
results are presented in Table II and Fig. 2. Evaluation of the 
initial treatment response demonstrated a complete response 
(CR) in 2 patients (29%) and a partial response (PR) in the 
remaining 5 patients. The median survival time of all patients 
was 43 months (range, 12‑62 months).

Recurrences were observed in 4/5 (80%) patients in the 
PR group according to the initial tumor response 1‑22 months 
after the completion of PBT. The initial recurrence sites were 
the primary tumor lesion in 4 patients and the regional lymph 
nodes in 1 patient, respectively, but no distant metastases were 
detected. In addition, there were no recurrences in the CR 
group.

Toxicity. Prior to the start of PBT, 3 patients presented with 
visual impairment, and another patient presented with ipsi-
lateral visual loss due to the disease. These conditions were 
therefore not included among the toxicities induced by the 
treatment in the present study. There was no grade 3 or severe 
acute toxicity. Regarding late toxicity, grade 3 contralateral 
optic nerve damage and cataracts were observed in 2 and 
1 patient, respectively, grade 1 brain necrosis was observed 
in 1 patient, and 2 brain necrosis was observed in 1 patient. In 

Table I. Characteristics of the 7 patients.

					     Chemotherapy
No.	 Age	 Gender	 Radiation therapy	 Dose fractionation	 (cycles, n)

1	 79	 Female	 X‑ray and PBT	 70.4 GyE/38 F	 No
2	 58	 Male	 X‑ray and PBT	 70.4 GyE/38 F	 No
3	 46	 Male	 PBT	 72.0 GyE/36 F	 No
4	 53	 Female	 PBT	 72.0 GyE/36 F	 No
5	 63	 Female	 PBT	 74.0 GyE/37 F	 No
6	 71	 Male	 PBT	 74.0 GyE/37 F	 Induction FP (2)
7	 64	 Female	 PBT	 76.0 GyE/38 F	 Concurrent FP (2)

PBT, proton beam therapy; FP, 5‑fluorouracil and cisplatin; GyE, Gy equivalents.
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Figure 1. Representative dose distribution of proton therapy for ethomoid sinus squamous cell carcinoma (target, magenta. Isodose lines: 95%, red; 90%, orange; 
80%, yellow; 60%, green; 50%, blue; 20%, purple).

Table II. Treatment outcome and observed toxicity in the 7 patients.

No.	 Initial effect	 Recurrence (time)	 Status	 Survival time, months	 Late toxicity (grade)

1	 CR	 None	 NED	 62	 Cataracts (3), contralateral optic nerve damage (3)
2	 PR	 Local (5 months)	 DWD	 12	 None
3	 PR	 None	 DOD	 53	 Brain necrosis (1)
4	 PR	 Local (22 months)	 DWD	 43	 Cataracts (3)
5	 PR	 Local+LN (1 month)	 DWD	 12	 None
6	 PR	 Local (2 months)	 DWD	 47	 None
7	 CR	 None	 DOD	 20	 Brain necrosis (2)

CR, complete response; PR, partial response; NED, no evidence of disease; DWD, dead with disease; DOD, died of other disease; LN, lymph 
nodes.

Figure 2. Patient 7. Change in the tumor prior to and following proton beam therapy based on representative magnetic resonance images. (A) Prior to treatment, 
(B) immediately after completion of treatment, (C) 9 months after treatment and (D) 16 months after treatment; this tumor completely regressed 9 months after 
proton beam therapy. (D) Inflammatory changes were observed, but there was no tumor recurrence in the 16 months following the treatment.

Figure 3. Patient 7. Comparison of dose distributions according to the treatment method. (A) Three‑dimensional conformal radiation therapy, (B) inten-
sity‑modulated radiation therapy and (C) proton beam therapy.
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the brain necrosis case, the irradiation field included the brain 
tissues surrounding the tumor, and a total dose of 70 GyE was 
delivered, even though the shrinking field technique used for 
boost therapy was adopted. For all 3 cases with visual impair-
ment prior to the start of PBT, their symptoms did not improve 
following treatment.

Discussion

The reported treatment outcomes, including quality of life, 
have been disappointing for patients with SCC‑ES, even if 
they were candidates for radical surgery. Despite RT being 
an alternative curative treatment method, it is difficult to 
administer a high irradiation dose to the tumor without severe 
complications (16,17). Consequently, comparing the superi-
ority of treatment modalities for SCC‑ES, such as surgery and 
RT combined with or without chemotherapy, is made difficult 
by the lack of availability of information concerning SCC‑ES 
treatment outcomes, mainly due to the rarity of this disease.

Waldron et al (5) reported that the 5‑year survival rates 
and the local tumor control with RT alone were affected by 
the tumor T‑stage and histological type. In particular, local 
recurrences were observed in 8/11  (72%) patients with T4 
SCC‑ES, and almost all recurrences developed within a year 
of treatment. In addition, the median overall survival time for 
the 11 patients was ≤12 months. However, in the present study, 
local tumor control was achieved in 3/7 (43%) patients with 
T4 SCC‑ES, and the median survival time was 43 months. It 
appears that the higher local control rate in the present study 
was mainly due to the high irradiation doses administered 
to the primary tumor, although the number of subjects was 
small. Since a previous study demonstrated that a total dose of 
≥65 GyE is a preferable factor for improvement of local tumor 
control and overall survival (16), and since all recurrences in 
the present study actually developed at the primary tumor 
site, intensification of the local treatment may be important to 
improve the outcomes of SCC‑ES.

Nevertheless, there are certain issues with administering 
high irradiation doses to the SCC‑ES primary tumor. In 
particular, there are a number of vulnerable organs in this 
region, including the brain, brain stem and optic nerve, 
and it is potentially difficult to deliver ≥65 Gy to the tumor 
using conventional RT methods without inducing severe 
late complications, such as optic nerve damage and brain 
necrosis (16,17). To reduce the irradiation dose to organs at 
risk, intensity‑modulated radiation therapy (IMRT) and PBT 
are often used, and Mock et al (18) reported that PBT reduces 
the amount of normal tissue exposed to irradiation compared 
with photon‑based treatment, particularly at low‑ and mid‑dose 
levels. Therefore, 3D‑CRT and IMRT treatment planning 
was performed for the most recently treated case in the 
present study using the same CT images, in order to compare 
dose‑volume histograms of the normal tissues, including the 
contralateral optic nerve, chiasm, brain and brain stem; the 
results are presented in Figs. 3 and 4. PBT improves the dose 
conformation compared with photon‑based delivery methods 
due to the physical advantages of charged particle beams (6). 
Since PBT has the potential to reduce the irradiation dose to 
the organs at risk and to provide high dose irradiation to the 
tumor, tumor control and morbidity rates may be improved 
with this method (7‑10).

However, the optimal dose required to control T4 SCC‑ES 
tumors remains unknown (13). It is important to determine the 
appropriate total dose carefully while monitoring complica-
tions and escalating the total dose, which was achieved in the 
present study by gradually increasing the irradiation dose from 
70 to 76 GyE. As a result, there was not a clear association 
between the irradiation dose and tumor control in the present 
study, mainly due to the small sample size and different tumor 
characteristics. A total of 4/7 patients survived for ≥3 years, 
and no lethal brain damage was observed irrespective of the 
irradiation dose. Therefore, patients with SCC-ES are currently 
being treated with PBT at a total dose of 76 GyE combined 
with concurrent chemotherapy at the University of Tsukuba 

Figure 4. Patient 7. Comparison of dose‑volume histograms of risk organs according to treatment methods: (A) Contralateral optic nerve, (B) chiasm, (C) brain 
stem and (D) brain. V30 indicates the volume (ml) of the organs at risk irradiated at 30 Gy.
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Hospital. On the other hand, grade 3 optic nerve damage and 
cataracts developed in 1  and 2  patients, respectively, who 
received PBT. Previous studies have demonstrated the useful-
ness for spot‑scanning proton therapy to significantly reduce the 
integral dose to head and neck critical structures (19,20), and 
prospective studies are underway to determine if this reduced 
dose translates to an improved quality of life in patients.

In conclusion, 7 unresectable SCC‑ES patients were treated 
with PBT with or without concurrent chemotherapy, and local 
tumor control was achieved in 3/7 patients (43%), while 4 patients 
survived for ≥3 years. Furthermore, no lethal morbidity devel-
oped in the long‑term survivors. As all recurrences developed 
locally, it appears that intensifying local treatment effects 
without increasing severe morbidities in critical organs may 
be important in order to improve treatment outcomes. PBT is 
therefore a potentially effective and curative RT method for 
unresectable SCC‑ES.
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