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Abstract The aim of this study was to evaluate the effi-

cacy and safety of proton beam therapy for patients with

locally recurrent parotid cancer. Between 2009 and 2012,

ten patients with locally recurrent parotid gland cancer

were treated with proton beam therapy (70.2 Gy equiva-

lents in 32 fractions) with or without intra-arterial infusion

chemotherapy of cisplatin (50 mg/body/week, for a total of

5–8 weeks). The median follow-up was 24 months (range

10–49 months). The 1-year overall survival and local

control rates were 80 %, and the 3-year overall survival

and local control rates were 60 %. None of the patients

experienced grade 3–5 toxicities in the treatment or the

follow-up periods. These findings suggest that proton beam

therapy could be applied effectively and safely for patients

with locally recurrent parotid gland cancer.
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Introduction

Of all the salivary gland tumors, 85 % are benign and 15 %

are malignant. Salivary gland cancers are uncommon and

comprise 3–6 % of all head and neck cancers [1]. Their site

of origin can be the major (parotid, submandibular, and

sublingual) or the minor salivary glands (in the palate, the

nasal cavity, the paranasal sinuses, the trachea, and the

lacrimal glands). Most salivary gland cancers arise from

the parotid glands, and 20–25 % of parotid gland tumors

are malignant. These cancers have varying histology and

diverse biologic behaviors. Histologically, mucoepider-

moid carcinoma is the most common malignant salivary

gland tumor of the parotid glands. Surgery with adjuvant

radiotherapy is the standard and curative treatment

modality [1, 2]. Chemotherapy is not routinely performed

except in the palliative or the recurrent disease setting.

However, the clinical response rate to chemotherapy and

the prognosis are poor [3]. We treated recurrent parotid

gland cancers with proton beam therapy (PBT), which can

be used to deliver high-dose radiation to the tumor, while

minimizing the doses delivered to the surrounding normal

tissues.

The purpose of this study was to clarify the efficacy and

safety of PBT for recurrent parotid gland cancer. The study

was approved by the Ethics Committee of the Southern

Tohoku Proton Therapy Center.

Methods

Eligibility

Patients with histopathologically confirmed, recurrent

parotid gland cancers, including adenoid cystic carcinoma
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(ACC), epithelial myoepithelial carcinoma (EMC),

mucoepidermoid carcinoma (MC), sarcoma, acinic cell

carcinoma (acinic cell Ca), and squamous cell carcinoma

(SCC), were enrolled in this study. All patients were

diagnosed as having recurrence at the primary tumor site

after initial treatment. Patients who had recurrent lymph

node metastases or distant metastases were excluded. The

specific eligibility criteria included an Eastern Cooperative

Oncology Group (ECOG) performance status of 0–2;

adequate hematological, hepatic, and renal functions (white

blood cells[3500 lL; neutrophils[2000 lL; platelet

count[100,000 lL; hemoglobin[8 g/dL; AST and

ALT\ 3 times the upper limit of normal; total biliru-

bin\1.5 mg/dL; creatinine clearance[30 mL/min); and a

life expectancy[3 months.

Proton Beam Therapy

The irradiation field of the PBT was focused on the primary

tumor only. The gross tumor volume (GTV) was defined as

any visible evidence of disease on physical examination or

on any imaging modality, including CT, MRI, and/or PET/

CT. The clinical target volume (CTV) was defined as the

GTV with a 3–5 mm margin in all directions to cover

microscopic disease. The CTV was expanded by 3–5 mm

in all directions to allow for setup uncertainty, to create the

planning target volume (PTV), but it did not extend to the

critical organs at risk, such as the brainstem and spinal

cord. The photon beam energy and the spread-out Bragg

peak were fine-tuned so that the PTV was covered by at

least a 90 % isodose volume of the prescribed dose. A

fraction size of 2 or 2.2 Gy equivalents (GyE) was deliv-

ered daily, 5 days per week. The total dose of PBT was

approximately 70.2 GyE in 32 fractions over 7 weeks.

Intra-Arterial Infusion Chemotherapy Via

the Superficial Temporal Artery

Before treatment, three-dimensional CT angiography of the

carotid artery was necessary to identify the main tumor

feeding arteries and determine the morphology and the course

of the tumor feeding artery from the external carotid artery

(Fig. 1a) [4]. Catheterization from the superficial temporal

artery (the HFT method) was performed, as previously

reported [4]. The tip of the catheter was placed in the posterior

auricular artery branch of the external carotid artery (Fig. 1b).

The extent of arterial injection was confirmed using

angiography or MRI with an extremely low dose of con-

trast medium slowly infused by way of the catheter

(Fig. 1c) [5].

Cisplatin (CDDP) was administered as an intra-arterial

infusion at doses of 50 mg/body for 5 h once a week, with

a total of 5–8 courses. During the arterial infusion of

CDDP, sodium thiosulfate (STS), a CDDP-neutralizing

agent, was also administered intravenously at 10 g/body

for 8 h, starting 1 h before the CDDP infusion.

Evaluation and Follow-Up

The clinical response was judged 3 months after PBT,

according to the Response Evaluation Criteria in Solid

Tumor guidelines. The overall survival (OS) and local

control (LC) rates were calculated using the Kaplan–Meier

method. Events were measured from the start of treatment.

Acute and late toxicities were evaluated in accordance with

the Common Terminology Criteria for Adverse Events

(CTCAE), v4.0. The evaluation categories were blood cell

counts, renal function, oral mucositis, dermatitis, alopecia,

nausea, fever, and brain necrosis.

Fig. 1 a Three-dimensional CT angiography of the right external

carotid artery. b Digital subtraction angiogram (DSA) of retrograde

intra-arterial infusion. c Axial view of the MR image after infusion of

a small amount of contrast medium through the catheter for arterial

infusion chemotherapy. This image shows tumor staining of the right

parotid gland (arrow)
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Results

Patient Characteristics and Treatment Results

The patient characteristics and treatment results are shown

in Table 1. Between June 2009 and June 2012, ten patients

with local recurrence of parotid carcinoma were enrolled in

the present study. There were eight males and two females,

with a median age of 62 years (range 43–83 years). His-

tologically, the tumors were diagnosed as ACC (n = 4),

EMC (n = 2), sarcoma (n = 1), SCC (n = 1), MC

(n = 1), and acinic cell Ca (n = 1). The TNM status of the

locally recurrent tumors was rT4a (n = 6), rT3 (n = 2),

rT2 (n = 1), and rT4b (n = 1). None of the patients had

Table 1 Patient characteristics and treatment results

Patient Age

(years)

Histology TNM-

status

Initial treatment PBT

(GyE)

IAC Types of

recurrence

Survival

(months)

Status

1 65 ACC rT4aN0M0 Surgery, RT (50 Gy) 66 No Local 45 DOD

2 83 Sarcoma rT3N0M0 Surgery 68.2 No No 49 NED

3 67 EMC rT4bN0M0 Surgery, RT (40 Gy) 60 No Local 39 DOD

4 55 SCC rT4aN0M0 Chemo, RT (70 Gy) 56 CDDP

500 mg

Local 10 DOD

5 59 ACC rT4aN0M0 Surgery, RT (50 Gy) 61.6 CDDP

400 mg

Skin metastasis 14 DOD

6 75 ACC rT3N0M0 Surgery 77 No Local 15 DOD

7 69 EMC rT4aN0M0 Chemo, RT (70 Gy) 74 CDDP

500 mg

Lung metastasis 12 DOD

8 54 ACC rT4aN0M0 Surgery 74.8 CDDP

250 mg

No 25 NED

9 53 MC rT4aN0M0 Surgery, RT

(64.9 Gy)

60 CDDP

300 mg

No 23 NED

10 43 Acinic cell

Ca

rT2N0M0 Surgery 74.8 No No 49 NED

ACC adenoid cystic carcinoma, EMC epicelial myoepithelial carcinoma, SCC squamous cell carcinoma, MC mucoepidermoid carcinoma, Acinic

cell Ca acinic cell carcinoma, RT radiotherapy, IAC intra-arterial infusion chemotherapy, CDDP cisplatin, OS overall survival, LC local control,

DOD dead of disease, NED no evidence of disease

Fig. 2 a MR image of the right parotid gland of a patient with

recurrent adenoid cystic carcinoma (rT4aN0M0) before treatment

(arrowhead). There was recurrence at the primary tumor site

36 months after the initial surgical treatment. Patients received PBT

combined with intra-arterial chemotherapy at our institution (PBT

total 74.8 GyE; CDDP total 250 mg/body). b Dose distribution map

of proton beam therapy (the outside line shows \10 % of the

prescription dose). c MR image of the same patient 38 months after

treatment. The primary tumor lesion has disappeared, and this patient

has achieved a complete response

Indian J Otolaryngol Head Neck Surg (October 2019) 71(Suppl 1):S49–S54 S51

123



lymph node or distant metastases. The initial treatments

consisted of surgery (n = 4); surgery and postoperative

radiotherapy (n = 4); and chemoradiotherapy (n = 2). For

those treated with radiotherapy, the median total irradiation

dose was 57.5 Gy. In the present study, all patients were

treated with PBT, with a median total dose of 66 GyE

(range, 56–77 GyE per 28–30 fractions). Five patients were

treated with intra-arterial infusion chemotherapy of CDDP

combined with PBT, with a median total CDDP dose of

400 mg/body (range 250–500 mg).

Tumor Control and Survival Rates

Themedian follow-upwas 24 months (range 10–49 months).

Eight patients achieved a complete response (CR), one patient

achieved a partial response (PR), and one patient achieved

stable disease (SD). The response rate to this treatment was

90 % (Fig. 2c). MR images of the right parotid gland for the

patient with a CR are shown in Fig. 2a. The 1-yearOS and LC

rates were 80 %, and the 3-year OS and LC rates were 60 %

(Fig. 3). During the follow-up period, four patients died of

local recurrence at the primary tumor site, and two patients

died of multiple metastases (Table 1).

Toxicity

Table 2 shows the therapy-related toxicities. All patients

experienced grade 2 dermatitis, and one patient had grade 1

brain necrosis. During the treatment and follow-up periods,

no severe complications, such as neurological complica-

tions and grade 3–5 toxicities, were encountered.

Discussion

Combined-modality treatment with surgery followed by

postoperative radiotherapy is the standard treatment for

salivary gland cancers. Various studies have demonstrated

the benefit of surgery combined with postoperative radio-

therapy in improving local control and overall survival.

Therasa et al. have reported a local control rate of 94 % at

5 years and 73 % at 10 years. Metastatic control was 82 %

at 5 years and 63 % at 10 years [6]. However, local tumor

recurrence can develop after incomplete tumor removal,

and surgical treatment for recurrent cancer often requires a

larger resection than in primary treatment. This is due to

the difficulty of radically resecting a recurrent tumor lesion

Fig. 3 Overall survival (OS) rates (a) and local control (LC) rates (b) using the Kaplan–Meier method. The 1-year OS and LC rates are 80 %,

and the 3-year OS and LC rates are 60 %

Table 2 Toxities

Toxicities Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Hematological

Leukopenia 0 1 0 0 0

Neutropenia 0 1 0 0 0

Thrombocytopenia 0 1 0 0 0

Anemia 0 2 0 0 0

Non-hematological

Mucositis 4 3 0 0 0

Dermatitis 0 10 0 0 0

Alopecia 3 0 0 0 0

Nausea 2 1 0 0 0

Fever 2 0 0 0 0

Brain necrosis 1 0 0 0 0
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with a sufficient safety margin, because of its anatomical

and pathological features [7]. Therefore, some cases are

inoperable, and patients who undergo these surgical treat-

ments often experience a deterioration in their quality of

life (QOL) caused by dysfunction (such as dysphagia and

dysarthria) and poor cosmetic impairment.

In a report by Pederson et al. [8] on chemotherapy

combined with re-irradiation for salivary gland malig-

nancies, the 3-year OS rate was 35.7 %. Nakamura

et al. [9] reported that severe late toxicity was seen

with total radiation doses (the sum of the initial and the

re-treatment radiation doses) of more than 110 Gy. This

may be the upper limit dose that can be given, and it is

thought to be the optimal dose for recurrent tumors.

Furthermore, the lifetime total doses for the spinal cord

are restricted to 50 Gy. Therefore, it is difficult to

administer high-dose radiation only to the tumor using

traditional photon therapy. PBT has unique physical

properties (e.g., the Bragg peak) and an excellent dose

distribution for head and neck carcinomas, which limit

the amount of normal tissue irradiated in the head and

neck, while maximizing the radiation delivered to the

tumor (Fig. 2b) [10].

As previously mentioned, the clinical response rate in

the present study was 90 %, and the 3-year OS and LC

rates were 60 %. Furthermore, the six patients who

received radiotherapy in the initial treatment had no severe

toxicities during the treatment and follow-up period in the

present study. Limiting unnecessary radiation to normal

tissues in the head and neck region can therefore result in a

profound improvement in QOL, both during and after

treatment [11]. In the present study, using PBT completely

spared the critical organs, such as the brain, the brainstem,

the spinal cord, and others. Selective injection of cytostatic

agents into the tumor-feeding artery is an effective method

to achieve higher doses of these agents in the tumors with

less systemic toxicity than with intravenous chemotherapy

[12]. Mitsudo et al. [13, 14] reported that a combination of

radiotherapy with concurrent intra-arterial infusion

chemotherapy is a useful and effective approach in the

treatment of advanced head and neck carcinomas.

In the present study, of five patients treated with intra-

arterial CDDP infusion chemotherapy combined with PBT,

only one patient experienced local failure. This result

suggests that intra-arterial infusion chemotherapy can

improve local control. A report by Teo et al. [15] con-

cluded that optimal locoregional treatment can reduce the

possibility of distant metastases and improve overall sur-

vival. Therefore, we believe that good local control can

lead to good overall survival.

In conclusion, PBT with or without combined intra-ar-

terial infusion chemotherapy could become a new treat-

ment modality for patients with recurrence of parotid gland

cancer, especially in cases that are inoperable or require re-

irradiation. Further studies of this treatment are required to

better determine the long-term prognosis and the possibil-

ity of late toxicities.
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