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Abstract. The purpose of this study was to analyze the results of the combined modality treatment and radiation therapy
using 6.3 MeV fast neutrons for salivary gland cancer and prognostically unfavorable thyroid gland cancer. The study
group comprised 127 patients with salivary gland cancer and 46 patients with thyroid gland cancer, who received neutron
therapy alone and in combination with surgery. The results obtained demonstrated that the combined modality treatment
including fast neutron therapy led to encouraging local control in patients with salivary and thyroid gland cancers.

INTRODUCTION

Salivary gland cancer accounts for 3—4% of all head and neck cancers [1]. Due to the resistance of salivary gland
tumors to photon therapy, local recurrence rate reaches 50%. Kokemuller et al. [2, 3] reported that postoperative
radiotherapy with high-energy photon beams does not improve local and regional controls and survival of patients
with adenocystic cancer of the salivary glands. Thus, the development of new methods for the treatment of
malignant tumors of the salivary glands is of great importance.

Thyroid cancer (TC) is the most common tumor of the endocrine system and accounts for 1.5-2.2 % of all
malignancies registered in Russia [4].

A. Antonacci et al. [5] identified the factors under which the prognosis of the TC disease gets worse: anaplastic,
squamous cell, medullary TC, insular forms of TC, spread of tumor beyond the capsule, invasion into adjacent
tissues, and the presence of residual tumor after surgery. Anaplastic TC accounts for not more than 4-6% of all
thyroid cancers, and along with squamous cell thyroid cancer it is considered as one of the most aggressive human
cancers [4, 6]. One of the ways to improve the effectiveness of radiation therapy is the use of high linear energy
transfer radiation, in particular fast neutrons [7-9]. Neutron therapy delivered to the “bed” of the removed tumor is
not widely used, because there is a perception of increased rates of post-radiation changes in normal tissues and
adjacent critical organs. In addition, single and total doses of fast neutrons for the above cancers are not identified.
Therefore, the use of fast neutrons in the postoperative period requires further detailed research.

Since 1984, more than 800 patients with head and neck cancer (salivary and thyroid glands, nasal cavity and
paranasal sinuses, larynx, oropharynx and oral mucosa and metastases in lymph nodes of neck) have been treated
with 6.3 MeV fast neutrons at the Cancer Research Institute in Tomsk [10-15].

MATERIALS AND METHODS
Salivary Gland Cancer

All patients received neutron therapy using U-120 cyclotron with the average energy of 6.3 MeV. The study
included 83 patients with cancer of the parotid, minor salivary and submandibular glands who underwent surgery
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followed by neutron therapy or neutron-photon therapy. Neutron-photon therapy alone was administered to
44 patients. The average age of the patients was 54 years. Adenocarcinomas (38%), mucoepidermoid carcinoma
(22%) and adenoid cystic carcinoma (19%) were the most common histological types.

The control group included 40 patients with cancer of the parotid, minor salivary and submandibular glands, who
received conventional external beam radiotherapy given alone (n = 13) or in combination with surgery (n = 27).

Thyroid Cancer

The study included 46 patients with thyroid cancer who received either combined modality treatment including
surgery and postoperative neutron therapy/neutron-photon therapy (n = 24), or neutron-photon therapy alone (n =
22). The median age of the patients was 55 (range: 15 to 75). The male to female ratio was 1 : 1. Anaplastic
carcinoma was the most common histological type (33%) followed by medullary carcinoma (22%), squamous cell
carcinoma (9%) and poorly differentiated papillary and follicular carcinoma (36%).

All patients underwent surgery in the first treatment phase of the combined modality treatment. The patients with
unresectable primary tumors or recurrent tumors received neutron or neutron-photon therapy alone.

Technique of Neutron Therapy

Therapeutic neutron beams produced by U-120 cyclotron were used. The average energy of fast neutrons was
6.3 MeV. Source to skin surface distance was 110 cm [16-18].

Radiation therapy was performed twice a week. A computer program for neutron therapy planning was
developed to calculate the absorbed dose of fast neutrons in the tumor and critical organs [19].

Two schedules of neutron dose fractionation were used. The first schedule of fractionation was: 1.2-1.4 Gy
single dose, 3.1-3.0 RBE for skin, 3.7-4.2 Gy photon-equivalent dose, 8-12 Gy total dose of fast neutrons (40—
50 Gy isoeffect dose). The second regimen was: 3—5 fractions of fast neutrons given twice a week, 1.8-2.4 Gy single
dose, 2.8-2.7 RBE, 5.0-6.5 Gy photon-equivalent dose, 5.4 to 7.2 Gy total dose (equal to 3540 Gy of photon
irradiation).

Rokus-M and Teratron gamma-therapeutic apparatus were used for photon radiotherapy and PMB-7 MeV for
electron beam radiotherapy. The follow-up ranged from 6 months to 20 years.

Statistical analysis was performed using Statistica 6.0 software.

FIGURE 1. Therapeutic neutron beam scheme and the position of the patient during irradiation session
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FIGURE 2. The patient with inoperable salivary gland cancer before (a, b) and after (c, d) neutron-photon therapy

RESULTS AND DISCUSSION

The patients with salivary gland cancer received both modes of fractionation of fast neutrons in almost equal
proportions. The average single dose of fast neutrons was 1.4 Gy for patients treated with surgery + neutron/photon
therapy and 1.65 Gy for patients treated with radiotherapy alone. The contribution of fast neutrons to the total dose
of neutron-photon therapy was 46-48%. The average total dose of postoperative radiotherapy was 40 Gy. For
patients treated with radiotherapy alone, the average total dose was 60 Gy.

The control group patients with salivary gland cancer received a standard photon therapy.

Both schedules of neutron fractionation were used in the treatment of thyroid cancer, but the first schedule was
used more often (in 73% of cases). Single dose of fast neutrons was 1.4 Gy for the patients treated with surgery +
radiotherapy and 1.47 Gy for patients treated with radiotherapy alone. The contribution of fast neutrons to the total
dose of neutron-photon therapy was 46-48%. The average total dose was 52.5 Gy in combination treatment and
61.0 Gy in radiotherapy alone.

In the patients with salivary gland cancer, who received combination treatment with postoperative neutron
therapy, the 3-, 5- and 7-year survival rates were 83.2 + 6.3%, 65.8 + 10.4% and 52.6 + 14.4%, respectively. In the
control group patients, the 3-year overall survival rate was 53 + 9.2% and the 5-year survival rate was 31.8 = 10.3%.

The 3- and 5-year overall survival rates in patients with inoperable salivary gland cancer, who received fast
neutron therapy alone, were 60.6 = 13.6% and 48.5 = 15.3%, respectively. In the control group, the corresponding
values were 30 = 16.9% and 0%, respectively.
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The 3-and 5-year recurrence-free survival rates were respectively 70.3 + 8.1% and 49.3 + 11.8% for salivary
gland cancer patients treated with surgery and postoperative neutron therapy. In the control group, the 3-and 5-year
recurrence-free survival rates were 46 + 13.9% and 18.5 = 11.5%, respectively.

Immediate response rate of inoperable salivary gland cancer was higher to fast neutrons than to conventional
photon therapy. In neutron therapy group, complete tumor regression was observed in 26 cases (59%), partial
regression in 15 cases (34%). No response to therapy with evidence of disease progression was noted in three cases
(7%). In the control group, partial tumor regression was observed in 5 cases (62.5%). No response to radiotherapy
was recorded in 2 cases (25%), complete regression occurred in one case (12.5%).

Clinical Trial of 6.3 MeV Fast Neutron Therapy for Patients with Thyroid Cancer

In patients with thyroid cancer, who received combination treatment with postoperative neutron therapy, the
S-year overall survival rate was 70.2 + 8.9%. The 5-year recurrence-free survival rate was 52 + 10.6%.

The 5-year overall survival rate in patients with inoperable thyroid cancer, who received fast neutron therapy
alone, was 46.9 £ 9.7%.

The analysis of long-term treatment outcomes of the patients with thyroid cancer showed the overall five-year
survival rate of 32.8 + 15.1% in the patients with anaplastic thyroid carcinoma and 63.4 + 7.8% in the patients with
medullary carcinoma. All patients with squamous cell carcinoma of the thyroid gland died of distant metastases
without evidence of local recurrence within 1-year follow-up.

Local Radiation-Induced Reactions in Patients with Salivary and Thyroid Cancers

Radiation-induced skin damages (mainly grade I erythema according to RTOG scale) were observed in 81% of
patients with salivary gland cancer who received combination treatment including surgery and postoperative neutron
or neutron-photon therapy. In patients with salivary gland cancer, who received neutron or neutron-photon therapy
alone, radiation-induced skin damages were noted in 96% of cases.

In the patients with thyroid cancer, who were treated with fast neutrons in the postoperative period, radiation-
induced skin reactions were observed in 73% of cases and were mainly represented by erythema (52%). In the
patients with thyroid cancer, who received neutron-photon therapy alone, dry and moist desquamation was observed
in 81% of cases.

CONCLUSION

The analysis of treatment outcomes in the patients with salivary gland cancer demonstrated the superiority of
combination treatment including surgery and postoperative neutron or neutron-photon therapy over the standard
photon therapy in terms of the 3- 5- and 10-year survival rates and radiation-induced skin reactions.

Clinical trials of neutron-photon therapy used alone and in combination with surgery showed reduction in the
incidence of local recurrence for patients with aggressive forms of thyroid cancer. In addition, well tolerance and
the absence of severe complications dictate the necessity of prospective studies to improve treatment outcomes.
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