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Abstract
Background: Adenoid cystic carcinoma (ACC) should be treated with a surgical procedure. 
Unfortunately, in some cases, such procedures are impossible to perform. In that event, ra-
diotherapy can be used as a form of radical treatment, although ACC is established as a radio- 
and chemoresistant tumour. Therefore, unconventional fractionated radiotherapy needs to be 
considered. Case presentation: Here, we present a case study of a patient with an unresect-
able tumour of the choanae and nasopharynx treated with a stereotactic radiotherapy boost 
in combination with conventional radiotherapy. We achieved complete clinical regression af-
ter application of a 1 × 18 Gy boost followed by conventional radiotherapy at 50 Gy in 25 frac-
tions. The early and late tolerance of this treatment were positive. During the 2-year follow-up, 
local and distant recurrence were not detected. Conclusions: This case represents an indi-
vidualized, modern and safe approach to unresectable ACC. This is one of the first cases to 
show the use of a combination of stereotactic and conventional radiotherapy in radical, con-
servative cancer treatment. © 2021 The Author(s).
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Background

Adenoid cystic carcinoma (ACC) of the head and neck region accounts for less than 1% 
of all cancers of this region [1]. Despite the fact that the ACC occurs most often in the salivary 
glands, it can also arise in other head and neck locations [2]. ACC is a slow-growing malignant 
neoplasm that shows a tendency towards perineural spread and local recurrence. Although 
the risk of lymph node involvement does not exceed 10%, ACC is characterized by a high risk 
of distant metastasis, especially to the lungs. Radical surgery with possible adjuvant radio-
therapy is the standard treatment. The role of systemic treatment in this type of cancer is 
limited due to its chemoresistance. In cases where surgery is not possible (e.g., unresectable 
or inoperable tumours), radiation therapy can be used as a definitive treatment. The 
presented case report concerns an unresectable tumour of the choanae and nasopharynx, 
which was treated with a stereotactic radiotherapy boost followed by conventional radio-
therapy.

Case Presentation

A 36-year-old male patient presented with periodic headaches for 6 years. A magnetic 
resonance imaging (MRI) scan of the head and neck revealed a contrast-enhanced lesion 
measuring 20 × 17 mm located at the nasopharynx wall and the posterior choana on the right 
side. Additionally, a decline of the sphenoid bone on the right side was found on the contrast-
enhanced computed tomography (CT) scan. Histopathological examination showed low-
grade ACC. The patient underwent additional examinations (chest X-ray and abdominal ultra-
sound), which showed no distant metastases. Based on imaging tests and nasofibrescopy, the 
clinical stage was determined as cT2N0M0 [3]. The patient’s case was presented at the Head 
and Neck Unit, where he was disqualified from surgery due to the inability to perform radical 
resection with appropriate operating margins. Afterwards, during the case conference, our 
team qualified the patient for radiation therapy. To intensify the radiation therapy and 
increase the chance of achieving local control, the patient was qualified for a stereotactic 
radiotherapy boost before the beginning of conventional treatment. An immobilization mask 
was fitted, and a CT scan without intravenous contrast in the supine position and MR scan 
with gadolinium intravenous contrast and 1 mm slice thickness for both methods were 
performed to accurately identify and contour the gross tumour volume (GTVboost = 6.18 cm3). 
A 3-mm margin was added to the GTVboost creating the planning target volume (PTVboost = 
14.95 cm3). The clinical target volume (CTV50Gy = 88.24 cm3) included the nasopharynx, the 
posterior 1/3 of the nasal cavity and nerve pathways (pharyngeal nerve, glossopharyngeal 
nerve and branches of cranial nerves IX and X) to the base of the skull. As before, the planning 
target volume (PTV50Gy = 133.21 cm3) was created by adding a 3-mm margin to the CTV50Gy. 
The radiotherapy planning process consisted of preparing two treatment plans: a stereotactic 
radiotherapy plan in the MultiPlan v.4.6.1 system (Accuray, Sunnyvale, CA, USA) and a conven-
tional radiotherapy plan in the Eclipse system (Varian Medical System, Palo Alto, CA, USA). 
The next phase of planning included the fusion of both of the abovementioned plans in the 
Eclipse system. The stereotactic single-dose boost (18 Gy) was planned at a reference isodose 
of 90% with the application of Iris collimators (15.00 mm, 20.00 mm) and 175 6 MV flattening 
filter-free photon beams. The conventional plan was calculated for a fraction dose of 2 Gy and 
a total dose of 50 Gy. The volumetric modulated arc therapy technique was used for two 6-MV 
flattening filter-free arcs with the use of a high-definition multi-leaf collimator. The dose 
distribution in the target volumes and organs at risk for the stereotactic and conventional 
radiotherapy are shown in the tables below (Table 1 and Table 2). We decided to accept 
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minimal doses of conventional radiotherapy in the CTV and PTV as a result of the air in the 
maxillary sinuses included in the target volumes (Fig. 1 and Fig. 2).

The treatment began with the stereotactic radiosurgery boost, realized on a Cyber Knife 
with a single dose of 18 Gy delivered to the PTVboost. The duration of the therapeutic session 
was 41 min. A few hours after the boost, the patient reported a headache. Dexamethasone  
2 x 4 mg i.v., paracetamol 1 × 1 g p.o., ketoprofen 1 × 100 mg i.v., ranitidine 1 × 50 mg i.v. and 
mannitol 1 × 250 mL i.v. were administered. The headache subsided 1 h after administration 
of these drugs, but the pharmacological treatment was continued prophylactically for 5 days 
at the abovementioned doses. The steroid dose was reduced and changed to the oral route, 
and after 2 weeks from the beginning of treatment, steroids were discontinued. Conventional 
radiotherapy started 4 days after the stereotactic radiosurgery boost and was conducted at a 
total dose of 50 Gy in 25 fractions delivered to PTV50Gy on a linear accelerator. The treatment 
was completed without any interruptions. Laboratory tests performed before treatment 
revealed increased levels of alanine transaminase (G1) and gamma-glutamyl transpeptidase 
(G1), most likely due to dietary error or alcohol consumption. The abdominal ultrasound 
showed no pathological changes, and L-ornithine L-aspartate 3 × 100 mg p.o. as a hepatopro-
tective treatment was administered, achieving normalization of those parameters. Grade 2 

Table 1. Doses and volume parameters of the stereotactic radiosurgery boost

Minimal dose, Gy Mean dose, Gy Maximal dose, Gy

GTVboost 18.90 19.43 20.00
PTVboost 17.32 19.15 20.00
Spinal canal 0.04 0.12 0.69
Brainstem 0.07 0.38 1.00
Brain 0.03 0.51 17.32
Mandible 0.04 0.77 7.59
Parotid gland right 0.05 0.94 5.22
Parotid gland left 0.17 0.77 3.99

(Maximal dose in eyes, lenses, optic pathways and cochleae <1.20 Gy).

Table 2. Conventional radiotherapy – dose analysis

Minimal dose, Gy Mean dose, Gy Maximal dose, Gy

CTV50 34.82 50.31 58.02
PTV50 32.22 49.03 58.02
Lens right 0.88 1.09 1.38
Lens left 0.98 1.16 1.40
Eye right 0.75 1.50 5.95
Eye left 0.82 1.57 6.36
Cochlea right 13.84 29.06 49.47
Cochlea left 16.62 27.46 47.80
Optic pathways 1.57 2.78 5.89
Brainstem 1.45 18.89 47.72
Brain 0.17 3.81 53.02
Mandible 0.25 6.14 44.12
Parotid gland right 0.57 11.71 44.58
Parotid gland left 0.54 10.25 46.73
Spinal canal 0.03 2.94 44.08
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mucositis of the nasopharynx and nasal cavity according to the Common Terminology Criteria 
for Adverse Events (CTCAE) occurred as acute side effects during conventional radiotherapy.

We performed two flexible nasal endoscopies (FNEs), the first 14 days after the start of 
treatment, and the second on the day before the last day of conventional radiotherapy. In both 
examinations, stagnation of tumour growth was observed with respect to the findings from 
nasal endoscopy performed before the treatment. In the first follow-up visit 2 months after 
the end of the treatment, a partial regression of the primary tumour in the FNE was observed; 

Fig. 1. The dose distribution in the MultiPlan system. The orange isodose represents a prescription dose of 
1 × 18 Gy (Cyber Knife).

Fig. 2. The dose distribution in the Eclipse system (sum of the stereotactic radiosurgery boost and conven-
tional radiotherapy). The dose was limited to 50 Gy (left) and 68 Gy (right).
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approximately 30% of the tumour remained. No evidence of acute side effects was found. Ten 
months after the end of the treatment, FNE demonstrated a normal nasopharynx and choanae 
region, indicating the complete remission of the part of the tumour that was visible in the 
previous FNEs.

More than 3 months after the end of treatment, the tumour dimensions on gadolinium-
based MRI were stable, simultaneously indicating evident response to radiotherapy due to 
the reduced diffusion restriction and the appearance of necrotic components in the tumour. 
Six months after the end of treatment, the tumour dimensions were similar to those on the 
previous MRI, 20 × 14 × 11 mm. The radiologist suggested necrosis in the central part of the 
lesion as before and further reduction of diffusion restriction. Thirteen and 19 months after 
the end of the treatment, an abnormal 18 × 15 mm area with low contrast enhancement was 
described on MRI, although there was no diffusion restriction on the MRI performed after 19 
months, which can be interpreted as complete regression of the tumour with radiation-
induced changes (Fig. 3). Chest X-ray and abdominal ultrasound revealed no distant metas-
tases at the time. The patient underwent anterior tympanotomy and ventilatory drainage 
insertion 15 months after ending radiotherapy due to bilateral hearing impairment and 
chronic exudative, adhesive otitis media; this was the only late side effect of the treatment. 
Five months later, he reported significant improvement in hearing.

Discussion

ACC of the choanae and nasopharynx occurs casuistically. Despite the lack of data on 
large groups of patients, surgery with subsequent radiation therapy is a suggested method of 
treatment [4, 5]. In the presented case, adequate surgical management was not possible due 
to the inability to perform an R0 resection. In such cases, radiotherapy remains the only 
option for radical treatment. Soprani et al. [6] described a case of ACC of the nasopharynx 
where after using conventional radiation therapy to a total dose of 70 Gy in 35 fractions, 
partial regression was achieved. Phan et al. [7] presented a case of a 71-year-old patient with 
nasopharyngeal ACC in grade T4N0 who was disqualified from surgery, and intensity modu-
lated proton therapy was used to a total dose of 6,996 cGy in 33 fractions. However, 2 years 

Fig. 3. Comparison of MR scans before (left) and 19 months after (right) the end of the treatment.
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after treatment, local recurrence occurred. American researchers have also used proton 
beam therapy for unresectable ACC of the nasopharynx [8]. In the reported group of 14 
patients, the median dose was 73.8 Gy (relative biological effectiveness). Fifty percent of 
patients received concurrent chemotherapy. Three local, one regional and four distant failures 
were observed. The median time of local failure was 69 months. There was only one acute 
grade 3 toxicity and 3 patients developed grade 3 or higher late toxicity. Interesting conclu-
sions were obtained by Schultz-Erter’s study concerning patients with ACC infiltration of the 
skull base or orbital cavity [9]. In their study, at the 4-year follow-up, locoregional control was 
more beneficial after combined photon radiotherapy and a carbon ion boost than radio-
therapy alone. The ACCEPT study also raised the problem of treating ACC in the head and neck 
region [10]. A group of 23 patients with different tumour locations (30% paranasal sinus, 
17% nasopharynx, 17% palate, 13% parotid gland, 9% submandibular gland, 13% others) 
showed quite good treatment results (only 22% local recurrences during the 4-year follow-
up, 67% 3-year disease-free survival) and acceptable tolerance (no grade 4 or 5 events) after 
administration of concurrent cetuximab and intensity modulated radiation therapy (conven-
tional radiation therapy to a total dose of 54 Gy) with an upfront carbon ion boost of 24 Gy in 
8 fractions (relative biological effectiveness). Thirty-nine percent of patients were qualified 
to undergo surgical intervention as the primary treatment, but unfortunately, no radical 
surgery (R0) could be performed for any of the patients (R1 – 22%, R2 – 78%). These data 
show the difficulty of the surgical procedure in the treatment of ACC of the head and neck 
region. Typical ACC features such as resistance to radiation therapy and chemotherapy as 
well as difficulties in performing radical surgery should prompt the use of unconventional 
fractionation schemes in radiotherapy. In our case, the application of a stereotactic radio-
surgery boost followed by conventionally fractionated radiation therapy was intended to 
increase the biologically effective dose in the tumour. The high gradient of dose fall-off outside 
the target, characteristic of stereotactic radiosurgery, enabled favourable dose distributions 
in the organs at risk.

Conclusions

This innovative, modern and safe method of treatment allowed us to achieve very good 
local control of the tumour. The combination of conventional radiotherapy with a stereotactic 
radiosurgery boost in the radical treatment of head and neck cancer requires further research 
to fully assess the efficacy and safety of this approach notably, in terms of late toxicity for 
instance necrosis, the risk of which is elevated after the application of stereotactic radio-
surgery boost. The case described above suggests optimistic perspectives.

Statement of Ethics

The patient was informed about the unresectable character of the tumour. He gained 
information that radiosurgery boost may increase tumour response, especially in the radio-
resistance and chemoresistance aspect. The patient had the possibility to ask questions and 
he gained answers for all issues. Consent for radiotherapy treatment was obtained from the 
patient. Written informed consent was obtained from the patient for publication of this case 
report and any accompanying images. All authors read and approved the final manuscript. 
The datasets used and analysed during the current study are available from the corresponding 
author on reasonable request.
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