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INTRODUCTION

Adenoid cystic carcinoma (ACC) accounts for only ~1% of head and neck malignancies; it 
typically arises from salivary glands.[4] e 5-year overall survival rate is approximately 
90%; however, the cumulative risks of local recurrence and metastases are 40% and 40–60%, 
respectively.[3,4,6,7,9,11,20,21] Although, surgical resection is the mainstay primary treatment for 
ACC,[2,3,6,21] the main approach for ACC undergoing subtotal or partial resection is postoperative 
fractionated radiotherapy as a radical intent almost regardless of location.[1,2,16,22] Same applies 
to recurrent lesions, radiotherapy is the main approach with systemic treatment (chemo 
and targeted therapy) having a limited role. Radiotherapy has been suggested not only as a 
radical treatment for patients who undergo subtotal resection but also as a palliative treatment 
for patients who cannot undergo surgery.[2,3,22] Metastatic ACC rarely occurs in the skull 
base; however, as the main tumor often extends alongside critical neurovascular structures, 
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gross total resection with neurological preservation is 
challenging.[17,20]

Stereotactic radiosurgery (SRS) comprises focused high-
dose irradiation at a single session. It yields 1-year local 
control of 60–90% of malignant metastatic brain tumors and 
is efficacious in the treatment of brain metastases and skull 
base tumors.[14,19,23] However, evidence regarding SRS for 
skull base ACC is lacking. Herein, we report on successful 
SRS of two patients with metastatic skull base ACCs.

CASE PRESENTATIONS

Case 1

A 50-year-old man with a nosebleed was referred to our 
hospital. He had a medical history of pituitary adenoma 
which was totally resected at the age of 17 without 
recurrence, myocardial infarction, hypertension, and 
dyslipidemia. Magnetic resonance imaging (MRI) revealed a 
heterogeneously enhanced tumor extending from the nasal 
cavity to the suprasellar region [Figure 1a]. Since, computed 
tomography (CT) scan for the investigation of the neck, 
chest, and abdomen showed no evidence of the tumor, we 
considered the skull base lesion as the primary. e tumor 
was pathologically confirmed as ACC through transnasal 
biopsy [Figure  1b], and an endoscopic endonasal approach 
was used for gross total resection. However, 2  years after 
the surgery, MRI revealed tumor recurrence in the right 
pterygopalatine fossa, and a second resection was performed. 
Four years later, local recurrence was observed in the right 
superior orbital fissure [Figure 1c]. erefore, we performed 
SRS with a prescription dose of 20 Gy to a 50% isodose line 
using the Gamma Knife ICON with Leksell frame head-
fixation (Elekta AB, Stockholm, Sweden; [Figures 1c-e]). 
Since the patient was blind in the right eye after surgery for 
a pituitary adenoma at age 20, we were not concerned about 
radiation injury to the optic nerve; the mean and maximal 
radiation exposures to the optic chiasm were 2.0 and 3.3 Gy, 
respectively. One year later, local tumor remission was 
confirmed through serial MRI; however, remote metastasis 
was detected in the parapharyngeal space. Although the 
metastasis was resected through an endoscopic endonasal 
approach, marginal tumor recurrence was observed in the 
parapharyngeal space [Figure  1f]. We performed a second 
SRS with the same marginal dose, isodose line, and procedure 
as for the first SRS [Figures  1f-h]. At 36  months after the 
first SRS and 9 months after the second SRS, complete local 
remission was maintained for both tumors, and no radiation 
necrosis was observed [Figures 1i-k].

Case 2

A 56-year-old woman with the right facial numbness and 
trigeminal neuralgia was referred to our hospital. She had 

a medical history of gastric cancer which was treated with 
surgery 7 years before her visit and showed no recurrence. 
MRI revealed a large tumor extending from the orbit to 
the cavernous sinus. We considered this skull base lesion 
as the primary site, because the initial whole body-CT 
scan revealed no evidence of any tumor. It was resected 
and pathologically confirmed as ACC arising from the 
lacrimal gland [Figure  2a]. Despite upfront adjuvant 
radiotherapy (70 Gy in 35 fractions) to the surgical cavity 
in conjunction with systemic chemotherapy with cisplatin, 
local recurrence with multiple lung metastases was 
confirmed in 2 years, causing right visual loss. e tumors 
in the right cavernous sinus were resected repeatedly along 
with subsequent systemic chemotherapy (using docetaxel), 
but further recurrence was confirmed in the right anterior 
skull base [Figure  2b]. Eventually, we decided to continue 
chemotherapy for control of the lung lesions and to attempt 
SRS for maximum control of the skull base lesions since 
they were already irradiated. SRS with a prescription 
dose of 20 Gy to a 50% isodose line was performed using 
the Gamma Knife 4C (Elekta) with frame head fixation 
[Figures  2b-d]. Although remarkable tumor shrinkage 
was achieved without any radiation necrosis in 5  months 
[Figure 2e], the patient died of multiple organ failure due to 
the systemic spread of ACC. A summary of the two cases is 
provided in Table 1.

DISCUSSION

We reported on two cases of skull base metastatic ACCs that 
were successfully controlled with SRS without significant 
adverse radiation effects. Patients with ACCs have a relatively 
favorable prognosis even with metastatic tumors; the 5-, 
10-, and 15-year survival rates for all stages of ACCs are 
90%, 80%, and 69%, respectively.[9,11,21] erefore, tumor 
control and preservation of neurological function should be 
balanced when treating patients with metastatic ACC. Due 
to the rarity of ACC, available evidence on SRS for skull base 
metastases of ACCs is quite limited [Table 2]. Mori et al.[12] 
treated 12  patients with skull base ACCs with a Gamma 
Knife. Among the 15 lesions, the crude local tumor control 
rate was 87%, with no adverse radiation effects in any of 
the cases. Although six patients died of other metastases at 
the end of the follow-up period, only one died of skull base 
tumor progression after SRS. Phan et al.[15] achieved local 
tumor control with a Gamma Knife boost at a prescription 
dose of 10 Gy in conjunction with fractionated radiotherapy 
in a patient with recurrent parotid gland ACC invading 
the fallopian canal. For all three lesions in this study, 
SRS yielded excellent local control without significant 
complications, which is consistent with the previous studies. 
Hence, SRS may be suitable for the purpose of local tumor 
control. Considering ACC’s malignant nature and potential 
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Figure  1: Adenoid cystic carcinoma (ACC) in a 50-year-old man (Case 1). Gadolinium-enhanced, T1-weighted 
magnetic resonance, imaging revealed an enhanced tumor extending from the nasal cavity to the suprasellar 
region  (a). e tumor was pathologically confirmed as ACC, exhibiting cribriform growth with myoepithelial 
differentiation (b). After two resections, he experienced recurrence in the superior orbital fissure, at age 56, and 
stereotactic radiosurgery (SRS) was performed with a marginal dose of 20 Gy to a 50% isodose line (yellow line) 
in axial (c), coronal (d), and sagittal plane (e) Green lines indicated marginal dose line of 10 Gy, 18 Gy, and 24 
Gy. A remote metastasis was detected in the parapharyngeal space, with marginal recurrence after its resection. We 
performed the second SRS for the parapharyngeal metastasis with the same parameters and the planning was shown 
in axial (f), coronal (g), and sagittal plane (h) with the previous planning in blue line. Yellow line indicated 20 Gy 
to a 50% isodose line, and green lines indicated marginal dose line of 10 Gy, 12 Gy, and 18 Gy. Both lesions were 
in remission at the last follow-up: 36 months after the first SRS for recurrence in the superior orbital fissure and 
9 months after the second SRS for recurrence in the parapharyngeal space (i-k).
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invasiveness to the surrounding anatomical structure, we 
used the prescription dose of 20 Gy with an additional 1-mm 
margin to the tumor (i.e., planning target volume equals 
gross tumor volume plus 1 mm), although the Leksell frames 
were used for head fixation. Based on the result from Mori 
et al.,[12] we might achieve favorable tumor control with a 
prescription dose lower than 20  Gy, especially in case, the 
tumor is large or close to critical structures.

e minimally invasive nature and low rate of treatment-
associated complications of SRS can be a major benefit for 
ACC, in which frequent local recurrence is a major issue. 
Although surgical removal is the standard treatment for the 

primary tumors, the optimal strategy for recurrent ACC 
remains to be determined. Given the possibility of various 
perioperative complications,[5,10,13,18] SRS can be a good 
alternative, leading to a reduction of repeat surgeries. Due to 
the nature of localized, highly focused radiation, SRS can also 
be used in patients who underwent high-dose fractionated 
radiotherapy.[8] In some instances, this feature may lead to 
post-SRS out-of-field recurrences, but such relapses can be 
treated with repeat SRS as in Case 1, taking advantage of the 
minimally invasive nature. However, further studies with 
long-term follow-up are required to monitor late recurrence 
as well as late adverse events.

Table 1: Summary of SRS for skull base metastases of ACCs.

Case Age Sex Location of 
skull base 
metastasis

Other 
metastases

Symptoms Maximum 
tumour 

size

Prescription 
dose  

(isodose line)

Systemic 
treatment

Tumor 
response

Survival 
after SRS

1 56 M Superior orbital 
fissure

None Facial 
dysesthesia

38 mm 20 Gy (50%) None CR 36 months

1 58 M Parapharyngeal 
space

None Facial 
dysesthesia, 
visual 
impairment

35 mm 20 Gy (50%) None PR 9 months

2 59 F Anterior skull 
base

Lungs Visual loss 18 mm 20 Gy (50%) Cisplatin, 
docetaxel

PR Death at 
5 monthsa

ACC: Adenoid cystic carcinoma, CR: Complete response, F: Female, M: Male, PR: Partial response, SRS: Stereotactic radiosurgery. ae patient died of 
multiple organ failure; the skull base lesion was controlled after SRS

Figure 2: A 56-year-old woman underwent resection for a tumor growing next to the right orbit and 
the anterior skull base (Case 2). e tumor was pathologically diagnosed as adenoid cystic carcinoma 
arising from the lacrimal gland (a). Despite repeated resection, she experienced recurrence around 
the right cavernous sinus and orbit. We performed stereotactic radiosurgery for the anterior skull base 
metastasis, with a marginal dose of 20 Gy to a 50% isodose line (yellow line) in axial (b), coronal (c), 
and sagittal plane (d) Green lines indicated marginal dose line of 10 Gy, 18 Gy, and 24 Gy. e tumor 
shrank considerably in the next 5 months (e).
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CONCLUSION

We described two cases with three skull base metastases of 
ACC, for which we achieved successful local control with 
Gamma Knife-based SRS. SRS is a promising treatment 
option for skull base ACCs, both in terms of local control and 
functional preservation. Further, observations in more cases 
are required.
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