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Abstract Objective Nasal cavity and paranasal sinuses host a variety of malignant tumors with
adenoid cystic carcinoma (ACC) being the most frequent cancer of salivary gland
origin. The histological origin of such tumors virtually precludes primarily intracranial
localization. The aim of this study is to report cases of primarily intracranial ACC
without evidence of other primary lesions at the end of an exhaustive diagnostic
workup.
Methods An electronic medical record search complemented by manual searching
was conducted to identify prospective and retrospective cases of intracranial ACCs
treated in Endoscopic Skull Base Centre Athens at the Hygeia Hospital, Athens from
2010 until 2021 with amean follow-up time of at least 3 years. Patients were included if
after complete diagnostic workup there was no evidence of a nasal or paranasal sinus
primary lesion and extension of the ACC. All patients were treated with a combination
of endoscopic surgeries performed by the senior author followed by radiotherapy (RT)
and/or chemotherapy.
Results Three unique illustrative cases (ACC involving the clivus, cavernous sinus and
pterygopalatine fossa, one orbital ACC with pterygopalatine fossa and cavernous sinus
involvement and one involving cavernous sinus, and Meckel’s cave with extension to
the foramen rotundum) were identified. All patients underwent subsequently proton
or carbon-ion beam radiation therapy.
Conclusions Primary intracranial ACCs constitute an extremely rare clinical entity
with atypical presentation, challenging diagnostic workup and management. The
design of an international web-based database with a detailed report of these tumors
would be extremely helpful.
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Introduction

Adenoid cystic carcinoma (ACC) is a slow growing malignant
tumor derived fromminor or major salivary glands account-
ing for approximately 5% of sinonasal cancers.1 Its tendency
to recur locally, the potential to invade perineural struc-
tures, and its aggressive nature complicate its treatment.2

Metastases often occur late, and although 5-year survival is
relatively good, most patients present with recurrences
many years after the initial diagnosis.3 ACC is the third
most common salivary gland tumor and presents with three
main histological growth patterns: solid, tubular, and crib-
riform. The solid pattern is associated with the worst
prognosis. However, in most cases, those different patterns
coexist.4

Nasal cavity and paranasal sinuses may host a variety of
malignant tumorswith ACC being themost common salivary
gland tumor of the sinonasal tract. Nasal obstruction, rhinor-
rhea, facial pain, epistaxis, tingling, numbness, and burning
sensation are the most common symptoms.5 Notoriously,
ACC has the tendency to spread along the perineurium of
small cranial nerve branches, usually those of the trigeminal
nerve. In some patients, perineural invasion represents the
only symptom and may be present prior to the detection of
the primary carcinoma.2,6

Ideally, complete surgical resection with negative mar-
gins will give the patient the best prognosis; however, this
is rarely feasible. Complete macroscopic resection, with
magnification and detail provided by extended endoscopic
endonasal techniques, leads to the best oncologic outcomes
and lower morbidity as compared with external
approaches.7

Traditionally, and as expected by their origin, ACC
tumors arise in areas covered by epithelium and containing
minor or major salivary glands. Hence, there are only a few
case reports of ACC tumors presenting as primarily endo-
cranial tumors.8,9 We present three patients with ACC
tumors which presented as primarily endocranial–skull
base lesions. These cases are of interest due to their
diagnostic and therapeutic challenges related to their
unique anatomical and histological features.

Materials and Methods

A systematic retrospective review of electronic medical
records complemented by manual searching was con-
ducted with the aim of identifying cases of primary
intracranial ACCs treated by the Endoscopic Skull Base
Centre Athens, Hygeia Hospital, Athens from 2014 to 2021.
The study was approved by the institutional review board.
Patients presenting with intracranial ACC without evi-
dence of other primary lesions following a complete
diagnostic workup including computed tomography (CT)
and magnetic resonance imaging (MRI) were included.
This study was conducted in accordance with the Declara-
tion of Helsinki and its subsequent amendments and was
approved by the ethical committee of the “Hygeia Hospital,
Athens, Greece.”

Results

In total, 79 patients treated formalignant tumors of the nose,
paranasal sinus, and skull base were screened. Three cases
were identified: one case of ACC of the clivus and pterygo-
palatine fossa, one orbital ACC with pterygopalatine fossa
and cavernous sinus involvement, and one involving cavern-
ous sinus, Meckel’s cave extending to foramen rotundum.
These three cases are presented in detail below.

Case 1
A 70-year-male patient presented to our department with
dizziness, vertigo, and diplopia of 6-month duration. He also
complained of closed rhinolalia, numbness of the left facial
region (trigeminal nerve V2 and V3), and tongue paresis
ipsilateral. He was initially diagnosed by his family doctor as
suffering from myopathy and treated with steroid medica-
tion but his symptoms kept deteriorating. His medical histo-
ry included controlled blood hypertension and dyslipidemia.

His examination revealed left hemifacial hypoesthesia
and paresis of the hypoglossal nerve, and his diagnostic
nasal endoscopy was without the evident disease. The MRI
showed gadolinium-enhancing tissue of the left pterygopa-
latine fossa, infratemporal fossa, nasopharynx, lateral cav-
ernous sinus, andMeckel’s cave involving the divisions of the
trigeminal nerve, while CT scans revealed areas of hyperos-
tosis of the left clivus, greater wing, and pterygoid process of
the sphenoid. Surprisingly, there were many osteosclerotic
areas without evidence of lytic lesions (►Fig. 1).

The patient was operated with an extended endoscopic
approach. Endoscopic medial maxillectomy was performed
to maximize lateral access. Following sphenopalatine and
vidian artery ligation, the content of the pterygopalatine
fossa was accessed. The foramen rotundum and medial and
lateral pterygoid plates were identified. Large bony speci-
mens from the pterygoid root and plates were removed for
biopsy with the bone being extremely sclerotic (►Fig. 1).
Removal was subtotal as clear margins could not have been
achieved with such extended disease, without causing sig-
nificant damage to important vascular and neural structures.

Histopathology showed a low-grade tubular ACC, with a
Ki-67 marker ranging between 2 and 25%.

He received radiotherapy (RT) in the form of the proton
beam therapy which was well tolerated. After 2 years, he
sustained radiation necrosis of the superior alveolar process
of the left maxilla with the loss of two molar teeth. He was
subjected to debridement andwound closurewith local flaps
intraorally by maxillofacial surgeons and two courses of
hyperbaric oxygen therapy, 15 each. Diplopia is still persis-
tent, and he suffers from temporomandibular joint im-
pairment but without evident disease seen on the MRI
scan, 3 years after the initial diagnosis.

Case 2
A 47-year-old female patient was referred to our department
with sudden onset lateral diplopia. She was also suffering
from headaches, orbital pain, and right upper eyelid ptosis
for 6 months but her symptoms had been misattributed to
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her previous history of four rhinoplasties. Nasal endoscopy
was normal. Gadolinium-enhancedMRI scan showed a small
tumor of the right orbit in contact with themedial rectus and
superior oblique muscle and in close proximity to the
anterior ethmoid artery. An extensive spread following the
intraorbital branches of the trigeminal nerve was evident
(►Fig. 2). The pterygopalatine fossa and cavernous sinus
were also involved. An extension from the orbital lesion

directly to the ethmoid roof was notedwithminor erosion of
the lamina papyracea and the fovea ethmoidalis.

Biopsy via an endoscopic endonasal approach under
general anesthesia from all three sites revealed the presence
of ACC, which was confirmed after immunohistochemistry
and a second opinion from an expert pathologist. The
fluorescence in situ hybridization analysis did not show a
NTRK1 gene rearrangement.

Fig. 1 Case 1: (a) Preoperative axial CTshowing the osteosclerotic infiltration of the left greater wing and pterygoid root as well as the left part of
the clivus (yellow arrows). (b) Preoperative axial T1-weightedMR scans showing gadolinium-enhanced ACC at the left trigeminal ganglion and the
lateral cavernous ant the pterygopalatine fossa, including the divisions of the trigeminal nerve. ACC, adenoid cystic carcinoma; CT, computed
tomography; MR, magnetic resonance.

Fig. 2 Case 2: (a) Preoperative axial postgadolinium T1-weighted MRI and (b) coronal T2-MRI and (c) intraoperative neuronavigation multiplanar
images demonstrating a tiny ethmoidal tumor (white arrow) that affects the orbit (red arrow) through an almost intact lamina papyraccea
(asterisk). (d) Linear intraorbital extension through nasociliary nerve to the apex area invading pterygopalatine fossa and extending to cavernous
sinus. MRI, magnetic resonance imaging. Note: Yellow arrows indicate the intraorbital extension.
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The best treatment after multidisciplinary discussionwas
that because of normal visual acuity of the patient and the
low chance of gross total resection with negative margins
even after orbital exenteration (due to extension in cavern-
ous sinus and perineural spread), a subtotal resection with
orbital preservation and adjuvant proton beam RTwould be
the best option.

The patient underwent proton beam RT (74 Gy in 37
sessions)whichwas toleratedwellwith normal visual acuity,
albeit with affected orbital and eyelid mobility. After
36 months, the patient developed a local recurrence intra-
orbitallywith infiltration of fat and ocular muscles. The apex,
cavernous sinus, and pterygopalatine fossa were free of
disease on all MRIs. Following multidisciplinary discussion,
it was decided that orbital exenteration would be the treat-
ment option.

Case 3
A 39-year female patient was referred to us with progressive
left oculomotor, trigeminal (maxillary branch), and abdu-
cens nerve palsies with severe orbital pain. Her symptoms
started2 years earlier with xeropthalmia, eyelid ptosis, and
orbital pain. CT and MRI scans revealed a tumor involving
Meckel’s cave, lateral cavernous sinus with the minimal
extension via foramen rotundum into the pterygopalatine
fossa. Initially, it was diagnosed as a trigeminal schwannoma
at another center, and the patient was treated with three
sessions of radiosurgery (CyberKnife). After a transient
improvement of symptoms, the patient’s symptoms deterio-
rated and she was finally referred to our center for further

management. Biopsy of the lesion under general anesthesia
via an endoscopic endonasal transsphenoidal approach was
performed, which confirmed a low-differentiation (Ki-67
50%) ACC.

The multidisciplinary oncology board suggested surgical
removal of the lesion followed by adjuvant RT. The patient
was operated via an extended endonasal endoscopic trans-
pterygoid approach to the lateral cavernous sinus and Meck-
el’s cave (quadrangular space). The boundaries were the
temporal lobe laterally, the cavernous sinus and paraclival
and parasellar internal carotid artery (ICA) medially, the
petrous part of the ICA inferiorly, and the V2 nerve superior-
ly. A gross total removal was achieved (►Fig. 3). Postopera-
tive RT with carbon ion was given, although the initial
adjuvant treatment strategy was for proton beam RT.

The patient had an uncomplicated postoperative course
with only mild pain in the late postoperative period. The
postoperative MRI scans confirmed the gross total removal
of the lesion. However, following carbon-ion treatment, the
patient suffered from severe radiation necrosis of the brain
stemandpassed away9monthsafter completion of treatment.

Discussion

ACC was first described in 1856 by Billroth and primarily
named cylindroma.3 It accounts for approximately 1% of all
malignant tumors of the oral and maxillofacial areas.10 It
most commonly arises from the major and minor salivary
glands, nasopharynx, and lacrimal glands although it may be
found in the lung, trachea, mammary gland, and skin.8

Fig. 3 Case 3: (a) and (b) Preoperative axial gadolinium-enhanced T1-weighted MRI showing an ACC infiltrating the left cavernous sinus and
Meckel’s cave with extension to the corresponding pterygopalatine fossa. (c) Intraoperative neuronavigation images of the endoscopic
transsphenoidal approach. Suction tip points out the projection of the tumor to the lateral wall of the sphenoid sinus. (d) Postoperative image
showing the near total removal of the tumor. ACC, adenoid cystic carcinoma; MRI, magnetic resonance imaging.
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Despite being a slow-growing tumor, ACC is characterized
by locally aggressive invasion and high tendency to
recur.8,9

The incidence of intracranial extension of sinonasal ACC
ranges from 4 to 22%.11 This tumor may be primary
or secondary as a result of direct invasion of the skull base,
as well as hematogenous or perineural spreading. Three
main routes of intracranial invasion of salivary gland ACCs
have been identified: along the Eustachian tube (peritubal
space), the mandibular and maxillary nerves, and the ICA.12

The most common site of intracranial involvement is the
Gasserian ganglion, with an estimated incidence of 35.8%,
while cavernous sinus is involved in 15.1% of intracranial
ACCs.13

Primary intracranial ACC is very rare. It is thought to arise
from existing bucconasal cell rests in the absence of an
extracranial primary tumor.9 Among the limited cases of
primary intracranial ACCs reported in the literature, the
Gasserian ganglion,14 the middle cranial fossa,8,15,16 the
frontal lobe,17,18 the cavernous sinus,11,19 and the posterior
fossa15 comprise the vast majority of locations. Additionally,
a primary orbital neoplasm may be an ACC in 4.8% of the
cases most commonly arising superolaterally from the lacri-
mal gland, and infrequently in the medial aspect of the orbit
from the lacrimal apparatus. Primary orbital ACC from an
extra lacrimal region is rare.20

In our series, we present one case of ACC of the pterygo-
palatine region and clivus, one orbital ACC with pterygopa-
latine fossa and cavernous sinus involvement, and one
involving the cavernous sinus, Meckel’s cave with extension
to the foramen rotundum, all threewithout evidence of other
primary lesions. Two of our cases were primary intracranial
ACCwithout evidence of extracranial involvement. The other
case had only a very small lesion in the superior ethmoids in
contact with the lamina papyracea and the fovea ethmoidalis
but an extensive spread to the orbit, the pterygopalatine
region, and the cavernous sinus via trigeminal branches.

Interestingly this particular lesion displayed a linear
spreading tumor-infiltrating distinct (adjacent) anatomic
areas without the typical bulkymass effect. This filamentous
growth pattern inhibited the early recognition of the tumor
in imaging studies even by experienced radiologists.

ACC has an insidious course. Symptoms of an intracranial
ACC depend on its location and can be difficult to character-
ize. The presentation may be subtle, and neurologists will be
in most cases the first to assess and treat the patient due to
the involvement of the orbit, the cranial nerves, or the
cavernous sinus.13,21 This was in line with our series where
cranial nerve palsies were the main and first symptoms,
leading to a delayed diagnosis. Symptoms are unspecific so
the patient does not seek medical advice, and when that
happens thefirst physician is usually not an experienced ENT
or skull base surgeon.

Imaging these tumors is challenging even in the most
experienced “eyes.” The radiological features of ACCs are
atypical and may mimic many other pathologies, either
benign or malignant. Our team collaborates with dedicated
head and neck radiologists when dealing with tumors. These

tumors are difficult to be distinguished in imaging studies
(CT or MRI) from meningiomas or schwannomas as they
mimic these lesions and present as well-demarcated, hyper-
dense extra-axial masses on the CT scan, with homogenous
contrast enhancement following cranial nerves.9 On the MRI
scan, intracranial ACCs are isointense on the T1-weighted
image, slightly hyperintense on the T2-weighted images, and
show tumor enhancement with a delayed increase of the
thallium accumulation, which are characteristics similar to
those of intracranial meningiomas.22 These can be regarded
as the main contributing factors leading to significant delay
until the symptoms become more intense and intracranial
invasion of vital structures is suspected, something that
necessitates more radical diagnostic steps like biopsies. In
one of our cases, the ACC of Meckel’s cave mimics a trigemi-
nal schwannoma for which stereotactic RT was employed
without prior biopsy. Failure of initial treatment, worsening
of paresthesia, and additional cranial nerve palsies raised the
need for histological diagnosis.

Biopsy is mandatory in these cases to obtain a histology-
driven treatment. Managing patients based only on radio-
logical criteria is dangerous as is clear in our second case. An
extended endoscopic approach is optimal to obtain tissue
samples with minimal morbidity without compromising
oncological results or preventing possible future interven-
tion. Given the rarity and aggressive biological behavior of
these tumors, a second histopathological opinion by a dedi-
cated pathologist is crucial as this can confirm or revise the
diagnosis.23

The mainstay treatment for ACCs is radical surgical resec-
tion.8,11,22 However, a free-margin surgical resection is
extremely difficult to achieve for three main reasons: the
critical relationship with vital structures, the presence and
proximity of cranial nerves, and lastly, the initial “asymp-
tomatic” course of the disease which delays the right diag-
nosis. An exhaustive preoperative planning with a CT scan
and pre- and postgadolinium MRI defines the limits of the
tumor and aids at choosing between an external, an endo-
scopic, or combined approach.1 Advances in endonasal en-
doscopic surgery render many sinonasal and skull base
tumors amenable to a purely endoscopic approach but in
such cases as in our series this is difficult to achieve, due to
extensive nerve infiltration and occurrence of metastasis.
Endoscopic endonasal approach has the advantage of avoid-
ing complications related to a skin incision, brain retraction,
or dissection of the cranial nerves as compared with tradi-
tional external ones by providing a direct path to the tumor.
Consequently, a potential decrease in surgical morbidity,
with quick recovery, minimal postoperative discomfort,
and reduced costs should be taken seriously into consider-
ationwhen a histological diagnosis is needed.24,25 It has been
reported that surgical margins can be evaluated intraoper-
atively with frozen sections, and the resection should be
modified until total tumor removal is achieved or if further
tumor resection is impossible to achieve irrespectively of the
approach.1 Such surgical techniques of course are irrelevant
when the tumor is in contact with the ICA or infiltrates the
cavernous sinus, as in our cases. Although the significant role
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of surgery is well established, postoperative RT has been
employed in certain cases, since this tumor is regarded as
radiosensitive, but not radiocurable.8 It seems that radiation
often produces tumor regression, relieves symptoms, and
decreases local recurrence rates.13,26 Especially for orbital
ACC, eye-sparing surgery and adjuvant RT have demonstrat-
ed favorable local control and long-term survival outcomes
in patients with orbit-confined ACC.

However, RT is limited by the sensitivity to high-dose
radiation of vital structures including the brainstem, optic
structures, and cochlea.27 Lastly, although there have been
reports of tumor shrinkage and complete radiological reso-
lution with chemotherapy and brachytherapy respectively,
no definite conclusions can be drawn for the effectiveness of
these treatment options.28,29 Biological markers as NTRK1
genes seem to play a role in the development and metastatic
occurrence of ACCs and may be used in the future as a
potential therapeutic target.

Despite the recent significant advances of skull base
surgery and the combination of postoperative RT, a remark-
able number of patients will develop local tumor recur-
rence.30 But even if local control is achieved,
approximately 39% of cases will develop distant metastasis
most commonly in the liver, bones, or lungs.31 Particle
beams, such as proton beams have a larger radiation energy
delivery than photon beams. By modulating the Bragg peak
of protons in energy and time, a conformal radiation dose can
be delivered to the tumor while sparing the surrounding
healthy tissues.31,32 The effectiveness of proton beam thera-
py in patients with ACC of the skull base has been previously
documented. Terasaki et al reported a local control rate of
93% at 5 years while freedom from distant metastasis at
5 years was proved to be 62%.31Gentile et al presented a five-
year overall survival of 59% when treating patients with
unresectable ACC of the nasopharynx involving the skull
base with definitive proton beam therapy.27 However, one
should keep in mind even proton beam therapy may cause a
variety of acute or late toxicities such as dermatitis, muco-
sitis, xerostomia, eye damage, tinnitus, serous otitis media,
endocrine deficits, and most important radiation
necrosis.27,31

Choosing the optimum treatment for these patients can
be very challenging as occasionally the extension of the
tumor makes it impossible to achieve a radical excision. To
obtain negativemargins, we have to resort to procedures like
orbital exenteration. But if a nerve skip metastasis already
exists, we may dramatically impair the quality of life of the
patient without changing their overall survival. Due to the
lack of other effective treatment modalities, the best option
sometimes for the patient is the achievement a near-total
removement of the tumor and adjuvant RT. A significant
complication of this treatment is radiation necrosis due to
the close proximity of the target tissue to brain, cranial
nerves, and arteries.

Lastly, the prognosis of ACC is poor, even after combined
treatment with radical surgery and RT in most reported
studies. Specifically, Gamel and Font reported a survival of
47% at 5 years and 20% at 10 years after surgery.33 This could

be attributed to the delayed diagnosis and characteristic
perineural invasive character of the ACC. The need for early
diagnosis and radical tumor resection, if possible, coupled
with postoperative radiation should be emphasized so that
local disease control and better long-term survival will be
achieved.23

Conclusion

ACC is a slow-growing tumor characterized by locally ag-
gressive invasion and high tendency of recurrence. Delayed
diagnosis often occurs in ACCs with intracranial invasion, as
patients are treated by a neurologist at first, their nasal
endoscopy is normal, and their imaging scans (CT and
MRI) lack specific findings or mimic low-grade tumors.
Management consists of radical tumor resection followed
by postoperative radiation, with proton beam therapy show-
ing important results. We presented three unique cases of
ACCwith intracranial extension of pure intracranial ACC. One
case of ACC of the pterygopalatine region, one orbital ACC
with extension to the pterygopalatine fossa and cavernous
sinus involvement, and one involving the cavernous sinus
and Meckel’s cave.

To avoidmisdiagnoses of intracranial ACC, an internation-
alweb-based database for these lesionswould help recognize
these tumors earlier.

Conflict of Interest
None declared.

References
1 Volpi L, Bignami M, Lepera D, et al. Endoscopic endonasal resec-

tion of adenoid cystic carcinoma of the sinonasal tract and skull
base. Laryngoscope 2019;129(05):1071–1077

2 Castelnuovo P, Turri-Zanoni M. Adenoid cystic carcinoma. Adv
Otorhinolaryngol 2020;84:197–209

3 Coca-Pelaz A, Rodrigo JP, Bradley PJ, et al. Adenoid cystic carcino-
ma of the head and neck—an update. Oral Oncol 2015;51(07):
652–661

4 Unsal AA, Chung SY, Zhou AH, Baredes S, Eloy JA. Sinonasal
adenoid cystic carcinoma: a population-based analysis of 694
cases. Int Forum Allergy Rhinol 2017;7(03):312–320

5 Lupinetti AD, Roberts DB, Williams MD, et al. Sinonasal adenoid
cystic carcinoma: the M. D. Anderson Cancer Center experience.
Cancer 2007;110(12):2726–2731

6 BegumMS, Sarker UK, IslamMA, SangmaMA, Paul P, RahmanMA.
Magnetic resonance imaging in evaluation of sinonasal masses
with histopathological correlation. Mymensingh Med J 2018;27
(01):26–33

7 Rawal RB, Farzal Z, Federspiel JJ, Sreenath SB, Thorp BD, Zanation
AM. Endoscopic resection of sinonasal malignancy: a systematic
review and meta-analysis. Otolaryngol Head Neck Surg 2016;155
(03):376–386

8 Alleyne CH, Bakay RA, Costigan D, Thomas B, Joseph GJ. Intracra-
nial adenoid cystic carcinoma: case report and review of the
literature. Surg Neurol 1996;45(03):265–271

9 Jayalakshmi S, Agarwal S, Nachiappan PL, et al. Intracranial
adenoid cystic carcinoma—a case report. J Neurooncol 2000;47
(01):47–50

10 Kokemueller H, Eckardt A, Brachvogel P, Hausamen JE. Adenoid
cystic carcinomaof thehead and neck—a 20 years experience. Int J
Oral Maxillofac Surg 2004;33(01):25–31

Journal of Neurological Surgery—Part B Vol. 84 No. B4/2023 © 2022. Thieme. All rights reserved.

Primary Intracranial Adenoid Cystic Carcinoma Tsetsos et al.334

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



11 Adachi K, Yoshida K, Ueda R, Kawase T. Adenoid cystic carcinoma
of the cavernous region. Case report. Neurol Med Chir (Tokyo)
2006;46(07):358–360

12 Donaldson C, Dawes B, Rathi V, Bulluss K. Adenoid cystic carcino-
ma presenting as abducens nerve palsy secondary to cavernous
sinus lesion. Ann Neurosci 2017;24(03):187–190

13 Abdul-Hussein A, Morris PA, Markova T. An unusual presentation
of adenoid cystic carcinoma of the minor salivary glands with
cranial nerve palsy: a case study. BMC Cancer 2007;7:157

14 Fortuna A, Gambacorta D. Cylindroma in the region of the
Gasserian ganglion. Case report. J Neurosurg 1971;34(03):
427–431

15 McLellan DR, Adams JH. Adenoid cystic carcinoma presenting as
intracranial tumour. Neuropathol Appl Neurobiol 1985;11(04):
309–315

16 Massey EW, Brannon WL, Friedman AJ, Pleet AB. Cylindroma
(adenoid cystic carcinoma) causing unilateral cranial neuropathy.
South Med J 1979;72(08):1003–1005

17 Hara H, Tanaka Y, Tsuji T, Momose G, Kobayashi S. Intracranial
adenoid cystic carcinoma. A case report. Acta Neurochir (Wien)
1983;69(3-4):291–295

18 Morioka T, Matsushima T, Ikezaki K, et al. Intracranial adenoid
cystic carcinoma mimicking meningioma: report of two cases.
Neuroradiology 1993;35(06):462–465

19 Piepmeier JM, Virapongse C, Kier EL, Kim J, Greenberg A. Intra-
cranial adenocystic carcinoma presenting as a primary brain
tumor. Neurosurgery 1983;12(03):348–352

20 Swash M. Invasion of cranial nerves by salivary cylindroma: four
cases treated by radiotherapy. J Neurol Neurosurg Psychiatry
1971;34(04):475–480

21 Venkitaraman R, Madhavan J, Ramachandran K, Abraham E, Rajan
B. Primary adenoid cystic carcinoma presenting as an orbital apex
tumor. Neuroophthalmology 2008;32(01):27–32

22 Hayashi Y, Iwato M, Kita D, Miyashita K, Yoshizaki T, Hamada J.
Adenoid cystic carcinoma in the cavernous sinus diagnosed with
the endoscopic endonasal approach. Turk Neurosurg 2014;24
(05):814–818

23 Castelnuovo P, Turri-Zanoni M, Battaglia P, Antognoni P, Bossi P,
Locatelli D. Sinonasal malignancies of anterior skull base: histol-
ogy-driven treatment strategies. Otolaryngol Clin North Am
2016;49(01):183–200

24 Alfieri A, Jho HD. Endoscopic endonasal approaches to the cav-
ernous sinus: surgical approaches. Neurosurgery 2001;49(02):
354–360, discussion 360–362

25 Liu HS, Di X. Endoscopic endonasal surgery for biopsy of
cavernous sinus lesions. Minim Invasive Neurosurg 2009;52
(02):69–73

26 Miglianico L, Eschwege F, Marandas P, Wibault P. Cervico-facial
adenoid cystic carcinoma: study of 102 cases. Influence of
radiation therapy. Int J Radiat Oncol Biol Phys 1987;13(05):
673–678

27 Gentile MS, Yip D, Liebsch NJ, Adams JA, Busse PM, Chan AW.
Definitive proton beam therapy for adenoid cystic carcinoma of
the nasopharynx involving the base of skull. Oral Oncol 2017;
65:38–44

28 Meldrum ML, Tse DT, Benedetto P. Neoadjuvant intracarotid
chemotherapy for treatment of advanced adenocystic carcinoma
of the lacrimal gland. Arch Ophthalmol 1998;116(03):315–321

29 Tsuyuguchi N, Ohata K, Goto T, Haque M, Hara M. Intracranial
adenoid cystic carcinoma of suprasellar region. Acta Neurochir
(Wien) 2001;143(07):729–732

30 Pitman KT, Prokopakis EP, Aydogan B, et al. The role of skull base
surgery for the treatment of adenoid cystic carcinoma of the
sinonasal tract. Head Neck 1999;21(05):402–407

31 Terasaki M, Tokutomi T, Maruiwa H, Sugita Y, Harada H,
Shigemori M. High-grade adenoid cystic carcinoma originat-
ing from the lacrimal gland. Brain Tumor Pathol 2000;17(03):
159–163

32 Pommier P, Liebsch NJ, Deschler DG, et al. Proton beam radiation
therapy for skull base adenoid cystic carcinoma. Arch Otolaryngol
Head Neck Surg 2006;132(11):1242–1249

33 Gamel JW, Font RL. Adenoid cystic carcinoma of the lacrimal
gland: the clinical significance of a basaloid histologic pattern.
Hum Pathol 1982;13(03):219–225

Journal of Neurological Surgery—Part B Vol. 84 No. B4/2023 © 2022. Thieme. All rights reserved.

Primary Intracranial Adenoid Cystic Carcinoma Tsetsos et al. 335

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


