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Introduction

Adenoid cystic carcinoma (ACC) is a rare malignant
epithelial tumor of the oral and maxillofacial regions. It
was first described by Bill Ross in 1856 and was initially
referred to as a cylindrical tumor (1). ACC accounts for
approximately 1% of all head and neck cancers and 10%
of all salivary gland tumors (2). ACC of the head and
neck region is often featured by a deceivingly indolent
manifestation followed by perineural invasion (PNI), local
relapse, and metastatic spread. This disease is a challenging
clinical entity to manage due to its particular clinical and
pathologic peculiarities and the shortage of prospective data
guiding ideal therapeutic method (3).

In this report, we present a rare case of ACC in
the cavernous sinus, which was initially suspected as a
meningioma but was later found to have the MYB proto-
oncogene, transcription factor (MYB) translocation and
Ki-67 hyperexpression. The tumor was significantly
reduced in size after three months of preoperative gamma
knife treatment but recurred rapidly three months
later. Postoperative high-dose radiotherapy also did not
effectively control the progression of the disease. We
provide this case report to aid in the differential diagnosis of
cavernous sinus tumors and to encourage consideration of
the treatment options for ACC.

Case description

A 48-year-old woman visited West China Hospital of
Sichuan University with facial deformity and pain for over
two years. Over time, she developed ptosis and ipsilateral
facial muscle atrophy. An outpatient magnetic resonance
imaging (MRI) examination showed an isointense lesion on
T1-weighted and T2-weighted imaging and hyperintense
mass on enhanced T1-weighted imaging in the cavernous
sinus (Figure 1A-1D). The lesion enveloped the internal
carotid artery and locally extended to the parapharyngeal
space via the foramen ovale. The MRI imaging presentation
was similar to that of an extracranial extension of a skull
base meningioma, thus a meningioma was highly suspected.

It is technically challenging to remove the tumor
completely in the cavernous sinus area. Due to the
lesion’s specific location, the patient underwent gamma
knife treatment before surgery to inhibit its growth. The
radiation therapeutic dose for the right of sella turcica
included 24 Gy at the center and 12 Gy at the periphery,
with an irradiation time of 3,295 seconds. After treatment,
the mass significantly reduced in size (Figure 1E-1H), and
the patient’s clinical symptoms improved over the next
three months. However, three months after treatment, the
symptoms gradually worsened. The follow-up MRI images
showed rapid growth of the lesion, leading to recurrence.

A ORCID: 0009-0004-0324-8009.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Quant Imaging Med Surg 2024;14(1):1288-1296 | https://dx.doi.org/10.21037/qims-23-938


https://crossmark.crossref.org/dialog/?doi=10.21037/qims-23-938

Quantitative Imaging in Medicine and Surgery, Vol 14, No 1 January 2024 1289

Figure 1 MRI findings of the lesion. (A-D) MR images showed a lesion in the cavernous sinus enveloped the internal carotid artery and

locally extended to the parapharyngeal space via the foramen ovale before gamma knife treatment. (E-H) MR images showed the lesion was

significantly reduced after gamma knife treatment. (I-L) MR images showed a recurrent lesion before craniotomy. (A,E,I) MRI showed an

isointense lesion on T1-weighted imaging (arrows). (B,E]J) MRI showed an isointense lesion on T2-weighted imaging (arrows). (C,G,K)

MRI showed a hyperintense mass on axial enhanced T1-weighted imaging (arrows). (D,H,L) MRI showed a hyperintense mass on coronal

enhanced T'1-weighted imaging (arrows). MRI, magnetic resonance imaging.

The patient started experiencing dizziness, vomiting,
blindness in the right eye, and a leftward tilt in the corner
of her mouth, then she went to hospital. Upon admission,
an MRI examination showed a very large mass in the
right cavernous sinus area that had invaded the meninges,
skull base, temporalis, and tentorium cerebelli and had an
indistinct boundary from brain tissue (Figure 11-1L). On
neurological examination, the patient exhibited a loss of
direct and indirect light reflexes, complete blindness in
the right eye, right upper eyelid ptosis, and facial palsy.
The patient’s medical history included a 20-year history
of hepatitis B, but the laboratory blood test results were
negative.

Subsequently, the patient underwent a craniotomy.
Intraoperative findings showed that the tumor severely
compressed the peripheral cranial nerves, involved the

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

base of the skull, meninges, and tentorium cerebelli,
and adhered closely to brain tissues, making complete
removal impossible. Microscopic examination revealed
predominantly cribriform and solid tumor cell pattern
types, with a few sporadic tubular-type cells (Figure 24-2C).
The immunohistochemical staining results were as follows:
glandular epithelial cells: EMA (+), PCK (+), CK7 (+), PR
(-), Ki-67 (+, 60%): (Figure 2D-2H); myoepithelial/basal
cells: SMA (+), SOX10 (+), CK5/6 (+) (Figure 21-2K); and
positivity for MYB translocation by molecular pathology
analysis using fluorescence in situ hybridization (FISH)
(Figure 2L). Histopathology and immunohistochemistry
confirmed that the patient had ACC. After surgery, because
of the residual lesion, the patient received intensity-
modulated radiation therapy (IMRT) 27 times, with total
dose of 54 Gy.
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Figure 2 Histopathology (hematoxylin and eosin staining), immunohistochemical staining, and MYB gene detection were performed in
this case of ACC of the cavernous sinus. (A) Cribriform type (20x magnification). (B) Solid type (20x magnification). (C) Tubular type
(80x magnification). (D) Glandular epithelial cells positive for EMA. (E) Glandular epithelial cells positive for PCK. (F) Glandular epithelial
cells positive for CK7. (G) PR was negative. (H) Rate of Ki-67 positivity of approximately 60%. (I) Myoepithelial cells positive for SMA. (J)
SOX10 was positive. (K) Basal cells positive for CK5/6. (L) Molecular pathological analysis by fluorescence in situ hybridization revealed that
the tumor was positive for MYB translocation. ACC, adenoid cystic carcinoma; EMA, epithelial membrane antigen; PCK, pan-cytokeratin;

PR, progesterone receptor; SMA, smooth muscle actin.

Figure 3 MRI findings revealed that the lesion had partially decreased in size, the compression on the cerebellum and brainstem had
increased after surgery and radiotherapy. (A) MRI showed an isointense lesion on T1-weighted imaging (arrow). (B) MRI showed an
isointense lesion on T2-weighted imaging (arrow). (C) MRI showed a hyperintense mass on axial enhanced T1-weighted imaging (arrow). (D)

MRI showed a hyperintense mass on coronal enhanced T1-weighted imaging (arrow). MRI, magnetic resonance imaging.

Two months after surgery and radiotherapy, a follow- indicating disease progression (Figure 34-3D). The
up MRI examination revealed that the previous intracranial treatment process for this patient is illustrated in Figure 4.
lesion had partially decreased in size; however, the Unfortunately, the patient passed away 9 months after
compression on the cerebellum and brainstem had increased, postoperative radiotherapy.
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After the second head MRI
examination, the patient received
gamma knife treatment.
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The MRI of the patient
showed that the intracranial
lesion was enlarged.
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MRI examination showed the right
cavernous simus area occupied a larger lesion
than before, and subsequently underwent
craniotomy and IMRT 27 times after surgery.

A head MRI of the patient
revealed the lesion was

reduced significantly after
gamma knife treatment.

A head MRI in our hospital
indicated a cavernous sinus
occupying.

Re-examination of the patient’s
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The head MRI revealed
compression on the cerebellum and
brainstem was increased, indicating the
progression of the disease.

head MRI revealed that the
lesion continued to grow.

Figure 4 Timeline of the patient’s treatment process. MRI, magnetic resonance imaging; IMRT, intensity-modulated radiation therapy.

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient for publication of this case
report and accompanying images. A copy of the written
consent is available for review by the editorial office of this
journal.

Review and discussion

ACC is a biphasic malignant tumor that can develop at
various anatomical sites (4). ACC is the most general
malignant tumor of the minor salivary glands and
common to the major salivary glands, including the
parotid, submandibular and sublingual glands (5). Rare
sites include nasopharynx, paranasal sinuses, lacrimal
glands and glandular tissue of the breast, lung, trachea,
cervix, vulva and skin (6). Salivary and lacrimal ACC
present high incidence of PNI and increased tendency of
intracranial invasion (7). ACC of the head and neck region
is characterized by slow progression, a strong tendency for
nerve invasion, rare spread to the lymph nodes in the neck
region, a high recurrence rate, and the potential for distant
metastasis (8). Despite its slow clinical course, the prognosis
remains poor in the long term.

The cavernous sinus is a common site for several types
of tumors, including meningiomas, hemangiomas, and
schwannomas. However, the origin of how ACC develops
from the cavernous sinus region remains unknown. The
probability of metastasis or PNI into the cavernous sinus
remains controversial because no lesions have been detected
other than that in the cavernous sinus by multiple imaging
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investigations. In this case, intraoperative findings and
MRI images showed that the tumor was mainly located
in the cavernous sinus region which suggested that the
Cavernous Sinus may be the primary source of the ACC.
ACC is most common among people aged between 40
and 60 years, and no specific genetic or environmental risk
factors have been identified (9). The age range of previous
case reports (Table 1) (10-13) was between 38 and 62 years,
with an average age of 50.5 years. All ACC cases reported
occurred in the right cavernous sinus, and most patients
presented with varying degrees of trigeminal neuralgia,
some also with oculomotor nerve disorders. MRI, with
or without computed tomography (CT), was the primary
diagnostic modality used in identifying the lesion in all
cases except one, which was identified through CT (11). In
none of the cases was ACC suspected or diagnosed until
the histological examination after surgery. Two patients
underwent craniotomy to obtain pathological tissues (10,11),
while transnasal surgery was performed in the other two
cases (12,13). Follow-up information was available for only
two patients; one patient experienced relapse six months
after right temporal lobe craniotomy combined with
stereotactic radiation surgery (SRS), and the other relapsed
two years after endoscopic transnasal surgery combined
with SRS. Immunohistochemical and genetic information
was not provided in the previous cases. The scarcity of
such cases reported in the medical literature makes this
case unique due to the extensive and thorough treatment
records coupled with preoperative and postoperative MRI
data, which provide a comprehensive understanding of this
particular type of lesion.

Similar to previous reports, in this case, the ACC of
the cavernous sinus was initially suspected as meningioma
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Table 1 Studies reporting on ACC involving the cavernous sinus
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Case Age Side of ACC of Imagin
Authors 9e, Sex the cavernous Clinical symptoms 9ing Treatment Follow-up
No. years ) methods
sinus
1 Adachi et al. 62 M R Right oculomotor, abducens, MRI + CT Right temporal The recurrent lesion
[2006] (10) and trigeminal nerve disorders craniotomy + SRS was found 6 months
postoperatively
2 Piepmeieretal. 38 M R Complete ophthalmoplegia, CT Right No follow-up
[1983] (11) facial anosmia in the frontotemporal
trigeminal nerve region, craniotomy
and decreased vision
3 Hayashi et al. 42 F R Facial numbness, MRI Endoscopic The tumor recurred along
[2014] (12) photophobia, diplopia, and transnasal surgery the trigeminal nerve in
eye pain + SRS 2 years after the first SRS
4 Dzigciotowska- 60 F R Severe trigeminal neuralgia MRI Transnasal partial The patient survived and

Baran et al.
[2018] (13)

resection + PORT her tumor was reduced,
but there was no long-

term follow-up

ACC, adenoid cystic carcinoma; M, male; F, female; R, right; MRI, magnetic resonance imaging; CT, computed tomography; SRS,

stereotactic radiation surgery; PORT, postoperative radiotherapy.

due to the similar imaging manifestations, including the
tumor location, signal intensity on MRI, and enhancement
patterns. However, after obtaining the pathological results,
we reviewed the patient’s MR images before gamma knife
treatment and noted the absence of a distinct dural tail sign
and a poorly defined tumor base, which may be helpful in
the differentiation of ACC from meningioma.

The MYB site (chr.6) can undergo a translocation with
the Nuclear Factor I/B (NFIB) site (chr.9), and the MYB-
NFIB #(6;9)(q22-23;p23-24) translocation can induce the
MYB-NFIB fusion gene, which drives the underlying
pathogenesis of ACC (14). This translocation is the most
common genetic alteration observed in ACC, leading to
overexpression of MYB-NFIB transcripts and overactivity of
MYB target genes that are associated with cell cycle control,
apoptosis, cell adhesion, and angiogenesis (9). Notably,
MYB-NFIB fusion is a highly specific diagnostic marker for
ACC, with a mean incidence of 54% (15). Previous studies
have shown that the presence of MYB translocation (16) and
MYB protein expression (17) were associated with higher
recurrence rates and poor clinical outcomes. Similarly, in
this case, the FISH test results demonstrated the MYB gene
translocation.

ACC has three distinct growth patterns, i.e., cribriform,
tubular, and solid, and is composed of glandular epithelial
cells and myoepithelial cells. Often, more than one
pattern can be found in a single tumor. The histological
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pattern of ACC correlates with the clinical behavior. The
cribriform and tubular growth patterns are less erosive (18),
while tumors exhibiting a solid pattern or having solid
components are more likely to spread and have a poorer
prognosis (19). The solid growth pattern is an independent
prognostic factor associated with tumor recurrence (20).
In this case, the histological growth pattern was partially
solid, which may be responsible for the rapid recurrence
of ACC. The Ki-67 protein exists in proliferating cells,
including the cell nucleus in the G1, S, G2, and M phases
of the cell cycle. Ki-67 protein levels are low in the G1 and
early S phases and gradually increase to a maximum during
mitosis. Consequently, the Ki-67 labeling index (LI) can be
used as a valuable marker of cell proliferation (21). Multiple
studies have confirmed that the Ki-67 hyperexpression is
connected with the relapse of various malignancies, such as
breast cancer (22), pancreatic neuroendocrine tumors (23),
gallbladder cancer (24), oral tongue cancer (25), endometrial
stromal sarcoma (26), and mantle cell lymphoma (27). Xia
et al. conducted a study on 12 ACC samples and found
that the Ki-67 LI in recurrent cases was higher than that
in nonrecurrent cases (28). In the present case, the solid
growth pattern, MYB translocation, and 60% Ki-67 LI
seem to explain why the patient relapsed and progressed so
quickly after therapy. Nonetheless, prospective controlled
studies with larger sample sizes are necessary to verify this
conclusion.
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The primary goal of treating ACC is to achieve long-
term survival, including cancer survival (29). The current
consensus regarding treatment for ACC is to perform
surgical excision followed by postoperative radiotherapy
(PORT) with or without chemotherapy (30). PORT is
believed to prevent local recurrence and distant metastases,
as radical resection of ACC at the base of the skull is often
limited by its proximity to the base of the skull and orbit,
resulting in complete resection rates of only 36% to 50%
(31,32). Previous data have shown that radiotherapy can help
improve survival and reduce recurrence rates, highlighting
the radiosensitivity of ACC (33). Postoperatively, a dose of
60 Gy is recommended for the primary tumor bed, and this
can be increased to 66 Gy in the case of close or positive
margins (34). If elective neural coverage is required, a dose
of 50-60 Gy is recommended, with dose decrease to 50 Gy
favored for volumes closest to the base of skull (35,36). In
this case, the patient received preoperative gamma knife
therapy and high dose radiotherapy after surgery, the tumor
was not well controlled unfortunately.

There are currently only a few systemic therapies
available for ACC, including cytotoxic drugs targeting
vascular endothelial growth factor receptors and
multitargeted tyrosine kinase inhibitors, and such drugs
exhibit moderate activity (37,38). In general, clinicians
prefer targeted or personalized therapies for ACC over
cytotoxic chemotherapy.

Almost all patients with ACC of the salivary gland
(SACC) have oncogene fusion and overexpression of
MYRB transcription factor or MYB homolog (MYBLI),
which is associated with higher recurrence rates and
poorer clinical outcomes (39). MYB has been shown to
promote pulmonary metastasis in SACC, suggesting that
MYB may be a new therapeutic target for SACC (40).
However, recent systematic reviews have shown that MYB
mutations and MYB protein expression have minimal or
no potential prognostic value (41,42). Therefore, more
studies may be required to confirm whether MYB can be
a potential target for treating ACC. In contrast to MYB/
MYBLI changes, other genetic changes in ACC are low-
probability events. NOTCH pathway activation occurs
in up to 20% of patients with ACC (43), and NOTCH]1
mutation (38) is found in approximately 25% of cases with
recurrent or metastatic ACC. NOTCH1/3 mutations are
significantly associated with reduced relapse-free survival
and overall survival (OS) after an initial diagnosis compared
to the NOTCH1/3 wild type (44). Since NOTCH pathway
activation is associated with the prognosis of patients with
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ACC, it may become a potential therapeutic target for ACC.
Previous analyses of publicly available genomic datasets or
individual institutional case series have confirmed that up to
5-10% of patients with SACC have TP53 mutations (43).
Tp53-mutated SACC has a remarkably shorter median
OS and a lower 10-year survival rate than TP53-wild-type
ACC (45). This indicates that TP53 might be a potential
therapeutic target in patients with ACC. Additionally,
in one reported case, an ACC patient with a BCL-6
corepressor mutation experienced significant inhibition of
his disease after combination treatment with eribulin and
anlotinib (46), which provides a certain basis for the use of
this combination in treating ACC and emphasizes the need
to find new therapeutic targets for ACC.

ACC is a rare and complex tumor to manage, particularly
when located in the cavernous sinus region. The imaging
features of ACC are nonspecific, and definitive diagnosis
mainly depends on the results of immunohistochemistry
and genetic detection. Although surgery followed by
radiotherapy is the main treatment option for ACC, it is
vital to consider histological growth patterns, molecular
markers, and potential genetic targets when deciding on the
most suitable treatment approach. There is a need for more
extensive sample sizes and prospective controlled studies to
better understand the diagnosis, therapeutic options, and
prognosis of patients with ACC.
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