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Abstract: Objective: This study aimed to map differences in extension patterns between adenoid cystic carcinoma
(ACC) of the nasopharynxandnasopharyngeal carcinomaon magnetic resonance imaging (MRI) and provide more
information for treatments. Methods: MRI examinations and clinical records were reviewed in 18 patients with ACC
of the nasopharynx and 182 patients with nasopharyngeal carcinoma (NPC). All patients had biopsy to confirm
diagnosis. Differences between NPC and ACC in terms of extension patterns were identified by the retrospective
analysis of images from patients undergoing MRI. Results: Patients with ACC of the nasopharynx obtained a higher
rate of staging T4 (14.3% vs. 38.9%, P = 0.007) and paralyzed cranial nerves (6.0% vs. 38.9%, P < 0.001). Epstein-
Barr (EB) virus infection was not correlated with ACC incidence. No significant difference was observed in invasion to
skull base between ACC of the nasopharynx and NPC (53.3% vs. 66.7%, P = 0.277). Involvement of cranial nerve ca-
nal (32.4% vs. 55.6%, P = 0.049) and cavernous sinus (13.7% vs. 33.3%, P = 0.028) was more frequently detected
by MRI on patients with ACC of the nasopharynx. Lymph node metastasis was infrequently diagnosed in patients
with ACC of the nasopharynx.Conclusion: As seen on MRl images, ACC of the nasopharynx is characterized by a high
incidence of perineural invasion, frequent and aggressive local infiltration, and infrequently, lymph node metastasis.
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Introduction

Nasopharyngeal carcinoma (NPC), the most
common malignancy of the nasopharynx, is fre-
quently diagnosed in southern China and Hong
Kong [1]. Squamous cell carcinoma is the main
form of malignancy in primary NPC, which can
be classified as keratinizing squamous cell car-
cinoma and nonkeratinizing carcinoma. The
NPC incidence is predicted to be 0.6/100000
population in more developed areas and 2.1/
100000 population in less developed areas.
The highest incidence rate is found in southern
China, with an estimated number of 30/100000
to 50/100000 population [2].

Even in a high-risk NPC area, ACC is a rare
tumor entity and forms in approximately 1% of
all carcinomas of the head and neck [3]. ACC is
classified as a pathological form of adenocarci-
noma. ACC of the nasopharynx is even less

rarely reported since it was discovered by
Billroth in 1856 [4]. Reports on a large number
of patients with ACC of the nasopharynx are
lacking, which means knowledge about its
extension patterns is poor.

Differentiating ACC of the nasopharynx from
NPC is difficult. The only way to identify the dis-
ease is biopsy which is disadvantageous to
clinical diagnosis and treatments. Magnetic
resonance imaging (MRI) is a particular method
of interest because it depicts perineural infiltra-
tion and bone marrow changes by providing sat-
isfactory morphological information of the st-
ructures. MRI has been widely used for diag-
nosing and monitoring the response of treat-
ment for carcinomas of the head and neck.
Extensions to the skull base and the deep facial
space can be illustrated well using MR images.
Lymph node metastases are also evaluated by
MRI for TNM staging which tightly correlates
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Table 1. General information in two groups

ACC patients NPC patients
(n) (n)

Characteristic

No. of patients 18 182
Mean age (y) 471 46.8
Gender

M 8 136

F 10 46
Serum EBV (n, %) 3(16.7) 164 (90.1)
T Stage (n, %)

T1 4(22.2) 31(31.9)

T2 2(11.1) 54 (29.7)

T3 5 (27.7) 71 (39.0)

T4 7 (38.9) 26 (14.3)
N Status (n, %)

NO 16 (88.9) 63 (34.6)

N1 1(5.3) 65 (35.5)

N2 1(5.3) 37 (20.6)

N3 0 (0) 26 (14.3)
Staging (n, %)

| 4(22.2) 25 (13.7)

Il 2(11.1) 49 (26.9)

1] 4(22.2) 78 (42.8)

IVa-b 8 (44.4) 30 (16.5)

NPC: nasopharyngeal carcinoma; NACC: adenoid cystic
carcinoma of the nasopharynx; n: number. y: year; M:
Male; F: Femaie; EBV: EB virus.

with the prognosis. Different biological charac-
ters, especially extension patterns, show differ-
ences on MR images, which provides the pos-
sibility of correctly differentiate the two forms
of malignancy by MRI. No previous study on
extension patterns of ACC by MRI exists.

The extension patterns on MR images in ACC
patients are illustrated using comparisons be-
tween common NPC and ACC. Results can pro-
vide more information for clinicians to diagno-
se the disease and to create therapeutic st-
rategies.

Materials and methods

A database search was done to identify ACC
patients with confirmed pathological diagno-
sis between December 2002 and December
2012, and NPC patients with confirmed patho-
logical diagnosis between January 2005 and
March 2005 who took MRI examination at our
hospital. In total, 18 patients with ACC of the
nasopharynx and 182 patients with NPC were
recruited. An institutional review board exemp-
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tion and a waiver of the requirement for written
informed consent were obtained to perform
this retrospective study.

MRI was performed with a 1.5 T MRI unit
(Gyroscanlntera, Philips Medical Systems, Be-
st, the Netherlands) and a body coil (Philips
Medical Systems, Best, The Netherlands). The
head and neck MRI protocol included unen-
hanced axial, sagittal, and coronal T1-weighted
sequences, axial T2-weighted sequences, and
contrast-enhanced axial, sagittal, and coronal
T1-weighted sequences. The parameters for
these sequences were as follows: T1-weighted
fast-field echo (FFE) sequence (TR: 500-600;
TE = 10-20 ms axial slice thickness, 5.0 mm;
axial slice interval, 1.0 mm; coronal and sagit-
tal slice thickness, 6.0 mm; slice interval, 1.0
mm; and matrix scan, 512 x 512); and T2-wei-
ghted turbo-spin echo sequence (TR, 4000-
6000; TE, 95-110 ms; axial slice thickness, 5.0
mm; axial slice interval, 1.0 mm; coronal and
sagittal slice thickness, 6.0 mm; slice interval
1.0 mm; and matrix scan, 512 x 512). Contrast
agent at an intravenous dose of 0.1 mmol/kg to
0.2 mmol/kg (Gadolinium-DTPA, magnevist,
Schering) was administered to patients after
unenhanced T1l-weighted and T2-weighted se-
quences for contrast-enhanced axial and sagit-
tal T1-weighted sequences, and contrast-en-
hanced, coronal fat-suppressed Tl-weighted
sequences.

All the images were transferred to the Centri-
city RIS/PACS workstation (General Electric
Healthcare Centricity RIS CE Systems) for post-
review. MRI images were analyzed by an experi-
enced radiologist to describe the characteris-
tics of each lesion, including the location,
shape, size, number, edge, and attenuation or
intensity of the unenhanced and contrast-en-
hanced lesions [5]. Professional experts re-
viewed the images with diagnosis of NPC or
ACC and results were derived by consensus. On
the unenhanced MR images, attenuation or
intensity was classified as low, moderate, or
high in contrast to adjacent tissues. Conversely,
on contrast-enhanced MR images, the enhance-
ment was classified as no, mild, moderate, or
marked enhancement [6].

The evaluation criteria for MRI diagnosis were
as follows [7]. a. Parapharyngeal space inva-
sion: the lesion exceeded the pharyngobasilar
fascia. b. Retropharyngeal lymph node metas-
tases: diameter 25 mm, obvious necrosis, or

Int J Clin Exp Pathol 2015;8(12):15960-15968
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Figure 1. Head and neck MRI from a 25-year-old female with ACC of the nasopharynx. A. Axial plane, T2-weighted
image. B. Coronal plane, T1-weighted image after contrast medium administration. C. Axial plane, T1-weighted
image after contrast medium administration. D. The characteristic eosinophilic basement membrane material are
displaying in pseudocysts. True gland lined by cuboidal epithelium are visible, (hematoxylin-eosin, original magni-
fication x 200): The lesion invades to the pterygopalatine fossa, the parapharyngeal space, the pterygoid process
and the skull base representing isosignal intensity on the T2-weighted image(white star), high signal intensity on
the contrast-enhanced T1-weighted image (white star). There are mixed hypointense, isointense, and hyperintense

in the lesion (white star).

ring hyperintense signal. c. Nasal cavity inva-
sion: the lesion exceeded the line between both
sides of pterygopalatine fossa. d. Oropharynx
invasion: the lesion exceeded the line along the
inferior edge of the anterior arch or through the
atlanto-axial articulation. e. Laryngopharynx in-
vasion: the lesion exceeded the upper edge of
epiglottis. f. Skull base invasion: Any part of
pterygoid process (e.g., medial plate, lateral
plate, and pterygoid base), petrous apex, cli-
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vus, foramen lacerum, foramen ovale, basi-
sphenoid, or foramen magnum was involved.
On MRI, hyperintense image of marrow on
T1-weighted images was replaced by isointense
image of tumor entity [8]. g. Cranial nerve inva-
sion must meet at least one of the following cri-
teria [9]: (1) Perineural infiltration, soft tissue
mass appeared within neural canal on contrast-
enhanced T1-weighted images, replacing nor-
mal neuromechanism. (2) Tumor spreading al-

Int J Clin Exp Pathol 2015;8(12):15960-15968
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Figure 2. Head and neck MRI from a 51-year-old female with ACC of the nasopharynx. A. Axial plane, T1-weighted im-
age after contrast medium administration. B. Coronal plane, T1-weighted image after contrast medium administra-
tion, C. Axial plane, T1-weighted image, D. Cribriform growth pattern displaying several prominent pseudocysts sur-
rounded by basaloid cells (hematoxylin-eosin, original magnification x 200): The lesion invades the parapharyngeal
space, the sphenoid sinus, the petrous apex and the muscles on the contrast-enhanced T1-weighted image without
enhancement on the image (white star). On the T1-weighted image, the lesion represents low signal intensity invad-
ing the nasal cavity, the parapharyngeal space (white star).

ong the neural canal, and MRI images showed
gross nerves with branches with enhancement
and/or enlargement of the neural foramens.
Fat tissue was replaced by tumor mass with
enhancement as primary tumor mass in neural
foramens, including the foramen rotundum, the
foramen ovale, the hypoglossal canal, the jugu-
lar foramen, the pterygopalatine fossa, and the
pterygoid canal. h. TNM classification of ACC
and NPC was adapted in 2010, with the sev-
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enth edition of the American Joint Committee
on Cancer TNM classification [10].

Biopsy was performed under conchoscope to
confirm the diagnosis on MRI. The histological
techniques included routine hematoxylin and
eosin staining and immunohistochemical eval-
uation. All pathological samples were retro-
spectively reviewed by two professional pathol-
ogists and results were derived by consensus.

Int J Clin Exp Pathol 2015;8(12):15960-15968
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Figure 3. Head and neck MRI from a 53-year-old female with NPC. A. Axial plane, T1-weighted image after contrast
medium administration, B. Axial plane, T1-weighted image after contrast medium administration: The lesion repre-
sents high signal intensity in part (white star). C. Well-formed syncytial nests of cells are separated by lymphoid cells.
The nuclei are large and vesicular with prominent nucleoli (hematoxylin-eosin, original magnification x 200). D. The
epithelial nature of the neoplasm is confirmed with keratin immunohistochemistry (CK 5/6, original magnification

x 200).

The macroscopic features of tumor tissues
were documented: shape, size, number, edge,
and capsule wall. Pathological forms were eval-
uated according to World Health Organization
(WHO) pathological criteria [11].

Finally, we compared MRI images of ACC and
NPC and recorded the differences. Archives
were assembled for each patient with SPSS
16.0 software. The general clinical data from
the two groups (such as tumor situations and
complications of hepatitis) were inspected by x?
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test. Values of P < 0.05 were considered statis-
tically significant.

Results
Clinical data

In total, we gathered information on 18 patients
with ACC of the nasopharynx and 182 NPC
patients. In the NPC group were 136 males
(75%) and 46 females (25%) with a mean age of
46.8 years old (in the range 11 years old to 78

Int J Clin Exp Pathol 2015;8(12):15960-15968
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Table 2. MRI data in the two groups

NPC patients ACC patients

Local regions N (%) n (%)

Parapharyngeal space 148 (81.3) 14 (77.8)
Internal pterygoid muscle 47 (25.8) 6 (33.3)
External pterygoid muscle 20 (11.0) 5(27.8)

Oropharynx 15 (8.2) 4 (22.2)
Nasal cavity 53(29.1) 3(16.7)
Skull base 97 (53.3) 12 (66.7)
Orbit 13 (7.1) 3(16.7)
Infratemporal fossa 9(4.9) 3(16.7)
Accessory nasal sinuses 3(23.6) 3(16.7)
Laryngopharynx 1(0.5) 3(16.7)
Cavernous sinus 5 (13.7) 7 (33.3)
Cerebral parenchyma 2(1.2) 1(5.6)

Lymph node 119 (64.8) 2(11.1)

NPC: nasopharyngeal carcinoma; NACC: adenoid cystic
carcinoma of the nasopharynx; n: number.

years old). Only one patient had pathological
type |, whereas the others were type Il. In the
ACC group were 8 males (44.4%) and 10
females (55.6%) with a mean age of 47.1 years
old (in the range 33 years old to 65 years old).
Results are displayed in Table 1.

The data were inspected by x? between the two
groups. There were statistically significant dif-
ferences in stage T4 (14.3% vs. 38.9%, P =
0.007) and NO rate (34.6% vs. 88.9%, P <
0.001). Results indicated that ACC has a more
local infiltration than NPC.

Imaging findings

All ACC lesions were located underneath sub-
mucosal space in pharyngonasal cavity without
well-defined boundary. The nasopharyngeal
mucosa space kept its integrity in 6 patients
while the integrity of the mucosa was not main-
tained in 12 patients. Seven ACC patients
showed masses with vast and obviously lobu-
lated shapes spreading along interspaces ar-
ound the cavity, whereas others showed incras-
sated mucosa with thickness of 5 mmto 9 mm.
The sizes of these masses were 13 mm x 15
mm to 47 mm x 53 mm.

In the ACC group, lesions showed isosignal
intensity on T1-weighted images (11 lesions
with mixed hypointense, isointense, and hyper-
intense signals) and high signal intensity on
enhanced T1-weighted images. Asymmetrical
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signal intensity mostly appeared in masses
(e.g., four patients with high signal intensity,
one with more or less high signal intensity, and
two with isosignal intensity on T2-weighted
images) (Figure 1A). Low signal intensity that
appeared within lesions on enhanced T1-wei-
ghted images was different from those on
T2-weighted images (Figure 2A). Results sho-
wed asymmetrical signal intensity in four pa-
tients with incrassated submucosal space in
T2-weighted images and symmetrical signal
intensity in seven patients. In the NPC group,
most lesions showed low signal intensity on
T1-weighted images, high signal intensity on
T2-weighted images, and high signal intensity
without well defined boundary on enhanced
images (Figure 3).

In NPC patients, lymph nodes, parapharyngeal
space, and skull base were commonly invaded
with rates of 64.8%, 81.3%, and 53.3% respec-
tively. The invasion rates of parapharyngeal
space, skull base, and cavernous sinus were
77.8%, 66.7% and 33.3%, respectively, in ACC
patients. The data were assessed by x? between
the two groups. No statistical difference was
observed in skull base invasion rate between
ACC and common NPC (53.3% vs. 66.7%, P =
0.277), but the rate of local region invasion in
ACC was significantly higher than common NPC
(33.3% vs. 13.7%, P = 0.028). Conversely, the
rate of lymph node metastases in NPC was
higher than ACC (64.8% vs. 11.1%, P < 0.001).
Results are displayed in Table 2.

Seven patients showed 12 paralyzed cranial
nerves (e.g., eight trigeminal nerves, two abdu-
cens nerves, one hypoglossal nerve, and one
facial nerve) in the ACC group. Eleven patients
showed 15 paralyzed cranial nerves (e.g., 10
trigeminal nerves, three abducens nerves, two
hypoglossal nerves, and one oculomotor nerve)
in the NPC group. The cranial nerve paralysis
rate of ACC patients was higher than NPC
patients (7 patients, 38.9% vs. 11, 6.0%, P <
0.001). Ten patients in the ACC group showed
skull neuropore invasion and 59 patients in the
NPC group showed neural foramen invasion,
which indicates that the rate in ACC is higher
than in NPC (55.6% vs. 32.4%, P = 0.049). The
orbit and the medial segment of cranial nerves
were high risk areas in ACC patients (33.3% vs.
13.2%, P = 0.022). Results are displayed in
Table 3.

Int J Clin Exp Pathol 2015;8(12):15960-15968
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Table 3. Relationship between appearance on MRI and cerebral nerveinvasion

NPC ACC
Cranial Nerve Lesions Location Patients n Paralytic cranial Patientsn  Paralytic cranial
(%) nerves (n) (%) nerves (n)
Skull base or extracranial branch
V3 extracranial branch 53(29.1) V3 (9) 12 (66.7) V3 (8)
Pterygopalatina Fossa 35(19.2) V2 (8) 7 (38.9) V2 (5)
Foramen lacerum 17 (9.3) V2 (7) 3(16.6) V2 (3)
Foramen Ovale 44 (24.1) V3 (9) 9 (50.0%) V3 (8)
Jugular foramen 9 (4.9%) IX-XI (0) 2 (11.1%) IX-XI (0)
Hypoglossal canal 21 (11.5%) Xl (2) 5 (27.7%) Xl (1)
Internal acoustic meatus 0 0 1 VII (1)
Intracranial branch or orbit segment
Superior orbital fissure 3 (1.6%) (1) 0 0
V1 (3)
Inferior orbital fissure 12 (6.6%) V2 (4) 3(16.6%) V2 (1)
Cavernous sinus or Trigeminal ganglion 25 (13.7%) 1 (1) 7 (38.9%) V (8)
V (10) VI (2)
VI (3)

V1 means the first branch of the nerve, V, lll and VI mean the fifth, third and sixth cranial nerve.

Discussion
Epidemiology

NPC incidence is especially high in Guangdong
province in southern China with obvious region-
ality. According to the global cancer statistics of
2008, the worldwide incidence and mortality
were 0.2/100000 population and 0.1/100000
population, respectively [12]. The number in
southern China is up to 30/100000 population
to 80/100000 population, and males outnum-
ber females by 2.3 to 1 [13]. NPC is known as a
malignancy that is closely correlated with Ep-
stein-Barr (EB) virus infection. EB virus infec-
tion rate in NPC is estimated at almost 90%
[14]. Viral capsule antigen/IgA examination is
sensitive to EB virus infection which assists in
NPC diagnosis. Even in southern China, a high
risk area for NPC, ACC of the nasopharynx is
still rare. The correlation between ACC and EB
virus infection is still unclear. Female patients
outnumber males. No evidence showing that
ACC correlates with EB virus infection exists.
The difference in incidence between ACC and
NPC indicates different disease causes.

Clinical symptoms

The most common symptoms include resorp-
tive nosebleeds, nasal blockage, and masses
in neck that appear much earlier in NPC
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patients resulting in earlier diagnosis [15].
These symptoms are also common in ACC
patients but appear later than NPC because of
slow disease progression. Cranial nerves paral-
ysis and stage T4 are more frequently diag-
nosed in ACC patients [16]. ACC prefers local
infiltration to other adjacent tissues whereas
NPC tends to present as lymph node me-
tastasis.

Extension patterns

Two common patterns for extension in carcino-
mas of the nasopharynx exist [17]. One is ag-
gressive local infiltration, whereas the other is
spreading along well-defined routes, such as
neural canal or lymph vessels [18]. Local infil-
tration indicates growth of masses and inva-
sion of adjacent skull base. Another character-
istic is coarse cranial nerves or extended cr-
anial nerve canal or lymph node metastases.
Aggressive local infiltration and perineural infil-
tration usually occur in the ACC of the naso-
pharynx, whereas lymph node metastasis fre-
quently occurs in the NPC.

MRI displays invasion of cranial nerves with
good resolution, which results in better diagno-
sis than clinical examination in medical prac-
tice. Little resistance to tumor invasion is ob-
served in cranial nerves causing lack of typical
neural symptoms and negative examinations in

Int J Clin Exp Pathol 2015;8(12):15960-15968
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the early stage of the disease [3, 8]. In the pres-
ent study, ACC of the nasopharynx is character-
ized by more frequent spreading along the
nerve canal. Trigeminal nerve invasion is most
frequently detected in ACC patients. A well-
defined extension route for ACC is demonstrat-
ed: pharyngonasalcavity—parapharyngealspac
e—trigeminalnerve—foramenovale—caverno
us sinus. The cavernous sinus is more easily
involved in ACC patients because IlI-VI nerves
pass through it (Figure 1B and 1C). The trigemi-
nal nerve, the abducens nerve, and the oculo-
motor nerve are more frequently involved
(Figure 2B and 2C). Invasion to inferior orbital
fissure is also through the following route: retro-
pharyngeal space—hypoglossalcanal—pteryg
opalatine fossa or cranial fossa.

Abundant lymph vessels underneath the naso-
pharyngeal mucosa space result in higher fre-
quency of lymph node metastasis diagnosis in
NPC patients. The patients come to the hospi-
tal primarily for masses in the neck. In a survey
of 271 new cases marked as NPC, 204 patients
(75.3%) had lymph node metastases [19].
Another study showed that the percentage
increased to 80% (91/114 patients) during MRI
examinations [20]. Lymph node metastases
rate reaches 11.1% in ACC patients and 64.8%
in NPC patients. NPC prefers extension through
lymph vessels, whereas this tendency is not
present in ACC.

Treatments

Concurrent chemoradiotherapy is the standa-
rd modality for NPC, but there is no confirmed
evidence for its application in ACC therapy.
Therapeutic strategy depends on the patho-
physiological characters of ACC, which tends to
show local infiltration and neural extension.
Many other series of ACC have been described.
A retrospective study suggested that surgery
combined with radiotherapy should be per-
formed on these patients. Nevertheless, post-
operative radiotherapy did not result in a signifi-
cant effect according to other studies. ACC of
the nasopharynx is characterized by high inci-
dence of PNI, frequently aggressive local infil-
tration, and infrequently, lymph node metasta-
sis, which indicates that radiotherapy is the first
choice for treatment. Intensity modulated radi-
ation therapy should be performed on extend-
ed planning target volume. No evidence exists
that chemotherapy would improve the progno-
sis of ACC patients after radiotherapy.
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Conclusion

The present study demonstrates that ACC is a
malignancy of the nasopharynx characterized
by local infiltration and neural invasion. ACC
tends to involve aggressive local infiltration and
extension along the cranial nerve canal. The
appearance forms special characters on MRI
images of ACC of the nasopharynx, which helps
with more accurate MRI diagnosis.
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