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Abstract The clinical features and common molecular
alterations of adenoid cystic carcinoma (ACC) are
reviewed in this paper. ACC is an uncommon neoplasm
that most frequently arises in salivary glands and related
tissue in the head and neck region. ACC has distinct his-
tologic features, with cribriform and tubular growth pat-
terns of basaloid cells displaying a predominantly
myoepithelial cellular phenotype. This neoplasm also has
uncommon clinical features of rare regional lymph node
metastasis and a prolonged but relentlessly progressive
clinical course. Clinical outcome in ACC is correlated to
histologic grade, which is correlated to the degree of
aneuploidy and genetic alterations present in the tumor
genomes. Recent studies have identified that the majority
of ACC contain alterations of the MYB gene, usually
resulting in a fusion gene product with the NFIB gene by a
t(6;9) translocation event. The molecular consequences of
this alteration are incompletely understood, as are sec-
ondary molecular alterations that contribute to the neo-
plastic phenotype of ACC.
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Adenoid cystic carcinoma (ACC) is a relatively uncommon
tumor, with a reported incidence of 4.5 cases per million
individuals [1]. The age range for diagnosis is wide, with
tumors arising at almost equal incidence in any decade of
adulthood. The salivary and lacrimal glands are among the
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most common sites at which this tumor arises. It is the most
common malignancy to arise in the minor salivary glands, and
is also one of the most common cancers of the parotid and
sublingual salivary glands [2-6]. ACC also arises in glandular
tissue of the nasal passages and tracheobronchial tree. ACC
arises less frequently in sites outside of the head and neck,
including the breast and vulva.

Histologically, ACC are composed of small basaloid epi-
thelial tumor cells, with small to moderate amounts of cyto-
plasm. The nuclei tend not to be pleomorphic, and have small
or inconspicuous nucleoli. The tumor is composed of cells that
exhibit either luminal epithelial differentiation or myoepi-
thelial differentiation, with myoepithelial differentiation
predominating [7, 8]. Several growth patterns have been
described for ACC (Fig. 1). The most common and classic
pattern is characterized by tumor cells arranged in variably-
sized nests of cells with distinct, punched-out spaces or
pseudocysts, in a so-called cribriform pattern. The cribriform
spaces contain hyaline material, variably eosinophilic or
basophilic in color. Most carcinomas with such an appearance
will secrete mucin; however, in ACC, the secreted substances
are basement membrane constituents, including proteogly-
cans [9-11]. A second growth pattern, typically mixed with
the cribriform pattern, is a tubular pattern where the tumor
infiltrates in separate gland-like groups with single central
lumens. The third growth pattern is a solid growth pattern,
where tumor cells grow in sheets without lumen formation.
This third pattern has been recognized as representing a higher
grade of tumor. Szanto et al. [12] proposed a grading scheme
for ACC, based on the degree of solid growth pattern, illus-
trated in Fig. 1. This grading scheme has reproducibly been
associated with poorer prognosis in distinct patient cohorts
[13—16]. That this grading scheme does indeed reflect a form
of tumor progression is supported by cases where ACC tumors
have displayed increasing solid growth and histologic atypia
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Fig. 1 Histologic types and grades of ACC. a Cribriform pattern,
with no solid growth component (Grade 1). b Tubular pattern, with no
solid component (Grade 1). ¢ Cribriform growth pattern, with areas of

during the course of tumor recurrence, with increasingly
aggressive clinical behavior [17]. ACC may also rarely
undergo dedifferentiation, with a high grade anaplastic car-
cinoma component arising in a conventional ACC [18-20].
High-grade transformation is characterized by irregular, jag-
ged infiltrating islands of tumor cells or large confluent areas
of solid growth, and the background stroma displays a fibro-
cellular desmoplasic change, which is typically not seen in
conventional ACC. The tumor cells display greater atypia, a
higher mitotic rate, and usually have more cytoplasm than
conventional ACC cases.

The clinical course of conventional ACC is typically a slow
but relentlessly progressive one. Although the majority of
patients with ACC are alive at 5 years post diagnosis, the
majority will go on to die of their disease [14, 21]. Although
good local control is usually achieved by resection of the
primary tumor, often accompanied by post-operative radia-
tion therapy, late recurrence is common both regionally and at
distant sites. Local recurrence is attributed in part due to the
proclivity of ACC for perineural invasion [21-23]. The neu-
rotropism also contributes to the infiltrative nature of this
neoplasm, with deep penetration of vital structures of the
craniofacial region along major nerve trunks [24]. Because of
these clinical features, ACC has been described as “one of the
most biologically destructive and unpredictable tumors of the
head and neck” [25]. Unlike most carcinomas of the head and
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solid growth comprising less than 30 % of tumor (Grade 2).
d Predominantly solid growth pattern (Grade 3). All figures H&E
stain, original magnification x40

neck, ACC seldom metastasizes to regional lymph nodes [26].
Distant metastasis occurs in up to 40 % of cases, with the
lungs being the most common site [26], but liver, kidney,
bones and brain are also affected by metastatic disease. Due to
the slow growth rate of this tumor, even patients with unre-
sectable metastases may survive for many years before ulti-
mately succumbing to their disease. ACC with high-grade
transformation, however, show a markedly more aggressive
clinical course, with shortened patient survival, and have a
higher rate of lymph node metastasis than conventional ACC.

Several cytogenetic studies of ACC described a reci-
procal t(6;9) translocation occurring in some tumors [27-30].
However it was not clear initially if this was a common
finding in ACC, and the described breakpoints of the t(6;9)
translocations did not appear to be consistent enough to
map specific gene loci. This field of inquiry lay fallow until
work from Goran Stenman’s laboratory was published in
2009 which described an analysis showing that the
majority of ACC tumors harbor a t(6;9) translocation that
joins the MYB and NFIB transcription factors in a fusion
gene product [31]. The MYB gene appears to be the
dominant contributor to the fusion product, with the DNA-
binding and transcriptional regulatory portions of the MYB
gene on chromosome 6 (6q22-q23) being fused to a small
portion of the end of the NFIB gene on chromosome 9
(9p24.1). Though the molecular mechanisms are not
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entirely elucidated, this fusion gene appears to result in
increased MYB transcriptional regulatory activity in the
tumor cells. The levels of MYB gene product are generally
elevated in ACC compared to most normal tissues, with the
majority of ACC showing strong nuclear staining for MYB
by immunohistochemistry (Fig. 2a).

Though there is some disagreement in the literature
regarding the percent of ACC tumors harboring this
molecular alteration, most subsequent studies have shown
that the majority of ACC have a disrupted MYB gene and/
or evidence of a MYB-NFIB fusion RNA transcript [32-36].
One of the largest independent cohorts separate from the
Stenman group came from a study at Stanford University,
where 37 cases of ACC were studied by fluorescence
in situ hybridization (FISH) of the MYB and NFIB loci,
with 65 % of cases showing abnormalities of these loci
[34]. An example of an ACC tumor displaying typical
FISH findings for a broken-apart MYB gene locus is shown
in Fig. 2b. One research group showed evidence that some
ACC tumors that did not contain a translocated MYB gene
had elevated levels of wild-type MYB transcript and pro-
tein through an unknown mechanism [32]. While, as pre-
viously noted, the majority of ACC will show strong MYB
immunoreactivity, this stain cannot be used to exclude the
diagnosis of ACC, as some tumors (up to a third of cases)
that otherwise meet the histologic diagnosis of ACC may
show weak or negative MYB staining [34, 36, 37]. MYB
staining is also not specific for ACC, being observed in
several other tumor types, including basaloid squamous
cell carcinoma, an occasional histologic mimic of ACC
[34, 36].

Thus it would appear that up-regulation of MYB tran-
scriptional regulatory activity is a key component of
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Fig. 2 Examples of MYB alterations in ACC. a Immunohistochem-
ical stain for MYB showing strong diffuse nuclear staining. Original
magnification x100. b Break-apart FISH analysis for MYB with 5’
green probe and 3’ red probe. The ACC tumor cell reveals one wild
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tumorigenicity for the majority of, but not all, ACC tumors.
Secondary genetic mechanisms are not well-understood,
however. In attempts to identify genomic alterations that
occur in ACC, there have been at least 6 studies of ACC
cohorts employing the techniques of comparative genomic
hybridization (CGH) and array comparative genomic
hybridization (aCGH) which globally sample the copy
number status of tumor genomes [38—43]. The results of
these studies have been quite variable but areas of deletion
that have been identified in two or more tumors in each of
two or more of these studies include 1p (8—44 %), 5q
(8-18 %), 6q (14-30 %), 9p (12-33 %), 9q (8-9 %), 12q
(9-33 %), 13q (11-35 %), 14q (4-22 %), 17p (11-13 %),
and Xp (8-9 %). Chromosomal areas of copy number gain
that have been identified in two or more tumors in each of
two or more of these studies include 1p (8—44 %), 8q
(9-39 %), 11q (9-61 %), 16p (8—44 %), 16q (8-39 %),
17q 18-28 %), 19p (9-78 %), 22q (8-72 %). It is impor-
tant to note that none of these studies segregated the ACC
samples into MYB fusion positive and negative cases;
hence, it is unknown if any of the described genetic
abnormalities are associated positively or negatively with
MYB gene locus translocation. It is also important to note
that these techniques only identify changes in chromo-
somal copy number and will not detect reciprocal translo-
cation events that are not associated with genetic deletion
or amplification. Though there is some agreement on loci
that show loss or low-level gain in a minority of ACC
cases, evidence is generally lacking for specific genes that
are targeted by these copy number variations identified by
these studies, other than the deletions identified at 6q and
9p, which may be related to MYB-NFIB translocations
events that were not perfectly reciprocal in genetic

type MYB gene locus (yellow signal) and evidence of break-apart of
the second MYB gene locus, with separate red and green signals.
Original magnification x 1500
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exchange. The studies are in agreement that very few high
copy number gene amplification events were identified in
any of the cohorts; hence, it does not appear that such a
mechanism targets a specific gene in the majority of ACC.

When specific genes have been analyzed in ACC (out-
side of MYB), there has also been a distressing lack of
consensus in the percent of ACC cases having mutations.
For instance, analysis of the KIT gene has had studies
leading to diametrically opposed conclusions as to the
mutation rate in ACC [44-50]. However, at the current
time, the consensus data does not identify any molecular
alteration outside of the MYB gene that represents a
common molecular mechanism in ACC. This is an active
subject of research, and it is expected that planned and
ongoing whole exome and whole genome sequencing
studies of ACC cohorts will soon contribute to our
knowledge in this area.

While secondary genetic hits remain to be elucidated in
ACC, there does appear to be a consensus finding that the
degree of genetic abnormality present in an ACC tumor is
correlated with histologic grade. Analyses of chromosomal
ploidy have shown that most classic non-solid ACC show a
low degree of aneuploidy, much less than other types of
carcinomas, but, ACC with solid histology show increased
aneuploidy [51, 52]. Studies using CGH and aCGH show a
correlation of the degree of genetic alterations (change in
DNA copy number, chromosome number, genetic deletion)
with the degree of solid growth pattern [39, 41, 42], con-
sistent with the notion that ACCs with solid histology
represent a later stage in tumor progression. One study of
four ACC with high-grade transformation suggests that
genomic amplification events are more common in trans-
formed tumors than in conventional tumors, with identifi-
cation of the MYC gene as perhaps a common mechanism
for transformation [53].

Most carcinomas are thought to derive their abnormal
genetic patterns from a process known as fusion-breakage-
fusion, where unstable telomeres lead to a reiterative
process of chromosomal fusion and breakage during sub-
sequent mitotic cycles [54]. However, tumors that arise
through a mechanism where a translocation event provides
a primary driver mutation tend to have lower degrees of
genetic abnormalities. A model is thus developing of the
molecular pathogenesis of ACC. It would appear that most
ACC begin as low-grade neoplasms, driven to neoplastic
growth predominantly by genetic alteration of the MYB
locus, with few if any secondary genetic hits. As these
tumors continue to grow, eventually the tumors acquire
secondary genetic hits, perhaps through a mechanism of
telomere shortening and instability. Genetic instability is
associated with increasing histologic grade and increased
clinical aggressiveness, again presumably through
involvement of other genetic loci that are involved in more
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typical and common forms of carcinoma. It may also be the
case that these secondary mutations are diverse across the
population of higher-grade ACC; hence, these tumors may
not represent as uniform a genetic and biochemical popu-
lation as low-grade ACC tumors.

In conclusion, recent findings indicate that up-regulation
of the MYB proto-oncogene occurs in the majority of
ACC, with translocation and gene fusion of the MYB and
NFIB genes being the most common mechanism. The
immediate future of research in this field of the molecular
pathogenesis of ACC will be two-fold. One will be of
diagnostic import, determining what combination of
molecular assays (FISH, RT-PCR) is the most robust,
sensitive and specific for identifying MYB/NFIB genetic
alterations in the diagnosis and classification of ACC and
related tumors. The second is determining the biochemical
and biological effects of MYB activation in ACC tumor
cells, in order to derive targeted therapies for this neo-
plasm, which is often highly-resistant to currently-available
conventional therapies.
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