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Abstract We report a unique case of adenoid cystic car-
cinoma (ACC) of the maxillary sinus, with gradual his-
tologic transformation from lower-grade ACC (cribriform
and tubular types) to high-grade adenocarcinoma (HGA)
showing a sequential histologic spectrum via solid-type
ACC. A 74-year-old man presented with swelling and mild
pain of the right cheek. CT scan showed a mass measuring
approximately 4 cm, with marked bone destruction in the
right maxillary sinus. A surgically resected specimen re-
vealed that the tumor was comprised of three different
components: HGA and solid-type ACC in the central por-
tion and lower-grade ACC in the periphery. The tumor was
discriminated from a dedifferentiated carcinoma or hybrid
tumor. Autopsy specimens also demonstrated both solid-
type ACC and HGA components in the lung and spleen.
Immunohistochemically, positive staining of p53 protein
was detected on both solid-type ACC and HGA cells, but
cyclin D1 and HER2/neu was only seen in HGA cells.
Solid-type ACC cells were immunoreactive for CD117
(c-kit), but lower-grade ACC and HGA cells were nega-
tive. This case suggests that the overexpression of CD117,
p53 protein, cyclin D1, and HER2/neu might be involved
in the progression from lower-grade ACC to solid-type
ACC and HGA.
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Introduction

Adenoid cystic carcinoma (ACC) is a specific type of
adenocarcinoma, with a characteristic cribriform appear-
ance that commonly occurs in the major and minor salivary
glands. Patey and Thackray first reported that ACC with a
solid growth pattern was associated with a worse prognosis
than that of the cribriform type [12]. Perzin et al. described
a more differentiated type of ACC, the tubular form, which
is associated with a favorable prognosis [13]. Accordingly,
ACCs are histologically classified into three subtypes:
tubular, cribriform, and solid. The grading scheme that
categorizes ACCs into three histologic grades is as follows:
Grade 1—tubular and cribriform patterns without solid
components, Grade 2—pure cribriform pattern or mixed
with less than 30% of solid areas, and Grade 3—pre-
dominantly a solid pattern, and it is closely correlated with
prognosis [15]. Therefore, the tubular- and cribriform-type
ACCs are lower-grade, whereas solid-type ACC is higher
grade.

Recently, cases have been reported of dedifferentiated
ACC of the salivary gland and upper respiratory tract,
which are rare variants of ACC [1, 2, 7, 9–11]. Dedif-
ferentiation is defined as clonal evolution of a poorly
differentiated or high-grade component arising within a
low-grade carcinoma without histologic transition or spec-
trum from the original carcinoma [18], namely, as an abrupt
transformation [11]. In all reported cases of dedifferen-
tiated ACC, the low-grade component was tubular- or
cribriform-type ACC, and high-grade areas demonstrated
poorly differentiated adenocarcinoma or undifferentiated
carcinoma. The two elements are clearly demarcated, al-
though there is a transitional zone in some cases.

Although histologic progression from lower-grade ACC
to solid-type ACC has previously been reported [16],
there are no reports in the literature of transformation from
solid-type ACC to high-grade adenocarcinoma (HGA) or
undifferentiated carcinoma. The histologic appearance of
solid-type ACC is variably sized solid islands of mono-
morphous tumor cells, which have small nuclei with fine
chromatin and indistinct nucleoli, and scant cytoplasm
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[3]. Immunohistochemical staining for cytokeratin of
solid-type ACC demonstrated disproportionate ductal-cell
proliferation. The HGA showed a more pleomorphic ap-
pearance, large nuclei, and infiltrative growth pattern. We
present here a case of ACC with gradual transformation
from lower-grade ACC to HGA with a continuous his-
tologic spectrum via solid-type ACC. The immunohisto-
chemical characteristics are also described and reviewed as
compared with those of dedifferentiated ACC and hybrid
carcinoma.

Clinical history

A 74-year-old man presented with swelling and mild pain
of the right cheek, anosmia, and nasal bleeding for 6
months. CT scan demonstrated a mass approximately 4 cm
in diameter, with marked bone destruction in the right
maxillary sinus (Fig. 1). A needle biopsy specimen was
diagnosed as poorly differentiated adenocarcinoma, and
the mass was excised. Pulmonary and hepatic metastases

were identified at follow-up 1 year later after the surgery.
The patient died within 4 months following the develop-
ment of metastases without any effect of chemotherapy.
Autopsy was then performed.

Materials and methods

The whole surgically resected specimen was cut into 12
tissue blocks 5 mm thick for histologic and immunohis-
tochemical examination. For light microscopic evaluation,
all thin sections were stained with hematoxylin and eosin.
Immunohistochemistry was performed on the deparaffin-
ized tissue sections using the primary antibodies listed in
Table 1 and the avidin-biotin-peroxidase complex method
of Hsu and co-workers [6].

Results

The surgically resected specimen, measuring 7.5×5×3 cm,
was comprised of the right maxillary tumor mass, the
overlying skin, and the subcutaneous tissue. Grossly, the
tumor was solid with a white or gray-tan appearance and
was approximately 4 cm in diameter, with an indistinct
margin and destruction of the maxillary bone wall.

Microscopically, the tumor was comprised of three dis-
tinct components. In the central portion of the tumor, HGA
and solid-type ACC were the main components. HGAwas
comprised of highly malignant tumor cells with pleomor-
phic vesicular nuclei and relatively abundant amphophilic
cytoplasm proliferating irregularly with loose solid nests
(Fig. 2a) or infiltratively in a small tubular and cord-like
pattern (Fig. 2b). Solid ACC was comprised of either solid
nests of small duct-like structures with occasional comedo-
like necrosis (Fig. 2c) or solid nests of larger tumor cells
with vesicular nuclei with some ductular structures. There
were transitional areas between HGA and solid-type ACC

Fig. 1 CT scan shows a tumor with bone destruction in the right
maxillary sinus

Table 1 Immunohistochemical studies and findings

Antigens Clone Source Dilution Findings

Lower-grade ACC Solid-type ACC HGA

Cytokeratin AE1/AE3 DakoCytomation (Glostrup, Denmark) 1:50 + + +
α-Smooth muscle actin 1A4 DakoCytomation 1:200 + + F+
S-100 protein 2A10 IBL (Takasaki, Japan) 1:50 + + +
P53 protein Bp53-12 IBL 1:5,000 − + +
Cyclin D1 DSC-6 DakoCytomation 1:200 F+ F+ +
HER2/neu CB11 Ventana (Tucson, AZ, USA) Prediluted − − +
CD117 (c-kit) Polyclonal DakoCytomation 1:80 − + −
Ki-67 MIB-1 DakoCytomation 1:50 5% 15% 30%
CEA TF-3H8-1 Ventana Prediluted − − −
GCDFP-15 23A3 Novocastra (Newcastle upon Tyne, UK) 1:50 − − −
Androgen receptor AR27 Novocastra 1:100 − − −
PSA ER-PR8 DakoCytomation 1:20 − − −

ACC Adenoid cystic carcinoma, HGA high-grade adenocarcinoma, F focally
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(Fig. 2d). In the periphery of the tumor, a lower-grade ACC
component was identified. Small monomorphous cells
were infiltratively proliferated with a cribriform or bicel-
lular tubular pattern. Perineural invasion was frequently
observed in the area.

The postmortem examination revealed metastases in the
lungs, liver, spleen, bone marrow in the lumbar vertebrae,
and right pulmonary hilar lymph nodes. Histopathological
findings in the metastatic lesions of the lung and spleen
were solid-type ACC and HGA, which were similar to
those of the central parts of the primary maxillary lesion.

Table 1 summarizes the immunohistochemical findings
of the present case. Immunohistochemically, ductal cells
stained positively for cytokeratin (AE1/AE3) in all com-

ponents. All components showed a positive reaction for
α-smooth muscle actin, markers of myoepithelial cell
differentiation, and S-100 protein. Ductal cells in HGA
and solid-type ACC areas expressed positive immunoreac-
tivity for S-100 protein. CD117 (c-kit) immunostaining
showed a positive reaction only in solid-type ACC, with no
positive staining in lower-grade ACC or HGA (Fig. 3a).
The staining for p53 protein was positive in more than
50% of carcinoma cells both in the HGA and solid-type
ACC areas, whereas it was negative in the lower-grade
ACC portion (Fig. 3b). Cyclin D1 overexpression was
demonstrated in approximately 30% of the tumor cells in
the HGA component, but was only weakly and focally
reactive in the ACC component (Fig. 3c). Membranous

Fig. 2 Histopathological ap-
pearance of the tumor using
hematoxylin and eosin stain.
×200. a and b High-grade ade-
nocarcinoma. c Solid-type ade-
noid cystic carcinoma with
comedo-like necrosis. d Transi-
tional appearance from solid-
type adenoid cystic carcinoma
to high-grade adenocarcinoma

Fig. 3 Immunohistochemical
findings of the tumor. ×200. a
Solid-type adenoid cystic carci-
noma cells with membranous
expression for CD117 (left),
which is negative in the high-
grade adenocarcinoma cells
(right). b Solid-type adenoid
cystic carcinoma cells with nu-
clear expression for p53 protein
(left), which is negative in the
cribriform-type adenoid cystic
carcinoma cells (right). c High-
grade adenocarcinoma cells with
nuclear expression for cyclin D1
(left), which is negative in the
solid-type adenoid cystic carci-
noma cells (right). d High-grade
adenocarcinoma cells with
membranous expression for
HER2/neu (left), which is nega-
tive in the solid-type adenoid
cystic carcinoma cells (right)
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staining for HER2/neu was detected only in the HGA
component (Fig. 3d). The Ki-67 (MIB-1) labeling index
in lower-grade ACC, solid-type ACC, and HGA areas
was approximately 5, 15, and 30%, respectively.

Discussion

The tumor in this case consisted of three different com-
ponents: lower-grade (tubular and cribriform types) ACC,
solid-type ACC, and HGA. We believe that gradual trans-
formation from lower-grade ACC to HGAwith a sequential
histologic spectrum via solid-type ACC was involved in
the tumor development. Discrimination from dedifferen-
tiated carcinoma and hybrid carcinoma, which are orga-
nized with pleural carcinoma elements, is necessary in this
unique case.

Dedifferentiation is recognized when a lower-grade ma-
lignant neoplasm abruptly transforms to a high-grade
[11, 17], in which the high-grade component is juxtaposed
to the original lesion or the original line of differentiation
is lost [2]. This concept should be distinguished from ma-
lignancy arising from a benign tumor such as carcinoma
ex pleomorphic adenoma, hybrid tumors, and transfor-
mation within a high-grade carcinoma to another high-
grade pattern [18]. There are no previously reported cases
of dedifferentiated ACC of the salivary glands and upper
respiratory tract where a solid-type ACC area was men-
tioned [1, 2, 7, 9, 10], or accounted for only as a scant
portion [11], which is consistent with the definition. The
present case is unique in that the histologic features in-
dicated a gradually successive transition from lower-grade
to solid-type ACC and HGA. Histologic transformation
from solid-type ACC to HGA corresponds to a transition
from high-grade carcinoma to another high-grade carcino-
ma, which should discriminate from dedifferentiation.

Hybrid tumors are composed of two histologically dis-
tinct categories of tumor, each of which corresponds to an
exactly defined tumor entity and an identical origin [14]. In
the present case, the tumor components were lower-grade
ACC, solid-type ACC, and HGA. Some of the tumor nests
of the HGA component with comedo-like necrosis were
superficially analogous to salivary duct carcinoma. How-
ever, dystrophic calcification, apocrine-like eosinophilic
cytoplasm, coarse chromatin, and distinct single nucleolus,
which are characteristic features of salivary duct carcino-
ma [18], were not observed. Immunoreactivity was not
detected for CEA, GCDFP-15, androgen receptor, and
prostate-specific antigen, which are frequently expressed
in salivary duct carcinoma. Therefore, the HGA compo-
nent was not assigned to a specific carcinoma entity and
should be classified into adenocarcinoma NOS (not other-
wise specified). The tumor in the present case could be
differentiated from hybrid carcinoma.

Histologic transition from solid-type ACC to HGA is a
characteristic finding in this case. Comedo-like necrosis
and mitoses have appeared to a variable extent in solid-type
ACC [3, 4] and were identified in the present case. In the
HGA component, there were distinctive irregularly sized

solid islands of highly pleomorphous tumor cells with ve-
sicular large nuclei. There were transitional features be-
tween solid-type ACC and HGA. These morphological
findings suggest that the increase in cellular atypism and
pleomorphism in solid-type ACC might be involved in the
initial stage of histologic transformation to HGA. In the
autopsy specimens of the lung and spleen, histopatholog-
ical findings of metastatic lesions showed the same pattern
as the central portion of the surgical samples, i.e., com-
bination of solid-type ACC and HGA, showing that solid-
type ACC metastasized and then transformed to HGA.
These findings also suggest a gradual successive transfor-
mation of tumor cells in this case.

Immunohistochemical studies and genetic analysis have
been carried out for oncoprotein in dedifferentiated ACC
and solid-type ACC. The Ki-67 labeling index was higher
in dedifferentiated ACC than in that of lower-grade ACC
[1, 2, 11]. The Ki-67 labeling index of solid-type ACC in
the present case was between lower-grade ACC and HGA,
demonstrating that proliferation activity increased in pro-
portion to histologic progression from lower-grade ACC to
solid-type ACC and HGA. CD117 (c-kit) expression was
detected in ACC, which was intense in solid-type ACC [5].
Overexpression of p53 protein was detected by immuno-
histochemistry in six of nine cases (67%) [1, 2, 7, 9, 11],
and that of cyclin D1 was detected in five of seven cases
(71%) in previously reported dedifferentiated ACC cases
[1, 2, 11]. Nagao et al. and Chau et al. reported dedif-
ferentiated ACC cases with a p53 gene mutation [1, 11].
Immunohistochemical positive staining of HER2/neu has
been demonstrated in three of five cases (60%) [1, 8, 10] of
dedifferentiated ACC. Immunohistochemical expression of
p53 protein [8] and p53 gene alterations [17] were mark-
edly more frequent in solid-type ACC than lower-grade
ACC. In our case, positivity for p53 protein was detected in
both solid-type ACC and HGA cells, but immunoreactivity
for cyclin D1 and HER2/neu were detected only in HGA
cells. The molecular mechanisms of malignant transforma-
tion of ACC have not been clearly elucidated. Our case
suggests that overexpression of CD117 (c-kit), p53 protein,
cyclin D1, and HER2/neu are involved in the transforma-
tion from lower-grade ACC to solid-type ACC and HGA.
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