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Pulmonary large-cell neuroendocrine carcinoma
(LCNEC) is a newly proposed clinicopathologic en-
tity; a few cases of LCNEC have been reported in
other sites, such as the uterine cervix and the thy-
mus. In the salivary glands, LCNEC is extremely rare
and is not recognized as a specific entity in the
World Health Organization classification. We retro-
spectively reviewed from our files 1675 cases of sur-
gically resected primary parotid gland tumors and
found 2 cases of LCNEC that fulfilled the criteria of
pulmonary LCNEC. These cases occurred in 72- and
73-year-old men who had short histories of enlarg-
ing parotid gland tumors. The tumors were com-
posed of large cells that exhibited organoid, solid,
trabecular, and rosette-like growth patterns with a
high mitotic rate and a conspicuous tendency for
necrosis. The tumor cells were polygonal and char-
acterized by a moderate nuclear:cytoplasmic ratio,
coarse chromatin, and conspicuous nucleoli. Im-
munohistochemical examination revealed that the
tumor cells were positive for six general neuroen-
docrine markers, cytokeratin, p53, bcl-2, epidermal
growth factor receptor, and cyclin D1. Markedly re-
duced expressions of p21Waf1 and p27Kip1 were also
noticed. The Ki-67 labeling index was more than
50% in both cases. One case showed loss of het-
erozygosity at TP53 accompanied by a p53 gene
point mutation. Loss of heterozygosity at chromo-
some 9p21 was detected in both cases; one was
accompanied by a p16 gene silent point mutation.

Both patients died of the disease, with recurrence 5
months and 4 years after surgery, respectively.
These findings indicate that LCNEC is a rare but
distinct salivary gland tumor with highly aggressive
biologic behavior. Multiple alterations of cell cycle
regulators and tumor suppressor genes may play an
important role in presenting the biologic character-
istics of this rare parotid gland tumor.
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Travis et al. (1) proposed a new, distinctive clinico-
pathologic entity of pulmonary neuroendocrine tu-
mors, large-cell neuroendocrine carcinoma (LC-
NEC), defined as a poorly differentiated and high-
grade neuroendocrine tumor that has several
morphologic and biologic features between atypical
carcinoid and small cell carcinoma. Although LC-
NEC is a rare neoplasm most commonly arising in
the lung (1–3), a few cases of LCNEC have been
reported in other sites, such as the uterine cervix
(4), thymus (5), stomach (6), and urinary bladder
(7). In the salivary glands, LCNEC is extremely rare,
and only two cases have been reported (8, 9).
Therefore, the biologic behavior and molecular al-
terations of salivary gland LCNEC are still poorly
understood.

We retrospectively reviewed from our files 1675
cases of primary parotid gland tumors that were
surgically resected between 1953 and 1999 and
found 2 cases of LCNEC that fulfilled the criteria of
pulmonary LCNEC defined by Travis et al. (1). We
present the clinicopathologic features and immu-
nohistochemical and molecular-genetic character-
istics of these two tumors, including gene alter-
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ations of p53, p16, and K-ras. To our knowledge,
this is the first molecular-genetic assessment of LC-
NEC arising in the salivary gland.

MATERIALS AND METHODS

Case Selection and Tissue Preparation
From our review of 1675 parotid gland tumors,

we selected 2 cases of LCNEC from among 13 cases
that initially had been diagnosed as large cell–type
undifferentiated carcinoma (10). Because the other
11 cases exhibited no neuroendocrine characteris-
tics either morphologically or immunohistochemi-
cally (negative for both chromogranin A and syn-
aptophysin), we excluded them from this study.
Tissue sections fixed in 10% buffered formalin were
processed by routine histologic techniques, includ-
ing staining with periodic acid-Schiff, alcian blue,
mucicarmine, Fontana-Masson, and Grimelius. In
one case, the material was fixed for electron micros-
copy in 2.5% glutaraldehyde in phosphate buffer at
4° C, postfixed in 1% osmium tetroxide, and em-
bedded in Epon-812. Ultrathin sections were
stained with lead citrate and examined in a JEM-
1200EX electron microscope (JEOL, Tokyo, Japan).

Immunohistochemistry
The deparaffinized and rehydrated slides were

boiled in 10 mM citrate buffer (pH 6.0) for 20 min in

a microwave oven. After cooling for 30 min, they
were incubated with the primary antibody for 15 h
at 4° C. The primary antibodies used in this study
are listed in Table 1. The labeled streptavidin-biotin
peroxidase method (LSAB Kit; DAKO, Glostrup,
Denmark) was used for detection; 3,39-
diaminobenzidine was the chromogen. The sec-
tions were slightly counterstained with hematoxy-
lin. The percentage of Ki-67–positive cells was
determined by counting at least 1000 tumor cells,
and then was recorded as the Ki-67 labeling index.

Molecular Analysis
DNA was extracted from the paraffin-embedded

sections by a microdissection method. The primer
sequences for polymerase chain reaction (PCR) am-
plification are listed in Table 2. Forward primers of
TP53, IFNA, and D9S171 were labeled with 6-FAM
for loss of heterozygosity (LOH) analysis. LOH anal-
ysis was performed with a fluorescence-based mi-
crosatellite PCR technique using an ABI PRISM 310
Genetic Analyzer (Perkin Elmer, Foster City, CA)
and Gene Scan 2.01 software (Perkin Elmer). The
ratios of the normal and tumor allele peak areas
were compared for LOH assessment. A change in
the ratio by more than 50% indicated the loss of one
allele in the carcinoma DNA (11). Mutational anal-
ysis was performed for p53 exon 5– 8, p16 exon 1
and 2, and K-ras exon 1 and 2 by direct DNA se-

TABLE 1. Antibodies Used and Results of Immunohistochemical Staining

Antigen (Antibody) Source Clonality Dilution
Results

Case 1 Case 2

Chromogranin A Immunotech S.A., Marseille, France M 1:50 2 F1
Synaptophysin DAKO, Glostrup, Denmark M 1:20 1 2
Neuron-specific enolase DAKO, Glostrup, Denmark M 1:100 1 1
PGP 9.5 Novocastra Laboratories, Newcastle, UK M 1:30 1 1
CD57 (Leu-7) Becton Dickinson, San Jose, CA M 1:200 F1 F1
NCAM Novocastra Laboratories, Newcastle, UK M 1:50 F1 F1
S-100 protein DAKO, Glostrup, Denmark P 1:500 F1 F1
Neurofilament DAKO, Glostrup, Denmark M 1:100 2 2
EMA DAKO, Glostrup, Denmark M 1:100 1 1
Cytokeratin (AE1/AE3) DAKO, Glostrup, Denmark M 1:50 1 1
Cytokeratin (CAM5.2) Becton Dickinson, San Jose, CA M Prediluted 1 1
Cytokeratin 20 DAKO, Glostrup, Denmark M 1:100 2 2
Muscle-specific actin (HHF35) Enzo Diagnostics, New York, NY M 1:50 2 2
a-Smooth muscle actin Nichirei, Tokyo, Japan M Prediluted 2 2
Vimentin DAKO, Glostrup, Denmark M 1:50 F1 F1
LCA Nichirei, Tokyo, Japan M Prediluted 2 2
Melanoma (HMB45) Immunotech S.A., Marseille, France M Prediluted 2 2
CEA DAKO, Glostrup, Denmark M 1:50 2 2
c-erb-B2 Novocastra Laboratories, Newcastle, UK M 1:40 2 2
EGFR Novocastra Laboratories, Newcastle, UK M 1:20 1 1
bcl-2 DAKO, Glostrup, Denmark M 1:100 1 1
p53 (DO7) Novocastra Laboratories, Newcastle, UK M 1:100 1 1
pRB Pharmingen, San Diego, CA M 1:100 1 1
p16 Pharmingen, San Diego, CA M 1:100 1 1
Cyclin D1 Novocastra Laboratories, Newcastle, UK M 1:200 1 1
p21Waf1 Santa Cruz Biotechnology, CA P 1:50 2 F1
p27Kip1 Novocastra Laboratories, Newcastle, UK M 1:40 2 F1
Ki-67 (MIB-1) (%) Immunotech S.A., Marseille, France M 1:200 57.1 53.4

PGP 9.5, protein gene product 9.5; NCAM, neural cell-adhesion molecule; EMA, epithelial membrane antigen; LCA, leukocyte common antigen; CEA,
carcinoembryonic antigen; EGFR, epidermal growth factor receptor; pRB, retinoblastoma gene protein; M, monoclonal; P, polyclonal; F, focal.
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quencing. The DNA was sequenced with a dRho-
damine Terminator Cycle Sequencing Ready Reac-
tion Kit (Perkin Elmer) and an ABI PRISM 310
Genetic Analyzer.

RESULTS

Clinical Histories

Case 1
A 72-year-old man had a 4-month history of an

enlarging right-sided parotid mass. Physical exam-
ination demonstrated a fist-sized mass in the right
parotid area. A computed tomographic scan
showed a solid parotid gland mass, 7 cm in diam-
eter, with a necrotic, low-density area in the central
portion. No metastatic foci were detected. Fine-
needle aspiration cytology showed loosely cohesive
tumor cells in the necrotic background (Fig. 1);
these had large and pleomorphic nuclei with prom-
inent nucleoli and coarse chromatin. The nuclear:
cytoplasmic ratio of the tumor cells was moderate.
The cytologic diagnosis was large cell undifferenti-
ated carcinoma. After chemotherapy and 40 Gy ra-
diation, total right parotidectomy with radical neck
dissection was performed. Postoperatively, the pa-
tient received 20 Gy radiation. Four months later,
local recurrence was found by fine-needle aspira-
tion cytology in the right parotid gland area. De-
spite extensive chemoradiotherapy, the patient
died of the disease 5 months after surgery.

Case 2
A 73-year-old man had discovered a mass the size

of the tip of a small finger in the right parotid gland
4 months before admission. On examination, there

was a firm mass measuring 3.3 3 3.0 3 2.7 mm in
the right parotid area. No other primary sites were
identified. A superficial right parotidectomy with
radical neck dissection was done, and the patient
received 40 Gy postoperative radiotherapy. Two
years later, the tumor recurred in the right cervical
lymph nodes. Although the patient received che-
motherapy and 60 Gy additional radiation, he died
of the disease 4 years after surgery.

Histopathologic Findings
The tumors were composed of large cells that

exhibited solid (Fig. 2A), organoid (Fig. 3A), and
trabecular growth patterns. In Case 2, the tumor
showed a lobular and nodular arrangement; in both
cases, focal peripheral palisading was observed
(Fig. 3B). Rosette-like patterns were easily found in
Case 2 (Fig. 3C) but were rare in Case 1. Round
tumor nests with central necrosis were common in
both cases (Fig. 2A). No ductal or squamous differ-
entiation was observed. A markedly desmoplastic
stroma was evident in Case 1. Lymphoid infiltration
was scant. The mitotic counts of the tumor cells
were 70 and 82 per 10 high-power fields in Cases 1
and 2, respectively. Apoptotic cells were numerous.
The tumor cells were large, with a moderate
amount of mildly eosinophilic cytoplasm, and their
nuclei displayed coarse and vesicular chromatin
distribution with one or two prominent nucleoli
(Figs. 2B and 3C). These cells were polygonal, and
some were spindle shaped. No mucinous cells were
detected by mucin stainings. In Case 1, scattered
carcinoma cells displayed argyrophil granules on
Grimelius staining, whereas Fontana-Masson stain-
ing was negative in both cases. No other coexisting
salivary gland tumors were identified. In both cases,

TABLE 2. Sequence of the PCR Primers Used in This

Study

Gene Sequence (59 to 39)

TP53 Forward AGGGATACTATTCAGCCCGAGGTG
Reverse ACTGCCACTCCTTGCCCCATTC

IFNA Forward TGCGCGTTAAGTTAATTGGTT
Reverse GTAAGGTGGAAACCCCCACT

D9S171 Forward AGCTAAGTGAACCTCATCTCTGTCT
Reverse ACCCTAGCACTGATGGTATAGTCT

p53 exon 5 Forward TTCCTCTTCCTACAGTACTCC
Reverse GCCCCAGCTGCTCACCATCG

p53 exon 6 Forward TCACTGATTGCTCTTAGGTCTGGC
Reverse ACTGACAACCACCCTTAACCCC

p53 exon 7 Forward TCTCCTAGGTTGGCTCTGAC
Reverse CAAGTGGCTCCTGACCTGGA

p53 exon 8 Forward GCCTCTTGCTTCTCTTTTCCTATCC
Reverse ATAACTGCACCCTTGGTCTCCTCC

p16 exon 1 Forward GGAGAGGGGGAGAGCAGGCA
Reverse CTCCAGAGTCGCCCGCCATC

p16 exon 2 Forward CATTCTGTTCTCTCTGGCAGGTC
Reverse CTATGCGGGCATGGTTACTG

K-ras exon 1 Forward GACTGAATATAAACTTGTGG
Reverse CTATTGTTGGATCATATTCG

K-ras exon 2 Forward TTCCTACAGGAAGCAAGTAG
Reverse CACAAAGAAAGCCCTCCCCA

FIGURE 1. Case 1. Fine-needle aspiration cytology, showing loosely
cohesive tumor cells. The tumor cells have large and pleomorphic
nuclei with prominent nucleoli and coarse chromatin. The
nuclear:cytoplasmic ratio of the tumor cells is moderate (Papanicolaou
stain).
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the tumor cells had invaded the adipose and mus-
cular tissues beyond the parotid gland, and there
was overt perineural and vascular involvement.
Lymph node metastases in the neck region were
also seen.

Immunohistochemical Findings
The results of the immunohistochemical stain-

ings are summarized in Table 1. In both cases, the
tumors were positive for six conventional neuroen-
docrine markers (1) to varying degrees. Chromo-
granin A was focal but intensely positive only in
Case 2 (Fig. 4A), whereas in Case 1 diffuse and
granular cytoplasmic immunoreactivity was seen
for synaptophysin (Fig. 4B). Neuron-specific eno-
lase and protein gene product 9.5 (Fig. 4C) were
diffusely positive, but only focal immunoreactivity
was found for CD57 (Leu-7), neural cell-adhesion
molecule, and S-100 protein in both cases. The
tumors also showed diffuse and strong immuno-
staining for cytokeratin (CK; AE1/AE3, CAM5.2) and
epithelial membrane antigen. No immunoreactivity
for CK20 was found in either case. Both cases dem-

onstrated diffuse immunostaining for epithelial
growth factor receptor and bcl-2. Abnormal and
strong p53 nuclear staining (Fig. 4D) and nuclear
and cytoplasmic p16 staining were diffusely distrib-
uted in both cases. Intense cyclin D1 nuclear im-
munoreactivity was observed in both cases. In Case
1, p21Waf1 and p27Kip1 were negative, whereas these
were focally positive in Case 2. In both cases, a high
cell-proliferative activity was demonstrated by the
Ki-67 labeling index: 57.1% in Case 1 and 53.4% in
Case 2.

Ultrastructural Findings
Only Case 1 was available for ultrastructural ex-

amination. A few membrane-bound, dense-core
neuroendocrine granules, ranging from 50 to 200
nm, were found in the scattered tumor cells (Fig. 5).
The tumor cells were connected to each other by
prominent desmosome-like junctions. Tonofila-
ments were inconspicuous, and no glandular lu-
mens were identified.

Molecular Analysis
LOH assessment was performed on microsatellite

loci of TP53 and chromosome 9p21 (IFNA and
D9S171, flanking the p16 locus). In both cases,
D9S171 was not informative (homozygous) but the
other two loci were informative (heterozygous).
LOH was detected in Case 1 at TP53 (Fig. 6A) and in
both cases at IFNA (Fig. 6B). For the analysis of p53
mutations, we amplified and sequenced four highly
conserved gene regions, corresponding to exons 5
through 8. Only Case 1 showed point mutation:
CAT to AAT transition in codon 179 on exon 5,
resulting in a His substitution for Asn (Fig. 7). Case
2 demonstrated a silent mutation: GGG (Gly) to
GGT (Gly) at codon 127 in exon 2 of p16. No p16
mutations were found in Case 1. No point muta-
tions were detected at the K-ras codon 12, 13, and
61 in both cases.

DISCUSSION

Undifferentiated carcinomas of the salivary
glands are uncommon tumors with high-grade ma-
lignancy. They are generally subclassified into three
groups: small (usually called simply small cell car-
cinoma) and large cell types of undifferentiated
carcinomas (8, 10) and undifferentiated carcinomas
with lymphoid stroma (12). Small cell carcinomas
of the salivary glands, many of which show neu-
roendocrine differentiation (13–16), are well-
defined tumors that are included in the World
Health Organization classification of salivary gland
tumors (17), although the incidence is low (approx-
imately 1 to 2% of all major salivary gland malig-

FIGURE 2. Case 1. A, large-cell neuroendocrine carcinoma displaying
a solid growth pattern with massive necrosis (upper right). B, high-
power view. The tumor cells have large and polygonal nuclei with
vesicular chromatin and one or two prominent nucleoli. Two mitoses
are seen in this figure (arrows) (hematoxylin and eosin stain).
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nancies [18]). Salivary gland neuroendocrine carci-
nomas other than the small cell type have received
little attention and are not recognized as a specific
entity in the World Health Organization classifica-
tion (17). Hui et al. (8) found that one of their four
cases of large cell–type undifferentiated carcinoma
of the salivary glands ultrastructurally had neuroen-
docrine granules, but they did not regard this case
as a separate entity. Our LCNEC cases initially had
been miscategorized as large cell–type undifferen-
tiated carcinomas but showed marked necrosis and
a high mitotic rate. These tumors seem to be dis-
tinct from large cell–type undifferentiated carcino-
mas, based in particular on the presence of the
neuroendocrine pattern, including the rosette-like
structures and the organoid and peripheral palisad-
ing growth patterns, as well as the immunohisto-
chemical or electron microscopic features. There-
fore, our cases constitute a rare type of salivary
gland tumor, LCNEC, which can be regarded as a
distinct entity arising in the salivary glands.

In the lung, large cell carcinoma with neuroen-
docrine features is not readily recognizable as

neuroendocrine by light microscopy, but it shows
neuroendocrine differentiation by immunohisto-
chemical staining and/or ultrastructural analysis
(1). Although this type of tumor may be included
within the category of undifferentiated carcinoma
of the salivary glands, we failed to find such a case
among those in our files.

In this study, we investigated alterations of sev-
eral cell cycle regulators and tumor suppressor
genes in parotid gland LCNECs. Generally, the over-
expression of cyclins—positive growth regulators—
may overwhelm the arrest mechanism of the nor-
mal cell cycle and lead to uncontrolled cell
proliferation (19). Alternatively, the underexpres-
sion of negative growth regulators, such as the
cyclin-dependent kinase inhibitors p16, p21Waf1,
and p27Kip1, can have the same effect on the cell
cycle (19, 20). For example, decreased or absent
p27Kip1 expression has been implicated as a power-
ful negative prognostic factor in several malignan-
cies (21, 22). In our cases, because immunohisto-
chemistry revealed overexpression of cyclin D1 and
reduced expression of p21Waf1 and p27Kip1, it is

FIGURE 3. Case 2. A, large-cell neuroendocrine carcinoma showing organoid growth pattern. B, solid growth with peripheral palisading of the
tumor cells is seen. C, large tumor cells displaying a rosette-like structure (hematoxylin and eosin stain).
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possible that these cell cycle regulators may play an
integral part of carcinogenesis in parotid gland LC-
NECs. Deletions or mutations of p16 have a pivotal
role in the development or progression of human
cancer (23). Although LOH of the IFNA gene, flank-
ing the p16 locus on chromosome 9p21, was seen in
both of our cases, immunohistochemistry showed
strong nuclear as well as cytoplasmic p16 reactivity
in almost all of the tumor cells. Therefore, inactiva-
tion of p16 function by mutation, hypermethyl-
ation, or homozygous deletion may not contribute
to tumorigenesis in our cases. In the lung, p53 gene
alterations occur frequently in LCNEC and small
cell carcinoma but are infrequent in typical and
atypical carcinoids (24, 25). Our cases also showed
p53 gene alterations as well as overexpression. Be-
cause our cases carried K-ras wild-type sequences,
this oncogene may not be involved in the tumori-
genesis of LCNEC of parotid gland origin; this has
been the finding in LCNEC of the lung and uterine
cervix (24 –26). On the basis of the findings that
bcl-2 was highly expressed in neuroendocrine tu-
mor cells in combined LCNEC of the lung, Jiang et
al. (27) proposed that bcl-2 may regulate cellular
neuroendocrine differentiation. Compatible results

were obtained in our cases, which also showed
diffuse bcl-2 expression. Therefore, it is tempting to
hypothesize that the multiple molecular-gene alter-
ations—for example, p53 LOH; mutation and over-
expression; LOH on chromosome 9p21; and aber-
rant expression of the epidermal growth factor
receptor, cyclin D1, p21Waf1, and p27Kip1— have a
negative influence on the biologic behavior of LC-
NEC of the parotid gland. To confirm this, however,
we need more cases so that we can perform repre-
sentative clinical and genetic analysis.

Because parotid gland LCNEC is rare, its biologic
behaviors are unclear. In one of the previously re-
ported cases, the patient was alive and well 3 years
after parotidectomy and postoperative radiation
therapy (9). Our two patients died of disease recur-
rence 5 months and 4 years after surgery, respec-
tively. In the lung (2, 3) and uterine cervix (4),
LCNECs have an unfavorable outcome, similar to
that of small cell carcinomas. Gnepp and Wick (16)
found that the 2- and 5-year survival rates for pa-
tients with small cell carcinomas arising in the ma-
jor salivary glands were 70% and 46%, respectively.
Generally, the prognosis of salivary gland small cell
carcinomas seems to be more favorable than that of

FIGURE 4. A, Case 2. Focal but intensely chromogranin A–positive cells are seen. B, Case 1. Dot-like intracytoplasmic synaptophysin-immuno-
reactive cells are diffusely distributed. C, Case 2. The tumor cells are diffusely positive for protein gene product 9.5. D, Case 1. Strong positive
staining for p53 can be observed in the nuclei of the tumor cells.
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small cell carcinomas of bronchogenic or laryngeal
origin, despite their high-grade malignancy (18).
Chan et al. (28) suggested that at least some salivary
gland small cell carcinomas may have a close bio-
logic relationship or be identical to Merkel cell car-
cinoma based on their data indicating frequent
CK20 immunoreactivity. Our LCNEC cases should
be distinguished from Merkel cell carcinoma, which
shows constant CK20 immunoreactivity. Negative
immunoreactivity for CK20 in our cases, exhibiting
highly aggressive biologic behavior, helps to ex-
clude the possibility of Merkel cell carcinoma. Be-
cause salivary gland LCNEC is rare and its treat-
ment varies, a definitive assessment of the
prognosis is difficult. Further studies of more cases

are needed to clarify the biologic behavior and suit-
able treatment of this rare neoplasm.
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