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Background : Oncocytic neoplasms of the salivary glands are rare and the differential diag-
nosis between oncocytic carcinomas (OCs) and oncocytomas is difficult. We present 5 cases
of oncocytoma and 3 cases of OC of the salivary glands with clinicopathological and immuno-
histochemical comparisons. Methods : Eight cases of oncocytic neoplasms diagnosed at
Asan Medical Center between 1998 and 2009 were reviewed for clinical data and histologi-
cal features. Immunohistochemical staining for epidermal growth factor receptor (EGFR),
human epidermal growth factor receptor 2 (Her-2), c-kit, p53, and Ki-67 was done. Results :
Cytological differences between oncocytomas and OCs were not obvious, but unequivocal
infiltrative growths were identified in 3 cases, rendering the diagnosis of oncocytic carcinoma.
When the remaining cases were classified as oncocytomas, there was no difference in age,
size, and clinical symptoms between oncocytomas and OCs. Two of 3 OCs showed strong
membranous expression of c-kit, but all oncocytomas were negative. The proportion of p53-
positive cells was larger in OCs than oncocytomas. Her-2 or EGFR expression was absent,
and Ki-67 labeling indices were less than 1% in all cases. Conclusions : An infiltrative growth
pattern, strong membranous expression of c-kit, and an increased proportion of p53-positive
cells are features that can differentiate OCs from oncocytomas of the salivary glands.
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Oncocytes are large cells with abundant granular and eosino-
philic cytoplasm that contain numerous mitochondria.1 Onco-
cytic neoplasms rarely develop in the salivary glands, and onco-
cytic carcinoma (OC), also called oncocytic adenocarcinoma,
malignant oncocytoma, and malignant oxyphilic adenoma,2 is
rarer. To date, slightly more than 60 cases of OC have been re-
ported3 since the first case by Bauer and Bauer4 in 1953, and
only two cases5,6 were reported in Korea.

The differential diagnosis between oncocytoma and OC may
be difficult because a benign appearing oncocytic tumor with-
out malignant cellular morphology can recur or metastasize.7

In this study, we attempted to characterize benign and malig-
nant oncocytomas through clinicopathological and immuno-
histochemical comparisons.

MATERIALS AND METHODS

Eight cases of pure oncocytic neoplasm were retrieved from

the surgical pathology files of Asan Medical Center between
January 1998 and August 2009. All cases were evaluated regard-
ing the following features: site of origin, tumor size, histologi-
cal type, growth pattern, lymphovascular invasion, perineural
invasion, invasion to other organs, and marginal status. Each
case was also evaluated immunohistochemically for epidermal
growth factor receptor (EGFR; 1 : 100, Zymed, South San Fran-
cisco, CA, USA), human epidermal growth factor receptor 2
(Her-2; 1 : 500, Dako, Glostrup, Denmark), c-kit (1 : 400, Da-
ko), p53 (1 : 1,500, Dako), and Ki-67 (1 : 200, Zymed) using
a Benchmark automatic immunostaining device (Ventana Med-
ical System, Tucson, AZ, USA). Briefly, 4 mm-thick sections of
formalin-fixed, paraffin-embedded tissue were deparaffinized in
xylene and dehydrated in descending grades of ethanol. The
sections were subjected to antigen retrieval by microwaving in
10 mmol/L citrate buffer (pH 6.0) for 10 minutes. Activities of
endogenous peroxidases and non-specific antigens were blocked
with 3% hydrogen peroxide in methanol and AB blocker (Roche,
Basel, Switzerland), respectively. The sections were subsequent-
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ly incubated with primary antibodies, biotinylated antimouse
immunoglobulin, and peroxidase-labeled streptavidin in that
order. 3,3′-diaminobenzidine was used as a chromogen and the
sections were counterstained with Harris hematoxylin. 

Her-2 results were scored according to the College of Ameri-
can Pathologists (CAP) guideline recommendations for Her-2
testing in breast cancer.8 EGFR results were analyzed using the
same criteria as for Her-2. The result of c-kit immunostaining
was interpreted by the intensity of cytoplasmic or membranous
staining. The nuclear staining of p53 and Ki-67 was interpret-
ed by the percentage of positive cells. 

Clinical history and follow up data were obtained by review
of the medical records of each patient. All patients were evalu-
ated for the following parameters: age, sex, additional relevant
history, previous biopsy or cytology, length of follow-up, recur-
rence and metastasis.

RESULTS

The clinical features of 8 cases are summarized in Table 1. All
cases occurred at old ages (median, 56.5 years) and the male to
female ratio was 1 : 1. In most cases the tumor presented as a
slow-growing mass, except for case 4 which exhibited a bloody
skin discharge. Seven tumors developed in the parotid glands,
and one case (case 3) was presumed to be of submandibular
gland origin, considering the patient’s history of a submandibu-
lar gland resection and radiation therapy about 30 years prior.
On computed tomography scans, 6 cases were interpreted as
benign masses. Case 3 was suspected to be a recurrent malig-
nancy, and in case 4, a lobulating parotid gland mass extended
to the surrounding soft tissue and skin, suggesting a malignant
nature. The tumor sizes varied from 1 cm to 4.2 cm in greatest
dimensions (mean, 2.2 cm). Preoperative fine needle aspiration

cytology had been performed on 7 cases, but none had been
diagnosed as oncocytoma or OC. All patients received complete
resection of their tumors. Adjuvant therapy was not given. Fol-
low up varied from 7 days (case 5), who was immediately lost
to the study after the first visit following the operation to 36
months (case 3). No case showed evidence of recurrence or meta-
stasis at the time of writing of this paper.

All tumors were microscopically composed of large, round to
polygonal cells with fine, granular, eosinophilic cytoplasms (Fig.
1A). The cells had central or eccentric, round and vesicular nuclei
and small but distinct nucleoli (Fig. 1B). While 5 tumors were
well-circumscribed masses within fibrous capsules (Fig. 1A),
cases 3, 4 and 8 showed extracapsular and/or extraparenchymal
extension (Fig. 2). Although nuclear membrane irregularity
and wrinkling were commonly observed in focal areas, nuclear
atypia or pleomorphism was not noted in most cases. Mitotic
figures were very rarely found; there were fewer than 1 per 50
high power fields. Only the tumor cells of case 3 showed mild
cellular pleomorphism, nuclear atypia and prominent nucleoli
(Fig. 3A). Lymphovascular invasion was not observed in any
cases, and perineural invasion was present only in case 3 (Fig. 3B).

On immunohistochemical study, cases 4 and 8 showed strong
membranous c-kit expression, while the others showed no or
weak cytoplasmic expression (Fig. 4A, B). The percentages of
p53-positive cells were generally lower than 3%, but those of
cases 3, 4, and 8 were higher (10-20%). However, immunohis-
tochemical results of Her-2 and EGFR were negative in all cases
according to the CAP guidelines. Ki-67 labeling indices were
less than 1% in all cases. The results of immunohistochemical
staining are summarized in Table 2.

We reclassified the oncocytic neoplasms according to the re-
assessed findings regardless of the original diagnosis; only cases
3, 4, and 8, which manifested unequivocal invasive growths,
were considered to be oncocytic carcinomas, and the others were

M, male; F, female; P, parotidectomy.

Case 
No.

Age Sex Chief complaint Treatment
Recurrence or 

Size (cm) Site
metastasis

1 58 M Slow-growing mass Total P - 2 Parotid gland 
2 47 M Slow-growing mass Total P - 1.7 Parotid gland 
3 49 M Slow-growing mass Wide excision Possible 1 Submandibular gland 
4 66 M Bloody skin discharge Total P - 4.2 Parotid gland
5 54 F Slow-growing mass Superficial P - 1.7 Parotid gland
6 53 F Slow-growing mass Total P - 3.5 Parotid gland 
7 56 F Slow-growing mass Total P - 2 Parotid gland
8 53 F Slow-growing mass Superficial P - 1.4 Parotid gland

Table 1. Clinical features of oncocytic neoplasms of the salivary glands
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classified as oncocytomas. When we compared these two groups,
patients with OC were slightly older (mean, 57.5 years) than

oncocytoma patients (mean, 52.5 years), with tumors slightly
larger (mean, 2.6 cm) than oncocytomas (mean, 2.2 cm), but

Fig. 1. Oncocytoma (case 2) is a well-circumscribed mass with a thin fibrous capsule and septa (A). The tumor cells of oncocytoma arranged
in cords have fine, granular, eosinophilic cytoplasms, and central or eccentric, round and vesicular nuclei with small distinct nucleoli (B).

A B

Fig. 3. The tumor cells of oncocytic carcinoma (case 3) show nuclear pleomorphism, a high nucleus to cytoplasmic ratio, prominent nucle-
oli (A) and perineural invasion (B).

A B

Fig. 2. Oncocytic carcinoma (case 4) extends to overlying skin and subcutaneous tissue (A), and invades the surrounding parenchyma (B).

BA
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these differences were not statistically significant. Interestingly,
2 of 3 OCs showed strong membranous expression of c-kit, while
none of the oncocytomas did. The percentage of p53-positive
cells was higher in OCs (10-20%) than in oncocytomas (less

than 3%). Her-2 or EGFR expression was absent in both groups,
and Ki-67 labeling indices were less than 1% in all cases.

DISCUSSION

The term “oncocyte” was first used by Hamperl9 in 1931 to
describe cells with abundant, finely granular, eosinophilic cyto-
plasm. The terms “oncocytoma” and “oncocytic carcinoma” are
commonly used to designate tumors - benign and malignant
- consisting of oncocytic cells. With the exception of the thy-
roid and kidney, neoplasms composed of oncocytic cells are gen-
erally rare, but have been reported in various organs.10 OCs are
malignant oncocytic neoplasms, which may have general malig-
nant features such as cellular atypia, pleomorphism, large irreg-
ular nuclei, invasive growth, and perineural invasion.3

Although clinical evidence of malignancy such as metastasis

Case 
EGFR Her-2 c-kit

p53 Ki-67 
No. (%) (%)

1 Negative Negative Cytoplasmic, weak < 1 < 1
2 Negative Negative - < 1 -
3 Negative Negative - 20 < 1
4 Negative Negative Membranous, strong 10 -
5 Negative Negative - 3 -
6 Negative Negative Cytoplasmic, weak < 1 < 1
7 Negative Negative - < 1 < 1
8 Negative Negative Membranous, strong 20 < 1

EGFR, epidermal growth factor receptor; Her-2, human epidermal growth
factor receptor 2.

Table 2. The results of immunohistochemical staining of onco-
cytic neoplasms

Fig. 4. p53-positive cells in an oncocytic carcinoma (case 4, A) are about 10% but almost zero in an oncocytoma (case 2, B). c-kit is ex-
pressed in oncocytic carcinoma with a strong membranous pattern (case 4, C), but the pattern is nonspecific in the oncocytoma (case
7, D).

A B

C D
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or death did not occur in our patients, the metastatic potential
of salivary gland OCs has been well documented.6 And, as with
other forms of salivary gland carcinomas,11,12 the submandibu-
lar gland location of OCs has been associated with aggressive
tumor behavior.13,14 Tumor size was also reported to be a prog-
nostic factor.13,14 Our case 3, another OC of the submandibular
gland, was presumed to be a recurrent tumor, but its aggres-
siveness seemed to be much less than that of the other reported
cases, considering the time interval to the recurrence being al-
most 30 years. Anyhow, this case showed the most obvious cyto-
logic atypia including high nucleocytoplasmic ratio, nuclear
hyperchromasia and pleomorphism, and prominent nucleoli. 

Cytologic atypia was not evident in the other oncocytic car-
cinomas. Our case 4 could easily be underdiagnosed as an onco-
cytoma by cellular morphology only, but showed definite inva-
sion of the adjacent tissue, causing the symptom of bloody skin
discharge. The most reliable histologic criterion of malignancy
in salivary gland oncocytic neoplasms is considered to be the
growth pattern and invasiveness. This classification was further
supported by immunohistochemical characteristics of carcino-
ma cells. 

Immunohistochemical staining of oncocytic neoplasms in the
past was mainly designed to prove the presence of mitochondria
in the cytoplasm,7,15-18 a substitute method for electron micro-
scopy. Commonly used antibodies were alpha-1-antitrypsin,
alpha-1-antichymotrypsin, and antibodies against mitochon-
drial antigen. There were only a few comparative studies that
differentiated oncocytic neoplasms. Ozolek et al.17 suggested
that CD10 and cytokeratin 20 are useful for the differentiation
between oncocytomas of the salivary glands and renal oncocy-
tomas. Mai et al.19 used CD117 (c-kit) and progesterone recep-
tor (PR) to distinguish oncocytic papillary renal cell carcino-
mas from renal oncocytomas. The renal oncocytoma showed
positivity for c-kit and PR while oncocytic papillary renal cell
carcinomas were negative for both. For salivary gland oncocytic
neoplasms, the index of Ki-67 immunostaining was recommend-
ed by Ito et al.16 to distinguish benign from malignant oncocy-
tomas. However, Ki-67 labeling indices were not different bet-
ween oncocytomas and oncocytic carcinomas in our study. This
might be due to a slow growth rate of the tumors; the infra-auric-
ular mass of case 4 persisted for over 10 years.

c-kit, a tyrosine kinase receptor, is involved in the growth and
development of normal tissues and some types of neoplasms,
and is expressed in both neoplastic and non-neoplastic salivary
gland diseases.20 c-kit expression of salivary oncocytic carcino-
mas has not been described previously. Although the imatinib

therapy in salivary gland OCs were rarely chosen, since the tu-
mors rarely metastasize, a full validation of c-kit gene abnormal-
ity would have to be completed in more cases of salivary gland
OCs. It was interesting that p53 overexpression was unexpect-
edly present in OCs but not in oncocytomas. Matizonkas-Anto-
nio et al.21 suggested that mutations in the p53 gene were relat-
ed to salivary gland neoplasm pathogenesis. A possibility of p53
involvement in oncocytic carcinogenesis was raised, but needs
to be confirmed by more studies. c-kit and p53 are expected to
be useful ancillary markers in salivary gland OCs, especially when
encountered at early stages. EGFR and Her-2 were candidates
for targeted therapy of salivary duct carcinomas in recent stud-
ies22,23 but OCs were not included in those series because of their
rareness. OCs did not express these surface receptors in our study. 

In summary, the most reliable histological criterion for the
diagnosis of OC was not the cytologic atypia of oncocytes but
the invasive growth pattern. c-kit and/or p53 overexpression
might be helpful ancillary markers and may represent possible
involvement of these genes in oncocytic carcinogenesis.
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