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Abstract Metastatic renal cell carcinoma (RCC) can

pose diagnostic challenges in the head and neck often

resembling benign and malignant oncocytic lesions.

Immunohistochemical panels have been reported to help

with this differential but are not entirely specific or

sensitive. We have noticed that p63 routinely stains sal-

ivary gland oncocytomas but not metastatic RCC.

Nineteen oncocytomas, 9 cases of oncocytosis, 9 onco-

cytic carcinomas and 16 head and neck metastatic RCC

were studied. Morphologic features evaluated were

cytoplasmic character (clear versus oncocytic), Fuhrman

nuclear grade, mitotic rate, growth pattern, presence of

lumens/blood lakes and stromal characteristics. Tumors

were stained with antibodies to p63, renal cell carcinoma

marker (RCCm), CD10, and vimentin. Eight benign

oncocytic tumors (29%) had clear cell features while 6

metastatic RCC (37%) had oncocytic features. Median

Fuhrman nuclear grade was 2 in oncocytoma and onco-

cytosis and 3 both oncocytic carcinoma and metastatic

RCC. Mitotic rates were only significantly different

between benign oncocytic tumors and metastatic RCC.

All oncocytomas had lumina compared to half of meta-

static RCC, all of which also demonstrated blood lakes.

Seven benign oncocytic tumors (25%) and 5 oncocytic

carcinomas (56%) had RCC-like vascular stroma. All

primary salivary gland tumors were positive for p63,

predominately in basal cell-type distribution. None of the

metastatic RCC was positive. RCCm was entirely specific

but lacked sensitivity for metastatic RCC while CD10

and vimentin showed variable sensitivity and specificity.

While clinical history and morphology usually are ade-

quate, demonstration of p63 staining can definitively

exclude metastatic RCC from the differential diagnosis of

similar appearing tumors in salivary glands, namely

oncocytoma and oncocytic carcinoma, with 100% speci-

ficity and sensitivity. While RCCm, CD10, and vimentin

performed adequately, they were significantly less reli-

able than p63 with both false positives and false

negatives.
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Introduction

Salivary gland oncocytes, as in other anatomic sites, are

found after gland maturity and demonstrate a high level of

oxidative activity due to increased numbers of atypical

mitochondria as seen ultrastructurally [1]. Furthermore,

these cells lack features of normal salivary gland epithelial

cells, specifically, the basal membrane infolding that is

characteristic of striated ductal cells. On hematoxylin and

eosin-stained sections, the characteristic ultrastructural
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changes manifest as large polygonal cells with abundant

granular eosinophilic cytoplasm [2].

Primary oncocytic lesions are rare in the salivary gland

and account for approximately 1% of primary salivary

gland tumors. They can be classified as: diffuse oncocy-

tosis, nodular oncocytic hyperplasia (nodular oncocytosis),

oncocytoma (oncocytic adenoma) and oncocytic carcinoma

[3]. The majority occurs in the parotid gland with the

remainder occurring in the submandibular gland and only

rare reports in the minor salivary glands [3]. The benign

lesions are typically well circumscribed, and are multino-

dular in the case of oncocytosis. They are comprised of

solid to trabecular arrangements of oncocytes with a deli-

cate vascular stroma and, similar to their renal

counterparts, may manifest a central scar [4]. In some

tumors, the cytoplasm is clear secondary to glycogen

accumulation and/or fixation artifact [5]. The clear cell

change may range from focal to diffuse, and in the latter

cases, the designation, ‘‘clear cell oncocytoma/oncocyto-

sis’’ may be appropriate.

Occasionally, separation of primary salivary oncocytic

lesions can be problematic as other salivary gland tumors

can demonstrate both oncocytic and clear cell change.

Clear cell and/or oncocytic change is either characteristic

or present as a common variant in clear cell carcinoma,

sebaceous adenoma/carcinoma, pleomorphic adenoma,

myoepithelioma, myoepithelial carcinoma, acinic cell car-

cinoma, epithelial-myoepithelial carcinoma and

mucoepidermoid carcinoma [6–8].

To add to the diagnostic dilemma, metastases to the

head and neck region can manifest as oncocytic and/or

clear cell lesions. The prototypical metastasis that can

masquerade as oncocytoma/oncocytosis is metastatic renal

cell carcinoma (RCC). Both lesions can be composed of

oncocytic and/or clear cells and both can have similar

architectural grown patterns, lumen formation, and vascu-

larized stroma. Although immunohistochemistry panels

have been used to aid with this differential, significant

overlap in staining limits their usefulness [9]. We have

anecdotally noted that p63 immunohistochemical expres-

sion occurs in oncocytomas but not in metastatic RCC to

the head and neck. Therefore, we studied the utility of this

marker in this differential diagnosis as well as its use in

salivary gland oncocytic carcinoma.

Materials and Methods

Case Selection

This study was approved by the University of Pittsburgh

Institutional Review Board (protocol #0601084). Twenty-

eight benign oncocytic tumors with adequate paraffin-

embedded tissue for immunohistochemical study were

identified for analysis between 1977 and 2006. These

included 19 oncocytomas and 9 cases of nodular oncocy-

tosis. With the exception of one submandibular

oncocytoma, all tumors were from the parotid gland. On-

cocytomas were defined as solitary circumscribed masses

of oncocytes demarcated from adjacent salivary gland

parenchyma. In contrast, oncocytosis was defined as mul-

tiple, variably sized, oncocytic nodules generally imparting

a less organized or lobular pattern than the circumscribed

and encapsulated oncocytomas [2].

Nine oncocytic carcinomas with adequate paraffin-

embedded tumor tissue were identified between 1996 and

2006 and included 7 parotid tumors and one tumor each

from the lip and oral cavity. The primary diagnostic cri-

terion for oncocytic carcinoma used in this series was the

presence of destructive invasive growth of oncocytic tumor

cells into adjacent salivary gland parenchyma and/or soft

tissue. Other accepted criteria for malignancy included

metastases, perineural invasion and vascular invasion.

‘‘High grade features’’ such and uniform nuclear anaplasia,

necrosis, and high mitotic activity were not noted in our

series. In addition, oncocytic carcinomas did not demon-

strate histologic or immunophenotypic features of other

salivary gland malignancies with oncocytic features (i.e.

salivary duct carcinoma, oncocytic mucoepidermoid car-

cinoma, etc.) Three other cases that were initially

diagnosed as oncocytic carcinoma were reviewed and

reclassified as salivary duct carcinomas and subsequently

excluded from our analysis.

These primary salivary gland oncocytic lesions were

compared with 16 RCCs metastatic to head and neck sites

from patients with documented primaries in the kidney and

with adequate paraffin-embedded tumor tissue for immu-

nohistochemical analysis. The metastatic RCC cases were

identified between 1983 and 2006. The most common

location for metastatic RCC was the parotid gland (7 cases)

followed by the nasal cavity (3 cases) and thyroid gland (2

cases). One case each involved the submandibular gland,

maxilla, oral cavity and paratracheal soft tissues.

Ten of the oncocytomas and five of the metastatic RCC

(both thyroid RCCs and one each to the nasal cavity,

maxilla and parotid gland) reported in this study have been

previously published [9].

Histopathologic Assessment

For each case several architectural and cytologic features

were evaluated. Architectural features analyzed included

growth pattern (infiltrative, circumscribed or multinodular),

presence/absence of lumina or pseudolumina, presence/

absence of blood lakes and quality of stromal vasculature.
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Cytologic features analyzed included cytoplasmic tinctorial

quality (clear versus oncocytic), distribution of clear and

oncocytic cells, mitotic rate/10 high powered fields (hpf;

40X) and Fuhrman nuclear grade.

Blood lakes were defined as pseudolumina filled with

‘‘fresh’’ red blood cells. For purposes of this study,

pseudolumina were considered as irregular gland-like

spaces lacking intraluminal secretion and lined by epithe-

lial cells that lacked meaningful orientation towards the

luminal surface. The stromal vasculature was characterized

as delicate or RCC-like. Delicate vasculature was charac-

terized by small, thin-walled, almost inconspicuous

vascular channels filled with red blood cells and separating

tumor nests and trabeculae. In contrast, RCC-like vascu-

lature was characterized by the presence of more prominent

and thicker-walled, small, muscular arteries distributed in a

branching fashion separating the tumor nests and trabecu-

lae identical to that seen in kidney RCCs.

Immunohistochemistry

Immunohistochemical analysis was performed on 4 lm-

thick sections obtained from representative archived par-

affin-embedded tumor tissue blocks. The antibodies,

manufacturers, clones, dilutions, and retrieval methods are

listed in Table 1. For all antibodies, labeling was per-

formed using the I-view 20-diaminobenzamide (DAB)

detection kit (Ventana systems, Tucson, AZ) as the brown

chromogen substrate. For p63 staining, only nuclear reac-

tivity was considered positive. Faint granular staining of

oncocytes was considered non-specific for all antibodies.

For sensitivity and specificity calculations, p63 was con-

sidered a positive marker for salivary gland oncocytic

lesions while the other markers were considered positive

markers for RCC.

As a presumed biologically negative control, we also

stained a tissue microarray (TMA) containing 60 renal

oncocytomas and 12 chromophobe renal cell carcinomas,

various adjacent normal renal tissue controls, and other

control tissue types (brain, myocardium, lung, breast ductal

adenocarcinoma, head and neck squamous cell carcinoma,

liver, spleen, colon, adrenal, urinary bladder, ovary,

prostate and testis) constructed from archival material from

University of Pittsburgh Medical Center. The array was

constructed on a recipient paraffin block (35 · 20 mm)

using a manual tissue arrayer (Beecher Instruments, Sun

Prairie, WI). Each case on the array was represented by two

0.6 mm tissue cores. Serial sections (5 lm thick) were

transferred to an adhesive-coated glass slide system for

immunohistochemical staining (Instrumedics, Hackensack,

NJ).

Statistical Analysis

Statistical analysis was performed using SPSS software

(SPSS version 14.0.0). For Fuhrman nuclear grade, the

non-parametric method Kruskal–Wallis test was performed

with post hoc Dunn method comparison for pairs. For

mitotic rate, one way ANOVA comparing means was

performed with post hoc Bonferroni comparison for pairs.

Results

Histopathologic Findings

The architectural and cytologic findings for each tumor

group are summarized in Fig. 1 and Table 2. Two onco-

cytomas were removed in a piecemeal fashion and growth

pattern could not be reliably determined, however, neither

was infiltrative. Fifteen oncocytomas (88%) were well-

circumscribed whereas 2 (12%) had a multinodular growth

pattern. By definition, all cases of oncocytosis were mul-

tinodular. All oncocytic carcinomas were infiltrative. Two

metastatic RCC were biopsied and, therefore, growth pat-

tern could not be reliably determined. Regarding metastatic

RCC, 2 (14%) were circumscribed, 7 (50%) were multi-

nodular and 5 (36%) were infiltrative.

The majority of the benign oncocytic lesions were

entirely or predominantly ([75% of tumor cells) com-

posed of classical eosinophilic oncocytes (20/28, 71%).

The rest (8/28, 29%) were predominantly composed of

clear cells, however, all had at least focal areas of

classical oncocytes. Specifically, 5 (26%) oncocytomas

Table 1 Antibodies used for immunohistochemistry

Antibody Manufacturer Clone Dilution Retrieval

p63 Dako, Carpinteria, CA 4A4 1:500

RCCm* Novocastra, Burlingame, CA – 1:100 Trypsin digestion

Vimentin Dako, Carpinteria, CA V9 1:50 Microwave in citrate buffer

CD10 Novocastra, Burlingame, CA – 1:10 Microwave in citrate buffer

*RCCm = renal cell carcinoma marker
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Fig. 1 (a) Typical oncocytoma composed of nests and trabeculae of

granular eosinophilic cells with scattered lumina and separated by a

delicate vascular stroma. Many examples demonstrated clear cells and

about one-fourth had a prominent RCC-like vascular stroma (inset).

(b) Typical case of oncocytosis with multiple unencapsulated nodules

of oncocytes growing in a lobular configuration. Like this example,

one-third of the cases demonstrated a predominance of clears cells

(inset). (c) Oncocytic carcinomas typically demonstrated bland

oncocytic cytology, however, unequivocal invasion was identified

in all cases and features of other salivary gland carcinomas with

oncocytic cytoplasm were not present. (d) Metastatic conventional

(clear cell) RCC with characteristic prominent vascular stroma.

Nearly two-thirds of cases were composed of clear cells but over one-

third were of oncocytic type. Blood lakes (inset) were found in half of

the metastatic RCC and were specific for RCC as none of the primary

salivary gland tumors had them

Table 2 Architectural and cytologic features

Parameter Oncocytoma Oncocytosis Oncocytic CA* Metastatic RCC

Growth pattern

Circumscribed 15/17 (88%) 0/9 0/9 2/14 (14%)

Multinodular 2/17 (12%) 9/9 0/9 7/14 (50%)

Infiltrative 0/17 0/9 9/9 5/14 (36%)

Lumina/pseudolumina 19/19 9/9 9/9 8/16 (50%)

Blood lakes 0/19 0/9 0/9 8/16 (50%)

Stroma quality

RCC-like 5/19 (26%) 2/9 (22%) 5/9 (56%) 16/16

Delicate 14/19 (74%) 7/9 (78%) 4/9 (44%) 0/16

Predominant cell type**

Oncocytic 14/19 (74%) 6/9 (67%) 9/9 6/16 (37%)

Clear 5/19 (26%) 3/9 (33%) 0/9 10/16 (63%)

Median Fuhrman grade 2 2 3 3

Mean mitotic rate/10 hpf 0.04 0.04 1.1 2.2

*Oncocytic CA = oncocytic carcinoma

**Predominant = [ 75% of tumor cells
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and 3 (33%) cases of oncocytosis were composed pre-

dominantly of clear cells. All oncocytic carcinomas were

composed entirely or predominantly of oncocytic cells

with only one case (11%) showing focal clear cell

change. In contrast, 7 (44%) metastatic RCC contained

oncocytic cells and, in 6 (37%) of these, the oncocytic

cells were the predominant cell type. The remaining

metastatic RCC were composed predominantly of clear

cells (10/16, 63%).

Median Fuhrman nuclear grade was 2 in oncocytoma

and oncocytosis (range 1–3), 3 in oncocytic carcinoma

(range 2–3) and 3 in metastatic RCC (range 2–4). Grade

was significantly different between benign oncocytic

tumors and oncocytic carcinomas (p = 0.001) as well as

between benign oncocytic tumors and metastatic RCC

(p \ 0.001) but not between oncocytic carcinoma and

metastatic RCC (p = 0.641). Mean mitotic rates were 0.04/

10 hpf for oncocytoma and oncocytosis (range 0–1), 1.1/10

hpf for oncocytic carcinoma (range 0–5) and 2.2/10 hpf for

metastatic RCC (range 0–8). Mitotic rates did not differ

significantly comparing benign oncocytic tumors and

oncocytic carcinoma (p = 0.2) and comparing oncocytic

carcinoma and metastatic RCC (p = 0.3). However, benign

oncocytic tumors had significantly lower mitotic rates

compared to metastatic RCC (p \ 0.001).

All oncocytomas, oncocytoses and oncocytic carcino-

mas had at least scattered true lumina of variable size

including some with associated eosinophilic intraluminal

secretions. In contrast, 8 (50%) of the metastatic RCC had

scattered pseudolumina and were accompanied by charac-

teristic blood lakes. None of the primary salivary gland

oncocytic lesions demonstrated blood lakes. All metastatic

RCC demonstrated the characteristic RCC vascular stroma

as typically seen in the primary kidney tumors. In contrast,

7 (25%) of the benign oncocytic lesions and 5 (56%) of the

oncocytic carcinomas had a prominent RCC-like vascular

stroma with the remainder having a more subtle delicate

vascular stroma.

Immunohistochemistry Findings

Immunohistochemical staining results are summarized in

Tables 3 and 4 and Fig. 2. Immunohistochemical p63

staining demonstrated 100% sensitivity and specificity for

both benign and malignant primary salivary gland onco-

cytic tumors. Specifically, all cases demonstrated positive

nuclear staining compared to none of the metastatic RCC.

The positively stained nuclei tended to be located towards

the periphery of the tumor nests reminiscent of a basal cell-

type distribution. None of the renal oncocytomas or chro-

mophobe renal cell carcinomas on the TMA showed p63

reactivity.

Similarly, RCC marker (RCCm) was 100% specific for

metastatic RCC, however, the sensitivity was only 44%.

CD10 and vimentin each demonstrated sensitivities for

metastatic RCC of 73% (11/15 positive cases each).

However, the specificities for these two markers were only

60% and 76%, respectively. When positive membranous

CD10 staining was identified in benign and malignant

primary salivary gland oncocytic lesions, the staining ten-

ded to be focal compared to the more diffuse staining seen

in metastatic RCC when present.

Discussion

Primary salivary gland oncocytic lesions are traditionally

classified as diffuse oncocytosis, nodular oncocytic

hyperplasia (nodular oncocytosis), oncocytoma (oncocytic

adenoma) and oncocytic carcinoma [3]. These are

uncommon and, according to data from the Armed Forces

Institute of Pathology (AFIP), oncocytomas accounted for

only 1.4% of 13,749 salivary gland tumors on file [10].

Among this same group, only 27 cases of oncocytosis were

identified. These data are in accordance with those from

other groups who found the incidence of oncocytoma to be

in the range of 0.1–1.0% [2, 11].

Approximately 85–90% occur in the parotid gland [2, 4]

and, accordingly, oncocytic tumors account for a relatively

larger percentage of parotid gland tumors. At the AFIP,

oncocytomas accounted for about 3.5% of parotid gland

tumors [3]. Similarly, Capone et al. found 21 oncocytic

tumors among 561 parotidectomy specimens (3.7%) at The

Johns Hopkins University Hospital, which included 13

(2.3%) oncocytomas, 6 (1.1%) cases of oncocytosis and

only 2 (0.4%) oncocytic carcinomas [11].

While the diagnosis of these lesions is usually straight-

forward, the histologic distinction between nodular

oncocytosis and oncocytoma is admittedly rather arbitrary

in certain cases. Many pathologists believe the presence of

a single, well-circumscribed and at least partially encap-

sulated nodule favors the diagnosis of oncocytoma while

multiple, unencapsulated nodules distributed in a lobular

configuration favors nodular oncocytosis [2, 12]. Even

more confusing is the designation of oncocytoma arising in

oncocytosis to describe a dominant often encapsulated

nodule in the background of oncocytosis. This distinction,

however, is academic and of little to no clinical or prog-

nostic significance.

More important is the distinction of these lesions from

their malignant counterparts, oncocytic carcinomas, as well

as the oncocytic variants of other salivary gland carcino-

mas and metastatic lesions with oncocytic morphology.

Oncocytic salivary gland carcinoma is uncommon repre-

senting only 0.05–0.4% of salivary gland neoplasms and
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about 5% of oncocytic neoplasms [11, 13]. Similar to their

benign counterparts, nearly 80% occur in the parotid gland.

Interestingly, the majority is presumed to arise in a pre-

existing oncocytoma but they also may occur de novo [14].

Diagnostic criteria for salivary gland oncocytic carcinoma

include destructive invasion of adjacent salivary or

non-salivary tissue, perineural and/or vascular invasion,

and metastases.

Renal cell carcinoma metastatic to the major salivary

glands is also notoriously difficult to separate histologically

from benign and malignant oncocytic salivary gland tumors

due in large part to significant morphologic overlap. Fur-

thermore, about 8% of RCC patients initially present with

head and neck metastases prior to identification of the pri-

mary kidney lesion [15]. In addition, pathologists are

occasionally not given complete historical information

regarding prior diagnoses and/or metastatic RCC may not

present until many years after nephrectomy. Pathologists

increasingly need to maintain a high index of suspicion for

the possibility of metastasis when confronted with onco-

cytic or clear cell salivary gland neoplasms.

Following lung and breast carcinoma, RCC is the most

common infraclavicular malignancy to metastasize to the

head and neck [16] with some studies placing it second after

lung [10]. Approximately 15% of patients with RCC

will develop non-CNS head and neck metastases [17] with

the thyroid gland being the most common site [18]. In 1%

of patients with RCC, the only documented site of metas-

tasis is to the head and neck [15].

Table 3 Immunohistochemistry results

Stain Benign Oncocytic Oncocytic CA Metastatic RCC

p63 28/28 9/9 0/16

RCCm 0/28 0/8 7/16 (44%)

CD10 10/27 (37%) 4/8 (50%) 11/15 (73%)

Vimentin 5/26 (19%) 3/8 (38%) 11/15 (73%)

Fig. 2 Panel comparing immunohistochemical staining results of the

different tumor types studied. Nuclear p63 staining was identified in

all benign and malignant primary salivary gland oncocytic tumors and

was negative in all metastatic RCC tested [note positive internal

control (upper left) in metastatic RCC]. Staining for p63 showed a

characteristic basal cell-type distribution. While RCCm demonstrated

perfect specificity for metastatic RCC, the sensitivity was only 44%.

CD10 and vimentin had only marginal sensitivity and specificity.

While most primary salivary gland oncocytic lesions were negative

for these two markers, a significant number demonstrated unequivocal

staining as shown in this panel. When CD10 positivity was identified

in the primary salivary gland tumors, it tended to be more focal than

the diffuse staining seen in metastatic RCC

Table 4 Sensitivities and specificities of immunohistochemical

markers (numerical values = sensitivity/specificity)

Marker Oncocytic tumors Metastatic RCC

p63 100/100 –

RCCm – 44/100

CD10 – 73/60

Vimentin – 73/76
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Although the incidence varies based on the study eval-

uated, metastases account for about 3–25% of parotid and

submandibular malignancies with the average reported in

the literature around 16% [10]. The vast majority are head

and neck squamous cell carcinomas followed in frequency

by cutaneous and mucosal head and neck melanomas [19].

These two account for about 80% of major salivary gland

metastases. In contrast, metastases from more distant sites

account for only 2–4% of major salivary gland malignan-

cies [20, 21] and, similar to other head and neck sites,

usually are from breast, lung and kidney primaries. In a

study of 108 metastases identified from 11,000 salivary

gland pathology specimens (9.8%), Seifert et al. found that

6 (5.6%) were metastatic RCC [22]. Therefore, both lo-

coregional and distant metastatic disease should always be

considered in the workup of salivary gland tumors that are

not easy to classify histologically. Specifically, metastatic

RCC should be considered in tumors morphologically

resembling oncocytoma, oncocytosis or oncocytic

carcinoma.

While clinical history and histology are typically ade-

quate in diagnosing metastatic RCC, for reasons mentioned

above and below, sometimes distinguishing this from pri-

mary oncocytic lesions can be challenging. Metastatic RCC

typically demonstrates clear cells with more cellularity and

cytologic pleomorphism than benign oncocytic lesions and

often has a characteristic prominent vascular stroma that is

not usually seen in salivary gland oncocytic lesions [5].

Metastatic RCC can grow as solid sheets, nests and/or

trabeculae and may also contain lumina with or without

blood (i.e. blood lakes). However, metastatic RCC can

exhibit bland cytologic features among a well-circum-

scribed nodule with or without the characteristic vascular

stroma and may contain cells with oncocytic cytoplasm.

Furthermore, primary salivary gland oncocytic lesions,

with or without clear cell change, usually demonstrate

lumina and, in our experience, occasionally have a prom-

inent vascular stroma reminiscent of that seen in RCC (i.e.

RCC-like). Thus, the diagnostic morphologic features of

these two tumors can overlap significantly and, especially

without a complete clinical history, they may be impossible

to separate on routine hematoxylin and eosin-stained

sections.

Our findings confirm the significant morphologic

overlap frequently noted between salivary gland onco-

cytic tumors and metastatic RCC. While most RCC are

of the conventional (clear cell) type, in the current study,

37% showed a predominance of oncocytic cells. Simi-

larly, while oncocytic tumors typically are predominantly

eosinophilic, in this series, 26% of oncocytomas and

33% of oncocytoses were predominantly composed of

clear cells while 1 (11%) oncocytic carcinoma showed

the presence of only focal clear cells. While Fuhrman

nuclear grade was significantly different between the

benign and malignant lesions evaluated, there was

overlap. Benign oncocytic tumors had significantly lower

mitotic rates than metastatic RCC suggesting this feature

may be helpful in discriminating these tumors. However,

there was no difference benign and malignant oncocytic

tumors or between oncocytic carcinoma and metastatic

RCC.

Various architectural features also showed overlap

among the different tumor types. While an infiltrative

growth pattern was unique to oncocytic carcinoma and

metastatic RCC, a circumscribed growth pattern (88% vs.

14%) or multinodular growth pattern (12% vs. 50%) could

be seen in both oncocytomas and metastatic RCC,

respectively, limiting the utility of growth pattern in the

differential. The presence of lumina (or pseudolumina) was

demonstrated in all primary salivary gland oncocytic

tumors and in half of metastatic RCC, however, blood

lakes were only identified in cases of metastatic RCC.

Therefore when lumina/pseudolumina are accompanied by

blood lakes, metastatic RCC should be suspected. Finally,

while RCC notoriously demonstrates a unique prominent

stromal vascularity, identified in all 16 cases in the current

study, a morphologically similar stroma can be identified in

salivary gland oncocytic tumors. In fact, we identified this

RCC-like vascular stroma in 26, 22, and 56% of oncocy-

tomas, oncocytoses and oncocytic carcinomas,

respectively.

For these reasons, immunohistochemical stains are often

used to help sort out this differential diagnosis. However,

there is only one study comparing the immunohistochem-

ical profile of metastatic RCC to that of salivary gland

oncocytomas [9] and there are no studies comparing them

to salivary gland oncocytic carcinomas. Ozolek et al.

compared the expression of cytokeratin 7 (CK7), cytoker-

atin 20 (CK20), epithelial membrane antigen (EMA),

vimentin, CD10 and RCCm between ten oncocytomas and

ten RCCs metastatic to various head and neck sites

(including one parotid gland tumor).

In that study, CD10 was identified as the best single

marker to aid in this differential diagnosis, being diffusely

and strongly positive in 90% of metastatic RCC and in

none of the oncocytomas. In a larger group of tumors, we

were unable to confirm this finding. Specifically, 11/15

(73%) metastatic RCCs demonstrated strong diffuse

membranous and cytoplasmic positivity for CD10. How-

ever, 10/27 (37%) benign oncocytic tumors and 4/8 (50%)

oncocytic carcinomas showed strong membranous and

cytoplasmic positivity, but the staining was focal in all of

these cases. Therefore, in the current study, CD10 yielded a

sensitivity of 73% but a specificity of only 60% for RCC

when considering positive versus negative tumor staining

in salivary gland oncocytic tumors and metastatic RCC.
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Vimentin and EMA were not helpful markers in sepa-

rating these two tumor groups in the Ozolek study. Our

experience with vimentin was similar to their findings in

that 73% of metastatic RCC (vs. 70% in their study) were

positive while 19% of oncocytomas (vs. 40% in their

study) were positive. Furthermore, 38% of oncocytic car-

cinomas were positive limiting the utility of this marker in

differentiating it from both oncocytomas and metastatic

RCC. In both studies, RCCm was negative in all salivary

gland oncocytic lesions, however, only 44% of metastatic

RCC were positive in the current study, similar to the 40%

found in their study, limiting the utility of this marker

based on the low sensitivity.

In the current study, immunohistochemical staining for

p63 proved to be the most reliable marker for differenti-

ating salivary gland oncocytic tumors from metastatic

RCC. The p63 gene is a recently recognized member of the

p53 tumor suppressor gene family [23]. It has been shown

that p63 plays a major role in epithelial development [24,

25] and is an integral gene whose protein is expressed in

basal and myoepithelial cells in various tissues including

salivary glands [26, 27]. The gene gives rise to six different

major transcripts that segregate into two functional protein

classes. Three isoforms (referred to as TAp63) function

like p53 as inducers of apoptosis, a function mediated by a

transactivating (N)-terminal domain. The other three

(referred to as DNp63) lack the (N)-terminal transactiva-

tion domain and therefore inhibit p53 activity. It is this

latter group of isoforms that is expressed in basal cells of

multilayered epithelia and in myoepithelial cells [28]. The

major theory for its function in these epithelia is to main-

tain the proliferative capacity of these important progenitor

cells.

Few studies have evaluated the expression of p63 in

salivary gland oncocytic tumors. Using TMA methodol-

ogy, Weber et al. found rare positive cells in five of five

oncocytomas with the positive cells being distributed in a

basal cell-type distribution [29]. Similarly, Bilal et al.

demonstrated scattered positive cells in four oncocytomas

with the positive cells being present at the tumor-stromal

interface in a basal cell-type distribution [30]. Finally,

Foschini et al. demonstrated positive p63 staining in one

oncocytoma studied [31] while Seethala et al. found no p63

staining in the evaluation of one oncocytoma [32].

All benign oncocytic tumors and oncocytic carcinomas

in the current study demonstrated diffuse p63 nuclear-

positive cells distributed in a basal cell-type pattern with

positive cells being located predominantly towards the

periphery of the tumor cell nests. Some tumor nests showed

extension of p63 reactivity towards the center of tumor

nests, but with decreased intensity. This staining pattern

was in distinct contrast to metastatic RCC in which no

tumor stained positive for p63. Therefore, p63

immunohistochemical staining, in our experience, demon-

strates 100% sensitivity and 100% specificity in

distinguishing both primary benign and malignant salivary

gland oncocytic tumors from metastatic RCC. Further-

more, the expression of p63 in oncocytic carcinomas was

maintained in the invasive component in tumors arising in

an underlying oncocytoma.

The exact nature of these p63-positive cells is not clear

but they may represent basal cells/tumor stem cells with

oncocytic cytoplasm. They do not appear to be myoepi-

thelial cells as they are typically negative on

immunohistochemical staining for other myoepithelial

markers in our experience (data not shown) as well as that

of other investigators [33]. While the majority of p63

positive cells were present at the periphery of tumor nests,

some foci did show a diminishing gradient of staining

towards the center of the nests. This supports a maturation

of phenotype with gradual loss of p63 in primary oncocytic

lesions, rather than a truly biphenotypic differentiation

profile seen in tumors such as pleomorphic adenomas, or

epithelial-myoepithelial carcinomas.

To our knowledge, p63 expression in salivary gland

oncocytic carcinomas has not been previously reported.

Our findings are the first to demonstrate the frequency and

pattern of staining of this marker in this rare malignant

salivary gland tumor. The utility of immunohistochemical

p63 staining in differentiating between oncocytic carci-

noma and metastatic RCC has been demonstrated herein,

however, its use in separating it from other malignant

oncocytic salivary gland tumors, such as oncocytic muco-

epidermoid carcinoma, remains to be proven. Similarly,

p63 expression in primary renal tumors has not been

studied extensively. In accordance with our findings,

Langner et al., using a TMA, found this marker to be

negative in all 188 RCC, which included 133 conventional

(clear cell) subtypes [34]. Two smaller studies evaluating

p63 expression found no staining in four conventional

(clear cell) RCC [35] and in one of thirteen RCC [36],

however, the histologic types were not provided in the later

study. We additionally demonstrate that p63 is negative in

all 60 renal oncocytomas and 12 chromophobe renal cell

carcinomas tested on our TMA. While this finding is not of

diagnostic importance, since essentially all RCCs that have

metastasized above the clavicle are of the conventional

type, it is of biologic significance in that it demonstrates

that p63 reactivity is more closely linked to the tissue of

origin rather than the oncocytic phenotype.

In summary, primary oncocytic salivary gland lesions

and metastatic RCC show considerable morphologic

overlap. In most cases, a careful consideration of mor-

phologic features along with a clinical history is sufficient

to separate these tumors. We have shown that immuno-

histochemical p63 positivity effectively distinguishes
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primary salivary oncocytic lesions from metastatic RCC in

problematic cases with 100% sensitivity and specificity.
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