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a b s t r a c t 

Renal oncocytomas are commonly reported in association with Birt-Hogg-Dube (BHS) syn- 

drome, while BHD-associated oncocytomas of the parotid gland are rare. To date, there have 

been only 11 cases of BHD-associated parotid gland oncocytoma, without a reported case of 

malignant transformation. We present the first reported case of oncocytic carcinoma of the 

parotid gland associated with BHD, with radiologic and histologic correlation. This case es- 

tablishes that BHD-associated parotid oncocytic lesions, previously identified only as benign 

oncocytomas in the literature to date, can undergo malignant transformation, and should 

potentially be regarded with a higher index of suspicion and lower threshold for aggressive 

management. 

Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

Birt-Hogg-Dube (BHS) syndrome is an autosomal dominant
disorder characterized by mutations in the tumor suppres-
sor gene FLCN , and classically manifests as pulmonary cysts,
cutaneous fibrofolliculomas, and renal tumors [1 ,2] . Although
initially known for its cutaneous tumors when the syndrome
was first described in 1977 [1] , BHD is now known to pre-
dispose to more serious complications, such as oncocytomas
and renal cell carcinomas [3 ,4] . Oncocytomas are of particu-
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lar interest in BHD – Pavlovich et al. [ 4 ] histologically iden-
tified microscopic renal oncocytic lesions in most patients
with BHD, further postulating that these lesions may develop
into renal cell cancers. Although renal oncocytomas have
been frequently reported in association with BHD, parotid
gland oncocytoma is rare [4] , with only 11 reported cases of
BHD-associated parotid gland oncocytoma [5–12] , and imag-
ing analysis in only one case [6] . To date, there have been no
known cases of BHD-associated parotid gland oncocytic car-
cinoma, for which the prognosis and treatment approach are
drastically different compared to benign oncocytomas. Here
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Fig. 1 – Contrast-enhanced computed tomography axial 
images of the neck demonstrate an enhancing mass within 

the right parotid gland (white arrows). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

we present the first reported case of oncocytic carcinoma of
the parotid gland associated with BHD. This case highlights
the role of imaging and histology in arriving at a timely and
accurate diagnosis and the prognostic and treatment implica-
tions of oncocytic carcinoma in association with BHD. 
Fig. 2 – T1-weighted axial (left) and coronal (right) magnetic reso
right parotid gland (white arrows). 
Case report 

A 68-year-old man presented with a slow growing, nontender
right face mass over 3-4 years. His past medical history and
family history were unremarkable. Physical exam was notable
for numerous white papules scattered throughout his face and
violaceous skin changes overlying the right parotid region. A
computed tomography (CT) of his neck ( Fig. 1 ) demonstrated a
well-circumscribed enhancing mass in his right parotid gland.
Follow-up magnetic resonance imaging (MRI) of the neck was
performed for further characterization which demonstrated
the parotid mass to be hypointense on T1 and mildly hyper-
intense on STIR compared to the normal parotid gland ( Figs. 2
and 3 ). Along the lateral aspect of the mass, there is a compo-
nent of the mass that is more hyperintense compared to the
remainder of the mass. On fat-saturated T1-weighted post-
gadolinium sequences, the mass was predominantly isoin-
tense with a hyperintense component along its lateral border
corresponding to the STIR hyperintense component ( Fig. 4 ). He
then underwent total right parotidectomy, right cervicofacial
advancement flap, and submental rotational flap reconstruc-
tion. 

Histologic analysis of the resected mass demonstrated an
eosinophilic neoplasm with invasive features approaching
the epidermal surface and dermal appendages ( Fig. 5 A). At
higher magnifications, these infiltrative cells were organized
into solid sheets and nests of large, atypical oncocytic cells
with distinct cell borders surrounding granular, eosinophilic
cytoplasm and large, mildly pleomorphic nuclei with irregu-
lar nuclear membranes and prominent nucleoli ( Figs. 5 B and
C). Although no mitoses were appreciated, there was asso-
ciated necrosis and karyorrhectic debris. Vasculature within
the sampled tissue demonstrated embolization artifact with
nance images demonstrate a hypointense mass within the 
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Fig. 3 – STIR axial (left) and coronal (right) magnetic resonance images demonstrate a mildly hyperintense mass compared 

to the normal parotid gland representing the oncocytoma component of the mass (white arrows). The lateral component of 
this mass demonstrates more hyperintense signal compared to the remainder of the mass representing the carcinoma 
component (white arrowheads). 

Fig. 4 – T1-weighted contrast-enhanced axial (left) and coronal (right) magnetic resonance images show minimal 
enhancement in most of the parotid gland mass relative to the parotid gland representing the oncocytoma component 
(white arrows). In the lateral most aspect, the more avidly enhancing component represents the carcinoma component 
(white arrowheads). 
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Fig. 5 – Histopathological features by hematoxylin and eosin stain; (A) oncocytic neoplasm with invasion into, but not 
reaching, epidermis or superficial dermal appendages (4 ×); (B) oncocytic carcinoma with associated necrosis, ghost cells, 
and karyorrhectic debris (100 ×); (C) high-power magnification (400 ×) of (B) demonstrates large pleomorphic nuclei with 

occasional nuclear grooves, vesicular nuclei, and prominent nucleoli. Necrotic “ghost” cells and red blood cells are present; 
(D) embolized blood vessel with histiocytic reaction, indefinite for vascular invasion, along with adjacent adipocytes and 

salivary gland tissue (100 ×); (E) high-power magnification (400 ×) of (D) demonstrates blood vessel wall and lumen filled 

with red blood cells and histiocytic cells; (F) representative image of associated oncocytoma and surrounding uninvolved 

salivary gland tissue (40 ×). 
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Fig. 6 – Coronal (left) and sagittal (right) computed tomography images demonstrate multiple cysts in the bilateral lung 
parenchyma with a slight basilar and subpleural predominance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

luminal red blood cells and histiocytic reaction, but no defini-
tive vascular invasion ( Figs. 5 D and E). Scattered oncocytomas
were identified near uninvolved salivary gland and adipose
tissue ( Fig. 5 F). These findings were consistent with a diagno-
sis of oncocytic carcinoma, and the patient subsequently un-
derwent neck dissection and a course of adjuvant radiation
therapy. 

On postoperative day 2 after total right parotidectomy, a
CT pulmonary angiogram ( Fig. 6 ) was obtained for suspected
pulmonary embolism, which demonstrated multiple cysts in
the bilateral lung parenchyma with a slight basilar and sub-
pleural predominance. Due to the combined findings of white
papules on the patient’s face likely representing fibrofolliculo-
mas, parotid oncocytoma/carcinoma, and characteristic lung
cysts, BHD was highly suspected. FLCN genetic testing was
performed using peripheral blood sample which confirmed
the diagnosis of BHD. Of interest, the patient presented with
pneumothorax 1 year later, which was a common complica-
tion seen in patients with BHD. 

Discussion 

BHD syndrome was initially described in 1977 as a triad of skin
manifestations, namely fibrofolliculomas, achordons, and tri-
chodiscomas [1] . Subsequent reports and studies have estab-
lished an association with multiple systemic manifestations,
including pulmonary cysts [13] , renal neoplasms [13] , colonic
polyposis [14 ,15] , lipomas [16] , and parathyroid adenomas [16] ,
with the first case of oncocytoma of the parotid gland reported
by Liu et al. [17] . Previously, Pavlovich et al. [ 4 ] have postulated
that oncocytic lesions may be precursors to renal cancers,
as most patients with BHD have renal oncocytic cells upon
histologic analysis. Our case is the first case of parotid on-
cocytic carcinoma associated with BHD and establishes that
BHD-associated parotid oncocytic lesions, previously identi-
fied only as benign oncocytomas in the literature to date, can
undergo malignant transformation, and should potentially be
regarded with a higher index of suspicion and lower threshold
for surgical management. 

Oncocytomas are rare benign neoplasms that comprise
only 1% of parotid neoplasms [18 ,19] , with oncocytic car-
cinomas being exceedingly rare, comprising less than 10%
of all parotid oncocytic neoplasms in an institutional re-
view [20] . Oncocytes are polygonal cells containing granular,
eosinophilic cytoplasm due to an abundance of mitochondria
[21] . Oncocytic neoplasms are postulated to result from excess
cytoplasmic mitochondria, resulting in oncocytic metaplasia
[19] . Previous studies have identified FLCN as the causative
gene in BHD [2 ,22] , which encodes the protein folliculin and
plays a role in regulating mitochondrial biogenesis, in addi-
tion to the mTOR pathway, autophagy, mTORC1 activation [22] .
FLCN mRNA is expressed in acinar cells of the parotid gland, in
addition to distal renal nephrons, skin, and pulmonary pneu-
mocytes [23] . Recent murine models have shown that FLCN-
knockout mice demonstrate increase mitochondrial biogene-
sis, oxidative phosphorylation, mTOR-S6K upregulation, and
nucleotide synthesis [24–26] , which may be the mechanistic
link to the observed predisposition to parotid oncocytomas in
patients with BHD. 

As the clinical presentation and imaging features of be-
nign and malignant oncocytic neoplasms often overlap, his-
tology is crucial for distinguishing benign oncocytomas from
malignant oncocytic carcinomas. Due to their high mitochon-
drial contents, all oncocytes react to histochemical stains for
mitochondria, including phosphotungstic acid-hematoxylin
[21 ,27 ,28] . Oncocytic neoplasms are also stained by cytoker-
atin markers (KL-1). Whereas benign oncocytomas consist of
organized sheets of oncocytes, oncocytic carcinoma exhibits
significant cellular atypia, higher mitotic activity, vascular and
perineural invasion, and metastases [20 ,28 ,29] . In particular,
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locally infiltrative growth is needed for diagnosing oncocytic
carcinoma [27] . Compared to benign oncocytomas, oncocytic
carcinoma stains more strongly with MIB-1 and Ki-67 due to
higher mitotic activity [28 ,29] . 

Although histopathology is invaluable in confirming a fi-
nal diagnosis, CT and MRI are established first-line imaging
modalities in the evaluation of salivary gland tumors, espe-
cially in the deep parotid lobe [30 ,31] . Moreover, CT and MRI
imaging can help guide management when surgical man-
agement is declined, surgery is relatively contraindicated, or
when histopathologic results are inconclusive. Given the as-
sociation between BHD and oncocytic lesions, the radiologist
can play a crucial role in raising oncocytoma as a differential
possibility for a parotid mass in a patient with BHD, and vice-
versa, to facilitate the clinical diagnosis of BHD in a patient
with an oncocytoma. 

The imaging findings in this case corroborate much of
the existing literature on imaging features of oncocytic
neoplasms [30] . Although oncocytic carcinomas have been
described as irregularly marginated and heterogeneously en-
hancing on CT [32] , our case demonstrated features typi-
cally associated with parotid oncocytomas, which are often
well-defined and demonstrate homogenous enhancement. In
contrast, pleomorphic adenomas, the most common parotid
gland neoplasm, tend to demonstrate less marked early en-
hancement [33] . Although Warthin tumors and basal cell ade-
nomas also demonstrate early enhancement similar to onco-
cytomas, these tumors show relatively less enhancement on
delayed phases [34 ,35] . As imaging features of salivary gland
tumors overlap on CT, MRI is often used for further character-
ization. 

On MRI, parotid oncocytomas have been described as T1
and T2 hypointense and hyperintense on diffusion-weighted
imaging [6 ,36] . This distinguishes oncocytomas from pleomor-
phic adenomas, which tend to be T2 hyperintense with het-
erogeneous nodular enhancement and a T2 dark rim [37] .
Warthin tumors, another key diagnostic consideration, are T2
hyperintense and T1 hypointense [36] . The imaging features of
parotid oncocytic carcinomas can be variable, and have been
described as T1 isointense with central T2 hyperintense signal
[32] . 

Our case of oncocytic carcinoma demonstrated MRI char-
acteristics similar to the BHD-associated oncocytoma re-
ported by Yoshida et al. [ 6 ], which was hypointense on
contrast-enhanced T1WI relative to the native parotid gland
tissue. On the other hand, isolated oncocytomas (without an
association with BHD) have been described as iso-intense to
native parotid tissue on T1 FS postcontrast and T2 FS WI in a
case series by Patel et al. [38] , theorized to result from simi-
lar lipid compositions of oncocytes relative to normal parotid
tissue. In our case, the hypointense signal on T1 FS post-
contrast is theorized to result from decreased lipid compo-
sition secondary to malignant transformation and/or an as-
sociation with BHD, as murine models have shown increased
lipid metabolism in FLCN -knockout mice [25 ,26] . A larger sam-
ple size is needed to determine the characteristic MR fea-
tures of oncocytic lesions associated with BHD. Furthermore,
morphologic appearance has varied in previous case reports—
although many cases, including ours, presented as a solitary
parotid mass, other BHD-associated parotid gland oncocy-
tomas have presented as multiple small solid nodules [11 ,19] .

Surgical resection is the first-line treatment for parotid
tumors, in part because histopathologic confirmation is es-
sential [30] . In prior case reports of BHD-associated parotid on-
cocytomas in which management is described, surgical resec-
tion was performed in the majority [9 ,10] , with one case opting
for close surveillance for changes in the parotid oncocytomas
[11] . Whereas surgery typically entails superficial parotidec-
tomy for benign oncocytic carcinomas, oncocytic carcinomas
are treated with radical parotidectomy and neck dissection
depending on stage, as aggressive surgical management has
demonstrated more favorable outcomes [20 ,28 ,39 ,40] . Surgi-
cal resection is often combined with adjuvant radiotherapy,
and long-term follow-up is indicated due to the risk of dis-
tant metastases and local recurrence [40 ,41] . Because onco-
cytic carcinomas are exceedingly rare, treatment guidelines
and prognosis remain unestablished, although existing case
reports have reported a relatively poor prognosis [39] , with one
case series reporting a 54.9% 5-year survival and local recur-
rence found in 7 of 12 patients [28] . Other cases of short-term
( < 1 year) follow-up after surgical management did not iden-
tify recurrence [20 ,41] . 

In summary, we report the first case of oncocytic carcinoma
of the parotid gland in a patient with BHD, with radiologic
and histologic correlation. This case establishes the possibil-
ity of oncocytic carcinoma in the differential of a parotid gland
mass in a patient with BHD, which indicates more aggressive
management and surveillance compared to the previously re-
ported cases of benign oncocytoma. The radiologist can play
a crucial role in raising oncocytic neoplasm in the differential
of a parotid gland mass in a patient with BHD and facilitating
the diagnosis of BHD in a patient with an oncocytoma. While
overlap and ambiguity exists regarding the imaging features
and optimal management of oncocytic carcinoma, this case
highlights that radiologic and histologic identification of key
features can facilitate timely diagnosis and the potential for
growth in establishing characteristic imaging features and op-
timal management. 

Patient consent 

Written informed consent for publication of this case report
was obtained from the patient. 
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