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Abstract
Ceruminous adenomas are benign neoplasms that arise from ceruminous glands in the external auditory canal. While these 
tumors are currently regarded as a single entity, they are divided into three histologically diverse subtypes: ceruminous syrin-
gocystadenoma papilliferum, ceruminous pleomorphic adenoma, and ceruminous adenoma not otherwise specified (NOS). 
Given the similarities of two of these subtypes to other tumors that occur at multiple anatomic sites, it is currently unclear 
whether ceruminous adenomas are truly a unified group. In this study, we performed targeted molecular profiling of 11 cases 
of ceruminous adenoma to clarify their classification. We identified BRAF V600E mutations (via PCR and/or immunohis-
tochemistry) in five ceruminous syringocystadenomas papilliferum. We also identified HMGA2::WIF1 fusions (via RNA 
sequencing) in five ceruminous adenomas NOS and one ceruminous pleomorphic adenoma. Tumors with HMGA2::WIF1 
fusion did not display the canalicular adenoma-like morphology seen in salivary gland pleomorphic adenomas with this 
fusion. Overall, these findings suggest that the three subtypes of ceruminous adenoma represent two biologically distinct 
groups. Recurrent BRAF V600E mutations in ceruminous syringocystadenoma papilliferum are parallel to those in cutane-
ous syringocystadenoma papilliferum. Histologic and molecular concordance suggests that ceruminous syringocystadenoma 
papilliferum should be part of the broader syringocystadenoma papilliferum category rather than a subtype of ceruminous 
adenoma. Conversely, HMGA2::WIF1 fusions in ceruminous adenoma NOS and ceruminous pleomorphic adenoma suggest 
that a stromal component may not be an essential point of distinction between these groups. These residual true ceruminous 
adenomas all likely represent a specialized form of mixed tumor unique to the external ear.
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Introduction

The ceruminous glands are specialized apocrine glands 
that reside in the outer third to half of the external auditory 
canal and rarely give rise to neoplasms. Historically, the 
classification of such tumors was confused by highly varia-
ble terminology, with the generic appellation ceruminoma 
frequently applied to both benign and malignant lesions 
at this site [1–8]. Over the last few decades, ceruminous 
adenoma has emerged as the consensus name for benign 
glandular tumors arising from the ceruminous glands 
[7, 9]. Despite this unified terminology, the ceruminous 
adenoma category is still diverse, with three distinctive 
histologic subtypes recognized by the 5th Edition World 
Health Organization (WHO) Classification of Head and 
Neck Tumours [10]. Ceruminous syringocystadenomas 
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papilliferum are histologically identical to cutaneous 
syringocystadenoma papilliferum of other anatomic sites. 
Likewise, ceruminous pleomorphic adenoma is defined by 
its resemblance to salivary gland pleomorphic adenoma, 
including a prominent chondromyxoid stromal compo-
nent. Finally, ceruminous adenomas not otherwise speci-
fied (NOS) are biphasic neoplasms with a combination of 
tubular and papillary growth. While these groups are all 
part of the ceruminous adenoma entity, their marked diver-
sity in histologic appearance and similarity to biologically 
distinct tumors that occur at multiple anatomic sites raises 
questions as to whether they should truly be regarded as 
a single unified category. In this study, we evaluated the 
genetic underpinnings of all subtypes of ceruminous ade-
noma to evaluate the validity of their current classification 
in the molecular era.

Methods

Inclusion criteria

With approval from the institutional review board, we identi-
fied 11 cases of ceruminous adenoma from the authors’ sur-
gical pathology archives and consultation files. We reviewed 
all available histologic sections for each case to confirm the 
classification as ceruminous syringocystadenoma papillif-
erum, ceruminous pleomorphic adenoma, and ceruminous 
adenoma NOS based on criteria in the 5th Edition WHO 
Classification of Head and Neck Tumours [10]. We also 
confirmed tumor location in the external auditory canal and 
obtained clinical and demographic information from submit-
ted clinical history or the electronic medical record.

BRAF immunohistochemistry

Based on previous literature documenting BRAF mutations 
in syringocystadenoma papilliferum of other anatomic sites 
[11–13], we performed BRAF V600E immunohistochem-
istry on all cases classified as ceruminous syringocystad-
enoma papilliferum and those cases of ceruminous pleo-
morphic adenoma and ceruminous adenoma NOS that had 
sufficient tissue available using a mouse monoclonal anti-
body for BRAF V600E protein (clone VE1; 1:400 dilution; 
Abcam, Cambridge, MA). Stains were performed on Ven-
tana BenchMark Ultra autostainers (Roche/Ventana Medical 
Systems, Tucson, AZ) using standardized automated pro-
tocols and appropriate positive and negative controls. The 
Ventana ultraView polymer detection kit was used to visual-
ize signals. Tumors were regarded as positive on the basis of 
granular cytoplasmic staining in greater than 10% of cells.

BRAF PCR

We also performed BRAF mutation analysis via polymer-
ase chain reaction (PCR)/mass spectrometry on all cerumi-
nous syringocystadenoma papilliferum that had sufficient 
tissue available. Tumor DNA was extracted from micro-
dissected deparaffinized tissue sections using the QIAamp 
DNA FFPE kit (Qiagen, Hilden, Germany) and assessed 
using Agena iPLEX chemistry (Agena Bioscience, San 
Diego, CA). All assay primers were designed using Agena 
MassARRAY Assay Design Suite software. BRAF exons 
11 and 15 were PCR amplified and subsequently analyzed 
at hotspot codons, including valine 600, using single-
base primer extension. Final products were analyzed by 
MALDI-TOF mass spectrometry on an Agena MassAR-
RAY Analyzer 4, with BRAF genotyping calls made by 
manual inspection of spectrograms. The assay limit of 
detection is 10% mutant alleles.

RNA sequencing

Based on the extensive prevalence of gene fusions in sali-
vary gland tumors and their analogues, we also performed 
RNA sequencing on all cases classified as ceruminous pleo-
morphic adenoma and ceruminous adenoma NOS as pre-
viously described [14]. In short, RNA was isolated using 
Qiagen AllPrep kits (Qiagen, Germantown, MD); custom 
NimbleGen probes (Roche, Indianapolis, IN) were used to 
create an enriched library containing all exons from 1505 
cancer-related genes, and sequencing was performed on an 
Illumina NextSeq 550 (Illumina, San Diego, CA) with a 
median 900× target exon coverage. All fusions and variants 
were reviewed in the Integrated Genomics Viewer (Broad 
Institute, Cambridge, MA). The Star-Fusion algorithm was 
used to call fusions. The BRAF V600 locus was reviewed 
manually for BRAF V600E alterations.

HMGA2 FISH

In light of the results of RNA sequencing, three cases of 
ceruminous syringocystadenoma papilliferum also under-
went fluorescence in situ hybridization (FISH) for HMGA2 
rearrangement. Formalin-fixed paraffin-embedded tissue 
sections were deparaffinized, pretreated with sodium thio-
cyanate (for 25 min at 80 °C), digested with protease (for 
37 min at 37 °C), and dehydrated in alcohol. An HMGA2 
break part probe (12q14.3) (Empire Genomics, Depew, 
NY) was applied and sealed under cover glass. Probe and 
genomic DNA were co-denatured at 80 °C for 5 min, and 
hybridization was carried out overnight at 37 °C, followed 
by washing and staining with DAPI. Signal pattern in at 
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least 200 nuclei from each case was evaluated under a Zeiss 
fluorescent microscope.

Results

Clinical and demographic information

Results are summarized in Table 1. The eleven cases of 
ceruminous adenoma were taken from seven males and four 
females with a median age of 53 years (range 40–78 years). 
All tumors were located in the external auditory canal. These 
cases were subclassified as ceruminous syringocystadenoma 
papilliferum (n = 5), ceruminous adenoma NOS (n = 5), and 
ceruminous pleomorphic adenoma (n = 1).

Ceruminous syringocystadenoma papilliferum

The five ceruminous syringocystadenomas papilliferum 
included both an endophytic glandular component and exo-
phytic squamous surface (Fig. 1A). The glandular compo-
nent was composed of tubules and papillae lined by a bipha-
sic population of low columnar luminal cells surrounded by 
small cuboidal basal cells (Fig. 1B). They communicated 
with the overlying epidermis, transitioning to squamous-
lined papillary projections with prominent surface hyper-
keratosis. Ceroid granules were not identified within the 
cytoplasm of any cell population. The stroma had a dense 
population of plasma cells (Fig. 1C). Immunostains for 
mutant BRAF V600E protein were positive in all cases, with 
strong staining in the glandular component and weaker stain-
ing in the papillary projections (Fig. 1D). The three cases 
with sufficient tissue available for PCR also demonstrated 
BRAF V600E mutations.

Ceruminous adenoma NOS

The five ceruminous adenomas NOS were well-circum-
scribed but unencapsulated tumors with predominantly glan-
dular architecture. Most cases showed a cellular population 
of small to medium-sized tubules with scattered early pap-
illary excrescences (Fig. 2A). One case formed prominent 
large, simple cysts (Fig. 2B). Another case showed more 
complex papillary architecture projecting into a cystic space 
(Fig. 2C). The ceruminous adenoma NOS was uniformly 
composed of a biphasic population of cuboidal to columnar 
ductal cells with a moderate amount of eosinophilic cyto-
plasm and compact myoepithelial cells with scant ampho-
philic cytoplasm (Fig. 2D). The luminal cells had variable 
apocrine architecture, with areas that had more abundant 
eosinophilic cytoplasm, luminal snouting, and even rare 
apocrine-type cytologic atypia with vesicular chromatin 
and prominent nucleoli (Fig. 2E). No true pleomorphism, 
significant mitotic activity, or necrosis was seen. Most cases 
displayed dense yellow ceroid granules within apocrine cells 
(Fig. 2F). On RNA sequencing, all five ceruminous adeno-
mas NOS harbored HMGA2::WIF1 fusions. Breakpoints 
for all cases included HMGA2 exon 3 and WIF1 exon 10. 
The two cases that were evaluated were negative for BRAF 
V600E immunohistochemistry.

Ceruminous pleomorphic adenoma

The one ceruminous pleomorphic adenoma had areas that 
were identical to the ceruminous adenomas NOS, with well-
circumscribed but unencapsulated borders and predomi-
nantly tubular architecture with focal papillary excrescences 
(Fig. 3A). However, it was notable for a well-developed 
chondromyxoid stromal component with overt cartilaginous 
differentiation (Fig. 3B). The tumor was largely composed of 

Table 1   Clinical, immunohistochemical, and molecular findings

FISH Fluorescence in  situ hybridization,  IHC  Immunohistochemistry, NA  not assessed, NOS  not otherwise specified, PCR  polymerase chain 
reaction, RNA-seq RNA sequencing

Case Age Sex Subtype BRAF V600E HMGA2 fusion

1 40 F Ceruminous syringocystadenoma papilliferum Positive (PCR and IHC) Negative (HMGA2 FISH)
2 51 M Ceruminous syringocystadenoma papilliferum Positive (PCR and IHC) NA
3 69 M Ceruminous syringocystadenoma papilliferum Positive (PCR and IHC) NA
4 53 M Ceruminous syringocystadenoma papilliferum Positive (IHC) Negative (HMGA2 FISH)
5 45 M Ceruminous syringocystadenoma papilliferum Positive (IHC) Negative (HMGA2 FISH)
6 50 M Ceruminous adenoma NOS Negative (RNA-seq) HMGA2::WIF1 (RNA-seq)
7 68 F Ceruminous adenoma NOS Negative (RNA-seq) HMGA2::WIF1 (RNA-seq)
8 45 F Ceruminous adenoma NOS Negative (RNA-seq and IHC) HMGA2::WIF1 (RNA-seq)
9 58 M Ceruminous adenoma NOS Negative (RNA-seq) HMGA2::WIF1 (RNA-seq)
10 78 M Ceruminous adenoma NOS Negative (RNA-seq and IHC) HMGA2::WIF1 (RNA-seq)
11 71 F Ceruminous pleomorphic adenoma Negative (RNA-seq and IHC) HMGA2::WIF1 (RNA-seq)
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a biphasic population of plump eosinophilic ductal cells and 
more attenuated myoepithelial cells (Fig. 3C), although focal 
areas of more well-developed apocrine differentiation were 
seen (Fig. 3D). The ceruminous pleomorphic adenoma also 
harbored HMGA2::WIF1 fusion with breakpoint at HMGA2 
exon 3 and WIF1 exon 10. It was negative for BRAF V600E 
immunohistochemistry.

Discussion

Despite a historically variable classification, benign neo-
plasms of the ceruminous glands have been recognized 
under the unified term ceruminous adenoma for the last 
few decades [1–8]. However, this single categorization still 
belies a heterogeneous group of neoplasms that are divided 
into three histologic subtypes. Of these subtypes, cerumi-
nous adenoma NOS is the only category that is not defined 

based on its similarity to another tumor type. Given this 
histologic diversity and parallels with equally distinctive 
tumors from different anatomic sites, it is still not clear that 
ceruminous adenoma should be regarded as a single unified 
entity. In this study, we performed detailed histologic and 
molecular evaluation of all three subtypes of ceruminous 
adenoma to clarify its classification.

First, this study documents that ceruminous syringo-
cystadenoma papilliferum harbors recurrent BRAF V600E 
mutations, reinforcing similarities with their cutaneous 
analogues. Ceruminous syringocystadenomas papilliferum 
are named for their histologic overlap with cutaneous syrin-
gocystadenoma papilliferum, with characteristic surface 
squamous papillations and underlying biphasic tubular 
proliferation. The five cases of ceruminous syringocystade-
noma papilliferum in this series all demonstrated these clas-
sic features. BRAF V600E mutations are well-established 
as the molecular driver of cutaneous syringocystadenoma 

Fig. 1   Ceruminous syringocystadenomas papilliferum were com-
posed of an endophytic glandular component and exophytic squa-
mous component (A, 4×). The glandular component consisted of 
a biphasic population of low columnar luminal cells surrounded by 
small cuboidal basal cells arranged in tubules and papillae (B, 10×). 

There was a dense population of plasma cells in the stroma (C, 20×). 
All ceruminous syringocystadenoma papilliferum were positive for 
mutant BRAF V600E immunohistochemistry, with strong staining in 
the glands and weaker staining in the squamous areas (D, 20×)
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papilliferum at other anatomic sites [11–13]. Unsurprisingly, 
our results demonstrated that ceruminous syringocystade-
noma papilliferum also has BRAF V600E mutations, with 
immunohistochemical expression of mutant BRAF V600E 

protein in all five cases as well as molecular confirmation 
in all three cases tested by PCR. These findings indicate 
that cutaneous and ceruminous syringocystadenoma papil-
liferum are both morphologically and molecularly identical. 

Fig. 2   Most ceruminous adenomas NOS were composed of small to 
medium-sized tubules with occasional early papillary excrescences 
(A, 4×), although one case formed large simple cysts (B, 4×) and 
another showed more complex papillary architecture (C, 10×). They 
contained a biphasic population of cuboidal to columnar ductal cells 

with eosinophilic cytoplasm and compact myoepithelial cells with 
scant cytoplasm (D, 40×). The luminal cells had variable apocrine 
differentiation, including areas with luminal snouting, vesicular chro-
matin, and prominent nucleoli (E, 40×). Most ceruminous adenomas 
NOS had prominent yellow ceroid granules (F, 40×)
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Of note, ceruminous syringocystadenoma papilliferum also 
has significant overlap with sialadenoma papilliferum of the 
salivary glands, which also harbors BRAF V600E mutations 
[15] and is the mucosal analogue to cutaneous syringocyst-
adenoma papilliferum.

These findings also demonstrate that ceruminous ade-
noma NOS consistently harbors HMGA2::WIF1 fusions, as 
does the single case of ceruminous pleomorphic adenoma 
tested. Ceruminous pleomorphic adenoma is named for its 
morphologic similarity to pleomorphic adenoma of the sali-
vary glands. The presence of HMGA2::WIF1 fusion in one 
case suggests that these similarities extend to the molecu-
lar level, as the majority of salivary pleomorphic adeno-
mas harbor either PLAG1 or HMGA2 fusions with a vari-
ety of partners [16–20]. While ceruminous adenomas NOS 
also are composed of a biphasic population of ductal and 
myoepithelial cells that show some histologic overlap with 
pleomorphic adenoma, they have always been regarded as 
a separate subtype because they lack a significant stromal 

component. However, in a limited sample, all cases of ceru-
minous adenoma NOS also have HMGA2::WIF1 fusions. 
These identical molecular underpinnings suggest that ceru-
minous adenoma NOS may also be related to pleomorphic 
adenoma despite the absence of chondromyxoid stroma. 
Indeed, both ceruminous pleomorphic adenoma and ceru-
minous adenoma NOS may most closely overlap with mixed 
tumors of the skin—the cutaneous analogue to pleomorphic 
adenoma—which frequently have more scant fibrous or hya-
linized stroma than their salivary counterparts and can also 
harbor PLAG1 or HMGA2 fusions [21, 22].

Interestingly, the ceruminous adenomas with 
HMGA2::WIF1 fusions lack the distinctive morphology that 
has been reported in association with this fusion in sali-
vary gland pleomorphic adenomas. Agaimy et al. recently 
described a large series of parotid gland tumors with promi-
nent corded and trabecular growth that mimicked canalicular 
adenomas and had recurrent HMGA2::WIF1 fusions [23]; 
this histo-molecular correlation has since been confirmed by 

Fig. 3   The ceruminous pleomorphic adenoma demonstrated predomi-
nant tubular architecture with focal papillary excrescences that were 
identical to the ceruminous adenoma NOS (A, 4×). It also contained 
a prominent chondromyxoid stromal component (B, 10×). The tumor 

cells were biphasic, including plump eosinophilic ductal cells and 
attenuated myoepithelial cells (C, 20×) with focal well-developed 
apocrine differentiation (D, 40×)
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others [24–27]. Because a subset of these tumors shows more 
conventional pleomorphic adenoma morphology, including 
well-developed chondromyxoid stroma and variable archi-
tecture, these tumors, even without a stromal component, are 
currently regarded as part of the pleomorphic adenoma spec-
trum [23, 24]. Despite consistent HMGA2::WIF1 fusions, 
ceruminous adenomas NOS and ceruminous pleomorphic 
adenomas lack this canalicular adenoma-like morphology 
in our cohort. This observation is likely a morphologic curi-
osity and does not carry any practical significance at this 
point, but is notable given this well-established molecular 
concordance.

Ultimately, these findings challenge the current classifica-
tion of ceruminous adenomas as a single entity with three 
subtypes, suggesting instead that this traditional category is 
composed of two biologically distinct groups. Given their 
unique histologic and molecular features, the only attribute 
that binds ceruminous syringocystadenoma papilliferum 
together with ceruminous pleomorphic adenoma and ceru-
minous adenoma NOS is anatomic site. Instead, ceruminous 
syringocystadenoma papilliferum seems to fit better under 
the broader umbrella of cutaneous syringocystadenomas 
papilliferum, which are histologically identical and share 
common BRAF V600E mutations. Conversely, parallel 
HMGA2::WIF1 fusions in ceruminous adenoma and ceru-
minous pleomorphic adenoma raise the possibility, albeit 
in a limited sample, that these subtypes are truly a single 
category, and a chondromyxoid stromal component may not 
be an essential point of distinction between these groups. 
While validation is needed in a larger cohort, both cerumi-
nous pleomorphic adenoma and ceruminous adenoma NOS 
appear to represent a specialized subgroup of mixed tumor 
with apocrine and ceroid differentiation that is unique to the 
external auditory canal. As such, these external ear tumors 
with HMGA2::WIF1 fusions may be best regarded as the 
true ceruminous adenomas.
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