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Abstract Hyalinizing clear cell carcinoma (HCCC) is a
unique low-grade tumor composed of cords and nests of
clear cells in a hyalinized stroma that was first reported by
Milchgrub et al. It was recognized as a separate entity from
clear cell variants of epithelial-myoepithelial carcinoma,
myoepithelial carcinoma and mucoepidermoid carcinoma.
HCCC is included in a long list of clear cell-containing
tumors of salivary gland, as well as odontogenic tumors
and metastases (renal cell carcinoma). Up until now, it has
been considered a diagnosis of exclusion, despite its very
distinctive appearance, and labeled as “not otherwise
specified” by the World Health Organization. The emer-
gence of molecular data in salivary gland tumors, including
HCCC now allow for a more rigorous appraisal of its
spectrum. The EWSRI-ATF1 fusion has proven the concept
of a “mucinous HCCC” and removes mucin as an exclu-
sion criterion for this tumor. It has also proven a genetic
link between clear cell odontogenic carcinoma and HCCC.
Molecularly-proven cases have also highlighted variant
morphologies and shown that cases with overt squamous
differentiation are true HCCC. This gives further weight to
the classification of this tumor as squamous or adenosqu-
amous in differentiation and as a specific entity rather than
an “NOS” tumor.
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Introduction

Within the salivary gland and seromucous gland sites of the
head and neck there is a long list of benign and malignant
salivary type tumors that a general or head and neck
pathologist may encounter. Most of these are rare and there
is considerable overlap in morphology and immunohisto-
chemistry between the different entities. Over the years,
some of these tumors have been found to have special
variants, such as the oncocytic variant of mucoepidermoid
carcinoma (MEC) [1]. This has made the differential
diagnosis that much more difficult to navigate. In fact,
oncocytic change and clear cell change are ubiquitous
findings that have been reported in nearly every salivary
tumor, either focally or even commonly and diffusely.
Similarly, squamous differentiation, mucous cells and
ducts can be found in varying proportions in most salivary
tumors, particularly those resembling or arising from the
large duct system (striated and excretory ducts). The
finding of occasional clear cells in most salivary tumors has
led to a number of review articles on clear cell salivary
tumors, with one of these aptly named “clearing up clear
cell tumors” [2]. The differential diagnosis of clear cell
tumors of salivary gland and head and neck in general is a
common problem and there have been few reports offering
new insights into their distinction and pathogenesis. This is
perhaps where molecular pathology will come to the
rescue.

The finding of specific and recurrent translocations,
point mutations and amplifications in solid tumors has led
to additional help in diagnosis and in some cases has
offered new hope in prognostication and treatment [3-5].
There are now four recurrent translocations known in
malignant salivary gland tumors: the MYB-NFIB fusion of
adenoid cystic carcinoma (AdCC) [5], the CRTCI-MAML?2



Head and Neck Pathol (2013) 7:28-34

fusion in MEC [3], the ETV6-NTRK3 fusion in the recently
discovered mammary analog secretory carcinoma (MASC)
[6] and the EWSRI-ATF1 fusion in HCCC [7]. This is
likely an evolving list as many low-grade salivary tumors
that lack precursor lesions and are generally homogenous
from case to case can be speculated to also have translo-
cations, e.g., epithelial-myoepithelial carcinoma (EMC).
This review will focus on the discovery of “hyalinizing
clear cell carcinoma (HCCC)” as a distinct entity, the
recent discovery of the recurrent EWSRI-ATF1 fusion
transcript found in the majority of HCCC, and how this
translocation has proven and disproved previous concep-
tions about HCCC. In particular, it will focus on what new
things it has taught us about the entity. The review is not
intended to provide an exhaustive morphologic description
of the entity or discuss the entire differential diagnosis.

Discussion

Hyalinizing clear cell carcinoma (HCCC) was first reported
almost 20 years ago by Milchgrub et al. [8] and since then
has been followed-up by numerous case reports and
reviews on the subject. Until recently, however, there was
little new information provided on the subject. It is typi-
cally accepted, in its classical form, as a low-grade carci-
noma composed of clear cells embedded in a hyalinized
stroma and showing cords and nests of tumor cells (Fig. 1).
Milchgrub reported this tumor, in part, to separate it from
the “monophasic” variant of EMC lacking ducts, from
clear cell myoepithelial carcinoma (MyoEC), and from
mucin-depleted MEC [8]. This was done by the consistent
absence of myoepithelial immunohistochemical staining
and mucin, respectively. In fact, both of these were con-
sidered exclusion criterion for this entity. The tumors were
found to rarely recur or metastasize to lymph nodes and to
never metastasize hematogenously or to lead to mortality.

Recently, we investigated the possible relationship of
HCCC to “soft tissue myoepithelial tumors (SMET)”,
which were found to harbor a EWSRI rearrangement in
45 % of cases by Antonescu et al. [9]. The partner genes
identified in this subset of tumors differed from other sar-
comas and consisted of PBXI, ZNF444 and POUSF1 [9].
There are likely other partners as many of the EWSRI
rearranged tumors did not have one of these three gene
partners by fluorescence in situ hybridization (FISH). It is
perhaps a contradiction in terms to compare HCCC (where
myoepithelial staining is not allowed) to SMET, which by
definition is supposed to be myoepithelial in differentia-
tion. The rationale for the comparison is twofold. First,
SMET is considered to be myoepithelial based largely on
S100 and GFAP staining, and an extensive study of true
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Fig. 1 Typical appearance of HCCC composed of clear cells
embedded in a hyalinized stroma arranged in cords and nests

myoid markers has not been performed to date (in contrast,
HCCC is always negative for S100, GFAP and all myoid
markers). Second, there was frequent clear cell differenti-
ation in SMET, particlarly those with a EWSRI-POU5FI
fusion [9]. Given the single report of a “poorly-differen-
tiated MEC” of parotid and eccrine adnexal tumors of skin
with this identical fusion [10], it seemed reasonable to
investigate this in salivary gland tumors in general as well.

In our study of 23 cases of HCCC, 82 % showed a
EWSRI rearrangement; however, there were no cases with
a POU5] rearrangement by FISH, thus disproving the link
to SMET [7]. One case was successfully investigated by
3'RACE (rapid amplification of copy DNA ends), which
found ATFI as the partner gene. This gene was further
confirmed as the consistent partner gene in HCCC by
subsequent ATFI FISH. There was a single case which
lacked this partner gene and this may suggest an alterna-
tive, as yet undiscovered, partner gene for EWSRI. The
finding of a number of different tumors in soft tissue, skin,
salivary gland and other sites all harboring EWSRI gene
rearrangements, suggests an important role in oncogenesis
for this gene. Within salivary gland however, the EWSR]
rearrangement by FISH serves as a specific marker and
important new diagnostic tool to help finally resolve the
“clear cell dilemma”. No other salivary tumor has con-
vincingly shown this change [7, 11]. The finding of EWSRI
gene rearrangement, and EWSRI-ATF1 in particular, has
also led to some new insights into this tumor that may help
dispel some myths about the entity in general. Although a
similar fusion is seen in clear cell sarcoma, clear cell sar-
coma-like tumor of the gastrointestinal tract, and some
angiomatoid fibrous histiocytomas, the completely differ-
ent morphology, presence of squamous differentiation and
complete lack of myoid (desmin) or melanocytic (HMB45,
Melan-A) differentiation easily separates this tumor from
other EWSRI-ATF1 fusion-positive entities.
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Hyalinizing Clear Cell Carcinoma Can Have Minimal
Clear Cell Differentiation and/or Lack Significant
Hyalinization/Sclerosis

We have had the opportunity to examine several dozen cases
of HCCC now with most having molecular confirmation.
One recent example presented with a core biopsy of the neck
in the “submandibular area”. It consisted of a solid and
vaguely nested eosinophilic tumor with low-grade features,
myxoid change and plasmacytoid cells (Fig. 2a) and showed
no specific staining other than for pankeratin. The differen-
tial diagnosis was between a primary salivary tumor (benign
or malignant) versus a metastatic carcinoma (with the
additional red herring of pl6 expression). The excision
specimen clearly demonstrated its submandibular gland
origin rather than a lymph node metastasis and showed a
largely solid tumor composed of a reticular pattern of
eosinophilic cells (Fig. 2b, ¢) with focal myxoid areas, focal
palisading of cells and focal clear cells. There was rare
sclerosis and inflammation in the background but there was
no convincing pattern of the typical dense hyalinization with
cords and small nests of cells expected in HCCC. At this
point, the tumor did not have the typical appearance of any
specific salivary tumor, with some thought given to an
unusual acinic cell carcinoma. The focal clear cells prompted
a FISH study for EWSRI which was positive and suggested
the possibility of HCCC. Subsequent FISH for ATFI was
performed and was also positive confirming the diagnosis.
Incidentally, a repeat of the p16 staining was negative in the
tumor resection and focal CKS35 staining was found as well,
perhaps suggesting some squamous differentiation.

Our original study also described two examples of
HCCC with basaloid-like features [7]. One was a pure
tumor with this finding, which showed clear cells in the
center of the nests (Fig. 2d). Another showed areas of
classic HCCC and others with this same basaloid change.
We have seen a third such case without sufficient material
for molecular confirmation. This basaloid change from
low-power imparted a “high-grade” appearance but,
interestingly, the cases showed minimal mitotic activity
and the atypical nuclei were uniformly enlarged rather than
truly pleomorphic. This suggests the tumors were still low-
grade, although a formal grading system does not exist for
HCCC. We have also seen a case with what we called
“high-grade transformation” [12] that initially presented as
a solid, partially clear cell-containing tumor with mitotic
activity and necrosis and lacking squamous differentiation
by immunohistochemistry. This tumor re-presented as a
typical HCCC in the same site within 1 year of radiation
therapy. Both were confirmed by EWSRI FISH. A few
recent cases in our practice with radiological evidence of
lung metastases or very large presentations of neck
metastases with no known primary, have also suggested the
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need for prognostic markers or a grading system in the
future. Whether solid growth and/or lack of clear cells
actually indicate a worse prognosis, higher-grade, or ten-
dency for atypical presentation, is not known at this time.

One obvious question that this latter discussion raises is:
what makes an entity distinct? Its morphologic and
immunohistochemical profile, its molecular findings, or
both? Could the case example illustrated above be some-
thing else with the same molecular finding? Is the focal
clear cell differentiation coupled with this molecular find-
ing enough to include the case within the HCCC spectrum
or call it a variant morphology? This is a difficult question
to tackle, and will become more debated as new molecular
markers are found in other salivary tumors and overlap
between entities is discovered. At this time, it appears that
the EWSRI-ATF is unique to HCCC with no other tumor
of salivary gland sharing this marker [7, 11].

Intracellular Mucin is Not an Exclusion Criterion
for HCCC and Does Not Warrant Classification
as Mucoepidermoid Carcinoma in These Tumors

In addition to excluding myoepithelial differentiation in
HCCC, Milchgrub et al. [8] argued that it did not represent
a “mucin-depleted” form of MEC. The rationale was the
lack of mucin or squamous differentiation in these tumors.
The suggestion that mucin was not allowed in HCCC stuck
and was considered an exclusion criterion until recently
[7]. In fact, some consider focal mucin to represent the
clear cell variant of MEC rather than HCCC. The literature
even shows that the vast majority of “clear cell MECs” are
found in the oral cavity (like HCCC) despite the fact that
half of conventional MEC arise in major salivary gland
[13] and most oncocytic MEC arise in the parotid [1].
Although MEC certainly can have focal clear cells, it was
our theory that a pure clear cell MEC may not exist and
that mucin is frequently seen in tumors that are otherwise
identical to HCCC. This would also explain the oral pre-
dilection of “clear cell MEC”.

In investigating this concept, we found that amongst
tumors called HCCC, nearly half showed mucinous dif-
ferentiation [7]. Many of these were focal dot-like intra-
cellular mucin but a number of them also showed diffuse
mucinous differentiation (Fig. 3a). Almost all of them
showed EWSRI and ATFI rearrangement by FISH con-
firming their relationship to HCCC rather than MEC
(Fig. 3b). Moreover, none of these tumors showed MAML?2
rearrangement, typical of a large proportion of conven-
tional and oncocytic MEC [14, 15]. This is not surprising
as conventional and oncocytic MEC rarely have the dense
sclerosis and cord-like growth of tumor cells that HCCC
has. In addition, none of these mucinous HCCC showed
cysts lined by goblet cells, a feature typical of low-grade
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Fig. 2 a Core biopsy of a neck tumor showing sheets and nests of
eosinophilic cells with minimal hyalinization. b, ¢ The resection
specimen of this case showed a largely solid tumor composed of
eosinophilic cells and forming a reticular pattern. This tumor showed

MEC. The idea that mucin should be an exclusion criterion
for any tumor is also without basis in evidence, as mucin
can be seen in classic examples of polymorphous low-
grade adenocarcinoma (PLGA), salivary duct carcinoma
(SDC), MASC [16], and other tumors, in our experience.
Incidentally, there was focal mucin in a small proportion of
cases of HCCC originally described by Milchgrub et al.
[8], which is surprising given the argument they used to
exclude this tumor from “mucin-depleted MEC”. Milch-
grub also suggested this separation based on the lack of
squamous differentiation, which is also not supported by
the evidence they presented or which has subsequently
come to light (see more below). Mucin cannot be consid-
ered an exclusion criterion for HCCC.

Hyalinizing Clear Cell Carcinoma has Both Squamous
and Occasional Glandular Differentiation

and Represents a Special Type of Adenosquamous
Carcinoma

In their original description, Milchgrub et al. [8] refer to a
lack of squamous differentiation in HCCC. However, they

both EWSRI and ATFI rearrangement by FISH (not shown).
d Another example of HCCC showing a basaloid-like morphology
with focal clearing of the central cells within the nests

specifically mention the high molecular weight keratin
positivity in the tumors. This has been found in most reviews
of HCCC along with p63 and CKS5/6 staining [7, 17, 18],
highly suggestive of squamous differentiation. In addition,
the electron microscopy in the original description highlights
cytoplasmic pools of glycogen, tonofilaments of keratin and
desmosomes [8]. These are in fact all features of squamous
differentiation, which is shared with squamous carcinoma,
HCCC and MEC. It could not, therefore, have been used as a
distinguishing finding between HCCC and MEC. Dardick
and Leong [19] reviewed the original ultrastructural features
from the original electron micrographs and concluded that
HCCC was indeed a squamous lesion, a theory supported by
Bilodeau et al. [20]. Our study of 23 cases, like Bilodeau
et al.’s, showed frequent squamous pearls and occasional
keratinization in HCCC. One recent case also showed
extensive squamous differentiation (Fig. 3c) and was proven
by molecular findings. In fact, the majority of EWSRI rear-
ranged tumors in our cohort have shown both 34BE12 and
p63 expression [7]. The tumor that originally was used for
3'RACE to discover EWSRI-ATFI was one of them
(Fig. 3d).
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Fig. 3 a Almost half of all HCCC cases (44 %) show mucinous
differentiation either focally or diffusely. b The same case as above
showed EWSRI and ATFI rearrangement by FISH (EWSR! FISH
shown here). Cells showing one normal fused yellow signal and one

In addition to squamous differentiation and oral pre-
dominance, HCCC has frequent connection to the surface
mucosal epithelium [7] (Fig. 4a). This is sometimes in the
form of pagetoid extension of cells. Whether HCCC could
actually be of mucosal origin rather than salivary gland is
an interesting discussion. However, cases in parotid, sub-
mandibular gland, and central examples [21] have been
reported and these cases do not support this concept
entirely. Dardick’s suggestion of HCCC representing a
squamous lesion is only partly accurate. Occasional glands
can be seen and the fact that almost half of cases have
intracellular mucin (proven by molecular) suggests that the
tumor may represent a special type of adenosquamous
carcinoma. HCCC is certainly not a pure adenocarcinoma,
as the current fascicle of the Armed Forces Institute of
Pathology [22] suggests by labeling it as “(hyalinizing)
clear cell adenocarcinoma”. It is also not appropriate
anymore to label this tumor a “clear cell carcinoma, not
otherwise specified” which was adopted by the WHO
“blue book” on head and neck tumors [13]. The consistent
morphology, typical oral cavity location, and recurrent
translocation mean that this tumor is very much a specific
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“break apart” signal with separated green and red signals indicating
EWSRI rearrangement. ¢, d Extensive squamous differentiation or
focal squamous pearls can both be seen in molecularly proven HCCC

entity, whereas “NOS” suggests a waste basket category
for any salivary tumor with clear cells that cannot be fur-
ther classified. This latter category may remain useful for
tumors that do not fit any category, including HCCC, and
are translocation-negative.

Clear Cell Odontogenic Carcinoma Represents HCCC
Arising Within Bone (“Central HCCC”)

In a study comparing HCCC and clear cell odontogenic
carcinoma (CCOC), Bilodeau et al. [20] showed that there
was no reliable morphologic or immunohistochemical
finding that could serve as a distinguishing factor (Fig. 4b).
This included staining with squamous markers. They con-
cluded that the distinction rested with location, with CCOC
arising within bone from the dental lamina and HCCC
arising within submucosal minor salivary glands. Those
tumors that involved both would of course continue to be
difficult to separate. Following our discovery of the
EWSRI-ATFI in HCCC, Bilodeau et al. [23] performed the
molecular testing to further investigate this relationship. Of
the 12 cases of CCOC tested, 8 showed successful
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Fig. 4 a Extension of clear cells into the overlying squamous epithelium is a common finding in oral cavity examples of HCCC. b A CCOC
within bone, which is morphologically, immunohistochemically and molecularly identical to HCCC and, therefore, represents a “central HCCC”

hybridization with EWSRI and, of those, 5 showed EWSRI
rearrangement. One of these cases was subsequently tested
for ATF1, which was also positive, confirming the molec-
ular overlap between these entities. Two of the EWSRI-
negative cases were also reclassified as clear cell calcifying
epithelial odontogenic tumors after amyloid was confirmed
by Congo red staining [23]. Congo red is always negative
in HCCC [8]. The frequency of EWSRI rearrangement in
CCOC is therefore 83 % (5/6) confirming the overlap with
HCCC. CCOC therefore represents a central variant of
HCCC as originally reported by Berho and Huvos [21].
CCOC can therefore be considered an odontogenic analog
of HCCC.

Conclusions

Although classified as a clear cell carcinoma, NOS and
references to it being a diagnosis of exclusion have long
persisted [13], we now know from molecular evidence that
HCCC is in fact a specific and reproducible entity [7]. It is
distinct from MEC even when it contains mucin and is
essentially the same entity as CCOC [7, 23]. It should be
recognized as such in the next iteration of the WHO “blue
book” for head and neck tumors [13]. The molecular
findings have further allowed us to recognize new fea-
tures that may eventually amount to variant morphologies

(reticular, basaloid, etc.) and that not all HCCC have clear
cells, hyalinization, or are low-grade. Although not all
HCCC are clear cell dominant, we have yet to encounter
one without at least focal clear cells and this finding should
prompt FISH analysis for EWSRI when the diagnosis is not
readily apparent. This test is useful not only because it is
sensitive and specific to HCCC but also because it is
widely available in many labs owing to its use in other
tumors in soft tissue. With the emergence of additional
translocations and mutations associated with salivary gland
neoplasms, it may in time be possible to generate a clini-
cally-relevant and morphologically-consistent “molecular
classification of salivary gland cancer”.
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