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CASE REPORT

SMARCAA4-deficient Sinonasal Carcinoma
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Abstract The term “sinonasal undifferentiated carcinoma
(SNUC)” has been coined in 1986 for a highly aggressive
sinonasal tract epithelial neoplasm showing distinctive
morphology, but lacking any specific line of differentiation.
Recent developments resulted in a dynamic splitting of new
entities traditionally included in the spectrum of SNUC.
Sinonasal NUT-midline carcinoma, adamantinoma-like
Ewing family tumors and most recently, SMARCB1(INI1)-
deficient sinonasal carcinoma are the main entities defined
by specific genetic aberrations. To our knowledge, involve-
ment of subunits of the SWItch/Sucrose Non-fermentable
(SWI/SNF) chromatin remodeling complex other than
SMARCBI has not been implicated in the pathogenesis
of SNUC-like neoplasms. We herein describe a 40-year-
old woman who presented with a large infiltrative mass
involving the right nasal cavity and the sinuses with exten-
sion into the skull base and periorbital tissue (cT4N2MO).
Biopsies were interpreted initially as poorly differentiated
neuroendocrine carcinoma followed by surgical resec-
tion and radiochemotherapy. No other extra-nasal tumor
was detected on imaging. The patient was alive with dis-
ease at last follow-up (9 months from initial diagnosis).
Histological evaluation showed poorly differentiated small
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round blue cell neoplasm with diffuse expression of pan-
cytokeratin but not high molecular weight cytokeratin sub-
sets, CK7, p63, S100, desmin or NUT. Neuroendocrine
markers showed limited focal weak reactivity. SMARCBI,
SMARCA?2 and ARIDIA were intact in the tumor cells but
SMARCA4 was completely lost. This case highlights the
rare occurrence of SMARCA4-deficiency in poorly differ-
entiated sinonasal carcinomas and points to the importance
of including other SWI/SNF complex subunits in the evalu-
ation of SMARCB 1-intact sinonasal malignancies.
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Introduction

As a group, sinonasal tract malignancies represent no more
than 1% of all malignant neoplasms and <5% of all head
and neck cancers [1]. Their rarity and the fact that poorly
differentiated sinonasal neoplasms comprise a group of his-
togenetically, genetically and biologically diverse, albeit
morphologically and phenotypically highly overlapping
neoplastic disease entities underline the need for exact clas-
sification [2, 3]. Accordingly, the diagnostic workup and
exact subtyping of a given neoplasm at this site may pose
a real diagnostic challenge in the daily practice of diagnos-
tic surgical pathology. Thus, extended familiarity with and
deep knowledge of their phenotypic diversity and their spe-
cific diagnostic criteria as well as access to certain adjunct
tools are mandatory for diagnosis [4].

Recently, Agaimy et al. [5] and Bishop et al. [6] inde-
pendently reported on the existence of undifferentiated
sinonasal carcinoma characterized by loss of the tumor
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suppressor SMARCBI1 (INI1) encoded by the SMARCBI
gene on chromosome 22q. SMARCBI1 is a member of the
SWIltch/Sucrose Non-Fermentable (SWI/SNF) complex, a
large complex of >20 functionally closely related proteins
involved in the process of chromatin remodelling and hence
in the regulation of gene expression, cell proliferation and
differentiation [7]. This evolutionary highly preserved pro-
tein complex is composed of several core subunits (includ-
ing SMARCBI1) and two catalytic subunits: SMARCA2
(BRM) and SMARCA4 (BRG) [7]. Recent genome-wide
investigations uncovered a surprisingly high rate of SWI/
SNF subunit mutations in cancers of different histological
subtypes occurring in different organs of the human body
[8]. SWI/SNF-deficient neoplasms are generally unified
by high frequency of undifferentiated anaplastic and/or
rhabdoid cell phenotype and loss of the SWI/SNF subunit
affected by the mutation making SWI/SNF immunohisto-
chemistry (IHC) a highly valuable diagnostic tool in recog-
nizing and properly classifying these aggressive neoplasms
[9]. Among the SWI/SNF proteins, SMARCA4 loss has
been recently identified as the main or sole alteration driv-
ing small cell carcinoma of the ovary, hypercalcemic type
[10]. Other SMARCA4-driven neoplasms include a rare
subset of highly aggressive thoracic malignancies [11] as
well as a subset of non-small cell lung cancer (NSCLC)
[12] and others. To our knowledge, SMARCAA4 loss has not
been demonstrated to date in sinonasal tract carcinoma. The
aim of this case report is to alert to this rare occurrence and
to encourage using other SWI/SNF markers in the immuno-
histochemical workup of poorly/undifferentiated sinonasal
tract carcinoma, particularly if SMARCBI is intact.

Case Report

A 40-year-old woman presented with a large infiltra-
tive mass involving the right nasal cavity and the sinuses
with extension into the skull base and periorbital tissue
(cT4N2MO). Biopsies were obtained and a diagnosis of a
poorly differentiated neuroendocrine carcinoma was ren-
dered followed by surgical resection and radiochemother-
apy. She was alive and well at last follow-up 9 months from
initial diagnosis. No other tumor was detected on imaging.

Materials and Methods

The tumor specimen was fixed in buffered formalin and
embedded for routine histological examination. Immuno-
histochemistry was performed on 3-um sections cut from
paraffin blocks using a fully automated system (“Bench-
mark XT System”, Ventana Medical Systems Inc, 1910
Innovation Park Drive, Tucson, Arizona, USA) and the
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following antibodies: pancytokeratin (clone AEI/AE3,
1:40, Zytomed, Berlin, Germany), CK7 (OV-TL, 1:1000,
Biogenex), p63 (4A4, 1:100, Zytomed), CKS5 (clone
XM26, 1: 50, Zytomed), chromogranin A (clone LK2H10,
1:500, Beckman-Coulter GmbH), synaptophysin (clone
SY38, 1:50, Dako), CD56 (clone MRQ-42, 1:100, CELL
MARQUE), desmin (clone D33, 1:250, Dako), protein
S100 (polyclonal, 1:2500, Dako), CD117 (polyclonal rabbit
antibody, 1:100; Dako), anti-NUT (clone C52B1, 1:45, Cell
Signaling), SMARCBI1 (INI1) (MRQ-27, 1:50, Zytomed),
SMARCAZ2 (polyclonal antibody, 1:100, Atlas Antibodies
AB, Stockholm, Sweden), SMARCA4 (anti-BRG1 anti-
body, clone EPNCIR111A, 1:100, Abcam; Cambridge,
UK) and ARIDI1A (rabbit polyclonal antibody, ab97995,
1:100; Abcam). Assessment of the staining results of the
SWI/SNF components was done as recently described
[13], i.e. only the nuclei of viable tumor tissue (away from
necrotic areas) were assessed. The presence of a homoge-
neous strong nuclear staining in the background normal
cells was a prerequisite for assessable staining.

Results

Histological examination showed a diffuse infiltration of the
sinonasal lamina propria by monomorphic relatively small
to medium-sized rounded hyperchromatic “blue” undiffer-
entiated neoplastic cells having condensed chromatin and a
narrow rim of pale eosinophilic cytoplasm (Fig. 1a, b). The
neoplastic cells were arranged in a diffuse pattern superfi-
cially mimicking small cell carcinoma with focal areas of
necrosis and brisk mitotic as well as apoptotic activity. In
other areas the tumor cells were loosely arranged and less
blue-looking (Fig. Ic). Focally, subtle plasmacytoid fea-
tures with eccentric rim of condensed eosinophilic cyto-
plasm were seen in a few scattered cells in these loosely
arranged areas but no frankly rhabdoid or large cells were
evident (Fig. 1d). There were no glands, pseudorosettes or
surface epithelial dysplasia nor were there remnants of Sch-
neiderian papilloma or any other differentiated component.
Immunohistochemically, the tumor cells showed strong
diffuse cytoplasmic staining for pancytokeratin AE1/AE3,
but were negative with CK5 (Fig. 2a), p63, CK7, CD117,
desmin, protein S100 and NUT antibody. Variable weak
expression of CD56 and synaptophysin (Fig. 2b) was seen
in 10-30% of the tumor cells. Chromogranin A was nega-
tive. As this neoplasm was initially identified as possible
SMARCBI-deficient carcinoma on histological grounds,
SMARCBI was stained and showed intact reactivity in the
neoplastic cells (not shown). Accordingly, other members
of the SWI/SNF complex were investigated as well which
showed complete loss of SMARCA4 (Fig. 2c), reduced
SMARCAZ? (Fig. 2d) and intact expression of ARID1A.
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Fig. 1 a SMARCA4-deficient sinonasal carcinoma growing beneath
surface epithelium lacking dysplasia. b Higher magnification show-
ing monotonous small round cell neoplasm. ¢ Loosely arranged small

Discussion

A significant proportion of sinonasal tract malignancies
display a poorly/undifferentiated overlapping morphology
despite being of diverse histogenesis and having signifi-
cantly varying response rate to multimodal radiochemother-
apy [2, 3]. Accordingly, the differential diagnostic workup
of these poorly differentiated sinonasal neoplasms aims at
exclusion of non-epithelial mimickers (small round cell
sarcomas and hematolymphoid malignancies) on one side
and trying to work out an exact subtype of poorly differen-
tiated carcinomas on the other side. Since first description
of SNUC as highly aggressive site-specific sinonasal car-
cinoma type in 1986 [14], it became evident that the mor-
phological spectrum of neoplasms included in the SNUC
category is heterogeneous and might represent a final com-
mon pathway of dedifferentiation for different entities mak-
ing SNUC a diagnosis of exclusion [15]. Thus, SNUC has

neoplastic cells with less basaloid appearance were seen focally. d
Same area showed scattered cells with subtle plasmacytoid features

undergone dynamic splitting of several molecular subtypes
resulting in establishment of genetically defined sinonasal
carcinoma categories such as NUT-rearranged midline car-
cinoma [16], the recently described SMARCB1-deficient
sinonasal carcinoma [5, 6, 17] and adamantinoma-like
Ewing family tumors [18].

To our knowledge, SMARCA4 deficiency has not been
reported in a primary sinonasal tract carcinoma before.
However, during revision of this manuscript, a single case
of SMARCA4-mutated sinonasal carcinoma was included
in a cohort of 11 SNUC cases investigated by next genera-
tion sequencing and was confirmed as SMARCA4-deficient
by IHC [19]. Absence of IDH2 mutations (detected in 6 of
11 SNUC as potential genetic driver in that study) in the
SMARCA4-mutant tumor suggests SMARCA4-deficiency
as likely molecular driver of the neoplasm. The illustrations
of that case and our case are very similar, both cases being
small round cell undifferentiated malignancies. Thus, the
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Fig. 2 a The neoplastic cells were immunonegative with CKS5 (sur-
face epithelium was positive). b In this area of the tumor, weak to
moderate punctate synaptophysin expression is seen. ¢ Complete loss

small cell morphology seen in the current case and in the
case reported by Jo et al. [19] is analogous to the classical
variant of ovarian small cell carcinoma, hypercalcemic type
[20]. Unfortunately, no serological data were available to
see if the patients have had pre-therapeutic paraneoplastic
hypercalcemia or not. However, similar to the ovarian small
cell carcinoma and to SMARCAA4-deficient carcinomas of
other organs [13, 21], histological variation of SMARCA4-
deficient sinonasal carcinoma may be expected as well
including large cell and rhabdoid cell variants. Thus, one
should not restrict using SMARCA4 immunostaining for
those neoplasms with the prototypical basaloid small cell
morphology until the full spectrum of SMARCAA4-deficient
sinonasal carcinoma has been well delineated.

Taken together, we believe the current case does not
fit any of the WHO-defined sinonasal carcinoma catego-
ries other than undifferentiated carcinomas (SNUC) as
a diagnosis of exclusion. Furthermore, the appearance
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of SMARCA4 was seen in the neoplastic cells (normal endothelia
as a control in the background). d SMARCA?2 showed significantly
reduced, albeit still recognizable nuclear staining in the tumor cells

of the current SMARCA4-deficient sinonasal carci-
noma is essentially not distinguishable from the recently
described SMARCBI1-deficient sinonasal carcinoma
which displayed a stereotypic “blue cell” basaloid pat-
tern in the majority of cases [5, 6, 17]. Variable expres-
sion of neuroendocrine markers has been reported in
SNUC and may suggest neuroendocrine carcinoma [19,
22]. However, expression of the specific neuroendocrine
markers was generally limited and weaker than in bone
fide neuroendocrine carcinomas [23]. Notably, vari-
able neuroendocrine traits have been recently reported
in SMARCB1-deficient sinonasal carcinomas (CD56 in
28%, synaptophysin in 18% and chromogranin A in 10%
of cases) with some cases coexpressing 2 markers [17].
This fact should be taken in mind when approaching
poorly differentiated sinonasal neoplasms with small cell
basaloid morphology to avoid misinterpretation as genu-
ine neuroendocrine carcinomas [23].
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In summary, we described herein a novel case of undif-
ferentiated sinonasal carcinoma demonstrating SMARCA4
deficiency pointing to the involvement of SWI/SNF pro-
teins other than SMARCBI in rare variants of sinonasal
carcinomas in the spectrum of undifferentiated sinonasal
neoplasms. Inclusion of other SWI/SNF immunomarkers
in the differential diagnostic workup of poorly differenti-
ated sinonasal carcinomas not fitting well-known subtypes
is thus recommended. The full morphological and clinico-
pathological spectrum of this rare variant remains to be
delineated in future reports on more cases.
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