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Abstract

Introduction— SMARCBI encodes for a component of the SWI/SNF complex and is widely
implicated in carcinogenesis. In the head and neck, SMARCB1-deficient carcinomas typically
arise in the sinonasal tract but can be found at other sites. EZH2 inhibitors have emerged as
potential targeted therapy against SWI/SNF-deficient tumors. We sought to characterize the
cytomorphology of head and neck carcinomas with SMARCBL1 deficiencies to identify potential
candidates for targeted therapy.

Materials and Methods—Head and neck carcinomas with SMARCBI mutations were
retrospectively identified and confirmed to be SMARCB1 deficient by both molecular (FISH or
Next Generation Sequencing) and immunohistochemical means. Cases with positive cytology
were reviewed and their cytologic features cataloged.

Results—A total of 19 specimens from 13 patients were reviewed, including 8 specimens from 7
sinonasal carcinomas, 4 specimens from 3 thyroid carcinomas, 3 specimens from 2 skin
carcinomas, and 4 specimens from 1 carcinoma of unknown primary origin. High-grade features
were common, including mitoses (11/19) necrosis (13/19) and multinucleation (16/19). Tumors
showed either dense cytoplasm with distinct cell borders (10/19) or delicate cytoplasm with
indistinct cell borders (9/19). Most tumors showed no distinct epithelial differentiation (12/19),
while some (7/19) showed glandular or signet ring features. A minor cohort demonstrated
rhabdoid cells (4/19).

Conclusion—Head and neck carcinomas with SMARCBL deficiencies have a wide array of
morphologies and tend to demonstrate high-grade features. Only a minor cohort demonstrate
rhabdoid-type cells. Evaluation of SMARCBL1 deficiency for potential targeted therapy should not
be limited to tumors with rhabdoid morphology.
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BACKGROUND

The Switch/Sucrose Non-Fermentable (SWI/SNF) protein complex is ubiquitous in tissue
and is highly evolutionarily conserved.! The overall function of the SWI/SNF complex is to
control gene expression through histone modification.? In normal development, it is
associated with development and differentiation of tissues toward a particular lineage.13
This is accomplished through the interchangeability of the SWI/SNF complex protein
subunit modules, allowing for tissue specificity.14> Components of SWI/SNF protein
complex are involved in regulation of the p16-RB pathway, canonical WNT (p-catenin
dependent) pathway, and sonic hedgehog pathway.26

While many SWI/SNF protein subunits are interchangeable, BAF47 (also known as INI-1 or
Integrase Interactor 1 and SNF5) is a required component of all SWI/SNF complexes.2:6
SMARCBI is the gene encoding for this protein, which is located at 22q11.23.%.7 Since they
were first described in malignant rhabdoid tumors,” mutations in SMARCBI have been
associated with many tumor types throughout the body.2:6:8 Tumors with BAF47 loss and
loss of other SWI/SNF proteins are commonly associated with what has been described as a
rhabdoid morphology,’~13 characterized by abundant dense eosinophilic cytoplasm and
eccentrically placed nucleus.

In the head and neck region, SMARCB1 mutations are most commonly associated with a
recently described entity known as SMARCB1-deficient sinonasal carcinoma. The first case
of an unusual undifferentiated sphenoid tumor harboring SMARCBI deletion was reported
by Jamshidi et aA* and this was shortly followed by the first two concurrently published
case series in 2014.1516 |_ater studies further described the extended morphologic spectrum
of these tumors.1” Three morphologic subgroups were defined, including basaloid,
plasmacytoid/rhabdoid, oncocytoid/adenocarcinoma-like pattern, among others.17-18

Rhabdoid cells were seen in tumors of all morphologic subtypes but in varying proportions.
15,18

The cytology findings of SMARCB1-deficient sinonasal carcinomas have been previously
described in a limited number of cases. The first known case report was published by
Allison and colleagues in 2016.1° The tumor was described as being relatively
monomorphic, composed of polygonal to plasmacytoid cells arranged in poorly cohesive
clusters. Nuclei were eccentrically located, round to oval, and had prominent nucleoli.1®
Rhabdoid cells were seen, albeit sparsely.1® This report was followed in 2018 by a series of
6 cases published by Allard and colleagues.2? The majority of these cases showed a basaloid
appearance with indistinct cell borders, but some cases with distinct cell borders were also
seen.29 While moderate anisonucleosis and multinucleation were present in a single case,
“overt nuclear pleomorphism” was not seen.20 Interestingly, the most common feature seen
in histology specimens, rhabdoid cells, were only seen in two cases.20 SMARCB1-deficient
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sinonasal carcinomas are not the only tumors of the head and neck known to harbor
SMARCBI mutations. A large study performed in 2016 investigating the mutational
landscape of poorly differentiated and anaplastic thyroid carcinoma demonstrated
SMARCBI mutations in 6% of anaplastic thyroid carcinomas.?! Additionally, at our
institution, we have detected loss of SMARCBL protein in other tumors arising in the head
and neck region, such as skin.22

Detection of tumors with SMARCB1 loss of protein has become increasingly important with
the advent of EZH2 inhibiting pharmaceutical compounds as targeted therapy. Studies have
demonstrated that the SWI/SNF complex and the Polycomb repressive complex 2 (PRC2)
are antagonistic.1:2324 SWI/SNF complex has been linked to tissue lineage differentiation,
1-3 whereas PRC2 has been associated with propagation of the stem cell phenotype." It is
believed that the unchecked overactivity of PRC2 at its catalytic subunit EZH2 is responsible
for the oncogenic potential of SWI/SNF mutations.24 Multiple /n vitro studies have
demonstrated the efficacy of EZH2 inhibition in SWI/SNF deficient cell lines.26-29 A phase
2 trial to investigate the /n vivo efficacy of EZH2 inhibitors as targeted therapy in SWI/SNF
depleted tumors is currently underway.3°

Considering the characteristic morphology of SMARCB1-deficient malignancies reported in
the literature’13, we hypothesize that SMARCB1-deficient carcinomas may similarly have
unifying identifiable morphologic features. Given the potential for EZH2 targeted therapy
and the particular amenability to fine needle aspiration biopsy of head and neck lesions, we
proposed to analyze the cytomorphologic features of SMARCB1-deficient carcinomas
arising in the head and neck.

METHODS

After approval from our Institutional Review Board, the institutional database was queried
for tumors with deleterious mutations in SMARCBI (INI-1) arising in the head and neck
region. A total of 13 cases with available cytology specimens were identified. SMARCB1
mutation was confirmed on the surgical resection specimen by one of two molecular
methods: Fluorescence Jin situhybridization (FISH) or targeted exome sequencing MSK-
IMPACT assay as previously described.31:32 INI-1 loss was confirmed
immunohistochemically on 4 pm formalin-fixed paraffin-embedded tissue sections (BD
Biosciences Clone 25; 1:200).

All cytology specimens were reviewed in tandem with available histologic sections by three
board-certified pathologists, including 22 Diff-Quik stained smears, 9 Pap stained smears, 5
H&E stained smears, 13 ThinPrep slides, and 16 formalin-fixed, paraffin-embedded cell
block slides. Cytologic preparations were reviewed for a panel of cytomorphologic features,
including background findings, presence of necrosis, architectural patterns, quality of cell
borders (distinct or indistinct), degree of cohesion (discohesive, loosely cohesive, or
cohesive), cellular morphology, cell size (small, intermediate or large), variation in cell size
(described as a ratio of smallest:largest), quantity of cytoplasm (scant, moderate or
abundant), cytoplasmic quality (dense to delicate), presence of eosinophilic cytoplasmic
globules, presence of vacuoles, chromatin pattern, presence of nuclear grooves and/or
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indentations, size of nucleoli (small to prominent), number of nucleoli, presence of mitoses,
multinucleation and cellular differentiation.

RESULTS

Our cohort consisted of 19 cytology specimens from 13 patients. Our patient population
included 7 men and 6 women ranging in age from 33-79 (mean age 53). The tumors
consisted of 7 SMARCB1-deficient sinonasal carcinomas, 3 thyroid carcinomas, 2
carcinomas primary to the skin, and 1 tumor of unknown primary initially identified in a
level 2 neck lymph node. Two of the thyroid carcinomas were diagnosed as anaplastic, while
the third was diagnosed as an undifferentiated malignant neoplasm arising in association
with a papillary thyroid carcinoma, cribriform morular variant. (Table 1) The cells were
present in clusters as well as single cells in the cytology preparations. Cells were round,
polygonal, or plasmacytoid with cytoplasmic quantity ranging from scant to abundant. There
was also great variability with respect to anisocytosis, ranging from 1:2 to 1:20 size
variation. Mitoses (11/19) and necrosis (13/19) were common. Nuclei often showed grooves
or indentations (13/19) with coarse to vesicular chromatin. Nucleoli were universally present
(19/19) and were either small (13/19) or prominent (6/19). Nucleoli number ranged from 1
to over 5. Focal multinucleation was a common finding and was identified in 16/19 cases.
(Figure 1)

With respect to cellular differentiation, the most common finding was no distinct epithelial
differentiation (12/19), while a minority (7/19) showed glandular or signet ring
differentiation. Cells with rhabdoid features were seen in 4/19 of cases. (Figure 2) Of note,
the cytoplasmic inclusions of rhabdoid cells appeared teal to blue in Papanicolaou stained
preparations. Glandular differentiation and rhabdoid morphology were not mutually
exclusive, with both present in 2/19 cases. Vacuoles were present in 13/19 of cases. Round
eosinophilic cytoplasmic densities were seen in 4/19 of cases. Similar to the rhabdoid
inclusions, these densities appeared blue on Papanicolaou stained preparations. (Figure 3)

Although our analysis showed a spectrum of morphologic findings, tumors could be
subdivided into one of two major morphologic patterns. They showed either delicate
cytoplasm with indistinct cell borders (47%) or dense cytoplasm with distinct cell borders
(53%). (Figure 4)

DISCUSSION

The ability to identify carcinomas with potential SMARCBI mutations takes on special
significance in light of EZH2 inhibitory targeted therapy. Our study demonstrates that one
must not limit consideration for potential use of this therapeutic agent to SMARCB1-
deficient sinonasal carcinomas alone. While many cases in our cohort were SMARCB1-
deficient sinonasal carcinomas, 46% were other histotypes. In addition to SMARCB1-
deficient sinonasal carcinomas, poorly differentiated and anaplastic thyroid carcinomas have
been previously reported to harbor SMARCBI mutations. Additionally, 2 novel cases of
SMARCB1-deficient carcinomas of the skin have recently been reported by our group??, the
cytologic features of which are described herein. If EZH2 inhibitor therapy proves to be

JAm Soc Cytopathol. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kezlarian et al.

Page 5

efficacious against head and neck tumors with SMARCBI mutations, any tumor with high-
grade features or multinucleation on cytology arising in this region should be considered a
candidate for SMARCB.1 assessment.

The main aim of our study was to characterize the cytomorphologic features of SMARCB1-
deficient carcinomas arising in the head and neck region, as lesions in these areas are often
amenable to fine needle aspiration biopsies. The tumors in our cohort tended to show high-
grade features, which was congruent with their histologic characteristics. Mitoses (58%) and
necrosis (68%) were identified in the majority of cases. Multinucleation (89%) and
anisocytosis were also present in the majority of the cases. There was a significant degree of
heterogeneity in our cohort, likely due in part to the variation in tumor classification. Despite
this morphologic heterogeneity, tumors could be subdivided into one of two major
morphologic patterns. They showed either delicate cytoplasm with indistinct cell borders
(47%) or dense cytoplasm with distinct cell borders (53%). No discernable pattern was
identified among tumor types for all observed characteristics. This finding should be
interpreted with caution the relatively small sample size for individual tumor types.

Previous investigation into the cytologic features of carcinomas with SMARCB1 deficiency
in the head and neck region is limited to 7 SMARCB1-deficient sinonasal carcinomas.1920
Similar to our cohort, these studies identified high grade features, including frequent
necrosis and mitotic figures. These studies also found rhabdoid cells in only a subset (3/7) of
cases. Our findings differed with respect to anisocytosis. We had significant anisocytosis in
our cohort, whereas previous studies found 6/7 cases showed a uniform population of cells,
with 1/7 showing only moderate variation. We identified multinucleation in 16/19 cases.
Multinucleation was only noted in 1/7 previously reported cases. These differences might be
attributed to the larger number of cases in our cohort.

SWI/SNF mutations have long been associated with a rhabdoid phenotype in the literature.
7-9,11-13 Rhabdoid cells are defined as having dense eosinophilic inclusions found to be
composed of intermediate filaments33 which displace the nucleus eccentrically. Our study
demonstrates that while classic rhabdoid cells can be seen in these tumors, they were not the
predominant morphological finding. Of interest, we identified dense eosinophilic
cytoplasmic globules in 4 of 19 cases, which were found to coexist with rhabdoid cells in 2
cases. These globules could be analogous to the inclusions identified in classical rhabdoid
cells but are not large enough to displace the nucleus eccentrically to complete the rhabdoid
appearance. Alternatively, these globules could represent condensation of these intermediate
filaments. Further study may be warranted to interrogate this relationship, if one exists.

All thyroid carcinomas identified to have SMARCBI mutations in our institutional query
were diagnosed as anaplastic carcinomas, or as an undifferentiated neoplasm admixed with
cribriform morular variant of papillary thyroid carcinoma. The acquisition of SWI/SNF
mutations has been associated with dedifferentiation at other tumor sites, particularly in
endometrial carcinomas.13:34:35 Given the lack of differentiation not only in the thyroid
specimens, but the majority of specimens in our cohort and given the association of
SWI/SNF proteins with tissue lineage differentiation, one must consider if the loss of
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SMARCB1 and other SWI/SNF proteins contributes to an undifferentiated tumor phenotype
regardless of tissue of origin.

Both anaplastic thyroid carcinomas showed coexisting (likely) oncogenic mutations in
addition to SMARCBI1?1. Among them, one anaplastic thyroid carcinoma showed a BRAF
V600E and a 7ERT promoter mutation suggesting that SMARCBI mutation in these
carcinomas may not necessarily represent an initiating driver alteration. Importantly, this
study demonstrates one must consider thyroid origin when confronted with a SMARCB1-
deficient undifferentiated appearing neoplasm.

One may consider the heterogeneity of tumor types to be a limitation of this study. Indeed,
the variation in tumor types likely accounts for a significant amount of the heterogeneity in
morphologic features. However, the purpose of this study was to identify unifying
morphologic characteristics due to a molecular alteration independent of tumor type. With
this goal in mind, the tumor type heterogeneity may underscore the validity of our findings
with respect to the morphologic similarities observed between these tumors.

Analysis of the prevalence of SMARCBI mutations in tumors of the head and neck region
was not the subject of this study. Only tumors for which a SMARCBI mutation was
identified were retrospectively identified to include in our cohort. Additionally, this study
was performed at a large cancer hospital, and therefore subject to referral bias.

CONCLUSION

Our study demonstrates that the cytomorphologic features of SMARCB1-deficient
carcinoma are variable, tend to show high-grade features, and frequently demonstrate
multinucleation. Morphologically, they can be subdivided into two major categories- either
delicate cytoplasm with indistinct cell borders or dense cytoplasm with distinct cell borders.
Importantly, not all cases demonstrated the presence of rhabdoid cells. Evaluation of
SMARCB1 deficiency for potential targeted therapy should not be limited to tumors with
rhabdoid morphology. Rather, any high-grade carcinoma should be considered a potential
candidate for SMARCBI1 mutation analysis, particularly if multinucleation is present.
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Highlights

. SMARCB1-deficient carcinomas of the head and neck show highly variable
cytomorphology

. High grade features, including multinucleation, mitoses and necrosis are
frequently seen

. “Rhabdoid” cells may be present, but are relatively uncommon

. Most specimens showed no distinct epithelial differentiation
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Figure 1.
Multinucleation in a primary thyroid carcinoma shown on Papanicolaou stained monolayer

preparation (A) and in the corresponding primary surgical resection specimen (B). Bi- and
multinucleation in a fine needle aspiration specimen of a cervical lymph node, unknown
primary site (A) and a subsequent liver biopsy (B).
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Figure 2.
SMARCB1-deficient sinonasal carcinoma showing rhabdoid cells in DiffQuik (A),

Papanicolaou (B), and H&E (C) stained smears. The corresponding surgical resection
specimen (D) is also shown.
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Figure 3.
Dense, eosinophilic cytoplasmic globules in a SMARCB1-deficient sinonasal carcinoma on

H&E stained smear (A) and in the primary surgical resection specimen (B). Primary skin
carcinoma, shown on Papanicolaou stained smear (C) and primary surgical resection
specimen (D) also demonstrates dense, eosinophilic globules.
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Figure 4.
Two different sinonasal carcinomas demonstrating the two dominant patterns identified in

this study; Dense cytoplasm with distinct nuclear borders (A and B) versus delicate
cytoplasm with indistinct nuclear borders (C and D).
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Table 1.

Patient demographics, primary diagnosis, specimen site and specimen type

Page 14

Primary Site | Age | Pathologic Diagnosis Specimen Site Specimen Type
1 Sinonasal 53 Poorly differentiated/Undifferentiated carcinoma Preauricular mass FNA
2 Sinonasal 54 Poorly differentiated squamous cell carcinoma with Shoulder fluid collection | FNA
basaloid features
3 Sinonasal 54 Poorly differentiated carcinoma with focal glandular and Bone lytic lesion FNA
clear cell features
4 Sinonasal 66 Poorly differentiated carcinoma, favor adenocarcinoma Lymph node FNA
5 Sinonasal 33 Poorly differentiated non-keratinizing squamous cell Lung FNA and touch prep
carcinoma
6 Sinonasal 79 Poorly differentiated carcinoma with glandular features, Liver Touch prep and rinse
SMARCB-1 deficient
Liver Touch prep and rinse
7 Sinonasal 26 Poorly differentiated carcinoma Lung Touch Prep
8 Thyroid 59 Anaplastic carcinoma Peritoneal fluid Fluid
9 Thyroid 67 Anaplastic carcinoma Thyroid FNA
10 | Thyroid 50 Undifferentiated neoplasm admixed with cribriform Lymph node FNA
morular variant of papillary thyroid carcinoma
Lung FNA
11 | Skin 18 Poorly differentiated carcinoma Lymph node FNA and touch prep
12 | Skin 76 Poorly differentiated carcinoma, SMARCBL1 (INII)- Submental mass Touch prep and rinse
deficient
Retroauricular mass Touch prep and rinse
13 | Unknown 52 Poorly differentiated carcinoma Lymph node FNA
Liver Touch prep and rinse
Lung BAL
Lung Brush
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Cytomorphologic features

Table 2.
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Results per Specimen Total N=19 | Sinonasal Carcinoma N=8 | Thyroid N=4 | Skin N=3 | Unknown Primary N=4
Nucleoli 19 | 100% 8 100% 4 100% 3 | 100% 4 100%
Mitoses 11 | 58% 4 50% 3 75% 3 | 100% 3 75%
Necrosis 13 | 68% 4 50% 4 100% 3 | 100% 2 50%
Nuclear grooves/indentations 13 | 68% 5 63% 4 100% | 3 | 100% 1 25%
Bi-or Multinucleation 16 | 84% 7 88% 2 50% 3 | 100% 4 100%
Rhabdoid Cells Present 4 21% 2 25% 2 50% 0 - 0 -
Differentiation
None | 12 | 47% 75% 3 75% 100% 0 -
Glandular/SignetRing | 7 37% 2 25% 1 25% 0 - 4 100%
Cytoplasmic inclusions
Vacuoles | 13 | 68% 5 63% 2 50% 2| 67% 4 100%
Eosinophilic bodies | 4 21% 2 25% 0 - 1] 33% 1 25%
Cytoplasm
Delicate with indistinct borders | 9 47% 4 50% 2 50% 3 | 100% 4 100%
Dense with distinct borders | 10 | 53% 4 50% 2 50% 0 - 0 -
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