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SMARCB1 (INI-1)-Deficient Adenocarcinoma of the Sinonasal Tract:
A Potentially Under-Recognized form of Sinonasal Adenocarcinoma
with Occasional Yolk Sac Tumor-Like Features
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Abstract

The classification of sinonasal adenocarcinoma (SNAC) is complex. The high-grade, non-intestinal SNAC group is particu-
larly heterogeneous, with tumors showing widely variable morphology. SMARCB1 (INI-1)-deficient sinonasal carcinoma
is a newly described, aggressive tumor that usually resembles sinonasal undifferentiated carcinoma (SNUC) or non-kerati-
nizing squamous cell carcinoma; however, glandular differentiation has been rarely reported and this feature may be under-
recognized. We present a dedicated series of 12 SMARCB1-deficient SNACs. All tumors had an oncocytoid/plasmacytoid
cytomorphology with variable degrees of glandular differentiation consisting of tubules and cribriform structures with foci
of intracellular or intraluminal mucin. Three of 12 tumors exhibited foci of yolk sac tumor-like histologic features. The
tumors were uniformly high-grade, with nuclear pleomorphism, elevated mitotic rates and frequent necrosis. By immuno-
histochemistry, all tumors were entirely SMARCB 1-deficient, and 10 of 12 were CK7-positive. Occasional expression of
CDX2 (4 of 12), CK20 (3 of 12), and p40 (3 of 10) was seen. Expression of yolk sac markers was variably present in tumors
that harbored yolk sac-like areas but also tumors that did not: glypican-3 (10 of 11), SALL4 (6 of 11), HepPar-1 (4 of 11),
PLAP (1 of 10), and AFP (1 of 11). SMARCB 1-deficient sinonasal carcinoma, particularly the oncocytoid/plasmacytoid
form, can demonstrate variable degrees of glandular differentiation. This unexpected morphology combined with variable
immunohistochemical results may lead to misdiagnoses of high-grade intestinal or non-intestinal SNAC, myoepithelial
carcinoma, or even yolk sac tumor or metastatic hepatocellular carcinoma.
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Introduction are also so-called surface-type adenocarcinomas which are

further classified by grade and the presence or absence of
The classification of sinonasal adenocarcinoma (SNAC) intestinal differentiation [1.] The high-grade non-intestinal
is complex. In addition to salivary-type SNACs which are =~ SNAC group is particularly heterogeneous, with tumors
analogous to their major salivary gland counterparts, there =~ showing tremendously variable morphology [2, 3.] The
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classification of this group, similar to sinonasal undifferen-
tiated carcinoma, is undergoing refinement as tumors with
distinct immunohistochemical and molecular signatures are
gradually being recognized. For example, it has been dem-
onstrated that a subset of sinonasal adenocarcinomas are not
truly surface derived but rather have a seromucinous gland
phenotype [4] and there are rare case reports of SNAC that
are human papillomavirus (HPV)-related [3.]

SMARCBI1 (INI-1)-deficient sinonasal carcinoma is a
newly described, aggressive tumor that was first reported
in 2014 independently by two groups [5, 6.] Since then,
additional case reports and case series have been published
which confirms this as distinct tumor entity [7-11.] Most
tumors demonstrate either a basaloid “blue cell” tumor mor-
phology reminiscent of sinonasal undifferentiated carcinoma
or non-keratinizing squamous cell carcinoma, but others
have a more oncocytoid/plasmacytoid or “pink cell” tumor
morphology [5, 6, 8, 10.] There are also rare reported cases
of SMARCB 1-deficient carcinomas with glandular differen-
tiation, sarcomatoid change and even yolk sac differentiation
[8, 11.] Herein we present a dedicated series of SMARCB1-
deficient SNACs.

Methods

All cases of SMARCB1-deficient SNACs were retrieved
and reviewed from the authors’ files. A total of 12 cases
demonstrated clear-cut morphologic evidence of glandular
differentiation and were included in this study. Five of these
cases have been previously reported [5, 8, 10.] Immunohis-
tochemistry for SMARCB1, CK7, CK20, S100, p40, CDX2,
glypican-3, SALL4, HepPar-1, PLAP, and AFP was per-
formed. As these cases were sourced from multiple institu-
tions, immunohistochemical protocols were not standardized
for all cases. Patient demographic data as well as histologic
and immunohistochemical features were recorded.

Results

Twelve cases of SMARCB1-deficient SNAC were found,
which are summarized in Table 1. They occurred in 10
men and 2 women ranging from 21 to 82 years (mean,
57 years) and arose in the nasal cavity (n=06), maxillary
sinus (n=1), ethmoid sinus [1] or multiple sinonasal tract
subsites (n=4). Five cases were prospectively identified as

Table 1 Clinical and pathologic characteristics of SMARCB1-deficient adenocarcinomas

Case Age Sex Location

Glandular morphology
(% glandular component)

Non-glandular morphol-  Original diagnosis Reference if

1 71
2 51
3 79
4 58
5 82
6 40
7 50
8 39
9 64
10 58
11 71
12 21

Maxillary sinus

Nasal cavity

Nasal cavity

Frontal sinus

Maxillary and ethmoid
sinuses

Nasal cavity

Nasal cavity

Nasal cavity, maxillary
and frontal sinuses

Nasal cavity

Ethmoid sinus

Nasal cavity, ethmoid
sinus

Nasal cavity

Oncocytoid, myxoid, yolk

sac-like (30%)

Oncocytoid, myxoid (5%)

Oncocytoid, cribriform
(100%)

Oncocytoid, myxoid, yolk

sac-like (30%)
Oncocytoid, myxoid (50)

Oncocytoid, cribriform,
tubuloglandular (75%)

Oncocytoid, cribriform,
tubular (50%)

Oncocytoid, cribriform
(50)

Oncocytoid, myxoid
(100%)

Clear cell, yolk sac-like,
focal oncocytoid (90%)

Oncocytoid, tubular,
myxoid, focal signet
ring cells (70%)

Oncocytoid, cribriform

(70%)

ogy previously
published
Oncocytoid, basaloid, High-grade non-intestinal [6, 10]
spindle cell adenocarcinoma
Oncocytoid SMARCB1-deficient [10]
carcinoma
N/A SMARCB | -deficient [10]
carcinoma
Oncocytoid SMARCB 1-deficient N/A
carcinoma
Oncocytoid SMARCB 1 -deficient N/A
carcinoma
Oncocytoid High-grade non-intestinal [14]
adenocarcinoma
Oncocytoid High-grade non-intestinal [14]
adenocarcinoma
Oncocytoid High-grade non-intestinal N/A
adenocarcinoma
N/A Sinonasal undifferenti- N/A

ated carcinoma
Oncocytoid, clear cell Clear cell carcinoma N/A

Oncocytoid High-grade non-intestinal N/A

adenocarcinoma

SMARCB 1-deficient N/A
carcinoma

Oncocytoid, squamoid
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SMARCB 1-deficient carcinoma, while 5 were originally
diagnosed as high-grade non-intestinal adenocarcinoma, 1
as clear cell carcinoma and 1 as sinonasal undifferentiated
carcinoma.

Histologically, the extent of glandular differentiation in
the SMARCB 1-deficient adenocarcinomas ranged from 5
to 100% (mean 58%) of tumor volume, consisting of cri-
briform structures and tubules with foci of intracellular
and/or intraluminal mucin (Fig. 1a—d). Myxoid stromal
changes were common, seen in 7 of 12 cases. All tumors
demonstrated prominent oncocytoid/plasmacytoid cyto-
morphology in both the glandular and non-glandular areas
(Fig. 2a-b). Uncommon features included foci of basa-
loid (n=1), spindled (n=1), squamoid (n=1) or clear cell
(n=1) morphology (Fig. 2c—d). Three cases demonstrated
focal but overt yolk sac tumor-like histologic features
with a microcystic/reticular pattern in a highly myxoid
stromal background (Fig. 3). No cases had a component

of a better-differentiated carcinoma, and no other germ
cell tumor-like patterns were identified. The tumors were
uniformly high-grade, with all cases exhibiting nuclear
pleomorphism, elevated mitotic rates, and tumor necrosis.

The immunohistochemical staining patterns are sum-
marized in Table 2. By immunohistochemistry, all tumors
were entirely SMARCB 1-deficient, by definition (Fig. 4a).
Ten of 12 were CK7-positive (Fig. 4b). Occasional expres-
sion of CK20 (3 of 12) (Fig. 4c), CDX2 (4 of 12), and
p40 (3 of 10) (Fig. 4d) was seen. All 11 cases tested were
negative for S100. Variable expression of yolk sac immu-
nohistochemical markers was seen, including glypican-3
(10 of 11), SALL4 (6 of 11), HepParl (4 of 11), PLAP (1
of 10), and AFP (1 of 11). Interestingly, while the expres-
sion of these markers was strongly present in the three
cases exhibiting yolk sac-like morphology (Fig. 2b—c), it
was also seen in some cases that lacked clear yolk sac-like
histologic features.

Fig.1 The SMARCBI-deficient sinonasal adenocarcinomas were
made up of oncocytoid/plasmacytoid tumor cells in rounded nests
with cribriform architecture and myxoid stromal changes (a—b). Overt

glandular differentiation was seen in the form of punched-out luminal
spaces (c—d). A mucicarmine stains confirms the presence of intracy-
toplasmic mucin (inset)
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Fig.2 Oncocytoid/plasmacytoid cytomorphology was seen in all
cases not only in the glandular tumor component (a), but also the
non-glandular areas (b) of the SMARCBI1- deficient sinonasal adeno-

Discussion

SMARCBI-deficient sinonasal carcinoma is a distinct
tumor entity that has characteristic histologic appearance
albeit with some variability. The predominant morphology
is that of a basaloid “blue cell” tumor; as such the majority
of cases reported in the literature were previously diagnosed
as sinonasal undifferentiated carcinoma [7, 8, 10.] This basa-
loid morphology can also have an exophytic surface compo-
nent with downward growth into the mucosal glands mim-
icking a non-keratinizing squamous cell carcinoma, basaloid
squamous cell carcinoma and even carcinoma-ex-Schneide-
rian papilloma [8.] The second most common morphologic
pattern, however, is the oncocytic/plasmacytoid (rhabdoid)
or “pink cell” tumor, in which the tumor cells have abundant
eosinophilic cytoplasm and eccentrically placed nuclei [8.]
This “pink cell” pattern is more reminiscent of other tumors
in the family of SMARCB1-deficient malignancies such as
rhabdoid tumor of kidney/soft tissue or epithelioid sarcoma.

As demonstrated in this study, SMARCB 1-deficient car-
cinomas with this oncocytic/plasmacytoid pattern can have

@ Springer

carcinomas. Uncommon features included basaloid (¢) and spindle
cell (d) patterns, each seen in one case

foci of glandular differentiation with overt tubule forma-
tion, cribriform areas as well as intraluminal and intracel-
lular mucin. The extent of the glandular differentiation is
highly variable, with some cases showing very focal areas
whereas in other cases it is the predominating pattern. Myx-
oid stromal alterations were also a common finding in this
group. Five of 12 of our cases were prospectively diagnosed,
whereas the other seven were found through retrospective
review; these cases were previously classified as a high-
grade non-intestinal adenocarcinoma, clear cell carcinoma,
or sinonasal undifferentiated carcinoma. Similar to sinonasal
undifferentiated carcinoma which is considered a heteroge-
neous group of tumors and a diagnosis of exclusion, the
high-grade non-intestinal adenocarcinoma category is also
composed of tumors with a variety of morphologies, and
both categories are undergoing refinement with separation of
distinct diagnostic entities that are defined by more specific
morphologic and immunohistochemical profile and repro-
ducible molecular alterations [3, 7, 12.]

In their large series of sinonasal high-grade non-intes-
tinal adenocarcinomas, Stelow et al. reported a variety of
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Fig.3 Three of the SMARCB1-deficient sinonasal adenocarcinomas
exhibited yolk sac tumor-like morphology, here in the form of micro-
cystic and reticular growth patterns in a myxoid stroma (a). These
tumors were strongly positive for yolk sac markers like SALL4 (b)

and glypican-3 (¢). One tumor was reminiscent of the secretory endo-
metrium-like pattern of yolk sac tumor, and a structure resembling a

Schiller-Duvall body was identified (d)

Table 2 Immunohistochemical

Case SMARCBI CK7 CK20 CDX2 p40 S100 AFP Glypican-3 PLAP SALL4 HepPar-1
profile of the glandular
component of SMARCB1- 1 Lost F+ - _ _ _ _ + F+ + -
deficient sinonasal
. 2 Lost F+ - — - - - - — _ _
adenocarcinomas
3 Lost + - - - - ND ND ND ND ND
4 Lost - - - - - F+ + ND + -
5 Lost + + - ND - - F+ - + _
6 Lost + - - - - - F+ _ _ _
7 Lost + - - ND ND - F+ - - _
8 Lost + F+ - - - - F+ - - +
9 Lost F+ - + F+ - - F+ - F+ _
10 Lost - - F+ - - - + - + F+
11 Lost + - F+ F+ - - + - - +
12 Lost + F+ ND F+ - ND ND ND ND ND

ND not done, F+ focally positive

morphologic patterns including blastomatous, apocrine,
oncocytic/mucinous and poorly differentiated/undifferen-
tiated [3.] Their histologic description of the oncocytic/

mucinous pattern is reminiscent of the SMARCB 1-deficient
adenocarcinomas in our series, though these reported cases
reportedly arose in association with oncocytic Schneiderian
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Fig.4 By immunohistochemistry, the SMARCB1-deficient sinonasal
adenocarcinomas were consistently negative for SMARCBI1 (12 of 12
cases) with retained expression in benign lymphocytes and stromal

papillomas, an association we did not find [3.] The impor-
tance of separation of these new tumor types such as the
SMARCBI1-deficient SNAC from the high-grade non-
intestinal adenocarcinoma group is important for further
characterizing the morphologic spectrum, better predicting
biologic behavior, and most importantly offering the oppor-
tunity for use of targeted therapies as they are developed
[12.] SMARCB1-deficient sinonasal carcinomas in general
appear to be aggressive neoplasms, with frequent local inva-
sion into the brain and/or skull base. The majority of patients
have died of disease (mean, 15 months) [5-7.] On the other
hand, there are currently phase II clinical trials underway for
both adults and pediatric patients with SMARCB 1-negative
tumors using an oral EZH2 inhibitor (https://www.cance
r.gov/about-cancer/treatment/clinical-trials/intervention/
tazemetostat). Correctly identifying all forms of SMARCB1-
deficient sinonasal carcinoma will potentially allow patients
to benefit from such targeted therapies.

While the oncocytoid/plasmacytoid morphology and
glandular differentiation seen in SMARCB 1-deficient SNAC
is distinct, there can be focal expression of both CK20 and
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cells (a), and positive for CK7 (11 of 12 cases) (b), but were other-
wise highly variable, with occasional expression of CK20 (c), p40
(d), and other markers

CDX2 in these tumors, creating a potential diagnostic pitfall
with sinonasal intestinal-type adenocarcinomas. However, in
general, sinonasal intestinal-type adenocarcinomas will have
more diffuse expression of CDX-2 and CK20 and morphol-
ogy that tends to parallel both normal and neoplastic intes-
tine [1.] Nonetheless, when considering an adenocarcinoma
in the sinonasal tract it may be helpful to employ SMARCB1
immunohistochemistry in order to identify SMARCB 1-defi-
cient adenocarcinomas, especially as the full spectrum of
morphology continues to be unraveled.

Recently, Zamecnik et al. reported a single case of
SMARCB I-deficient sinonasal carcinoma with yolk sac
differentiation [11.] This case had both basaloid and onco-
cytic/plasmacytoid patterns with transitions to areas that
were described to resemble the microcystic/reticular type
of yolk sac tumor [11.] There was also immunohistochemi-
cal expression of AFP, glypican-3 and CDX-2, limited to
these areas of yolk sac-like morphology [11.] Our series
further explores the yolk sac-like morphology and immu-
nohistochemical phenotype. Three of our cases had focal
areas that resemble the reticular/microcystic pattern of
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a yolk sac tumor, and arguably the oncocytoid pattern
seen in all our cases is highly reminiscent of the hepatoid
pattern that has been described in yolk sac tumors [13.]
Indeed, the expression of glypican-3, a marker of both
yolk sac and hepatic phenotype, was present in almost
all of our cases. Some of our cases also demonstrated
expression of SALL4, whereas PLAP and AFP were rare,
occurring in only one case each. The rhabdoid cells seen
in SMARCB-deficient carcinomas which are character-
ized by eccentric nuclei and pale-eosinophilic perinuclear
inclusions are somewhat reminiscent of the PAS-positive
hyaline globules that are seen with yolk sac tumors.
Despite these immunohistochemical and morphologic
similarities, gonadal yolk sac tumors have retained expres-
sion of SMARCBI [13] and extragonadal yolk sac tumors
are exceptionally rare in the sinonasal tract [14—16.] Since
the rare case reports of sinonasal yolk sac tumors were all
reported prior to the recognition of SMARCB1-deficient
carcinomas, it is actually quite plausible that some or all
of these cases may represent SMARCB 1-deficient SNACs.
If the diagnosis of an extragonadal yolk sac tumor is being
considered in the sinonasal tract, it would be prudent to
perform immunohistochemistry for SMARCB1. Metastatic
hepatocellular carcinoma also enters the differential for
SMARCB 1-deficient SNAC, but the patient’s history com-
bined with the status of SMARCB1 will easily resolve this
differential diagnosis.

The myxoid stromal changes of SMARCB 1-deficient
sinonasal adenocarcinomas together with cribriform/epi-
thelial cell morphology also may raise consideration for a
myoepithelial carcinoma. SMARCB/1 loss has been docu-
mented in subset of soft tissue myoepithelial carcinomas
but has not been fully studied in myoepithelial carcinomas
of the salivary gland. S100 may be helpful in resolving this
differential diagnosis as all eleven of our tested cases were
negative for S100.

In summary, SMARCB 1-deficient sinonasal carcinoma
are histologically defined by either a basaloid or oncocy-
toid/plasmacytoid pattern, but the morphologic spectrum
continues to expand as additional cases are identified.
SMARCB1-deficient sinonasal carcinoma, particularly the
oncocytoid/plasmacytoid form, can demonstrate varying
degrees of glandular differentiation. This unexpected mor-
phology combined with variable immunohistochemical
results may lead to misdiagnoses of high-grade intestinal
or non-intestinal SNAC, myoepithelial carcinoma, or even
yolk sac tumor or metastatic hepatocellular carcinoma. In
this limited series, it appears that SMARCB1-deficient
carcinomas with glandular differentiation show a predi-
lection for male patients, and in contrast to non-glandular
tumors, may occur with greater frequency in the nasal
cavity.
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