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Abstract

We present a young adult woman who developed a myxoid tumor of the pineal region having a SMARCB1 muta-
tion, which was phenotypically similar to the recently described desmoplastic myxoid, SMARCB1-mutant tumor
of the pineal region (DMT-SMARCB1). The 24-year-old woman presented with headaches, nausea, and emesis.
Neuroimaging identified a hypodense lesion in CT scans that was Ti-hypointense, hyperintense in both T»-
weighted and FLAIR MRI scans, and displayed gadolinium enhancement. The resected tumor had an abundant,
Alcian-blue positive myxoid matrix with interspersed, non-neoplastic neuropil-glial-vascular elements. It immu-
noreacted with CD34 and individual cells for EMA. Immunohistochemistry revealed loss of nuclear INI1 expres-
sion by the myxoid component but its retention in the vascular elements. Molecular analyses identified a
SMARCB1 deletion and DNA methylation studies showed that this tumor grouped together with the recently
described DMT-SMARCBI1. A cerebrospinal fluid cytologic preparation had several cells morphologically similar
to those in routine and electron microscopy. We briefly discuss the correlation of the pathology with the radiol-
ogy and how this tumor compares with other SMARCB1-mutant tumors of the nervous system.
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Case Presentation

The patient is a 24-year-old woman who pre-
sented following 2-weeks of progressive headache,
nausea, emesis, and diplopia. Her medical history
was significant for right sided hearing loss that be-
gan with tinnitus in 2014. Neurological examination
revealed bilateral grade | papilledema but no other
focal motor or sensory deficits.

Preoperative non-contrast head computed to-
mography (CT) revealed a hypodense pineal region
lesion extending into the posterior third ventricle
and causing obstructive hydrocephalus (figure 1A).
Magnetic resonance imaging (MRI) demonstrated a
3.0 x 3.4 x 2.6 cm mass in the pineal region (see be-
low). Beta-human chorionic gonadotropin (beta-
hCG) and alpha-fetoprotein (AFP) from serum and
cerebrospinal fluid (CSF) were within normal limits.
A spinal MRI did not identify visible leptomeningeal
disease; however, CSF cytology had atypical cells
(see below).

She underwent a successful endoscopic third
ventriculostomy (ETV) and biopsy of the pineal le-
sion on post-admit day 3. The initial biopsy did not
identify a germ cell tumor or a lymphoma, so the pa-
tient underwent tumor resection via a suboccipital
craniotomy. Grossly, the tumor was opaque, grey-
white in color, firm, and moderately vascular. The
tumor was debulked, however it could not be com-
pletely resected where its superior edge was adher-
ent to the vein of Galen and the basal vein of Rosen-
thal, and where it was adherent to the pulvinar.
Post-operative MRI showed nodular enhancement
along the right lateral margin of the surgical cavity.

She was discharged home on postoperative
day 8 but subsequently developed a pseudomenin-
gocele that was treated with a programmable ven-
triculoperitoneal shunt. She remains well on follow-
up at 5 months post-shunt insertion. Because of the
CSF cytologic results (see below), she received crani-
ospinal irradiation. Curative intent craniospinal irra-
diation with a radiation boost to the primary tumor
region was prescribed. 36 Gy was delivered to the
neuraxis in 1.8 Gy fractions, and an additional 19.8
Gy was given to the primary tumor volume.

At last follow-up, five months after surgery, the
patient remained well.
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Neuroradiology

Preoperative non-contrast computed tomogra-
phy (CT) revealed a hypodense pineal region tumor
extending into the posterior third ventricle and
causing obstructive hydrocephalus (figure 1A). Mag-
netic resonance imaging (MRI) showed that this
mass was hypointense in Ti;-weighted images (figure
1B), hyperintense in T,-weighted (figure 1C) and
FLAIR images (figure 1D). The mass heterogeneously
enhanced with gadolinium (figure 1E) and was in
close proximity to the deep cerebral veins, including
the vein of Galen. It did not show diffusion re-
striction (figure 1F; ADC map not shown). No lep-
tomeningeal disease or drop metastases were de-
monstrable on spinal MRI (data not shown). These
indicated that the tumor was likely sparsely cellular,
its matrix contained abundant but not free water,
and it had vessels that lacked a blood-brain barrier.

CSF Cytology

The patient's initial CSF cytology (figure 2),
which was obtained from a lumbar puncture before
surgical intervention, included several small clusters
of atypical cells that had a high nuclear-to-cytoplas-
mic ratio, prominent nucleoli (white arrows in 2A),
and variable amounts of cytoplasm. Some cells had
small zones of clear cytoplasm (black arrows in 2B)
that were interpreted as vacuoles, while others
lacked this feature (cell cluster in 2A). These cells
were morphologically similar to those in the routine
sections (figure 3F) and in the electron microscopy
from the later tumor resection (see figure 6). Alt-
hough these cells had some features of chondro-
cytes (see Arya, 2019; Chen, 1990; Takeda, 1981;
Bigner, 1981; and the chapter on CSF cytology by Ci-
bas, 2014), they showed increased pleomorphism
and displayed considerably less cytoplasm than pre-
viously illustrated chondrocytes in CSF and lacked
other debris that was illustrated in Arya, 2019.

Tumor Histology

The tumor had two distinct features: a major
myxoid component (figure 3) and a minor, inter-
mixed, vascular component that was associated
with neuropil and astrocytes (figure 5, see below).
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Figure 1: Preoperative neuroimaging. The tumor in the pineal region was hypodense on non-contrast CT head (A), hypointense in T;-
weighted (B) and hyperintense in T,-weighted (C) MRI sequences. It was strongly hyperintense in FLAIR sequences (D), showed heteroge-
neous gadolinium enhancement (E), and did not demonstrate restricted diffusion (F).

The former had sparsely (figure 3, black arrow in A
and D) to moderately cellular regions (white arrow
in 3A) containing occasional microcysts (3C, black ar-
row) that were delineated by a single layer of cells.
Although fragmented, the tumor had regions dis-
playing a clear collagenous capsule (3B, black ar-
rows). Because this capsule was not adherent to
other tissues, it likely indicated that the tumour
grew into a fluid-filled space, either within the third
ventricle or into a meningeal cistern. In more myx-
oid, less cellular areas, the tumor cells formed small
clusters or chains of cells (3D, black arrow) that were

embedded in the loose, myxoid stroma (3D, white
arrow). Fine eosinophilic strands meandered
through the background stroma (3, D and E). Alt-
hough these regions were histologically reminiscent
of chordoma, the tumor did not express brachyury
(data not shown). Tumor cells displayed a minor pre-
dilection for the perivascular region (3E, black ar-
row), although they did not form ependymal pseu-
dorosettes or pilomyxoid rosettes. They often grew
along barely visible eosinophilic strands (swirling
pattern in 3E, chains of nuclei in 3D). At high magni-
fication, the cells had small amounts of often eccen-
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Figure 2: CSF Cytology. These cells from the preoperative CSF,
imaged under oil at 100x magpnification, were stained with tolu-
idine blue. They had large nuclei with prominent nucleoli (A,
white arrows). Some appeared multinucleated (A and B). Their
cytoplasm showed moderate staining cytoplasm (A), although
several cells had partial cytoplasmic clearing or vacuoles (B,
black arrows).

tric, eosinophilic cytoplasm (3F, black arrow) and
large, hyperchromatic nuclei. Many cells appeared
binucleated or multinucleated (3F, white arrow)
These were morphologically similar to the few avail-
able cells in the CSF cytology (compare with cells in
figure 2). Mitoses were present (3F, red arrow) but
infrequent (less than one per ten high-power fields)
and the Ki67 proliferation index was 9% (see here).

The tumor's myxoid matrix and its scattered
microcysts (figure 4A) diffusely and strongly stained
with Alcian blue (figure 4B), which indicates that the
tumor elaborated a ground substance containing
carbohydrate moieties. This myxoid matrix was per-
vasive throughout the tumor and was only absent in
non-tumor vascular elements (see pink-staining ves-
sels and islands in 4B). Unlike similar tumors, this ne-
oplasm did not display an overt desmoplasia in the
surrounding parenchyma (see figure 3). However,
the tumor did produce an extensive network of fine,
eosinophilic strands (see figure 3D and 4C), which
stained strongly blue in Masson trichrome stains
(figure 4D). This finding indicates that the tumor cre-
ated an intrinsic desmoplastic collagenous stroma
and likely explains why this myxoid tumor felt firm
during surgery.
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Tumor Immunophenotype

Immunohistochemistry was performed using
the Dako Omnis. The overall results are presented in
supplemental table 1. Many areas of the tumor
strongly expressed CD34 (figure 5A), which was pos-
itive in the perinuclear cytoplasm and to a lesser ex-
tent in the long processes extending from the cells.
In contrast, only a minor population tumor cells ex-
pressed EMA and only in a perinuclear location
(panel 5B). However, this EMA expression occurred
throughout the tumor. Gliovascular islands, com-
posed of vessels encased within an astrocytic (glial
fibrillary acidic protein, GFAP; figure 5C) and synap-
tophysin-positive matrix (data not shown) were dis-
persed throughout the tumor. The myxoid compo-
nent showed no expression of either of these mark-
ers, indicating it did not derive from primary brain
parenchyma. The most informative stain was INI1,
whose expression was lost in the tumor (figure 5D)
but retained in the reactive gliovascular islands
(black arrow in 5D). These findings indicated that the
tumor had 1) a defect in the SMARCB1 gene or its
expression and 2) incorporated adjacent brain tis-
sue. While individual tumor cells had cytological fea-
tures reminiscent of rhabdoid cells, they did not
express myogenin or desmin. See supplemental ta-
ble 1.

Electron microscopy

Toluidine-stained plastic 1-micron sections
again showed a relatively hypocellular neoplasm
have cells widely disbursed in the loose matrix (fig-
ure 6A). Vessels and some surrounding cells repre-
sented portions of the gliovascular element (6A, red
arrows). Ultrastructurally, tumor cells had scant cy-
toplasm and large nuclei with prominent nucleoli
(figure 6B, red arrowhead). Although by both rou-
tine histology and in cytological preparation, the tu-
mor had frequent cells that appeared to have sev-
eral nuclei, in ultrastructure, at least some of these
cells were separated by a plasmalemma (6C, red ar-
rowheads). The ultrastructure of these tumor cells
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Figure 3: Routine Histology. All panels stained with hematoxylin-eosin. The resection (A; 4x) had hypocellular (black arrow) and moder-
ately cellular (white arrows) areas. In some fragments (B; 10x), the tumor was delimited by an outer collagenous layer (black arrows).
More densely cellular regions (C; 10x) had microcysts (black arrow) lined by single cells. A loose, hypocellular area (D; 20x) displayed chain-
like growth (black arrow), with cells set in a myxoid matrix having fine, eosinophilic strands. Tumor cells showed a weak predilection for
the perivascular region (E, white arrows; 20x) around thin-walled vessels (black arrow). At high magnification in F (oil immersion, 100x),
the tumor cells had scant amount of often eccentric, eosinophilic cytoplasm (black arrow) and occurred in scattered small groups (white
arrow). The red arrow highlights a mitotic figure. Clicking the picture will lead you to the full virtual slide (H&E).
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was similar to the cells in the CSF cytology and re-
sected tumor routine stains (compare figure 6 with
figures 2 and 3F). The cytoplasm typically contained
small vacuoles (6B, red arrows) and intermediate fil-
aments (6D, red arrow).

Molecular Results

On DNA-methylation profiling (Illumina Meth-
ylation EPIC BeadChip) using the Heidelberg CNS tu-
mor classifier [Capper, 2018], the neoplasm was not
classifiable (calibrated score <0.3). Copy number al-
terations derived from DNA-methylation intensity
values (figure 7A) revealed gains of chromosome
11q and 17q, losses of chromosomes 1qg and 4p as
well as heterozygous loss affecting the SMARCBI1 re-
gion on chromosome 22q11.23 (black arrow). To

confirm the specific loss, SMARCB1 FISH (figure 7B)
was performed as described previously [Frihwald,
2020]. This demonstrated a heterozygous loss of
SMARCB1 locus.

Next, t-distributed stochastic neighbor embed-
ding (t-SNE) analysis was performed in comparison
with DNA methylation profiles of 2.801 previously
published samples comprising 82 molecularly dis-
tinct CNS tumor entities [Capper, 2018] as well as
DNA methylation profiles of six previously published
DMT cases [Thomas, 2020]. Here, the DNA methyla-
tion profile of the present case clearly grouped with
that of DMT (figure 8, right, gray oval). This grouping
was close to but distinct from three different group-
ings of SMARCB1-mutant atypical teratoid-rhabdoid
tumors (ATRT) (figure 8, right, blue ovals).

Figure 4: Myxoid matrix and desmoplasia. Matched panels A — B (10x) and C — D (20x) are from the separate histologic regions. The
hematoxylin-eosin section in panel A includes several microcysts (black arrow), which stain with Alcian blue (B, black arrow). In addition,
the loose, slightly basophilic myxoid matrix in A and C also stains strongly for Alcian blue (B). Throughout the tumor, cells elaborated fine
eosinophilic strands (C), which stained strongly blue in the Masson trichrome (D). Clicking the picture will lead you to the full virtual slide

(Elastica-van Gieson).
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Figure 5: Immunohistochemistry. The tumor strongly immunoreacted for CD34 in many regions (panel A; 20x), in both perinuclear regions
and cytoplasmic processes. Although widespread, the tumor showed only perinuclear reactivity for EMA, and only in a small subset of
tumor cells (panel B; 40x). Many regions of tumor had islands of neuropil and reactive astrocytes that stained for glial fibrillary acidic
protein (GFAP, panel C, black arrow; 20x). These islands retained strong reactivity for INI1 (panel D, from same region as panel C, black
arrow; 20x), however, the encasing tumor had lost expression of this molecular marker. Clicking the picture will lead you to the full virtual

slide (SMARCB1/INI1).

Discussion

The tumour presented here is histologically
and immunophenotypically similar to cases pre-
sented in Thomas, 2020, Matsumura, 2021, Wang,
2021. As demonstrated in the DNA methylation
studies (figure 8), this tumour also falls into the
same cluster as the desmoplastic myxoid tumour,
SMARCB1-mutant tumor described in Thomas,
2020. Available demographic data from all prior
cases indicate no gender differences (F: 6; M: 4) and
an average age of onset of 37 years (range 15-61
years old). Of note, all prior cases have been in the
pineal region.

The SMARCB1 gene, which is also known as
INI1 (Integrase interactor 1) and hSNF5 (SNF5 hom-

olog), encodes the SWI/SNF-related, matrix-associ-
ated actin-dependent regulator of chromatin, sub-
family B, member 1 protein, which is a core compo-
nent of the ATP-dependent SWI/SNF chromatin-re-
modeling complex [Phelan, 1999] and acts as a tu-
mor suppressor [Versteege, 2002]. Biallelic inactiva-
tion of SMARCB1 has been associated with the
growth of benign and malignant tumors in children
and adults [Hollmann, 2011]. Intracranial SMARCB1-
deficient tumors span a range of malignancies and
include childhood atypical teratoid/rhabdoid tumor
(ATRT) [Biegel, 1999], cribriform neuroepithelial tu-
mor [Hasselblatt, 2009], poorly differentiated chor-
doma [Mobley, 2010], meningeal tumors having
challenging histology [Dadone, 2017], a young adult
superficial (not pineal) rhabdoid tumour [Bodi,
2018], poorly differentiated sinonasal carcinoma
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[Agaimy, 2017], and the desmoplastic myxoid tu-
mor, SMARCB1-mutant, of the pineal region (DMT)
that we present here [Thomas, 2020; Matsumura,
2021; Wang, 2021].

Two previous reports discussed DMT radiologic
features. Unlike the tumour described here, which
was hypodense in CT and hypointense in T1-
weighted MRI (figure 1A and 1B), the tumor de-
scribed in Wang, 2021 was hyperdense on CT scans
and slightly hyperintense on T;-weighted MRI scans.
It is likely that the more prominent desmoplasia il-
lustrated in Wang, 2021, compared to our tumor,
correlated with their increased CT signal density. In
our patient's tumor, the Alcian blue myxoid compo-
nent (see figure 5B) was predominant, which corre-
lates with our increased T, and FLAIR signal (see fig-
ure 1C and 1D) and is dissimilar to the isointense T»-
weighted signal described in Matsumura, 2021. Sim-
ilar to the image illustrated in Matsumura, 2021,
gadolinium enhancement was heterogeneous in our
patient's tumour.

This tumor had several features not yet de-
scribed in DMTs. It had a pervasive myxoid matrix
and had little of the overt and possibly reactive
desmoplasia illustrated in Thomas, 2020, Wang,
2021, or Matsumura, 2021. It did, however, diffusely
elaborate fine, eosinophilic strands similar to those
illustrated in Thomas, 2020 and Wang 2021 (see fig-
ure 4C and 3D), which stain like collagen (figure 4D).
We feel that this represents intrinsic tumor
desmoplasia, rather than the reactive desmoplasia
illustrated in the other cases and common to many
systemic cancers. The DMT also had non-neoplastic
elements, including gliovascular islands (figure 5C)
that strongly expressed GFAP but retained INI1 ex-
pression (figure 5D). These islands likely originated
from the underlying pineal gland or surrounding
brain. Ultrastructural studies demonstrated the tu-
mour cells had large nuclei with prominent nucleoli.
The cytoplasm was scant and had vacuoles and in-
termediate filaments (figure 6). Unlike the prior re-
ports, our patient had atypical cells in her cerebro-
spinal fluid (figure 2). Because of the scant available
material in the CSF cytology, we have not been able
to verify these cells as neoplastic; however, we feel
their cytologic features were morphologically simi-
lar to those in light (figure 3F) and electron micros-
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copy (figure 6) from the tumor resection and consid-
ered them neoplastic rather than chondrocytes. Our
tumor cells lacked desmin or myogenin expression.
As in our tumor, most cases expressed CD34 (figure
5A). EMA expression has been variable, with strong
positivity in 5 of 6 cases in Thomas, 2020, focally
positive in Matsumura, 2020, and absent in Wang,
2021. In our patient, the EMA expression was subtle
but distinct (figure 5B).

Given these data, we feel the salient patholog-
ical features of this tumor are:

1. Regions having a pale or slightly basophilic,
Alcian-blue positive myxoid matrix

2. Areas demonstrating either frank
desmoplasia or intrinsic, fine eosinophilic
collagenous bands, which stain strongly
blue in Masson trichrome

3. Cytologic features include small to medium
size cells having an increased nuclear-to-
cytoplasmic ratio, a large nucleus having a
prominent nucleolus, and variable
amounts of eosinophilic cytoplasm, which
can sometimes be scant or can elaborate
fine eosinophilic filaments and small vacu-
oles

4. Variable expression of CD34 and EMA; ne-
oplastic cells lack expression of specific
muscle, glial, or neuronal proteins

5. Loss of INI1 protein expression or demon-
stration of SMARCB1 mutation

The advent of integrated genomics has revolu-
tionized our understanding of ATRT through the
identification of three molecular subgroups (ATRT-
SHH, ATRT-TYR, and ATRT-MYC), which differ in their
demographics, location, prognosis, and SMARCB1
mutational profile [Johann, 2016; Torchia, 2016].
Comparative methylation profiling of DMT with
other intracranial SMARCBI1-mutant tumors has
shown DMT, SMARCB1-mutant tumors most closely
resemble ATRT-MYC and poorly differentiated chor-
domas [Thomas, 2020]. By contrast, the superficial
CD34+ SMARCB1-deficient tumor described in Bodi,
2018, clustered with the ATRT-MYC, using the Hei-
delberg Brain Tumor Classifier, and not with the
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Figure 6: Electron microscopy. The toluidine-stained 1-micron plastic section (A, 40x) demonstrated a hypocellular tumor having cells
embedded in a loose matrix, with embedded gliovascular elements (red arrows). In ultrastructural examination using a Hitachi H-7650
electron microscope at 75 kV, the tumor cells have large nuclei with prominent nucleoli (B, arrowhead, and C), scant cytoplasm containing
both vacuoles (B, red arrows) and intermediate filaments (D, red arrows). Closely apposed cells were separated by plasmalemma (C, red
arrowheads).

Figure 7: Copy number variation. Copy number alterations (A) derived from DNA-methylation intensity values revealed chromosomal
gains (green values) and losses (red values), including losses affecting the SMARCB1 region on chromosome 22q11.23 (arrow). Fluores-
cence in situ hybridization (FISH) analysis using a probe consisting of the two clones RP11-71G19 (spectrum orange) and RP11-911F12
(spectrum green) (B) showed one colocalized signal per nucleus (orange arrows) representing the intact SMARCBI locus and a heterozy-
gous loss of the deleted SMARCB1 allele (green arrows) containing the clone RP11-71G19 (loss of red signal) and parts of clone RP11-
911F12 (diminished intensity of remaining single green signal).
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Figure 8: DNA methylation studies and SMARCB1 gene analysis. On t-distributed stochastic neighbor embedding (t-SNE) analysis, the
DNA methylation profile of 82 distinct tumor entities (left), this patient's tumor grouped with that of DMT (right).

DMT, SMARCB1-mutant group [Thomas, 2020]. The
patient we present here also has a methylation pro-
file that clusters together with the other described
SMARCB1-mutant myxoid pineal tumours (see fig-
ure 8). While it is interesting to speculate about the
origins or common features of SMARCB1-mutant tu-
mours, and although it has some features that over-
lap with ATRT, the neoplasm described here is histo-
logically distinct from other SMARCB1-mutant tu-
mours.
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