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Abstract
Background: Several studies of different cancers have revealed mutations in switch/sucrose non-
fermenting (SWI/SNF) complex genes. Brahma-related gene 1 (BRG1), which is encoded by SWI/SNF-
related, matrix-associated, actin-dependent regulator of chromatin, subfamily A, member 4 (SMARCA4), is
a member of this complex. SMARCA4/BRG-1-de�cient non-small cell lung carcinoma (NSCLC) has been
considered a subset of lung cancer that has distinct clinical, pathological, and molecular characteristics,
which implies its relationship with SMARCA4/BRG1-de�cient thoracic sarcoma.

Case presentation: We experienced a case of SMARCA4/BRG1-de�cient lung cancer in a 40-year-old
female patient with a history of smoking. Magnetic resonance imaging revealed a large mass in the right
lung apex with an extension to the extrapulmonary region and cerebral metastasis. Histological analysis
showed poorly differentiated carcinoma with spindle cell components. She was diagnosed with NSCLC
(stage IV) at that point. An EGFR mutation and ALK and ROS1 rearrangement were not detected, and then
treated with chemoradiotherapy. Overall, the tumors were resistant to chemotherapy, and therefore, after
2 years, the brain tumor was excised for histological and molecular analysis. Histologically, the brain
mass was an undifferentiated tumor with round cells and glandular components. The mutation in
SMARCA4 in the brain specimen was identi�ed by next-generation sequencing. Immunohistochemical
examination revealed a complete loss of BRG1. SMARCA4/BRG1-de�cient thoracic sarcoma had been
raised as a differential diagnosis, collectively, she was diagnosed with SMARCA4/BRG1-de�cient NSCLC
considering for the result of positivity for cytokeratin AE1/AE3 and claudin-4, and negativity for Sal-like
protein 4, CD34, and SRY-box 2 by immunohistochemical examination. Regrettably, a de�nitive diagnosis
required approximately 2 years. She is alive with disease at 30 months after the presentation.

Conclusions: The diagnosis of SMARCA4/BRG1-de�cient NSCLC is frequently di�cult because of no
speci�c morphology and necessity of discrimination from SMARCA4/BRG1-de�cient thoracic sarcoma,
which is the practical reason this disease is sometimes missed. Immunohistochemistry for BRG1 should
be encouraged for the pathological examination of NSCLC with any histology for the prompt and precise
diagnosis of SMARCA4/BRG1-de�cient NSCLC.

Background
The switch/sucrose non-fermenting (SWI/SNF) complex is an evolutionarily conserved ATPase-
dependent chromatin remodeling complex that plays important roles in gene expression, transcription,
differentiation, and DNA repair. Each complex is composed of a mutually exclusive ATP-dependent
catalytic unit, either Brahma-related gene 1 (BRG1), which is encoded by SWI/SNF-related, matrix-
associated, actin-dependent regulator of chromatin, subfamily A, member 4 (SMARCA4), or Brahma
(BRM), which is encoded by SWI/SNF-related, matrix-associated, actin-dependent regulator of chromatin,
subfamily A, member 2 (SMARCA2), and a variable number of core subunits collectively referred to as
BRG1/BRM-associated factors (BAFs). Integrase interactor (INI-1), which is encoded by SWI/SNF-related,
matrix-associated, actin-dependent regulator of chromatin, subfamily B, member 1 (SMARCB1), is also
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part of the BAF complex [1]. Several studies of different cancer types have reported gene mutations in
BAFs, which suggests that this complex has a tumor suppressor function. Malignant rhabdoid tumors
and pediatric atypical teratoid/rhabdoid tumors are characterized by the loss of INI-1 expression in the
majority of cases, whereas a few cases in which BRG1 is lost maintain SMARCB1 expression. Almost all
epithelioid sarcomas lack INI-1 expression, and the somatic or germline alterations in the SMARCA4 gene
are highly associated with small cell carcinoma of the ovary, hypercalcemic type [2–5].

SMARCA4/BRG1 loss in carcinomas has been reported in several organs including the lungs.
SMARCA4/BRG1 loss occurs in approximately 4–10% of lung carcinomas, in which the histology was
primarily poorly differentiated non-small cell lung carcinoma (NSCLC) including adenocarcinoma,
mucinous carcinoma, squamous cell carcinoma, large cell carcinoma, and pleomorphic carcinoma.
SMARCA4/BRG-1-de�cient has been considered a subset with a heterogeneous spectrum because of its
morphological features, such as solid growth and lack of a lepidic pattern; its negativity for thyroid
transcription factor 1 (TTF-1) by immunohistochemistry; lack of actionable gene alterations, such as
epidermal growth factor receptor (EGFR) mutations and anaplastic lymphoma kinase (ALK) and proto-
oncogene 1 (ROS1) fusions; and poor prognosis [6–10]. However, pathologists might not note the precise
diagnosis if they are unable to recognize SMARCA4/BRG-1-de�cient NSCLC, including the ability to
discriminate this from other SMARCA4/BRG1-de�cient thoracic neoplasms represented by SMARCA4-
de�cient thoracic sarcoma. Here, we report a case of SMARCA4/BRG1-de�cient lung cancer with a
sarcomatous component, in which BRG1 loss was detected by next-generation sequencing (NGS) of a
brain metastasis specimen.

Case Presentation

Clinical Summary
A Japanese woman in her early 40 s without any history of malignancy presented to our hospital with
complaints of worsening pain in the back, chest, and arm, as well as further paralysis of the right hand.
She had a medical history of rheumatoid arthritis and Sjogren syndrome and a history of smoking
(Brinkman index: 300). Computed tomography (CT) and magnetic resonance imaging (MRI) revealed
bullae and a mass in the right lung apex approximately 10 cm in diameter with extension to the
mediastinum, clavicle, costal, vertebra, and brachial plexus; a concurrent mass was also observed in the
right occipital lobe (Fig. 1). Radiologists considered the lung to be the primary tumor site. CT-guided
needle biopsy was performed for the primary tumor, and thereafter, emergency decompression against
the vertebral tumor was performed. The pathological diagnosis of the primary tumor was poorly
differentiated carcinoma and was suspected to be a sarcomatoid carcinoma. She was diagnosed with
NSCLC (stage IV) at that point. An EGFR mutation and ALK and ROS1 rearrangement were not detected.
The PD-L1 tumor proportion score was 70–80%. She was then treated with cisplatin + tegafur,
atezolizumab, docetaxel + ramucirumab, vinorelbine, pemetrexed, pembrolizumab, and radiation therapy
for the thoracic tumor and underwent γ-knife treatment for the brain metastasis. Overall, the tumors were
resistant to chemotherapy, and therefore, after 2 years, the brain tumor was excised for histological and
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molecular analysis. Histologically, the brain mass was an undifferentiated tumor with round cells and
glandular components. The mutation in SMARCA4 in the brain specimen was identi�ed in formalin-�xed
para�n-embedded material by NGS. Immunohistochemical examination revealed complete BRG1 loss in
tumor cells. Collectively, she was diagnosed with SMARCA4/BRG1-de�cient non-small cell lung cancer.
Among the tumor serum markers analyzed, she exhibited no hypercalcemia and only mild elevation of
CYFRA (cytokeratin 19). She is currently alive with disease at 30 months after the presentation.

Pathological Findings
CT-guided needle biopsy revealed a poorly differentiated carcinoma with malignant spindle cells.
Histologically, irregular noncohesive spindle cells had in�ltrated the lung parenchyma and pleura, and
polygonal cells with pyknotic nuclei and eosinophilic cytoplasm were scattered or arranged in a
trabecular pattern in the �brous/hyalinous stroma (Fig. 2a, b). Glandular, squamous, neuroendocrine, and
speci�c mesenchymal differentiation, such as the presence of rhabdoid features, was not evident.
Immunohistochemically, tumor cells were diffusely positive for cytokeratin (CK) AE1/AE3 (Fig. 2c).
Nuclear staining for TTF-1 was not observed, whereas p40 staining was observed in a few nuclei (Fig. 2d,
e). Bizarre, large cells with prominent nuclear atypia and occasional small vesicles in an alveolar pattern
were found in the vertebral specimen (Fig. 2g, h). The brain tumor showed solid growth of dyscohesive
round cells with well-delineated cell borders as the primary histology, but occasionally, cells arranged in a
sheet-like pattern were seen (Fig. 3a). Spindle or polygonal neoplastic cells observed in the myxoid
stroma, which resembled a thoracic tumor, were only a minor component of the brain metastasis
(Fig. 3b). Mitotic �gures and extensive necrosis were both clearly seen. Pseudo-papillary architecture with
hobnail cells and isolated rhabdoid-like cells were mixed in some areas (Fig. 3c). Some emperipolesis
associated with granulocytes was observed (Fig. 3d). Goblet-like cells and intracytoplasmic mucin were
visible by Alcian blue staining (Fig. 3e). Immunohistochemical analysis revealed the diffuse expression of
CK AE1/AE3, the focal expression of claudin-4, and scarce expression of p40 (Fig. 3g, h, i). The histology
of the brain metastasis was mainly poorly/undifferentiated carcinoma with features of an
adenocarcinoma. We performed immunostaining for BRG1 after the detection of a SMARCA4 mutation in
the brain specimen by NGS, and BRG1 loss was demonstrated in the brain tumor as well as in the lung
and vertebral tumors (Fig. 2f, i, 3f). Sal-like protein 4 (SALL4), CD34, SRY-box 2 (SOX2), p53, calretinin,
NUT, and CD5 were consistently negative in every specimen. BRM loss was found to varying degrees. The
NCC Oncopanel System identi�ed a loss-of-function mutation at Q1012 (3034C > T) in SMARCA4. Finally,
a diagnosis of SMARCA4-de�cient non-small lung cell cancer was made. The TP3 and KDM6A genes
were also observed to contain actionable alterations. The tumor mutational burden (TMB) was 49.6/Mb,
which was considered high.

Discussion And Conclusions
We experienced the case of a young female with SMARCA4/BRG1-de�cient lung cancer. Regrettably, a
de�nitive diagnosis required approximately 2 years. The most frequent histology of SMARCA4/BRG1-



Page 6/16

de�cient lung cancer has been reported to be solid adenocarcinoma, large cell carcinoma, and
pleomorphic carcinoma with occasional rhabdoid features [6, 7, 10]. In our case, the major histological
pattern was poorly differentiated carcinoma with malignant spindle cells in abundant hyalinous stroma
according to the CT-guided needle biopsy; however, these morphological features have been seldom
described in articles about SMARCA4/BRG1-de�cient NSCLC. Although the undifferentiated round cell
morphology and rhabdoid features seen in SMARCA4/BRG1-de�cient neoplasms seem to be notable
characteristics in several organs [5, 11, 12], the loss of SMARCA4/BRG1 has been found in more well-
differentiated adenocarcinomas but not in squamous cell carcinoma of the lung [7, 10].
Immunohistochemistry for BRG1 in NSCLC of each histologic type should be performed not only to note
SMARCA4/BRG1 loss but also because SMARCA4/BRG1-de�cient NSCLC has been considered a peculiar
subset with aggressive clinical behavior and the potential to bene�t from targeted therapy. Differential
diagnoses would be presented at that time and would include SMARCA4/BRG1-de�cient thoracic
neoplasms and lung metastasis of another SWI/SNF complex-related malignant neoplasm.
Immunohistochemistry for BRG1 has been thought to have su�cient sensitivity and speci�city for the
diagnosis of SMARCA4/BRG1-de�cient thoracic neoplasms [7, 10], although additional examination of
SMARCA4 gene alterations ensures the diagnosis.

Radiologists suspected that the origin of the tumor in this case was the lung, but the tumor was
distributed in the right lung apex, mediastinum, chest wall, and vertebra. Therefore, the possibility of
mesothelioma, thymic carcinoma, and NUT carcinoma should be raised as differential diagnoses;
moreover, SMARCA4/BRG1-de�cient thoracic sarcoma should not be disregarded. The loss of
SMARCA4/BRG1 was reported in some cases of mesothelioma [13] but has not been shown in thymic
carcinoma and NUT carcinoma. Our case was negative for calretinin, CD5, and NUT by
immunohistochemistry, and thus, these cancers were unlikely.

SMARCA4/BRG1-de�cient thoracic sarcoma has been recently recognized as a peculiar disease with
characteristics such as affected patients who are relatively young with a history of heavy smoking and
emphysema/bullae in the lungs, the presence of large thoracic tumors, poor prognosis, and
undifferentiated dyscohesive round cell morphology with rhabdoid features. We observed similar �ndings
in our patients, such as younger age, smoking history, large thoracic mass in a bullous background, and
poorly differentiated round cell morphology of the brain metastasis. We compared the �ndings of our
case with those of SMARCA4/BRG1-de�cient thoracic sarcoma/NSCLC. The results of this comparison
are shown in Table 1 [7, 9, 10, 14–18]. We judged that our case was likely SMARCA4/BRG1-de�cient
NSCLC rather than a thoracic sarcoma considering the immunohistochemistry results, i.e., claudin-4
positivity and SOX2, CD34, and SALL4 negativity. Emperipolesis was observed in the brain metastasis in
our case, which was reported in a previous article on SMARCA4/BRG1-de�cient NSCLC [7], but this has
not yet been described in SMARCA4/BRG1-de�cient thoracic sarcoma. Emperipolesis in the tumor may be
a clue that can be used for discrimination.
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Table 1
Comparative analysis of the clinicopathological and genetic �ndings of SMARCA4/BRG1-de�cient

thoracic tumors including both the present case and published cases

  SMARCA4/BRG1-de�cient thoracic
sarcoma

SMARCA4/BRG1-
de�cient NSCLC

Present case

Clinical feature      

History of
smoking, n (%)

48/55 (87.2%) 14/17 (82.4%) Present

Primary tumor
location (n, %)

Abdominal cavity (1/12, 8.3%), axilla
(1/12, 8.3%), chest wall (12/49, 24.5%),
diaphragm (6/72, 8.3%), esophagus
(2/36, 5.6%), heart (1/17, 5.9%), lung
(38/60, 63.3%), mediastinum (35/41,
85.4%), pelvis (1/12, 8.3%), pericardium
(2/19, 10.5%), retroperitoneum (1/12,
8.3%), pleura (16/36, 44.4%), vertebra
(4/33, 12.1%)

Lung (37/37, 100%) Lung,
mediastinum,
chest wall,
vertebra,
clavicle,
brachial
plexus

Site of
metastasis (n,
%)

Adrenal gland (11/50, 22%), abdominal
cavity (1/19, 5.3%), bone (14/49, 28.6%),
brain (1/19, 5.3%), chest wall (1/17,
5.9%), dura (2/19, 10.5%), esophagus
(1/17, 5.9%), kidney (3/36, 8.3%), liver
(11/53, 20.8%), lung (8/29, 27.6%),
lymph node (23/50, 46%), mesentery
(2/36, 5.6%), omentum (1/17, 5.9%),
ovary (1/12, 8.3%), pancreas (2/17,
11.8%), peritoneum/retroperitoneum
(6/36, 16.7%), pleura (3/29, 10.3%),
stomach (4/29, 13.8%), soft tissue (2/29,
6.9%), vertebra (7/29, 24.1%)

Abdominal wall
(1/18, 5.5%),
adrenal gland (5/18,
27.8%), bone (4/18,
22.2%), brain (2/18,
11.1%), liver (4/18,
22.2%), lung (3/19,
15.8%), lymph node
(4/18. 22.2%),
peritoneum (3/18,
16.7%), pleura
(5/18, 27.8%), skin
(1/18, 5.5%)

Brain

Emphysema
and/or bullae, n
(%)

33/49 (67.3%)   Bullae

Histology      

Undifferentiated
round cell, n (%)

52/52 (100%) 4/36 (11.1%) Present

Rhabdoid cell, n
(%)

23/52 (44.2%) 5/36 (13.9%) Present

Spindle cell, n
(%)

2/14 (14.3%) 1/40 (2.5%) Present

Abbreviations: ALK, anaplastic lymphoma kinase; BAF, BRG1/BRM-associated factors; BRG1, Brahma-
related gene 1; BRM, Brahma; CT, computed tomography; CK, cytokeratin; EGFR, epidermal growth
factor receptor; IHC, immunohistochemistry; NSCLC, non-small cell lung carcinoma; ROS1, ROS proto-
oncogene 1; SALL4, Sal-like protein 4; SMARCA4, SWI/SNF-related, matrix-associated, actin-
dependent regulator of chromatin, subfamily A, member 4; SOX2, SRY-box 2; TTF-1, thyroid
transcription factor 1.
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  SMARCA4/BRG1-de�cient thoracic
sarcoma

SMARCA4/BRG1-
de�cient NSCLC

Present case

Non-small cell
carcinoma, n
(%)

2/32 (6.3%) 39/41 (95.1%) Present

IHC      

BRG1 lost or
reduced, n (%)

52/52 (100%) 41/41 (100%) Negative
(lost)

BRM lost or
reduced, n (%)

43/46 (93.5%) 23/85 (27.1%) Present
(reduced)

CK positivity, n
(%)

28/52 (53.8%) 23/24 (95.8%) Positive

TTF-1 positivity 5/49 (10.2%) 11/41 (26.8%) Negative

p40 positivity 2/39 (5.1%) 2/18 (11.1%) Positive, a
few

Claudin-4
positivity

0/27 (0%) 56/52 (100%) Positive,
focal

SOX2 positivity 30/32 (93.8%) 4/16 (25%) Negative

CD34 positivity 31/52 (59.6%) 0/17 (0%) Negative

SALL4
positivity

19/32 (59.4%) 5/78 (6.4%) Negative

p53 positivity 10/14 (71.4%) 2/2 (100%) Negative

Genetic
alterations

     

SMARCA4 38/40 (95%) 14/17 (82.4%) Positive

EGFR 0/9 (0%) 0/25 (0%) Negative

ALK/ROS1 0/9 (0%) 0/17 (0%) Negative

TP53 27/33 (81.8%) 15/17(88.2%) Positive

KRAS 3/20 (15%) 6/21(28.6%) Negative

STK11 5/20 (25%) 3/12 (25%) Negative

KEAP1 3/20 (15%)   Negative

Abbreviations: ALK, anaplastic lymphoma kinase; BAF, BRG1/BRM-associated factors; BRG1, Brahma-
related gene 1; BRM, Brahma; CT, computed tomography; CK, cytokeratin; EGFR, epidermal growth
factor receptor; IHC, immunohistochemistry; NSCLC, non-small cell lung carcinoma; ROS1, ROS proto-
oncogene 1; SALL4, Sal-like protein 4; SMARCA4, SWI/SNF-related, matrix-associated, actin-
dependent regulator of chromatin, subfamily A, member 4; SOX2, SRY-box 2; TTF-1, thyroid
transcription factor 1.
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The absolute discrimination between SMARCA4/BRG1-de�cient thoracic sarcoma and SMARCA4/BRG1-
de�cient NSCLC is di�cult from a clinicopathologic perspective and also because of their genetic
similarities; speci�cally, a thoracic mass may be distributed from the lung to the mediastinum/chest wall.
Nowadays, alterations in SWI/SNF chromatin-remodeling complex genes, such as those in SMARCB1,
SMARCA2, SMARCA4, and ARID1A, are believed to be associated with dedifferentiation of the carcinoma
and epithelial–mesenchymal transition in several organs [11, 12, 15]. Rekhtman et al. [16] proposed that
SMARCA4/BRG1-de�cient thoracic sarcoma represents undifferentiated/dedifferentiated lung carcinoma
associated with smoking history, which demonstrates the presence of smoking-related genetic alterations
in the component of the NSCLC juxtaposed sarcomatoid area in SMARCA4/BRG1-de�cient thoracic
sarcoma. Dedifferentiated SMARCA4/BRG1-de�cient NSCLC would likely be present in patients
diagnosed with SMARCA4/BRG1-de�cient thoracic sarcoma, but conversely, SMARCA4/BRG1-de�cient
thoracic sarcoma might be considered to be undifferentiated lung carcinoma. We wonder whether pure
SMARCA4/BRG1-de�cient thoracic sarcoma, which would be located only in the mediastinum and
contain no lung lesions or epithelial elements, is a unique entity and whether there is an intermediate
tumor type between thoracic sarcoma and dedifferentiated carcinoma that is yet to be de�ned (Fig. 4).

In this case, the alteration in SMARCA4 was located on exon22:c.3034C > T, Q1012, and was a stop-gain
single nucleotide variant type, which is considered a truncating mutation. The same codon mutation in
SMARCA4 was reported by Yoshida et al.15 in a patient with SMARCA4/BRG1-de�cient thoracic sarcoma,
who was a 40 year-old male smoker treated with surgery and chemotherapy but died after 7 months. His
primary tumor was located in the axilla, and the metastatic sites were the lymph node, adrenal gland, and
stomach. Remarkably, the lung lesion was not substantial in size during the disease period. An
immunohistochemical analysis of his tumor revealed BRG1 loss, BRM positivity, CK AE1/AE3 positivity,
CD34/SOX2/SALL4 negativity, and claudin-4 negativity. The diagnosis of SMARCA4/BRG1-de�cient
thoracic sarcoma was appropriate for that case; however, there were unusual �ndings, such as no bullous
background, retention of BRM, and negativity of stem cell markers (CD34/SOX2/SALL4). These two
cases with the same genetic alteration in SMARCA4 that also shared some similar clinical and
immunohistochemical features were different in that one case was classi�ed as SMARCA4/BRG1-
de�cient thoracic sarcoma, and the other was classi�ed as SMARCA4/BRG1-de�cient NSCLC; these
diagnoses were made regardless of whether a lung mass, different carcinoma components, or the
expression of epithelial markers, such as CK and claudin-4, was observed or not. We surmise that a
relationship between SMARCA4/BRG1-de�cient thoracic sarcoma and SMARCA4/BRG1-de�cient NSCLC
exists and might be in�uenced by the status of other factors including another SWI/SNF complex
component (BRM) or TP53 [10, 15, 16].

In this case, the histology was not identical between the primary thoracic mass and the metastatic brain
lesion, which was resected 2 years after presentation. Interestingly, the histological �ndings were more
typical of a SMARCA4/BRG1-de�cient neoplasm, such as a brain metastasis, than a lung tumor. The
histological difference may represent some degree of dedifferentiation, or a peculiarity in each organ;
likewise, an atypical teratoid/rhabdoid tumor of the central nervous system also frequently exhibits
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undifferentiated round cell tumor morphology with rhabdoid features, although the �rst biopsy specimen
might represent a small portion of a larger heterogeneous tumor.

As molecular technology progresses, the detection of key gene mutations by NGS will increase such as in
this case. An effective treatment of SMARCA4-de�cient NSCLC has not yet been established. Recently,
high TMB in SMARCA4/BRG1-de�cient thoracic sarcoma/NSCLC was also detected by NGS, which
suggests the possibility of a treatment strategy based on immune checkpoint inhibitors [8, 9].

In conclusion, we experienced a case of SMARCA4/BRG1-de�cient NSCLC, which typically presents in
young patients who are smokers and usually presents in a bullous background as a large tumor in the
lung apex, along with aggressive behavior, and requires distinction from SMARCA4/BRG1-de�cient
thoracic sarcoma. SMARCA4/BRG1-de�cient NSCLC has no speci�c morphology, which is the practical
reason this disease is sometimes missed. Immunohistochemistry for BRG1 should be encouraged for the
pathological examination of NSCLC with any histology, except for adenocarcinoma with a lepidic pattern.
SMARCA4/BRG1-de�cient NSCLC lacks targetable alterations in EGFR/ALK/ROS1, and therefore, further
investigation is necessary to discover the potential of therapeutic personalization and improvement in
prognosis.

Abbreviations
ALK: anaplastic lymphoma kinase; BAFs: BRG1/BRM-associated factors; BRG1: Brahma-related gene 1;
BRM: Brahma; CT: computed tomography; CK: cytokeratin; EGFR: epidermal growth factor receptor; IHC:
immunohistochemistry; INI-1: integrase interactor; MRI: magnetic resonance imaging; NGS: next-
generation sequencing; NSCLC: non-small cell lung carcinoma; ROS1: ROS proto-oncogene 1; SALL4: Sal-
like protein 4; SMARCB1: SWI/SNF-related, matrix-associated, actin-dependent regulator of chromatin,
subfamily B, member 1; SMARCA2: SWI/SNF-related, matrix-associated, actin-dependent regulator of
chromatin, subfamily A, member 2; SMARCA4: SWI/SNF-related, matrix-associated, actin-dependent
regulator of chromatin, subfamily A, member 4; SOX2: SRY-box 2; SWI/SNF: switch/sucrose non-
fermenting complex; TMB: tumor mutational burden; TTF-1: thyroid transcription factor 1.
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Figures

Figure 1

Clinical imaging. (a) Magnetic resonance imaging (MRI) revealed a mass in the right lung apex with
extension to the mediastinum and thoracic vertebra. (b) Gadolinium-enhanced MRI revealed a mass with
ring enhancement in the right occipital lobe. (c) A chest computed tomography (CT) revealed a mass in
the right lung apex and bullae.
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Figure 2

Histology and immunohistochemical �ndings in the thoracic tumor. CT-guided needle biopsy (a–f) and
the vertebral tumor during emergency decompression (g–i). (a) Irregular proliferation of noncohesive
spindle or polygonal cells was found with an occasional trabecular pattern. (b) The neoplastic cells
in�ltrated the lung parenchyma (Elastica van Gieson). (c) Cytokeratin (CK) AE/AE3 immunostaining. Only
diffuse staining was observed. (d) Thyroid transcription factor 1 (TTF-1) immunostaining, which was
negative in all samples. (e) p40 immunostaining. A few positive nuclei were seen. (f) Brahma-related gene
1 (BRG1) immunostaining. Irregular and larger nuclei were negative, but some small nuclei stained brown,
which suggests the loss of BRG1 expression in neoplastic cells. (g) Bizarre, dyscohesive large cells with
prominent nuclear atypia and small vesicles were found in the hyalinous stroma. (h) An alveolar pattern
was occasionally observed in the vertebral specimen. (i) BRG1 immunostaining. Irregular and larger
nuclei in an alveolar arrangement were negative, but some small round and spindle nuclei were stained
brown, which indicates the loss of BRG1 expression in also vertebral neoplastic cells.
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Figure 3

Histology and immunohistochemical �ndings in the brain metastasis. (a) Large, irregular, and
dyscohesive round or polygonal cells exhibited a solid growth pattern. (b) Spindle or polygonal cells were
seen in the myxoid stroma. (c) Pseudo-papillary architecture, hobnail cells, and rhabdoid-like cells with
eccentric nuclei were observed. (d) The emperipolesis associated with granulocytes was found in large
cells (e) Blue positive staining was seen in the cytoplasm of atypical cells, which suggests the presence
of intracytoplasmic mucin or small glandular structures (Alcian blue staining). (f) Brahma-related gene 1
(BRG1) immunostaining. Irregular and larger round nuclei were negative, but some small nuclei were
stained brown, which suggests the loss of BRG1 expression in these neoplastic cells. (g) Cytokeratin (CK)
AE/AE3 immunostaining for which diffuse staining in larger cells was observed. (d) Claudin-4
immunostaining. Staining in the cellular membrane was observed in large cells. (i) p40 immunostaining.
A few positive nuclei were seen in large cells.
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Figure 4

SMARCA4/BRG1-de�cient thoracic NSCLC and SMARCA4/BRG1-de�cient thoracic sarcoma frequently
occur in both the lung and mediastinum. The discrimination of these tumors is di�cult because of
several clinicopathological similarities.
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