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Case Report - AFMR Member

Introduction

SMARCA4 (SWI/SNF-related, matrix-associated, actin-
dependent regulator of chromatin, subfamily A, member 4) 
gene and loss of BRG1 (Brahma-related gene-1) occurs in 
approximately 5% of non-small cell lung carcinomas 
(NSCLCs).1 In 2015, Le Loarer et al2 reported a distinct 
subset of highly aggressive thoracic sarcomas, occurring in 
mostly young males, with undifferentiated immunopheno-
type and SMARCA4 loss associated with a very aggressive 
clinical course and named it as SMARCA4-deficient tho-
racic sarcoma (SMARCA4-dTS). Lately other than sarco-
mas, loss of SMARCA4/BRG1 has been associated with 
another subset of poorly differentiated/undifferentiated car-
cinomas in adults arising in a wide range of anatomical 
sites, including the lung3-6 and are called SMARCA4-dUT. 
They present in all clinical stages as primary lung parenchy-
mal masses ranging from well-differentiated adenocarci-
noma to poorly differentiated malignant tumors.7 The new 
2021 WHO Classification of Tumors of the Lung, Pleura, 

Thymus, and Heart will use the term “SMARCA4-deficient 
undifferentiated tumor (SMARCA4-dUT)” for the group of 
tumors previously described as SMARCA4-dTS, which is 
considered a separate entity from SMARCA4-deficient 
NSCLC.7 Most of the literature documented the metastasis 
to lymph node (59%-91%), adrenal gland (27%-48%), bone 
(24%-55%), and lungs (29%) at the time of presentation 
with no brain metastases.8,9 There was mention of a case in 
one of the studies done by Sauter et al10 that presented with 
seizure and 1.4 cm lung mass and was found to have 
SMARAC4-dTS with loss of BRG1, BRM but retained 
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Abstract
Among thoracic tumors, these include subsets of a relatively newly described and yet to be fully characterized tumor 
entity: SMARCA4-deficient Undifferentiated Tumor (SMARCA4-dUT). Mutations of SMARCA4 (SWI/SNF-related, matrix-
associated, actin-dependent regulator of chromatin, subfamily A, member 4) gene and loss of BRG1 (Brahma-related gene-1) 
is the underlying molecular hallmark of SMARCA4-dUT. They mostly involved the mediastinum, lung, and/or pleura showing 
undifferentiated round cell or rhabdoid morphology associated with aggressive clinical behavior. The pathogenesis of these 
tumors is still not clear. Morphologically, SMARAC4-dUT is differentiated from SMARCA4-dNSCLC by the presence of 
squamous and solid components in the latter. Immunohistochemically SMARC4-dUT has characteristic loss of SMARCA4 
and SMARCA2 and strong expression of SOX2, CD34, and SALL4. Common sites of metastasis include lymph nodes, bones, 
and adrenal glands but rarely brain metastasis. We present a unique and rare case of a 76-year-old male with a right lung mass 
with documented pathology of SMARCA4-dUT and was found to have multiple brain metastases.
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INI-1. However, no supportive data were available. We 
present a unique and rare case of a 76-year-old male with a 
right lung mass and documented pathology of SMARCA4-
dUT with multiple brain metastases evident on MRI 
(Magnetic Resonance Imaging) brain with contrast study.

Case Presentation

A 76-year-old African American male, chronic heavy active 
smoker, with a medical history of hypertension, chronic 
obstructive lung disease, chronic diastolic heart failure pre-
sented to the hospital with a complaint of sudden onset right 
upper extremity weakness. At baseline, he ambulated with 
the assistance of a cane. His family and surgical history 
were insignificant. He was admitted for a possible cerebro-
vascular accident (CVA), and physical examination revealed 
3/5 motor weakness in the right upper extremity with the 
rest of the examination showing no abnormalities. Routine 
blood work showed white blood cell 5.2 (4.1-10.1 × 1000/
µL), hemoglobin 12.9 (12.9-16.7 g/dL), platelet count 241 
(153-328 × 1000/uL) blood urea nitrogen 12 (9-20 mg/dL), 
creatinine 1.5 (0.66-1.25 mg/dL), estimated glomerular fil-
tration rate 60 mL/min, serum protein 7.1 g/dL (6.3-8.2 g/
dL). The imaging included MRI brain (Figure 1A, B) and 
CT (Computer Tomography) scan head that revealed an 8 
mm round hyperdense area in the high left frontal white 
matter with surrounding edema and 2 perhaps 3 directly 

adjacent peripherally enhancing lesions in the left occipital 
lobe measuring up to 8 to 10 mm. CT Chest abdomen pelvis 
without contrast showed 1.8 × 1.7 cm subpleural irregular 
mass in the anterior right upper lobe with multiple smaller 
irregular nodules in the distribution of the right middle lobe 
and enlarged right hilar and mediastinal lymph nodes, with 
moderate size right pleural effusion (Figure 2). On question-
ing the patient, he stated that he was aware of this lung mass 
detected 8 years ago as incidental findings on the CT chest 
but did not follow up with any physician. Pulmonology 
evaluated the patient and thoracentesis was done for pleural 
effusion. Pleural studies showed evidence of mild to moder-
ate predominantly chronic inflammation scattered among 
histiocytic and mesothelial cells with moderate cellularity 
noted with no malignant cells. The patient was scheduled 
for CT-guided biopsy of lung mass, however, left against 
medical advice. Subsequently, after 1 month he again pre-
sented to the hospital with a fall as he had the feeling of his 
legs giving away. He denied hitting his head or any loss of 
consciousness. CT head this time showed the same mass in 
the high left frontal lobe at the vertex and other smaller 
enhancing masses in the left occipital lobe. MRI brain 
showed a demonstration of the mass seen on the prior MRI. 
CT-guided 20G core biopsy of right middle lobe lung nodule 
was done and sent for pathology. As per the initial prelimi-
nary pathology report, the diagnosis of poorly differentiated 
carcinoma was made but not confirmed whether it was small 

Figure 1. (A, B). MRI brain with & without contrast: T1/T2 weighted signal mass identified in the high left frontoparietal lobe, based 
on the FLAIR (fluid-attenuated inversion recovery) images measured roughly 2.7 × 2.7 cm, previously 2.4 × 1.7 cm with surrounding 
edema. In addition, 2 perhaps 3 directly adjacent peripherally enhancing lesions in the left occipital lobe which are measuring up to 8 to 
10 mm. (AH, RFA, LHP and PF are not related/relevant in the figure)
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cell or non-small cell lung cancer given the tumor was 
necrotic and markers could not be identified. Awaiting the 
final conclusive pathology report, the decision was taken to 
treat all the lesions of brain metastasis with IMRT (Intensity-
Modulated Radiation Therapy). The final pathology was 
sent to Sloan Kettering pathology department and finally 
diagnosed as SMARCA4-deficient undifferentiated tumor 
of the lung mass (Figure 3). The report revealed a solid and 
variable cohesive proliferation of malignant epithelioid 
tumor cells in a background of fibrosis and chronic inflam-
mation (Figure 4A, B). The tumor cells are medium-sized 
and contain moderate amounts of eosinophilic cytoplasm 
and have enlarged nuclei with granular chromatin and irreg-
ular contours. A subset of tumor cells shows focal rhomboid 
features with central eosinophilic intracytoplasmic inclu-
sions and eccentrically placed nuclei. Mitotic figures are 
frequently identified. Immunohistochemical (IHC) stains 
showed that the tumor cells are positive for CK7 (weak, 
focal), synaptophysin, but negative for cytokeratin AE1/
AE3, TTF-1, p63, CK5/6, and chromogranin. Ki-67 shows a 
proliferative index of 90% within the tumor cells. IHC stains 
performed at MSKCC (Memorial Sloan Kettering Cancer 
Center, New York) shows that the tumor cells are positive 
for cytokeratin OSCAR, CD34 (focal), SALL4, and SOX2, 
but negative for claudin-4, INSMI, CD56, NUT, and SOX10. 
BRGI/SMARCA4 and BRM/SMARCA2 are lost in the 
tumor cells as shown by the IHC stain in Figure 5A, B, 
respectively. Given the predominantly undifferentiated mor-
phology and the presence of focal rhabdoid features, con-
sider the possibility of SMARCA4-deficient undifferentiated 
tumor. Here, we show that the tumor lacks expression for 
BRGI/SMARCA2, thus supporting the diagnosis of 
SMARCA4-deficient undifferentiated tumor. In addition, 
expression of stem cell markers (e.g., CD34, SOX, and 

SALL4) reduced keratin staining, and lack of claudin-4 fur-
ther support this consideration. Synaptophysin is another 
common finding.

The patient was scheduled for one cycle of systemic che-
motherapy with carboplatin, and etoposide however was 
transferred to another institution for further treatment and 
lost to follow-up.

Discussion

Thoracic SMARCA4-dUT (formerly called “SMARCA4-
deficient thoracic sarcoma/ SMARCA4-dTS”) are aggres-
sive tumors found commonly in the mediastinum of young 
male smokers.8,11 The hallmark of this newly described and 
better characterized entity is loss of Brahma (BRM), encoded 
by SMARCA2 (SWI/SNF-related, matrix-associated, actin-
dependent regulator of chromatin, subfamily A, member 2), 
or Brahma-related gene-1 (BRG1), encoded by SMARCA4 
(SWI/SNF-related, matrix-associated, actin-dependent regu-
lator of chromatin, subfamily A, member 4), respectively.3,6 
The tumor typically affects younger patients in the age group 
of 30 to 59 years with a male preponderance of 9:1.11,12 The 
common site of involvement is the mediastinum followed by 
the pleura and lung.7 Morphologically thoracic SMARCA4-
dUT appear as diffuse sheets of poorly differentiated cells 
that are monotonous, ovoid with abundant eosinophilic 
cytoplasm and prominent nucleoli.10 Tumor cells grow in a 
dis-cohesive pattern with interspersed rhabdoid and hepa-
toid morphology, brisk mitotic activity, and extensive 
necrosis.13,14

Immunohistochemical diagnosis is made by the loss of 
SMARAC4 and SMARCA2 with strong expression of 
SOX2, CD34, and SALL4.2,11,15 The expression of SOX2, 
CD34, and SALL4 helps to differentiate Thoracic 

Figure 2. CT scan of the chest/Axial plane soft tissue window 
shows a 2 cm subpleural irregular mass in the anterior right 
upper lobe with multiple smaller irregular nodules (shown in red 
arrows) in the distribution of the right middle lobe and moderate 
right pleural effusion.

Figure 3. Microscopy of the lung, right middle lobe biopsy 
revealed scant normal lung shown by the arrow and mostly tumor 
on the above (hematoxylin-eosin, original magnifications × 10[A].
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SMARCA4-dUT from SMARCA4-dNSCLC.6 SMARCA4-
dUT are negative for desmin, NUT, S100, WT-1, and p4011,12 
also seen in our patient. Inactivating mutations of SMARCA4 
were identified in all SMARCA4-dUT with no evidence of 
any germline mutation.16 Loss of SMARCA4 leads to over-
expression of MYC and undifferentiated gene expression.17

Metastasis is documented in bones, adrenal glands, and 
lungs, a pattern similar to NSCLC however unlike NSCLC 
brain metastases are a rare occurrence.8,10,15 After extensive 
research through several resources available (PUBMED, 
COCHRANE, Google scholar, web med), there was men-
tion of one case report of SMARCA4-dUT by Sauter et al10 
that had 1.4 cm lung mass with brain metastasis and sei-
zures; however, no supportive data is available. Our case is 
unique concerning advanced age presentation, mediastinal 
lung mass with multiple brain metastasis presenting as 
upper extremity weakness. Symptoms are based on the 
extent of disease and site of metastasis as mostly present in 
advanced stages with common symptoms of chest pain, 
dyspnea, bone pain, and in rare instances as seizures or 
extremity weakness.10,11 However, the aggressive pheno-
type described in the literature may likely be somewhat 
skewed by observation of the younger male patients, 
because of our case presented patient diagnosed at an older 
age and an 8 years history of lung mass with smaller growth 
but at 8 years later, the diagnosis of multiple brain 
metastasis.

To date, less than 100 cases of SMARCA4-UT have been 
reported.1 The most extensively studied project on 
SMARCA4-deficient tumor is small cell carcinoma of the 
ovary-hypercalcemic type (SCCOTH) that has overlapping 

morphologic, immunophenotypic, and molecular features 
with thoracic SMARCA4-DUT.18 Patients with SMARCA4-
dUT have an overall median survival of 4 to 7 months (range 
1-13 months),8 with 2 years overall survival being 12.5%.10 
Rapid disease progression and relapse occur in essentially all 
patients with most of them succumbing to death due to local 
complications.2,8 Limited treatment modalities are available 
with inadequate response to chemotherapy and surgery; 
however, few case reports showed that SMARCA4-dNSCLC 
may benefit from treatment with immune checkpoint inhibi-
tors19 or platinum-based chemotherapy.20 Immunotherapy 
especially Pembrolizumab may also benefit SMARCA4-
dUT with PD-L1 expression, especially after failed chemo-
therapy.9,21 Promising clinical trials with inhibitors of 
Enhancer of Zeste Homolog 2 histone methyltransferase 
(EZH2 inhibitor) are underway for tumors related to the 
SWI/SNF complex (NCT03213665; NCT02875548; 
NCT02601950) emphasizing the importance of an accurate 
diagnosis of this tumor.2,22 EZH2 Inhibitors have shown 
activity linked to SMARCB1 or dual SMARCA4/A2 inacti-
vation that has gained attention in recent times as potential 
therapeutic agents for SMARCA4-dUT.23,24 BETi (bromodo-
main and extra-terminal motif protein inhibitors) have been 
used as a phase 1 trial in the treatment of multiple myeloma, 
acute leukemia, and NUT midline carcinoma and time would 
tell of their therapeutic benefits in SMARCA4-dUT.25,26

Conclusion

SMARCA4-dUT is a distinctive clinicopathological entity 
with undifferentiated rhabdoid morphology, loss of BRG1/

Figure 4. Microscopy of lung, right middle lobe biopsy: revealed cohesive proliferation of malignant epithelioid tumor cells (shown in 
red arrows) in a background of fibrosis (A) and chronic inflammation (B) (hematoxylin-eosin, original magnifications × 40 [A] and 40 [B].
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BRM, and aggressive behavior. It is still unclear whether 
they represent undifferentiated NSCLC or BRG1/BRM defi-
cient rhabdoid tumors. Brain metastasis is very rarely seen 
with SMARCA4-dUT unlike NSCLC and affects the overall 
prognosis. The accurate diagnosis needs morphological, 
immunohistochemical, and if feasible molecular testing of 
these uncommon tumors, to differentiate between similar 
presenting entities namely SMARCA4-dUT, SMARCA4-
dNSCLC, and NUT carcinomas. Our case report depicts the 
expanding spectrum of this recently defined clinical entity. 
Despite the lack of effective treatment modalities, definitive 
diagnosis of these lethal tumors is necessary to have the 
availability of better therapeutic options and improve the 
overall prognosis by early detection.
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Figure 5. (A) Loss of SMARCA4/BRG1 demonstrated by IHC stain (tumor cells shown in red arrow), original magnification × 20. (B) 
Loss of SMARCA2/BRM demonstrated by IHC stain (tumor cells shown in red arrow) original magnification × 20. (C) Positive controls 
of lung tissue.
Abbreviations: SMARCA4, SWI/SNF-related, matrix-associated, actin-dependent regulator of chromatin, subfamily A, member 4; BRG1, Brahma-related 
gene-1; IHC, immunohistochemical; BRM, Brahma.
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