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Introduction

Thoracic SMARCA4-deficient undifferentiated tumors 
(SMARCA4-UT, formerly called “SMARCA4-deficient 
thoracic sarcoma”) are very aggressive tumors which most 
commonly occur in the mediastinum of male smokers (1-3). 
These tumors are characterized by an inactivating mutation 
in the SMARCA4 gene which encodes brahma-related gene 
1 (BRG1). BRG1, a tumor suppressor, is part of the human 
switch/sucrose non-fermentable (SWI/SNF) complex 
[BRG1/BRM associated factor (BAF) complex] which is 
involved in chromatin remodeling (3-6).

SMARCA4-UT are  character ized  by  a  poor ly 
differentiated morphology with at least a subset of these 
tumors exhibiting focal rhabdoid features. While the 
immunophenotype can vary, in general these tumors 

show no or only focal keratin expression (2,7,8). Loss of 
expression of BRG1 is the hallmark of these tumors. The 
pathogenesis is not entirely clear. Evidence suggests that 
these tumors might represent de-differentiated non-small 
cell carcinomas (2) although some features indicate that 
they are more closely related to other BAF-deficient tumors 
such as malignant rhabdoid tumor and small cell carcinoma 
of the ovary, hypercalcemic type (SCCOHT) (3). The 
diagnosis of these tumors is important as preclinical and 
early clinical trials using enhancer of zeste homolog (EZH2) 
inhibitors are promising (3,9).

Herein a case of a SMARCA4-UT is presented. This 
case illustrates typical demographic, morphologic and 
immunophenotypical features of these tumors. In addition, 
the tumor cells in this case focally express CD30. A review 
of the literature on SMARCA4-UT is also provided.
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I present the following case in accordance with the 
CARE reporting checklist (available at http://dx.doi.
org/10.21037/med-20-15).

Case presentation

A 66-year-old male is found to have a left suprahilar mass 
and additional masses in the mediastinum, right lung, 
liver, and right adrenal gland. His past medical history is 
remarkable for smoking and emphysema.

A needle core biopsy of an ‘anterior mediastinal lymph 
node’ shows extensive necrosis with scattered clusters 
and small sheets of medium-sized atypical epithelioid 
cells (Figure 1A). Lymphoid tissue is not identified. The 
atypical cells are characterized by a moderate amount of 
cytoplasm (Figure 1B). The nuclei are round to oval, have 
open chromatin and prominent nucleoli. Mild cellular 
pleomorphism is identified. Some neoplastic cells have 
rhabdoid features (Figure 1C). The neoplastic cells are 
somewhat loosely arranged with focal more pronounced 
discohesive growth pattern. Gland formation, cytoplasmic 
vacuolization, or keratinization are not identified. Based 
on morphologic features and location of the mass the 
differential diagnosis includes non-small cell carcinoma, 
sarcoma, malignant melanoma, lymphoma, and malignant 
mesothelioma. Immunostains show that the tumor cells 
lack expression of multiple keratins including Oscar keratin 
(Figure 1D), pankeratin, high molecular weight keratin, 
CK5/6, CK7, and CK20, essentially excluding carcinoma 
and malignant mesothelioma. A lymphoma workup 
(including CD3, CD20, CD45) is also negative. The tumor 
cells are focally positive for CD30 (Figure 1E), and focally 
weakly for CD138 while they lack staining with p63, TTF 1,  
napsin, CD31, S100, calretinin, D2-40, WT-1, NUT, 
SALL-4, myogenin, desmin, and SMA.

Given the clinical presentation of an aggressive, 
widely metastatic tumor, together with the focal rhabdoid 
morphology and the immunophenotype, a SMARCA4-
UT is considered. Therefore, a BRG1 immunostain is 
performed which shows loss of expression of BRG1 with an 
intact positive internal control (Figure 1F). INI-1 expression 
is preserved (Figure 1G). This immunoprofile supports a 
diagnosis of SMARCA4-UT. Follow-up is not available in 
this patient.

The informed consent was waived as this was a case 
of the consultation files of the author. All procedures 
performed in studies involving human participants were in 
accordance with the ethical standards of the institutional 

and/or national research committee(s) and with the Helsinki 
Declaration (as revised in 2013).

Discussion

SMARCA4-UT are aggressive neoplasms. The patient 
presented has widespread metastatic disease at time of 
diagnosis. Similarly, literature reports metastases at time 
of presentation in the majority of patients including to 
lymph nodes (59% to 91% of patients), adrenal gland 
(27% to 48%), lung (29%), and bone (24% to 55%) 
(1,2). In the presented patient, metastatic disease is also 
identified in the liver. The demographic features of the 
described patient are consistent with reports of other 
patients with SMARCA4-UT with median age between 
39 and 59 (range, 27 to 82) years old (1,2,5,7,8). There is 
a male predominance with a male to female ratio of up to 
9:1. Most patients are smokers. Patients most commonly 
present with dyspnea, chest pain, and superior vena cava 
syndrome (1). Tumors are often large at presentation with 
a reported median tumor size of 12 to 13 (range, 2.2 to 
27) cm. Tumors are most commonly found in the anterior 
mediastinum followed by pleura and lung.

CT imaging studies of SMARCA4-UT describe four 
main tumor patterns with the mediastinal pattern being 
the most common (61%) followed by pleural (29%), 
cervical (5%), and retroperitoneal (5%) patterns (1).  
Imaging features of these tumors include ill-defined 
margins and heterogeneous enhancement after contrast. 
Multicompartment extension from the mediastinum to lung 
apex, pleura, or neck, compression of large airways resulting 
in post-obstructive lung atelectasis, vascular encasement and 
compression resulting in superior vena cava syndrome, and 
esophageal invasion is reported in a subset of cases. Primary 
tumors exhibit strong FDG avidity on PET-CT scan (1,2).

Morphologically, as seen in the presented case, these 
tumors are characterized by poorly differentiated cytology 
with medium-sized epithelioid cells with irregular nuclear 
borders and often conspicuous nucleoli. Sometimes, at 
least focally, a rhabdoid morphology can be appreciated as 
also seen in this case. Focal myxoid stroma or desmoplastic 
small round cell tumor-features are described in 7% of 
the tumors (8). Mitotic activity is high. While the tumor 
cells are forming clusters and sheets, they are growing in a 
somewhat discohesive pattern. Usually, extensive necrosis is 
also present.

The immunoprofile of these tumors can vary. In the 
presented case the tumor cells are focally positive for CD30 
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Figure 1 Thoracic SMARC4-deficient undifferentiated tumor (SMARCA4-UT). (A) At scanning power the biopsy shows sheets of 
neoplastic cells (left side) and large areas of necrosis (right side) (H&E). (B) The tumor cells are of epithelioid morphology with round 
to oval nuclei and prominent nucleoli (H&E). (C) Many of the neoplastic cells show eosinophilic cytoplasm with an eccentric nucleus 
suggestive of rhabdoid cytology (H&E). Immunohistochemical stains show the following results: (D) The tumor cells are negative for Oscar 
keratin. (E) They are focally positive for CD30. (F) The neoplastic cells lack expression of BRG1 while benign cells are positive for BRG1 
(nuclear stain). (G) Expression of INI-1 is preserved. Magnification: × scan (A), ×400 (B,D,E,F,G), ×600 (C).
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and CD138 while being negative for many other markers 
including various keratins. Many of these tumors are 
negative for multiple keratins as in our case; only in some 
of these cases tumor cells are reported to be focally positive 
for keratin and EMA. Diffuse expression of Sox2 is reported 
in almost all cases (3,5,8). About one-third of the cases are 
reported to express CD34 and/or SALL4. Synaptophysin 
might also be expressed in a subset of cases. Rare tumors 
focally express claudin 4 and TTF-1. As in the case 
presented, SMARCA4-UT are negative for desmin, NUT, 

S100, WT-1, and p40 (2,7,8). In 69% to 88% of cases a 
TP53 mutation is identified (2,3).

SMARCA4 encodes BRG1, a tumor suppressor, which 
is a catalytic subunit of the SWI/SNF (BAF) chromatin-
remodeling complex. The SWI/SNF complex is involved 
in the regulation of transcription and promotion of cell 
differentiation (3-5). SMARCA4-UT are characterized 
by inactivating mutations of SMARCA4 resulting in loss 
of BRG1 expression in neoplastic cells (6). SMARCA4 
germline mutations are not identified in these patients. In 
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general, these tumors also show loss of BRM-1 (encoded 
by SMARCA2, another catalytic subunit of SWI/SNF) 
although a study of SMARCA4-UT in the lung showed 
preserved expression in 18% of the cases (2,7).

The pathogenesis of SMARCA4-UT is not entirely 
clear. It is still debated whether these tumors represent de-
differentiated lung adenocarcinomas or might be more 
related to BAF-deficient rhabdoid tumors such as malignant 
rhabdoid tumors or atypical teratoid/rhabdoid tumors and 
SCCOHT. The latter is supported for instance by an RNA 
sequencing study that clustered cases into (I) carcinomas 
(renal medullary carcinoma with loss of SMARCB1 and 
lung carcinomas with or without SMARCA4 mutation), (II) 
unclassified and epithelioid sarcoma, and (III) SMARCA4-
UT, SCCOHT, and malignant rhabdoid tumors (3). 
Furthermore, in that study, more than 450 genes are 
differentially expressed between SMARCA4-UT and lung 
carcinoma with SMARCA4 mutation and unclassified 
thoracic sarcomas with wild type SMARCA4. In addition, 
low/deficient mRNA expression of SMARCA2 is observed 
in SMARCA4-UT, SCCOHT, and SMARCA4-deficient 
malignant rhabdoid tumors in contrast to preserved 
expression in lung carcinomas and sarcomas. Moreover, 
morphological features are similar between SMARCA4-
UT, SCCOHT, and malignant rhabdoid tumor. More 
recent studies show evidence in support of SMACRA4-
UT possibly  representing de-dif ferentiated lung 
carcinomas. Indeed, no germ line mutations are identified 
in SMARCA4-UT in contrast to 35% of SMARCB1- or 
SMARCA4-deficient malignant rhabdoid tumors and 50% 
of SMARCA4-deficient SCCOHT that harbor germ line 
mutations (3). Furthermore, similar to lung carcinomas, 
SMARCA4-UT have a complex genetic profile. In addition, 
these tumors can primarily affect the lung, a subset of these 
tumors has a component of a conventional non-small cell 
carcinoma, they frequently occur in smokers, and 50% 
of the cases harbor alterations typical of smoking-related 
non-small cell carcinomas including mutations in STK11, 
KEAP1, KRAS, and NF1 (2). Also, BAF complex alterations 
are present in a subset of undifferentiated/de-differentiated 
carcinoma. Indeed, 4% to 6% of lung adenocarcinomas are 
SMARCA4 deficient (10,11).

The differential diagnosis of SMARCA4-UT includes 
malignant rhabdoid tumor and atypical teratoid/rhabdoid 
tumor, metastatic SCCOHT, lung carcinoma, NUT 
carcinoma, germ-cell tumor, lymphoma, malignant 
melanoma, malignant mesothelioma, and sarcoma (8). Loss 
of BRG1 expression by itself is not specific for SMARCA4-

UT as it can also be seen in carcinomas including of lung 
origin, SCCOHT, and a subset of malignant rhabdoid 
tumors and atypical teratoid/rhabdoid tumors. Moreover, 
malignant rhabdoid tumors, atypical teratoid/rhabdoid 
tumors, and SCCOHT share similar morphological 
features with SMARCA4-UT. However, patients with 
malignant rhabdoid tumor are usually younger and tumors 
are negative for Sox2, do not show p53 overexpression, 
and commonly lack expression of INI-1 (8). Patients with 
SCCOHT are females and have a history of a primary 
intra-abdominal tumor with or without hypercalcemia (8).  
Although Sox2 might be expressed in these tumors, 
expression is usually not diffuse. In addition, INI-1 
(encoded by SMARCB1 gene, another member of the SWI/
SNF complex) immunostain can be helpful to further 
exclude tumors that have similar morphologic features but 
characteristically show loss of INI-1 expression such as 
epithelioid sarcoma (in which BRG1 expression is preserved).

The median survival of patients with SMARCA4-
UT is reportedly very short with only 4 to 7 (range, 1 
to 13) months. Disease progression or relapse occurs in 
essentially all patients and patients in general die of their 
disease, mostly due to local complications (1,3). Response 
to chemotherapy and surgery is limited (1). However, 
promising preclinical studies and early clinical trials with 
the H3K27 histone methyltransferase EZH2 inhibitor 
are underway in tumors related to the SWI/SNF complex 
(NCT03213665;  NCT02875548;  NCT02601950) 
emphasizing the importance of an accurate diagnosis of this 
tumor (3,9). In addition, a few patients with SMARCA4-
UT are reported who were treated with pembrolizumab, 
an anti-PD-1 antibody, either as first-line therapy or after 
failed chemotherapy and showed prolonged partial response 
(12,13). One of these tumors expressed PD-L1 on 60% of 
the tumor cells (13), in the other case PD-L1 expression 
was not reported (12).

In conclusion, SMARCA4-UT are very aggressive 
tumors that occur predominantly in male smokers. While 
the pathogenesis is still investigated evidence suggests 
that these tumors might represent de-differentiated lung 
adenocarcinomas. Early preclinical and clinical trials using 
EZH2 inhibitors are underway. This diagnosis should 
be considered in the differential diagnosis of poorly 
differentiated epithelioid thoracic tumors.
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