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ARTICLE INFO ABSTRACT

Keywords: Objectives: SMARCA4-deficient thoracic sarcoma(DTS) is a recently identified new entity of thoracic malig-
SWI/SNF complex nancies characterized by inactivation of SMARCA4. Patients with SMARCA4-DTS have a particulary aggresive
SMARCA4 clinical course and no effective treatments. However, the detailed clinical features of SMARCA4-DTS remain
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unclear. Here, we report the clinical courses and molecular profiles of two cases of SMARCA4-DTS.
Skeletal related event

Materials and Methods: We experienced strikingly similar two patients of SMARCA4-DTS. The clinicopathologic
features were reviewed, and detailed immunohistochemical and comprehensive cancer panel analysis with next
generation sequencing confirmed the diagnosis.

Results: Our cases had many clinical and radiological observations characteristic of SMARCA4-DTS in common.
Immunohistochemical staing showed complete loss of SMARCA4 in tumor cells. Loss of function mutations were
detected in SMARCA4. We found that severe SREs comprise a new significant clinical feature of SMARCA4-DTS.
Conclusion: Integrated clinico-radiologic—pathologic-genetic diagnosis is essential for SMARCA4-DTS and phy-

sicians should pay attention to severe SREs during the clinical course of this disease.

1. Introduction

SMARCA4 is one of the core catalytic subunits of the SWI/SNF
complex and its inactivation has been reported in several aggressive
tumors with high-grade undifferentiated rhabdoid morphology in-
cluding small cell carcinoma of the ovary, hypercalcemic type
(SCCOHT) [1]. Recent genetic analysis revealed a group of un-
differentiated thoracic malignancies with SMARCA4 inactivation pre-
senting as compressive tumors often involving the mediastinum, with
or without lung involvement, and occurring in relatively young patients
and displaying aggressive behavior with poor prognosis [2]. These tu-
mors were reported to be distinct from SMARCA4-mutated lung carci-
nomas and to have a closer molecular relationship with malignant
rhabdoid tumors and SCCOHT. Because of these clinicopathological and
molecular differences, these SMARCA4-inactivated thoracic tumors
were termed ‘SMARCA-deficient thoracic sarcoma (SMARCA4-DTS)’
[2].

Previous reports of SMARCA4-DTS were mostly based on retro-
spective  histopathological reviews  with  exhaustive im-
munohistochemical work-ups and next-generation sequencing; accord-
ingly, the detailed clinical course of SMARCA4-DTS, including
sensitivity to chemotherapy and radiotherapy, remains unclear [2,3].
Here, we report the clinical courses and molecular profiles of two cases
of SMARCA4-DTS. Both patients suffered from severe skeletal related
events (SREs) which required emergent surgical and radiological
therapies. Severe SREs could thus be a new significant clinical feature of
SMARCA4-DTS.

2. Patient 1: clinical course

A Japanese 45-year-old man visited our hospital complaining of wet
cough with hemoptysis, facial swelling, and right upper leg pain. He
was a current smoker with 54 pack-years. A chest X-ray and computed
tomography (CT) scan revealed an 11-cm mass in the lung field and
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Fig. 1. Imaging features of Patient.1 (A) Contrast-enhanced computed tomography (CT) showed an intrathoracic mass adjacent to the mediastinum (upper row), as
well as paraseptal emphysema, in the lung field (lower row). (B) Positron emission tomography (PET) scan revealed markedly increased '®F-FDG uptake in in-
trathoracic lesions, as well as left adrenal and right femur metastases. (C) Magnetic resonance imaging (MRI) STIR (short T1 inversion recovery) image of right femur
revealed a metastatic femur tumor and an impending pathologic fracture. (D) Contrast-enhanced CT showed enlarged abdominal lymph node metastases.
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Fig. 2. Histologic and immunohistochemical features of Patient.1’s specimen (A) Small- to medium-sized discohesive tumor cells with moderate nuclear atypia and
prominent nucleoli and mild pleomorphism. Immunohistochemical profile: (B) TTF-1, diffusely lost in tumor cells; (C) p40, diffusely lost in tumor cells; (D) AE1/AE3,
partially expressed in tumor cells; (E) SMARCAA4, diffusely lost in tumor cells; (F) SOX2, diffusely expressed in tumor cells; (G) Claudin4, slightly expressed in tumor
cells; (H) SALL4, expressed in tumor cells; (I) CD34, lost in tumor cells; (J) p53, diffusely expressed in tumor cells.

paraseptal emphysema (Fig. 1A). Positron emission tomography (PET)-
CT imaging demonstrated abnormal uptakes (Fig. 1B). Endobronchial
ultrasound-guided transbronchial needle aspiration was performed and
histopathological analysis of the specimen revealed undifferentiated
non-small cell lung carcinoma (NSCLC). An MRI scan of the right thigh

60

revealed an impending pathologic fracture in the right femur (Fig. 1C).
An EGFR mutation and ALK and ROS] fusions were not detected and
the PD-L1 tumor proportion score (TPS) was 0%. Nab-PTX plus CBDCA
therapy with concurrent radiotherapy (60 Gy/30 fr) for the mediastinal
mass and intramedullary nailing fixation were respectively performed.
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Table 1

Genetic alterations of Patient.1 and 0.2.
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Chromosome  Gene Transcript Variant Protein Variant Allele frequency (%)
Patient.1
1 PDE4DIP ¢.5284C > T; ¢.5692C > T; n.5118C > T; ¢.5482C > T; ¢.5695C > T; p-P1924S; p.P1847S; p.P1828S; p.P1899S;  50.8
¢.5539C > T; ¢.4963C > T; ¢.5770C > T; c.4966C > T p.P1898S; p.P1656S; p.P1655S; p.P1762S
2 LRPI1B c.6461G > T p.C2154F 45.0
2 LRP1B c.1591C > T p-R531C 49.3
3 EPHA3 c.1839C > T p-A613A 85.2
4 ADGRL3 ¢.1143C > A; ¢.939C > A p-A313A; p.A381A 80.8
4 TET2; TET2-AS1 ¢.5099A > G; ¢.5162A > G; n.318+58777T > C p-N1700S; p.N1721S 82.1
5 GDNF-AS1; GDNF  ¢.124+65G > T; ¢.189G > T; ¢.73+65G > T; ¢.138G > T; Pp-A63A; p.A46A 77.6
c.-86+65G > T; n.1020+10133C > A
7 TRRAP ¢.10176G > T; ¢.10263G > T; ¢.10230G > T p-T3392T; p.T3410T; p.T3421T 30.8
7 PIK3CG c.2386C > G p.L796V 31.0
8 CSMD3 ¢.2788C > A; ¢.2866C > A; ¢.3058C > A; ¢.3178C > A p.L1060I; p.L930I; p.L1020I; p.L9561 45.4
12 ARID2 c.-66C > T; c.4111C > T; ¢.2941C > T; ¢.3664C > T p-H1371Y; p.H981Y; p.H1222Y 46.7
13 RB1 c.1468G > C p-A490P 87.6
13 FLT1 ¢.1580C > A p.S527Y 85.9
15 BLM c.719A > G; ¢.-573A > G p-D240G 52.1
16 TSC2 ¢.1759G > T; ¢.1270G > T; ¢.1903G > T; ¢.1870G > T; ¢.1723G > T p.-D424Y; p.D624Y; p.D635Y; p.D587Y; 90.9
p.D575Y
17 RNF213 ¢.10689C > T; n.1400G > A; n.1350G > A; ¢.10836C > T p.L3612L; p.L3563L 48.3
17 TP53 ¢.-906G > T; ¢.212G > T; ¢.329G > T; ¢.-825G > T p-R110L; p.R71L 87.0
18 DcC ¢.1279G > C; ¢.2314G > C p.-V772L; p.V427L 83.1
19 SMARCA4 c.896delC p-P299fs*4 88.7
20 SRC ¢.1080C > G; ¢.1098C > G p.Y366%; p.Y360* 47.1
X TBX22 ¢.1017C > A; ¢.1377C > A p.14591; p.I3391 99.5
Patient.2
1 PIK3C2B ¢.3460G > C; ¢.3544G > C; n.147-756C > G p-A1154P; p.A1182P 45.6
2 ALK ¢.1055A > G; ¢.-77A > G p-H352R 74.6
3 MLH1 ¢.1945G > C; ¢.2017G > C; ¢.2110G > C; ¢.1903G > C; ¢.1816G > C; p.V635L; p.V346L; p.V606L; p.V649L; 18.0
p.-V704L;
¢.1036G > C; ¢.1387G > C; ¢.2011G > C; ¢.1087G > C p-V363L; p.V671L; p.V673L; p.V463L
3 PBRM1 ¢.3185G > G; ¢.3293G > C; ¢.3173G > C; ¢.3089G > C; p-R1037P; p.R1058P; p.R1077P; 64.3
p-R1098P;
¢.3110G > G; ¢.3230G > C; ¢.3284G > C; ¢.3290G > C p-R1097P; p.R1030P; p.R1062P;
p-R1095P
3 AC093495.4; XPC  ¢.1731G > T; ¢.1626 + 105G > T; n.1835G > T; p-W577C; p.W571C; p.W384C 70.2
n.1711G > T; ¢.1713G > T; n.457-7724C > A; ¢.1152G > T
6 SYNEI1 c.8488G > T; ¢.8533G > T; ¢.8467G > T p-D2823Y; p.D2845Y; p.D2830Y 45.5
7 EPHB6 ¢.1514C > G; n.2383C > G; ¢.2393C > G; ¢.2390C > G Pp-S505C; p.S798C; p.S797C 22.2
7 TRIM24 c.1580A > T; c.1478A > T p-N527I; p.N493I 45.7
9 TAFIL c.4648C > T p-P1550S 20.7
9 PTPRD c.2638A > T; ¢.2623A > T; c.2629A > T; ¢.3871A > T; c.2608A > T p-K870%; p.K880*; p.K1291*; p.K875%; 59.8
p.K877*
10 RET ¢.890G > A; ¢.128G > A p-R43H; p.R297H 39.4
11 RRM1 c.724G > T; ¢.1738G > T; ¢.1447G > T; ¢.1072G > T p-D242Y; p.D580Y; p.D358Y; p.D483Y 324
12 CCND2 n.126+1839G > A; n.182+1076G > A; ¢.180C > T p-A60A 56.3
14 BCL2L2-PABPN1 ¢.233G > C p.-R78P 30.5
15 IGFIR ¢.3985G > T; ¢.3988G > T; n.349-2938C > A p-G1329C; p.G1330C 38.1
17 TP53 ¢.536A > G; ¢.59A > G; ¢.503A > G; c.419A > G; c.140A > G p-H20R; p.H140R; p.H168R; p.H47R; 62.4
p.H179R
18 DCC n.218+5814C > T; ¢.4010G > A; ¢.2909G > A p-R970Q; p.R1337Q 50.9
19 SMARCA4 c.2274G > T; ¢.2466G > T; n.-1177G > T p-Q758H; p.Q822H 62.3
19 STK11 c.147C > G p-Y49* 66.9
20 GNAS c.*42+14142G > T; ¢.1576G > T; ¢.1763G > T; ¢.-39+13153G > T; p-A5268S; p.A525S; p.C588F 78.5
¢.1573G > T
22 MN1 c.919C > A p-Q307K 20.0
X TAF1 ¢.3319A > G; n.3458A > G; ¢.3382A > G p-M1107V; p.M1128V 77.9

Mutation detection was examined using the Ion AmpliSeqTM comprehensive cancer panel (Thermo Fisher Scientific, Massachusetts, USA). Library preparation was
performed according to the manufacturer's instructions. The purified libraries were pooled and then sequenced with a NextSeq 500 instrument (Illumina, San Diego,
CA). Reads were aligned with the hgl9 human reference genome, and variant detection was performed according to the manufacturer's pipeline (Chang Xu et al,
Detecting very low allele fraction variants using targeted DNA sequencing and a novel molecular barcode-aware variant caller. BMC Genomics. 2017; 18: 5.).
Germline mutations were excluded with the use of the Human Genetic Variation Database (http://www.genome.med.kyoto-u.ac.jp/SnpDB) and the Exome
Aggregation Consortium database.

After two courses of chemotherapy, abdominal lymph node metastases
progressed (Fig. 1D) and the second biopsy was performed. Histo-
pathological analysis revealed an undifferentiated round cell tumor
without spindle cell tumor (Fig. 2A). Immunohistochemical analysis
was shown in (Fig. 2). The Ion AmpliSeq” comprehensive cancer panel
(Thermo Fisher Scientific, Massachusetts, USA) identified a frameshift
mutation in P299fs (896delC) in SMARCA4 (Table 1). Collectively, a
diagnosis of SMARCA4-DTS was finally made. All following

chemotherapy regimens including immune checkpoint inhibitor (ICI)
failed after two courses and 11 months after the first visit, the patient
died.

3. Patient 2: clinical course

A Japanese 45-year-old man visited our hospital complaining of
worsening back pain. He was a current smoker with 29 pack-years. A
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Fig. 3. Imaging features of Patient.2 (A) Contrast-enhanced computed tomography (CT) showed intrathoracic mass adjacent to the mediastinum (upper row), with
paraseptal emphysema, in the lung field (lower row). (B) Positron emission tomography (PET) scan revealed markedly increased '®F-FDG uptake in intrathoracic
lesions and left adrenal metastasis. (C) Magnetic resonance imaging (MRI) T1-weighted image of the 5 thoracic vertebra revealed metastatic tumor invasion into the
spinal cord.
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Fig. 4. Histologic and immunohistochemical features of Patient.2’s specimen (A) Rhabdoid cells showing abundant eosinophilic cytoplasm and large vesicular nuclei.
Immunohistochemical profile: (B) TTF-1, diffusely lost in tumor cells; (C) p40, almost diffusely lost in tumor cells; (D) AE1/AE3, partially expressed in tumor cells;
(E) SMARCAA4, diffusely lost in tumor cells; (F) SOX2, diffusely expressed in tumor cells; (G) Claudin4, diffusely lost in tumor cells; (H) SALL4, expressed in tumor
cells; (I) CD34, lost in tumor cells; (J) p53, diffusely expressed in tumor cells.
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chest X-ray and CT scan revealed a 5-cm mass in the lung field (Fig. 3A).
PET-CT imaging demonstrated abnormal uptakes (Fig. 3B). Trans-
bronchial lung biopsy was performed from the mass and histopatho-
logical analysis revealed undifferentiated NSCLC. The patient was di-
agnosed with NSCLC (cStage IV) with no EGFR mutation or ALK and
ROS1 fusion genes, and with a PD-L1 TPS of 0%. A combination therapy
of CBDCA plus nab-PTX and an ICI was administered followed by ICI
maintenance therapy. After two courses of maintenance therapy, the
patient complained of progressive left leg weakness. An emergent MRI
scan of the entire spine revealed spinal tumor compression (Fig. 3C)
resulting in emergent laminectomy for decompression of the spine.
Histopathological analysis revealed rhabdoid cells were focally ob-
served without spindle cell tumor. Immunohistochemical analysis was
shown in (Fig. 4). The comprehensive cancer panel sequencing identi-
fied frameshift mutations at Q758H and Q822H (2774G > T and
2466 G > T, respectively; Table 1). Unfortunately, the emergent sur-
gery could not improve his symptoms and eleven months after the first
visit, the patient died from his cancer under palliative care, similar to
Patient 1.

4. Discussion

Clinical and histological features of our cases were highly similar to
those described in a previous study and exhibited sufficient character-
istics to suspect SMARCA4-DTS [2,3]. Prototypical cases of SMARCA4-
DTS showed the features of poorly differentiated neoplasms with epi-
thelioid/rhabdoid cell tumors different from typical sarcoma derived
from mesenchymal tissue [2]. Histopathological analysis of our cases
revealed some histopathologic features associated with sarcoma in-
cluding small round cell tumor (Patient. 1) and rhabdoid cell tumor
(Patient. 2). Both cases showed lack of Claudin-4 expression, which
distinguishes SMARCA4-DTS from SMARCA4 mutated carcinomas [4].
Our cases highlighted the fact that for the early diagnosis of SMARCA4-
DTS, the integrated analysis is necessary and that SMARCA4-DTS has
tends to be associated with severe SREs requiring emergent surgical and
radiological treatment.

Our cases had many clinical and radiological observations in
common, as follows: relatively young age of onset (mid-40s), heavy
smokers, paraseptal emphysema in the upper lung lobes, locations ad-
jacent to the mediastinum, left adrenal metastases, and poor prognosis
[2,3]. Our new clinical finding is the tendency to suffer from severe
SREs. SMARCA4-DTS has a tendency to be located near the medias-
tinum and its rapid progression can induce direct invasion into thoracic
vertebrae resulting in spinal compression. Its prognosis has been re-
ported poor despite multidisciplinary therapy, although its detailed
clinical course has not been reported. Severe SREs could negatively
affect patient performance status and lead to the discontinuation of
cytotoxic chemotherapy.

The diagnosis of SMARCA4-DTS is challenging. For the histo-
pathological examination of thoracic tumors, biopsy samples are often
too small to make an exact diagnosis [5]. Further, the lack of recogni-
tion of this disease makes diagnosis more difficult. Both of our cases
were inadequately diagnosed at the first biopsy, whereas another larger
biopsy resulted in accurate diagnoses. To obtain large specimens, other
procedures than bronchoscopy including bronchoscopic cryosurgical
techniques, CT-guided biopsy, and open surgical biopsy might be sui-
table [6]. Moreover, the clinical and radiological features of SMARCA4-
DTS encourage clinicians to select other biopsy procedures for large
specimen, rather than transbronchial biopsy.

Immunohistochemical screening based on SMARCA4 staining is not
sufficient for the diagnosis of SMARCA4-DTS, as a loss of expression is
also observed in SMARCA4-mutated lung carcinomas [2]. SOX2
staining can serve as a surrogate marker to discriminate SMARCA4-DTS
from SMARCA4-mutated lung carcinomas [2,7]. Our cases showed
complete loss of SMARCA4 expression and increased expression of
SOX2, which was in accordance with the major SMARCA4-DTS
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immunohistochemical  signature. = Thus, = immunohistochemical
screening with multiple antibodies including SMARCA4 and SOX2 is
necessary for the diagnosis of SMARCA4-DTS.

Moreover, molecular features are not useful in the early diagnosis.
Apart from SMARCA4, TP53 was found to be the only recurrently
mutated gene; however, this mutation is not specific for SMARCA4-DTS
and also occurs all lung carcinoma tissue types [2,3]. We analyzed
molecular findings in our cases based on cancer panel sequencing
covering all exons of 409 key genes and found that TP53 mutations
were common (Table 1). Heavy smoking history is considered to be a
major cause of SMARCA4-DTS. TP53 and STK11 (Patient. 2) mutations
are driver mutations associated with smoking in lung cancer [8]. Im-
munohistochemical loss of SMARCA4 expression suggested a nonsense
mutation in the gene. For the diagnostic sequencing proof of the non-
sense mutation might not be necessary; however, the clin-
icopathological and molecular features of SMARCA4-DTS have not been
fully elucidated and its diagnostic criteria have not been established.
Thus, additional molecular features of SMARCA4-DTS are necessary to
understand the pathological background; moreover, not only cancer
panel sequencing, but also whole exome sequencing, will be expected
despite its expensive cost.

The underlying mechanism of how inactivation of the SWI/SNF
complex including SMARCA4 induces tumorigenesis has been partially
unraveled. The SWI/SNF complex functions as an inhibitor of the pro-
oncogenic transcriptional coactivators YAP and TAZ [9]. Recently,
targeted therapy for SWI/SNF complex mutations has been developed.
Specifically, inhibition of the histone methyltransferase EZH2 has
shown a growth inhibitory effect for a subset of SWI/SNF complex
mutations [10]. Moreover, SMARCA4-mutant NSCLC cell lines were
reported to be sensitive to Aurora kinase A inhibition [11]. Another
recent study highlighted the fundamental role of the SWI/SNF complex
in facilitating the efficient genes required for energy generation. This
study demonstrated the complex metabolic rewiring that occurs in
SWI/SNF-mutant lung adenocarcinoma, which results in the increased
reliance on oxidative phosphorylation (OXPHO) and the marked sen-
sitivity to OXPHO inhibition by the novel small molecule IACS-010759,
currently under clinical development [12]. These emerging drugs have
the potential to improve prognosis for SMARCA4-DTS patients.

The identification of SMARCA4-DTS is important both prog-
nostically and therapeutically. These tumors behave aggressively and
are associated with a worse prognosis. However, the diagnosis of
SMARCA4-DTS is sometimes challenging. Accordingly, clinicians and
pathologists are encouraged to be aware of this new entity and consider
additional ancillary tests to yield a definitive diagnosis. Although
clinical cues including young age onset, heavy smoking history, para-
septal pulmonary emphysema and tumor location adjacent to the
mediastinum are significantly important, the diagnosis of SMARCA4-
DTS relies on pathological analysis. The histopathologic features of
SMARCA4-DTS are not specific but distinctive enough to infer the di-
agnosis [7]. The characteristic features of SMARCA4-DTS are the pre-
sence of small round to epithelioid cells in a solid pattern showing
rhabdoid differentiation [3,7]. In the practical clinical setting, im-
munohistochemical features of undifferentiated/dedifferentiated lung
carcinomas, for example lacking of TTF-1, p40 expression, also con-
tributes to the appropriate workup for the diagnosis. Moreover im-
munohistochemical screening for expression of SMARCA4 could be
useful especially when dealing with small biopsy samples. [7]. Cur-
rently, we do not have effective treatments for SMARCA4-DTS; however
the potential development of targeted therapy for this disease provides
additional clinical relevance for the identification of SMARCA4-DTS. In
conclusion, an integrated clinico-radiologic-pathologic—genetic diag-
nosis is essential for the diagnosis of this disease.
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