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Abstract
Objectives SMARCA4-deficient thoracic sarcoma (SMARCA4-DTS) is a recently identified aggressive subtype of sarcoma. The
aim of this study was to characterize the CT imaging features of SMARCA4-DTS.
Methods From June 2011 to May 2017, 21 adult patients with histologically proven SMARCA4-DTS were identified in the
radiological database of 2 French sarcoma reference centers with at least one chest CT scan available. The locations, sizes,
heterogeneity, margin definitions, and local extensions of the tumors were reported together with their impact on surrounding
organs and regional and distant metastases. Pathological findings, molecular analyses, and patients’ outcomes were retrieved.
Results Of the 21 included patients (median age 48, range 30–74), 18 (85.7%) were male and 18 (85.7%) had a smoking history.
Four main radiological patterns were identified depending on the location of the main tumor burden: mediastinal (n = 13), pleural
(n = 6), cervical (n = 1), and retroperitoneal (n = 1). Median size was 120 mm (range 46–266). Characteristic CT imaging features
of primary tumors included ill-defined margins (n = 21), heterogeneous enhancement after injection (n = 20), multi-compartment
extension from mediastinum to lung apex, pleura, or neck (n = 20), compressive effect responsible for atelectasis (n = 11),
vascular encasement (n = 16—5 superior vena cava syndrome), and esophagus invasion (n = 5). Primary tumors showed strong
18F-FDG avidity in eight patients with PET-CT. Necrotic lymphadenopathies were found in 19 patients, with a surrounding
infiltrate in 13 patients. Metastatic locations at baseline mainly involved adrenal (n = 10), lung (n = 6), and bone (n = 5). Median
overall survival was 5 months (range 1–13).
Conclusion Most SMARCA4-DTS present with compressive and infiltrative chest masses with ill-defined necrotic lymphade-
nopathies. The diagnosis of SMARCA4-DTS should enter in the differentials of the radiologist, especially in the case of a rapidly
evolving thoracic mass in young smoking males.
Key Points
• SMARCA4-DTS is a very aggressive poorly differentiated sarcoma with a predilection for young and middle-aged adult male
smokers.

• SMARCA4-DTS, which is mostly located in the chest cavity, can compress and infiltrate all adjacent organs leading to superior
vena syndrome, lung atelectasis, epiduritis, spinal cord compression, and esophagus invasion.

• SMARCA4-DTS typically demonstrates several ill-defined necrotic lymphadenopathies spreading in axillar, subclavian, cer-
vical, mediastinum, and retroperitoneum.
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Abbreviations
18F-FDG-PET/CT 18F-Fluorodeoxyglucose positron

emission tomography merged with
computed tomography

BRG1 Brahma-related gene 1
HES Hematoxylin and eosin staining
IASLC International Association for the

Study of Lung Cancer
MNSGCT Malignant non-seminomatous

germ cell tumor
MRT Malignant rhabdoid tumors
NMC NUT (nuclear in testis) midline

carcinoma
NSCLC Non-small cell lung carcinoma
NUT Nuclear in testis
SCLC Small cell lung carcinoma
SFT Solitary fibrous tumor
SMARCA4-DTS SMARCA4-deficient thoracic sarcoma
SOX2 Sex-determining region Y-bOX 2
SUVmax Maximal standardized uptake value
TTF1 Thyroid transcription factor 1

Introduction

SMARCA4-deficient thoracic sarcomas (SMARCA4-DTS)
are a recently identified subtype of sarcoma. They are charac-
terized by inactivating mutations of SMARC4, which they
share with malignant rhabdoid tumors (MRT) [1]. Although
MRT affect the pediatric population, they are biologically
close to SMARCA4-DTS since both tumor types display sim-
ilar expression profiles and aggressive clinical courses
(SMARCA4 encodes for BRG1 (Brahma-related gene 1),
which is a key subunit of a chromatin remodeling complex
that regulates transcription activity in cells) [2–4]. Even if only
three studies have been conducted yet, there are striking sim-
ilarities among the cohorts: these tumors are most often found
in the chest of young and middle-aged males with a smoking
history and show a rapid and unfavorable course with an over-
all survival of less than 8 months [1, 5, 6]. Patients typically
demonstrate a compressive and infiltrative mediastinal mass
responsible for superior vena cava syndrome. This initial pre-
sentation explains that the first suspected diagnosis is often a
lymphoma. However, when addressed to a comprehensive
cancer center, the alternate diagnostic hypothesis can also be
a NUT (nuclear in testis) midline carcinoma (NMC), a recent
entity with an aggressive course that can also be found in
young adults [7–9].

There is an expanding literature about the pathological
characterization of SMARCA4-DTS, but the details of

their radiological aspects have not been described yet.
Due to the rapidly evolving and aggressive course of the
tumors, radiologists could play an important role if radio-
logical features reminiscent of the diagnosis were identi-
fied. Radiologists could help guide immunohistochemistry
and molecular analyses to perform on limited biopsy sam-
ples [10]. Indeed, Le Loarer et al have identified potential
immunohistochemistry surrogate markers of SMARCA4-
DTS that are not systematically performed when screening
a thoracic mass [1]. Moreover, despite their very aggres-
sive behavior, the lack of guidelines, and the inefficiency
of classical chemotherapies, tailored therapies could al-
ready be available against SMARCA4-DTS [11–13].
Tazemetostat , an inhibitor of Enhancer of Zeste
Homologue 2 (which is an histone lysine methyltransfer-
ase), has demonstrated a positive anti-tumor effect against
SMARCA4-deficient solid tumors in a phase 1 study, and 4
clinical trials are currently opened for these patients [13]
(https://clinicaltrials.gov).

Therefore, our aim was to describe the CT imaging fea-
tures of these tumors at a local level through a pattern-
based approach but also of their metastatic spreading and
to discuss their differential diagnoses. To do so, we retro-
spectively analyzed the pre-treatment imaging of a case
ser ies of 21 pat ients with his tological ly proven
SMARCA4-DTS from 2 sarcoma reference centers be-
tween June 2011 and May 2017.

Materials and methods

Patients

Patients were identified through the pathological database
and the PACS system of 2 French sarcoma reference cen-
ters (Centre Léon Bérard in Lyon and Institut Bergonié in
Bordeaux). We retrieved 45 patients with a pathological
diagnosis of SMARCA4-DTS. Twenty-one patients were
included as they presented with a baseline CT examina-
tion performed between June 2011 and May 2011. Of
them, 11 were previously reported in a non-radiological
study [1]. Twenty-four were excluded for lack of in-house
baseline imaging data.

The following information was retrieved from the medical
record: age, gender, medical history, smoking history and/or
cannabis consumption, initial clinical symptoms, first
suspected diagnosis by the radiologist and the pathologist,
treatment, and outcome. This multi-center retrospective study
was approved by the institutional review boards.
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Imaging acquisitions

All patients had a baseline CT examination available, which
was carried out on different scanners as the series included
patients secondarily referred to our institution (32 to 64
multi-detector row CT scans, range of slice thickness 1.25–
3 mm, axial plane of reformatting available in all cases). One
patient had a chest CT without contrast agent administration
alone. Twenty patients had a chest CT with contrast agent
injection. Sixteen patients had an additional acquisition on
the abdomen and pelvis with a contrast agent injection. Five
patients had an acquisition on the brain because of neurologic
symptoms (1 MRI and 4 CTs with contrast agent injection).
Eight had a whole-body 18F fluorodeoxyglucose positron
emission tomography (18F-FDG-PET/CT) performed on dif-
ferent systems from comprehensive cancer centers and follow-
ing the European Organization for Research and Treatment of
Cancer recommendations [14].

Imaging analysis

Two board-certified radiologists, including one senior radiol-
ogist from a French sarcoma reference center, independently
reviewed the whole imaging dataset (inter-observer agree-
ments are given in Supplementary Table 1). Secondly, they
performed another reading of all the CTs together in consen-
sus, which was based on the statistical analysis. They reported
the following features: measure of the longest diameter (in
mm); main radiological pattern among mediastinal, pleural,
cervical, or abdominal (depending on the primary tumor loca-
tion or the location of the dominant lesion burden when other
anatomical locations were involved by the tumor); multi-
compartmental lesions when at least two of the radiological
patterns were combined; heterogeneity after iodine-contrast
agent administration (defined as the percentage of tumor vol-
ume with presence of low attenuations, iso- and high attenu-
ations compared to muscle and categorized as homogeneous,
< 50% heterogeneous, ≥ 50% heterogeneous); presence of
cystic component (defined as well-defined area with fluid-
like attenuation and no enhancement after contrast agent in-
jection); presence of calcification; presence of an abnormal
tumor vascularization; margin definition of the main tumor
component (categorized as well-defined, ill-defined on <
25% of tumor circumference, ill-defined on ≥ 25% of tumor
circumference). When 18F-FDG-PET/CT was performed, the
maximal standardized uptake value (SUVmax) of the whole
tumor burden was calculated.

Regarding the mediastinal lesions, the radiologists reported
the following features: measure of the longest diameter, ex-
tension in craniocaudal axis and anteroposterior axis (upper/
middle/lower mediastinum and anterior/posterior mediasti-
num, respectively), presence of a pericardial effusion, pres-
ence of thymus or esophagus invasion (defined as tumor

budding within the mucosa) or lung apex extension, presence
of a vascular encasement (none, hilar, superior vena cava syn-
drome, other vessels among the axillar, innominate, subclavi-
an, and jugular veins), and presence of a post-obstructive lung
atelectasis.

Regarding the pleural lesions, the following items were
reported: measure of the longest diameter, uni- or bilateral
location when present, and presence of a pleural effusion.

Lymph node metastases were defined as lymph nodes with
a small diameter above 10 mm, without central fat, with an
avidity on 18F-FDG-PET/CT (when available), and showing
alterations on the following CTscans. Lymph nodemetastases
were evaluated as follows: areas (categorized as pulmonary-
mediastinal [i.e., 2R/L, 3R/L, 4R/L, 5R/L, 6R/L, 7R/L, 8 R/L,
9R/L, 10R/L, 11R/L] according to the International
Association for the Study of Lung Cancer [IASLC] lymph
node map); internal thoracic, cervical-subclavian (i.e., 1R/L
according to the IASLC lymph node map and/or located in
any other lymph node of the cervix); axillary or abdominal
(intra- or retroperitoneal); number of lymph node areas (0, 1,
2–5, > 5); presence of necrotic lymphadenopathy; and pres-
ence of a surrounding infiltrate. The presence of metastases
was also reported (adrenal, liver, lung, bone, spleen, epidural,
intra- or retroperitoneal sarcomatosis). Metastases were de-
fined as abnormal solid lesions with avidity on 18F-FDG-
PET/CT (when available), which were not compatible with
benign lesions and that showed changes in size and architec-
ture on the following CT scans.

Pathological analysis

An expert pathologist reviewed all the cases in this study. All
pathological specimens were assessed with hematoxylin and
eosin staining (HES). Immunohistochemistry panels were
completed with the surrogate markers of SMARCA4-DTS,
using CD34, SOX2 (sex-determining region Y-bOX 2), and
SMARCA4 (BRG1) (in 21, 19, and 21 patients, respectively);
with NMC markers (NUT staining in 10 patients); with carci-
noma markers (thyroid transcription factor 1 (TTF1) staining
in 18 patients, keratin expression AE1/AE3 in 16 patients,
p40/p63 in 14 patients); with thymic carcinoma markers
(CD117/CD5 expression in 16 patients); and with neuroendo-
crine markers (chromogranin A and synaptophysin expres-
sions in 11 patients). RNA sequencing to assess the
SMARCA4 mutational status was screened in 12 patients.

Statistical analysis

Classical descriptive statistics were calculated. Numeric vari-
ables were expressed as mean ± standard deviation and/or
median and range, as appropriate. Ordinal and categorical
variables were given with the number of patients and
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percentages. Statistical analyses were performed using the
SPSS statistical package (version 21.0, IBM).

Results

Clinical features

Clinical features are summarized in Table 1. Mean age was
48.1 ± 14.5 years old (range 30–74). There was a markedmale
predominance and most patients had a smoking history. Of the
18 patients with a smoking history, the consumption was
quantified in 15 patients providing a median of 20 pack-
years (range 6–20). Two patients quit before the diagnosis of
SMARCA4-DTS: 1 year before after a 17-pack-year con-
sumption and 15 years before after a 15-pack-year consump-
tion. The most frequent clinical presentation was dyspnea (11
patients). Indirect symptoms of regional invasion were fre-
quently observed during the first medical consultation: five
patients had a superior vena cava syndrome, two had
Pancoast-Tobias syndrome, two had high digestive hemor-
rhages, and one had hemoptysis.

Radiological presentation

Table 2 summarizes the radiological features seen on the first
CTexamination, prior to any treatment.We identified four main

radiological patterns: mediastinal in 13 patients (61.9%), pleu-
ral in six patients (28.6%), cervical in one patient (4.8%), and
retroperitoneal in one patient (1%) (Fig. 1). Almost all patients
demonstrated a multi-compartment infiltrative and compressive
extension, mostly mediastinal and unilateral pleural with tho-
racic and cervical lymphadenopathies. The tumor displayed a

Table 1 Patient characteristics and presenting symptoms

Characteristics No. of patients (%)

Age (years) 48 (30–74)

< 30 0/21 (0%)

30–50 11/21 (52.4%)

> 50 10/21 (47.6%)

Gender

Male 18/21 (85.7%)

Female 3/21 (14.3%)

Tobacco history 18/21 (85.7%)

Cannabis intoxication 4/21 (19%)

Lung emphysema 11/21 (52.4%)

Presenting symptoms

Dyspnea 11/21 (52.4%)

Chest pain 9/21 (42.9%)

Superior vena cava syndrome 5/21 (23.8%)

Pancoast-Tobias syndrome 2/21 (9.5%)

Epigastralgia 2/21 (9.5%)

High digestive hemorrhage 2/21 (9.5%)

Hemoptysis 1/21 (4.8%)

Age is given as median and range. Results are number (no.) of patients/
total number of patients with available information and percentage in
parentheses

Table 2 Imaging features of patients with SMARCA4-deficient thoracic
sarcoma on initial chest CT

Characteristics No. of patients (%)

2.a. Main pattern
Mediastinal 13/21 (61.9%)
Pleural 6/21 (28.6%)
Cervical 1/21 (4.8%)
Retroperitoneal 1/21 (4.8%)

Multi-compartment extension 19/21 (90.5%)
Longest diameter (mm) 128 ± 57 (46–266)
Heterogeneity after injection
Homogeneous 0/20 (0%)
< 50% heterogeneity 14/20 (70%)
≥ 50% heterogeneity 6/20 (30%)

Calcification 0/21 (0%)
Cystic component 0/21 (0%)
Margin definition
Well-defined 0/21 (0%)
< 25% ill-defined 2/21 (9.6%)
≥ 25% ill-defined 19/21 (90.5%)

Abnormal vascularization 1/20 (5%)
18-FDG-PET-CT (n = 8)
SUVmax 16.6 ± 8.2 (9.1–33.8)

2.b. Mediastinal component
Longest diameter (mm) 127.6 ± 56.6 (46–266)
Craniocaudal
Upper mediastinum 18/21 (85.7%)
Middle mediastinum 19/21 (90.5%)
Lower mediastinum 7/21 (33.3%)

Anteroposterior
Anterior mediastinum 17/21 (81%)
Posterior mediastinum 16/21 (76.2%)

Pericardial effusion 6/21 (28.6%)
Thymus invasion 10/21 (47.6%)
Lung apex extension 14/21 (66.7%)
Post-obstructive atelectasis 11/21 (52.4%)
Esophagus invasion
No 8/21 (38.1%)
Suspicious 8/21 (38.1%)
Yes 5/21 (23.8%)

Vascular encasement
No 5/21 (23.8%)
Hilar encasement 12/21 (57.1%)
Superior vena cava syndrome 5/21 (23.8%)
Other vessels’ encasement 8/21 (38.1%)

2.c. Pleural component
No 2/21 (9.6%)
Unilateral 17/21 (81%)
Bilateral 2/21 (9.6%)

Longest diameter (mm) 108 ± 47.8 (16–195)
Pleural effusion 10/21 (47.6%)

Longest diameters and SUVmax are given as mean ± standard deviation
with range in parentheses. Results are number (no.) of patients/total num-
ber of patients with available information and percentage in parentheses
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heterogeneous aspect on post-contrast CT in all patients.
Abnormal intra- and peritumoral vessels were seen once.
Calcifications or cystic components were never seen.

When present, the mediastinal part of the tumor was often
large (mean longest diameter 127.6 ± 56.6mm (range 46–266))
and typically involved the upper and middle mediastinum uni-
laterally with an extension to the lung apex. Anteriorly, the
thymic area was invaded in almost half of the patients.
Posteriorly, the esophagus was at least circumferentially
encircled in 13 patients of whom 5 showed an objective inva-
sion of the mucosa. Vascular encasement was observed in 16
patients (76.2%) and consisted in unilateral encasement of hilar
vessels in 12 patients (57.1%) but also of the superior vena
cava, subclavian vessels, and innominate or internal jugular
vein. The same ability to encircle vessels was seen for the
patients with abdominal main tumor burden. The tumor was
responsible for post-obstructive atelectasis in 11 patients.

A pleural solid component was present in 19 patients
(90.4%), almost always unilateral when present, together with
a pleural effusion in 10 patients (47.6%). The pleural main

pattern could demonstrate different aspects (Fig. 2), frommul-
tiple ill-defined unilateral heterogeneous masses attached to
parietal and visceral pleura with a pleural effusion to a large
compressive heterogeneous unique mass that filled the whole
thorax and crossed the intercostal muscles in order to spread
among the soft tissue of the trunk wall.

When18F-FDG-PET/CT was available, the tumor and its
metastases always demonstrated a strong 18F-FDG avidity
with a mean SUVmax of 16.6 ± 8.2 (range 9.1–33.8).

Table 3 summarizes the regional and distant extensions.
Almost all patients showed lymphadenopathies involving
more than 2 lymph node areas, most often spreading from
mediastinal areas to the neck, along subclavian vessels up to
the axillary area. In the abdomen, lymphadenopathies were
mostly located in the celiac and retroperitoneal nodes above
the kidneys. These lymphadenopathies showed central necro-
sis in 17 patients (81%), and the fat surrounding lymphade-
nopathies was clearly infiltrated in 13 patients (Fig. 3).

Eleven patients showed metastases at diagnosis. In de-
scending order, metastases were located in one adrenal for 7

Fig. 1 Main radiological patterns of SMARCA4-deficient thoracic
sarcomas. Four main radiological patterns, here in four different patients,
were proposed: a mediastinal pattern, which consisted in an infiltrative
mass of the middle and upper mediastinum with vascular, tracheal,
esophagus, thymus, and bronchial invasions; b pleural pattern, which
consisted in a large parietal and visceral heterogeneous mass with a
pleural effusion, often unilateral; c cervical pattern, which consisted in
multiple confluent ill-defined necrotic and large lymphadenopathies
(white arrow); d retroperitoneal pattern, which consisted in a mainly
retroperitoneal tumor infiltrate with encasements of the aorta, renal

vessels, celiac artery, and portal vein (white arrowhead)—note the
peritoneal sarcomatosis responsible for a scalloping at the anterior side
of the liver (dashed arrow). Row 1 corresponds to axial chest CT scan
after iodine-contrast agent injection and portal phase acquisition; row 2
corresponds to a coronal maximal intensity projection view of 18F
fluorodeoxyglucose position emission tomography (18F-FDG-PET);
row 3 corresponds to axial 18F-FDG-PET merged with CT. Note the
strong avidity of the lesions, whatever the main pattern and the tumor
extension
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patients, bilaterally in three cases; in the lung for six patients;
in the bone for five patients—always lytic—with an epidural
contiguous extension in two patients (Fig. 4); and in the brain
for two patients. Three patients demonstrated an intra- or ret-
roperitoneal sarcomatosis, located in the fat surrounding the
kidney in 2 cases.

Interestingly, lung emphysema was present on the chest CT
of 11 patients (52.4%). TNM classification for lung cancer
staging, when applicable, is given in Supplemental Table 2:
the staging group was at best stage IIIc.

Considering these initial clinical and radiological presenta-
tions, the first hypothesis according to medical records was a
lymphoma (12 patients, 57.1%), a NMC (five patients, 23.8%),
a malignant non-seminomatous germ cell tumor (MNSGCT)
(two patients, 9.5%), or a lung carcinoma (two patients, 9.5%).

Pathological findings

Pathological samples came from biopsies in all cases.
Pathologists reported the presence of large, poorly

differentiated cells arranged in poorly cohesive sheets
with an area of necrosis. Initial histopathological diagno-
sis included epithelioid sarcoma (eight patients), Ewing
sarcoma (four patients), SMARCA4-DTS (3 patients), un-
differentiated thymic carcinoma (two patients), undiffer-
entiated malignant neoplasm (two patients), MRT (one
patient), and undifferentiated carcinoma (one patient).

Table 4 summarizes the immunohistochemistry analy-
ses. All tumors lost the (gene) expression of SMARCA4
(BRG1). There was a positive immunostaining for SOX2
in 17 out of 19 patients (89.5%) and for CD34 in 16 out
of 21 patients (76.2%). When performed, markers for
NMC, thymus cancer, and lung adenocarcinoma were al-
ways negative. Epithelial markers were positive in 10 out
of 16 cases (including 6 focal positivity). Synaptophysin
was focally positive in three samples. Somatic mutations
of SMARCA4 were found in all cases when mutational
analysis by RNAseq was performed. Figure 5 shows the
typical pathological and molecular findings in a patient
with SMARCA4-DTS.

Fig. 2 Different aspects of the pleural main pattern of SMARCA4-
deficient thoracic sarcomas. a A 72-year-old male presented with
dyspnea and chest pain. CT scan after contrast agent injection showed
multiple unilateral pleural masses from 1- to 6-cm longest axis with an
abundant right pleural effusion and lung atelectasis. bA 31-year-old male
presented with dyspnea, chest pain, and increased volume of the left
hemi-thorax. CT scan after contrast agent injection showed a huge

circumferential pleural mass with heterogeneous densities (white
asterisk) that compressed the mediastinum and crossed the parietal pleura
and the intercostal muscles to spread within soft tissue of the left
thoracic wall (white arrowhead). Both patients had a history of smoking
history (15 and 17 pack-years, respectively), but quit for more than 1 year
before the beginning of the symptoms

Eur Radiol (2019) 29:4730–4741 4735



Outcome

First-line chemotherapy regimen consisted in anthracycline-
based chemotherapy in nine patients and platinum salts in
eight patients. Two had a curative surgery (pneumonectomy)
followed by radiotherapy. Early relapse or progression con-
stantly occurred. Finally, all the patients died of their disease
due to local complications, with amedian survival of 5 months
after diagnosis (range 1–13). The radiological follow-up of a
patient is illustrated in Fig. 6, showing the aggressive course
of the disease.

Discussion

Our results shows that although SMARCA4-DTS do not have
perfectly specific radiological features, the coexistence of

heterogeneous ill-defined mass with both compressive and
infiltrative invasions of adjacent organs and multiple promi-
nent necrotic and ill-defined lymphadenopathies integrated
with the clinical setting should raise radiological suspicion
for this rare tumor.

Though these tumors are rare, they are above all exceed-
ingly aggressive. SMARCA4-DTS should be considered an
oncologic emergency since at least eight of the patients from
our series presented with life-threatening initial symptoms
(e.g., high digestive hemorrhage, hemoptysis, and superior
vena cava syndrome). Thus, we believe that radiologists must
be aware of this entity because the hypothesis of a
SMARCA4-DTS may orient the differential diagnosis and
lead to additional immunohistochemistry that is not often rou-
tinely prescribed for lung tumors—SOX2, CD34, and BRG1
immunostaining—therefore avoid diagnostic wandering.

Our findings concur with the literature. Smoking history
and male predominance were also found by Le Loarer et al,
Yoshida et al, and Sauter et al [1, 5, 6].Median age was 41, 39,
and 59 years old in these three studies.

These other studies also distinguished different locations of
the main tumor burden: mainly mediastinum, lung, and pleu-
ra. Interestingly, Yoshida et al found one tumor that involved
the axillary area and spared the thoracic cavity and three cases
with simultaneous large masses of the thoracic and abdominal
cavities at diagnosis, making it difficult to identify the initial
location [5]. Herein, the main tumor burden of one patient was
located in the retroperitoneum but he also showed several
thoracic lymphadenopathies. Thus, SMARCA4-DTS cannot
be restricted to a pattern-based approach and additional fea-
tures are required. We have deepened the previous studies by
identifying a high prevalence of ill-defined tumors with het-
erogeneous densities compatible with necrosis, with no no-
ticeable abnormal vascularization, no calcification, and no
cystic changes. The striking feature was the ability of these
tumors to cross compartments and to spread from mediasti-
num to pleura, neck, or lung apex in an infiltrative and com-
pressive way. Hence, all patients died of local complications
and not of metastasis. We found extreme cases illustrating
these abilities: huge pleural tumor crossing the intercostal
muscles of an infiltrative tumor of the posterior mediastinum
spreading to epidural spaces and vertebral body.

Le Loarer et al highlighted the presence of lymphade-
nopathies at diagnosis, but our results deepened this depic-
tion and stressed the high prevalence of confluent, necrot-
ic, and ill-defined lymphadenopathies with surrounding in-
filtrate at diagnosis [1]. Since lymphoma was frequently
suspected, one could oppose the morphology of the lymph-
adenopathies in these two diseases, lymph node metastases
in lymphoma being better limited, more homogeneous, and
round. Our study also highlights a tropism for lymphatic
spreading, which is a rare feature for sarcomas and could
help establishing diagnostic hypotheses.

Table 3 Imaging features of the regional and distant extensions of
SMARCA4-deficient thoracic sarcomas

Characteristics No. of patients (%)

3.a. Lymph node metastases

Number of metastatic lymph nodes

0 2/21 (9.5%)

1 0/21 (0%)

2–5 10/21 (47.6%)

> 5 9/21 (42.9%)

Necrotic lymphadenopathy 19/21 (90.5%)

Ill-defined lymphadenopathy 13/21 (61.9%)

Lymph node areas involved by SMARCA4-DTS

Mediastinal1 19/21 (90.5%)

Internal thoracic 15/21 (71.4%)

Cervical-subclavian2 13/21 (61.9%)

Abdominal (intra- or retroperitoneal) 6/21 (28.6%)

Axillary 5/21 (23.8%)

3.b. Other metastases

Adrenal 10/21 (47.6%)

Lung 6/21 (28.6%)

Bone 5/21 (23.8%)

Intra- or retroperitoneal sarcomatosis 3/16 (18.8%)

Liver 2/16 (12.5%)

Epidural 2/21 (9.6%)

Brain 2/21 (9.6%)

Results are number (no.) of patients/total number of patients with avail-
able information and percentage in parentheses
1Mediastinal locations correspond to lymphadenopathies in the following
lymph node of the International Association for the Study of LungCancer
(IASLC)map: 2R/L, 3R/L, 4R/L, 5R/L, 6R/L, 7R/L, 8 R/L, 9R/L, 10R/L,
and/or 11R/L
2 Cervical-subclavian locations correspond to lymphadenopathies in the
following 1R/L lymph node of the IASCL map and/or located in any
other lymph node of the cervix
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Besides lymph node metastases, 11 patients from our series
showed distant metastases at presentation in the adrenal, lung,
bone (with contiguous epiduritis), liver, and brain, which is
consistent with the literature. Yoshida et al also reported the
case of an ovarian metachronousmetastasis. All the patients of
these studies died of disease within 13 months except for four
patients in the study by Yoshida et al (with less than 7 months
of follow-up) [1, 5, 6].

The radiological differential diagnoses depend on the main
radiological pattern. A mediastinal pattern can suggest thymic
carcinoma, lymphoma, MNSGCT, and small cell lung carci-
noma (SCLC). Contrary to SMARCA4-DTS, the epicenter of
thymic carcinoma is always the anterior mediastinum; they
can show cystic changes and calcifications and be revealed
by paraneoplastic syndrome [15, 16]. Unlike SMARCA4-
DTS, SCLC affects older patients from 60 to 70 years old
and calcifications may be seen in 23% of patients [17–19].
MNSGCT is mostly found in the anterosuperior mediastinum
of young adults from 20 to 40 years old. Though no imaging
features seem discriminant, these tumors secrete α-fetoprotein
and β-human chorionic gonadotropin [20, 21]. A pleural pat-
tern could suggest malignant solitary fibrous tumor (SFT) and

malignant pleural mesothelioma. Unlike SMARCA4-DTS,
SFT typically demonstrates large intra- and peritumoral ves-
sels, no ill-defined necrotic lymphadenopathies, and lower
SUVmax [22–24]. Finally, primary pulmonary NMC share
several characteristics with SMARCA4-DTS as they occur
in young adults, can asymmetrically involve the pleura, me-
diastinum, and lymph nodes, and demonstrate intense 18F-
FDG avidity [7–9]. Both tumor types are very clinically
aggressive.

Herein, the 8 tumors and their metastases imaged by 18F-
FDG-PET/CT demonstrated a strong metabolic activity. The
lowest SUVmax of our series was 9. Hence, this imaging
modality could be used for staging, guidance of needle core
biopsies, and response evaluation. However, it cannot be used
to discriminate between other histotypes because SCLC,
NSCLC, thymic carcinoma, lymphoma, and MNSGCT can
also demonstrate high metabolic activity [25–27].

Interestingly, SMARCA4-DTS are molecularly close to
MRT and small cell carcinoma of the ovary—hypercalcemic
type, all showing an inactivation of the SMARCA4 gene [1].
These hypotheses are different from the radiological ones, and
to our knowledge, a primary location in the chest cavity has

Fig. 3 Lymphatic tropism of SMARCA4-deficient thoracic sarcomas. A
54-year-old male with a 30-pack-year smoking history presented with
dyspnea and superior vena cava syndrome. A chest computed
tomography with iodine-contrast agent injection was performed with (a)
coronal and (b) axial reformations. One can note the multiple
lymphadenopathies involving the left lower jugular-carotid, subclavian,

and axillary lymph node areas (white arrows), as well as the central
necrosis in all of them. These lymphadenopathies tended to merge and
demonstrated ill-defined margins with discrete fatty infiltration around
them. The mediastinal main tumor burden was located in the upper
mediastinum, asymmetrically on the right, with superior vena cava
compression responsible for the symptoms (white arrowhead)
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not been described for these other entities. Therefore, radio-
pathological correlations could help restrict complementary
immunohistochemistry and molecular analyses [28, 29].

Our study has limits. This is a retrospective study, but this
seems unavoidable given the rarity and recent description of
these tumors. Second, the imaging protocol was not standard-
ized with differences in the acquisition of parameters. Third,
the lymph node and distant metastases were not confirmed by
the pathological analysis of biopsy samples. For patients with-
out a baseline 18F-FDG-PET/CT, this could have led to ill
estimation of the exact metastatic extension. Moreover, a
case-control study could have identified radiological features
to distinguish SMARCA4-DTS from other tumors. However,
building a representative and exhaustive control cohort would

have been difficult. Some of the main differential diagnoses
for pathologists (i.e., NMC, MNSGCT, thymic carcinomas,
other intra-thoracic sarcomas …) are also very rare with a
strong risk of selection bias. Giving the heterogeneity in clin-
ical and radiological presentations and the limited size of our
study population, further cases are required to validate our
findings and to confirm our radiological depictions of
SMARCA4-DTS. Actually, our aim was to provide a first
report of these rare tumors dedicated to radiologists so they
could be able to raise the hypothesis of SMARCA4-DTS
when appropriate, to guide the histological and molecular
analyses after the biopsy because those for SMARCA4-DTS

Table 4 Pathological and molecular findings in SMARCA4-deficient
thoracic sarcomas

Characteristics No. of patients (%)

Histological initial diagnosis

US—rhabdoid 1/21 (4.8%)

US—round cell 4/21 (19%)

US—epithelioid 8/21 (38.1%)

Undifferentiated thymic carcinoma 2/21 (9.5%)

Undifferentiated carcinoma 1/21 (4.8%)

Undifferentiated malignant neoplasm 2/21 (9.5%)

SMARCA4-DTS 3/21 (14.3%)

Immunohistochemistry

Surrogate markers of SMARCA4-DTS

BRG1 staining: loss 21/21 (100%)

SOX2 staining: positive 17/19 (89.5%)

CD34 staining: positive 16/21 (76.2%)

Differential diagnoses

Cytokeratins (AE1/AE3)

Negative 6/16 (37.5%)

Focal staining 6/16 (37.5%)

Diffuse staining 4/16 (25%)

Thymic markers (CD5/CD117)

Negative 16/16 (100%)

Squamous markers (p40/p63)

Negative 14/14 (100%)

Lung adenocarcinoma marker (TTF-1)

Negative 18/18 (100%)

NUT midline carcinoma marker (NUT)

Negative 11/11 (100%)

Neuroendocrine markers (chromogranin A/synaptophysin)

Both negative 8/11 (72.7%)

Isolated synaptophysin: focal staining 1/11 (9.1%)

Isolated synaptophysin: diffuse staining 2/11 (18.2%)

Results are number (no.) of patients/total number of patients with avail-
able information and percentage in parentheses

US undifferentiated sarcoma, SMARCA4-DTS SMARCA4-deficient tho-
racic sarcoma

Fig. 4 Infiltration and invasion of adjacent organs by SMARCA4-
deficient thoracic sarcomas. A 41-year-old male with a 50-pack-year
smoking history and lung emphysema presented with a rapidly
progressing chest pain. A chest computed tomography with iodine-
contrast agent injection was performed with coronal (a) and axial
reformations including lung (b) and mediastinal windowing (c). The
main tumor burden was located in the posterior and upper mediastinum
(white arrow) and spread posteriorly on each side of the vertebral body,
infiltrated the D4-D5 right intervertebral foramen, and was responsible
for a lateral epiduritis (white arrowhead). One can note the bone
metastasis (black dashed arrow), likely in contiguity with the main tumor
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Fig. 5 Typical histological and molecular findings of SMARCA4-deficient
thoracic sarcomas. a Hematoxylin- and eosin-stained slices of the biopsy
sample showed tumor cells that were arranged in poorly cohesive sheets. A
diagnosis of unclassified sarcoma with epithelioid phenotype was initially
rendered. b SMARCA4/BRG1 immunostaining shows a loss of
SMARCA4 nuclear expression in tumor cells in contrast with normally

stained inflammatory and endothelial cells. c Tumor cells stain diffusely
for SOX2 and (d) heterogeneously for CD34. e Genomic profiling of the
tumor indicates a complex profile with loss of heterozygosity on 19p
encompassing SMARCA4 locus (black arrow). f Sanger sequencing on tu-
mor DNA highlights an exon14:c.G2056Tmissensemutation of SMARCA4
indicated with asterisk on forward and reverse strands

Fig. 6 Rapid progression of
SMARCA4-deficient thoracic
sarcoma in a 39-year-old male.
On baseline chest computed
tomography (a), the tumor was
mainly located in the right upper
mediastinum with small
pericardial and left pleural
effusions. The patient was treated
with chemotherapy based on
cisplatin and Taxol. The next
evaluation (b) 2 months later
showed that the disease was
progressing strongly with
multiple new pleural lesions
(white arrow), new mediastinal
lymphadenopathies encircling the
trachea and the two holes, and
unequivocal increase of the
pleural and pericardial effusions
(white arrowhead)
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are not routinely performed, and to help during radio-
pathological correlations. Furthermore, although exhaustive,
none of our conventional radiological features would be per-
fectly specific and discriminant to diagnose SMARCA4-DTS.
Finally, none of the patients underwent a chest MRI although
it could have provided additional features to characterize the
signal, architecture, margins, and vascularization of
SMARCA4-DTS and may have helped identify more specific
features of these tumors [30].

To conclude, SMARCA4-DTS is a rare undifferentiat-
ed sarcoma with a very aggressive course and a poor
short-term prognosis due to local evolution. Radiologists
should evoke this entity when confronted to middle-aged
patients, especially male smokers presenting with an ill-
defined, heterogeneous, and large tumor of the chest cav-
ity demonstrating several necrotic lymphadenopathies and
both compressive and infiltrative abilities. Given its pro-
pensity to metastasize and its metabolic activity, staging
should include a whole-body imaging, including brain
imaging and 18F-FDG-PET/CT.
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