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Background: SMARCA4-deficient undifferentiated tumor (SMARCA4-UT) is a class of high-grade
malignant tumors that has only been described in recent years, with an undifferentiated or rhabdoid
morphology and genetic deletion of SMARCA4 (BRGI), a subunit of the BRGI-associated factors (BAFs)
chromatin remodeling complex. It is a rare tumor type that occurs in young to middle-aged men and usually
presents as a compressive thoracic mass with rapid progression and poor prognosis. However, much remains
unknown about the clinical and imaging manifestations of the disease.

Case Description: Herein, we report a 51-year-old man who came to our hospital with multiple enlarged
lymph nodes in the chest after a computed tomography (CT) examination at another hospital. The patient
underwent conventional ultrasound (US), contrast-enhanced ultrasound (CEUS), magnetic resonance
imaging (MRI), "*F-fluorodeoxyglucose positron emission tomography/CT (PET/CT), and finally confirmed
the diagnosis of SMARCA4-UT by US-guided puncture biopsy. After symptomatic management, the patient
was transferred to another hospital and we performed a short-term follow-up.

Conclusions: During this procedure, we obtained a series of relevant clinical and imaging data, especially
US and CEUS images, which were described for the first time, offering valuable imaging information that
will contribute to the clinical diagnosis of this disease to a certain extent. Moreover, this case highlights the
efficacy of CEUS in identifying internal necrosis within tumors and lymph nodes, thereby improving the
success rate of obtaining tumor tissue for pathological diagnosis. These findings substantiate the practical
utility of US and CEUS in the context of mediastinal SMARCA4-UT, emphasizing their potential for

widespread clinical adoption.
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Introduction role in transcription, differentiation, and DNA repair. The
In 2015, Le Loarer et al. (1) first described aggressive transcriptional profiles of these tumors appear to be more
thoracic tumors with defects in SMARCA4, the ATPase similar to malignant rhabdoid tumors yet harbor a specific
subunit encoding the BRGI-associated factors (BAFs) “immunohistochemical signature”: co-loss of SMARCA4

chromatin remodeling complex, which plays an important and SMARCA?2 with overexpression of SOX2 (2). Thus,
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the term “thoracic SMARCA4-deficient undifferentiated
tumor” has been added to other epithelial tumors in
the World Health Organization (WHO) Classification
of Thoracic Neoplasms, 2021 edition (3,4). Clinically,
several clinicopathological series have shown that these
tumors have a male predominance and tend to occur in
younger to middle-aged patients. And it is revealed as
primarily smoking-related (5-7). Besides, this novel class
of exceptionally aggressive thoracic tumors has a dismal
prognosis, with a median survival of about 7 months (8).
The diagnosis of SMARCA4-deficient undifferentiated
tumor (SMARCA4-UT) is essential due to the different
treatment and prognosis from those of other thoracic
malignancies. However, it has been found to have atypical
clinical symptoms and little imaging information, and the
imaging diagnosis of this disease is still a challenge. In
addition, no one has previously described the presentation
of SMARCA4-UT by ultrasound (US) and contrast-
enhanced ultrasound (CEUS) imaging. To improve the
imaging knowledge related to SMARCA4-U'T, we report
this unusual case and review the relevant literature. We
present this case in accordance with the CARE reporting
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tler-23-822/rc).

Highlight box

Key findings

e This is the first report of SMARCA4-deficient undifferentiated
tumor (SMARCA4-UT) ultrasound (US) and contrast-enhanced
ultrasound (CEUS) images of the chest.

What is known and what is new?

* SMARCA4-UT is a rare, highly malignant thoracic tumor recently
identified in young to middle-aged men, associated with a history
of smoking, and characterized by rapid progression and poor
prognosis.

® The study emphasizes the challenges in clinical diagnosis and
highlights the significance of US and CEUS in providing special
imaging features. The study contributes valuable information for
improving the imaging-based diagnosis of this rare and aggressive
thoracic tumor, underscoring the utility of CEUS in detecting
internal necrosis and aiding in successful pathological diagnosis.

What is the implication, and what should change now?

® The novel insights into imaging features, particularly the utility of
US and CEUS, suggest that incorporating these techniques into
the diagnostic workflow can enhance the accuracy of identifying
SMARCA4-UT. This learning can influence the choice of imaging
modalities in suspected cases.
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Case presentation

A 51-year-old man reported shoulder and posterior
back pain for 2 weeks, with numbness in both lower
limbs and unsteady gait for 3 days. The patient first
underwent a computed tomography (CT) examination
at another hospital, indicating that multiple soft tissue
occupations in the left supraclavicular region, anterior
superior mediastinum and subpleural of the left upper
lobe of the lung, multiple lymph nodes enlargement in
the mediastinum, destruction of the third and fourth ribs
on the left side, considering malignant lesions, inclining
to lymphoma. The patient had a history of smoking for
approximately 30 years. Physical examination showed that
the patient was generally weak but had normal basic signs.
He was unable to walk alone, and multiple enlarged lymph
nodes can be palpated in the neck. Tumor marker test results
revealed neuron-specific enolase (NSE) was 54.83 ng/mL
(reference range, 0.0-16.3 ng/mL). Conventional
US, CEUS, magnetic resonance imaging (MRI), and
"F-fluorodeoxyglucose (FDG) positron emission
tomography/computed tomography (PET/CT) were
performed for imaging assessment.

The initial conventional US was used to evaluate the
position and characteristics of superficial lymph nodes
and determine whether US-guided lymph node aspiration
biopsy can be performed. Plenty of enlarged lymph nodes
were detected on both sides with abnormal morphology.
The largest of these lymph nodes had a maximum cross-
section of 4.1 cm x 2.5 cm (Figure 1A4). The shape of these
lymph nodes was round or oval or irregular with increasing
short diameter, fused partially, the cortex of them was
markedly thickened, some of the margins were not clear, and
the lymphatic portal structures were eccentric or disappeared.
Color Doppler showed that the lymph nodes contained
disorderly dotted and striped blood flow signals around and
inside them (Figure 1B). Notably, the patient suffered a severe
ache around the scapula, so an ultrasonographic examination
was also performed on his back, revealing a hypoechoic mass
in the left posterior mediastinum. With a maximum cross-
section of 7.0 cm x 3.8 cm, the mass had an irregular shape
and unclear margin (Figure 1C).

To observe the internal condition of the enlarged lymph
nodes and posterior mediastinal mass to guide the puncture,
ultrasonography was performed on his largest cervical
lymph nodes and posterior mediastinal space occupancy
with the patient’s informed consent. CEUS image exhibited
that the largest lymph node was enhanced at 10 s, with rapid
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Figure 1 Two-dimensional ultrasound images of cervical lymph nodes and mediastinal masses. (A) Two-dimensional ultrasound images of

enlarged lymph nodes in the right and left neck. (B) Color Doppler ultrasound images of enlarged lymph nodes in the right and left neck. (C)

Two-dimensional ultrasound shows transverse and longitudinal views of the posterior mediastinal mass, with an echogenic area seen inside

(green arrows).

dendritic hyperperfusion from the periphery toward the
center, reaching the peak enhancement at 18 s (Figure 24).
The peak intensity was 4.53 dB and a quick contrast
withdrawal time and a peak drop of 50% for about 12 s were
observed (Figure 2B). Whilst the CEUS of the posterior
mediastinal space showed that the mass began to enhance
at about 11 s, showing a high enhancement pattern in the
peripheral solid area, and reached the peak enhancement
at 46 s with a peak intensity of 19.55 dB (Figure 2C),
with a large non-enhancing area inside the tumor, and
a continuous isoenhancing pattern in the peripheral
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enhancement area at a later stage, with a peak decrease of
50% at about 179 s (Figure 2D).

The T2-weighted image of MRI showed a tumor located
in the posterior mediastinum with a maximum diameter
of approximately 7.0 cm x 6.5 cm, which presented as a
fusion of multiple masses encompassing and infiltrating
the connective tissue and bony structures of the cervico-
thoracic region (Figure 34). T2 and T3 corresponded to
spinal canal stenosis and spinal cord compression signal
changes, with a length of about 3.6 cm and unclear borders,
and local cerebrospinal fluid flow was blocked (Figure 3B).
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Figure 2 CEUS images of cervical lymph nodes and mediastinal masses. (A) CEUS and US images of the right cervical enlarged lymph

node at the peak at 18 s, with a restricted non-enhancing area inside (green arrow). (B) Peak-intensity curve of CEUS of the enlarged lymph

node in the right neck. Blue line: an enhanced area within the lymph node; orange line: surrounding normal soft tissue. (C) CEUS and

US images of the posterior mediastinal mass at the peak at 46 s, with a large area of no enhancement seen inside (green arrow). (D) Peak-

intensity curve of CEUS of posterior mediastinal mass. Blue line: solid enhancing area around the tumor; pink line: no enhancing area inside

the tumor. CEUS, contrast-enhanced ultrasound; US, ultrasound.

"F-FDG PET/CT showed a left posterior mediastinum
and intravertebral canal mass with irregular nodular growth
along the posterior costal pleura and mediastinal pleura with
unevenly increased uptake, with a maximum standardized
uptake value (SUV) of 12.0 (Figure 3C,3D). The mass
encircled the left ribs and involved the thoracic vertebrae,
with localized visible bone destruction. In addition, multiple
nodules and masses with increased uptake in the bilateral
neck, mediastinum, and left hilum, with a maximum
SUV of 14.9, partially fused into a mass. Emphysema and
multiple pulmonary alveoli were also seen in the right lung
(Figure 4A4). The axial, coronal, and sagittal maximum
intensity projection (MIP) images centered on the lesion
provided a more complete picture of the location of
the disease and its relationship to surrounding tissue
structures (Figure 4B-4D). Combined with the above PET/
CT considered a malignant tumor and gave a diagnostic
tendency of malignant tumor of mesenchymal origin
(malignant nerve sheath tumor or malignant neurofibroma),
neuroendocrine carcinoma with multiple metastases, and
lymphoma.

The patient was screened for viral indicators before
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undergoing a puncture biopsy at our hospital, and was not
found to be infected with human immunodeficiency virus
(HIV), syphilis, or hepatitis B and C viruses, and there
was no history of previous surgeries or genetic disorders.
Subsequently, pathological findings were obtained from the
largest lymph node in the left supraclavicular region and the
posterior mediastinal mass by US-guided histological biopsy.
The results showed malignant tumor cells in the lymph
node and in the posterior mediastinal area with a tendency
of poorly differentiated cancer cells, and histopathology
revealed largely grayish-white fragmented tissue, and
pathology showed a malignant tumor with necrosis.
Combined with immunohistochemical results, SMARCA4-
UT was finally identified. Immunohistochemical results
revealed AE1/AE3 (=), Syn (3+), ChrA (-), Ki-67 (+, 70%),
CK18 (-), SALL4 (3+), Oct3/4 (-), LCA (-), CD56 (-),
SOX10 (=), SOX2 (3+), CD99 (1+), INTI (+), BRG1 (-),
CD34 (-), P53 (3+). Genetic testing revealed mutations in
exon seven of the SMARCA4 gene.

During this time the clinician provided general treatment
with fluid replacement, pain relief, and lowering of cranial
pressure. After the diagnosis was made, the patient opted
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Figure 3 MRI and "F-fluorodeoxyglucose PET/CT images of the mediastinal masses. (A) MRI T2-weighted image shows multiple

cervicothoracic, mediastinal, and pleural masses fused (green arrow). (B) The mass encircles the surrounding blood vessels and invades the

vertebral body, and the T2 and T3 vertebrae correspond to spinal stenosis and spinal cord compression (green arrow). (C) PET/CT shows

increased multiple uptakes in the mediastinum and left hilum (green arrows). (D) CT image of the elevated area corresponding to the

posterior mediastinal mass was taken (green arrow). MRI, magnetic resonance imaging; PET/CT, positron emission tomography/computed

tomography; CT, computed tomography.

to return to the local hospital for palliative care and was
followed up by telephone 2 weeks later, at which the patient
was generally stable.

All procedures performed in this study 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). Publication of
this case report and accompanying images was waived from
patient consent according to the institutional review board
of National Cancer Center/Cancer Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical
College.

Discussion

SMARCA4-UT has been named SMARCA4-deficient
thoracic sarcoma and SMARCA4-deficient thoracic
sarcoma-like tumor. In 2019, Perret et 4l. (7) in France
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proposed three criteria that should lead to the diagnosis
of SMARCA4-deficient thoracic sarcoma: (I) a transverse
muscle or poorly differentiated phenotype; (II) complete
loss of expression of SMARCA4 and SMARCAZ2; (111)
focal or diffuse expression of at least two of SOX2,
CD34 or SALL4. Thoracic SMARCA4-UTs frequently
express “stem cell markers” such as CD34, SALL4, and
SOX2, and synaptophysin expression is common. In the
present case, it meets the above diagnostic criteria, and
immunohistochemistry showed that the tumor contained
synaptophysin expression, indicating that the tumor
cells may have neuroendocrine properties. Meanwhile,
in recent years researchers have found that the cytology
of SMARCA4-UT is characterized by atypical round or
polygonal cells that appear singly or in loose clusters,
and some cells demonstrating rhabdoid morphology,
with convoluted nuclei, prominent nucleosomes and
binucleated and multinucleated forms set in a necrotic
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Figure 4 Computed tomography and MIP images of the patient. (A) Presence of a limited distribution of rounded, wall-less hypodense

areas in the subpleural of the apical segment of the right upper lobe of the patient’s lungs (green arrow). (B) Axial bit MIP image displayed a

large mass in the mediastinum left pleura region, invading the rib on the left, soft tissues around the left posterior upper back (green arrow).

(C) The coronal MIP image showed the mass as an irregular nodule, encircling the large mediastinal pericardial vessels (green arrow). (D)

The sagittal MIP image showed the mass involved in the aorta and multiple thoracic vertebrae (green arrow). MIP, maximum intensity

projection.

background (9,10). The above manifestations reflect its
highly malignant state, it is highly progressive and invasive,
and the imaging manifestations in this case, such as the
large tumor volume, showing infiltrative growth, extrusion
destroying the surrounding tissues and organs and large
necrotic areas inside the lesion, are also consistent with its
histopathological features.

In terms of clinical presentation, with rapidly progressive
intrathoracic tumors often pushing surrounding tissues,
patients often have symptoms attributable to a large
compressive mediastinal mass, with or without lung
involvement, and may also present with symptoms of
distant metastasis. Affected patients are typically smokers,
and emphysema is often notable even in young patients,
which has led some to postulate that patients at risk for this
malignancy may have a particular susceptibility to smoking-
related lung damage (11). This case had a history of smoking
for approximately 30 years and imaging of smoking-related

© Translational Lung Cancer Research. All rights reserved.

lung injury, such as emphysema and pulmonary maculopathy,
consistent with the epidemiological features of this tumor.

So far, SMARCA4-UT has shown a poor response
to conventional chemotherapy regimens, and now
bromodomain inhibitors, EZH?2 inhibitors and immune
checkpoint inhibitors are currently being used in clinical
trials (12-16). These emerging drugs have the potential to
improve prognosis for SMARCA4-UT patients but results
need to be validated in a larger population.

SMARCA4-UT behaves aggressively and has a worse
prognosis compared with other poorly differentiated
thoracic tumors such as BRGI-retained tumors and thymic
carcinoma. Therefore, the identification of SMARCA4-
UT is important for both prognosis and treatment. A
multicenter study of 21 patients found that the majority
of SMARCA4-deficient thoracic sarcomas presented on
CT as compressive and infiltrative chest masses extending
from the mediastinum to multi-compartment extension
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of lung apex, pleura, or neck with ill-defined necrotic
lymph nodes, and primary tumors exhibit strong FDG
avidity on PET/CT scan (17). SMARCA4-deficient non-
small cell lung cancer (NSCLC), which has emerged as a
unique subgroup of NSCLC only in recent years, is also
characterized by highly aggressive growth, and SMARCA4-
deficient NSCLC accounts for only 3% to 6% of all
NSCLC compared to SMARCA4-intact NSCLC, which
is larger at the time of discovery, and more adrenal and
lymph node metastases are present. However, SMARCA4-
deficient NSCLC usually presents as a primary solid lung
mass, with a prevalence of upper lobe and peripheral
lung tumors, and is associated with pericardial, brain, and
hepatic metastases, and emphysema has not been reported
in many patients (18). It has also been shown that tumor
necrosis is more pronounced in SMARCA4-UT than in
SMARCA4-deficient NSCLC, and the same performance
is also observed in the image of our case (19). In the present
patient, MRI and PET/CT showed an all-round infiltrative
growth of the tumor into the cervical lymph nodes,
mediastinal regions, pleura, cervicothoracic and pericardial
vessels, ribs, spine and muscular and soft tissues of the
thoracic back, reflecting its highly aggressive nature. The
tumor imaged by ""F-FDG-PET/CT also demonstrated a
strong metabolic activity. In addition, SMARCA4-U'T often
showed marked necrosis (20). It should be suspected if the
chest mass is large, heterogeneous, and exhibits infiltration
and compression of surrounding tissues, accompanied by
necrotizing lymphadenopathy (21). And CEUS has an
excellent ability to detect internal necrosis in tumors and
lymph nodes (22,23).

Given the imaging presentation of SMARCA4-UT and
the fact that the patient also had elevated levels of NSE, it
is easy to misdiagnose as other mediastinal malignancies,
such as lymphoma, neuroendocrine tumors (NETs), and
neurogenic tumors. PET/CT has become the technique
of choice for staging and follow-up in patients with extra-
nodal involvement in Hodgkin’s disease and most cases of
non-Hodgkin lymphomas (24). On FDG-PET, malignant
lymphomas are FDG-avid with typical SUVmax values of
greater than 6.0 (25). Radiographically, the presentation
of primary NET is atypical, presenting as ill-defined
lobulated homogenously moderately enhancing mass in
the anterior mediastinum. Lymphadenopathy, metastasis to
the liver, lung, pancreas, pleura, and bone, and infiltration
to adjacent vascular structures are also common (26). And
according Ozawa et al. (27), neurofibromas show similar CT
findings to schwannomas. Both are well-defined, smooth,
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oval, or round masses that appear as isointense contrast
enhancement relative to the muscle. Nevertheless, MRI
findings are slightly different between the two. The interior
of schwannomas is more likely to show cystic changes or
hemorrhage, whereas the “target sign”—characterized
by a low central signal intensity and a high peripheral
signal intensity—is more common in neurofibromas (28).
However, the imaging presentation of these diseases is not
specific and is currently used only for the staging and risk
assessment of the disease (29,30). In small cell lung cancer
(SCLCQ), which is also prevalent in heavy smokers, the most
common imaging manifestation is a large hilar mass with
massive mediastinal lymph node enlargement, characterized
by a central airway infiltration of the submucosal layer and
progressive narrowing of the bronchial lumen through
outward or endobronchial spread, with a particular
tendency for SCLC to spread to the liver, adrenal glands,
bone, bone marrow, and brain. Microscopically, it showed
a characteristic pike or oatmeal shape, diffusely distributed
or lamellar, with cells about twice the size of lymphocytes,
which could be differentiated from the present case on the
basis of imaging features and histopathologic manifestations
(31,32). In addition, for the equally rare and highly
aggressive nuclear protein in testis (NUT) carcinoma, it
has been reported that it is more common in young people,
with a median age at diagnosis of 16-30 years old, and a
roughly equal incidence in both sexes (33). Imaging findings
often involve the patient’s midline structures, such as the
mediastinum, upper airway, and upper gastrointestinal tract,
with those with chest involvement often presenting with
symptoms of cough, dyspnea, or bone pain due to bone
metastases, which are similar to some of the symptoms
in this case. However, patients with NUT carcinoma
usually do not have a significant history of smoking, and
there is no evidence that patients are often accompanied
by emphysema. Immunohistochemical detection of NUT
protein has a high sensitivity and specificity for the diagnosis
of this disease, so relatively extensive immunohistochemical
testing is still needed to aid in its differential diagnosis from
SMARCA4-UT (34,35).

Due to the effects of air in the lungs and occlusion of
the bony structures of the thorax, US has limited value for
diagnostic imaging and differential diagnosis of mediastinal
occupations, and has little clinical use. Some studies
have summarized the US characteristics of mediastinal
occupations by transthoracic US, such as pericardial cysts
and thymic cysts usually show anechoic occupations with
good sound transmission, teratomas often show mixed
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echogenic masses, and benign thymomas often show
round or oval hypoechoic masses with clear borders and
homogeneous internal echogenicity, while malignant thymic
carcinomas, etc., often show non-smooth membranes with
unclear borders and inhomogeneous internal echogenicity.
In contrast, malignant thymic carcinoma often shows
a hyperechoic occupancy with an unsmooth periphery,
unclear border and uneven internal echoes. In addition,
mediastinal lymphoma is often a well-defined hypoechoic
mass with multiple fusions on US (36,37). Regarding the
CEUS presentation of mediastinal tumors, Pan er a/. (38)
found the specificity of CEUS was higher than that of
contrast-enhanced MRI (CE-MRI), and the positive
predictive value and diagnostic coincidence rate of CEUS
were equal to those of CE-MRI, which means CEUS can
be used as an effective alternative and complementary
examination for patients who cannot undergo CE-MRI.
Kong et al. (39) summarized the ultrasonographic features
of mediastinal lymphomas and found that thymomas
often show homogeneous late enhancement with a low
rate of internal necrosis. In contrast, late inhomogeneous
centripetal enhancement features were more common in
thymic carcinomas with a high rate of internal necrosis.
And 57.6% of the enhancements of lymphomas began after
10 s, and 93.3% of them showed small areas of necrosis.
In contrast, CEUS in the present case showed that tumor
enhancement also began after 10 s, but presented a distinct
ring-like enhancement with large internal necrosis.

For the histopathological examination of thoracic
tumors, biopsy samples are often too small to make an
exact diagnosis (40). For SMARCA4-UT, the diagnosis is
particularly challenging due to the large number of necrotic
biopsies within the tumor that are not easily accessible to
tumor tissue. Hence, determining the active area of the
tumor by CEUS increases the success rate of obtaining
a pathological diagnosis with satisfactory safety and
accuracy (41-43).

Conclusions

In summary, no specific imaging features have been
identified for this disease and therefore a comprehensive
clinical-imaging-pathological-genetic diagnosis is essential
for the diagnosis of SMARCA4-UT. The case we present
demonstrates a comprehensive imaging presentation
of thoracic SMARCA4-UT and enriches the imaging
knowledge, especially in terms of US and CEUS. It was
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also demonstrated that after identifying the active site of
the tumor by CEUS, US-guided aspiration biopsy could
effectively obtain tumor tissue for pathological diagnosis.
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