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Abstract

Purpose: SMARCA4/BRG1-deficient non-small cell lung carcinomas (SMARCA4-dNSCLCs) are rare and malignant tumors. This study aimed
to describe the clinical characteristics, computed tomography (CT) findings, and pathologic features of SMARCA4-dNSCLCs.

Methods: A total of 23 cases of SMARCA4-dNSCLCs with complete medical records, including age, course, the results of main laboratory tests,
histopathology, and immunohistochemical characteristics, were retrospectively analyzed from January 2019 to August 2021.



Results: Using a combination of clinical data, CT findings, and pathological findings, SMARCA4-dNSCLCs could be more accurately
diagnosed in most cases. Five patients were lost to follow-up. At the end of follow-up, 8 patients died, and the remaining patients were alive at
9–15 months. The incidence rate was similar in the right (n=11) and left (n=12) lungs. Moreover, SMARCA4-dNSCLCs were more likely to be
found in the superior lobe (n=14) than in the inferior lobe (n=5) and hilum (n=4), and the median tumor size was 42.83 mm (range: 18.57-70.05
mm). Tumors showed deep, mostly inhomogeneous density with unclear margins in CT images. The lesions’ shapes included spinous
protuberance (n=20), deep lobulation (n=21), and cystic component (n=13), and their radiodensity values ranged from 29.72 to 57.28 Hounsfield
Units. After injection of a contrast material, heterogeneous (n=18) or homogeneous (n=2) enhancement was observed. The peak tumor
enhancement was most likely to be observed in the venous phase (n=14). Pleural effusion (n=6), obstructive pneumonia (n=16), and pericardial
effusion (n=5) were also detected. Twenty patients demonstrated lymph node involvement. Metastatic locations mainly included the brain (n=6),
mediastinum (n=17), bone (n=10), adrenal gland (n=4), and liver (n=3). The primary tumors showed 18F-fluorodeoxyglucose avidity in eight
patients who underwent positron emission tomography-CT. All these patients showed BRG-1 deficiency but AE1/AE3, epithelial membrane
antigen, and vimentin positivity. Additionally, these tumors showed different degrees of Ki-67 and programmed death-ligand 1 activities.

Conclusions: Most cases of SMARCA4-dNSCLCs in this study presented with infiltrative masses and heterogeneous densities, and their
clinical outcomes were poor. Our findings highlight the importance of the differential diagnosis for SMARCA4-dNSCLCs and the utility of
diagnostic imaging prior to histopathological analysis.
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Introduction

With the constant advancement in gene detection technology and expanding research, SMARCA4-deficient non-small cell lung carcinomas
(dNSCLCs) have been recognized as a distinct subset of NSCLCs in recent years . Mutations in SWI/SNF components occur in up to 20% of
tumors, and SMARCA4 mutations are the most common . Previous studies have reported 15%–35% of SMARCA4-inactivating mutations in
NSCLC cell lines, approximately 5%–10% in lung adenocarcinomas, and 6% in lung squamous cell carcinomas . Variations in SMARCA4 are
mainly found in the lung and pancreas, even in epithelial ovarian tumors and endometrial carcinomas. Notably, in somatic cells, SMARCA4



mutations can lead to the deficiency of BRG-1, which is a tumor suppressor gene located in 19p13, and its deficiency often leads to
tumorigenesis. Indeed, SMARCA4-deficient undifferentiated tumors are caused by the deficiency of BRG-1, which is important for the
development of cell proliferation. BRG-1 may play an anti-cancer role by regulating S-phase transcriptional genes, leading to cell cycle arrest
and flat cell morphology.

SMARCA4/BRG1-dNSCLCs were first reported in 2000. SMARCA4-dNSCLCs (NSCLCs with BRG1 deletion) accounted for only 3-6% of all
tumors included in one study, and they were not sensitive to conventional chemotherapy and had a poor prognosis. Moreover, Romero et al.
proposed that target agents that regulate epigenomes, such as histone deacetylase inhibitors, histone demethylases, and histone modifiers, could
be used as new treatment options for SMARCA4-dNSCLCs .

A few studies have discussed the diagnoses of SMARCA4-dNSCLCs, mostly from the perspective of pathology, and recently, some case reports
have analyzed the clinical features of SMARCA4-dNSCLCs. However, there has been little discussion about how to diagnose
SMARCA4-dNSCLCs through imaging method, which is a significant diagnostic option. Given the current limited morphological description of
SMARCA4-dNSCLCs, this study aimed to determine the characteristics of it from multiple aspects, including radiological assessments. We
retrospectively collected data on 23 cases of SMARCA4-dNSCLCs in recent years and analyzed these data from the perspective of CT imaging
and other clinical features.

Materials and Methods

Patient Selection

We searched the picture archiving and communication system and the pathology records of our hospital from January 2019 to August 2021. A
total of 27 patients were identified as having SMARCA4-dNSCLCs during this time period. We reviewed the clinical data of all patients,
including demographics, laboratory findings, and therapies. After excluding the patients whose tumors was occurred in both the lung and
pancreas (n=1), primary site was the mediastinum (n=2), and pathology result was SMARCA4-dSCLCs (n=1), the remaining 23 cases with
SMARCA4-dNSCLCs were finally included in the study. The study was approved by the Ethics Committee of the First Affiliated Hospital of
Zhengzhou University.



Computed Tomography Evaluation

All patients underwent baseline Computed Tomography (CT) examinations, which were performed with different scanners as described below
(64 multi-detector row CT scanner; slice thickness: 1.25–3 mm; all images could be reformatted in the axial plane). Two patients underwent
chest CT alone without contrast agent administration. Twenty-one patients underwent conventional axial scanning and were administered an
intravenous injection of nonionic iohexol. Twelve patients underwent additional examinations of the abdomen with a contrast agent. Moreover,
18F fluorodeoxyglucose positron emission tomography (18F-FDG PET/CT), single-photon emission CT(SPECT) and magnetic resonance
imaging (MRI) were performed in 6, 12 and 20 patients, respectively.

Two radiologists with more than 20 years of experience evaluated all the CT images independently. They used digital electronic calipers on
transverse scans to measure the longest horizontal axis in the mediastinal window. Tumors with projecting multiple linear features were named
spiculated tumors. Other evaluated parameters included the location, shape, and enhancement pattern of tumors, while spiculation length was not
calculated inside the tumor. The lesions’ axial locations were represented as peripheral if their center was within 20 mm of the interface of the
chest wall and lung. Otherwise, the locations were described as central. After the intravenous injection of contrast agent, the enhanced CT
images in arterial phase (AP) and venous phase (VP) were obtained with a scanning delay of 30 s and 70 s, respectively. We measure the whole
tumor density by manually drawing the regions of interest (ROI) which accounting for about 1 / 2 to 2 / 3 of the tumor parenchyma on each slice
of the different phase images. The degree of tumor enhancement, which depended on the CT value, was divided into three categories: mildly
enhanced (<20 Hounsfield units [HU]), moderately enhanced (20–40 HU), and obviously enhanced (>40 HU).

All patients were diagnosed according to the TNM staging of lung cancer (8th edition). Lymph node metastases were recognized as lymph nodes
with a diameter above 10 mm. SMARCA4-dNSCLCs were staged according to the International Association for the Study of Lung Cancer TNM
staging standard. The presence of metastases was identified on CT or MRI (bone, brain, adrenal, liver, and spleen). In addition, the presence of
metastases was also defined as avidity on 18F-FDG PET/CT or SPECT. The maximum standardized uptake value (SUVmax) of the whole tumor
burden was determined when PET/CT was performed. All imaging findings were compared with biopsy or postoperative pathological findings.

Pathological Evaluation



Five patients underwent radical lobectomy, one patient underwent radioactive seed implantation, and the remaining 18 patients underwent
bronchoscopic biopsy. The biopsy samples were each acquired with a diameter of 0.3 cm. The diagnostic criteria for SMARCA4-dNSCLCs
were as follows: a vaguely defined large cell carcinoma that was poorly differentiated. All biopsy specimens were stained with hematoxylin and
eosin. Additionally, we used an automatic slide-staining system (BenchMark XT, Roche, Basel, Switzerland) for immunohistochemical staining.
The antibodies used in this study comprised AE1/AE3, anti-cytokeratin (CK)5/6, anti-CK8/18, anti-napsinA, anti-synaptophysin, anti-thyroid
transcription factor-1 (TTF-1), anti-BRG1, anti-programmed death-ligand 1 (PD-L1), anti-P40, and Ki-67 antigen. All antibodies were
purchased from DAKO (Glostrup, Denmark).

Results

Patient Characteristics

This study comprised 22 men and 1 woman, with a mean age of 62.7 years (range: 48–82 years). Five patients underwent radical lobectomy, the
survival time of the rest case were 11, 12, 12, 15, 15 months, respectively. One patient underwent radioactive seed implantation and was still
alive 12 months after implantation. The remaining patients were treated with chemotherapy or immunotherapy. Of these, four patients were lost
to follow-up, eight patients died 2–20 months after diagnosis, and only five of them are still alive. The median survival time was 12 months.

Clinical and CT features of these patients were summarized in Tables 1 and 2. Most patients had nonspecific symptoms similar to those of
patients with normal lung carcinoma, including a smoking history (22/23, 95.65%), chest pain (4/23, 17.4%), chest tightness (4/23, 17.4%),
cough (14/23, 60.9%), hoarseness (1/23,4.34%), and hemoptysis (7/23,30.4%). Laboratory findings revealed that patient 2 was positive for
tumor abnormal protein, and patient 3 was positive for carbohydrate antigen 125 (CA125). Before treatment, decreased hemoglobin levels and
erythrocyte counts were detected in three patients.

Pathological Features

Cytological analysis revealed that the SMARCA4-dNSCLCs tumor cells showed obvious malignant characteristics. A few scattered tumor cells
presented under an optical microscope. The epithelial cells are large and cohesively arranged in compact solid nests, and sheets with



well-defined cellular borders and characteristic eosinophilic to clear cytoplasm. Monotonous epithelioid appearance can be observed in them.
The rhabdoid morphology showed undifferentiated epithelioid cells with large vesicular nuclei and eosinophilic eccentric cytoplasm.
Table 3 shows the immunohistochemical features of existing patients. All tumors were diagnosed as BRG-1-deficient tumors (23/23). The tumor
had varying degrees of Ki-67 expression, and the tumor cells showed positive staining (23/23) for AE1/AE3, epithelial membrane antigen, and
vimentin. The PD-L1 index in two patients was higher than 50% (2/15), whereas four patients had a low expression of PD-L1 (4/15); the
remaining patients had a poor expression of PD-L1 (9/15). In addition, the component analysis showed TTF-1 focal positivity in two patients
(2/23) and TTF-1 focal negativity in all other patients (21/23). Seven patients expressed SOX2 negative (7/8). The majority of SALL4
expression were negative (9/12).

Image Analysis

Of the 23 patients with SMARCA4-dNSCLCs, only four had a solitary lung primary tumor without any metastases. Twenty patients had
lymphatic metastasis, of which mediastinal lymph node metastasis accounted for mostly (18 /23). Distant metastases were found in 15 patients,
while the common metastatic sites were the bone (10/23), brain (6/23), adrenal gland (3/23), liver (4/23), and spleen (1/23).

The long-axis diameter of the lesions ranged from 14.16 mm to 92.25 mm. Obstructive pneumonia and atelectasis were found around the entities
in 16 patients (16/23). Post-obstructive atelectasis was observed in 16 patients (16/23). In contrast to the general ground-glass opacity (GGO),
the diameter of the mass in the lung window and mediastinal window was similar. Calcifications were found in three entities, and the appearance
of the spiculation sign was observed in 21 entities (21/23).

The tumor showed mainly inhomogeneous density. In the non-contrast phase, the radiodensity values were 35 to 47 HU. In 21 patients who
underwent contrast-enhanced CT, all tumors appeared as heterogeneous enhancements. In the arterial and venous phases, the radiodensity values
ranged from 32 to 75 HU and 39 to 77 HU, respectively. The larger masses mostly showed mild enhancement, which was more obvious in the
venous phase. Vascular encasement was observed in 16 patients (16/21). In addition, multiple metastases appeared as a uniform enhancement.



Pleural effusion was found on the right side in some patients (6/23). Among them, the primary lesion of one tumor was in the left lobe with right
side pleural effusion. In another patient, both sides showed pleural effusions, and the right effusion was more obvious than the left. Peripheral
lung cancer occurred on the right side with pleural effusion in our cases(n=4).

The SUV value of the tumor was very high on PET-CT (6/23), ranging from 9.9 to 28.2. Bone metastasis (10/23) was frequently observed. The
frequent bone metastasis-prone sites detected by SPECT (n=17) were the sacroiliac joint (4/17), rib (4/17), vertebral body (4/17), sternum (3/17),
scapula (2/17), femur (2/17), pelvis (1/17), and frontal bone (1/17).

Discussion

Mutations in SMARCA4 have been reported frequently in cell lines before. In our study, SMARCA4 inactivation is likely to be more common in
NSCLC tumors than has been reported previously. The neoplasm has the highest incidence of intrapulmonary metastasis and is prone to
mediastinal invasion and lymph node metastasis .The tumor caused by SMARCA4/BRG1 deficiency can occur in different organs of the body,
such as the stomach, uterus, and breast. SMARCA4-deficient thoracic sarcomas in the mediastinum mainly have lymphatic metastasis, and 52.4%
of them have distant metastasis. The frequent metastatic sites are the adrenal gland, lung, bone, and brain, as demonstrated in the present study.
Notably, Armon et al. reported that SMARCA4 inactivation often occurs in younger people, whereas the middle-aged and elderly male patients
accounted for an absolute proportion in this study. Although the location and type of tumors due to SMARCA4/BRG-1 deficiency are different,
they have similar clinical features, which may further explain the consistency of diseases caused by this gene defect. Almost all patients with
SMARCA4/ BRG-1 deficiency have a long smoking history. However, the family history of diseases caused by SMARCA4/BRG-1 deficiency has
not been reported in previous studies. The only female patient in our sample had no smoking history, but her mother had died of lung cancer.
Consistent with our findings, Yang et al. indicated that older men with a smoking history and primary tumors in the right lung were more likely
to carry KRAS mutations ,while lack of BRG1 expression was predominantly detected in adenocarcinomas with KRAS and TP53 co-occurring
mutations. These genes might influence the primary location of tumors. Further studies with more data are needed to verify this finding.

SMARCA4 cancer mutations disrupt special enzymological sub-steps, which then leads to varies of dynamic defects in living cells. SMARCA4
surface mutations can also alter the dynamic engagement of chromatin by DNA-binding groove mutants, then break engagement with DNA .



Multiple studies demonstrate that deregulated BRG1 can alter transcriptional programs, to increase foster malignant proliferation genes
expression . In support of this view, many preclinical studies have demonstrated that BRG1 inactivation contributes to formation of aggressive
and invasive tumors from diverse tissue types. BRG1 losses in NSCLC cells were associated with variations in chromatin structure, including
differences in nucleosome positioning and occupancy surrounding transcriptional start sites of disease-relevant genes. BRG1 attenuation
contributes to NSCLC aggressiveness by altering nucleosome positioning at a wide range of genes, including key cancer-associated genes.

Indeed, SMARCA4-dNSCLC is an extremely aggressive tumor , and regardless of the TNM stage, patients with SMARCA4-dNSCLC always
have poor survival outcomes , and the clinical symptoms mostly have no specificity compared to those of other diseases. However, some patients
in our study had clinical features due to organ invasions, such as dizziness and headache, and the prognosis of these patients was usually poorer
than that of patients without any without any symptoms caused by distant metastases in our study. Crombé et al. also indicated that various
secondary diseases caused by tumors were the primary cause of patient death. Therefore, the application of imaging methods to judge whether
there is distant metastasis is helpful to evaluate the prognosis of the patient in predicting patient prognosis.

Plasma tumor markers, (i.e., CA125, CYFRA21-1, and neuron-specific enolase) have been used to help diagnose NSCLCs and to assess the
treatment efficiency. Patients with SMARCA4-dNSCLCs in our study also showed a combined increase in these indices. Carcinoembryonic
antigen (CEA) is an acidic glycoprotein with specific determinants of human embryonic antigen, which is related to its wide distribution and
high concentration in epithelial tissues. CEA is more sensitive to adenocarcinoma than to other types of lung cancers. The increase in CEA is
also mostly manifested in patients with SMARCA4-deficient adenocarcinoma. Although CEA was also detected in SMARCA4-deficient
squamous carcinoma patients, the number was far less than that in SMARCA4-deficient adenocarcinoma patients. There was no specificity in
CAl25 and CYFRA21-1 in SMARCA4-dNSCLCs compared with general NSCLCs. Thus, the laboratory test results can only be used as a
reference, and cannot become the primary method to identify the disease.

CT can completely reveal the primary lesion, invasion range, lymph node involvement, and distant metastasis. SMARCA4-dNSCLCs have a
larger volume (45.25 mm) and are more prone to intrapulmonary metastasis than normal NSCLCs. Unlike the general GGO, the diameters of the
masses in the lung and mediastinal window were similar. Most have spiculated margins or ill-defined and irregular contours. In addition, due to
the malignant cells along the lung interstitium and differential growth rates within tumors, the entities usually manifests as deep lobation and
spinous protuberance, indicating that it is a high-risk, malignant pulmonary mass. All benign forms of calcification patterns were rarely detected



in our sample; this finding further strengthens the current clinical consensus that SMARCA4-dNSCLCs is a highly aggressive disease. Moreover,
rapidly growing malignant tumors always tend to encounter necrosis which leads to a lower tumor density. The signal of the lesions was always
heterogeneous on CT scans in the arterial and venous phases due to the large cystic areas in these lesions, which could make a strong contrast
with the cystic part on contrast-enhanced CT. The peak CT value was usually observed in the venous phase in the opening of the lesion’s may
due to tumor angiogenesis. Moreover, vascular convergence sign and cavitation were the obvious features of this tumor.

The application of PET-CT and SPECT is also helpful in improving our understanding of SMARCA4-dNSCLCs. In this study, the SUV values
ranged from 9.9 to 28.2. Notably, in nodules greater than 10 mm in diameter, PET has a high specificity and sensitivity for the detection of
malignancy. However, PET cannot be used to discriminate between other tumors because SCLC, lymphoma, and pulmonary carcinoma also
have high metabolic activity.

Recently, chemotherapy has been used for SMARCA4-dNSCLCs, which can appropriately delay disease progress . In this study, almost all
patients were treated with chemotherapy, but the efficacy varied from individual to individual. Although NSCLC with BRG-1 deletion was
accompanied by a PD-L1-positive status in a previous study, These above cases were rarely PD-L1 positive; thus, immunotherapy was only used
in one patient. In addition, neoadjuvant chemotherapy can also be used in the treatment of this disease. Moreover, few patients reportedly
underwent surgery . However, five patients in our study chose surgical treatment, in addition to one person who missed follow-up, the rest of
them all had a long survival in our study. None of them had distant metastasis, and the diameter of the observed lesions was shorter than that of
the patients who only received chemotherapy. These tumors were shown by pathology to lack of BRG-1expression by pathology. Thus, imaging
reveals findings that can provide new insights into the treatment of the disease. We can clearly stage the TNM by imaging, so as to determine
whether the patients require surgery, and subsequently formulate an appropriate treatment.

Moreover, both of SMARCA4 d-NSCLS and SMARCA4 Deficiency-thoracic carcinoma (SMARCA4-DTS) are BRG-1 deficiency disease with
different prognosis. SMARCA4-DTS show a poorly differentiated morphology with small cell, epithelioid, or rhabdoid phenotype cells with
focal expression of at least 2 of CD34, SALL4 and SOX2. On the other hand, SMARCA4-dNSCLCs express negative CD34 and SOX2, which
contribute to distinguishing SMARCA4-deficiency disease. Besides, SMARCA4 d-NSCLS always have a nearly negative expression of
TTF-1and P40, while two-thirds of them are positive for CK7. In addition, imaging is also a vital method to distinguish them. Most



SMARCA4-DTS are mediastinal and pleural located infiltrative and compressive chest tumors with ill-defined necrotic lymphadenopathies,
spreading in retroperitoneum, subclavian, axillar, mediastinum, and cervical regions, and more likely to occur peritoneal metastases.

However, the primary site of SMARCA4-dNSCLCs is in the lung, mostly in the upper lobe. Unlike the multi-compartment infiltrative and
compressive extension of SMARCA4-DTS, SMARCA4-dNSCLCs patients mostly demonstrated a rounded solid mass, and no patient with
peritoneal metastasis was found in our cases. Therefore, the combination of imaging and pathological examination may further improve the
diagnostic accuracy SMARCA4-deficiency disease.

Our study has some limitations. Given the lack of data collected from a large sample, statistical analysis could not be performed. We tried to
choose the average density place and avoid the necrotic area when drawing ROI. However, there were still some necrotic foci in the tumor
parenchyma that cannot be recognized visually. Due to the inconsistency of methodology, measurement errors would be inevitable.
Additionally， screening for BRG-1 deficiency patients were diagnosed recently, we were unable to perform an assessment of the long-term
prognosis. Besides that, patients with this disease rarely underwent surgery; therefore, it was difficult to determine by pathology whether they
had pleural invasion.

Conclusion

We conclude that SMARCA4-dNSCLCs tend to act as a solid tissue with slightly larger volume and more obvious enhancement in the venous
period, accompanied by multiple enlarged lymph nodes in the mediastinum. Currently, pathology still remains the gold standard for the
diagnosis of SMARCA4-dNSCLCs. Sequencing technology, which is becoming more frequently used as a diagnostic tool, sometimes fails to
detect large genomic deletions. Notably, imaging examination can intuitively observe the degree of tumor infiltration and plays an important role
in the treatment regimen. Our study is the first to analyze various imaging features of SMARCA4-dNSCLCs. Due to the high invasiveness of
SMARCA4-dNSCLCs, a more detailed and rapid clinical intervention with CT is essential. Combined with laboratory examinations and clinical
features, imaging can improve the possibility of diagnosing it and give a completely assessment of patients’ accurate diagnosis, and help predict
patient prognosis.
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CT Computed Tomography, MRI Magnetic resonance imaging, NSCLCs Non-small Cell Lung Carcinomas, AP Arterial Phase, VP Venous
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Fig. 1 SMARCA4-NSCLC in a 53-year-old man. (A B) Unenhanced CT image of lung reveals an intraluminal mass of homogeneous attenuation at the right
upper lobe, with an irregular surface, contrast-enhanced CT image shows obvious inhomogeneous enhancement (C), with more obviously enhanced on the venous
phase(D). Enlarged and significantly enhancement lymph nodes can be seen. Separately CT imaging at the position of coronal and sagittal (E F).
Fig. 2 A 63-year-old man: 99mTc-MDP SPECT shows pronounced tracer uptake in the sternum, the left scapula and the 4th rib left, the 5th rib right, T11 and the
right sacroiliac joint. A small focal uptake posterior to the left orbital region.
Fig. 3 Histopathologic features of SMARCA4-deficient tumors(magnification, A 10×;B,C 20×;D 40×). Hematoxylin and eosin section showing the tumor cells
arranged in nests with scant cytoplasm, obvious atypia, large nucleus with thickened nuclear membrane and granular chromatin. Mitoses and inflammatory cell
infiltrate are frequent.
Fig. 4 SMARCA4-NSCLC, demonstrated complete lack of expression of SMARCA4(BRG1) in (A,B),with endothelial and inflammatory cells as internal positive
controls. CK(C), and CK8/18 (D) showed intensive and diffuse expression. Scale bars are presented.
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