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SMARCA4-deficient non-small cell carcinoma is an aggressive neoplasm with poor outcome. Several studies have highlighted its immunochemistry, pathophysiology, and underlying mechanisms, but studies of its definite treatment are few. Here, we report on a 69-year-old male with heterogenous pathological presentations of SMARCA4-deficient non-small cell carcinoma. He initially presented with neck lymphadenopathies. Immunohistochemistry staining and genomic profiling confirmed the diagnosis of SMARCA4-deficient non-small cell carcinoma. The patient responded well to immune checkpoint inhibitors with nivolumab. However, new lesions with various pathological presentations and various responses to nivolumab appeared during the treatment course. The patient survived more than 3 years from the initial diagnosis. This case shows the efficacy of nivolumab to treat SMARCA4-deficient non-small cell lung carcinoma.
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1 Introduction

SMARCA4 (BRG1), a central component of the SWI/SNF chromatin remodeling complex, influences transcriptional regulation by disrupting the histone-DNA contacts in an ATP-dependent manner (1). Inactivating mutations and loss of expression of this complex have been implicated in the carcinogenesis of several cancers such as small cell carcinoma of the ovary hypercalcemic type (SCCOHT), medulloblastoma, lung cancer, and pancreatic cancer (2–8). SMARCA4 is generally believed to be a tumor suppressor gene in primary lung tumors, and its regulation of gene expression is essential for growth arrest and cell senescence; hence, it is a critical entity in cancer progression (8–10).

Recently, the 5th edition of the WHO classification of thoracic tumors classified this entity into SMARCA-4 deficient undifferentiated thoracic tumors (SMARCA-4 DUT) and SMARCA4-deficient non-small cell lung carcinomas (SMARCA4-dNSCLC). Both are associated with smoking and male preponderance. In non-small cell lung carcinomas (NSCLCs), we usually assess molecular markers to determine our clinical practice. However, SMARCA4-dNSCLC lacks alterations in currently targetable oncogenic drivers, such as epidermal growth factor receptor (EGFR), anaplastic lymphoma kinase (ALK), and c-ros oncogene 1 (ROS1) (11). Currently, no standard treatment exists for SMARCA4-dNSCLC. We present the case of a patient with heterogenous SMARCA4-dNSCLC with various responses to nivolumab.



2 Case description

The patient’s clinical course is illustrated in Figure 1. A 69-year-old man initially presented with neck lymphadenopathies. Chest computed tomography revealed multiple enlarged lymph nodes in the neck, mediastinal mass, and abdomen. Right upper lobe and left upper lobe lung nodules were also noted. Lymph node biopsy via mediastinotomy was performed and pathology demonstrated metastatic carcinoma (Figure 2A). Tumor cells were immuno-active for CK7; focally positive for CK20, P40, CD34 and CD5; but negative for TTF-1, Claudin4, SALL4, SOX2 and SMARCA4 (Figure 2). Tumor cells also had low PD-L1 expression (PD-L1 22C3 immunohistochemistry Combined Positive Score < 1). To identify actionable mutations, the tumor biopsy specimen was sequenced using ACTOnco®, a comprehensive genomic panel (CGP) of 440 cancer-related genes. Genomic profiling showed a high tumor mutational burden (TMB, 16.9 muts/Mb) with 40 nonsynonymous mutations identified. Among them, biallelic loss-of-function mutation in SMARCA4 along with 4 other mutations (BARD1, ERBB3, MED12, and TP53) were considered clinically relevant variants (Table 1). Furthermore, an amplified genomic region encoding the INPP4B gene at chromosome 4 was identified, with a copy number of 13. Eleven genes with heterozygous deletions (FBXW7, RAD50, CDKN2A, PTCH1, TSC1, FLCN, TP53, PALB2, SMAD4, SMARCA4, and STK11) were also identified. The patient underwent six cycles of cyclophosphamide, doxorubicin, and cisplatin treatment. His tumor regressed after treatment. We switched the regimen to cisplatin 40 mg/m2 combined with nivolumab 140 mg every 3 weeks for six cycles. Chest computed tomography showed further regression of the main tumor, in the mediastinal mass, and in the neck lymph nodes. Then, we changed the regimen to nivolumab monotherapy 140 mg every 3 weeks for three more months. However, chest computed tomography revealed a slowly enlarged right upper lobe nodule while other lesions remained stable. The patient underwent segmentectomy for enlarged right upper lobe nodule and lymph node dissection by Video-Assisted Thoracoscopic Surgery. Pathology disclosed adenocarcinoma (Figure 2C) this time. The tumor cells were positive for TTF-1; weakly positive for CD117 and p40; but still negative for SMARCA4 (Figure 2D). The patient underwent chemotherapy with four cycles of vinorelbine and cisplatin. Meanwhile, nivolumab 140 mg every 3 weeks was maintained for a further 20 months. However, chest computed tomography showed an enlarged right upper lung lesion while other lesions were stable. The patient underwent another wedge resection by video-assisted thoracoscopic surgery. Pathology this time disclosed poorly differentiated carcinoma (Figure 2E). Immunohistochemically, the tumor cells were positive for CK7; occasionally positive for p40; but not positive for TTF-1, CK20, CD5, and SMARCA4 (Figure 2F). However, the tumor progressed rapidly this time, and the patient’s condition deteriorated, even though we changed the chemotherapy regimen to nivolumab plus pemetrexed, and subsequently nivolumab plus gemcitabine. The patient survived for 37 months from initial diagnosis.




Figure 1 | Timeline of the clinical course of the patient.






Figure 2 | Cellular characterization of the disease course. (A) Neoplastic cells arranged in confluent papillary and glandular structures. (B) The tumor was arranged in infiltrative nests, with necrosis and focal extracellular and intracellular mucin production noted. (C) Tumor cells were arranged in solid nests and occasional papillary structure, with lymphovascular invasion also present. (D-F) Immunochemical staining to detect SMARCA4 corresponding to the above specimen; all these tumors cells were negative for SMARCA4 expression. (G-I) CD34 is weakly positive. (J, K) Claudin4 is negative. (L, M) SALL4 is negative. (N, O) SOX2 is negative.




Table 1 | Next-generation sequencing of detected gene mutations in the tumor biopsy specimen.





3 Discussion

SMARCA4-deficient thoracic tumors are divided into 2 types: SMARCA4-deficient sarcoma and SMARCA4-dNSCLC (12). The 5th edition of the WHO classification of thoracic tumors recently classified this entity into SMARCA-4 DUT and SMARCA4-dNSCLC. SMARCA-4 DUT always arises outside the lung parenchyma, commonly at the mediastinum, and involvement of adjacent structures such as airway, esophagus, or thymus is mentioned frequently. It could also present at the lung parenchyma, pulmonary hilum, or pleura with or without chest wall invasion, and it is highly indicative of peritoneal metastases (11). SMARCA4-dNSCLC is mainly intrapulmonary and presents with invasion to the pleura and vascular structures (13, 14). Both SMARCA-4 DUT and SMARCA4-dNSCLC are associated with smoking and male preponderance. Morphological overlaps are seen between these two entities; however, the exact link between the two is still being studied.

As the poorly differentiated and rhabdoid morphology of SMARCA4-dNSCLC necessitates consideration of a broad spectrum of differential diagnoses, a comprehensive IHC panel is frequently required to aid in the diagnosis of SMARCA4-dNSCLC. The differential diagnosis would include neuroendocrine carcinoma, large cell carcinoma, lymphomas, NUT carcinoma, melanomas, and various other sarcomas (9). Furthermore, we can differentiate SMARCA4-dNSCLC from SMARCA-4 DUT by several immunohistochemical stains such as CD34, Claudin4, SOX2, and SALL4 which are usually strongly positive in SMARCA-4 DUT, but not in SMARCA4-dNSCLC (9, 11). In our case, although CD34 had weak positive in staining, Claudin4, SOX2 and SALL4 were all negative in staining which confirmed the diagnosis of SMARCA-4 dNSCLC.

SMARCA4-dNSCLC is a new disease entity with an aggressive clinical course and poor prognosis. The characteristics of these patients include male, younger age, and being a smoker. The reported median survival is 6 months, and the standard treatment has not yet been established (15). SMARCA4-dNSCLC tumors have a uniform lack of the actionable gene alterations found in conventional lung adenocarcinomas; namely, EGFR mutation, EML4-ALK rearrangement, and ROS1 rearrangement (14). In preclinical models of SMARCA4-deficient tumors, CDK4/6, ATR, AURKA, and EZH2 inhibition showed antitumor activity (16). Several cases have shown that SMARCA4-dNSCLC is chemo-sensitive to platinum-based chemotherapy (14). Low expression of SMARCA4/BRG1 is a predictive biomarker for increased sensitivity to platinum-based chemotherapy in NSCLC. The possible mechanism is that the defects in DNA repair result in cisplatin sensitivity in lung cancers with BRG1 knockdown, so further studies using platinum-based chemotherapy and other therapies targeting DNA repair are needed (17).

Recently, several case reports showed that using an immune checkpoint inhibitor was effective in treating SMARCA4-deficient thoracic tumors. We summarized various treatments and its effect on SMARCA4-dNSCLC and SMARCA4-DUT in Table 2. Naito et al. reported on a 43-year-old male patient with SMARCA4-dNSCLC who received nivolumab as the fourth-line treatment. Whole exome sequencing revealed a high TMB despite lack of PD-L1 expression. Disease control was maintained for more than 14 months after continuous tumor shrinkage through 22 doses of nivolumab (18). Henon et al. reported on a patient with a SMARCA4-deficient malignant rhabdoid-like tumor who had a long-lasting response with pembrolizumab. Partial response (72%) was achieved after 11 months of treatment, although the TMB was remarkably low, and the immunohistochemistry stain was negative for PD-L1 (23). In another case, an initially unresectable SMARCA4-deficient thoracic non-small cell carcinoma was treated using nivolumab, then successfully resected, followed by adjuvant chemotherapy (13). Recently, a biomarkers analysis from CHOICE-01, a phase 3 study of toripalimab versus placebo in combination with first-line chemotherapy for advanced NSCLC without EGFR/ALK mutations, revealed that patients in the toripalimab arm harboring the SMARCA4 mutation achieved significantly better progression-free survival (26). SMARCA4-deficient tumors have been found to have high TMB, mainly a biallelic inactivation by nonsense and frameshift mutational tumorigenesis, less commonly missense mutation, splice-site mutation, deletion with loss of heterozygosity or deletion alone, or with a second mutation (27). For our patient, the tumor cells showed low PD-L1 expression but high TMB. The high TMB may explain his long duration of response to immunotherapy. Interestingly, for our patient, the next-generation sequence showed heterozygous deletion of STK11, which was shown to be associated with resistance to immune checkpoint inhibitors. However, SMARCA4-mutated NSCLCs have been reported to frequently harbor coexisting mutations in TP53, KRAS, CDKN2A, and STK11 (28–31). The coexisting mutations in SMARCA4 and STK11 seem to not influence the treatment effect of checkpoint inhibitors in our case.


Table 2 | Comparison the effect of various treatments on SMARCA4-dNSCLC and SMARCA-4 DUT).



Complete loss of SMARCA4 was observed in 5.5% of evaluable pulmonary adenocarcinomas or squamous cell carcinomas. Of those adenocarcinomas with loss of SMARCA4, 80% were TTF1 negative (32). In our case, the tumor morphology was obviously different from SMARCA4-deficient thoracic sarcoma, although the lung tumor cells stained differently for TTF-1, which confirmed the diagnosis of SMARCA4-deficient thoracic NSCLC. Our patient had several lung lesions, some TTF-1 positive and some TTF-1 negative. The initially TTF-1 negative lesions had good response to nivolumab treatment. However, resistance developed, and second lesions appeared which were TTF-1 positive. The last refractory lesion turned TTF-1 negative again. It appears that although the immunohistochemical staining was SMARCA-4 negative throughout, the TTF-1 staining varied from time to time. The relationship between TTF-1 immunostaining and treatment response of check point inhibitors is not yet clear and likely warrants further investigation.

In conclusion, the diagnosis of SMARCA-deficient thoracic NSCLC should be kept in mind for patients with poorly differentiated lung carcinoma or histologically atypical lung cancer. Next generation sequence might also be helpful in treatment planning. Currently, no established treatment exists for SMARCA4-deficient thoracic carcinoma. We present a case with SMARCA4-dNSCLC who had prolonged response to nivolumab. A larger study of SMARCA4-dNSCLC is needed to validate the efficacy of checkpoint inhibitors.
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