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INI-1 is a core component of the switch/sucrose-non-fermenting (SWI/SNF)
complex, an ATP-dependent chromatin remodeling complex that plays a critical
role in DNA repair, transcriptional regulation, and cellular differentiation. Intrathoracic
tumors driven by INI-1 inactivation are exceptionally rare. This report presents the
first documented case of metastatic INI-1-deficient undifferentiated lung cancer
harboring a co-occurring epidermal growth factor receptor (EGFR) exon 19 deletion
mutation. The clinical and pathological characteristics of the tumor are described,
followed by a comprehensive review of the relevant literature.

INI-1, lung cancer, EGFR 19del mutation, SWI/SNF complex, INI-1-deficient
undifferentiated lung cancer, pleural effusion

Introduction

INI-1 (also known as SNF5, SMARCB1, and BAF47) is a tumor suppressor gene located
on chromosome 22q11.2, with expression detected in nearly all human tissues (1). It exerts
its tumor-suppressive function through multiple pathways, including pl6-mediated cell
cycle regulation and inhibition of MYC target activation, thereby playing a crucial role in
tumor suppression (2). Additionally, INI-1 is a core subunit of the switch/sucrose-non-
fermenting (SWI/SNF) chromatin remodeling complex, a member of the ATP-dependent
chromatin remodeling complex family. These complexes utilize ATP hydrolysis to alter
chromatin architecture by modulating nucleosome positioning, eviction, insertion, and
exchange (3-5). Consequently, they regulate the accessibility of genomic regions to
transcriptional machinery, DNA-binding proteins, cofactors, and other regulatory
elements, thereby orchestrating gene expression and DNA repair.

Chromatin remodeling complexes are categorized into four major families based on
subunit composition and biochemical activity: SWI/SNF, INO80/SWRI1, ISWI, and
NURD/CHD. Among these, the SWI/SNF complex is most strongly implicated in
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tumorigenesis (4). These complexes are evolutionarily conserved,
with homologous structures identified from yeast to mammals (4).
In mammals, the SWI/SNF complex is further classified into three
subfamilies: canonical BAF (cBAF), polybromo-associated BAF
(PBAF), and the recently identified non-canonical BAF (ncBAF)
(6). While all three subfamilies share core subunits, including
SMARCCI1, SMARCC2, SMARCD, SMARCA4, SMARCA2, and
SMARCBI1 (INI-1), distinct subunits confer unique functional
properties. For example, ARIDIA and ARIDI1B are exclusive to
the cBAF complex, whereas ARID2, PBRM1, and BRD?7 are specific
to PBAF (7).

Genes encoding SWI/SNF complex components are mutated in
nearly 25% of all human cancers, making them the most frequently
altered chromatin-related cancer genes (6-8). In lung cancer,
mutations in SWI/SNF subunit genes occur in approximately 20%
of cases, with SMARCA4, ARIDIA, ARID2, and SMARCA2 being
the most commonly affected (9). The 5th edition of the WHO
classification of thoracic tumors recognized SMARCA4-deficient
undifferentiated tumors as a distinct entity, characterizing them as
malignant neoplasms with an undifferentiated or rhabdoid
phenotype resulting from SMARCA4 (BRG1) deficiency (10).
Furthermore, SMARCAA4 loss has been identified in approximately
3-6% of NSCLCs (11). In contrast, INI-1-deficient lung cancers are
exceptionally rare, with only eight cases documented to date. Among
these, two cases exhibited distinct molecular alterations: one with
copy number variations in EGFR and another with STK11 loss. No
other recurrent pathogenic mutations, including those in KRAS, RET,
ROSI1, EGFR, or ALK, were identified (12-18).

10.3389/fonc.2025.1539309

This research describes the cytological and immunohistochemical
(IHC) characteristics of an SMARCB1 (INI1)-deficient intrathoracic
neoplasm detected in pleural fluid. Next-generation sequencing (NGS)
panel 16 analysis identified an EGFR exon 19 deletion mutation,
marking a notable genomic alteration in this tumor. To date, no
documented cases have reported the INII deficiency and a canonical
EGFR exon 19 deletion mutation. This finding holds significant
implications for both pathologists and clinicians.

Case presentation

An 81-year-old female with no history of smoking or
malignancy presented with a 10-day history of progressive chest
tightness and dyspnea, which worsened with physical activity.
Additional symptoms included cough and back pain. Chest
computed tomography (CT) imaging revealed a large left-sided
pleural effusion (Figure 1A). To alleviate respiratory distress,
thoracentesis was performed, and the drained pleural fluid was
sent to the Department of Pathology for further evaluation.

Following thoracic drainage, a subsequent chest CT scan revealed a
heterogeneous mass in the left inferior lobe, measuring approximately
6.7 cm x 2.8 cm in its largest cross-section. Contrast-enhanced imaging
demonstrated irregular enhancement patterns suggestive of a left lung
tumor (Figures 1B, C). Pulmonary window analysis identified multiple
nodular high-density foci scattered across both lungs, raising suspicion
for bilateral pulmonary metastases. Mediastinal window assessment
further revealed bilateral mediastinal lymphadenopathy and enlarged

FIGURE 1

CT images of the reported case. (A) Massive left pleural effusion was observed during the initial visit. (B—D) Enhanced CT scans of the chest after
pleural effusion drainage clearly demonstrated both the lung tumor, pleural metastasis and "bull's-eye” hepatic metastases.
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lymph nodes at the left pulmonary hilum, consistent with lymph node
metastasis. An abdominal CT scan detected multiple low-density
hepatic nodules of varying sizes, with the largest lesion (2.9 cm x 2.6
cm) located in the right hepatic lobe. Annular enhancement was noted
in the arterial phase, while marked hypodensity was observed in the
portal venous phase, demonstrating a “bull’s eye sign” characteristic of
multiple hepatic metastases (Figure 1D). Additionally, an enhanced
brain CT identified an irregular heterogeneously enhancing mass
within the right frontal lobe, with a maximum cross-sectional area of
2.1 cm x 1.6 cm, consistent with brain metastasis.

Cell block analysis of the pleural effusion demonstrated poorly
cohesive round-to-oval cells with a dispersed distribution. These cells
exhibited eccentrically located nuclei with dense chromatin, abundant
eosinophilic cytoplasm, and nuclear morphology ranging from round
to oval or slightly irregular shapes. Mitotic figures were readily
identified. The overall cytomorphology revealed a predominantly
rhabdomyoid phenotype, characterized by eccentric nuclei and
eosinophilic cytoplasm, with focal plasmacytoid features (Figure 2).

IHC staining revealed strong positivity for epithelial cell
adhesion molecule (Ep-CAM), pan-cytokeratin AEI1/AE3, and
thyroid transcription factor-1 (TTF-1). In contrast, negative
staining was observed for calretinin (CR), CD34, CD38, Napsin
A, and p40, particularly ruling out malignant mesothelioma,
epithelioid sarcoma, plasmacytoma and squamous cell carcinoma.
Notably, INI-1 (SMARCBI1) expression was completely lost, while
SMARCA4 expression remained preserved (Figure 3).

Based on the integration of ITHC findings and morphological
features, a pathologic diagnosis of INI-1-deficient undifferentiated
carcinoma was established. Correlating the imaging findings with the
pathologic diagnosis, the clinical assessment confirmed metastatic
INI-1-deficient undifferentiated carcinoma of the left lung, associated

FIGURE 2

H&E-stained cell block of pleural effusion: round or oval cells with eccentric nuclei and abundant eosinophilic cytoplasm (A). Cells predominantly
exhibit rhabdoid morphology (red arrows), with a subset displaying plasmacytoid features (yellow arrows) (B).
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with malignant pleural effusion, bilateral pulmonary metastases,
pleural involvement, multiple hepatic metastases, brain metastasis,
and extensive mediastinal lymphadenopathy. The disease was
classified as clinical stage cT4N3M1c2, corresponding to stage IVB.
NGS-16 panel sequencing identified an EGFR exon 19 canonical
deletion (p.E746_A750del, “exon 19 del”), a hallmark activating
mutation in NSCLC. No clinically actionable alterations were
detected in ALK, MET, BRAF, ERBB2, ROS1, RET, KRAS, NRAS,
PIK3CA, NTRK1-3, TP53, MAP2K1, or BIM. PD-L1 IHC (Ventana
22C3 clone) revealed a tumor proportion score (TPS) of <1%.
Follow-up: Given the presence of an EGFR exon 19 canonical
deletion (p.E746_A750del, “exon 19 del”)—a sensitizing mutation
strongly predictive of response to third-generation EGFR-tyrosine
kinase inhibitor (EGFR-TKI) therapy—and concomitant central
nervous system metastases, osimertinib was initiated as first-line
treatment. Despite commencing oral osimertinib (80mg QD) in a
community setting, disease progression was observed. The patient, an
81-year-old with a poor performance status and extensive metastatic
burden, succumbed to progressive disease one-month post-diagnosis,
likely due to the combined effects of frailty and widespread metastasis.

Discussion

This case represents a rare instance of an INI-1-deficient
undifferentiated neoplasm identified in pleural effusion, characterized
by monotonous, poorly cohesive cells with eccentric nuclei and
rhabdoid/plasmacytoid features—morphologic hallmarks of SWI/
SNF complex-deficient malignancies. As highlighted by Reference
(12), carcinomas and mesenchymal tumors with SWI/SNF
dysfunction frequently exhibit a discohesive epithelioid or rhabdoid
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Immunohistochemistry (IHC) demonstrated a complete absence of nuclear SMARCBL (INI1) expression in tumor cells, with the positive control image
from our pathology archive (lung cancer tissue with confirmed INI1 expression) displayed in the upper right corner for reference (A). Tumor cells were
positive for cytokeratin AE1/AE3 (B) and epithelial marker EP-CAM (C) on IHC. Notably, neoplastic cells retained nuclear SMARCA4 expression (D),
distinguishing this from SMARCA4-deficient tumors. CD34 (E) and plasma cell marker CD38 (F) were uniformly negative in tumor cells.

phenotype, necessitating a targeted immunohistochemical evaluation
of INI-1 (SMARCB1) and BRGI (SMARCA4) during diagnostic
workup. In this case, IHC demonstrated complete loss of nuclear
INI-1 (SMARCBI) expression, while BRG1 (SMARCA4) was retained,
aligning with the immunohistochemical profile of SMARCBI1-deficient
tumors. Complete INI-1 (SMARCBI) loss has been implicated in both
pediatric and adult mesenchymal tumors, with pediatric malignant
rhabdoid tumors (MRTs) and epithelioid sarcomas serving as
prototypical examples (19). Additionally, INI-1 mutations have been
reported in sinonasal carcinoma, gastrointestinal stromal
tumors (GIST), pancreatic cancer, and malignancies of the urologic
tract (20-26).

In this case, imaging revealed massive left pleural effusion, and
following therapeutic drainage, contrast-enhanced CT demonstrated a
left lower lobe mass measuring 6.7 cm x 2.8 cm (maximum cross-
sectional diameter) with irregular enhancement. To determine
histogenesis and pathologic phenotype, IHC was performed on the
cell block using a panel that included Ep-CAM, pan-cytokeratin AE1/
AE3, CR, CD34, CD38, TTF-1, Napsin A, and p40. IHC revealed
diffuse membranous Ep-CAM positivity and cytoplasmic AE1/AE3
immunoreactivity, coupled with a complete absence of CD34, CD38,
and calretinin (CR). These findings effectively excluded key differential
diagnoses, including epithelioid sarcoma, plasmacytoma, and
malignant mesothelioma. Consequently, the final pathologic
diagnosis was established as INI-1-deficient undifferentiated
carcinoma. Although molecular studies were not conducted to
confirm underlying SMARCBI alterations, emerging evidence
underscores INI-1 (SMARCBI) loss, as detected by IHC, as the most
defining and consistently reproducible feature of these neoplasms (1,
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27). Upon integrating pathological and imaging data, the lesion was
diagnosed as metastatic INI-1-deficient undifferentiated lung cancer.
Notably, this case mirrors a report by Kazuki Fujita CT et al. (13),
where an INI-1-deficient neoplasm was identified in pleural effusion
alongside a pulmonary mass. Importantly, their case involved a patient
with plasmacytic myeloma, who also exhibited INI-1 deficiency with
SMARCA4 retention. Through comprehensive IHC profiling,
recurrence of plasmacytic myeloma was ruled out, ultimately leading
to the diagnosis of SMARCBI (INI-1)-deficient intrathoracic neoplasm
of the lung.

Due to the extreme rarity of SMARCBI1/INI-1-deficient lung
carcinoma, a comprehensive literature review identified eight
previously reported cases (12-18) (Table 1, Supplementary
Materials). The first two cases, originally described by Haberecker
et al., were part of a cohort of nine intrathoracic neoplasms exhibiting
INI-1 (SMARCBI) loss. These cases underwent principal component
analysis (PCA) of methylation data, which, along with
immunohistochemical coexpression of pan-cytokeratin and claudin-4,
provided strong evidence of an epithelial lineage (12). A review of these
cases did not establish a definitive correlation with smoking history, as
nearly half of the patients were non-smokers. Clinically, seven out of
nine (77.8%) patients were aged =60 years, and seven (77.8%) had
tumors measuring =5 cm in diameter at diagnosis. Additionally, five
(55.6%) presented with distant metastases, including the present case.
Notably, most patients were diagnosed at an advanced disease stage
(AJCC stage ITI-IV in seven out of nine cases, 77.8%), a factor strongly
associated with poor prognosis and reduced survival (Table 1).

SMARCBI1-deficient lung carcinomas (INI1 loss) rarely exhibit
EGFR mutations. However, according to the 2025 NCCN guidelines,
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TABLE 1 Demographic and clinical characteristics of the reviewed cohort.

Primar Primar Lymphnode ]
. y y ymp : Site of cTNM Follow-up/
Authors Ref Patient Gender tumor tumor metastasis . . ’ Treatment
: . distant metastasis = staging months
location size (cm) (Y/N)
Haberecke M, Neo-and
Buhler MM, (12) 1 M 73 Y Lung, central 5 Y Liver, adrenal gland cT2bN2M1c . DOD/7
adjuvant CT
et al.
2 M 72 Y Lung, centra/hilar | 9 N Lung cT4NOMla | Adjuvant CT DOD/53
Zhou YH,Qi
N °t“ o Qin gy 3 M 74 NA Lung, RUL 3.1 NA NA ¢T2NxMx | RT DOD/5+
, et al.
RickardJA, I the
chard] (15) 4 M 60 N Lung, LLL 8.6 Y Liver CTAN2MIbL | munotherapy AWD
Burr ML,et al. and CT
Neoadjuvant IT+
Chen J,Wang] (16) 5 M 61 N Lung, LUL 8.8 Y None cT4N2MO CT, RT, NED/4+
IT Maintain
Kazuki Fujit:
C?Fz el N CE 6 M 77 NA Lung, RML 51 Y Lung, adrenal gland, pleural =~ NA NA DOD/0.5
Zagni M,
Marando (17) 7 M 38 N Lung, RML 8.5 Y None cT4N2MO CT DOD/1
A, et al.
hen X, I h
Chen X, Wu (18) 8 M 33 N Lung, RML 34 N Pleura,right pleural effusion cT2aNOM1la mmunotherapy and DOD/24+
], et al. CT, Tazemetostat
Left malignant pleural
Present case 9 F 81 N Lung, LLL 6.7 Y effusion, bilateral lungs, cT4N3Mlc Osimertinib DOD/1
pleural, liver, brain

RUL right upper lobe, LLL left lower lobe, LUL left upper lobe, RML right middle lobe, NA not available, CT chemotherapy treatment, DOD died of disease, NED no evidence of disease, AWD alive with disease.
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routine EGFR mutation testing is recommended for advanced NSCLC.
Following these guidelines, this patient underwent NGS using a 16-
gene panel (NGS-16). The results identified a canonical EGFR exon 19
deletion (c.2235_2249del, p.E746_A750del) with a variant allele
frequency (VAF) of 57.7%, indicative of a highly clonal mutation.
Notably, no EGFR copy number alterations were detected (copy
number = 2.0), and the NGS-16 panel ruled out co-occurring
oncogenic drivers, including ALK/ROS1 fusions, MET/ERBB2
amplifications, BRAF/KRAS/PIK3CA mutations, NTRK fusions, and
TP53/BIM alterations. The coexistence of SMARCBI loss and a high-
frequency EGER exon 19 deletion (VAF 57.7%) challenges the previous
assumption that INT1-deficient tumors are exclusively EGFR wild-type.
Although CNV alterations were absent, the presence of a canonical
EGEFR exon 19 deletion at 57.7% VAF strongly supports the use of
EGFR-TKI therapy, as this mutation profile is highly predictive of
therapeutic responsiveness. One possible explanation for TKI efficacy
in the absence of copy number alterations is that SMARCBI loss-
driven clonal dominance functionally compensates for reduced gene
dosage, thereby maintaining TKI sensitivity. This hypothesis proposes
a novel mechanism of therapeutic vulnerability in chromatin-
remodeling-deficient tumors. In a study, de Miguel, Gentile, et al.
demonstrated that the mammalian SWI/SNF chromatin-remodeling
complex contributes to osimertinib resistance in EGFR-mutant lung
cancer models by modulating chromatin accessibility—a process that
enhances the expression of resistance-associated genes and promotes
cancer cell proliferation. Importantly, both pharmacological and
genetic suppression of SMARCA4/2 successfully reversed osimertinib
resistance (9). Based on these findings, this study hypothesizes that
INTI loss, a key subunit of the mSWI/SNF complex, could similarly
counteract osimertinib resistance, potentially leading to improved
survival outcomes in EGFR-mutant patients. However, further
experimental validation is required to substantiate this hypothesis.

As demonstrated in this case, IHC assessment of INI1
expression is crucial for accurately diagnosing INI1-deficient
tumors, particularly in tissues with rhabdoid morphology, to
prevent missed or incorrect diagnoses. Although INI1-deficient
lung cancer is rare, the increasing number of reported cases
suggests that it may eventually be recognized as a distinct
molecular entity, similar to SMARCA4-deficient thoracic tumors.

While INTI-deficient lung cancer rarely coexists with EGFR, ALK,
or other oncogenic driver mutations, comprehensive genetic profiling
(CGP) remains essential for guiding treatment decisions, particularly in
advanced-stage patients. By providing a detailed molecular
characterization, CGP enables a deeper understanding of disease
mechanisms, such as osimertinib resistance, and directly supports
precision oncology strategies—including the selection of TKIs for
EGEFR exon 19-mutant tumors. However, the clinical implementation
of CGP faces several key challenges, including gaps in evidence-based
treatment guidelines, high costs associated with genetic testing, and
barriers to interdisciplinary collaboration. Overcoming these obstacles
will require coordinated efforts among multiple stakeholders, the
establishment of standardized workflows, and the development of
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policy frameworks to facilitate the translation of genomic insights
into clinical practice and maximize patient benefit.
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