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Over the last four decades, minimal progress has been
made in treating and improving the survival outcomes of
patients with small cell lung cancer (SCLC). However, a
notable 2021 transcriptomic analysis revealed that SCLC
can be classified into molecular subtypes based on gene
expression profiles (1). Three of the four identified subtypes
are characterized by the predominant expression of specific
transcription factors [i.e., ASCL1 (SCLC-A), NEURODI1
(SCLC-N), and POU2F3 (SCLC-P)], while the fourth is
an inflamed subtype (SCLC-I), also known as the “triple-
negative” subtype. The SCLC-I subtype exhibits elevated
expression of inflammation-related genes and increased
T-cell infiltration compared to other subtypes, suggesting
that patients with SCLC-I may respond to immune
checkpoint blockade therapy. Indeed, the Impower133
trial (NCT02763579) demonstrated improved survival in
patients with SCLC-I following chemoimmunotherapy using
atezolizumab, carboplatin, and etoposide compared with
the survival outcomes of patients with other subtypes (1).
YAP1 was initially proposed to define a distinct SCLC
subtype, termed SCLC-Y. However, most tumors used to
establish this classification were derived from cell lines alone (2).

Immunohistochemical analysis in a well-characterized patient
cohort confirmed the expression of ASCL1, NEURODI,
and POU2F3 in SCLC subtypes, whereas YAP1 was
expressed at low levels. Notably, YAP1 was primarily detected
in combined SCLC and was consistently expressed in the
non-SCLC component (3). These findings highlight the
ongoing controversy surrounding the existence and clinical
relevance of the SCLC-Y subtype.

Recently, Ng et al. investigated SCLC-Y cell lines to
better understand the biology of this subtype. Genomic
analyses revealed pathogenic SMARCA4 mutations in
six of eight YAP1-expressing SCLC-Y cell lines, which
were associated with reduced SMARCA4 RNA and
protein expression (4). In two SCLC-Y cell lines without
SMARCA4 mutations, further pathological examination
revealed that one displayed sarcomatoid features, with
differential diagnoses including sarcomatoid carcinoma,
sarcoma, mesothelioma, and melanoma (4). The other was
found to represent metastatic small cell neuroendocrine
carcinoma (NEC) of the cervix, based on the following
evidence: (I) the cell line was derived from a cervical tumor
biopsy in a 26-year-old woman with no signs of extrapelvic
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spread; (II) no mutations in TP53 or RB1 were detected;
(IIT) human papillomavirus (HPV) was present, which is a
characteristic feature of small cell NEC of the cervix; and
(IV) the tumor exhibited SMARCBI deletion, which has
been previously reported in small cell NEC of the cervix.
Detailed pathological and immunohistochemical evaluation
of SCLC xenograft models derived from SCLC cell lines
demonstrated that the histology of SCLC-Y is consistent
with that of SMARCA4-deficient undifferentiated tumors
(SMARCA4-UT) rather than SCLC. RNA sequencing
analysis showed that SCLC-Y cell lines with SMARCA4
mutations exhibited a transcriptomic profile similar to that
of SMARCA4-UT. Furthermore, SMARCA4-U'T expresses
YAPI at both the mRNA and protein levels. These findings
suggest that most cell lines previously classified as SCLC-Y
are actually SMARCA4-UT.

The 5™ edition of the World Health Organization
(WHO) Classification of Thoracic Tumors includes thoracic
SMARCA4-UT in the “other epithelial tumors of the lung”
category (5). Our current understanding is that these tumors
represent dedifferentiated/undifferentiated carcinomas,
characterized by primitive round cells interspersed with
rhabdoid cells (5). SCLC and SMARCA4-UT share
clinicopathologic features, such as an association with
heavy smoking, aggressive behavior, poorly differentiated
histology with crush artifacts in biopsy specimens, and
neuroendocrine marker expression (6). These overlapping
characteristics may contribute to the misclassification of
SMARCA4-UT as SCLC. A genomic analysis of 3,600
patients with SCLC revealed that 1.5% had inactivating
SMARCA4 mutations, and these tumors should have been
diagnosed as SMARCA4-U'T (7). Before the recognition of
SMARCA4-UT as a distinct entity, these tumors were often
categorized as NECs in patient samples (8,9).

SMARCA4-UT is a highly aggressive tumor, urging the
development of effective therapeutic strategies. SMARCA4
plays a central role in the function of the switch/sucrose-non-
fermentable (SWI/SNF) chromatin remodeling complex (10).
Enhancer of zeste homolog 2 (EZH2), the catalytic subunit
of the polycomb repressive complex 2 (PRC2), is responsible
for H3K27 methylation (11). Abnormal levels of PRC2 have
been observed in cancers with SMARCBI or SMARCA4
mutations (12,13), highlighting the natural antagonistic
relationship between PRC2 and the SWI/SNF complex,
and suggesting that inactivation of EZH2 can induce
therapeutic effects (14). Ataxia-telangiectasia and Rad3-
related (ATR) is a critical regulator of multiple DNA repair
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pathways, responding to both single- and double-stranded
DNA damage (15). Interestingly, the loss of SMARCA4
in lung cancer cells activates replication stress responses,
resulting in ATR dependency. Additionally, SMARCA4
loss reduces cyclin D1 expression via a dual mechanism:
restricting CCNDI chromatin accessibility and suppressing
c-Jun, a transcriptional activator of CCNDI1. SMARCA4
loss exhibits synthetic lethality with CDK4/6 inhibition in
both i vitro and in viveo models (16). Finally, Aurora kinase
A (AURKA) expression is frequently elevated across various
cancer types, and preclinical data suggest that dysfunction
of the SWI/SNF complex increases sensitivity to AURKA
inhibitors (17). These findings underscore the therapeutic
potential of targeting pathways such as EZH2, ATR,
CDK4/6, and AURKA in SMARCA4-UT, emphasizing the
need for further investigation (18).

A recent comprehensive analysis of transcriptional
programs in approximately 1,000 NECs from 30 different
anatomical sites identified a novel NEC subtype, defined
by HNF4A expression, which is characterized by a
gastroenteropancreatic lineage signature, wild-type RBI,
and resistance to chemotherapy (19). In lung cancer,
approximately 3% of SCLC cases belong to the HNF4A4
subtype, while a higher frequency (13%) was observed in
large cell NEC (LCNEC) (19). Given the well-recognized
challenges in distinguishing between LCNEC and
SCLC due to interobserver variation and morphological
heterogeneity (20), further investigation is warranted to
determine whether a distinct HNF4A4-expressing subgroup
can be identified in a well-characterized cohort of patients
with SCLC. The study by Ng er al. (4) highlights the
importance of comprehensive histopathological and
molecular characterization of SCLC tumors in clinical

cohorts, particularly with the aim of excluding potential
SCLC mimics.

Acknowledgments

None.

Footnote

Provenance and Peer Review: This article was commissioned
by the editorial office, Translational Cancer Research. The
article has undergone external peer review.

Peer Review File: Available at https://tcr.amegroups.com/

Transl Cancer Res 2025;14(1):7-10 | https://dx.doi.org/10.21037/tcr-24-1952


https://tcr.amegroups.com/article/view/10.21037/tcr-24-1952/prf

Translational Cancer Research, Vol 14, No 1 January 2025
article/view/10.21037/tcr-24-1952/prt

Funding: This work was partially supported through grants
from the Grant-in-Aid for Japan Society for the Promotion
of Science (JSPS KAKENH) (grant number 22H02842).

Conflicts of Interest: The author has completed the ICMJE
uniform disclosure form (available at https://tcr.amegroups.
com/article/view/10.21037/tcr-24-1952/coif). The author
has no conflicts of interest to declare.

Ethical Statement: The author is accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.  Gay CM, Stewart CA, Park EM, et al. Patterns of
transcription factor programs and immune pathway
activation define four major subtypes of SCLC with
distinct therapeutic vulnerabilities. Cancer Cell
2021;39:346-360.¢7.

2. Rudin CM, Durinck S, Stawiski EW, et al.
Comprehensive genomic analysis identifies SOX2 as a
frequently amplified gene in small-cell lung cancer. Nat
Genet 2012;44:1111-6.

3. Baine MK, Hsieh MS, Lai WV, et al. SCLC Subtypes
Defined by ASCL1, NEUROD1, POU2EF3, and
YAP1: A Comprehensive Immunohistochemical and
Histopathologic Characterization. ] Thorac Oncol
2020;15:1823-35.

4. NgJ, Cai L, Girard L, et al. Molecular and Pathologic
Characterization of YAP1-Expressing Small Cell
Lung Cancer Cell Lines Leads to Reclassification as
SMARCA4-Deficient Malignancies. Clin Cancer Res
2024;30:1846-58.

5. Nicholson AG, Tsao MS, Beasley MB, et al. The 2021

© AME Publishing Company.

10.

11.

12.

13.

14.

16.

17.

18.

WHO Classification of Lung Tumors: Impact of Advances
Since 2015. J Thorac Oncol 2022;17:362-87.

Rekhtman N. All That Is Small Is Not a Small-

Cell Carcinoma: Thoracic SMARCA4-Deficient
Undifferentiated Tumors Masquerading as SCLC. Clin
Cancer Res 2024;30:1708-11.

Sivakumar S, Moore JA, Montesion M, et al. Integrative
Analysis of a Large Real-World Cohort of Small Cell
Lung Cancer Identifies Distinct Genetic Subtypes and
Insights into Histologic Transformation. Cancer Discov
2023;13:1572-91.

Rekhtman N, Montecalvo J, Chang JC, et al. SMARCA4-
Deficient Thoracic Sarcomatoid Tumors Represent
Primarily Smoking-Related Undifferentiated Carcinomas
Rather Than Primary Thoracic Sarcomas. ] Thorac Oncol
2020;15:231-47.

Rekhtman N. Lung neuroendocrine neoplasms:

recent progress and persistent challenges. Mod Pathol
2022;35:36-50.

Roberts CW, Orkin SH. The SWI/SNF complex--
chromatin and cancer. Nat Rev Cancer 2004;4:133-42.
Wei Y, Chen YH, Li LY, et al. CDK1-dependent
phosphorylation of EZH? suppresses methylation of
H3K27 and promotes osteogenic differentiation of human
mesenchymal stem cells. Nat Cell Biol 2011;13:87-94.
Januario T, Ye X, Bainer R, et al. PRC2-mediated
repression of SMARCA?2 predicts EZH2 inhibitor activity
in SWI/SNF mutant tumors. Proc Natl Acad Sci U S A
2017;114:12249-54.

Wilson BG, Wang X, Shen X, et al. Epigenetic antagonism
between polycomb and SWI/SNF complexes during
oncogenic transformation. Cancer Cell 2010;18:316-28.
Li Q, Qian W, Zhang Y, et al. A new wave of innovations
within the DNA damage response. Signal Transduct
Target Ther 2023;8:338.

. Gupta M, Concepcion CP, Fahey CG, et al. BRG1 Loss

Predisposes Lung Cancers to Replicative Stress and ATR
Dependency. Cancer Res 2020;80:3841-54.

Xue Y, Meehan B, Fu Z, et al. SMARCA4 loss is synthetic
lethal with CDK4/6 inhibition in non-small cell lung
cancer. Nat Commun 2019;10:557.

Tagal V, Wei S, Zhang W, et al. SMARCA4-inactivating
mutations increase sensitivity to Aurora kinase A inhibitor
VX-680 in non-small cell lung cancers. Nat Commun
2017;8:14098.

Longo V, Catino A, Montrone M, et al. Treatment of
Thoracic SMARCA4-Deficient Undifferentiated Tumors:
Where We Are and Where We Will Go. Int J Mol Sci

Transl Cancer Res 2025;14(1):7-10 | https://dx.doi.org/10.21037/tcr-24-1952


https://tcr.amegroups.com/article/view/10.21037/tcr-24-1952/prf
https://tcr.amegroups.com/article/view/10.21037/tcr-24-1952/coif
https://tcr.amegroups.com/article/view/10.21037/tcr-24-1952/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

10 Hayashi. YAP1 expressing SCLC

2024;25:3237. 20. Baine MK, Rekhtman N. Multiple faces of pulmonary

19. Wang Z, Liu C, Zheng S, et al. Molecular subtypes of large cell neuroendocrine carcinoma: update with a focus
neuroendocrine carcinomas: A cross-tissue classification on practical approach to diagnosis. Transl Lung Cancer
framework based on five transcriptional regulators. Cancer Res 2020;9:860-78.

Cell 2024;42:1106-1125.¢8.

Cite this article as: Hayashi T. Small cell lung carcinoma with
YAP1 expression and SMARCA4-deficient undifferentiated
tumors. Transl Cancer Res 2025;14(1):7-10. doi: 10.21037/tcr-
24-1952

© AME Publishing Company. Transl Cancer Res 2025;14(1):7-10 | https://dx.doi.org/10.21037/tcr-24-1952



