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Background: SVMARCA4-deficient undifferentiated thoracic tumor (SMARCA4-UT) are very aggressive
high-grade malignant tumors associated with poor prognosis. It is typically diagnosed at an advanced stage.
Response to conventional therapeutic approaches is particularly poor and there is no specific targeted drug
for this mutation site. Currently, there are no guidelines regarding the standard treatment for this disease.
Case Description: In November 2021, a 71-year-old Chinese male was diagnosed with metastatic
SMARCA4-UT in liver and brain. Molecular analysis showed a 7P53 mutation in exon 10 and a programmed
death-ligand 1 (PD-L1) tumor proportion score (TPS) of <1%. From January 2022, the patient received
a combination of camrelizumab, bevacizumab, pemetrexed, and carboplatin for four cycles, followed by
camrelizumab, bevacizumab, and pemetrexed maintenance therapy for 31 cycles. The last treatment was on
June 25, 2024. Imaging follow-up revealed a tumor reduction of approximately 50% as the best response. To
date, the progression-free survival (PFS) has surpassed 32 months.

Conclusions: To our knowledge, this is the first patient with SMARCA4-UT treated with this regimen.
The first-line combined regimen containing immunotherapy plus antiangiogenic therapy and chemotherapy
demonstrated durable treatment response in this case. This may represent a novel treatment option for this

group of patients. Prospective studies will be required to validate the efficacy and safety of this therapy.
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Introduction
Background

SMARCA4-deficient undifferentiated thoracic tumor
(SMARCA4-UT) is a high-grade malignant tumor,
which is histologically characterized by the presence of
an undifferentiated or rhabdoid phenotype (1). It is more
likely to develop in heavy smokers and is associated with
smoking-related genetic changes. Approximately 5-10%
of classical non-small cell lung cancer (NSCLC) cases and
a subset of those with thyroid transcription factor 1 (T'TF-
1)-negative neuroendocrine carcinomas (including large-
cell neuroendocrine carcinoma and small-cell carcinoma)
exhibit a loss of SMARCA4 expression (2,3). Notably, the
latest World Health Organization classification specifically
distinguishes SMARCA4-deficient NSCLC from the
distinct entity designated as SMARCA4-UT, with the latter
being categorized within the group of “other lung epithelial
tumors” (4). SMARCA4-UT is typically advanced at the
time of diagnosis, with widespread involvement of thoracic
structures, and metastasizes to lymph nodes, bone, and adrenal
glands (1,5). SMARCA4-UT commonly exhibits aggressive
growth, involves a poor prognosis, and is unresponsive
to cytotoxic chemotherapy. Currently, no guidelines exist
regarding the standard treatment of this disease.

Highlight box

Key findings

® The first-line combined regimen containing immunotherapy plus
antiangiogenic therapy and chemotherapy demonstrated durable
efficacy in SMARCA4-deficient undifferentiated thoracic tumor
(SMARCA4-UT).

What is known and what is new?

® SMARCA4-UT exhibits aggressive growth, is associated with
a poor prognosis, and is usually unresponsive to cytotoxic
chemotherapy. Immunotherapy has shown efficacy in these patients
in a few recent studies.

*  We report the first case of a patient with SMARCA4-UT who
was treated with a combined first-line regimen consisting of
immunotherapy plus antiangiogenic therapy and chemotherapy.
Treatment was well tolerated and resulted in durable response.

What is the implication, and what should change now?

* The combined regimen containing immunotherapy plus
antiangiogenic therapy and chemotherapy could be a novel
treatment option for patients with SMARCA4-UT. Further
prospective studies are needed to validate the efficacy and safety of

this regimen.
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Study rationale

Published reports have demonstrated the efficacy of
immunotherapy in patients with SMARCA4-UT (6-9).
Similarly, a recent study reported three cases of SMARCA4-
deficient thoracic sarcoma (SMARCA4-DTS) treated
with atezolizumab plus bevacizumab, paclitaxel, and
carboplatin (ABCP) as the first-line therapy (10). Partial
response was observed in all three patients, and the first-
line ABCP regimen for SMARCA4-DTS showed durable
efficacy regardless of programmed death-ligand 1 (PD-L1)
expression.

Objective

Here, we present a case of a patient with stage IV
SMARCA4-UT who received a regimen consisting of
camrelizumab, bevacizumab, pemetrexed, and carboplatin
and discuss the therapeutic strategies for SMARCA4-
UTT. We present this case in accordance with the CARE
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-2025-541/rc).

Case presentation

A 71-year-old Chinese male was admitted to Tieling
Central Hospital with cough and shortness of breath
in November 2021. The patient underwent subtotal
laryngectomy in August 2015, and the postoperative
pathology was poorly differentiated squamous cell
carcinoma. Without being subjected to radiotherapy or
chemotherapy after surgery, the disease appeared stable on
regular reexamination. The patient did not have a history
of hypertension or diabetes but a family history of cancer
with his father and mother suffering from pancreatic
and gastric cancer, respectively, as well as his sister
with liver cancer. He had a history of heavy smoking of
20 pack-years and quit smoking more than 9 years ago.
Contrast-enhanced chest computed tomography (CT) scan
revealed a 58.3 mm x 56.2 mm mass in the right lower lobe
of the lung and pleural effusion in the left thoracic cavity.
The liver apex showed a round, slightly hypodense shadow
of 21.1 mm x 21.1 mm in size. The ""F-fluorodeoxyglucose
positron emission tomography-CT ("F-FDG-PET-
CT) examination corroborated the mass in the lower
lobe anterior basal segment of the right lung (Figure 14),
measuring approximately 6.1 cm x 5.1 cm, with a maximum
standard uptake value (SUVmax) of 21.9, suggesting
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Figure 1 PET-CT scan images of the patent. (A) PET-CT indicated a mass in the lower lobe anterior basal segment of the right lung,

suggesting malignancy (lung cancer). (B) A nodule with high FDG metabolism in the left lobe of the liver was considered to be metastatic.

(C) A FDG-avid nodule found in the anterior aspect of the right lateral ventricle suggested metastatic disease. CT, computed tomography;

FDG, fluorodeoxyglucose; PET, positron emission tomography.

malignancy. The nodule with high FDG metabolism in
the left lobe of the liver measured approximately 1.9 cm
x 1.8 ¢cm, with a SUVmax of 11.51 and was considered
most likely to be metastatic disease (Figure 1B). There was
a FDG-avid nodule with peripheral edema in the right
lateral ventricle, measuring approximately 1 cm in diameter
with a SUVmax of 4.41, suggesting metastatic disease
(Figure 1C). Contrast-enhanced magnetic resonance
imaging (MRI) of the head indicated multiple intracranial
metastasis. Pathological tissue obtained via lung puncture
confirmed the presence of NSCLC. Through consultation
with another local tertiary A-grade hospital, we identified
the tumor as NSCLC not otherwise specified (NSCLC-
NOS). The results of the immunohistochemical staining
were as follows: cytokeratin (pan) (+), cytokeratin 7 (focal+),
P40 (-), P63 (), TTF-1 (-), napsin A (-), synaptophysin
(partial+), CD56 (-), Ki-67 (70%+), NUT (=), SMARCA4
(=), and PD-L1 tumor proportion score (TPS) <1%

© AME Publishing Company.

(Figure 2A4,2B). Next-generation sequencing (NGS) was
performed at Yunying Medical Inspection Institute, and
the NGS report was provided by the patient himself.
Genetic testing was performed on the patient, and detection
of single-nucleotide variants and insertion-deletion
(SNV/InDel) mutations, including the following genes
were analyzed: AKT1, ALK, BIM, BRAF, DDR2, EGFR,
ERBB2, FGFR1, FGFR3, HRAS, KRAS, MAP2KI1, MET,
NRAS, NTRK1, NTRK2, NTRK3, PDGFRA, PIK3CA,
PTEN, RET, ROS1, TP53. Results revealed a TP53 exon 10
c.1015G>T (p.E339*) mutation with a mutation abundance
of 46.5%. Gene fusion testing detected no gene fusion
mutations. Copy number variation (CNV) analysis showed
no copy number mutations. Tumor mutation burden (TMB)
was not tested. Overall analysis: the patient is male with a
history of smoking and presented with multiple metastases
at the time of diagnosis. Histopathological morphology
indicated undifferentiated features (distinguishing it from
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Figure 2 Routine histological and immunohistochemical examinations. The characteristics were that they exhibited the histomorphology of
SMARCA4-deficient undifferentiated tumors and had a PD-L1 TPS of <1%. (A) Hematoxylin and eosin staining (x400). (B) PD-L1 staining
(x400). PD-L1, programmed death-ligand 1; TPS, tumor proportion score.
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Figure 3 Course of patient treatment and condition over time. SMARCA4-UT, SMARCA4-deficient undifferentiated thoracic tumor.

patients with lung cancer without SMARCA4 protein
expression, which typically retain histological features of
adenocarcinoma or squamous cell carcinoma differentiation).
Immunohistochemistry (IHC) demonstrated loss of
SMARCA4, P40 negativity, TTF-1 negativity, and P63
negativity. Comprehensive analysis supports the diagnosis
of SMARCA4-UT.

The patient received a combination of camrelizumab
[200 mg, every 3 weeks (Q3W)], bevacizumab (7.5 mg/kg,
Q3W), pemetrexed (500 mg/m’, Q3W), and carboplatin
(area under the curve 5, Q3W) beginning on January 27,
2022 with remarkable clinical improvement. This regimen
was continued for four cycles, followed by camrelizumab
(200 mg, Q3W), bevacizumab (7.5 mg/kg, Q3W), and
pemetrexed (500 mg/m’, Q3W) maintenance therapy for 31
cycles. The final treatment was on June 25, 2024 (Figure 3).

© AME Publishing Company.

CT (Figure 4) and MRI (Figure 5) scans indicated that the
best response was partial reduction. According to Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1,
the tumor mass decreased over 30% from the pretreatment
size (11). The patient’s only adverse reaction was mild
hypertension (grade 2). At the time of writing, the patient is
still benefiting from the above regimen after 32 months of
treatment, with the most recent CT scan showing a tumor
reduction of -52% compared with baseline.

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 and its subsequent amendments.
Written informed consent was obtained from relatives
of the patient for the publication of this case report and
accompanying images. A copy of the written consent is
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Figure 4 Chest and liver CT images. (A,D) Baseline before treatment. (B,E) Stabilization of disease after four cycles of camrelizumab,
bevacizumab, pemetrexed, and carboplatin. (C,F) Partial response after 31 cycles of camrelizumab, bevacizumab, and pemetrexed

maintenance. CT, computed tomography.

Figure 5 Head magnetic resonance images. (A) Baseline before treatment. (B) Partial response after four cycles of camrelizumab,

bevacizumab, pemetrexed, and carboplatin. (C) Image after 31 cycles of camrelizumab, bevacizumab, and pemetrexed maintenance.
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available for review by the editorial office of this journal.

International multidisciplinary team (iMDT)
discussion

Principal findings

We treated the patient with the combination of
camrelizumab, bevacizumab, pemetrexed, and carboplatin.
To our knowledge, this is the first documented case of
SMARCA4-UT treated with this combined regimen, which
achieved a progression-free survival (PFS) of 32 months.
This therapy was well tolerated and led to long-term
response.

Literature comparison

Naito et al. (12) reported a case of a 43-year-old male
patient diagnosed with SMARCA4-deficient lung
adenocarcinoma who was treated with nivolumab after
failing in three standard chemotherapy protocols. The best
response was partial response with a PES of over 14 months.
Lin er al. (13) compared the efficacy of traditional
chemotherapy and immune checkpoint inhibitors
(ICIs) plus chemotherapy in advanced thoracic tumors
with SMARCA4-deletion, the results of which revealed
comparable response rates. However, the median PFS
of the former was significantly shorter than that of
the latter when applied as first-line treatment (2.73 wvs.
26.8 months, P=0.044), and patients with ICIs in first-line
had a significantly longer overall survival than without ICIs
or in later lines. This suggests that immunotherapy may be
an effective therapeutic option for patients with SMARCA4-
UTs and that combination with chemotherapy may enhance
the treatment effect.

Additionally, the combination of anti-programmed
death-1 (PD-1)/PD-L1 antibodies and antiangiogenic
agents may exert a synergistic effect (14). Kawachi ez a/. (10)
reported that three patients with SMARCA4-DTS who
were treated with ABCP all achieved partial responses,
with a PFS of approximately 6 months or longer and
a continuous response of 1 year or longer in one case.
Their report suggests that the ABCP regimen can be an
effective treatment for those with SMARCA4-DTS. Ye
et al. (15) reported the first known case of SMARCA4-
deficient NSCLC to be treated with the combination of
anlotinib, nab-paclitaxel, and tislelizumab, which led to
partial response and a PFS of 5 months. In contrast, our

© AME Publishing Company.
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patient received a classical platinum doublet combined
with camrelizumab and bevacizumab resulting in an
approximately six-fold longer survival. We are currently
planning a prospective study in this population to further
validate the efficacy and safety of this therapy.

Interpretation of findings

SMARCA#4 is a tumor-suppressor gene encoding the
SMARCA4/BRG1 protein on chromosome 19p13.2 (16),
which is one of the important subunits of the SWI-SNF
complex, and SMARCA4 mutations may cause loss of
expression of the SMARCA4/BRG1 protein. The SWI-
SNF complex is an evolutionarily highly conserved ATP-
dependent chromatin remodeling complex, which is the
earliest discovered and well-known chromatin remodeling
complex, and plays an important role in the regulation of
important cellular processes and functions, such as gene
transcription, proliferation, differentiation, and DNA
repair (17). Research has demonstrated that the SWI-
SNF complex, which is composed of at least 15 protein
subunits encoded by nearly 22 genes, exerts a critical
tumor-suppressor effect (18). However, its core element
consists of AT Pase-dependent catalytic subunits, including
SMARCA2 and SMARCA4. Mutations in SMARCA4 occur
in 5% to 7% of all malignancies, including lung cancer,
colon cancer, bladder cancer, breast cancer, small cell
carcinoma of the ovary of hypercalcemic type, thoracic
sarcoma, and uterine sarcoma (19-21). Nevertheless, this
does not necessarily imply a link between SMARCA4 gene
mutations and a loss of SMARCA4 expression. Rekhtman
et al. (1) found that the IHC results of two patients with
poorly differentiated thoracic malignant tumors indicated a
loss of SMARCA4 expression, but the corresponding gene
deletion mutation was not found in second-generation gene
sequencing. The same phenomenon was observed in our
case. Most of the related research suggests the SMARCA4
gene mutation is clinically significant and the value of
SMARCA4 deficiency based on IHC analysis may also have
important ramifications. Future studies with larger sample
sizes are needed to determine whether a definitive diagnosis
should be based on the absence of immunohistochemical
expression or a genetic mutation.

As opposed to EGFR or ALK/ROS1 mutated tumors,
there is currently no targeted drug at hand for SMARCA4-
deficient thoracic tumors. According to preclinical data,
CDK4/6 (22), AURKA (23), ATR (24), and TopoIl (25)
inhibitors can exert antitumor activity. Further clinical trials
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based on these agents are ongoing.

Vascular endothelial growth factor (VEGF)-mediated
immunosuppression in the tumor microenvironment (TME)
and its negative influence on the efficacy of immunotherapy
constitute the theoretical basis for the combination of
PD-1/PD-L1 antibodies and anti-VEGEF drugs, which may
normalize TME (26). Traditional cytotoxic chemotherapy
drugs stimulate antitumor immunity through the release
of tumor-associated antigens and/or the depletion of
immunosuppressive cells (27,28).

Implications and future direction

Certain limitations regarding the conclusion drawn from
this case should be noted. As we only report a single case,
further prospective multicenter randomized controlled trials
with large sample sizes are needed to confirm the efficacy
and safety of this therapy. Moreover, it is also necessary
to further explore the molecular biological mechanism in
basic experiments and functional experiments to clarify the
potential mechanisms. Accurately identifying SMARCA4-
UT and providing more precise and effective treatment
methods to improve the quality of life and survival rate of
patients remain clinical challenges that need to be addressed.

Discussion of the Thoracic Cancer Physicians at Liaoning
Cancer Hospital & Institute

In this case, the first-line combination therapy consisting
of immunotherapy combined with anti-angiogenic therapy
and chemotherapy has demonstrated durable efficacy for
the patient, which may provide a novel therapeutic option
for this patient population. Regarding subsequent treatment
strategies, several issues warrant further exploration.

Selection of maintenance therapy: the patient is currently
undergoing maintenance therapy with camrelizumab,
bevacizumab, and pemetrexed, with a PFS exceeding
32 months. De-escalation of maintenance therapy may be
considered. The choice of maintenance regimen should
integrate assessments of adverse reactions, imaging
findings, tumor marker levels, and minimal residual disease
monitoring to evaluate tumor burden dynamics and guide
adjustments in treatment strategies.

Combination therapy modalities: ICIs combined with
chemotherapy or anti-angiogenic agents have shown
significant clinical benefits. Concurrently, the synergistic
application of immunotherapy and radiotherapy has
demonstrated remarkable efficacy, offering new insights for

© AME Publishing Company.
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optimizing therapeutic approaches. However, high-quality
evidence-based medical evidence remains lacking in this area.

Discussion between oncologists from The Christie NHS
Foundation Trust and Paracelsus Medical University
Salzburg University Hospital on issues related to the
diagnosis and treatment of this patient:

Question 1: What are the current first-line treatment
options for patients with advanced SMARCA4-UT?
Expert opinion 1: Dr. Franz Zebentmayr

When patients present with resectable tumors and in good
physical shape, the therapeutic mainstay is radical surgery.
However, if the tumor is regarded as inoperable, which
is mostly the case as patients with this rare disease entity
usually present in advanced stages, thoracic radiotherapy
as a loco-regional treatment option can be applied despite
these SMARCA4-deficient undifferentiated tumors are
said to be insensitive to ionizing radiation (29). Irradiation
treatment can be combined with chemotherapy both to
enhance the effect of loco-regional therapy and to account
for the systemic disease spread. In recent years, immune
checkpoint inhibition has come into play, as a very effective
treatment option for non-resectable as well as for resectable
lung cancers so that it seems—based on these data—that
immunotherapy combined with either form of local therapy,
i.e., surgery or radiotherapy, paves the way for additional
treatment options (30-35). Furthermore, in analogy to
epitheloid sarcomas with loss of SMARCBI, tazemetostat—
which was successfully tested in a phase 2 trial—could
serve as a specific targeted agent also in patients with
SMARCA4 (36). This approach, however, has not been
investigated thus far.

Expert opinion 2: Dr. Igor Gomez-Randulfe

Advanced SMARCA4-UTTs lack a universally accepted
standard of care due to their rarity and aggressive behavior.
Traditional cytotoxic chemotherapy has shown limited
efficacy and poor outcomes. However, emerging evidence
from case reports and small series indicates that integrating
ICIs into first-line regimens may improve responses.
Publishing cases like the one presented is crucial for
understanding the efficacy of these combination strategies
in this rare tumor.

Question 2: What is the significance of IHC and genetic
testing for the pathologic diagnosis of SMARCA4?
Expert opinion 1: Dr. Franz Zebentmayr

IHC and molecular testing are prerequisites for exact
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pathologic diagnosis since these tumors are undifferentiated
high-grade neoplasms that are hard to characterize. They
usually show homozygosity with a loss of BRGI that seems
to be crucial for tumorigenesis (37). High mutational
burden with concurrent mutations e.g., in KRAS may make
these patients liable to good responses to immunotherapy
even if they are PD-L1 negative (37-39). Hence, in light of
the above-mentioned potential benefits of immunotherapy
and targeted therapies in this disease entity, IHC and
extensive molecular testing are indispensable to provide a
basis adequate treatment selection.

Expert opinion 2: Dr. Igor Gomez-Randulfe

IHC plays an essential role in the pathologic diagnosis of
SMARCA4-deficient tumors by directly demonstrating the
loss of SMARCA4/BRG1 protein expression. This loss, as
highlighted in the case report through negative SMARCA4
staining, is critical for the diagnosis of these aggressive
tumors. IHC is both a rapid and cost-effective tool,
enabling pathologists to distinguish SMARCA4-UT from
other thoracic malignancies, which often have overlapping
morphologic features.

Genetic testing, including NGS, complements IHC by
detecting underlying mutations or structural alterations in
the SMARCA4 gene. Interestingly, there can be discordance
between IHC and genetic findings; for instance, loss of
protein expression may be present even in the absence
of a detectable gene mutation, possibly due to other
genetic structural variations. Therefore, the combination
of IHC and molecular genetic testing provides a more
comprehensive diagnostic approach, guiding not only the
accurate classification of the tumor but also informing
potential therapeutic strategies and prognosis.

Question 3: What are the suggestions for this case
report?

Expert opinion 1: Dr. Franz Zebentmayr

The diagnostic panel including IHC and molecular testing
for thoracic tumors which, as said before, is indispensable
for exact diagnosis and the basis for adequate therapy also
proved useful in this 71-year-old patient. With 32 months,
this patient is on the upper edge of known survival rates
for SMARCA4-deficient undifferentiated tumors. The
treatment regimen including camrelizamab combined
with bevacizumab and platinum-based chemotherapy is
an unusual but, in this case, very successful therapeutic
concept, which merits further investigation in larger
prospective studies. Even more so, since camrelizumab

© AME Publishing Company.
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has shown efficacy in a phase III trial in non-squamous
cell carcinomas of the lung (40). By means of successful
systemic treatment loco-regional approaches such as
stereotactic radiotherapy for brain or lung lesions can be
saved for a later timepoint when the patient might present
with localized tumor progression. Individualized approaches
like the one presented in the current case help sparing
treatment-related toxicity in an increasingly elderly and frail
patient population.

Expert opinion 2: Dr. Igor Gomez-Randulfe

This case report offers important insights into a rare
disease with limited available evidence. Given the low
response rate of chemotherapy alone, the use of a quadruple
regimen combining an ICI, an antiangiogenic agent, and
chemotherapy is a rational strategy supported by biological
plausibility. The patient’s sustained benefit highlights the
potential of this approach and lays the groundwork for
further research. Recognizing that prospective trials may
be challenging in this setting, the authors are encouraged
to consider establishing an international registry to collect
data on various treatment regimens. Such an initiative
would enhance our collective understanding and ultimately
guide optimal management strategies for this challenging
malignancy.

Conclusions

To our knowledge, this is the first report of a patient
with SMARCA4-UT treated with a combined first-line
regimen of immunotherapy plus antiangiogenic therapy and
chemotherapy. Treatment resulted in durable response with
acceptable toxicity Although this regimen shows promise,
further prospective studies are needed to validate its efficacy
and safety.
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