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ABSTRACT

A SMARCA4-deficient undifferentiated tumor (SMARCA4-
UT) is a rapidly progressing subtype of lung cancer with a
poor prognosis and causes early postoperative recurrence
among operable patients. In this study, we present a case of
SMARCA4-UT with vertebral and chest wall invasion that
successfully underwent conversion surgery after treatment
with atezolizumab in combination with bevacizumab,
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paclitaxel, and carboplatin. The surgical specimen
comprised SMARCA4-deficient and SMARCA2-positive
adenocarcinoma, confirming intratumor heterogeneity.
Gene panel analysis revealed no substantial differences in
mutant gene profiles among tumors and no differences in
SMARCA2 mutations. Furthermore, no recurrence occurred
for 9 months after surgery. Thus, this case illustrates the
possibility of multidisciplinary treatment including
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neoadjuvant therapy with immunotherapy and conversion
surgery for SMARCA4-UT.

� 2021 THE AUTHORS. Published by Elsevier Inc. on behalf
of the International Association for the Study of Lung Can-
cer. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
Thoracic SMARCA4-deficient undifferentiated tumor

(SMARCA4-UT) is a lung cancer newly classified in the
fifth edition of the WHO classification of thoracic tumors
published in 2021. Initially published as SMARCA4-
deficient thoracic sarcoma, it was later classified as a
subtype of undifferentiated lung cancer of pulmonary
epithelial origin. Most cases of SMARCA4-UT exhibit
advanced stage at presentation, with poor prognosis and
median survival time of less than 6 months even after
surgery, radiotherapy, and chemotherapy.1 No clear
guidelines have been established for treating SMARCA4-
UT; however, anti–programmed cell death protein-1
antibody drugs were effective2; moreover, atezolizu-
mab in combination with bevacizumab, paclitaxel, and
carboplatin (ABCP) treatment was effective for a longer
period than the conventional therapy.3

Here, we present a patient with advanced-stage
SMARCA4-UT having vertebral invasion who success-
fully underwent conversion surgery after six courses of
ABCP treatment.
Case Presentation
A 51-year-old Japanese man presented with persis-

tent back pain. He was a current 22.5 pack-year smoker.
Chest radiograph and computed tomography (CT) scan
revealed an 8-cm mass in the lung right upper lobe with
soft tissue and vertebral invasion (Fig. 1A and B). A
coronal image of CT scan suggested pleural dissemina-
tion (Fig. 1C). Positron emission tomography–CT imaging
revealed abnormal uptake in the mass, pleura around
the mass, and a right hilar lymph node, and no uptake in
other organs. An enhanced brain magnetic resonance
imaging indicated no brain metastases. CT-guided biopsy
and histopathologic analysis revealed undifferentiated
NSCLC (Fig. 1D). The patient was diagnosed as
SMARCA4-UT with clinical T4N1M1a stage IVA with no
targetable driver mutations, and with a programmed
death ligand-1 tumor proportion score of 0%. ABCP was
administered as first-line chemotherapy at doses of
atezolizumab 1200 mg/body, bevacizumab 15 mg/kg
body weight, paclitaxel 175 mg/m2 body surface area,
and carboplatin at an area under the concentration-time
curve of 6 mg/mL/min, respectively. Pegfilgrastim
reduced the risk of febrile neutropenia at every course.
After completing six courses of ABCP treatment, the tu-
mor shrunk to a maximum diameter of 2 cm and was no
longer invasive to the spine, and the image suggestive of
pleural dissemination disappeared (Fig. 2). Therefore,
conversion surgery was planned. Five courses of ABCP
treatment were administered without dose reduction,
and the sixth course was administered without bev-
acizumab considering its impact on surgery.

In addition to right upper lobectomy with mediastinal
lymph node dissection (ND2a), the third, fourth, and fifth
ribs and fourth transverse processes were resected.
During surgery, gross tumor invasion of the vertebral
body or pleural malignant nodule was not observed as in
the preoperative images. Histopathologic analysis
revealed that tumor resection was done with adequate
margins with no viable tumor cells found at the resection
margins or in all resected lymph nodes (Fig. 3A and B).
In addition to residual SMARCA4-UT, SMARCA4-
deficient, SMARCA2-retained, and TTF-1–positive
adenocarcinoma (SMARCA4-deficient adenocarcinoma
[SMARCA4-DA]) were found at a distant site. The pro-
grammed death ligand-1 tumor proportion score of both
components was 0% (Fig. 3C).

Genomic analysis of SMARCA4-UT specimen and two
surgical resected specimens of SMARCA4-UT and
SMARCA4-deficient adenocarcinoma was performed us-
ing the Illumina TruSight Oncology 500 (TSO500) panel
(Supplementary Method) (Fig. 3D). Similar mutations
were detected in SMARCA4 L1161fs* and in TP53 V157L
in all three specimens. The oncogenic mutations of TET2
and PHOX2B were less than 10% in variant allele fre-
quency. Moreover, the whole-exome sequence of the
SMARCA2 gene was performed separately from the
TSO500 panel, and the SMARCA2 Q235P mutation was
detected from all three samples.

After surgery, the patient was followed up for 9
months, but no recurrence was observed.
Discussion
SMARCA4-UT often occurs in advanced stages, pre-

senting early postoperative recurrence and poor prog-
nosis among operable patients.1 In the present case, the
patient was diagnosed with clinical stage IVA with
vertebral invasion and pleural dissemination; however,
ABCP treatment markedly reduced the tumor and paved
the way for conversion surgery. Postoperative adjuvant
therapy was not performed, and no recurrence was
observed for 9 months.
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Figure 2. Changes in transverse and sagittal enhanced CT images of the chest during the ABCP treatment. ABCP, atezoli-
zumab in combination with bevacizumab, paclitaxel, and carboplatin; CT, computed tomography.

Figure 1. Chest plain enhanced CT images and histopathological analysis of CT-guided biopsy specimen. (A) Transverse chest
CT images depict lung mass and parenchymal emphysema. (B) Transverse and sagittal enhanced CT images reveal tumor
invasion into vertebrae and ribs. (C) Coronal CT image suggests pleural dissemination (yellow arrowheads). (D) Immuno-
histopathologic analysis of the biopsy specimen. HE staining presents undifferentiated round to plasmacytoid cells with
prominent nucleoli and overall monomorphism. Immunohistochemical features indicate the complete loss of SMARCA4 and
SMARCA2 in tumor cells with retained expression in normal inflammatory and stromal cells, lack of TTF-1, p40, and Claudin-4.
The PD-L1 TPS using the 22C3 pharmDx assay is 0%. COSMIC, Catalogue Of Somatic Mutations In Cancer; CT, computed to-
mography; HE, hematoxylin and eosin; PD-L1, programmed death ligand-1; TPS, tumor proportion score.
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Figure 3. Macroscopic illustrations of the (A) right upper lobectomy with ribs and (B) cut surfaces of the formalin-fixed
tumor. (C) Immunohistopathologic analysis of the two sections (#.11 and #.18) from the fixed tumor. In the #.11 section,
the low-power field (�20) indicates the papillary configuration of the tumor gland and the high-power field (�200) reveals
complete loss of SMARCA4 and expression of SMARCA2. PD-L1 TPS is 0%. In the #.18 section, the low-power field indicates the
undifferentiated tumor and the high-power field (�200) presents a complete loss of SMARCA4 and SMARCA2. PD-L1 TPS is 0%.
The result of the TSO500 panel and the whole-exome sequence of SMARCA2 is summarized in (D). The left column lists the
mutated genes with the corresponding amino acid changes. The annotations of OncoKB and COSMIC databases are presented.
If the mutation is registered in COSMIC, the COSMIC ID is appended. Heat map of the mutations detected in each sample. #,
number; COSMIC, Catalogue Of Somatic Mutations In Cancer; CT, computed tomography; HE, hematoxylin and eosin; ID,
identification; LO, likely oncogenic; Mb, Megabase; NA, not annotated; PD-L1, programmed death ligand-1; TMB, tumor
mutational burden; TPS, tumor proportion score; U, unknown; VAF, variant allele fraction.
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SMARCA4-UT is caused by heavy smoking, and mu-
tations such as STK11, KEAP1, ARID1A, KRAS, and NF1
may occur as comutations after the TP53 mutation.1 In
the present case, TP53 V157L mutation was recognized
in addition to the SMARCA4 L1161fs* mutation, and the
oncogenic mutation was not recognized otherwise. Mu-
tations in STK11 and KEAP1 have been implicated for
resistance to immunotherapy,4 and the absence of these
mutations may exhibit an excellent response to ABCP
therapy. Moreover, no major adverse events were asso-
ciated with ABCP treatment, and the ability to complete
six courses without dose reduction may have contrib-
uted to the successful conversion surgery.

SMARCA4 mutations and loss of expression occur in
approximately 5% of NSCLC.5 Although it is unclear
whether SMARCA2 deletion affects pathomorphologic
differences between undifferentiated carcinoma and
adenocarcinoma, the hypothesis that SMARCA4-UT is
formed by additional SMARCA2 deletion has been
proposed.1 In the present case, we confirmed the het-
erogeneity of SMARCA4-UT and SMARCA4-DA in the
resected specimen. In this study, we investigated
SMARCA2 mutations by adding the whole-exome
sequence of SMARCA2. The detected SMARCA2 Q235P
mutation is a nonsynonymous mutation registered in the
Catalogue Of Somatic Mutations In Cancer database,6 but
its oncogenicity is unknown, and it is also detected in the
components of SMARCA2-positive SMARCA4-DA. There-
fore, it is highly unlikely that it is involved in the loss of
SMARCA2 function. Although SMARCA2 is rarely
included in the mutations to be analyzed in gene panels
and its mutations are rarely evaluated, analysis in small
cell carcinoma of the ovary, hypercalcemic type, which is
characterized by SMARCA4 inactivating mutations,
revealed that SMARCA4 and SMARCA2 are rarely mutated
together.7 Both SMARCA4 and SMARCA2 are subunits of
the BAF complex and their conformational analysis
suggests that they exist in combination,8 and SMARCA2
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deletion may occur by a mechanism that is not mediated
by gene mutation, such as a loss of SMARCA4 by inac-
tivating mutation resulting in an inability to maintain
SMARCA2 conformationally.

Analysis of the TSO500 panel revealed no substantial
difference in the mutation profile between SMARCA4-UT
and SMARCA4-DA. Although PHOX2B I280fs* and TET2
Q810* mutations were detected as new oncogenic mu-
tations in SMARCA4-DA, their variant allele frequencies
were less than 10%, and it is unclear whether they are
major drivers mutations or not. The present analysis was
performed on surgical resection specimens after ABCP
therapy, and it is unclear whether these differences
occurred as a result of the treatment or during the
development of SMARCA4-UT. The results of the TSO500
panel analysis, together with the results of the SMARCA2
sequencing, did not reveal a mechanism for the differ-
entiation of SMARCA4-DA to SMARCA4-UT.

Clinical studies of neoadjuvant therapy with
immunotherapy are in progress.9 Although careful
follow-up is necessary, we believe that this case il-
lustrates the potential application of ABCP and
multidisciplinary treatment including surgery for
SMARCA4-UT.

Conclusions
SMARCA4-UT is a rapidly progressing subtype of lung

cancer with a poor prognosis. In many cases, SMARCA4-
UT is in an advanced stage at the time of diagnosis and is
not amenable to surgical treatment; furthermore, it is
said that it often recurs even if surgery is performed.
Immunotherapy including ABCP treatment may lead to
conversion surgery, as in this case. The effects of
immunotherapy and the possibility of conversion sur-
gery in SMARCA4-UT need to be evaluated in the future.
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