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Abstract
Purpose Thoracic SMARCA4-deficient undifferentiated tumor (SD-UT) is a highly aggressive disease that is nosologically 
related to but distinct from SMARCA4-deficient non-small cell lung cancer (SD-NSCLC). No standard treatment guidelines 
were established for SD-UT. This research explored the efficacy of different treatments in SD-UT, and the prognostic, clin-
icopathologic and genomic difference between SD-UT and SD-NSCLC.
Materials and methods Information of 25 SD-UT and 22 SD-NSCLC patients diagnosed and treated in Fudan University 
Shanghai Cancer Center from January, 2017 to September, 2022 was analyzed.
Results SD-UT was similar to SD-NSCLC in characteristics of onset age, male prevalence, heavy smoking history and 
metastatic pattern. SD-UT showed a rapid relapse pattern after radical therapy. For Stage IV SD-UT patients, immune 
checkpoint inhibitor (ICI) plus chemotherapy significantly improved median progression-free survival (PFS) compared to 
traditional chemotherapy as first-line treatment (26.8 vs. 2.73 months, p = 0.0437), while objective response rates of two arms 
were comparable (71.4% vs. 66.7%). No significant survival differences were observed between SD-UT and SD-NSCLC 
under similar treatment settings. SD-UT or SD-NSCLC patients receiving ICI in the first line had significantly prolonged 
OS than those with ICI in the latter lines or without ICI treatment throughout clinical courses. Genetic study found frequent 
SMARCA4, TP53 and LRP1B mutations in SD-UT.
Conclusion To the best of our knowledge, this is the largest series to date to compare the efficacy of ICI-based treatment 
to chemotherapy and document frequent mutations of LRP1B in SD-UT. ICI plus chemotherapy is an effective strategy for 
Stage IV SD-UT.

Keywords Thoracic SMARCA4-deficient undifferentiated tumor · SMARCA4-deficient thoracic sarcomatoid tumor · 
SMARCA4-deficient thoracic sarcoma · Immune checkpoint inhibitor · LRP1B

Introduction

SMARCA4 (BRG1) is one of the key components of the 
evolutionarily conserved switch/sucrose-nonfermentable 
(SWI/SNF) chromatin remodeling complex which plays 
important roles in transcription, differentiation and DNA 
repair (Mardinian et al. 2021). Recently, genetic alterations 
and protein aberrant expression of subunits of SWI/SNF 
complex including SMARCA4, SMARCA2 and SMARCB1 
have been reported in several cancers, and been found to 
be associated with responses to immune checkpoint inhibi-
tor (ICI) (Tian et al. 2023; Wanior et al. 2021). In thoracic 
tumors, loss of SMARCA4 expression occurs in approxi-
mately 5% of non-small cell lung cancer (NSCLC) and was 
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associated with more aggressive clinical behavior (Herpel 
et al. 2017; Velut et al. 2022).

Another thoracic tumor harboring genetic alterations and 
protein aberrant expression of SMARCA4 is SMARCA4-
deficient undifferentiated tumor (SD-UT), a recently rec-
ognized entity. SD-UT is characterized by undifferentiated 
rhabdoid morphology and loss of expression of SMARCA4 
(Loarer et al. 2015; Perret et al. 2019; Sauter et al. 2017; 
Yoshida et al. 2017). It was found to be transcriptionally 
distinct from conventional NSCLC (Le Loarer et al. 2015; 
Perret et al. 2019; Sauter et al. 2017; Yoshida et al. 2017). 
Therefore, it was previously proposed as a type of thoracic 
sarcoma and named SMARCA4-deficient thoracic sarcoma 
(SD-TS) or SMARCA4-deficient thoracic sarcomatoid tumor 
(SD-TST) (Le Loarer et al. 2015). However, recent study 
found that SD-UT has a closer kinship with SD-NSCLC 
than with sarcomas, considering partial presence of NSCLC 
components in SD-UT, focal expression of NSCLC lineage 
markers on immunohistochemistry (IHC), common heavy 
smoking history, and mutation characteristics more similar 
to NSCLC than to sarcomas (Rekhtman et al. 2020). How-
ever, SD-UT is distinct from SD-NSCLC and not other-
wise specified NSCLC with clinical presentations of larger 
and compressive primary tumor size, higher incidence at 
younger patients (30–50 years old), and significantly worse 
prognosis with median overall survival of about 6 months 
(Le Loarer et al. 2015; Luo et al. 2022; Perret et al. 2019; 
Rekhtman et al. 2020; Sauter et al. 2017; Yoshida et al. 
2017). Therefore, these two types of thoracic tumors harbor-
ing loss of SMARCA4 should be viewed as two related but 
different entity. In the recent fifth edition of World Health 
Organization classification of Thoracic Tumors, the entity 
was recognized distinctively and renamed SD-UT (Nichol-
son et al. 2022).

As for treatment guidelines, SD-NSCLC is treated in 
accordance with guidelines of NSCLC, but several stud-
ies indicated detrimental effect of SMARCA4 alteration in 
prognosis (Alessi et al. 2021; Herpel et al. 2017; Velut et al. 
2022). However, no clear guidelines have been established 
for the treatment of SD-UT. Previous treatment of traditional 
cytotoxic agents, including regimens for sarcomas showed 
very limited responses (Perret et al. 2019; Sauter et al. 2017; 
Yoshida et al. 2017). Results regarding efficacy of immuno-
therapy in SD-UT were controversial (Gantzer et al. 2022; 
Henon et al. 2019; Iijima et al. 2020; Kawachi et al. 2021; 
Shinno et al. 2022; Takada et al. 2019; Utsumi et al. 2022). 
On one hand, SD-UT was found to carry high tumor mutation 
burden, and benefited from either ICI monotherapy or combi-
nation therapy (Henon et al. 2019; Iijima et al. 2020; Kawachi 
et al. 2021; Rekhtman et al. 2020; Shinno et al. 2022; Takada 
et al. 2019; Utsumi et al. 2022). One the other hand, SD-UT 
was found to have low immune cell infiltrates and showed 
limited response to ICI (Gantzer et al. 2022). Due to the rarity 

of SD-UT, above studies had limited sample sizes. Therefore, 
no conclusions could be drawn. In addition, the prognostic 
difference between metastatic SD-NSCLC and SD-UT under 
different treatment settings remains unclear.

To further investigate efficacy of different treatments in 
SD-UT, explore the prognostic difference, clinicopathologic 
and genomic features of SD-NSCLC and SD-UT, we con-
ducted a comprehensive retrospective study.

Materials and methods

Patient population and data collection

Medical records from January, 2017 to September, 2022 of 
Fudan University Shanghai Cancer Center (FUSCC) was 
retrospectively searched. Patients diagnosed in FUSCC 
with SD-UT or SD-TST, or SD-TS, or SD-NSCLC were 
identified. Patients were staged according to the American 
Joint Committee on Cancer Staging Manual (8th Edition) of 
NSCLC. Last follow-up time was March 10th 2023. Results 
of molecular testing performed in our center or in other insti-
tutes were collected.

Efficacy and safety assessments

Disease-free survival (DFS) was defined as the time from 
primary radical treatment to the date of relapse. Progres-
sion-free survival (PFS) was defined as the time from treat-
ment initiation to date of disease progression or death of 
any cause, regardless of whichever occur first. Overall sur-
vival (OS) was defined as the time from treatment initiation 
to the date of death of any cause. The objective response 
rate (ORR) was defined as the proportion of patients with 
complete response (CR) or partial response (PR) based on 
Response Evaluation Criteria in Solid Tumor criteria (ver. 
1.1).

Statistical analysis

Survival was calculated by the Kaplan–Meier method and 
the subgroup comparisons were evaluated using the log-rank 
test. All statistical analyses were performed using SPSS ver. 
19 (SPSS Inc., Chicago, IL). All statistical tests were two 
tailed and p < 0.05 was considered as statistically significant.

Results

Clinicopathologic characteristics of SD‑UT 
and SD‑NSCLC.

A total of 47 patients were diagnosed with SD-UT or SD-
NSCLC in FUSCC from January, 2017 to September, 2022, 
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including 25 SD-UT patients and 22 SD-NSCLC patients. 
Characteristics were summarized in Table 1. Different 
from previous reports (Perret et al. 2019; Rekhtman et al. 
2020; Sauter et al. 2017), the mean age of onset was simi-
lar between SD-UT and SD-NSCLC in our cohort. Patients 
were exclusively male. Mean packyear smoking history was 
38 and 40, respectively, in SD-UT and SD-NSCLC. More 
patients were diagnosed with stage IV disease in SD-UT 
group than SD-NSCLC group, although the difference was 
not statistically significant. Metastatic pattern of SD-UT was 
similar to SD-NSCLC, with distant lymph nodes, adrenal 
glands, parietal pleura and liver the most common metastatic 
sites in SD-UT. Mean tumor mutational burden (TMB) in 
SD-UT was numerically but not significantly higher than 
that in SD-NSCLC (18.6 vs. 8.7/Mb, p = 0.087).

Rapid relapse pattern and potential efficacy of ICI 
as neoadjuvant therapy in SD‑UT with radical 
treatment

Clinical summary of patients who underwent radical treat-
ments is presented in Table 2. A total of 11 SD-UT and 12 
SD-NSCLC patients underwent radical treatments. Median 
DFS was slightly but not statistically significantly shorter 
in SD-UT than SD-NSCLC (4.8 vs. 7.3 months), indicat-
ing a rapid relapse pattern, and ineffectiveness of adjuvant 
therapy (Fig. 1a). Notably, one patient was diagnosed with 
SD-NSCLC of left lung and SD-UT in left adrenal gland 
oligometastatic site, indicating close kinship between two 
diseases. One patient of SD-UT received neoadjuvant ther-
apy of pembrolizumab plus nab-paclitaxel and carboplatin, 

Table 1  Characteristics of 
thoracic SMARCA4-deficient 
undifferentiated tumor (SD-
UT) and SMARCA4-deficient 
non-small cell lung cancer 
(SD-NSCLC)

Characteristic SD-UT (n = 25) SD-NSCLC (n = 22) P value

Age, mean (range) 62 (38–80) 58 (37–77) 0.119
  < 50 3 (12%) 4 (18.2%)
 50–60 5 (20%) 8 (36.4%)
 60–70 14 (56%) 8 (36.4%)
  ≥ 70 3 (12%) 2 (9.1%)

Gender
 Male 25 (100%) 22 (100%)  > 0.999
 Female 0 (0%) 0 (0%)

Smoking status, mean (pack-years) 38 40 0.865
 Never smokers 0 (0%) 1 (4.5%)
  ≥ 20 11 (44%) 11 (50%)
  < 20 2 (8%) 4 (18.2%)
 Unknown 12 (48%) 6 (27.3%)

Stage at diagnosis
 I–III 9 (36%) 13 (59.1%) 0.181
 IV 14 (56%) 9 (40.9%)
 Unknown 2 (8%) 0 (0%)

Common metastatic sites throughout 
patients’ clinical course

/

 Distant lymph nodes 7 (28%) 9 (40.9%)
 Adrenal gland 7 (28%) 7 (31.8%)
 Parietal pleura 5 (20%) 6 (27.3%)
 Liver 4 (16%) 3 (13.6%)
 Bone 3 (12%) 6 (27.3%)
 Lung 3 (12%) 4 (18.2%)
 Chest wall 3 (12%) 2 (9.1%)
 Soft tissue 1 (4%) 4 (18.2%)
 Brain 2 (8%) 2 (9.1%)

Tumor mutational burden (mean/Mb) 18.6 (n = 5) 8.7 (n = 4) 0.087
PD-L1 /
 Negative 1 (4%) 5 (22.7%)
 1 ~ 49% 2 (8%) 5 (22.7%)
  ≥ 50% 1 (4%) 2 (9.1%)
 Untest 21 (84%) 10 (45.5%)
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followed by radical surgery. Pathology exam showed patho-
logic complete response in primary tumor region and lymph 
nodes.

ICI‑based therapy was significantly more effective 
than traditional chemotherapy in Stage IV 
SD‑UT, and no prognostic disparity was observed 
between SD‑UT and SD‑NSCLC

A total of 13 Stage IV SD-UT and 12 Stage IV SD-NSCLC 
were treated in our center. As for first-line therapy, ORRs 
of ICI-based therapy and chemotherapy arms were sim-
ilar (71.4% vs. 66.7%, all PR) in SD-UT. A significant 
improvement in median PFS (mPFS) was observed in 
ICI-based therapy arm than chemotherapy arm as first-
line therapy in SD-UT subgroup (p = 0.0437, Fig. 1b). 
In SD-NSCLC subgroup, mPFS was obviously improved 
in ICI-based arm than chemotherapy arm, although the 
difference is not statistically significant, probably due to 
small sample size (p = 0.148, Fig. 1b). Swimming plot and 
clinical information were shown in Fig. 2. ICI plus chemo-
therapy was the most common combination in our cohort, 

with the most common cytotoxic drugs being paclitaxel/
nab-paclitaxel plus platinum in SD-UT subgroup, and 
paclitaxel/nab-paclitaxel or pemetrexed plus platinum in 
SD-NSCLC subgroup.

A total of 24 patients received at least one line of ICI-
based treatment throughout their clinical courses. Although 
not statistically significant, the mPFS in patients treated 
with ICI in the first line was numerically longer than that 
in patients treated with ICI in second or latter line, both 
in SD-UT and SD-NSCLC subgroups (Fig. 1c). 2 patients 
with SD-UT who did not have ICI in first-line treatment 
received PD-1 antibody plus anlotinib, a multitarget tyrosine 
kinase inhibitor targeting tumor angiogenesis, as second-
line therapy, and achieved long-time disease control of over 
6 months (Fig. 2).

Regarding the prognostic disparity, no significant survival 
differences were observed in PFS between SD-UT and SD-
NSCLC of under same treatment settings (Fig. 1b, c).

As for benefits in OS, SD-UT or SD-NSCLC patients 
receiving ICI-based therapy in the first line had significantly 
prolonged OS than those with ICI-based therapy in the latter 
lines or without ICI treatment throughout clinical courses 

Table 2  Clinical summary 
and recurrence pattern 
of SMARCA4-deficient 
undifferentiated tumor (SD-
UT) and SMARCA4-deficient 
non-small cell lung cancer 
(SD-NSCLC) after radical 
treatments

Characteristic SD-UT (n = 11) SD-NSCLC (n = 12)

pTNM
 I 3 (27.3%) 5 (41.7%)
 II 2 (18.2%) 1 (8.3%)
 III 4 (36.4%) 6 (50%)
 IV 2 (18.2%, oligometastasis) 0 (0%)

Treatment
 Surgery 10 (90.9%) 10 (83.3%)
 Concurrent chemoradiation 1 (9.1%) 2 (16.7%)

Perioperative treatment
 Neoadjuvant therapy 1 (9.1%) 0 (0%)
 Adjuvant chemotherapy 4 (36.4%) 6 (50%)
 Adjuvant radiotherapy 1 (9.1%) 0 (0%)

Recurrent and metastatic sites after radi-
cal treatments

n = 5 n = 5

 Regional lymph nodes 2 (40%) 0 (0%)
 Distant lymph nodes 2 (40%) 1 (20%)
 Parietal pleura 2 (40%) 2 (40%)
 Chest wall 1 (20%) 1 (20%)
 Liver 1 (20%) 1 (20%)
 Adrenal gland 1 (20%) 4 (80%)
 Skin and soft tissue 1 (20%) 2 (40%)
 Brain 1 (20%) 0 (0%)
 Pancreas 1 (20%) 0 (0%)
 Bone 0 (0%) 2 (40%)
 Lung 0 (0%) 1 (20%)
 Kidney 0 (0%) 1 (20%)
 Peritoneum 0 (0%) 1 (20%)
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(Fig. 1d). Kaplan–Meier curves of OS in all patients were 
showed in Supplementary Fig. 1.

Our results showed that ICI combination therapy was 
more effective than traditional chemotherapy in the first-
line treatment of Stage IV SD-UT and SD-NSCLC, and it 
may achieve optimal efficacy used in front line than latter 
lines. No prognostic disparity was observed between SD-UT 
and SD-NSCLC.

Genomic alterations in SD‑UT and SD‑NSCLC

Results of molecular testing were available in 25 patients, 
including 11 SD-UT and 14 SD-NSCLC (Fig. 3). Most com-
mon mutated genes were SMARCA4, TP53 and LRP1B. 
SMARCA4 was sequenced in 9 patients, and 7 of them car-
ried frameshift or truncated mutations. Common LRP1B 
mutations were reported for the first time in our knowledge 
in SD-UT. Of the 6 patients with LRP1B mutations, 3 car-
ried truncated mutation, indicating functional damage of 

LRP1B. Genetic alterations in key NSCLC driver genes 
were not found. However, genes reported to be frequently 
mutated in SD-UT and SD-NSCLC, including KRAS, 
KEAP1, STK11 and NF1, were less frequently mutated in 
our cohort.

Discussion

To our knowledge, this is the largest series to date to explore 
the survival benefit of ICI comparing to traditional chemo-
therapy in SD-UT, and the prognostic disparity between 
SD-NSCLC and SD-UT under different treatment settings.

Inactivating mutations and loss of expression of 
SMARCA4 have been implicated in thoracic tumors. Molec-
ular analysis revealed SD-UT as a designated entity with 
highly aggressive behavior, extremely poor prognosis, and 
close relationship with SD-NSCLC (Le Loarer et al. 2015; 
Nicholson et al. 2022; Perret et al. 2019; Rekhtman et al. 

Fig. 1  Kaplan–Meier plots of survival in patients with tho-
racic SMARCA4-deficient undifferentiated tumor (SD-UT) and 
SMARCA4-deficient non-small cell lung cancer (SD-NSCLC). 
a Kaplan–Meier plot of disease-free survival in SD-UT and SD-
NSCLC patients. b Kaplan–Meier plots of progression-free survival 
in Stage IV SD-UT and SD-NSCLC patients receiving immune 
checkpoint inhibitor (ICI) or chemotherapy as first-line treatment. c 

Kaplan–Meier plots of progression-free survival in Stage IV SD-UT 
and SD-NSCLC patients receiving ICI in first-line treatment or in lat-
ter-line treatment. d Kaplan–Meier plots of overall survival in Stage 
IV SD-UT/NSCLC patients receiving ICI as first-line treatment, and 
patients receiving ICI in latter-line treatment or without ICI treat-
ment. mDFS median disease-free survival; mPFS median progres-
sion-free survival; mOS median overall survival
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2020; Sauter et al. 2017; Yoshida et al. 2017). In our study, 
we found one patient with SD-NSCLC in primary site and 
SD-UT in metastatic site, also indicating a link between 
SD-UT and NSCLC. In our cohort, patients were exclusively 
male in both SD-NSCLC and SD-UT subgroup, while pre-
vious reports contained a minority of female patients (Per-
ret et al. 2019; Rekhtman et al. 2020; Sauter et al. 2017; 
Yoshida et al. 2017).

For limited-stage patients undergoing radical treatments, 
rapid relapse pattern was observed in SD-UT, suggesting 
ineffectiveness of perioperative treatments. Surprisingly, 1 
patient in our cohort underwent neoadjuvant therapy of pem-
brolizumab plus nab-paclitaxel and carboplatin for 2 cycles 
and achieved pathologic complete response after radical 
surgery and stay tumor-free after 10-month follow-up. Con-
sistently, there is a recent report about a patient diagnosed 
of SD-UT with vertebral and chest wall invasion undergo-
ing surgery after 6 cycles of atezolizumab, bevacizumab, 
paclitaxel and carboplatin treatment and staying recurrence-
free after 9-month follow-up (Kunimasa et al. 2021). These 
results indicated the potential efficacy of ICI combination 
therapy as perioperative treatment for SD-UT, but survival 
benefit needs further investigation.

For metastatic patients, different treatments were admin-
istrated by physicians’ choice. ICI-based treatment signifi-
cantly improved PFS than chemotherapy in the first-line 

treatment of SD-UT, although ORR were similar between 
ICI and chemotherapy arm.

The median PFS was longer in patients receiving ICI as 
first-line therapy than as latter-line therapy in both SD-UT 
and SD-NSCLC. Patients of SD-UT and SD-NSCLC 
receiving ICI-based regimen as first-line treatment had sig-
nificantly longer median OS than those having ICI-based 
regimen in latter line or no ICI treatment throughout clini-
cal courses. These results indicated the promising efficacy 
of ICI in metastatic SD-UT, and its optimal effect may be 
achieved when used early in clinical courses.

However, some studies showed limited efficacy of ICI in 
SD-UT. Gantzer et al. reported that SD-UT mostly had an 
immune-desert tumor microenvironment (TME) (Gantzer 
et al. 2022). Only 1 out of 4 patients in Gantzer’s cohort 
who turned out to have immune-rich TME responded to ICI 
(Gantzer et al. 2022). In Gantzer’s cohort, patients received 
ICI treatment without chemotherapy (Gantzer et al. 2022). 
In our cohort, ICI was combined with chemotherapy when 
used in SD-UT patients. Combination of ICI and chemother-
apy is an important strategy to improve efficacy (Heinhuis 
et al. 2019). Chemotherapy may improve the immunological 
environment and therefore enhance the antitumor response 
of ICI, even in immune-low profile tumor (Heinhuis et al. 
2019). ICI combined with platinum-based chemotherapy 
has been proved to be a successful regimen in NSCLC 

Fig. 2  Swimming plot of treatments and clinical information for 
patients with Stage IV thoracic SMARCA4-deficient undifferentiated 
tumor (SD-UT) and SMARCA4-deficient non-small cell lung cancer 
(SD-NSCLC). The symbols on each bar indicated the treatment and 
living status. 1st first line; 2nd second line; 3rd third line; 4th fourth 
line; nivo nivolumab; ipi ipilimumab; pembro pembrolizumab; pem 

pemetrexed; cbp carboplatin; ptx paclitaxel; ddp cisplatin; bev beva-
cizumab; nab-ptx nab-paclitaxel; sintili sintilimab; VP-16 etoposide; 
ndp nedaplatin; tisle tislelizumab; pld pegylated liposomal doxoru-
bicin; gem: gemcitabine; ctx cyclophosphamide; adm doxorubicin; ifo 
ifosfamide; vcr vincristine; camrel camrelizumab
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(Gandhi et al. 2018; Socinski et al. 2018). As seen in our 
cohort and several previous reports, the strategy of ICI plus 
platinum-based chemotherapy showed promising efficacy in 
SD-UT, even in PD-L1-negative patients (Henon et al. 2019; 
Kawachi et al. 2021; Shinno et al. 2022). Another potential 
benefit of combing chemotherapy with ICI is rapid disease 
control during the first few weeks, which is also an important 
strategy in NSCLC (Paz-Ares et al. 2021). This is even more 
important for SD-UT because they usually present with large 
and compressive mass, and are in urgent need of symptom 
relief (Perret et al. 2019; Rekhtman et al. 2020; Sauter et al. 
2017; Yoshida et al. 2017). Therefore, theoretically speak-
ing, the combination of ICI and chemotherapy followed by 
ICI maintenance would provide the benefit of rapid symptom 
palliation and long-term survival. In contrary, ICI alone had 
limited efficacy in immune-low profile tumor. The difference 
in treatment strategy may partially explain the unsatisfying 
results in Gantzer’s study. However, no direct comparison 
of ICI monotherapy and ICI plus chemotherapy has been 
done in SD-UT, which nominates further studies. As for 

prognostic discrepancy, similar prognosis was observed 
between metastatic SD-UT and SD-NSCLC when they were 
treated in similar treatment settings.

In our study, we observed that ICI plus anlotinib, a mul-
titarget tyrosine kinase inhibitor targeting tumor angiogen-
esis, was beneficial for some patients as second or latter line 
therapy. ICI combined with anti-angiogenesis has potential 
synergistic effects in NSCLC and may serve as a chemo-free 
strategy (Manegold et al. 2017). Further studies are needed 
to investigate the efficacy of ICI plus anti-angiogenesis in 
SD-UT.

As for genetic alteration characteristics, no alterations in 
established or putative NSCLC driver genes were found in 
SD-UT, which is consistent with previous reports (Kawachi 
et al. 2021; Rekhtman et al. 2020). No driver gene altera-
tions were found in SD-NSCLC, either. 7 of 9 patients with 
SMARCA4 detected carried frameshift or truncated muta-
tions, which indicates a relationship between genetic altera-
tion and protein loss of SMARCA4. In addition, lack of 
SMARCA4 mutations in the other 2 patients suggests other 

Fig. 3  Genetic alterations of thoracic SMARCA4-deficient undifferentiated tumor (SD-UT) and SMARCA4-deficient non-small cell lung cancer 
(SD-NSCLC). A column represents a case and each row represents a gene
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mechanisms underlying protein loss of SMARCA4. TP53 
and LRP1B mutations were also frequently mutated. TP53 is 
a well-known tumor suppressor and its mutations were fre-
quently found in SD-UT in previous reports (Kawachi et al. 
2021; Rekhtman et al. 2020). Frequent LRP1B mutations in 
SD-UT are reported for first time to our knowledge. LRP1B 
encodes low-density lipoprotein receptor-related protein 1b, 
and its mutations were recently found to be associated with 
improved efficacy of ICI in NSCLC (He et al. 2023; Yu et al. 
2022). Therefore, the role of LRP1B and the impact of its 
mutations on SD-UT need further study. Contrary to previ-
ous reports (Kawachi et al. 2021; Rekhtman et al. 2020), 
we observed low frequency of STK11, KEAP1, and KRAS 
mutations in SD-UT and SD-NSCLC. Whether this differ-
ence was due to small sample size or race difference needs 
further study.

Conclusion

Our study presented the largest series to date to demon-
strate the significant survival benefit of ICI comparing to 
traditional chemotherapy in SD-UT. We also explored the 
prognostic disparity between SD-NSCLC and SD-UT under 
different settings, presented the clinicopathologic character-
istics, and genomic features of the SD-UT and SD-NSCLC. 
ICI combination therapy may also be an effective strategy 
for perioperative treatment, but more study is needed.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00432- 023- 04806-y.

Acknowledgements The authors would like to thank the patients and 
their families for giving their time and commitment to participate in 
this study.

Author contributions Conceptualization and supervision were per-
formed by Huijie Wang. Data collection was performed by all authors. 
Data analysis was performed by YL, BY and HS, HW. Manuscript 
drafting was performed by YL and BY. All authors read and approved 
the final manuscript.

Funding This study was supported by Shanghai Anticancer Associa-
tion EYAS Project (Grant No. SACA-CY1B03), Huilan Public Wel-
fare Fund Project (Grant No. HL-HS2020-45), Beijing Xisike Clinical 
Oncology Research Foundation (Grant No. Y-QL202101-0175), and 
Shaanxi Cancer Hospital Project (Grant No. SC222712).

Availability of data and materials The data that support the findings of 
this study are available on reasonable request from the corresponding 
author without compromising patients’ privacy.

Declarations 

Conflict of interest The authors declare that there is no conflict of in-
terest regarding the publication of this article.

Ethical approval This study was approved by FUSCC Ethics Commit-
tee (approval number: ZRB1612167-18), and performed in accordance 

with the principles in the 1964 Helsinki declaration. As a retrospec-
tive non-interventional study, consents were obtained or exempted in 
accordance with guidelines of FUSCC Ethics Committee.

Consent to publish This study contains no individual person’s data.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Alessi JV et al (2021) SMARCA4 and other SWItch/sucrose nonfer-
mentable family genomic alterations in NSCLC: clinicopathologic 
characteristics and outcomes to immune checkpoint inhibition. 
J Thoracic Oncol 16:1176–1187. https:// doi. org/ 10. 1016/j. jtho. 
2021. 03. 024

Gandhi L et al (2018) Pembrolizumab plus Chemotherapy in Metastatic 
Non-Small-Cell Lung Cancer. N Engl J Med 378:2078–2092. 
https:// doi. org/ 10. 1056/ NEJMo a1801 005

Gantzer J et al (2022) Immune-desert tumor microenvironment in tho-
racic SMARCA4-deficient undifferentiated tumors with limited 
efficacy of immune checkpoint inhibitors. Oncologist 27:501–511. 
https:// doi. org/ 10. 1093/ oncolo/ oyac0 40

He Z et al (2023) LRP1B mutation is associated with tumor immune 
microenvironment and progression-free survival in lung adeno-
carcinoma treated with immune checkpoint inhibitors. Trans Lung 
Cancer Res 12:510–529. https:// doi. org/ 10. 21037/ tlcr- 23- 39

Heinhuis KM, Ros W, Kok M, Steeghs N, Beijnen JH, Schellens JHM 
(2019) Enhancing antitumor response by combining immune 
checkpoint inhibitors with chemotherapy in solid tumors Annals 
of oncology : official journal of the European Society for. Med 
Oncol 30:219–235. https:// doi. org/ 10. 1093/ annonc/ mdy551

Henon C et al (2019) Long lasting major response to pembrolizumab 
in a thoracic malignant rhabdoid-like SMARCA4-deficient tumor 
Annals of oncology. Ann Oncol 30:1401–1403. https:// doi. org/ 10. 
1093/ annonc/ mdz160

Herpel E et al (2017) SMARCA4 and SMARCA2 deficiency in non-
small cell lung cancer: immunohistochemical survey of 316 con-
secutive specimens. Ann Diagn Pathol 26:47–51. https:// doi. org/ 
10. 1016/j. anndi agpath. 2016. 10. 006

Iijima Y et  al (2020) Notable response to nivolumab during the 
treatment of SMARCA4-deficient thoracic sarcoma: a case 
report. Immunotherapy 12:563–569. https:// doi. org/ 10. 2217/ 
imt- 2019- 0142

Kawachi H et al (2021) Atezolizumab with bevacizumab, paclitaxel and 
carboplatin was effective for patients with SMARCA4-deficient 
thoracic sarcoma. Immunotherapy 13:799–806. https:// doi. org/ 10. 
2217/ imt- 2020- 0311

Kunimasa K et al (2021) Conversion surgery for advanced thoracic 
SMARCA4-Deficient undifferentiated tumor with atezolizumab 
in combination with bevacizumab, paclitaxel, and carboplatin 

https://doi.org/10.1007/s00432-023-04806-y
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jtho.2021.03.024
https://doi.org/10.1016/j.jtho.2021.03.024
https://doi.org/10.1056/NEJMoa1801005
https://doi.org/10.1093/oncolo/oyac040
https://doi.org/10.21037/tlcr-23-39
https://doi.org/10.1093/annonc/mdy551
https://doi.org/10.1093/annonc/mdz160
https://doi.org/10.1093/annonc/mdz160
https://doi.org/10.1016/j.anndiagpath.2016.10.006
https://doi.org/10.1016/j.anndiagpath.2016.10.006
https://doi.org/10.2217/imt-2019-0142
https://doi.org/10.2217/imt-2019-0142
https://doi.org/10.2217/imt-2020-0311
https://doi.org/10.2217/imt-2020-0311


8671Journal of Cancer Research and Clinical Oncology (2023) 149:8663–8671 

1 3

treatment: a case report. JTO Clin Res Rep 2:100235. https:// doi. 
org/ 10. 1016/j. jtocrr. 2021. 100235

Le Loarer F et al (2015) SMARCA4 inactivation defines a group of 
undifferentiated thoracic malignancies transcriptionally related to 
BAF-deficient sarcomas. Nat Genet 47:1200–1205. https:// doi. 
org/ 10. 1038/ ng. 3399

Luo J, Ding B, Campisi A, Chen T, Teng H, Ji C (2022) Molecular, 
clinicopathological characteristics and surgical results of resect-
able SMARCA4-deficient thoracic tumors. J Cancer Res Clin 
Oncol. https:// doi. org/ 10. 1007/ s00432- 022- 04359-6

Manegold C et al (2017) The potential of combined immunotherapy 
and antiangiogenesis for the synergistic treatment of advanced 
NSCLC. J Thoracic Oncol 12:194–207. https:// doi. org/ 10. 1016/j. 
jtho. 2016. 10. 003

Mardinian K, Adashek JJ, Botta GP, Kato S, Kurzrock R (2021) 
SMARCA4: implications of an altered chromatin-remodeling 
gene for cancer development and therapy. Mol Cancer Ther 
20:2341–2351. https:// doi. org/ 10. 1158/ 1535- 7163. Mct- 21- 0433

Nicholson AG et al (2022) The 2021 WHO Classification of Lung 
Tumors: Impact of Advances Since 2015. J Thoracic Oncol 
17:362–387. https:// doi. org/ 10. 1016/j. jtho. 2021. 11. 003

Paz-Ares L et al (2021) First-line nivolumab plus ipilimumab combined 
with two cycles of chemotherapy in patients with non-small-cell 
lung cancer (CheckMate 9LA): an international, randomised, 
open-label, phase 3 trial. Lancet Oncol 22:198–211. https:// doi. 
org/ 10. 1016/ s1470- 2045(20) 30641-0

Perret R et al (2019) SMARCA4-deficient thoracic sarcomas: clinico-
pathologic study of 30 cases with an emphasis on their nosology 
and differential diagnoses. Am J Surg Pathol 43:455–465. https:// 
doi. org/ 10. 1097/ pas. 00000 00000 001188

Rekhtman N et al (2020) SMARCA4-deficient thoracic sarcomatoid 
tumors represent primarily smoking-related undifferentiated car-
cinomas rather than primary thoracic sarcomas. J Thoracic Oncol 
15:231–247. https:// doi. org/ 10. 1016/j. jtho. 2019. 10. 023

Sauter JL, Graham RP, Larsen BT, Jenkins SM, Roden AC, Boland JM 
(2017) SMARCA4-deficient thoracic sarcoma: a distinctive clin-
icopathological entity with undifferentiated rhabdoid morphology 
and aggressive behavior Modern pathology : an official journal 
of the United States and Canadian Academy of Pathology. Inc 
30:1422–1432. https:// doi. org/ 10. 1038/ modpa thol. 2017. 61

Shinno Y et al (2022) Efficacy of immune checkpoint inhibitors in 
smarca4-deficient thoracic tumor. Clin Lung Cancer 23:386–392. 
https:// doi. org/ 10. 1016/j. cllc. 2022. 03. 005

Socinski MA et al (2018) Atezolizumab for first-line treatment of 
metastatic nonsquamous NSCLC. N Engl J Med 378:2288–2301. 
https:// doi. org/ 10. 1056/ NEJMo a1716 948

Takada K et al (2019) Exceptionally rapid response to pembrolizumab 
in a SMARCA4-deficient thoracic sarcoma overexpressing 
PD-L1: A case report. Thoracic Cancer 10:2312–2315. https:// 
doi. org/ 10. 1111/ 1759- 7714. 13215

Tian Y, Xu L, Li X, Li H, Zhao M (2023) SMARCA4: Current status 
and future perspectives in non-small-cell lung cancer. Cancer Lett 
554:216022. https:// doi. org/ 10. 1016/j. canlet. 2022. 216022

Utsumi T, Taniguchi Y, Noda Y, Fukai M, Kibata K, Murakawa 
T (2022) SMARCA4-deficient undifferentiated tumor that 
responded to chemotherapy in combination with immune check-
point inhibitors: A case report. Thoracic Cancer. https:// doi. org/ 
10. 1111/ 1759- 7714. 14547

Velut Y et al (2022) SMARCA4-deficient lung carcinoma is an aggres-
sive tumor highly infiltrated by FOXP3+ cells and neutrophils. 
Lung Cancer (Amsterdam, Netherlands) 169:13–21. https:// doi. 
org/ 10. 1016/j. lungc an. 2022. 05. 001

Wanior M, Krämer A, Knapp S, Joerger AC (2021) Exploiting vul-
nerabilities of SWI/SNF chromatin remodelling complexes for 
cancer therapy. Oncogene 40:3637–3654. https:// doi. org/ 10. 1038/ 
s41388- 021- 01781-x

Yoshida A et al (2017) Clinicopathological and molecular characteriza-
tion of SMARCA4-deficient thoracic sarcomas with comparison 
to potentially related entities Modern pathology : an official jour-
nal of the United States and Canadian Academy of Pathology. Inc 
30:797–809. https:// doi. org/ 10. 1038/ modpa thol. 2017. 11

Yu J et al (2022) TP53 and LRP1B Co-wild predicts improved survival 
for patients with LUSC receiving Anti-PD-L1. Immunother Can-
cers. https:// doi. org/ 10. 3390/ cance rs141 43382

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.jtocrr.2021.100235
https://doi.org/10.1016/j.jtocrr.2021.100235
https://doi.org/10.1038/ng.3399
https://doi.org/10.1038/ng.3399
https://doi.org/10.1007/s00432-022-04359-6
https://doi.org/10.1016/j.jtho.2016.10.003
https://doi.org/10.1016/j.jtho.2016.10.003
https://doi.org/10.1158/1535-7163.Mct-21-0433
https://doi.org/10.1016/j.jtho.2021.11.003
https://doi.org/10.1016/s1470-2045(20)30641-0
https://doi.org/10.1016/s1470-2045(20)30641-0
https://doi.org/10.1097/pas.0000000000001188
https://doi.org/10.1097/pas.0000000000001188
https://doi.org/10.1016/j.jtho.2019.10.023
https://doi.org/10.1038/modpathol.2017.61
https://doi.org/10.1016/j.cllc.2022.03.005
https://doi.org/10.1056/NEJMoa1716948
https://doi.org/10.1111/1759-7714.13215
https://doi.org/10.1111/1759-7714.13215
https://doi.org/10.1016/j.canlet.2022.216022
https://doi.org/10.1111/1759-7714.14547
https://doi.org/10.1111/1759-7714.14547
https://doi.org/10.1016/j.lungcan.2022.05.001
https://doi.org/10.1016/j.lungcan.2022.05.001
https://doi.org/10.1038/s41388-021-01781-x
https://doi.org/10.1038/s41388-021-01781-x
https://doi.org/10.1038/modpathol.2017.11
https://doi.org/10.3390/cancers14143382

	Promising efficacy of immune checkpoint inhibitor plus chemotherapy for thoracic SMARCA4-deficient undifferentiated tumor
	Abstract
	Purpose 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patient population and data collection
	Efficacy and safety assessments
	Statistical analysis

	Results
	Clinicopathologic characteristics of SD-UT and SD-NSCLC.
	Rapid relapse pattern and potential efficacy of ICI as neoadjuvant therapy in SD-UT with radical treatment
	ICI-based therapy was significantly more effective than traditional chemotherapy in Stage IV SD-UT, and no prognostic disparity was observed between SD-UT and SD-NSCLC
	Genomic alterations in SD-UT and SD-NSCLC

	Discussion
	Conclusion
	Anchor 19
	Acknowledgements 
	References




