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Background
Immunotherapy with immune checkpoint inhibi-
tors (ICIs), including cytotoxic T lymphocyte-
associated antigen-4 (CTLA-4) and programmed 
cell death protein-1 (PD-1)/programmed cell 
death ligand-1 (PD-L1) inhibitors, has been dem-
onstrated to improve outcomes as a promising 
strategy for multiple cancer types, including non-
small-cell lung cancer (NSCLC).1 Several PD-1/
PD-L1 inhibitors, such as pembrolizumab, atezoli-
zumab, and nivolumab, have been approved for 
the treatment of advanced or metastatic NSCLC 
without epidermal growth factor receptor (EGFR) 
or anaplastic lymphoma kinase (ALK) alterations 
in first-line or late-line settings.2 A subgroup of 
patients can benefit from ICI treatment and have a 

durable response for 1 year or even longer. 
Nevertheless, resistance to immunotherapy inevi-
tably occurs. The mechanisms of primary or 
acquired resistance to immunotherapy with ICIs 
have yet to be fully elucidated.3 Previous reports 
have shown that histological transformation is a 
well-described phenomenon and is one of the 
causes of tyrosine kinase inhibitor (TKI) resistance 
in NSCLC with EGFR- or ALK-rearranged ade-
nocarcinoma.4–6 The potential mechanism of 
acquired resistance to immunotherapy in NSCLC 
to small-cell lung cancer (SCLC) patients treated 
with ICIs has also been reported recently.7–9 
However, there have been no reports of histologi-
cal transformation to pulmonary sarcomatoid car-
cinoma in NSCLC patients after immunotherapy.
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Here, we report the histological transformation to 
sarcomatoid carcinoma and disease progression in 
one lung adenocarcinoma patient who experienced 
long-term disease remission after nivolumab treat-
ment [Figure 1(a)]. The histological, genomic, 
and immune features of these patients were com-
prehensively analyzed via immunohistochemistry 
(IHC), next-generation sequencing, and multi-
plex immunofluorescence staining to explore the 
possible mechanism underlying acquired resist-
ance to PD-1 inhibitors.

Materials and methods
For next-generation sequencing analysis, forma-
lin-fixed paraffin-embedded (FFPE) tumor tis-
sue was extracted using the GeneRead DNA 

FFPE Kit (Qiagen, 180134, Hilden, Germany). 
All sample capture libraries were prepared using 
YuceOne Plus v1.0 (YuceBio, Shenzhen, China) 
for panel sequencing.

IHC staining was performed according to our 
previously published procedures.10 The tumor 
specimens were reacted overnight at 4°C with pri-
mary mouse anti-human monoclonal CD8 and 
CD4 antibodies (1:200 solution; Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) and with 
the PD-L1 antibody (22C3 pharmDx assay; 
Agilent, Carpinteria, CA, USA). After incubating 
with a biotin-conjugated secondary antibody for 
30 min at room temperature, the sections were 
further treated with an avidin–biotin–peroxidase 
complex system (RTU VECTASTAIN Kit; 

Figure 1.  Timeline of anticancer treatment and radiographical evaluations. (a) The timeline of diagnosis and anticancer treatment. 
(b) PR after first-line treatment with pemetrexed and carboplatin. (c) PR to second-line treatment with nivolumab monotherapy. (d) 
Mediastinal lymph node metastasis after the discontinuation of immunotherapy due to immune-related pneumonia and gastritis. 
(e) PR to third-line treatment with anlotinib. (f) Progressed lesions in the left supraclavicular lymph nodes with biopsy-confirmed 
infiltrating adenocarcinoma. (g) Extensive tumor metastasis in the small intestine and retroperitoneal lymph nodes. (h) Enteroscopy 
shows jejunum stenosis and severe bleeding in the patient’s intestinal tract. The white arrow indicates the specific masses.
irAEs, immune-related adverse effects; LN, lymph node; PC, pemetrexed and carboplatin; PD, progressive disease; PR, partial response.
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Vector Laboratories, Burlingame, CA, USA). 
Finally, the signal was developed with 3,3′-diam-
inobenzidine tetrahydrochloride (1:50 solution; 
DAB Substrate Kit; Abcam, Cambridge, MA, 
USA). All sections were then counterstained with 
hematoxylin and mounted.

For multiplex immunofluorescence staining, 
FFPE blocks were first heated at 65°C for 3 h 
according to the previous procedures.10 The slides 
were then dewaxed, rehydrated, and fixed using a 
Leica BOND RX Auto Stainer (Leica Biosystems, 
YTAn00042, Buffalo Grove, IL) Subsequently, 
the slides were stained with six antibodies: anti-
CD4 (ab133616; Abcam), anti-CD8 (MA1-
80231; Thermo Fisher Scientific), anti-CD68 
(MA5-12407; Thermo Fisher Scientific), anti-
FoxP3 (ab215206; Abcam), anti-PD-L1 (13684S; 
Cell Signaling Technology), and anti-pan keratin 
(sc-81714; Santa Cruz Biotechnology), followed 
by incubation with horseradish peroxidase-conju-
gated secondary antibody and tyramide signal 
amplification. Finally, the slides were stained with 
4′-6′-diamidino-2-phenylindole for 10 min at a 
9:125 dilution. The slides were air-dried and pho-
tographed with an Akoya Vectra Polaris 
(YTAn00041). Images were analyzed using Indica 
Halo software. The results of this study conform 
to the CARE statement (Supplemental Material).11

Case presentation
An adult patient with a history of tobacco use for 
30 pack-years was found to have a left lower lobe-
occupying lesion of the lung by computed thermo-
tropy (CT) scan during his routine physical 
examination in October 2018. Enhanced CT of 
the chest and abdomen showed a lesion located in 
the left lower lobe of the lung, measuring up to 
3 cm with left hilar and mediastinal lymph node 
metastasis. Pulmonary biopsy revealed a diagnosis 
of typical infiltrating adenocarcinoma in the lower 
lobe of the left lung [Figure 2(a) and (b)]. The 
final clinical stage was stage IIIB. Initial genomic 
analysis by next-generation sequencing showed no 
somatic mutations in EGFR, ALK, kirsten rat sar-
coma (KRAS), or ROS proto-oncogene 1 (ROS1).

The patient was partially responsive to peme-
trexed and carboplatin [Figure 1(b)]. 
Unfortunately, 6 months later, the patient pre-
sented with disease progression accompanied by 
enlargement of the primary pulmonary lesion and 
mediastinal lymph nodes and diffuse spinal 
metastasis involving the T11, L2, and L5 

vertebral bodies. In April 2019, this patient was 
switched to second-line monotherapy with 
nivolumab (200 mg q2 W) in combination with 
spinal stereotactic radiotherapy when additional 
IHC confirmed that 30% of the cancer cells were 
positive for PD-L1. The patient responded well 
to immunotherapy but developed immune-
related pneumonia and gastritis after 18 cycles of 
nivolumab [Figure 1(c)]. Immunotherapy was 
discontinued, and anlotinib was started when the 
disease progressed with mediastinal lymph node 
metastasis [Figure 1(d) and (e)]. In July 2020, the 
patient had new progressive lesions in the left 
supraclavicular lymph nodes and received chem-
otherapy with nab-paclitaxel and local radiother-
apy [Figure 1(f)]. The tumor responded well to 
these treatments until January 2023, when the 
patient complained of bloody stools and pro-
gressive abdominal pain. A CT scan indicated 
extensive tumor metastasis in the mediastinal 
lymph nodes, retroperitoneal lymph nodes, 
bones, and small intestine [Figure 1(g)]. 
Enteroscopy revealed jejunum stenosis and 
severe bleeding in the intestinal tract [Figure 
1(h)]. The patient underwent surgical resection 
of the small intestine lesion, the bleeding was 
relieved, and pathology confirmed sarcomatoid 
carcinoma [Figure 2(a)] considering the follow-
ing histologic features: more undifferentiated, 
giant cells, loose cellular cohesion, and strong 
and diffuse vimentin expression. Unfortunately, 
the patient experienced disease progression with 
abdominal cavity metastasis after surgery and 
was rechallenged with cadonilimab (6 mg/kg q2 
W), a PD-1/CTLA-4 bispecific antibody. After 
two cycles of cadonilimab, his abdominal disten-
sion and pain were not relieved, and the patient 
developed progressive gastrointestinal bleeding. 
Subsequent CT indicated extensive cancer 
spread in the abdominal cavity. The patient died 
in April 2023, and the overall survival time was 
4.5 years.

We explored the potential mechanism of this 
patient’s rapid progression by analyzing progres-
sive tumors resected surgically. Immunohis
tochemical staining revealed that the intestinal 
lesion was CK7 and TTF-1 negative and vimen-
tin positive, and the primary lung tumor was CK7 
and TTF-1 positive and vimentin positive, which 
suggested the transformation of NSCLC to pul-
monary sarcomatoid carcinoma. Ki-67, a tumor 
cell proliferation and growth marker, increased 
from 30% to 75% after transformation [Figure 
2(a)]. We also analyzed the genomic features of 
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both primary lung tumors and metastatic intesti-
nal tumors by next-generation sequencing using 
YuceOne Plus v1.0 (YuceBio).

The gene profiling results revealed that a total of 16 
genes were mutated in primary and ICI-resistant 
tumors [Figure 2(c)]. The calculated tumor muta-
tional burden (TMB) was 9.58 mut/Mb. The tumor 
was TMB-H according to precious findings showing 
that the optimal cutoff of TMB was 7 mut/Mb from 
panel sequencing in East Asian populations and the 
survival period of patients with TMB ⩾7 mut/Mb 
was longer than those with TMB <7 mut/Mb.12 The 
mutation abundance was calculated from alternat-
ing allelic observations divided by the read depth at 
each position.11 The abundance of gene mutations 
in metastatic tumors was comparable to that in 

primary tumors. In metastatic ICI-resistant tumors, 
alterations in human leukocyte antigen (HLA) 
genes, JAK1, JAK2, B2M, PTEN, or TAP1, which 
are associated with acquired resistance to immuno-
therapy, were not observed. Furthermore, immu-
nohistochemical staining revealed that the 
proportion of CD8+ T cells, but not PD-L1+ 
cells, was greater in the primary tumor than in the 
metastatic tumor [Figure 3(a) and (b)]. Multiplex 
immunofluorescence staining also revealed that a 
limited number of immune cells were present in 
the tumor microenvironment, with low infiltration 
of CD8+ T cells, CD4+ T cells, and PD-L1+ mac-
rophages, and absence of regulatory T cells 
(Tregs) in metastatic tumors, revealing a nonin-
flamed immune microenvironment for ICI-
resistant tumors [Figure 3(c)].

Figure 2.  Histopathological analysis and next-generation sequencing results for tumors before and after nivolumab treatment. (a) 
Representative images of primary pulmonary and ICI-resistant metastatic intestinal tumor tissues stained with hematoxylin plus 
eosin (H&E), NSCLC markers, including cytokeratin (CK), CK5/6, and thyroid transcription factor-1 (TTF-1); the cell proliferation 
marker ki67; and the sarcomatoid carcinoma marker vimentin. (b) Representative images of p63 expression in primary pulmonary 
tumor tissues and p40 expression in resistant intestinal tumor tissues. (c) Comparison of the abundance of gene mutations between 
primary pulmonary and ICI-resistant metastatic intestinal tumor tissues. The mutation abundance was calculated from alternating 
allelic observations divided by the read depth at each position. The figure shows the clustering analysis of the data obtained from the 
exonic regions of the genome using the ‘Euclidean’ distance metric and the ‘complete’ clustering method for rows. The color scheme 
used in the figure is based on the ‘maf’ of the data.
ICI, immune checkpoint inhibitors; maf, minor allele frequency; NSCLC, non-small-cell lung cancer.
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Discussion
This is the first reported case of an NSCLC patient 
who developed histological transformation to sar-
comatoid carcinoma and acquired resistance to 
immunotherapy after he experienced long-term 
disease remission after nivolumab therapy. 
Although the use of ICIs as a potential mechanism 
of acquired resistance to immunotherapy in 
NSCLC to SCLC has also recently been found, the 
mechanism of histological transformation of 
NSCLC and ICI resistance is not clear.7–9,13,14 
Here, the interval from the initial diagnosis of lung 

adenocarcinoma to pathologically confirmed sarco-
matoid transformation for immunotherapy in this 
patient was 51 months, whereas the median interval 
for TKI treatment was 31.5 months.15 A poor prog-
nosis is noted for NSCLC patients who develop 
sarcomatoid transformation. The median survival 
after sarcomatoid transformation was only 
2.5 months for patients receiving TKI treatment 
and 3 months for our patients receiving ICI treat-
ment.15 Before TKI therapy and sarcomatoid 
transformation, EGFR-positive patients exhibited 
typical adenocarcinoma features, negative or weak 

Figure 3.  Immune-related microenvironment analysis of primary pulmonary and ICI-resistant 
metastatic intestinal tumor tissues. (a) PD-L1 expression and CD8+ cell infiltration were determined by 
immunohistochemical staining in primary pulmonary and ICI-resistant metastatic intestinal tumor tissues. 
(b) Quantitative analysis of PD-L1+ and CD8+ cells. (c) Multiplex immunofluorescence staining showing the 
infiltration of PD-L1+ cells, Tregs, CD8+ T cells, CD4+ T cells, and PD-L1+ macrophages in ICI-resistant 
metastatic intestinal tumor tissues. The staining intensity of the samples was analyzed via a tissue cytometry 
analysis system. For each group, three regions of interest were chosen for analysis, and the number of 
targeted cells was calculated. The significance of the difference in the means between two groups of compared 
cells was analyzed by a two-tailed Student’s t-test. The white arrow indicates positive cells with specific 
markers.
***p < 0.001.
ICI, immune checkpoint inhibitor; PD-L1, programmed cell death ligand-1; Tregs, regulatory T cells.
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focal vimentin staining, and strong E-cadherin 
expression.15 Our patient also demonstrated typical 
adenocarcinoma features but it had medium 
vimentin staining at the initial diagnosis. The typi-
cal characteristics of pulmonary sarcomatoid carci-
noma according to IHC include a lack or absence 
of CK7 and TTF-1 and increased expression of 
vimentin. Previous studies have shown that when 
comparing immunohistochemical results before 
and after sarcomatoid transformation, the expres-
sion of TTF-1 decreases but vimentin expression is 
positive. When pulmonary sarcomatoid carcinoma 
(PSC) was diagnosed, the immunohistochemical 
examination suggested a weakly positive CK7 
result, a negative TTF-1 result, and aberrant vimen-
tin expression. All of the above results indicate the 
process of epithelial–mesenchymal transition.15 In 
line with these results, our case showed that the 
metastatic intestinal tumor was weakly positive for 
CK5/6 and CK7, negative for TTF-1, and strongly 
positive for vimentin. Therefore, we believe that the 
dynamic changes in CK7 and vimentin expression 
may support the formation of lesions by metastatic 
tumor cells from primary lung tumors.

The gene profiling results showed that both pri-
mary and ICI-resistant tumors were tumor 
mutational burden-high and had a high number 
of gene alterations. Among these mutated genes, 
the MAP2K1 mutation was detected in both sets 
of gene sequencing results. MAP2K1 mutation 
is associated with a high objective response rate, 
long progression-free survival, and long overall 
survival in melanoma patients treated with 
immunotherapy,16 which could explain why this 
patient responded well to initial nivolumab 
monotherapy. However, the overall abundance 
of gene mutations in metastatic tumors was simi-
lar to that in primary tumors. In metastatic 
tumors, alterations in the HLA gene, JAK1, 
JAK2, B2M, PTEN, or TAP1 that are associated 
with acquired resistance to immunotherapy have 
not been observed.17,18 A previous study indi-
cated that mesenchymal-epithelial transition 
factor (MET) amplification or MET overexpres-
sion might be related to pathological sarcoma-
toid carcinoma transformation after TKI 
resistance in NSCLC patients with targetable 
genetic alterations but these findings were not 
present in our patient.6,14 In particular, HLA 
class I antigen loss and a lack of β2-m expression 
are associated with decreased recognition of can-
cer cells by cognate CD8+/granzyme B+ T cells. 
HLA class I downregulation is widely recognized 
as a mechanism of tumor immune escape and 

has been associated with cancer immunotherapy 
resistance.19,20 Here, we did not analyze HLA 
class I antigen or β2-m expression in cancer cells 
but at least no mutations in B2M genes that have 
been documented as a mechanism of resistance 
to PD-1 inhibitors were found. Therefore, we do 
not know whether HLA class I antigen and β2-m 
expression reflect a specific mechanism of immu-
notherapy resistance.

PD-L1 expression in tumor and immune cells is a 
useful biomarker for predicting the efficacy of 
PD-1/PD-L1 inhibitors in NSCLC patients.21 
This patient had a high-to-medium PD-L1 tumour 
proportion score (TPS) of 30% and showed a par-
tial response to initial nivolumab therapy. However, 
many more metastatic tumor tissues than nonmet-
astatic tissues had PD-L1+ cells and a high PD-L1 
TPS (60%), which could confer acquired resist-
ance to ICIs. A gene expression profile of patients 
with high PD-L1 NSCLC refractory to pembroli-
zumab showed that tumors with high PD-L1 
expression exhibited activation of pathways associ-
ated with cancer stem cells (the Hedgehog, Notch, 
and Hippo pathways); loss of PTEN and JAK2; 
and inhibition of both the priming and effector 
phases of the immune response.22 Although base-
line vimentin expression is associated with ICI effi-
cacy in NSCLC, the phosphorylation of vimentin 
activates the transforming growth factor beta β 
(TGF-β) signaling pathway and upregulates the 
expression of PD-L1 by recruiting p-Smad2/3 to 
the PD-L1 promoter, leading to accelerated metas-
tasis and immune escape.23,24 Overall, PD-L1 is 
considered a surrogate biomarker that can be used 
to predict survival in NSCLC patients who are 
more likely to benefit from anti-PD-1/PD-L1 
immunotherapy but it does not have predictive 
value after sarcomatoid transformation.

Tumor-infiltrating immune cells, including 
CD8+ and CD4+ T cells, in the tumor microen-
vironment are associated with favorable prognosis 
and treatment response to ICIs.25 Here we found 
that the percentage of infiltrating CD8+ T cells 
was lower in metastatic ICI-resistant tumors than 
in primary tumors by IHC. Furthermore, there 
was a limited number of CD8+ and CD4+ T cells 
in metastatic tumors by multiplex immunofluo-
rescence staining. We also found a limited num-
ber of infiltrated PD-L1+ macrophages in 
metastatic tumors, which was in line with previ-
ous findings showing low PD-L1+ macrophage 
infiltration may affect the efficacy of immuno-
therapy in NSCLC.26 Interestingly, no Tregs 

https://journals.sagepub.com/home/tam


X Liang, Y Guan et al.

journals.sagepub.com/home/tam	 7

were observed in metastatic tumors. Basically, 
tumor-associated Tregs are associated with a sup-
pressive tumor microenvironment.27 Maybe other 
cell subtypes rather than Tregs contribute to ICI 
treatment resistance in transformed sarcomatoid 
carcinoma.

As a rare lung cancer subtype, primary pulmo-
nary sarcomatoid carcinoma has a poor progno-
sis, and treatment options for advanced or 
metastatic disease are extremely limited.28 
Recently, a majority of primary pulmonary sarco-
matoid carcinoma patients have been shown to 
have a high tumor mutational burden, high 
PD-L1 expression, excellent response rates, and 
prolonged overall survival when ICIs are used as 
second-line treatments or beyond.29 Patients with 
primary pulmonary sarcomatoid carcinoma are 
characterized by an immune-inflamed phenotype, 
which explains the intrinsic reasons for the high 
efficacy of immunotherapy.30 However, our 
patient exhibited high PD-L1 expression in tumor 
cells after transformation to sarcomatoid carci-
noma and was resistant to rechallenge with immu-
notherapy. These results indicate that the immune 
features of primary pulmonary sarcomatoid carci-
noma differ from those of secondary pulmonary 
sarcomatoid carcinoma due to histological trans-
formation. Thus, unlike for primary sarcomatoid 
carcinoma, other alternative treatments for trans-
formed sarcomatoid carcinoma should be estab-
lished. Although our patient failed to respond to a 
PD-1/CTLA-4 bispecific antibody, cervical can-
cer patients with microsatellite instability high 
(MSI-H) tumors have been reported to exhibit a 
notable response to dual combination immuno-
therapy with nivolumab and ipilimumab after 
progression on prior anti-PD-1 monotherapy.31

Conclusion
In conclusion, we report a patient with NSCLC 
who developed histological transformation of sar-
comatoid carcinoma and died of rapid progres-
sion after long-term remission with anti-PD-1 
monotherapy. The transformation of sarcomatoid 
carcinoma could be associated with tumor 
immune escape and could act as an acquired 
resistance mechanism that determines the 
response to checkpoint blockade-based immuno-
therapy. The possibility of histological transfor-
mation and rebiopsy or surgery should be taken 
into consideration following disease progression 
after immunotherapy. An increased percentage of 
PD-L1+ tumor cells and decreased infiltration of 

immune cell subgroups in the tumor microenvi-
ronment might be responsible for subsequent 
resistance to immunotherapy rechallenge. The 
precise cellular and molecular mechanisms of 
resistance to acquired immunotherapy in 
NSCLC-to-sarcomatoid carcinoma transforma-
tion should be investigated more thoroughly in a 
larger sample cohort by comprehensive compara-
tive multi-omics analysis of the genetic, epige-
netic, and transcriptional profiles of primary 
NSCLC and transformed sarcomatoid carcinoma 
tissues.
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