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Introduction

Pulmonary sarcomatoid carcinoma (SC) is a rare non-small cell lung cancer (NSCLC) subtype characterized by poorly differentiated tumors containing sarcoma or sarcoma-like elements, rapid tumor growth, high level of blood-vessel invasion, and epithelial to mesenchymal transition (EMT). [START_REF] Vieira | Blood vessel invasion is a major feature and a factor of poor prognosis in sarcomatoid carcinoma of the lung[END_REF] Its prognosis is poor (overall survival [OS] of 7 months), due to early metastasis occurrence and a high level of chemo-resistance to platinum-based standard regimens. [START_REF] Vieira | Efficacy of First-Line Chemotherapy in Patients with Advanced Lung Sarcomatoid Carcinoma[END_REF] There is thus a crucial need to identify new therapeutic targets. Immune checkpoint inhibitors (ICI) improve the outcomes of NSCLC patients. These treatments have not been evaluated in SC, though there is a strong rationale for using them in this indication. SC is highly related to tobacco use (80% of patients), with high mutation rates, including KRAS mutations 3,[START_REF] Saffroy | MET exon 14 mutations as targets in routine molecular analysis of primary sarcomatoid carcinoma of the lung[END_REF] We previously showed that PD-L1 was more commonly expressed in 75 SCs compared to non-SCs. [START_REF] Vieira | Sarcomatoid lung carcinomas show high levels of programmed death ligand-1 (PD-L1) and strong immune-cell infiltration by TCD3 cells and macrophages[END_REF] Furthermore, SCs appear to be "hot tumors", since we reported higher immune and inflammatory cell infiltration compared to non-SC. [START_REF] Vieira | Sarcomatoid lung carcinomas show high levels of programmed death ligand-1 (PD-L1) and strong immune-cell infiltration by TCD3 cells and macrophages[END_REF] However, the loss of E-cadherin observed in EMT could explain why SC does not necessarily respond to the blockage of anti-PD-1/PD-L1. One explanation for this could be that the interaction between T-CD8-CD103 lymphocytes would not be optimal, thus leading to a lack of functionality among these resident memory T lymphocytes. This lack of interaction could also influence T lymphocyte retention at the tumor site. [START_REF] Mami-Chouaib | Resident memory T cells, critical components in tumor immunology[END_REF] This study thus sought to assess the ICI efficacy in this specific NSCLC subtype.

Patients and methods

All consecutive patients from 42 French centers with stage III/IV SC treated by ICI in second-line or beyond between 2011 and 2017 were included. Clinical characteristics were collected from patient medical charts, and the histological type was reviewed by an expert pathologist (M.A.). We assessed tumor response according to the RECIST criteria, OS, and duration of ICI treatment. Early progression was defined as progression occurring prior to the first evaluation at 2 months. PD-L1 expression was centrally stained and assessed again using immunohistochemistry with clone SP263 from Ventana (Roche). The tumor proportion score (TPS) (i.e., the percentage of positive tumor cells) was considered positive if ≥5%. Genome profiling by Foundation Medicine from samples was performed in available surgical biopsies (n=9). The tumor mutational burden (TMB) was assessed, and it was considered high if ≥10 MMb (Mutation/Megabase).

Results

Clinical characteristics

Overall, 42 centers participated in the study, 27 of them including a total of 37 patients. The patient clinical characteristics were provided in Table 1. Before ICI treatment, all patients received a platinum-based chemotherapy regimen, with a median number of platinum cycles of 4 [range: 1-6]. The objective response rate (ORR) under chemotherapy was 29.7% (11/37), and the disease control rate (DCR) 56.8% (21/37), without any complete responses.

ICI treatment

Immunotherapy characteristics, with nivolumab as the main drug, have been summarized in Table 2. The median cycle number was 10 [range: 1-32]. The ORR was 40.5% (n=15/37), the DCR 64.8% (n=24/37), and the progression 32.4% (n=12/37). The median PFS under ICI was 4.89 months [range: 0.3-35.7] with a 1-year PFS rate of 15%. The median OS under ICI was 12.7 months [range: 0.3-45.7], and the 1-year survival rate 51.3%. Because 62% of patients were PS 0-1, ORR, PFS and OS were analyzed according to PS. There was a trend to higher efficacy and survivals according to PS but it did not reach significance (Supplementary Figure 1). PD-L1 status was assessed for the 19 samples (51.3%) available. The median PD-L1 expression was 70% [range: 0-100], with only 1 PD-L1-negative sample (Table 2 and Figure 1A). Overall, 12 patients (32.4%) exhibited early progression, prior to the first assessment at 2 months. Their characteristics were presented in Table 3. Of these patients, five died without any further treatment, with a median 0.62-month [range: 0.33-2.98] treatment duration. In these patients, the PD-L1 TPS was 0%, 50%, and 90%, being undetermined for the remaining two. Two patients harbored a KRAS mutation (one p.Gly12Ala and one p.Gly12Cys) and one an EGFR mutation (exon 18). Six patients with early progression received a subsequent treatment line (Table 3), stopping immunotherapy after a median 1.38-month [range: 0.92-2.46] duration. The median OS from ICI initiation was 4.2 months [range: 3.25-18.52]. The last early progressor exhibited an isolated brain progression. He received whole brain radiotherapy and continued ICI for another 13.2 months, until a new progression was detected. He then received a new treatment line, with an 18.5-month survival since ICI initiation. Toxicities were reported in six patients (16.2%), three of whom stopped ICI because of an immune undesirable event: one patient displayed Grade 2 autoimmune hepatitis and Grade 2 diarrhea at 12.5 months; another patient exhibited interstitial pneumonia and thyroiditis, both of Grade 2, at 3.2 months; of note, this patient was still alive without any treatment after a 45.7-month follow-up; the third patient suffered from interstitial pneumonia at 1.7 months and died a few days thereafter. Treatments received at early progression are specified in Table 3, and in Supplementary Table 2 for the subgroup without progression.

PD-L1 expression

The tumor with no PD-L1 overexpression was from a non-smoker with a low TMB (4 MMb) and an exon 18 EGFR mutation. This patient displayed early progression with an OS of 1.84 months (Figure 1A). Conversely, the 18 tumors that expressed PD-L1 originated from current or former smokers, with nine patients harboring a KRAS mutation (one with a MET exon 14 co-mutation) (Figure 1A). PD-L1 expression tended to be higher in responsive diseases, yet without statistical significance (Supplementary Figure 2). The ORR was 58.8% in PD-L1+ patients and 0% in the single PD-L1-one with the same trend observed for DCR (76.5% in PD-L1+ vs. 0% in PD-L1-). There was a trend towards higher median OS in PD-L1+ subgroup vs. PD-L1-, without statistical significance (Figure 2A).

TMB status

The TMB was assessed in eight (21.6%) tumors (Figure 1B). The median TMB was 18 [range: 4-39] MMb, with 7/8 (87.5%) tumors harboring a TMB >10MMb and only one with a TMB l <10MMb. The tumor with a low TMB was from the EGFR-mutated patient with a PD-L1-expression, early progression, and death after ICI initiation (Figure 1B and Supplementary Table 1). All high TMB tumors had a PD-L1 expression >10 % (median 70% [range: 10-100]), and all tumors had a TP53 mutation, with three of them (42.8%) displaying TP53/KRAS co-mutations (Figure 1B). There was a trend towards a higher TMB in responders vs. stable or progressive diseases (Supplementary Figure 2), with median TMBs of 32, 14.5, and 14 MMb, respectively. A higher TMB was associated with a trend towards higher survival, with a median 18-months OS in high TMB populations vs. 1.84-month OS in low (Figure 2B).

Discussion

Based on our data, immunotherapy was found effective in SC, with a 40.5% ORR and 12.7-month OS. These results appear to be superior to those observed with chemotherapy. For the latter, the OS data reported in the literature were between 5 and 7.7 months, and the ORR data between 0% and 16.5%. [START_REF] Vieira | Efficacy of First-Line Chemotherapy in Patients with Advanced Lung Sarcomatoid Carcinoma[END_REF][START_REF] Maneenil | Sarcomatoid Carcinoma of the Lung: The Mayo Clinic Experience in 127 Patients[END_REF] Therefore, SC patients are likely to be very good candidates for ICI therapy. Even compared to patients without SC, the response rates in our study were twice as high as those usually reported in this case (20% in non-SC vs. 40.5% in SC), [START_REF] Horn | Nivolumab Versus Docetaxel in Previously Treated Patients With Advanced Non-Small-Cell Lung Cancer: Two-Year Outcomes From Two Randomized, Open-Label, Phase III Trials (CheckMate 017 and CheckMate 057)[END_REF] along with a similar PFS than squamous (median PFS 3.5 months) and slightly higher than non-squamous (median PFS 2.3 months). Furthermore, there was a slightly higher OS (SC: median OS 9.2 months [7.3-13.3]; non-SC: median OS 12.2 months [9.7-15]). A few case reports have previously shown good ICI responses in this setting. [START_REF] Roesel | Lazarus-type tumour response to therapy with nivolumab for sarcomatoid carcinomas of the lung[END_REF][START_REF] Kotlowska | Efficacy of immunotherapy in sarcomatoid lung cancer, a case report and literature review[END_REF] There was a trend to higher efficacy and survivals according to PS but it did not reach significance. A limitation of our work is the small number of patients enrolled due to the disease's rarity, despite all ICI-treated patients from the 27 centers being consecutively included. On the other hand, all cases were histologically and centrally confirmed by an expert pathologist. SC is associated with tobacco use, resulting in a high mutation rate, with probably numerous neoantigens [START_REF] Fallet | High-throughput somatic mutation profiling in pulmonary sarcomatoid carcinomas using the LungCarta TM Panel: exploring therapeutic targets[END_REF] rendering patients highly immunogenic and, thus, good candidates for ICI. As shown, SC harbors a high PD-L1 overexpression with significant immune infiltration, especially CD4+ T lymphocytes and macrophages. [START_REF] Vieira | Sarcomatoid lung carcinomas show high levels of programmed death ligand-1 (PD-L1) and strong immune-cell infiltration by TCD3 cells and macrophages[END_REF] Chen J. et al. demonstrated almost 50% of SCs to be highly infiltrated with CD8+ T cells, which are among the main effectors of antitumor immune response. [START_REF] Fallet | High-throughput somatic mutation profiling in pulmonary sarcomatoid carcinomas using the LungCarta TM Panel: exploring therapeutic targets[END_REF] Using a 5% cut-off, we observed that all patients except one had a positive PD-L1 expression. Our rates were higher than those from the SC literature (between 53% in a Caucasian and 90% in a Korean series), probably due to PD-L1 assay differences (antibodies, cut-off), high SC tumor heterogeneity and the small number of cases studied. 3,[START_REF] Vieira | Sarcomatoid lung carcinomas show high levels of programmed death ligand-1 (PD-L1) and strong immune-cell infiltration by TCD3 cells and macrophages[END_REF][START_REF] Velcheti | Sarcomatoid lung carcinomas show high levels of programmed death ligand-1 (PD-L1)[END_REF][START_REF] Lococo | Inter-relationship between PD-L1 expression and clinicpathological features and driver gene mutations in pulmonary sarcomatoid carcinomas[END_REF][START_REF] Yvorel | PD-L1 expression in pleomorphic, spindle cell and giant cell carcinoma of the lung is related to TTF-1, p40 expression and might indicate a worse prognosis[END_REF] Almost two-thirds of our patients had >50% PD-L1 expression on initial tumor samples; they could thus be eligible for first-line immunotherapy. Despite favorable overall response and survival rates, one-third of patients experienced early progression, and almost half of them died without any further treatment. We did not find any specific clinical or pathological characteristics predictive of early progression but we cannot ignore the almost 40% of patients with a PS≥2 at ICI initiation. PD-L1 was not predictive, with expression ranging from 0% to 100% in this subgroup. One patient harbored an exon 18 EGFR mutation with a negative PD-L1 expression and low TMB, confirming the observation that patients with EGFR mutations derive, even in SC, a low benefit from ICIs. In the early progression subgroup, three patients were TP53 and KRAS co-mutated, meaning that patient selection could not be based on these mutations. One of these three patients was co-mutated TP53/KRAS/STK11. The inactivating STK11 mutation was previously reported to be associated with "cold tumors", reflected by low CD8+ T cell infiltration and ICIresistance. [START_REF] Biton | TP53, STK11, and EGFR Mutations Predict Tumor Immune Profile and the Response to Anti-PD-1 in Lung Adenocarcinoma[END_REF][START_REF] Skoulidis | STK11/LKB1 Mutations and PD-1 Inhibitor Resistance in KRAS-Mutant Lung Adenocarcinoma[END_REF] To conclude, SC patients were shown to display high response rates and prolonged OS under ICI. However, one-third of patients experienced early progression. We were unable to identify any characteristics predicting these early progressions. The specific place of ICI as first-line treatment, combined with chemotherapy for patients with PD-L1 expression <50%, must be further assessed. Each line corresponds to one patient, with specified mutational status between brackets and reasons for treatment discontinuation (death, progression, toxicity). 

Figure 1 :

 1 Figure 1: Swimming plots of treatment duration for each patients according to PD-L1 (A) or TMB (B) status.Each line corresponds to one patient, with specified mutational status between brackets and reasons for treatment discontinuation (death, progression, toxicity).

Figure 2 :

 2 Figure 2: OS according to PD-L1 expression (A) and TMB status (B). A: Overall survival from ICI initiation. Median (mo.): PD-L1 positive: 16.1 [0.62-45.7] vs. PD-L1 negative: 1.8 (HR 0.22 [0.0005-1.7]; P=0.1). B: Overall survival from ICI initiation according to tumor mutational burden (TMB) assessment (n=8). TMB high: more than 10 mutations/megabase, and TMB low: less than 10 mutations/megabase. Median (months): 18 (4.2-45.7) vs. 1.84 (HR 0.1 [0.01-0.85]; P= 0.0082).
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