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Introduction

Non-small cell lung carcinoma (NSCLC) is the leading cause of cancer death worldwide due to its high frequency, the late stage at diagnosis in 70% of patients and the poor responsiveness to standard chemotherapy [START_REF] Péchoux | Role of adjuvant radiotherapy in completely resected nonsmall-cell lung cancer[END_REF][START_REF] Schiller | Comparison of Four Chemotherapy Regimens for Advanced Non-Small-Cell Lung Cancer[END_REF] . In initial stages (I-II), surgery is the mainstay of treatment, possibly associated to adjuvant chemotherapy; the treatment of locally advanced disease (stage III) is based on a multimodality approach including surgery, chemotherapy and radiotherapy, with a wide range of associations and sequences. [START_REF] Andre | Survival of patients with resected N2 non-small-cell lung cancer: evidence for a subclassification and implications[END_REF][START_REF] Ball | The complex relationship between lung tumor volume and survival in patients with non-small cell lung cancer treated by definitive radiotherapy: a prospective, observational prognostic factor study of the Trans-Tasman Radiation Oncology Group (TROG 99.05)[END_REF] . This population is currently treated with several modalities, including surgery, chemotherapy and radiotherapy. Adjuvant immunotherapy for locally advanced stages is a recent major breakthrough with a clear survival benefit and acceptable toxicity [START_REF] Antonia | Durvalumab after Chemoradiotherapy in Stage III Non-Small-Cell Lung Cancer[END_REF][START_REF] Antonia | Overall Survival with Durvalumab after Chemoradiotherapy in Stage III NSCLC[END_REF] . Radiotherapy is supposed to act as an immunogenic treatment with a possible abscopal effect on distant metastases and thus could increase efficacy of the immunotherapy. Tumor immune environment characteristics and particularly CD4+Th1 cells and CD8+ cytotoxic T cells densities are known to be strong predictive marker of survival and were also associated with immunotherapy efficacy. The strong link between intra-tumor CD8+ T cells density and survival even in advanced stages [START_REF] Goc | Dendritic cells in tumor-associated tertiary lymphoid structures signal a Th1 cytotoxic immune contexture and license the positive prognostic value of infiltrating CD8+ T cells[END_REF] or after neo-adjuvant chemotherapy [START_REF] Remark | Immune contexture and histological response after neoadjuvant chemotherapy predict clinical outcome of lung cancer patients[END_REF] has been extensively demonstrated. The significance of intra-tumor FoxP3 Tregs density is contradictory according to authors and could mediate either pro-or anti-tumor response; PD-L1 expression on tumor cells was reported as associated with immunotherapy efficacy but it significance is contrasted for non-immunotherapy treated patients [START_REF] Goc | Dendritic cells in tumor-associated tertiary lymphoid structures signal a Th1 cytotoxic immune contexture and license the positive prognostic value of infiltrating CD8+ T cells[END_REF][START_REF] Remark | Immune contexture and histological response after neoadjuvant chemotherapy predict clinical outcome of lung cancer patients[END_REF][START_REF] Ameratunga | PD-L1 and Tumor Infiltrating Lymphocytes as Prognostic Markers in Resected NSCLC[END_REF][START_REF] Tokito | Predictive relevance of PD-L1 expression combined with CD8+ TIL density in stage III non-small cell lung cancer patients receiving concurrent chemoradiotherapy[END_REF][START_REF] Yang | Prognostic value of PD-L1 expression in combination with CD8+ TILs density in patients with surgically resected non-small cell lung cancer[END_REF][START_REF] Cooper | PD-L1 expression is a favorable prognostic factor in early stage non-small cell carcinoma[END_REF][START_REF] Al-Shibli | Prognostic effect of epithelial and stromal lymphocyte infiltration in non-small cell lung cancer[END_REF][START_REF] Petersen | Tumor infiltrating Foxp3+ regulatory T-cells are associated with recurrence in pathologic stage I NSCLC patients[END_REF][START_REF] Zhao | Clinicopathological and prognostic significance of regulatory T cells in patients with non-small cell lung cancer: A systematic review with metaanalysis[END_REF] .

In the present study, we address the respective link of CD8+ T cells and FoxP3+ T cells densities with efficacy of radiotherapy in stage III N2-NSCLC. We also determined if percentage of PD-L1 expressing tumoral cells had a survival impact in such population. We had the opportunity to analyzed two groups of patients; first had tumor surgical resection followed by treatment with chemotherapy and radiotherapy (PORT), and the second was exclusively treated with chemotherapy and radiotherapy (DRC). Both groups received radiotherapy within the same radiotherapy department of HEGP. We found that intra-tumoral CD8+ T cell and particularly CD8+/FoxP3+ double positive T cell densities were strongly linked to survival after radiotherapy.

Methods and materials

Patient population

We conducted a retrospective study including all consecutive patients suffering from a NSCLC stage III pN2 that was histologically documented treated by surgery combined to chemotherapy and radiotherapy (PORT group) or with exclusive 

Treatments

Treatment regimen was decided according to our institutional guidelines in the setting of a multidisciplinary team discussion. All the patients had the same pre-treatment work-up including contrast enhanced thoracic and upper abdominal CT scan and contrast enhanced brain CT scan or MRI. PET scan was systematically employed beginning January 2004. Invasive mediastinal staging (mediastinoscopy, VATS, EBUS, EUS) was indicated in case of clinically suspected N2 disease at CT scan or PET scan. As general rule, infiltrative ("bulky") N2 disease at presentation was considered as a contraindication for surgery and patients were treated by chemoradiotherapy (DRC). For resectable N2 disease (known before surgery or pathological examination), curative surgery included anatomical lung resection and a full mediastinal lymphadenectomy with perioperative platinum-based chemotherapy (4 cycles). Pertinence of surgery, possibly within the LUNG ART study was decided at multidisciplinary team discussion. Treatment was supplemented with 3Dradiotherapy in all operated patients, to deliver a dose of 54 Gy on the mediastinum; and for non-resectable diseases radio-chemotherapy combination was performed with 66 Gy and at least two cycles of platinum-based chemotherapy. According to the French Radiation Oncology Society recommendations, dosimetry constraints for organ at risk were: a volume of lung parenchyma that received 20 Gy < 37%, a mean dose to the lung less than 15 to 20 Gy, a volume of heart that received 40 Gy < 30% and a volume of esophagus that received 50 Gy < 35% [START_REF] Giraud | Radiotherapy for primary lung carcinoma[END_REF] .

Pathological material

Formalin-Fixed Paraffin-Embedded (FFPE) tumor samples were collected from the pathology department of Cochin, HEGP and Saint-Joseph Hospitals. All samples were blindly reviewed by thoracic expert pathologists (ALM, DD) and tumors classified according to the latest WHO (2015) [START_REF] Travis | The 2015 World Health Organization Classification of Lung Tumors: Impact of Genetic, Clinical and Radiologic Advances Since the 2004 Classification[END_REF] 

Statistical methods

Survival analysis was performed with the "survminer" RStudio (version 3.5.1) package, using both log-rank test and Cox proportional hazards regressions (http://cran.r-project.org) to determine p-value, hazard ratio (HR) and interval of confidence. P-value was considered significant below 0.05, and Prism 8 (GraphPad) was used to represent multivariate analysis. Multivariate analysis was performed on OS selecting variables with the lowest p-value (under 0.1) obtained from univariate analysis: ST CD8 and ST CD8+/FoxP3+ double positive T cells for PORT group and ST CD8 and IT CD8+/FoxP3+ double positive T cells for DRC group. TNM status was not introduce in the multivariate analysis as all patients were N2M0 and therefore TNM was restricted to the T stage of the tumor. A strong correlation was found between CD8+ and CD8+/FoxP3+ double positive T cells (Supplementary Figure 3), therefore, we conducted the multivariate study separately for the CD8+ T cells and the CD8+/FoxP3+ T cells.

Several cutoffs were tested and first quartile was used as a separation value between patients with low and high density (25% Low / 75% High) of a considered parameter as it gave the lowest p-value. Data collection was completed in February 2019 and data analysis started afterwards.

Results

Population

We studied 113 patients treated with radiotherapy regimen between 2002 and 2015 and having available tumor samples for immunostaining. A total of 89 patients (PORT) were treated by surgical resection, and 24 patients were not operated from their lung tumor (DRC). The median follow-up was 29. There was a significant difference between the 2 groups in terms of OS (p=0.03, HR=0.52 [0.28-0.97]) (Supplementary Figure 1)..

Prognostic value of immune subpopulations

At univariate analysis, in global population, OS was associated with double positive CD8+/FoxP3+ T cells density (p=0.01, HR= 1.97 [1.11 -3.48]). Operated population analysis gave the most significant association between survival and CD8+ T cells densities, as high density CD8+ T cells in the whole tumor area (ST CD8) was associated with a significantly higher OS (p=0.04, HR=1.93 [0.99 -3.78]) and DFS As density of CD8+ and CD8+/Foxp3+ double positive T cell were correlated, we conduct the multivariate analysis separately for each cells subtype (supplementary Figure 3). Interestingly we were able to show that both immune population were strong predictor of survival (OS and DFS) (Figure 3, supplementary Figure 4 and5).

Particularly intra-tumor CD8+/FoxP3+ double positive cells were the best survival predictor, meanwhile whole tumor CD8+ T cell density was at the limit of significance in multivariate analysis (p=0.05, HR=0.54 [0.29 -1.01] and this suggests that this population encompasses cells of more heterogeneous specificity rather than population imbalance (n= 28 Low and n=85 High).

FoxP3+ single positive T cells had no significant impact on survival (OS, DFS) in the PORT and DRC group (data not shown).

Tumoral PD-L1 expression

In the PORT population, OS was higher in patients with a PD-L1 tumor expression level ≥ 1% (82 versus 9 months) but still did not reached significance (p=0.40, HR=0.84 [0.25 -2.86]) (Supplementary Figure 6). The beneficial effect on survival was mainly observed for patients with a tumor expression level of PD-L1 between 1 and 49% compare to those ≥50% (149 versus 44 months). OS was dramatically increased in the PD-L1 intermediate group compare to the ≥50% but we did not found any differences for DFS in both group (33 versus 24). No association was found in the DRC group. Twelve patients received immunotherapy in the course of their disease but no significant association with survival, PDL1 expression nor immune infiltration characteristics could be found.

Discussion

The aim of our study was to determine if the immune environment characteristics could impact stage III (N2) NSCLC patient's survival after a radio/chemotherapy regimen. Particularly we wanted to determine if patients with immunologically cold tumor may have a long survival after radiotherapy suggesting an immunogenic impact of irradiation. We addressed this question by studying the survival of patients treated with radiotherapy combined to chemotherapy and curative surgery for a majority of them, according to the density of intra-tumor CD8 T cells, FoxP3 cells and PDL1 positive tumor cells. We used an in situ multiplex labeling technique which gave us the opportunity to identify and quantify CD8+/FoxP3+ double positive cells within the tumor nest and stroma. As expected, we found that overall survival (OS) after chemo/radiotherapy was significantly increased when patients had tumor surgical resection with a HR of 0.47, as smaller stages and better performance status were prone to surgery. We also demonstrate that OS and DFS were significantly associated with CD8+ T cells; and interestingly to CD8+FoxP3+ double positive T cells densities which was never reported before. Finally, we also showed that the percentage of tumoral cells expressing PD-L1 (TPS), particularly the intermediate group (TPS = 1 -49%) was associated with overall survival.

The prognostic value of a high density of CD8+ TILs in NSCLC was reported by our team, independent of the stage of disease nor neo-adjuvant treatment [START_REF] Goc | Dendritic cells in tumor-associated tertiary lymphoid structures signal a Th1 cytotoxic immune contexture and license the positive prognostic value of infiltrating CD8+ T cells[END_REF][START_REF] Remark | Immune contexture and histological response after neoadjuvant chemotherapy predict clinical outcome of lung cancer patients[END_REF] . The link between CD8+ TILs and radiotherapy efficacy was suggested before [START_REF] Ameratunga | PD-L1 and Tumor Infiltrating Lymphocytes as Prognostic Markers in Resected NSCLC[END_REF] particularly by Tokito et al who showed the impact of high density of CD8+ TILs in terms of OS (p <0.01) and PFS (p = 0.01) in a chemo/radiotherapy cohort [START_REF] Tokito | Predictive relevance of PD-L1 expression combined with CD8+ TIL density in stage III non-small cell lung cancer patients receiving concurrent chemoradiotherapy[END_REF] . A recent meta-analysis (24 studies and n=7006 patients) confirms the high prognostic value of CD8+ TILs in NSCLC with an impact on survival (HR = 0.91, p = 0.001) and recurrence (HR = 0.74, p = 0.001) but no clear link with radiotherapy [START_REF] Zeng | Prognostic and predictive value of tumor-infiltrating lymphocytes for clinical therapeutic research in patients with non-small cell lung cancer[END_REF] . It has never been clearly demonstrated the need for an established immunity to induce an effective radiotherapy ; rather radiotherapy is supposed to induce immunogenic cell death and thus promotes immune response, abscopal effect and to increase the effectiveness of immunotherapy. Thus our results suggest that radiotherapy does not turn a cold tumor into a hot tumor but rather enhance or awake a pre-existing anti-tumor immune response.

Interestingly, the multiplex staining identified CD8+/FoxP3+ double positive cells that were the best predictor of survival in multivariate analysis of OS and DFS in both resected (PORT) and non-resected (DRC) NSCLC. This subset of CD8+ TILS is controversial in terms of biological significance as they represent a small proportion of immune cells within tumors and that they may act either as regulatory or cytotoxic cells [START_REF] Le | CD8+Foxp3+ tumor infiltrating lymphocytes accumulate in the context of an effective anti-tumor response[END_REF][START_REF] Chaput | Identification of CD8+CD25+Foxp3+ suppressive T cells in colorectal cancer tissue[END_REF][START_REF] Churlaud | Human and Mouse CD8+CD25+FOXP3+ Regulatory T Cells at Steady State and during Interleukin-2 Therapy[END_REF] . FoxP3 expression on CD8+ T cells could be a hallmark of a transient T cell activation or a biomarker of an immune regulatory response to the tumor, or to radiotherapy induced inflammation. It has been reported in mouse model that CD8+FoxP3+ T cells were associated with a tumor regression phenotype and IFN-γ secretion [START_REF] Le | CD8+Foxp3+ tumor infiltrating lymphocytes accumulate in the context of an effective anti-tumor response[END_REF] . It was not reported in human tumors and our finding has to be confirmed in other cohorts of NSCLC, treatment-naïve ones, and in other solid tumors. The fact that densities of CD8+/FoxP3+ T cells are predictors of survival, even in small specimen (DRC) means that it could be an interesting biomarkers of responsiveness to combined chemo/radiotherapy, at any stage of disease or size of tumor samples.

To quantify this population, either multiplex fluorescent staining or chromogenic double staining could be performed routinely, with artificial intelligence help for an accurate assessments of cell densities [START_REF] Boulle | Analysis of immune microenvironment by multiplex immunohistochemistry in locally advanced non-small cell lung cancer: Principles and perspectives[END_REF] .

We analyzed PD-L1 expression on tumoral cells (TPS) which is a companion test for immune checkpoint inhibitors. We found that longest survivors had TPS comprised between 1% and 49% which was not yet reported by others [START_REF] Ameratunga | PD-L1 and Tumor Infiltrating Lymphocytes as Prognostic Markers in Resected NSCLC[END_REF][START_REF] Uruga | Programmed Cell Death Ligand (PD-L1) Expression in Stage II and III Lung Adenocarcinomas and Nodal Metastases[END_REF] . Our PD-L1 staining technic was validated with a French national harmonization study [START_REF] Adam | Multicenter harmonization study for PD-L1 IHC testing in nonsmall-cell lung cancer[END_REF] . Interestingly if OS was dramatically increased in the intermediate group, DFS was similar for all patients with TPS above 1% and thus suggest that disease control is not the principle mechanism of long term survival in these patients Our study had a few limitations ; the need for tumor tissue led to the main bias of the studied population, with a very high proportion of operated patients which is not conventional management of N2 patients. Indeed we had low number of evaluable biopsies from DRC patients and thus the proportion of PORT was artificially increased. Both population were similar in terms of clinical variable, and yet there seems to be an advantage conferred to the patients operated on, can be by the effect of reducing the tumor volume with surgery, which may explain the impact of operation status in the multivariate analysis. Therefore our results has to be confirmed in a more clinically relevant population of DRC patients particularly included in clinical trials. Post operative radiotherapy was administrated after R0 resection; thus in operated patients survival after radiotherapy is not related to the volume of residual disease but rather to the density of cCD8+ T lymphocytes as suggested by our study.

Our results suggest that radiotherapy efficacy is not due to immune cell recruitment but rather linked to an increasing antigen specificity of T cells or an enhancing of preexisting anti-tumor immune response and should bring some benefit to patients with N2 status [START_REF] Péchoux | Role of adjuvant radiotherapy in completely resected nonsmall-cell lung cancer[END_REF][START_REF] Albain | Radiotherapy plus chemotherapy with or without surgical resection for stage III non-small-cell lung cancer: a phase III randomised controlled trial[END_REF][START_REF]Radiation Therapy in Treating Patients With Non Small Cell Lung Cancer That Has Been Completely Removed by Surgery -Full Text View -ClinicalTrials[END_REF] . It would have been interesting to analyze tumor specimen before and after neo-adjuvant radiotherapy to determine the effect of radiotherapy on immunes cells densities, but this is not recommended in current patient's therapeutic management. 

  chemotherapy and radiotherapy (DRC group) within the radiotherapy department of Hôpital Européen Georges Pompidou (HEGP) between 2002 and 2015 ; and whose tumor specimens were available for immunostaining experiments. Patients treated in three hospitals (HEGP, Cochin Hospital and St Joseph Hospital -Paris, France) were referred to a single center for radiotherapy after weekly multidisciplinary team meetings sharing common practices outlined in institutional guidelines. All patients included in the present study had a N2 disease, therefore stage of disease was fixed by T stage, (T1-T2 = IIIA ; T3-T4 = IIIB). We excluded 30% of DRC patients because of the lack of available histological material, and all NSCLC stage I-II and IV or SCLC. This study was approved by the local ethics committee (CPP Ile de France II, No. 2008-133, No. 201206-12, and No. 2018 MS1).

  , and staging according to the latest TNM (8th edition 2017) Immunostaining Multiplex fluorescence immunohistochemistry was performed on 5 µm thick serial sections using Opal™ 4-Color Automation IHC Kit (PerkinElmer®) for CD8 (Anti-CD8 antibody SP16, Spring Bio), Cytokeratin (Anti-cytokeratin antibody AE1/AE3, DAKO), FoxP3 (Anti-FoxP3 antibody 236A / E7, Abcam) and PD-L1 (Anti-PD-L1 E1L3N; CST), respectively with Opal 570, Opal 520 and Opal 690 fluorophores and then counterstained with Spectral DAPI. Slides were scanned on Axio Scan Z1 (Zeiss) and the analysis performed using Halo® (indica labs) counting software. Multiplex staining accuracy was checked by chromogenic staining (DAB) on NSCLC tissues. For the multiplex staining, the development of the analysis algorithm consisted of a selection of the cells labeled by the fluorophore according to nuclear (FoxP3) or membrane (CD8, PD-L1 and cytokeratin) geometrical parameters. All counting results were converted to cell density (cell number per mm²), except for PD-L1 where the TPS (tumor proportion score) was used, corresponding to the percentage of PD-L1 positive tumor cells. Different areas were analyzed on the tumor section: the tumor cell nests only (IT), the tumoral stroma (S) and both (ST) (Figure 1).

(

  p=0.003, HR=2.42[1.31 -4.47]); in the tumor nest, high density of CD8+ T cells (IT CD8) was associated with higher DFS only (p=0.009, HR=2.20[1.19 -4.06]). High density of ST CD8+/FoxP3+ double positive T cells was associated with better OS (p=0.05, HR=1.92 [0.98 -3.74]) and significantly greater PFS (p=0.03, HR=1.83 [1.03 -3.23]) (Figure2). In the non-operated group, high density of IT CD8+/FoxP3+ T cells density was associated with a trend to improved OS and DFS (p=0.06, HR=2.84 [0.88 -9 and p=0.05, HR=3.03 [0.91 -10.10], respectively) (Supplementary Figure2).
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 1 Multiplex staining of two non-small cell lung cancers from PORT cohort, showing heterogeneity of tumors microenvironment. Tissue section was stained by fluorescent multiplex IHC for CD8 (yellow), PDL-L1 (violet in membranes), FoxP3 (violet in nuclei) and cytokeratin (green). (A) and (B) respectively show non-expressing and high-expressing PD-L1 tumor nest, with few infiltration of immune cells. (C) and (D) respectively show high level of CD8+FoxP3+ double positive cells in the stroma (ST) and in the tumor nest (IT). Both pictures point the closeness of CD8+, FoxP3+ and CD8+/FoxP3+ cells together, especially in the stroma. Bold red arrows indicate CD8+FoxP3+ cells.

Figure 2 .

 2 Figure 2. Kaplan-Meier curves for PORT group. OS (A) and DFS (B) with high (n=67, red) or low (n=22, blue) density of ST CD8+ cells. OS (C) and PFS (D) survival curves for patient with high (n=67, red) or low (n=22, blue) density of ST CD8+ FoxP3+ double positive cells.

Figure 3 .

 3 Figure3. Multivariate Cox regression analysis on the OS of the whole cohort. IT CD8 FOXP3 (up) and ST CD8 (down) have been separately analyzed against clinical covariates with p-value, Hazard Ratio and 95% confidence intervals indicated in the respective tables, and forest-plot are represented for clarification. TNM stage was not included in the multivariate analysis, because all patients had the same N2M0 stage, and as TNM status was therefore restricted to the T stage of the tumor. For factor covariates, reference level is indicated on the left side of the Levels columns. * : p<0.1, ** : p<0.05.
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Table 1 (

 1 8 [0.8 -149.6] and20.8 [0.1 - 76.4] months for PORT and DRC, respectively. Median age at the start of radiotherapy was 61.5 (39 -82) and 60.7 (48 -77) years for PORT and DRC, respectively. Characteristics of the patient populations are summarized in Table1).

	Survival and local control
	At 5 years, OS rate was 50.9% [95% CI: 0.40-0.64] and 25.4% [95% IC: 0.10-0.59]
	for PORT and DRC respectively. In global population median survival was 27
	months, in PORT group, median survival was 29.8 months, and DFS rate was 33.7%
	[95% IC: 0.23-0.47]. In DRC group median survival was 18.4 months and DFS rate
	was 21.8% [95% IC: 0.0904-0.524].

Table 1 .

 1 Patients characteristics and univariate analysis

		PORT	DRC	p-value
	Patients (%)	89 (79%)	24 (21%)	
	Age (median year)	61.5	60.7	0.16
	Men	54 (60.7%)	16 (66.7%)	0.76
	Women	35 (39.3%)	8 (33.3%)	
	OMS (pre-treatment)			0.66
	0-1	85 (95.5%)	24 (100.0)	
	2-3	4 (4.5%)	0	
	Tabacco			0.25
	Yes	75 (84.3%)	23 (95.8%)	
	No	14 (15.7%)	1 (4.2%)	
	Pack-year(mean)			0.43
		36	41	
	Chronic bronchitis			0.14
	Yes	18 (20.2%)	9 (37.5%)	
	No	71 (79.8%)	15 (62.5%)	
	T stage (disease stage)			1.00
	T1-T2 (IIIA)	54 (60.7%)	15 (62.5%)	
	T3T4 (IIIB)	35 (39.3%)	9 (37.5%)	
	Side of tumor			1.00
	Right	46 (51.7%)	13 (54.2%)	
	Left	43 (48.3%)	11 (45.8%)	
	Type of surgery			NA
	Segmentectomy	2 (2.2%)	NA	
	Lobectomy	54 (60.7%)	NA	
	Pneumonectomy	23 (25.8%)	NA	
	Bilobectomy	6 (6.7%)	NA	
	Others	4 (4.5%)	NA	
	Resection			NA
	R0	87 (97.8%)	NA	
	R1-2	2 (2.2%)	NA	
	Ganglionic area			0.64
	One	43 (46.1%)	14 (58.3%)	
	More than one	45 (50.6%)	10 (41.7%)	
	NA	1 (1.1%)	0 (0.0%)	
	Histology			0.18
	Adenocarcinoma	59 (66.3%)	11 (45.8%)	
	Squamous cell carcinoma	20 (22.5%)	8 (33.3%)	
	Others	10 (11.2%)	5 (20.9%)	
	Chemotherapy			NA
	Neo-adjuvant	27 (30.3%)	NA	
	Adjuvant	86 (96.6%)	24 (100%)	
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