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Occurrence and number of immune-related adverse events are independently associated with survival in advanced non-small-cell lung cancer treated by nivolumab

Introduction

In non-small-cell lung cancer (NSCLC), the programmed death 1/ligand 1 (PD-1/-L1) was successfully targeted with nivolumab (IgG4), leading to an increase of the 1-year OS rate of approximately 10-15% in the second line setting [START_REF] Borghaei | Nivolumab versus Docetaxel in Advanced Nonsquamous Non-Small-Cell Lung Cancer[END_REF][START_REF] Brahmer | Nivolumab versus Docetaxel in Advanced Squamous-Cell Non-Small-Cell Lung Cancer[END_REF]. Nivolumab is now considered to be the standard of care for second line treatment of advanced NSCLC. Other drugs targeting the PD1-/PD-L1 axis, such as atezolizumab (anti PD-L1) [START_REF] Rittmeyer | Atezolizumab versus docetaxel in patients with previously treated non-small-cell lung cancer (OAK): a phase 3, open-label, multicentre randomised controlled trial[END_REF] or pembrolizumab (anti PD-1) [START_REF] Herbst | Pembrolizumab versus docetaxel for previously treated, PD-L1-positive, advanced non-small-cell lung cancer (KEYNOTE-010): a randomised controlled trial[END_REF], further demonstrated increased OS in advanced NSCLC, in second line.

Toxicities due to immunotherapy targeting the PD-1/PD-L1 axis are characterized by Immune Related Adverse Events (irAEs), which are most often mild and manageable, and rarely grade 3-5 and life-threatening. irAEs include rash, pruritus, renal insufficiencies, diarrhea, colitis, hepatitis, endocrinopathies and pneumonitis [START_REF] Naidoo | Toxicities of the anti-PD-1 and anti-PD-L1 immune checkpoint antibodies[END_REF]. A recent meta-analysis including 12 808 patients treated with anti-PD-1 or anti-PD-L1 agents reported an overall incidence of irAEs of 26.8% in any grade, 6.1% in grade 3-5, with a 0.17% rate of death due to irAEs [START_REF] Wang | Immune-Related Adverse Events Associated with Anti-PD-1/PD-L1 Treatment for Malignancies: A Meta-Analysis[END_REF]. In the context of NSCLC, the analysis of 3 284 patients showed that irAEs occurred in 10-15% of cases and that anti-PD1 agents may be associated with a slightly more toxic profile as compared with anti-PDL1 agents, with a non-significant increase of overall irAEs (p=0.07), and a significant increase of pneumonitis (4% versus 2%, p=0.01) [START_REF] Pillai | Comparison of the toxicity profile of PD-1 versus PD-L1 inhibitors in non-small cell lung cancer: A systematic analysis of the literature[END_REF].

A strong association between irAEs and outcome (tumor response, PFS and OS) was described in melanoma [START_REF] Teulings | Vitiligo-like depigmentation in patients with stage III-IV melanoma receiving immunotherapy and its association with survival: a systematic review and meta-analysis[END_REF][START_REF] Freeman-Keller | Nivolumab in Resected and Unresectable Metastatic Melanoma: Characteristics of Immune-Related Adverse Events and Association with Outcomes[END_REF]. This was also demonstrated in NSCLC but most of the time only in univariate analysis [START_REF] Osorio | Antibody-mediated thyroid dysfunction during T-cell checkpoint blockade in patients with non-small-cell lung cancer[END_REF][START_REF] Teraoka | Early Immune-Related Adverse Events and Association with Outcome in Advanced Non-Small Cell Lung Cancer Patients Treated with Nivolumab: A Prospective Cohort Study[END_REF][START_REF] Sato | Correlation between immune-related adverse events and efficacy in non-small cell lung cancer treated with nivolumab[END_REF][START_REF] Haratani | Association of Immune-Related Adverse Events With Nivolumab Efficacy in Non-Small-Cell Lung Cancer[END_REF]. Confirmation of whether irAEs are an independent prognostic factor is useful for several reasons. In particular, it could enable practitioners to support response in the event of pseudo-progression with irAEs.

The purpose of the present study is to analyze, among other prognostic factors, the prognostic impact of irAEs, the number and grade of irAEs in a cohort of patients with advanced NSCLC treated with nivolumab.

Material and methods

Patient selection

We retrospectively reviewed, at our center, with institutional review board approval, all patients receiving nivolumab 3mg/kg every 2 weeks in the second line setting. We identified all patients presenting with histologically-proven advanced (stage IIIB or IV) NSCLC, progressive after first line platinum-based chemotherapy or targeted therapy, and treated with nivolumab thereafter, between March 2015 and March 2017.

Follow-up

Patients underwent computed tomographic scan (CT-scan) of the thorax, abdomen, pelvis and head and 18-FDG positron emission tomography-computed tomography before commencement of nivolumab. Abdominal and thoracic CT-scan was performed every 8 weeks thereafter. Tumor response was evaluated according to RECIST 1.1 criteria [START_REF] Eisenhauer | New response evaluation criteria in solid tumours: revised RECIST guideline (version 1.1)[END_REF].

However, in case of suspicion of pseudoprogression, a new CT-scan was performed one month after in order to obtain confirmation. Cranial CT-scan or Magnetic Resonance Imagery (MRI) was repeated in patients with known brain metastases or in case of suspicion of brain metastases. If progression was demonstrated at first-follow-up, a new evaluation was repeated 4 week thereafter: if there was no further progression, the first progression was classified as pseudoprogression. At the first evaluation if there was progression and severe clinical deterioration, no further control of the response was scheduled and nivolumab was discontinued.

Progression-free survival was defined as the delay between the first injection of nivolumab and progression. Overall survival was considered as the delay between the first injection of nivolumab and death (whatever the cause).

Blood sampling was performed every 14 days, before every nivolumab injection, and included complete blood count, and renal and hepatic function. Thyroid-stimulating hormone (TSH) was evaluated every month.

Toxicities were evaluated according to Common Terminology Criteria for Adverse Events, version 5.0. All toxicities were firstly collected according to what was reported in the medical file and thereafter confirmed with phone call, if possible.

Statistical Analysis

Objective response was defined by complete response (CR), partial response (PR), stabilization (ST) or progression (PD). Overall survival (OS) was defined by the time between the day of the first nivolumab injection and last follow-up. Progression-free survival (PFS) was defined by the time between the day of the first nivolumab injection and relapse.

PFS and OS were evaluated by the Kaplan-Meier method with a 95% confidence interval (IC 95%). Median follow-up was evaluated by the Schemper method.

Qualitative data were reported with number and percentage. Median and extreme values were reported for quantitative data. Fisher exact test was used for comparative analyses between qualitative data. The following factors were tested as potential predicting factors for irAEs: gender, age (< 63 years vs ≥ 63 years), PS (0-1 vs 2), histology (squamous vs others), type of metastasis (brain, liver, pleural, bone, adrenal, lung, yes or no), number of chemotherapy lines before nivolumab, neutrophils/lymphocytes ratio (<5 vs ≥5), response to nivolumab and best response to chemotherapy before nivolumab. Comparison of survival was performed with the Log-Rank test for univariate analysis. The Cox model was used for the univariate analysis as well as to provide hazard-ratio. The Cox model was also performed for the multivariate analysis.

Statistical significance was considered with a p-value inferior to 0.05 (two-sided). Analyses were made with R software (version 3.4.0).

Results

Patient Demographics and Treatment Characteristics

Sixty-nine patients were included in the study. All characteristics are described in Table I.

The median number of nivolumab cycles was 8 (1-39) and median duration of treatment was 3.3 months (1-22.8). Treatment was still on-going at last follow-up in 20 patients (29%).

Reasons for treatment arrest were: tumor progression (37 patients, 53.6%), death by tumor progression (7 patients, 10.1%), toxicity (4 patients, 5.8%) and pause (1 patient, 1.5%).

Toxicities

Thirty-one patients (44.9%) developed an irAE during nivolumab therapy. Characteristics of toxicities are described in Table II. The most frequent irAEs were: thyroid dysfunction (n=21, 30.4%) and cutaneous adverse events (n=11, 15.9%). Median times to appearance of thyroid dysfunction and cutaneous toxicities were 1.4 (0.3-4.8) and 1.4 (0.1-3.7) months, respectively.

Median durations of thyroid dysfunction and cutaneous toxicities were 2.8 (0.9-7.4) and 1.7 (0.7-5.7) months, respectively. In total, the median time to appearance and the median duration of irAEs were, respectively, 1.6 (0.3-5.1) and 2.9 months (0.1-8.3 months). Grade 3 and 4 irAEs occurred in 4 patients (5.8%). Of note hyperthyroidism was treated if grade 2 or more in order to decrease the symptoms related to hyperthyroidism.

A detailed description of thyroid dysfunction is given in Table III.

Four patients had to stop treatment definitively because of DRESS syndrome (n=1) or hepatitis (n=1) or pneumonitis (n=2), while 2 patients had to discontinue nivolumab temporarily because of arthralgia (5 week arrest). One of the patient with arthralgia presented with diffuse pain which happened at the 7 th cycle and needed treatment with opioid, paracetamol and anti-inflammatory infiltration. After one month of pause, nivolumab was administered again with liver pseudoprogression but one year after, partial response is still observed. For the other patient with arthralgia, the pain was actually present at baseline, related to thoracic parietal pain (due to tumoral infiltration). At the 3 rd cycle the pain increased a lot leading to the arrest of nivolumab. After treatment with opioid and antiinflammatory drugs nivolumab could be administered again one month later. At the last follow-up, 3 years and half after the new administration, the patient has still very good partial response. Only best response to chemotherapy correlated with the occurrence of irAEs: there were 60.5% of irAEs if CR or PR, versus 24% if ST or PD (p=0.004). Of note, the type of metastasis didn't correlate with the occurrence of irAEs.

Besides irAEs, patients also experienced asthenia (n=16, 23.2%), anemia (n=1, 1.4%), nausea (n=3, 4.3%) and hemoptysis (n=2, 2.8%).

Response and survival

Fifteen patients (21.7%) presented objective tumor response with 3 CR (4.3%) and 12 PR (17.4%). Fourteen patients were stabilized (20.3%) and 33 progressed (47.8%). Tumor response could not be evaluated for 7 patients. The median time to tumor response was 2.7 months. Among the 15 responders, 11 were still receiving nivolumab at last follow-up.

Forty-six patients (66.7%) progressed at first evaluation; among them, 20 presented a clinical benefit and for whom nivolumab was pursued. Three of them thereafter presented PR. Twenty patients (29%) received at least one more chemotherapy line after nivolumab.

Predictive factors for tumor response are described in Table IV. Best predictive factors for tumor response were: younger age (< 63 years, p=0.01) and more than one irAE (p=0.01).

Both factors remained independent in multivariate analysis (p=0.008 and p=0.008, respectively, Table IV).

The type of previous chemotherapy wasn't correlated with tumor response (p-value was 0.5, 0.2, 0.2, 0.6 and 1 for docetaxel/paclitaxel, pemetrexed, bevacizumab, gemcitabine and navelbin, respectively).

With a median follow-up of 13 months (95% CI: 10.8;15.3), there were 46 tumor progressions, 37 deaths, and the 3-month, 6-month and one-year PFS and OS rates were 38%/84%, 29%/61% and 24%/49%, respectively.

Non-squamous histology (p=0.03), younger age (p=0.04) and more than one irAE (p=0.03) correlated in univariate analysis with better PFS (Cox-univariate, Table V). Non-squamous histology (HR=1.8 [1.05;3.3], p=0.02) and more than one irAE (HR=0.4 [0.17;0.9], p=0.03) were identified as independent prognostic factors for better PFS (Table V).

In univariate analysis (Cox-univariate), stage at diagnosis (p=0.04), best response to previous chemotherapy (p=0.04), occurrence of irAEs (p=0.004), more than 2 irAEs (p=0.007), more than grade 1 irAE (p=0.006) and occurrence of thyroid dysfunction (p=0.002) were predictive factors for OS (Table VI). Interestingly having ≥ 2 irAEs correlated with better OS compared with one irAE, which correlated with better OS in comparison with 0 irAE. Occurrence of irAEs was the unique independent prognostic factor for OS in multivariate analysis (HR=0.4 [0.19;0.89], p=0.02 (thyroid dysfunction, number and grade of irAEs were not included in the model because of correlation with the occurrence of irAEs) (Table VI). If inclusion of the number of irAEs (0-1 vs ≥2) instead of occurence of irAEs, then the number was the only prognostic factor in multivariate analysis (HR=0.25 [0.07;0.84], p=0.02) and if inclusion of the grade of irAEs (0-1 vs ≥2) instead of occurrence of irAEs, then the grade was the only prognostic factor in multivariate analysis (HR=0.32 [0.13;0.79], p=0.01). 

Discussion

The present study found that occurrence of irAEs is an independent prognostic marker for survival in advanced NSCLC treated with nivolumab.

This strong correlation was already demonstrated in melanoma undergoing anti-PD1 treatment: a meta-analysis including 5 737 patients showed independent correlation of vitiligo with progression-free survival (PFS) and OS [START_REF] Teulings | Vitiligo-like depigmentation in patients with stage III-IV melanoma receiving immunotherapy and its association with survival: a systematic review and meta-analysis[END_REF].

In NSCLC, Teraoka et al. analyzed 43 patients treated with nivolumab and found this correlation in univariate analysis and observed that median PFS was significantly longer with irAEs [START_REF] Teraoka | Early Immune-Related Adverse Events and Association with Outcome in Advanced Non-Small Cell Lung Cancer Patients Treated with Nivolumab: A Prospective Cohort Study[END_REF]; Osorio et al. analyzed the outcome of 51 patients treated with pembrolizumab and reported a better OS in univariate analysis when thyroid dysfunction occurred [START_REF] Osorio | Antibody-mediated thyroid dysfunction during T-cell checkpoint blockade in patients with non-small-cell lung cancer[END_REF]. Sato et al., in 38 patients treated with NSCLC, also found that occurrence of irAEs correlated with better tumor response and better PFS in univariate analysis [START_REF] Sato | Correlation between immune-related adverse events and efficacy in non-small cell lung cancer treated with nivolumab[END_REF]. Haratani et al. confirmed this finding in 134 Japanese patients (correlation with PFS and OS) [START_REF] Haratani | Association of Immune-Related Adverse Events With Nivolumab Efficacy in Non-Small-Cell Lung Cancer[END_REF]. This correlation was maintained even after stratification by age, gender, number of prior treatment lines, smoking status, mutational status and brain metastasis. Interestingly, in our study we found a potential relationship between outcome and number (Figure I) or grade of irAEs, which has not yet been studied in cancer, during treatment with immunotherapy. The number of organs affected by irAEs may be consequently of importance regarding outcome. This could indeed demonstrate that the immune system is effectively targeting not only one but several organs harboring tumor cells. Intensity of irAEs also seems to correlate with stronger activation of antitumor immunity. To corroborate a potential direct link between autoimmune toxicity and tumor response Esfahani et al reported a case of a patient losing the anti-tumor efficacy after Interleukin-17 blockade [START_REF] Esfahani | Reversal of Autoimmune Toxicity and Loss of Tumor Response by Interleukin-17 Blockade[END_REF]. Correlation between duration of irAEs and survival could not be found in this cohort. This may have been however biased by giving treatment to decrease such toxicities. Among all tested factors, none could predict the occurrence of irAEs, except response to previous chemotherapy which also correlate in univariate analysis with OS. Sakai et al reported an increased expression of PD-L1 after chemotherapy [START_REF] Sakai | Impact of cytotoxic chemotherapy on PD-L1 expression in patients with non-small cell lung cancer negative for EGFR mutation and ALK fusion[END_REF] which could maybe particularly happen in case of tumor response and increase irAEs as well as anti-tumor efficacy of nivolumab. This factor was not studied in other cohorts, which only identified young age or sarcopenia as a predictor of irAE occurrence [START_REF] Teraoka | Early Immune-Related Adverse Events and Association with Outcome in Advanced Non-Small Cell Lung Cancer Patients Treated with Nivolumab: A Prospective Cohort Study[END_REF][START_REF] Hirsch | The impact of body composition parameters on severe toxicity of nivolumab[END_REF]. In our cohort young age wasn't a predictive factor for irAEs but did correlate with better tumor response and PFS.

One weakness of our study is the small number of patients. The prognostic impact of irAEs was however strong enough to be detected within 69 patients. The correlation of irAEs with survival in NSCLC in other cohorts also supports this finding.

In conclusion, this study shows that irAEs, especially their number, are a prognostic factor in patients treated second line with nivolumab for advanced NSCLC. These findings may be helpful in deciding, in routine clinical practice when pseudoprogression is suspected, in favor of tumor control in the presence of multiple and/or intense irAEs. Detailed analysis of biological samples from patients with irAEs vs those without irAEs, is warranted. This may help to detect new targets and biomarkers of tumor response after immunotherapy. 

Legend to Tables and Figures

Figure I depicts

  Figure I depicts correlation of irAEs and number of irAEs with PFS and OS. Log-rank

  Excepting the study byOsorio et al., all these reports describe the outcome of Japanese patients and only the study byHaratani et al. described the correlation between irAEs and other putative prognostic factors, but without demonstrating whether these factors correlated effectively with survival in this cohort, in univariate analysis.

  Figure I. Correlation of PFS and OS with occurrence of irAEs (A and C) and number of irAEs (B and D) Figure II. Spline-fit curve showing duration of irAES and PFS (A) or OS (B)

  

Table I .

 I Patient Demographics and Treatment Characteristics Table II. Immune-related adverse events Table III. Detailed description of thyroid dysfunction Table IV. Predictive factors for tumor response Table V. Prognostic factors for Progression-free survival (PFS) Table VI. Prognostic factors for Overall survival (OS)

Table I . Patient Demographics and Treatment Characteristics Demographic or Clinical Characteristic No. of Patients % Median age. years (range)

 I 

	Other	21	30.4
	Previous treatment		
	Thoracic surgery	15	21.7
	Platinum based chemotherapy	69	100
	Maintenance chemotherapy	26	63.3 (36;84) 37.7
	Best response to systemic chemotherapy before		
	Median follow-up. months (range) nivolumab	13 (95% IC: 10.8;15.3)
	Complete response Gender Male Female Partial response Stabilized disease Progression	4 48 21 39 15 10	5.8 56.5 69.6 21.7 30.4 14.5
	Histology Missing	1	1.5
	Squamous Adenocarcinoma Large cell NSCLC Number of previous chemotherapy lines 1 Performance Status -ECOG 2 ≥ 3	31 36 2 37 20 12	44.9 52.2 53.6 2.9 29 17.4
	0 1 ≥ 2 Type of previous chemotherapy Cisplatin/carboplatin Docetaxel/paclitaxel	21 34 14 68 34	30.4 49.3 98.6 20.3 49.3
	Mutational status (only performed for Pemetrexed	25	36.2
	adenocarcinomas) Bevacizumab	11	15.9
	EGFR Gemcitabine	0 9	0 13
	ALK translocation Navelbine	0 1	0 1.4
	KRAS	10	14.4
	ROS1	0	0
	BRAF	4	5.8
	Missing	29	42
	Stage at nivolumab beginning		
	IIIB	2	3
	IV	67	97
	Stage at diagnosis		
	I/II	9	13.1
	III	11	15.9
	IV	49	71
	Metastatic sites		
	Mediastinal adenopathy	39	56.5
	Lung	33	47.8
	Pleural	6	8.7
	Brain	19	27.5
	Bone	29	42
	Liver	21	30.4
	Adrenal	13	18.8

Table II . Immune related adverse events (irAEs)

 II 

	irAEs	All grades	Grade 3-	Median delay of	Median duration
			4	appearance	(months)
				(months)	
		31 (44.9%)	4 (5.8%)	1.6 (0.3;5.1)	2.9 (0.1;8.3)
	Thyroid dysfunction	21 (30.4%)	0	1.4 (0.3;4.8)	2.8 (0.9;7.4)
	Hyperthyroidism	17 (24.6%)			
	Hypothyroidism	4 (5.8%)			
	Arthralgia	5 (7.3%)	1 (1.4%)	3 (1.4;5.1)	3.9 (1.2;6.3)
	Diarrhea	3 (4.4%)	0	1.8 (1.7;1.8)	1 (0.4;1)
	Pneumonitis	3 (4.4%)	1 (1.4%)	4.5 (0.4;5.2)	2.8 (2.3;8.3)
	Cutaneous toxicities	11 (15.9%)	1 (1.4%)	1.4 (0.1;3.7)	1.7 (0.7;5.7)
	DRESS Syndrome	1 (1.4%)			
	Pruritis	6 (8.7%)			
	Psoriasis	1 (1.4%)			
	Rash	3 (4.4%)			
	Hepatitis	3 (4.4%)	2 (2.9%)	1.4 (1.4;5.1)	1.8 (0.1;2.1)
	Renal failure	1 (1.4%)	0	2.1	*
	Adrenal failure	1 (1.4%)	0	3.4	*
	*Toxicity still present at last follow-up (duration of respectively 7 and 8 months for the renal and
	adrenal failure)				

Table III .

 III Detailed description of thyroid dysfunction

	Patient	Thyroid	Grade	Treatment	Baseline	Pathological	Normal	Free	Normal
		dysfunction			TSH	TSH	values*	T4	values*
	001	Hyperthyroidism	1	None	1.551	0.016	0.550-	16,56	8.9-
							4.780	pg/mL	17.6
	002	Hypothyroidism	2	Thyroid	3.883	7.647	0.550-	10,17	8.9-
				hormone			4.780	pg/mL	17.6
	003	Hypothyroidism	2	Thyroid	1.281	>50	0.350-	9,47	9-20
				hormone			4.940	pmol/L	
	004	Hyperthyroidism	1	None	0.670	0.417	0.550-	13,6	11.5-
							4.780	pmol/L	22.7
	005	Hyperthyroidism	1	None	NA	0.190	0.550-	14,46	8.9-
							4.780	pg/mL	17.6
	006	Hyperthyroidism	1	None	0.850	0.138	0.400-	13,7	11-22
							4.400	pmol/L	
	007	Hyperthyroidism	2	Antithyroid	NA	0.013	0.550-	NA	
				drug			4.780		
	008	Hypothyroidism	2	Thyroid	2.233	11.65	0.550-	14,4	11-22
				hormone			4.780	pmol/L	
	009	Hyperthyroidism	1	None	0.896	<0.008	0.400-	18,07	8.9-
							4.400	pg/mL	17.6
	010	Hyperthyroidism	2	Antithyroid	1.933	0.033	0.400-	18,8	11-22
				drug			4.400	pmol/L	
	011	Hyperthyroidism	2	Antithyroid	NA	<0.01	0.340-	16,5	7.9-
				drug			5.600	pmol/L	14.4
	012	Hyperthyroidism	2	Neomercazole	NA	0.011	0.550-	NA	
							4.780		
	013	Hyperthyroidism	1	None	1.829	0.290	0.550-	17	11-22
							4.780	pmol/L	
	014	Hyperthyroidism	1	None	NA	0.200	0.550-	14,9	11-22
							4.780	pmol/L	
	015	Hyperthyroidism	2	Radioactive	NA	<0.008	0.550-	12,47	8.9-
				Iodin			4.780	pg/mL	17.6
	016	Hyperthyroidism	1	None	NA	0.030	0.550-	10,41	8.9-
							4.780	pg/mL	17.6
	017	Hyperthyroidism	1	None	0.673	0.016	0.550-	NA	
							4.780		
	018	Hyperthyroidism	1	None	0.821	0.301	0.550-	11,55	8.9-
							4.780	pg/mL	17.6
	019	Hyperthyroidism	2	Antithyroid	1.212	0.200	0.550-	NA	
				drug			4.780		
	020	Hypothyroidism	2	Thyroid	2.880	7.090	0.340-	NA	
				hormone			3.600		
	021	Hyperthyroidism	1	None	0.985	0.011	0.400-	24,9	11-22
							4.400	pmol/L	
	*Normal values depends on the laboratory of the patient				
	TSH = thyroid stimulating hormone						
	NA = not available							

Table IV . Predictive factors for tumor response

 IV 

	PNN/lymphocytes ratio					
	***	Variable	Complete	Stabilization	p-	Odds ratio**	p-value
	< 5 (n=44)	or Partial 22.7%	or 77.3%	Fisher 1	NI	
	≥ 5 (n=9)	Response 22.2%	Progression 77.8%			
	Gender						
	Male (n=42) Female (n=20) * ECOG = Eastern Cooperative Oncology Group 19.1% 35% 80.9% 65% ** Multivariate analysis; Complete -Partial response versus Stabilization -Progression 0.2 NI	
	*** At the beginning of nivolumab Histology Squamous (n=28) 29.4% NI = not included	70.6%	0.4	NI	
	Non squamous (n=34)	17.9%	82.1%			
	Age						
	< 63 years (n=31)	38.7%	61.3%	0.01	Reference	
	≥ 63 years (n=31)	9.7%	80.3%		10.4 [1.8;60.7]	0.008
	Performans Status					
	-ECOG*					
	0-1 (n=52)	19.2%	80.8%	0.052	NI	
	2 (n=10)	50%	50%			
	Stage at diagnosis					
	I/II/III (n=20)	18.8%	81.2%	0.7	NI	
	IV (n=40)	26.1%	73.9%			
	KRAS status					
	Non mutated (n=24)	33.3%	66.7%	0.4	NI	
	Mutated (n=8)	12.5%	87.5%			
	Best response to					
	chemotherapy before					
	nivolumab					
	CR or PR (n=39)	30.8%	69.2%	0.2	NI	
	SD or PD (n=21)	13.6%	86.4%			
	irAEs						
	No (n=31)	16.1%	83.9%	0.2	NI	
	Yes (n=31)	32.3%	67.7%			
	Number of irAEs					
	0 (n=31)	16.1%	83.9%	0.01	Reference	
	1 (n=18)	16.7%	83.3%		0.77 [0.14;4.2]	0.7
	≥ 2 (n=13)	53.8%	46.2%		0.08 [0.01;0.5]	0.008
	Grade of irAEs					
	0 (n=31)	16.1%	83.9%	0.4	NI	
	1 (n=13)	30.8%	69.2%			
	2 (n=14)	35.7%	64.3%			
	3-4 (n=4)	25%	75%			
	Thyroid dysfunction					
	No (n=41)	17.1%	82.9%	0.11	NI	
	Yes (n=21)	38.1%	61.9%			

Table V . Prognostic factors for Progression-free survival (PFS)

 V 

	**				
	< 5 (n=44)	Reference		NI	
	Variable ≥ 5 (n=9)	Cox-univariate 1.3 [0.59;2.7]	p-value 0.5	Cox-multivariate	p-value
	Gender * ECOG = Eastern Cooperative Oncology Group			
	Male (n=48) ** At the beginning of nivolumab Reference		NI	
	Female (n=21) NI = not included	0.55 [0.3;1]	0.056		
	Histology				
	Non squamous (n=38)	Reference		Reference	
	Squamous (n=31)	1.8 [1;3.1]	0.03	1.8 [1.05;3.3]	0.02
	Age				
	< 63 years (n=32)	Reference		Reference	
	≥ 63 years (n=37)	1.8 [1;3.1]	0.04	1.6 [0.9;2.9]	0.09
	Performans Status				
	-ECOG*				
	0-1 (n=52)	Reference		NI	
	2 (n=10)	1 [0.5;2.1]	0.9		
	Stage at diagnosis				
	I/II/III (n=16)	Reference		NI	
	IV (n=46)	0.87 [0.5;1.6]	0.6		
	KRAS status				
	Non mutated (n=24)	Reference		NI	
	Mutated (n=8)	1.2 [0.5;2.9]	0.7		
	Best response to				
	chemotherapy before				
	nivolumab				
	CR or PR (n=43)	Reference		NI	
	SD or PD (n=25)	1.6 [0.93;2.8]	0.09		
	irAEs				
	No (n=37)	Reference		NI	
	Yes (n=32)	0.64 [0.37;1.1]	0.11		
	Number of irAEs				
	0 irAEs (n=37)	Reference		Reference	
	1 irAEs (n=20)	0.82 [0.45;1.5]	0.5	0.75 [0.4;1.4]	0.36
	≥ 2 irAEs (n=12)	0.4 [0.18;0.96]	0.03	0.4 [0.17;0.9]	0.03
	Grade of irAEs				
	0 (n=37)	Reference		NI	
	1 (n=13)	0.54 [0.23;1.3]	0.15		
	2 (n=15)	0.2 [0.08;0.66]	0.006		
	3-4 (n=4)	0.4 [0.09;1.8]	0.2		
	Thyroid dysfunction				
	No (n=41)	Reference		NI	
	Yes (n=21)	0.64 [0.35;1.2]	0.14		
	PNN/lymphocytes ratio				
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	PNN/lymphocytes ratio				
	**				
	Variable < 5 (n=44)	Cox-univariate Reference	p-value	Cox-multivariate NI	p-value
	≥ 5 (n=9)	2 [0.91;4.6]	0.08		
	Gender				
	Male (n=48) Female (n=21) * ECOG = Eastern Cooperative Oncology Group Reference 0.46 [0.21;1] ** At the beginning of nivolumab	0.056	NI	
	Histology NI = not included				
	Squamous (n=33)	Reference		NI	
	Non squamous (n=36)	1.4 [0.74;2.8]	0.3		
	Age				
	< 63 years (n=32)	Reference		NI	
	≥ 63 years (n=37)	1.8 [0.93;3.6]	0.08		
	Performans Status				
	-ECOG*				
	0-1 (n=52)	Reference		NI	
	2 (n=10)	1.5 [0.7;3.4]	0.3		
	Stage at diagnosis				
	I/II/III (n=16)	Reference		Reference	
	IV (n=46)	0.5 [0.26;0.99]	0.04	0.59 [0.29;1.17]	0.12
	KRAS status				
	Non mutated (n=24)	Reference		NI	
	Mutated (n=8)	1.3 [0.45;3.8]	0.6		
	Best response to				
	chemotherapy before				
	nivolumab				
	CR or PR (n=43)	Reference		Reference	
	SD or PD (n=25)	2 [1;3.8]	0.04	1.5 [0.7;3.01]	0.2
	irAEs				
	No (n=37)	Reference		Reference	
	Yes (n=32)	0.36 [0.18;0.73]	0.004	0.4 [0.19;0.89]	0.02
	Number of irAEs				
	0 irAEs (n=37)	Reference		NI	
	1 irAEs (n=19)	0.5 [0.23;1.1]	0.07		
	≥ 2 irAEs (n=12)	0.19 [0.06;0.7]	0.007		
	Grade of irAEs				
	0 (n=37)	Reference		NI	
	1 (n=12)	0.54 [0.23;1.3]	0.15		
	2 (n=15)	0.23 [0.07;0.65]	0.006		
	3/4 (n=4)	0.4 [0.09;1.8]	0.2		
	Thyroid dysfunction				
	No (n=41)	Reference		NI	
	Yes (n=21)	0.22 [0.09;0.57]	0.002		
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