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ABBREVIATIONS

INTRODUCTION

Immunotherapy and more specifically immune checkpoint inhibitors (ICI) have revolutionized cancer treatment over the past decade [START_REF] Waldman | A guide to cancer immunotherapy: from T cell basic science to clinical practice[END_REF]. Instead of directly targeting malignant cells, immunotherapy focuses on improving anti-tumor immune response, which is often poor because cancer cells have progressively developed mechanisms to escape the immune system.

Immune checkpoints play a key role in the regulation of immune activation. The most emblematic checkpoints are the cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) and the programmed cell death protein-1/programmed death ligand-1 (PD-1/PD-L1) axis. These molecules inhibit lymphocyte costimulation: They dampen lymphocyte activation after antigenic stimulation, thereby leading to a negative regulation of the immune response [START_REF] Wei | Fundamental Mechanisms of Immune Checkpoint Blockade Therapy[END_REF].

Monoclonal antibodies against CTLA-4, PD-1, and PD-L1 are called ICIs or immune checkpoint blockers (ICB). They inhibit their targets, allowing unrestrained activation of Tcells and anti-tumor immunity restoration.

Since 2011 when the first ICI was approved (ipilimumab in melanoma (3)), more and more such molecules have been developed and validated in a growing number of indications (4). However, toxicity is a major concern. Removing the 'brakes' on immune system activation in order to achieve an effective anti-tumor response leads to a disruption of the balance between immune activation and immune tolerance and increases the risk of developing auto-immunity. These 'immune-related adverse events' (irAE) are very common, with an incidence ranging from 66.4% to 86.8% [START_REF] Xu | Comparative safety of immune checkpoint inhibitors in cancer: systematic review and network meta-analysis[END_REF]. Their occurrence appears to vary between the different ICI classes: While anti-CTLA-4 molecules are associated with an increased rate of irAEs estimated at 53.8-86.8%, anti-PD-(L)1 were found to induce a toxicity in 17.1-75.1% of patients [START_REF] Xu | Comparative safety of immune checkpoint inhibitors in cancer: systematic review and network meta-analysis[END_REF][START_REF] El Osta | Not all immune-checkpoint inhibitors are created equal: Meta-analysis and systematic review of immune-related adverse events in cancer trials[END_REF][START_REF] Khoja | Tumour-and class-specific patterns of immune-related adverse events of immune checkpoint inhibitors: a systematic review[END_REF][START_REF] Bertrand | Immune related adverse events associated with anti-CTLA-4 antibodies: systematic review and metaanalysis[END_REF].

Furthermore, the severity of irAEs also depends on the type of ICI. Anti-CTLA-4 drugs were associated with approximately 21.5-31% of grade ≥3 irAEs, as compared to less than 20% with anti-PD-(L)1 drugs, with the highest rate of grade ≥3 irAEs observed with combined anti-CTLA-4 and anti-PD-1 therapy.

IrAEs can affect any tissue or organ, the most commonly reported being skin (32%), gastrointestinal (21%), endocrine (12%), and hepatobiliary (12%) events. The organ distribution of grade >3 irAEs differs somewhat, with a predominance of hepatobiliary, respiratory, gastrointestinal, and endocrine events [START_REF] Rose | Incidence of Skin and Respiratory Immune-Related Adverse Events Correlates With Specific Tumor Types in Patients Treated With Checkpoint Inhibitors[END_REF].

The type of cancer could also influence the type of irAE. Since tumor-associated antigens are expressed both in the tumor and in the normal tissue [START_REF] Schietinger | Specificity in cancer immunotherapy[END_REF], unleashing T-cell response against the tumor may cause damages to bystander cells presenting the same antigens. Pulmonary irAEs appear to be more associated with non-small cell lung cancer and renal cell carcinoma than with melanoma in some studies [START_REF] Khoja | Tumour-and class-specific patterns of immune-related adverse events of immune checkpoint inhibitors: a systematic review[END_REF][START_REF] Rose | Incidence of Skin and Respiratory Immune-Related Adverse Events Correlates With Specific Tumor Types in Patients Treated With Checkpoint Inhibitors[END_REF][START_REF] Nishino | Incidence of Programmed Cell Death 1 Inhibitor-Related Pneumonitis in Patients With Advanced Cancer: A Systematic Review and Meta-analysis[END_REF][START_REF] Duma | Immune-related adverse events: Comparison of melanoma and non-small cell lung cancer patients treated with anti-PD1 therapy[END_REF], although there are conflicting results on this issue [START_REF] Naidoo | Pneumonitis in Patients Treated With Anti-Programmed Death-1/Programmed Death Ligand 1 Therapy[END_REF][START_REF] Velasco | Comprehensive Meta-analysis of Key Immune-Related Adverse Events from CTLA-4 and PD-1/PD-L1 Inhibitors in Cancer Patients[END_REF][START_REF] Sukari | Cancer Site and Adverse Events Induced by Immune Checkpoint Inhibitors: A Retrospective Analysis of Real-life Experience at a Single Institution[END_REF]. Other associations are even more disputed, except for vitiligo that seems predominantly associated with melanoma [START_REF] Spain | Management of toxicities of immune checkpoint inhibitors[END_REF].

This study was therefore aimed at evaluating the association between irAEs and the type of tumor.

MATERIALS AND METHODS

Study design and setting

This retrospective study was conducted at the Grenoble Alpes University Hospital in France. The study was approved on October 1, 2021 by the Clinical Research and Innovation Office of the Grenoble Alpes University Hospital. In accordance with French regulations, there is an institutional review board waiver for this type of research. Patients were informed about the study through a written notice displayed in the medical departments where they were treated. They had the opportunity to decline participation in the study. Deceased patients were included if they had not objected to the use of their medical data when alive.

The primary objective was to identify an association between irAEs and cancer type. The secondary objectives were to provide a description of irAEs (type, severity, time of onset) depending on cancer type and to identify factors associated with the occurrence of adverse events.

Population

The pharmacy department provided the list of all adult patients (over 18 years of age) who had been treated with an ICI (i.e., ipilimumab, nivolumab, pembrolizumab, avelumab, atezolizumab, cemiplimab, dostarlimab, or durvalumab), alone or in combination, between January 1, 2019 and December 31, 2020 in our center. Patients were excluded if they had started their treatment before January 1, 2019, if the indication for ICI therapy was not cancer, if they were treated for two cancers, or if they were participating in a blinded trial with an ICI.

Data collection

Data were retrieved from each patient's electronic medical record, including patient (age, sex, medical history of autoimmune disease, and ECOG performance status [PS]), tumor (type of tumor, date of diagnosis, metastatic stage, and previous treatment), and ICI treatment characteristics (type of ICI, treatment line, date of treatment onset, treatment association, and duration of ICI treatment). All irAEs were collected, along with their type, date of onset, and grade. They were graded from 1 to 5 according to the Common Terminology Criteria for Adverse Events Version 5 (CTCAE) [START_REF] Department | Common Terminology Criteria for Adverse Events[END_REF] or the American Society of Clinical Oncology (ASCO) guidelines [START_REF] Brahmer | Management of Immune-Related Adverse Events in Patients Treated With Immune Checkpoint Inhibitor Therapy: American Society of Clinical Oncology Clinical Practice Guideline[END_REF]. Vital status was recorded at the end of the follow-up.

Patients lost to follow-up on June 30, 2021 were considered censored.

Statistical analysis

Quantitative variables were expressed as median (interquartile range [IQR] 25%-75%) and qualitative variables as number (percentage).

ICI treatment was indicated for 11 different cancer locations, some of which concerned a very small number of patients. For the analysis sake, five groups of cancers were created: lung cancers (comprising proper lung cancer and pleural cancer), skin cancers, renal and urinary tract cancers, head and neck cancers, and other cancers.

Regarding univariate analysis, the probability of developing a grade ≥2 irAE (all types of irAEs and each irAE location) was estimated for each cancer group through Bayesian statistics using the Markov chain Monte Carlo method with a Metropolis-Hastings algorithm [START_REF] Hamra | Markov Chain Monte Carlo: an introduction for epidemiologists[END_REF] in order to estimate the distribution of the probability of occurrence of an adverse effect according to the type of cancer. These were then compared with posterior probability between the different cancer groups.

A logistic regression was performed to further explore the relationship between grade ≥2 irAEs and cancer groups, with explanatory variables being age, sex, PS, cancer stage, treatment line, duration of ICI treatment, and ICI class. Grade 1 irAEs were not included in the analysis, because of the important risk of information bias in a retrospective study. A Fine and Gray model with subdistribution hazard ratio (sdHR) along with 95% confidence interval (CI) was used in the survival analysis to evaluate the variables (age, sex, PS, cancer group, cancer stage, treatment line, duration of ICI treatment, and ICI class) associated with the onset of irAEs, with death as a competing risk.

A posterior probability <0.025 was considered statistically significant in one-sided analysis, whereas the level of significance was set at a P-value <0.05 in multivariate and survival models.

All statistical analyses were performed using the R software (version 4.1.2) and Python.

RESULTS

Population characteristics

Of the 739 patients identified by the pharmacy department, 227 were excluded (Figure 1).

Finally, 512 patients were included in our study. Their median age was 67 years (IQR 25%-75% 58-73), and 67.8% of them were male. Patients had a medical history of autoimmune disease in 5.7% of the cases. ECOG-PS was 0 or 1 in 74.4% of the patients (Table 1 ICIs were administered as a first-line treatment in 49.2% of the patients and as a rechallenge in 26 cases (5.1%).

ICIs were mainly anti-PD-1 drugs, with 177 patients (34.6%) treated with nivolumab and 191 (37.3%) with pembrolizumab. Anti-PD-L1 drugs were less used, with 89 (17.4%) patients receiving such molecules. Only 41 patients (8%) received ipilimumab (anti-CTLA-4), nine of them in monotherapy and 32 in combination with nivolumab (6.3% of all patients). Chemoimmunotherapy was used in 93 (18.2%) patients, mostly in the lung cancer group (86 patients). The median time from cancer diagnosis to ICI treatment initiation was 35.5 weeks (IQR 25%-75% 8.8-110.6).

The median follow-up was 40.4 weeks (IQR 25%-75% 21.2-67.0) (table 2). The lung cancer, skin cancer, and other cancer groups had a median follow-up of 41.7 (IQR 25%-75% 23.6-69.0), 43.9 (IQR 25%-75% 28.9-73.2), and 45.7 weeks (IQR 25%-75% 23.7-72.3), respectively. Kidney/urinary tract cancer and head and neck cancer patients had a shorter follow-up of 33.4 (IQR 25%-75% 17.6-52.7) and 27.0 weeks (IQR 25%-75% 8.7-48.4), respectively. The median overall survival was 88.7 weeks in the whole cohort. Regarding cancer groups, the median overall survival was significantly shorter in head and neck cancer patients than in lung cancer patients (p<10 -4 ). The median overall survival was not reached in the other groups of cancers (Supplementary Figure 1).

Occurrence of immune-related adverse events

All-grade irAEs occurred in 290 patients (56.6%) (Supplementary Table 2). The most frequent locations of irAEs were cutaneous (30.9%), endocrine (16.6%), gastrointestinal (13.3%), musculoskeletal (10%), and hepatic (8.4%). Grade ≥2 irAEs were reported in 160 patients (31.2%) and were predominantly endocrine (51 patients, 10%), gastrointestinal (39 patients, 7.6%), and hepatic (34 patients, 6.6%). Very few cutaneous events were of ≥ 2 grade (13 patients, 2.5%). Grade ≥3 irAEs occurred in 74 patients (14.5%). They were mainly hepatic (3.9% of patients), gastrointestinal (3.1% of patients), and endocrine (2.3% of patients). Four patients (0.8%) died possibly because of a grade 5 irAE (one case of hepatic insufficiency, one case of Guillain-Barré syndrome, one case of multiple organ failure with lymphohistiocytic activation syndrome, and one case of neurological failure associated with possible myositis).

In the entire cohort, 42.5% of the patients who experienced a grade ≥2 irAE of any type stopped their ICI treatment because of toxicity (Supplementary Table 3). Some disparities were observed across the different irAE locations. Endocrine irAEs rarely led to treatment discontinuation (11.8%), while respiratory irAEs did (93.8%).

Grade ≥2 immune-related adverse events according to cancer location Grade ≥2 irAEs were less reported in patients with head and neck cancer compared with the other groups of cancers (Figure 2). The probability to develop renal irAEs was higher for kidney/urinary tract cancer patients than for lung cancer patients (p=8.10 -4 ). Respiratory irAEs occurred more commonly in lung cancer than in skin cancer patients (p=2.10 -2 ).

Median time to occurrence of grade ≥2 irAEs was 8.9 weeks (IQR 25%-75% 4.04-20.61) (Table 2). irAEs seemed to occur earlier in kidney/urinary tract cancer patients (6.87 weeks [IQR 25%-75% 3.8-20.51]) than in head and neck cancer patients (14.01 weeks [IQR 25%-75% 4.01-28.58]). The median grade ≥2 irAE-free survival was not reached in the cohort (Table 2). However, regarding the different cancer groups, kidney/urinary tract cancer patients had a shorter median grade ≥2 irAE-free survival than skin cancer patients (p=0.016). The median grade ≥2 irAE-free survival was not reached for the other cancer groups (Supplementary Figure 2).

Factors associated with grade ≥2 immune-related adverse events

To study factors associated with the presence of grade ≥2 irAEs, a multivariate analysis with logistic regression was performed (Table 3). Three variables were found to be independently associated with the presence of grade ≥2 irAEs: the ICI class, with ipilimumab being a risk factor for developing irAEs (odds ratio [OR] 5.96; 95% CI 2.81-13.4; p<0.001), as well as the duration of ICI treatment (OR 1.01; 95% CI 1.00-1.02; p=0.002), whereas a PS ≥2 was a protective factor (OR 0.56; 95% CI 0.32-0.94; p=0.033). There was no difference between the five cancer groups in this regard. However, head and neck cancers tended to be a protective factor, with an OR of 0.36 (95% CI 0.11-0.94), compared to lung cancer, yet without reaching statistical significance (p=0.053).

Regarding the survival analysis, four variables were independently associated with the onset of grade ≥2 irAEs with death as a competing risk (table 4). Kidney/urinary tract cancers were shown to be protective, with an sdHR of 0.59 (95% CI 0.36-0.98; p=0.04). The duration of treatment and the use of ipilimumab were also protective factors, with an sdHR of 0.93 (95% CI 0.92-0.94; p <0.001) and 0.23 (95% CI 0.1-0.56; p <0.001), respectively. On the contrary, a PS ≥2 was a risk factor, with an sdHR of 2.19 (95% CI 1.64-2.92; p <0.001).

DISCUSSION

In this cohort of 512 patients treated with ICIs, 160 (31.2%) had a grade ≥2 irAE. These were mostly endocrine (10%), gastrointestinal (7.6%), and hepatic (6.6%) toxicities. The three factors that were independently associated with the presence of grade ≥2 irAEs were the use of ipilimumab and the duration of ICI treatment as risk factors and a PS ≥2 as a protective factor.

Regarding the onset of grade ≥2 irAEs in the survival analysis (Fine and Gray), kidney/urinary tract cancers, the use of ipilimumab, and the duration of treatment were protective factors, whereas a PS ≥2 led to increased irAEs.

The strengths of this study are the large number of patients (n=512) and the precise description of patient characteristics, anticancer treatments, and irAEs. These data allowed using original statistical analyses, with death as a competing event, for the onset of irAEs. As this is a retrospective study, some potential biases must be mentioned. First, selection bias is expected to be limited because almost all the patients who started an ICI treatment between 2019 and 2020 were included. The most common reason for exclusion was patient participation in a blinded trial. However, there could be an attrition bias because 52 patients (10.2%) were lost to follow-up. Second, information bias is an inherent bias of retrospective studies. Only one investigator was responsible for data collection, which could have led to a classification bias. Besides, since patients were treated by different physicians in distinct medicine departments, irAEs were not necessarily described or searched for in an identical manner. For example, in some departments, adrenal insufficiency was not systematically screened for. irAEs are assumed to be related to ICI treatment, but in most of the cases, there is no proof that they are actually immune (and not toxic) reactions and are caused by the ICI. Some patients were taking additional cancer treatments in association as well as non-cancer treatments, which could have induced adverse events. If the clinician in charge considered that an adverse event was not related to ICI treatment, it was not collected for this study. For all these reasons, there could be an under-or overestimation in irAE data collection. Furthermore, most of the time no gradation of irAEs was found in medical files, so irAEs were graded retrospectively, which could have led to bias.

IrAEs are common, occurring in over half of our patients. The most frequent irAEs are dermatological, but they are mostly not severe [START_REF] Gault | Cutaneous immunerelated adverse events in patients with melanoma treated with checkpoint inhibitors[END_REF]. In our cohort, between 16.3 and 34.2% of patients had a dermatological irAE across cancer groups, but only four had a severe irAE.

Endocrine and gastrointestinal irAEs were also frequent in our cohort. These results are in line with previous recent reports [START_REF] Rose | Incidence of Skin and Respiratory Immune-Related Adverse Events Correlates With Specific Tumor Types in Patients Treated With Checkpoint Inhibitors[END_REF][START_REF] Ghisoni | Late-onset and long-lasting immune-related adverse events from immune checkpoint-inhibitors: An overlooked aspect in immunotherapy[END_REF][START_REF] Thapa | Incidence and clinical pattern of immune related adverse effects (irAE) due to immune checkpoint inhibitors (ICI)[END_REF]. On the contrary, some irAEs, notably hepatic, cardiac, respiratory, or renal irAEs, were more rare, but also severe in a quarter to half of the cases, possibly leading to ICI treatment discontinuation. Although most patients will develop an irAE, their mortality rate is very low, estimated at 0.63% in a meta-analysis [START_REF] Wang | Fatal Toxic Effects Associated With Immune Checkpoint Inhibitors: A Systematic Review and Metaanalysis[END_REF]. Of 204 patient deaths in our study, four were caused by an irAE.

Regarding the cancer types, we only identified that kidney/urinary tract cancers were less exposed to grade ≥2 irAEs compared to lung cancer, when using death as a competing risk.

This could be explained to some extent by the better survival of these patients than lung cancer patients. Few studies have compared the frequency of irAEs across cancer types. Our results are, however, in accordance with those of Sukari et al. [START_REF] Sukari | Cancer Site and Adverse Events Induced by Immune Checkpoint Inhibitors: A Retrospective Analysis of Real-life Experience at a Single Institution[END_REF], who reported higher odds of experiencing renal grade ≥2 irAEs in patients with renal cancer than in those with other cancer types. Furthermore, in our study, respiratory events were associated with lung cancer compared to skin cancer. Some authors found similar results [START_REF] Khoja | Tumour-and class-specific patterns of immune-related adverse events of immune checkpoint inhibitors: a systematic review[END_REF][START_REF] Rose | Incidence of Skin and Respiratory Immune-Related Adverse Events Correlates With Specific Tumor Types in Patients Treated With Checkpoint Inhibitors[END_REF][START_REF] Nishino | Incidence of Programmed Cell Death 1 Inhibitor-Related Pneumonitis in Patients With Advanced Cancer: A Systematic Review and Meta-analysis[END_REF][START_REF] Ghisoni | Late-onset and long-lasting immune-related adverse events from immune checkpoint-inhibitors: An overlooked aspect in immunotherapy[END_REF] while others reported no difference in respiratory irAEs between cancer types [START_REF] Naidoo | Pneumonitis in Patients Treated With Anti-Programmed Death-1/Programmed Death Ligand 1 Therapy[END_REF][START_REF] Velasco | Comprehensive Meta-analysis of Key Immune-Related Adverse Events from CTLA-4 and PD-1/PD-L1 Inhibitors in Cancer Patients[END_REF][START_REF] Sukari | Cancer Site and Adverse Events Induced by Immune Checkpoint Inhibitors: A Retrospective Analysis of Real-life Experience at a Single Institution[END_REF]. Head and neck cancers seem less associated with grade ≥2 irAEs than other cancers, yet the difference was not statistically significant. In the survival analysis with death as a competing risk, head and neck cancer showed a trend toward an increased occurrence of grade ≥2 irAEs. This discrepancy could possibly be explained by a shorter median follow-up and a shorter median overall survival in head and neck cancer patients. In the literature, melanoma patients seemed more prone to develop cutaneous irAEs compared with other cancer patients [START_REF] Khoja | Tumour-and class-specific patterns of immune-related adverse events of immune checkpoint inhibitors: a systematic review[END_REF][START_REF] Rose | Incidence of Skin and Respiratory Immune-Related Adverse Events Correlates With Specific Tumor Types in Patients Treated With Checkpoint Inhibitors[END_REF]. No difference in cutaneous irAE frequency was found across cancer groups in our study. However, there were 18 cases of vitiligo, of which 17 concerned melanoma patients. This particular dermatological irAE seems to occur predominantly in melanoma patients [START_REF] Delaunay | Toxicity of immune checkpoints inhibitors[END_REF].

Ipilimumab, alone or in association, was found to be a risk factor for grade ≥2 irAEs compared with anti-PD-1/PD-L1 therapy, which in consistent with the literature [START_REF] El Osta | Not all immune-checkpoint inhibitors are created equal: Meta-analysis and systematic review of immune-related adverse events in cancer trials[END_REF][START_REF] Khoja | Tumour-and class-specific patterns of immune-related adverse events of immune checkpoint inhibitors: a systematic review[END_REF][START_REF] Chang | Immune Checkpoint Inhibitors and Immune-Related Adverse Events in Patients With Advanced Melanoma: A Systematic Review and Network Meta-analysis[END_REF][START_REF] Xing | Incidence rates of immune-related adverse events and their correlation with response in advanced solid tumours treated with NIVO or NIVO+IPI: a systematic review and meta-analysis[END_REF].

Anti-CTLA-4 agents, in monotherapy or association with anti-PD-1 drugs, are also more prone to lead to irAE-related hospitalization [START_REF] Molina | Temporal Trends and Outcomes Among Patients Admitted for Immune-Related Adverse Events: A Single-Center Retrospective Cohort Study from 2011 to 2018[END_REF], reflecting the severity of these drugs' toxicities.

However, concerning the onset of irAEs when using death as a competing risk, they were proven to be a protective factor in the survival analysis. At first sight, this result can be surprising, but as shown elsewhere [START_REF] El Osta | Not all immune-checkpoint inhibitors are created equal: Meta-analysis and systematic review of immune-related adverse events in cancer trials[END_REF][START_REF] Wolchok | ECOG-PS: Eastern Cooperative Oncology Group performance status; ICI: immune checkpoint inhibitor; PD-1/PD-L1: programmed cell death protein-1/programmed death ligand-1. ᶲ Other than surgery or radiotherapy. Qualitative variables are expressed as n (%) and quantitative variable as median (interquartile range 25-75%)[END_REF], the combination of ipilimumab with nivolumab was associated with a better survival.

CONCLUSION

One third of the patients treated with ICI had a grade ≥2 irAE, mainly of endocrine, gastrointestinal, and hepatic nature. No difference in grade ≥2 irAEs was found between all cancer groups in the multivariate analysis. However, kidney/urinary tract cancer was a protective factor against the onset of grade ≥2 irAEs in the survival analysis with death as a competing risk. Interestingly, pulmonary and renal irAEs seemed to be more common in lung and kidney/urinary tract cancer, respectively, thereby underlining the fact that unleashing immunity against a given tumor type could lead to an increased targeting of normal bystander cells of the same organ. Better understanding the risks of developing irAEs in different cancers is paramount to improve patient follow-up and achieve a faster and better diagnosis of irAEs.

A case-control study would be an appropriate study design to further explore the potential association between rare irAEs and the different cancer types. 
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  ABBREVIATIONS ..................................................................................................................

  ASCO: American Society of Clinical Oncology BCG: Bacillus Calmette-Guérin CI: Confidence intervalin French "IC" : "Intervalle de confiance" CTCAE: Common Terminology Criteria for Adverse Events CTLA-4: Cytotoxic T-lymphocyte-associated protein 4 ECOG PS: Eastern Cooperative Oncology Group Performance Status ENT: Ear/nose/throatin French "ORL": "oto-rhino-laryngologie" ICI: Immune checkpoint inhibitor irAE: Immune-related Adverse Event MEK: Mitogen-activated protein kinase kinase OR: Odds ratio PD-1: Programmed cell death-1 PD-L1: Programmed cell death-ligand 1 sdHR: Subdistribution hazard ratio RÉSUMÉ Titre : Profil de tolérance des inhibiteurs de checkpoint immunitaire selon le type de cancer Introduction : Les inhibiteurs de checkpoint immunitaire (ICI) ont révolutionné le traitement du cancer au cours des dernières années, mais ont conduit à l'apparition de nouveaux effets indésirables immuno-médiés (immune-related adverse event [irAE]). L'objectif de cette étude était de comparer ces irAE selon le type de cancer. Méthodes : Cette étude rétrospective a inclus les patients débutant un ICI entre 2019 et 2020 au Centre Hospitalo-Universitaire Grenoble Alpes. Des modèles de régression logistique ou de survie selon Fine et Gray avec le décès comme risque concurrent ont été utilisés afin d'identifier respectivement les variables associées aux irAE de grade ≥2 et à leur survenue. Résultats : Parmi les 512 patients inclus, 160 (31,2%) ont présenté un irAE de grade ≥2. Ces irAE étaient moins fréquents chez les patients avec un cancer ORL comparé aux autres cancers.

Figure 1 :

 1 Figure 1: Study flow chart. ICI: Immune Checkpoint Inhibitors

Figure 2 :

 2 Figure 2: Estimated probability of grade ≥2 irAE according to cancer location. * : posterior probability <0.025 (one-sided test)

  /nose/throat; irAE: immune-related adverse event. *Others: systemic disease in five patients, ophthalmic adverse event in three patients, ENT adverse event in three patients, hematological adverse event in 12 patients, infusion reaction in 10 patients. Qualitative variables are expressed as n (%).

  

  

  

  

  ). Main primary cancer locations were as follows: lung cancer (240 patients, 46.9%), skin cancer (132 patients, 25.8%), kidney/urinary tract cancer (55 patients, 10.7%), and head and neck cancer (49 patients, 9.6%). Details regarding cancers are reported in Supplementary Table 1. Cancer was metastatic in 69.3% of patients, with significant disparities among cancer locations (84.6% in lung cancers, but only 36.7% in head and neck cancers and 36.1% in the other cancer group).

Table 1 :

 1 Patient demographic and clinical characteristics, tumor characteristics, and ICI treatment characteristics.

				All	Lung	Skin	Kidney/ur	Head and	Other
				patients	cancer	cancer	inary tract	neck	cancers
				n = 512	n = 240	n = 132	cancer	cancer	n = 36
							n = 55	n = 49	
	Patient characteristics						
	Median age -years		67 (58-73) 66 (58-72)	68 (58-	69 (59.5-	67 (62-71) 63.5 (53.5-
						77.2)	73.5)		70.2)
	Male sex			347 (67.8)	165 (68.8)	75 (56.8)	45 (81.8)	40 (81.6)	22 (61.1)
	ECOG-PS								
	0			183 (35.7)	65 (27.1)	80 (60.6)	17 (30.9)	5 (10.2)	16 (44.4)
	1			198 (38.7)	119 (49.6)	27 (20.5)	20 (36.4)	19 (38.8)	13 (36.1)
	≥2			130 (25.4)	56 (23.3)	24 (18.2)	15 (27.3)	25 (51.0)	7 (19.4)
	Unknown		1 (0.2)	0 (0)	1 (0.8)	0 (0)	0 (0)	0 (0)
	Medical	history	of	29 (5.7)	12 (5)	9 (6.8)	5 (9.1)	1 (2)	2 (5.6)
	autoimmune disease							
	Tumor characteristics						
	Metastatic stage		355 (69.3)	203 (84.6)	76 (57.6)	45 (81.8)	18 (36.7)	13 (36.1)
	Treatment								
	characteristics							
	Anti-CTLA-4							
	Ipilimumab		9 (1.8)	0 (0)	9 (6.8)	0 (0)	0 (0)	0 (0)
	Anti-PD-1								
	Nivolumab		177 (34.6)	39 (16.3)	63 (47.7)	15 (27.3)	46 (93.9)	14 (38.9)
	Pembrolizumab	191 (37.3)	130 (54.2)	31 (23.5)	26 (47.3)	3 (6.1)	1 (2.8)
	Cemiplimab		14 (2.7)	0 (0)	14 (10.6)	0 (0)	0 (0)	0 (0)
	Anti-PD-L1								
	Atezolizumab		72 (14.1)	51 (21.3)	0 (0)	5 (9.1)	0 (0)	16 (44.4)
	Avelumab		1 (0.2)	0 (0)	0 (0)	0 (0)	0 (0)	1 (2.8)
	Durvalumab		16 (3.1)	15 (6.2)	0 (0)	1 (1.8)	0 (0)	0 (0)
	Combination							
	Ipilimumab +	32 (6.3)	5 (2.1)	15 (11.4)	8 (14.5)	0 (0)	4 (11.1)
	nivolumab							
	Time from diagnosis to	35.5 (8.8-	16.4 (5.3-	80.3 (15-	61.3 (17.4-	71.6 (35.7-	42.4 (12.7-
	ICI treatment-weeks		110.6)	52.6)	210.1)	275.1)	146.3)	97.8)
	Line of treatmentᶲ							
	1			252 (49.2)	126 (52.5)	90 (68.2)	21 (38.2)	1 (2)	14 (38.9)
	2			174 (34)	88 (36.7)	31 (23.5)	19 (34.5)	25 (51)	11 (30.6)
	3			65 (12.7)	19 (7.9)	9 (6.8)	12 (21.8)	16 (32.7)	9 (25)
	≥4			21 (4.1)	7 (2.9)	2 (1.5)	3 (5.5)	7 (14.3)	2 (5.6)
	Treatment association							
	Chemotherapy	93 (18.2)	86 (35.8)	0 (0)	1 (1.8)	3 (6.1)	3 (8.3)
	Others		35 (6.8)	5 (2.1)	5 (3.8)	10 (18.2)	0 (0)	15 (41.7)
	ICI treatment duration -						
	weeks								

Table 2 :

 2 Median time to grade ≥2 irAE occurrence, median grade ≥2 irAE-free survival, and median survival according to cancer groups (in weeks)

		All	Lung	Skin	Kidney/urinary	Head and	Other
		patients	cancer	cancer	tract cancer	neck	cancers
		n = 512	n = 240	n = 132	n = 55	cancer	n = 36
						n = 49	
	Time to grade ≥2	8.9	9.7 (5.2-	8.3 (4.6-	6.9 (3.8-20.5)	14.0 (4.0-	10.1 (1.9-
	irAE occurrence*	(4.1-	26.9)	15.7)		28.6)	15.3)
		20.6)					
	Grade ≥2 irAE-free	35.0	35.0 (17.9-	37.2 (11.2-	28.4 (9.4-47.1)	21.9 (8.6-	40.4 (21.6-
	time	(15.0-	54.3)	60.7)		46.5)	70.6)
		56.3)					
	Grade ≥2 irAE-free	Not	Not	86.1	57.0	Not	Not
	survival	reached	reached			reached	reached
	Median follow-up	40.4	41.7 (23.6-	43.9 (28.9-	33.4 (17.6-52.7)	27.0 (8.7-	45.7 (23.7-
		(21.5-	69.0)	73.2)		48.4)	72.3)
		67.0)					
	Overall survival	88.7	69.0	Not	Not	18.9	Not
				reached	reached		reached
	IrAE: immune-related adverse event.				
	*Among patients with grade ≥2 irAEs.				
	Quantitative variables are expressed as median (interquartile range 25-75%) in weeks.	

Table 3 :

 3 Factors associated with the presence of grade ≥2 irAEsmultivariate model (logistic regression)

	Characteristics	OR	95% CI	p-value 1
	Age -years	0.99	0.97, 1.00	0.14
	Sex			
	F	-	-	
	M	1.00	0.65, 1.54	>0.9
	Performance status			
	0 or 1	-	-	
	≥2	0.56	0.32, 0.94	0.033
	Cancer groups			
	Lung cancer	-	-	
	Skin cancer	0.93	0.55, 1.56	0.8
	Kidney/urinary tract cancer	1.44	0.74, 2.76	0.3
	Head and neck cancer	0.36	0.11, 0.94	0.053
	Other cancers	0.68	0.25, 1.73	0.4
	Line of treatment			
	1 st	-	-	
	≥2 nd	0.88	0.58, 1.34	0.6
	Duration of ICI treatment -weeks	1.01	1.00, 1.02	0.002
	ICI class			
	Anti-PD-1/PD-L1	-	-	
	Ipilimumab (alone or in association) 5.96	2.81, 13.4	<0.001
	Metastatic disease	1.16	0.72, 1.91	0.5
	CI: confidence interval; ICI: immune checkpoint inhibitor; OR: odds ratio;
	PD-1/PD-L1: programmed cell death protein-1/programmed death
	ligand-1.			

Table 4 :

 4 Factors associated with the onset of grade ≥2 irAEs -Fine and Gray survival analysis with subdistribution hazard ratio

	Characteristics	sdHR	95% CI	p-value 1
	Age -years	1.01	1.00, 1.03	0.054
	Sex			
	F	-	-	
	M	0.88	0.66, 1.17	0.4
	Performance status			
	0 or 1	-	-	
	≥2	2.19	1.64, 2.92	<0.001
	Cancer groups			
	Lung cancer	-	-	
	Skin cancer	0.79	0.51, 1.23	0.3
	Kidney/urinary tract cancer	0.59	0.36, 0.98	0.040
	Head and neck cancer	1.29	0.83, 1.99	0.3
	Other cancers	0.82	0.38, 1.74	0.6
	Line of treatment			
	1 st	-	-	
	≥2 nd	0.91	0.66, 1.25	0.5
	Duration of ICI treatment -weeks	0.93	0.92, 0.94	<0.001
	ICI class			
	Anti-PD-1/PD-L1	-	-	
	Ipilimumab (alone or in association)	0.23	0.10, 0.56	0.001
	Metastatic disease	1.04	0.72, 1.49	0.8
	CI: confidence interval; ICI: immune checkpoint inhibitor; PD-1/PD-L1:
	programmed cell death protein-1/programmed death ligand-1; sdHR:
	subdistribution hazard ratio.			

Statistical significance p<0.05