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INTRODUCTION

Under normal physiological conditions, immune checkpoints function as a negative feedback to regulate inflammatory responses following T-cell activation. However, tumor cells are able to evade the host immune system response through activation of immune checkpoints [START_REF] Drake | Mechanisms of immune evasion by tumors[END_REF]. The immune checkpoints cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) with its ligand CD80-CD86 and programmed cell death 1 (PD-1) with its ligands PD-L1 and PD-L2, are currently used as therapeutic targets in oncology. Immune checkpoint inhibitors (ICIs), such as anti-CTLA-4 (ipilimumab), anti-PD-1 (nivolumab and pembrolizumab), and anti-PD-L1 (avelumab, atezolizumab and durvalumab) have been approved by the Food and Drug Administration (FDA) for the treatment of melanoma, non-small cell lung cancer (NSCLC), renal cell carcinoma (RCC), head and neck cancer, Hodgkin lymphoma, and urothelial cancer. These agents have significantly improved the prognosis of many patients with advanced cancer. However, by removing the natural brakes of T-cell activation, ICIs can disrupt the immunological self-tolerance, leading to immune mediated damage to healthy tissues, also called immune-related adverse events (irAEs). Various organs can be affected, mainly skin, gastrointestinal tract, endocrine glands, liver and lung. The frequency of adverse events (AEs) due to ICIs varies between 61 and 86% of patients treated with anti-CTLA-4 [START_REF] Larkin | Combined Nivolumab and Ipilimumab or Monotherapy in Untreated Melanoma[END_REF][START_REF] Weber | Patterns of onset and resolution of immune-related adverse events of special interest with ipilimumab: detailed safety analysis from a phase 3 trial in patients with advanced melanoma[END_REF] and 38 to 82% of patients treated with anti-PD-1 [START_REF] Larkin | Combined Nivolumab and Ipilimumab or Monotherapy in Untreated Melanoma[END_REF][START_REF] Topalian | Safety, activity, and immune correlates of anti-PD-1 antibody in cancer[END_REF]. Rheumatic and musculoskeletal AEs have been described in previous studies. Two recent prospective studies reported an incidence of 6.6% [START_REF] Kostine | Rheumatic disorders associated with immune checkpoint inhibitors in patients with cancer-clinical aspects and relationship with tumour response: a single-centre prospective cohort study[END_REF] and 3.5% [START_REF] Lidar | Rheumatic manifestations among cancer patients treated with immune checkpoint inhibitors[END_REF] for these events. A variety of clinical presentations have been observed. Arthralgia and myalgia are the most commonly reported symptoms, with a frequency of up to 26% and 12% under anti-PD-1 treatment [START_REF] Baxi | Immune-related adverse events for anti-PD-1 and anti-PD-L1 drugs: systematic review and meta-analysis[END_REF], and 17% and 13% under anti-CTLA-4 treatment [START_REF] Cappelli | Rheumatic and Musculoskeletal Immune-Related Adverse Events Due to Immune Checkpoint Inhibitors: A Systematic Review of the Literature[END_REF], respectively. Case series dedicated to rheumatic manifestations under ICIs reported clinical presentations related to inflammatory rheumatism, such as rheumatoid arthritis (RA), polymyalgia rheumatica (PMR), psoriatic arthritis (PA) and other non-classified inflammatory arthritis [START_REF] Cappelli | Rheumatic and Musculoskeletal Immune-Related Adverse Events Due to Immune Checkpoint Inhibitors: A Systematic Review of the Literature[END_REF][START_REF] Belkhir | Rheumatoid arthritis and polymyalgia rheumatica occurring after immune checkpoint inhibitor treatment[END_REF][START_REF] Calabrese | Rheumatic immunerelated adverse events of checkpoint therapy for cancer: case series of a new nosological entity[END_REF]. These rheumatic manifestations are mostly mild to moderate, even if particularly severe forms of myositis have been reported [START_REF] Anquetil | Immune Checkpoint Inhibitor-Associated Myositis[END_REF][START_REF] Eggermont | Adjuvant Pembrolizumab versus Placebo in Resected Stage III Melanoma[END_REF].

According to several studies, the occurrence of irAEs due to ICIs appears to be associated with improved response rate and overall survival (OS). In melanoma [START_REF] Hua | Association of Vitiligo With Tumor Response in Patients With Metastatic Melanoma Treated With Pembrolizumab[END_REF] or NSCLC [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] patients treated with anti-PD-1, irAEs have been associated with a higher tumor response rate. Improved OS associated to irAEs was also observed in patients with melanoma [START_REF] Freeman-Keller | Nivolumab in Resected and Unresectable Metastatic Melanoma: Characteristics of Immune-Related Adverse Events and Association with Outcomes[END_REF][START_REF] Teulings | Vitiligolike 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] Okada | Association Between Immune-Related Adverse Events and Clinical Efficacy in Patients with Melanoma Treated With Nivolumab: A Multicenter Retrospective Study[END_REF],

NSCLC [START_REF] Owen | Incidence, Risk Factors, and Effect on Survival of Immune-related Adverse Events in Patients With Non-Small-cell Lung Cancer[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], RCC [START_REF] Verzoni | Real-world efficacy and safety of nivolumab in previously-treated metastatic renal cell carcinoma, and association between immune-related adverse events and survival: the Italian expanded access program[END_REF] and gastric cancer [START_REF] Masuda | Correlation between immune-related adverse events and prognosis in patients with gastric cancer treated with nivolumab[END_REF]. Moreover, some types of irAEs seem to be particularly associated with these better prognoses. Cutaneous irAEs, like vitiligo in melanoma was were associated with a better response rate [START_REF] Hua | Association of Vitiligo With Tumor Response in Patients With Metastatic Melanoma Treated With Pembrolizumab[END_REF] and better OS [START_REF] Freeman-Keller | Nivolumab in Resected and Unresectable Metastatic Melanoma: Characteristics of Immune-Related Adverse Events and Association with Outcomes[END_REF][START_REF] Teulings | Vitiligolike depigmentation in patients with stage III-IV melanoma receiving immunotherapy and its association with survival: a systematic review and meta-analysis[END_REF].

Likewise, better OS has been observed in patients with NSCLC who developed thyroid toxicity [START_REF] Osorio | Antibody-mediated thyroid dysfunction during T-cell checkpoint blockade in patients with non-small-cell lung cancer[END_REF]. The same has been observed with rheumatic irAEs, which have been associated with a higher tumor response rate, compared to patients without irAEs [START_REF] Kostine | Rheumatic disorders associated with immune checkpoint inhibitors in patients with cancer-clinical aspects and relationship with tumour response: a single-centre prospective cohort study[END_REF][START_REF] Liew | Association of good oncological response to therapy with the development of rheumatic immune-related adverse events following PD-1 inhibitor therapy[END_REF]. Moreover, in a retrospective study, patients with arthralgia showed a better treatment response and improved progression-free survival (PFS) and OS [START_REF] Buder-Bakhaya | Characterization of arthralgia induced by PD-1 antibody treatment in patients with metastasized cutaneous malignancies[END_REF]. Nevertheless, this question remains controversial, as some studies concluded that there was no association between the appearance of irAEs and OS [START_REF] Horvat | Immune-Related Adverse Events, Need for Systemic Immunosuppression, and Effects on Survival and Time to Treatment Failure in Patients With Melanoma Treated With Ipilimumab at Memorial Sloan Kettering Cancer Center[END_REF], or an associations between the appearance of irAEs and the tumor response, without improved OS [START_REF] Judd | Immune-Related Adverse Events as a Biomarker in Non-Melanoma Patients Treated with Programmed Cell Death 1 Inhibitors[END_REF].

In this context we conducted a single-center retrospective study to analyze the association between the appearance of rheumatic AEs induced by anti-PD-1 or anti-CTLA-4 and OS and tumour response in patients with any type of cancer. We also studied the association between OS and dermatologic AEs, endocrine AEs or any type of AE, to find out if their appearance had a similar effect on survival in our population as the rheumatic AEs.

METHODS

Study design

Patients aged 18 years and older treated that started treatment with anti-CTLA-4 (ipilimumab), anti-PD-1 (nivolumab and pembrolizumab) and anti-PD-L1 agents (avelumab, atezolizumab and durvalumab) alone or in combination, in routine clinical practice in the departments of oncology, dermatology, pulmonology, hematology and gastro-enterology from December 2010 to May 2019 September 2018 were included in this retrospective observational study. Patients were followed up until May 2019. All patients receiving ICI were identified using oncological pharmacy dispensing records. Patients enrolled in clinical trials or receiving concurrent chemotherapy/targeted therapy or with joint or bone pain due to metastatic disease were not included. The baseline patient characteristics were assessed from electronic medical records.

The study was approved by the French National Data Protection Commission (Commission Nationale de l'Informatique et des Libertés (Paris, France); registration number: PI2018_843_0062). Patients were provided with information about the study, and were free to refuse to participate. In line with the French legislation on non-interventional studies, approval by an investigational review board was neither required nor sought.

Collection of baseline patient characteristics

Demographic characteristics (age and sex), body-mass index, and comorbidities were retrospectively collected from electronic medical records: smoking status (defined as "never" or "current/past"), alcohol consumption (defined as daily consumption or not, regardless of the dose), a history of cardiovascular disease (including myocardial infarction, stroke, obliterating arteriopathy of the lower limbs, and deep vein thrombosis, the presence or absence of diabetes mellitus (regardless of the severity), the presence or absence of high blood pressure, the presence or absence of dyslipidemia), a history of cancer and a history of other auto-immune diseases. The type of current cancer, its metastatic status, and the Eastern Cooperative Oncology Group (ECOG) performance status were collected.

Evaluation of AEs, tumor response and OS

AEs were defined as adverse events which were considered to be treatment-related. All AEs related to ICI were identified from electronic medical records, by clinical or biological diagnosis established by the treating clinician, with or without clinical intervention (e.g. treatment, complementary examinations). Rheumatic AEs were assessed if they were recurrent (mentioned in at least two medical reports) or if medication or additional medical examination were required. Patients were included regardless of the fact that they had a history of rheumatic disease. Rheumatic AEs were systematically validated by two rheumatologists (AS and BB), in particular to ensure that joint or bone pain due to metastasis were excluded, and to classify rheumatic AEs as arthritis or arthralgia/myalgia. Cases of arthritis were either clinically confirmed by medical examination or by complementary examinations (e.g. echography). Acute and subacute joint or muscle pain with no other symptoms following ICI initiation were classified as arthralgia/myalgia. For patients with history of similar symptoms, we ensured that they were free of similar symptoms during the months preceding ICI initiation. If the onset of arthralgia was clearly associated with osteoarthritis in the medical records, it was not considered as a rheumatic AE. All AEs were graded using the Common Terminology Criteria for Adverse Events, version 5.0 [START_REF]Common Terminology Criteria for Adverse Events[END_REF].

Tumor response was defined according to RECIST criteria version 1.1 and gathered from the conclusions of the Multidisciplinary Collaborative Meetings (MCM) and from Control Imaging results. Good response to treatment included complete response, partial response and stable disease, as opposed to dissociated response (defined as the concomitant decrease in certain tumoral elements and increase in other sites) or progression of disease. OS was calculated from the date of the initiation of the ICI to death from any cause or the date of the last follow-up examination.

Statistics

In our descriptive analysis, categorical variables were expressed as the number (percentage), and continuous variables were expressed as the mean ± standard deviation (SD) or the median (range), depending on the data distribution. The Shapiro-Wilk test was used to determine whether or not the data were normally distributed.

In bivariate analysis comparing rheumatic AEs and no AE groups, continuous variables were compared using Student's t test or a Wilcoxon's rank sum test (depending on the data distribution), and categorical variables were compared using a chi-square test or Fisher's exact test. Kaplan Meier curves and a log-rank test were performed to compare the OS between rheumatic AEs and non-rheumatic AEs groups. In multivariate analysis, a Cox proportional-hazards model was used. Significant variables (P<0.05) from the bivariate analysis, as well as the most common predictors of death (i.e. age, sex, body-mass index, smoking, alcohol consumption, history of cardiovascular disease, cancer duration and ECOG performance status), were included in the Cox model. If a patient had multiple rheumatic AEs, the event (occurrence of an AE) was the first rheumatic AE.

The same methodology was performed to compare the OS between rheumatic AEs and (i) dermatologic AEs and (ii) endocrine AEs groups.

In order to compare our population with the literature data, the same methodology was performed to compare the OS between AEs and no AE groups.

In order to determine the predictors of the occurrence of rheumatic AEs when using immunotherapy and to determine whether the occurrence of a rheumatic AE was predictive of tumor response, continuous variables were compared using Student's t test or a Wilcoxon's rank sum test (depending on the data distribution), and categorical variables were compared using a chi-square test or Fisher's exact test. In multivariate analysis, a logistic regression was performed. Variables significantly associated with rheumatic AEs (P<0.05) in the previous analysis were included in the model.

All analyses were performed using R software (version 3.6.0, R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Patient characteristics

Two hundred and sixty-six patients started treatment with ipilimumab, nivolumab or pembrolizumab, monotherapy or combination therapy, between December 1, 2010 and September 1, 2018. Two patients were excluded because of lack of data. A total of 264 patients were included in the analysis. The average age was 65.3 ± 12.5 years. The most prescribed ICI was nivolumab, with 153 patients (58%). Five patients received a combination therapy (nivolumab + ipilimumab). There was no patient treated with anti-PD-L1 therapy.

The majority of cancers were pleuro-pulmonary (46.2%) and melanomas (33.7%). Detailed demographic data are listed in table 1.

Description of AEs

Global description

A total of 50 rheumatic AEs and 324 non-rheumatic AEs were identified, for a total of 374 AEs. Of the 264 patients, 39.8% had no AEs. Among the 374 AEs, the most commonly reported ones were cutaneous (27.0%), gastrointestinal (18.4%), general (15.8%), rheumatic (13.4%) and endocrine (11.2%). The earliest effects were gastrointestinal (median onset at 8.1 weeks) and cutaneous (median onset at 12 weeks); the latest ones were hepatic (median onset at 20.9 weeks).

Rheumatic AEs

Forty-three patients (16.3%) developed at least one rheumatic AE due to ICI. Thirty-seven of the patients (86.1%) had only one rheumatic AE, but six patients presented several separate rheumatic AEs: 5 patients had 2 rheumatic AEs, 1 patient had 3 rheumatic AEs, for a total of 50 rheumatic AEs in 43 patients.

Three patients (7%) had a history of autoimmune or inflammatory rheumatism (1 rheumatoid arthritis (RA), 1 polymyalgia rheumatica (PMR), 1 ankylosing spondylitis (AS)), 5 patients (11,6%) had a history of crystal-induced arthritis and 12 patients (27.9%) had a history of non-inflammatory rheumatic disease. Regarding the 50 rheumatic AEs reported, 36 (72%) were arthralgia/myalgia and 14 (28%) were arthritis, of which 7 were crystalinduced arthritis cases (5 de novo and 2 flares) and 7 cases of inflammatory rheumatism.

Among the inflammatory rheumatic AEs, there were 4 (1.5%) de novo cases (2 PMR, 1 RA and 1 RS3PE syndrome) and 3 (1.1%) flares of preexisting rheumatic disease (1 PMR, 1 RA and 1 AS). Among the cases of arthralgia/myalgia, 6 (16.7%) were flare ups of an existing rheumatic disease condition.

The severity was classified as grade 1 in 50% of the cases, grade 2 in 40% of the cases and grade 3 in 10% of the cases. The median time of occurrence of rheumatic AEs was at 18 weeks after the start of treatment, with extreme values ranging from 0.1 to 133 weeks.

Among the 43 patients with a rheumatic AE, 39 (90%) experienced at least one other type of AE. Among these, the most frequent types were cutaneous (experienced by 47% of patients), gastro-intestinal (35%) and endocrine (23%) adverse events.

The severity was classified as grade 1 in 50% of the cases (n = 25), grade 2 in 40% of the cases (n = 20) and grade 3 in 10% of the cases (n = 5: 1 PMR de novo, 1 RS3PE syndrome, 1 crystal-induced arthritis with knee swelling, 1 case of worsening of RA, 1 case of arthralgia).

Most rheumatic AEs were resolved using grade I or grade II analgesics and NSAIDs. Grade III analgesics were necessary for two three patients: one with crystal-induced arthritis (grade 3), one with a worsening of RA (grade 3) and one with shoulder arthralgia (grade 2). Crystalinduced arthritis cases were treated either by colchicine or by increasing the dose of allopurinol. The use of immunosuppressants (corticosteroids and methotrexate) was required for 9 patients (21%), including 5 patients with grade 3 rheumatic AEs. Eighteen patients (41.9%) received a medical consultation or advice from a rheumatology specialist.

Effect of rheumatic AEs vs. no AE on overall survival and tumor response

Of the 43 patients experiencing at least one rheumatic AE and the 105 patients without any AEs (no AE group), 17 patients and 51 patients died, respectively. The median OS in the no AEs group was 42.7 weeks (95% CI [25.6-not reached]) versus 132 weeks (95% CI [69.3-not reached]) in the rheumatic AEs group (log-rank, P<0.01) (Figure 1).

In multivariate analysis, the OS was significantly improved in the rheumatic AEs group compared to the no AE group (HR 0.54, 95% CI [0.30-0.97], P<0.05). In addition, in this population, the higher the ECOG performance status, the poorer was the survival (Table 2).

There were more responders in the rheumatic AEs group compared to the no AE group (76.8% vs. 21.0% respectively, P<0.001, Table 3). In multivariate analysis, the occurrence of a rheumatic AE was strongly associated with better tumor response (OR = 10.5, 95% CI [3.96-230], P<0.001, Table 4).

Effect of rheumatic AEs vs. dermatologic AEs on OS

OS did not differ significantly in dermatologic AEs and rheumatic AEs groups (log-rank, P=NS, supplementary, figure S1). In this population (n = 97, supplementary, table S1), 17 patients in the rheumatic AEs group and 15 in the dermatologic AEs group died. The median survival in the dermatologic AEs group was not reached and it was 132 weeks (95% CI [69.3 -not reached]) in the rheumatic AEs group.

Effect of rheumatic AEs vs. endocrinologic AEs on OS

OS did not differ significantly in endocrinologic AEs and rheumatic AEs groups (log-rank, P=NS, supplementary, figure S2). In this population (n = 74, supplementary, table S2)), 17 patients in the rheumatic AEs group and 9 in the endocrinologic AEs group died. The median survival in the endocrinologic AEs group was not reached.

Effect of overall AEs vs. no AE on OS

We investigated whether the occurrence of overall AEs (OAEs) was associated with better tumor response and survival compared to patients without AEs. In this population (n = 264, supplementary, table S3), 56 patients in the OAEs group and 51 patients in the no AE group died. The median survival in the OAE group was not reached while it was 42.7 weeks (95% CI [25.6 -not reached]) in the no AE group (log-rank, P<0.001, supplementary, figure S3). In multivariate analysis, the OS was significantly higher in the OAEs group compared to the no AE group (HR: 0.44, 95% CI [0.29-0, 68], P<0.001, supplementary, figure S4). In addition, a high ECOG performance score at the start of treatment with ICIs was associated with poorer survival.

DISCUSSION

In this study, we showed that ICI-induced rheumatic AEs improve OS. The median survival in the rheumatic AEs group was significantly higher compared to the no AE group, reaching 132 weeks and 42.7 weeks, respectively. Multivariate analysis confirmed these results. Our observations are in line with those obtained in studies comparing overall survival in patients without AEs to patients with arthralgia [START_REF] Buder-Bakhaya | Characterization of arthralgia induced by PD-1 antibody treatment in patients with metastasized cutaneous malignancies[END_REF], at least one irAE [START_REF] Freeman-Keller | Nivolumab in Resected and Unresectable Metastatic Melanoma: Characteristics of Immune-Related Adverse Events and Association with Outcomes[END_REF][START_REF] Okada | Association Between Immune-Related Adverse Events and Clinical Efficacy in Patients with Melanoma Treated With Nivolumab: A Multicenter Retrospective Study[END_REF][START_REF] Owen | Incidence, Risk Factors, and Effect on Survival of Immune-related Adverse Events in Patients With Non-Small-cell Lung Cancer[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][START_REF] Verzoni | Real-world efficacy and safety of nivolumab in previously-treated metastatic renal cell carcinoma, and association between immune-related adverse events and survival: the Italian expanded access program[END_REF][START_REF] Masuda | Correlation between immune-related adverse events and prognosis in patients with gastric cancer treated with nivolumab[END_REF], a thyroid irAE [START_REF] Owen | Incidence, Risk Factors, and Effect on Survival of Immune-related Adverse Events in Patients With Non-Small-cell Lung Cancer[END_REF], or a dermatologic irAE [START_REF] Freeman-Keller | Nivolumab in Resected and Unresectable Metastatic Melanoma: Characteristics of Immune-Related Adverse Events and Association with Outcomes[END_REF][START_REF] Teulings | Vitiligolike depigmentation in patients with stage III-IV melanoma receiving immunotherapy and its association with survival: a systematic review and meta-analysis[END_REF]. In addition, we observed a better tumor response in the rheumatic AEs group, with 76.8% responders, compared to the no AE group, with 21% responders. Our results also confirm the recent findings of the study by Kostine M. et al. [START_REF] Kostine | Rheumatic disorders associated with immune checkpoint inhibitors in patients with cancer-clinical aspects and relationship with tumour response: a single-centre prospective cohort study[END_REF], in which patients with rheumatic irAEs had a tumor response rate of 85.7% vs 35.3% for patients without irAEs, and the study by Liew DFL. et al. [START_REF] Liew | Association of good oncological response to therapy with the development of rheumatic immune-related adverse events following PD-1 inhibitor therapy[END_REF], in which rheumatic irAEs were more common in patients with a good oncological response to therapy (relative risk of 11.2).

Therefore, the occurrence of a rheumatic AE could be a potential predictor of better survival in patients treated with ICIs. One possible hypothesis is that the occurrence of immunological toxicity induced by ICIs reflects the effective T cell response, directed against tumor antigens, leading to anti-tumor activity in tumor tissues, as well as side effects in normal tissues [START_REF] Passat | Physiopathological mechanisms of immune-related adverse events induced by anti-CTLA-4, anti-PD-1 and anti-PD-L1 antibodies in cancer treatment[END_REF]. Tumor cell lysis by CD8+ cytotoxic activated T lymphocytes releases tumor antigens and neo-antigens which can lead to cross-reactivity with healthy tissues. This phenomenon, called "epitope spreading", as well as bystander activation of T lymphocytes, could be a provide hypotheses to explain the development of irAEs [START_REF] Passat | Physiopathological mechanisms of immune-related adverse events induced by anti-CTLA-4, anti-PD-1 and anti-PD-L1 antibodies in cancer treatment[END_REF][START_REF] Michot | Immune-related adverse events with immune checkpoint blockade: a comprehensive review[END_REF][START_REF] June | Is autoimmunity the Achilles' heel of cancer immunotherapy?[END_REF], including rheumatic and musculoskeletal disorders. In addition to rheumatic AEs, we identified another factor that influences OS, the ECOG performance score. In a multivariate analysis, patients with an ECOG performance score of 0 at the introduction of at the start of treatment with immunotherapy showed better OS than patients with an ECOG performance score of 1, 2 or 3. According to the literature, patients suffering from melanoma have a better tumor response rate compared to patients with other types of cancer (NSCLC, renal cell carcinoma and head and neck carcinoma) [START_REF] Matsuki | Checkpoint Inhibitors and Other Immune Therapies for Hodgkin and Non-Hodgkin Lymphoma[END_REF]. However, in our population, we did not find any association between melanoma and OS in a multivariate analysis: compared to other types of cancer, melanoma was not associated either with better OS or better tumor response.

The study of factors associated with efficacy of ICIs is particularly interesting because a limited proportion of patients respond to treatment [START_REF] Matsuki | Checkpoint Inhibitors and Other Immune Therapies for Hodgkin and Non-Hodgkin Lymphoma[END_REF]. Thus, the identification of predictive response markers for ICIs is a major research area in the field of anti-tumor immunotherapy. The hypothesis that the occurrence of rheumatic AEs could be an early marker of tumor response remains difficult to use in clinical practice. In our study, the median time of onset of rheumatic AEs was at 18 weeks, whereas the first radiological evaluation occurred earlier, usually between 9 and 12 weeks after the beginning of treatment. Furthermore, this median time of 18 weeks was consistent with data in the literature and was within the range of extreme median values reported, from 4 to 45 weeks [START_REF] Lidar | Rheumatic manifestations among cancer patients treated with immune checkpoint inhibitors[END_REF][START_REF] Calabrese | Rheumatic immunerelated adverse events of checkpoint therapy for cancer: case series of a new nosological entity[END_REF][START_REF] Burel | Prevalence of immune-related systemic adverse events in patients treated with anti-Programmed cell Death 1/anti-Programmed cell Death-Ligand 1 agents: A single-centre pharmacovigilance database analysis[END_REF].

In our population, the OS did not differ significantly between the dermatologic AEs, the endocrinologic AEs and the rheumatic AEs groups. In the literature, the occurrence of a dermatologic AE [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] Freeman-Keller | Nivolumab in Resected and Unresectable Metastatic Melanoma: Characteristics of Immune-Related Adverse Events and Association with Outcomes[END_REF] or an endocrinologic AE [START_REF] Owen | Incidence, Risk Factors, and Effect on Survival of Immune-related Adverse Events in Patients With Non-Small-cell Lung Cancer[END_REF][START_REF] Osorio | Antibody-mediated thyroid dysfunction during T-cell checkpoint blockade in patients with non-small-cell lung cancer[END_REF] has been identified as a predictor of better OS. Therefore, in addition to dermatologic or endocrinologic AEs, the occurrence of rheumatic AEs is another factor that could be considered to be associated with a better OS.

We also investigated whether the occurrence of overall AEs was associated with better tumor response and survival compared to patients without any AEs. The median survival in the no AEs group was 42.7 weeks, while it was not reached in the OAEs group. Multivariate analysis confirmed that survival, as well as tumor response, were significantly higher in the AEs patient group compared to the group of patients without any AEs. Our results are therefore similar in this regard to those obtained in previous studies, in various cancer types [START_REF] Freeman-Keller | Nivolumab in Resected and Unresectable Metastatic Melanoma: Characteristics of Immune-Related Adverse Events and Association with Outcomes[END_REF][START_REF] Okada | Association Between Immune-Related Adverse Events and Clinical Efficacy in Patients with Melanoma Treated With Nivolumab: A Multicenter Retrospective Study[END_REF][START_REF] Owen | Incidence, Risk Factors, and Effect on Survival of Immune-related Adverse Events in Patients With Non-Small-cell Lung Cancer[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][START_REF] Verzoni | Real-world efficacy and safety of nivolumab in previously-treated metastatic renal cell carcinoma, and association between immune-related adverse events and survival: the Italian expanded access program[END_REF][START_REF] Masuda | Correlation between immune-related adverse events and prognosis in patients with gastric cancer treated with nivolumab[END_REF].

The use of immunosuppressants (corticosteroids and methotrexate) was required in a minority of patients (21%). Current data suggest that they should be used with caution, especially at the beginning of treatment, because of their deleterious impact on OS [START_REF] Tison | Safety and Efficacy of Immune Checkpoint Inhibitors in Patients with Cancer and Preexisting Autoimmune Disease: A Nationwide Multicenter Cohort Study[END_REF][START_REF] Arbour | Impact of Baseline Steroids on Efficacy of Programmed Cell Death-1 and Programmed Death-Ligand 1 Blockade in Patients With Non-Small-Cell Lung Cancer[END_REF].

Our observations indicated that their use was decided on collegially, between the referring oncologist and a rheumatologist in most cases (6 cases out of 9 cases). As only a few patients received immunosuppressive therapy, we were not able to study their impact on OS in our population. Therefore, this could involve interpretation bias, since the use of immunosuppressive treatment, that might reduce ICIs efficacy, was limited. The majority of rheumatic AEs observed in this study were mild (90% were grade 1 and 2). No temporary or permanent interruption of ICIs was necessary. This is particularly interesting because, as shown in this study, since patients with rheumatic AEs are more likely to be good responders to ICIs, premature discontinuation of therapy due to severe toxicity would not be beneficial. In addition, except for two patients, all rheumatic AEs were resolved by the end of the follow up. The grade of severity of the rheumatic disorders described in the literature has rarely been reported. This might be explained by the fact that CTCAE grading used by oncologists in ICI trials does not appear to be totally appropriate for rheumatic AEs, due to their heterogeneity, especially regarding rare rheumatic manifestations. Moreover, when the grading of rheumatic AE is made by rheumatologists, there might be some confusion as it differs from their usual evaluation systems, such as Disease Activity Score or the Rheumatology Common Toxicity Criteria used in rheumatological clinical trials [START_REF] Zhong | Rheumatic immune-related adverse events induced by immune checkpoint inhibitors[END_REF].

Nevertheless, with the exception of rare reported cases [START_REF] Calabrese | Rheumatic immunerelated adverse events of checkpoint therapy for cancer: case series of a new nosological entity[END_REF], relatively few rheumatic AEs appear to be at the origin of an interruption of treatment. In this study, less than half of the patients (41.9%) who experienced a rheumatic AE were examined by a rheumatologist. This could indicate that, during the first years following ICI initiation, oncologists were not alerted enough about rheumatic AE screening. Moreover, after reviewing medical reports, we noticed that some patients would have required further rheumatological investigations or an optimized management of rheumatic AEs. Therefore, we recommend a consultation with a rheumatologist upon first clinical symptoms in ICI treated-patients. In our center, this study raised awareness among oncologists and the number of rheumatology consultations increased.

Combination of ICI (nivolumab + ipilimumab) has been described to be associated with a higher rate of AEs [START_REF] Hodi | Nivolumab plus ipilimumab or nivolumab alone versus ipilimumab alone in advanced melanoma (CheckMate 067): 4-year outcomes of a multicentre, randomised, phase 3 trial[END_REF], which was not the case in this study, probably because of a lack of statistical power (n = 5 patients).

Our study had several limitations. First, two patients were excluded due to lack of data.

Then, because of the retrospective nature of the study, information about rheumatic AEs was collected through medical reports and was not systematically evaluated by a rheumatologist. We have collected all rheumatic AEs attributable to the ICIs, even the milder ones, insofar as they appeared under ICI treatment. In the same way, we chose to collect all AEs following ICI initiation, even if their immune character was uncertain. However, it seems difficult to exclude any immune implication in arthralgia/myalgia manifestations, especially since, in some patients, subclinical inflammation could not be verified in the absence of additional examinations (e.g. medical imaging or biological tests). This could explain the relatively high incidence of rheumatic AEs in this study, compared to other prospective [START_REF] Kostine | Rheumatic disorders associated with immune checkpoint inhibitors in patients with cancer-clinical aspects and relationship with tumour response: a single-centre prospective cohort study[END_REF][START_REF] Lidar | Rheumatic manifestations among cancer patients treated with immune checkpoint inhibitors[END_REF] or retrospective [START_REF] Liew | Association of good oncological response to therapy with the development of rheumatic immune-related adverse events following PD-1 inhibitor therapy[END_REF] studies. That said, if we consider only new inflammatory rheumatisms, their incidence was low (1.5%), which is closer to previously published data [START_REF] Lidar | Rheumatic manifestations among cancer patients treated with immune checkpoint inhibitors[END_REF][START_REF] Liew | Association of good oncological response to therapy with the development of rheumatic immune-related adverse events following PD-1 inhibitor therapy[END_REF]. On the other hand, However, some patients suffered from severe comorbidities related to cancer (deterioration of the general state, pain related to metastases, etc.), or even related to the ICI (mainly digestive or pulmonary disorders). In such a context, the inquiry about rheumatic symptoms may have been relegated to the background, or have been more complex, especially in patients with low mobility a poorer ECOG status or those treated with powerful analgesics masking possible joint or muscle pain. This could explain the difference in ECOG status between the rheumatic AEs and no AEs groups.

In conclusion, Immune checkpoint inhibitor-induced rheumatic and musculoskeletal disorders are associated with improved OS and a better tumor response. Their occurrence could be a predictor of better OS. Afflicting 16.3% of patients treated with ICIs, they were generally mild and manageable without any temporary or permanent cessation of ICIs.

These results are encouraging given the long-term response potential of these patients. In this context, the careful detection of rheumatic AEs and their early management seem to be essential, in order to maintain the quality of life of these patients as satisfactory as possible. 
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Table 1 : Characteristics of the study population and comparisons between the RAEs and no AEs groups 526

 1 

	Population	No AEs group	RAEs group
	n = 264	n = 105	n = 43

AEs, adverse events; ICIs, immune checkpoint inhibitors; RAEs, rheumatic adverse events; m, mean; max, maximum; med, 529 median; min, minimum; sd, standard deviation 530 531 *P<0.05; **P<0.01; ***P<0.001 532 20

Table 2 : Effect of predictors on overall survival 533

 2 

			Crude model	Adjusted model
		N (%)		
			HR (95% CI)	HR (95% CI)
	Age	148 (100)	0.99 (0.97 -1.02)	1.00 (0.97 -1.02)
	Body mass index	148 (100)	0.95 (0.91 -1.00)	1.01 (0.95 -1.07)
	Cancer duration	148 (100)	0.99 (0.98 -1.00)	0.99 (0.98 -1.00)
	Sex			
	Male	102 (68.9)	Reference	Reference
	Female	46 (31.1)	0.81 (0.47 -1.39)	0.79 (0.44 -1.41)
	History of cardiovascular disease			
	Absence of cardiovascular disease	52 (35.1)	Reference	Reference
	Presence of cardiovascular disease	96 (64.9)	0.87 (0.53 -1.42)	0.69 (0.40 -1.19)
	ECOG performance status			
	0	41 (27.7)	Reference	Reference
	1	61 (41.2)	2.02 (1.02 -4.01)*	2.39 (1.04 -5.49)*
	2	28 (18.9)	6.14 (2.90 -13.0)***	7.85 (3.09 -20.0)***
	> 3	18 (12.2)	5.80 (2.56 -13.1)***	5.51 (2.08 -14.6)***
	Smoking			
	Never	41 (27.7)	Reference	Reference
	Current or past	107 (72.3)	1.85 (1.02 -3.34)*	1.06 (0.51 -2.23)
	Alcohol consumption			
	No	106 (71.2)	Reference	Reference
	Yes	42 (28.8)	1.47 (0.89 -2.46)	0.99 (0.98 -1.00)
	Tumor type			
	Other	110 (74.3)	Reference	Reference
	Melanoma	38 (25.7)	0.47 (0.26 -0.87)**	1.26 (0.55 -2.91)
	Rheumatic AE			
	No	105 (70.9)	Reference	Reference
	Yes	43 (29.1)	0.45 (0.26 -0.79)**	0.54 (0.30 -0.97)*

Table 4 : Multivariate analysis of the association of different parameters to the occurrence of rheumatic AEs 542

 4 

			Crude model	Adjusted model
		N (%)		
			OR (95% CI)	OR (95% CI)
	Body mass index	138 (100)	1.09 (1.02 -1.17)*	1.02 (0.92 -1.13)
	ICIs duration	138 (100)	1.02 (1.00 -1.05)*	0.98 (0.95 -1.01)
	ECOG performance status			
	0	39 (28.3)	Reference	Reference
	1	56 (40.6)	0.34 (0.14 -0.77)*	4.68 (0.62 -98.1)
	2	27 (19.6)	0.21 (0.06 -0.61)**	3.48 (0.51 -74.5)
	> 3	16 (11.5)	0.06 (0.00 -0.31)**	3.01 (0.36 -66.9)
	Smoking			
	Never	38 (27.5)	Reference	Reference
	Current or past	100 (72.5)	0.53 (0.25 -1.14)	1.16 (0.39 -3.64)
	Tumor type			
	Other	102 (73.9)	Reference	Reference
	Melanoma	36 (26.1)	4.2 (1.93 -9.34)***	2.49 (0.58 -11.24)
	Nivolumab			
	No	45 (32.6)	Reference	Reference
	Yes	93 (67.4)	0.40 (0.19 -0.83)*	1.14 (0.39 -3.53)
	Responders			
	No	83 (60.1)	Reference	Reference
	Yes	55 (39.9)	10.95 (4.82 -26.8)***	9.67 (3.59 -23.3)***
	543			
	*P<0.05; **P<0.01; ***P<0.001			

Overall survival in rheumatic AE and no AE groups

  Kaplan-Meier analysis comparing the OS in cancer patients treated with ICI with rheumatic adverse events (RAE group, n=43) or without rheumatic adverse events (no AE-group, n=105). No AE, no adverse event; RAEs, rheumatic adverse events

*P<0.05; **P<0.01; ***P<0.001
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