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Immune checkpoint inhibitors (ICIs) have improved the treatment of several cancers. These drugs increase T-cell activity and the anti-tumor immune response but also have immunerelated adverse effects that can affect the gastrointestinal (GI) tract. These adverse effects are observed in 7%-30% of patients treated with ICIs. As the number of diseases treated with ICIs increases, gastroenterologists will see more patients with ICI-induced GI adverse events. We performed a systematic review of the incidence, risk factors, clinical manifestations, and management of the adverse effects of ICIs on the GI tract. Treatment with anti-CTLA4 often causes severe enterocolitis, whereas treatment with inhibitors of PDCD1 (also called PD1) has less frequent and more diverse adverse effects. Management of patients with GI adverse effects of ICIs should involve first ruling out other disorders, followed by assessment of severity, treatment with corticosteroids, rapid introduction of infliximab therapy for nonresponders.

Introduction

Immunotherapy of tumors has come of age with immune checkpoint inhibitors (ICI).

Currently, these drugs are anti-CTLA4 (ipilimumab, tremelimumab), anti-PD1 (pembrolizumab, nivolumab) and anti-PDL1 (atezolizumab, durvalumab, avelumab) monoclonal antibodies. Ipilimumab has been approved in melanoma by European Medicines Agency (EMA) and Food and Drug Administration (FDA); in combination with nivolumab, it has been approved in advanced renal cell carcinoma. Anti-PD1 or anti-PD-L1 antibodies have been approved by EMA and/or FDA in advanced melanoma, non-small cell lung carcinoma (NSCLC), Hodgkin disease, squamous cell carcinoma of the head and neck, renal cell carcinoma, urothelial carcinoma, solid tumors with high microsatellite-instability, Merkel cell carcinoma (avelumab), hepatocellular carcinoma (FDA only), gastric PD-L1 + cancer (FDA only) and cervical cancer (FDA only).

(https://www.ema.europa.eu/en/medicines/human/EPAR/opdivo;https://www.ema.europa.eu/ en/medicines/human/EPAR/yervoy;https://www.ema.europa.eu/en/medicines/human/EPAR/k eytruda;https://www.accessdata.fda.gov/drugsatfda.../label/.../125514s034l ;https://www.acces sdata.fda.gov/drugsatfda.../label/.../125554s055l;https://www.accessdata.fda.gov/drugsatfda.../ label/.../125377s094l). In contrast to the direct cytotoxic action of chemotherapy, ICI enhance T-cell activity. This leads to a systemic loss of tolerance, with resulting anti tumor efficacy but also immune-related adverse effects, involving most commonly the skin, endocrine glands, lung, liver and gastrointestinal (GI) tract [START_REF] Boutros | Safety profiles of anti-CTLA4 and anti-PD1 antibodies alone and in combination[END_REF] . Gastrointestinal immune-related adverse effects are among the most frequent and severe. Patients with GI immune-related adverse effects should be managed within multidisciplinary teams and networks, among which gastroenterologists have an important role [START_REF] Champiat | Management of immune checkpoint blockade dysimmune toxicities: a collaborative position paper[END_REF][START_REF] Michot | Immune-related adverse events with immune checkpoint blockade: a comprehensive review[END_REF] . This paper describes the clinical spectrum of GI immune-related adverse effects and proposes a therapeutic management of these patients.

Method

The present article is based upon our experience and an updated systematic literature review.

Since the beginning of ICI, 133 patients with severe GI immune-related adverse effects have been hospitalized in our department. Many others were seen as outpatients or discussed within the REISAMIC network, dedicated to immune-related adverse effects [START_REF] Champiat | Management of immune checkpoint blockade dysimmune toxicities: a collaborative position paper[END_REF] . The procedure of the systematic literature review has been described elsewhere [START_REF] Soularue | Enterocolitis due to immune checkpoint inhibitors: a systematic review[END_REF] . In the present article, we updated the previous systematic review and explored PubMed Medline from March 2018 to April 2019, with the following algorithm: ("immune checkpoint inhibitors" OR "anti-PD1"OR "anti-PD-1" OR "anti-CTLA4" OR "anti-CTLA-4" OR "Immunotherapy") AND ("immune related adverse event" OR "colitis" OR "enteritis" OR "gastritis"). A total of 992 titles and abstracts were screened; among them, 115 articles were selected. A flow chart is available in supplementary Figure 1.

Frequency and risk factors for GI Immune-related adverse effects

Eight meta-analyses have estimated the frequency of GI IrAE [START_REF] Baxi | Immune-related adverse events for anti-PD1 and anti-PD-L1 drugs: systematic review and meta-analysis[END_REF][START_REF] Velasco | Comprehensive Meta-analysis of Key Immune-Related Adverse Events from CTLA4 and PD1/PD-L1 Inhibitors in Cancer Patients[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] Komaki | Meta-Analysis of the Risk of Immune-Related Adverse Events with Anticytotoxic T-Lymphocyte-Associated Antigen 4 and Antiprogrammed Death 1 Therapies[END_REF][START_REF] Tandon | The Risk of Diarrhea and Colitis in Patients With Advanced Melanoma Undergoing Immune Checkpoint Inhibitor Therapy: A Systematic Review and Meta-Analysis[END_REF][START_REF] Wang | Incidence of immune checkpoint inhibitor-related colitis in solid tumor patients: A systematic review and meta-analysis[END_REF][START_REF] Wang | Immune-Related Adverse Events Associated with Anti-PD1/PD-L1 Treatment for Malignancies: A Meta-Analysis[END_REF][START_REF] Zhang | Immune-related adverse events from combination immunotherapy in cancer patients: A comprehensive meta-analysis of randomized controlled trials[END_REF] . Incidence of all grade diarrhea was 35%-40% with anti-CTLA4, 11%-17% with anti-PD1, and 32% with combination of both [START_REF] Baxi | Immune-related adverse events for anti-PD1 and anti-PD-L1 drugs: systematic review and meta-analysis[END_REF][START_REF] Komaki | Meta-Analysis of the Risk of Immune-Related Adverse Events with Anticytotoxic T-Lymphocyte-Associated Antigen 4 and Antiprogrammed Death 1 Therapies[END_REF][START_REF] Zhang | Immune-related adverse events from combination immunotherapy in cancer patients: A comprehensive meta-analysis of randomized controlled trials[END_REF] . The incidence of colitis was 8.4%-11.3% with anti-CTLA4, 0.3%-3.4% with anti-PD1 6,8-10 , and 14% with the combination [START_REF] Zhang | Immune-related adverse events from combination immunotherapy in cancer patients: A comprehensive meta-analysis of randomized controlled trials[END_REF] . In a recent study, diarrhea was the most common immune-related adverse effects leading to an emergency department visit S14 .

The incidence of diarrhea and colitis due to ipilimumab increases with the dose administered.

In a randomized trial, the incidences of grade 3-4 diarrhea and colitis were 10% and 5%, respectively, among those treated with 10 mg/kg of ipilimumab as compared with 6% and 2%, respectively, among those treated with 3 mg/kg [START_REF] Ascierto | Ipilimumab 10 mg/kg versus ipilimumab 3 mg/kg in patients with unresectable or metastatic melanoma: a randomised, double-blind, multicentre, phase 3 trial[END_REF][START_REF] Tandon | The Risk of Diarrhea and Colitis in Patients With Advanced Melanoma Undergoing Immune Checkpoint Inhibitor Therapy: A Systematic Review and Meta-Analysis[END_REF] . Combination of nivolumab (3 mg/kg every 2 weeks) and ipilimumab at a dose of 1 mg/kg and 3 mg/kg (both every 3 weeks), have been compared in patients with NSCLC. The rates of diarrhea and colitis were 17% and 2% at a dose of 1 mg/kg of ipilimumab and 21% and 4% at a dose of 3 mg/kg of ipilimumab [START_REF] Antonia | Nivolumab alone and nivolumab plus ipilimumab in recurrent small-cell lung cancer (CheckMate 032): a multicentre, open-label, phase 1/2 trial[END_REF] .

Patients with a previous history of auto-immune or inflammatory disease are generally excluded from clinical trials, due to the presumed risk of underlying disease aggravation.

Patients with such diseases may benefit ICI, although with an increased risk of immunerelated adverse effects S1, [START_REF] Gutzmer | Programmed cell death protein-1 (PD1) inhibitor therapy in patients with advanced melanoma and preexisting autoimmunity or ipilimumabtriggered autoimmunity[END_REF][START_REF] Johnson | Ipilimumab Therapy in Patients With Advanced Melanoma and Preexisting Autoimmune Disorders[END_REF][START_REF] Kähler | Ipilimumab in metastatic melanoma patients with pre-existing autoimmune disorders[END_REF][START_REF] Menzies | Anti-PD1 therapy in patients with advanced melanoma and preexisting autoimmune disorders or major toxicity with ipilimumab[END_REF] . One-third to one half of patients with previous auto-immune disease who receive ICI, have a flare or immune-related adverse effects [START_REF] Leonardi | Safety of Programmed Death-1 Pathway Inhibitors Among Patients With Non-Small-Cell Lung Cancer and Preexisting Autoimmune Disorders[END_REF] ; this percentage can reach 60% in those with active disease. A recent study has shown that hospitalization for Immune-related adverse effects was higher in patients with previous auto-immune history [START_REF] Kehl | Pre-existing autoimmune disease and the risk of immune-related adverse events among patients receiving checkpoint inhibitors for cancer[END_REF] .

Few data are available about patients with pre-existing Crohn's disease (CD) and Ulcerative

Colitis (UC). The risk of flare is approximately 30% in patients with IBD treated with anti-CTLA4 and these flares may be severe; the risk of flare appears to be lower with anti-PD1 [START_REF] Soularue | Enterocolitis due to immune checkpoint inhibitors: a systematic review[END_REF] .

Patients with pre-existing autoimmune or inflammatory disorders have the same response rate to immunotherapy as patients without these conditions [START_REF] Johnson | Ipilimumab Therapy in Patients With Advanced Melanoma and Preexisting Autoimmune Disorders[END_REF][START_REF] Menzies | Anti-PD1 therapy in patients with advanced melanoma and preexisting autoimmune disorders or major toxicity with ipilimumab[END_REF] . Patients under immunosuppressives at the time of treatment initiation appear to have a lower response rate to anti-PD1 antibodies [START_REF] Menzies | Anti-PD1 therapy in patients with advanced melanoma and preexisting autoimmune disorders or major toxicity with ipilimumab[END_REF] .

Concomitant use of NSAID has been associated with anti-CTLA4 GI-immune-related adverse effects [START_REF] Marthey | Cancer Immunotherapy with Anti-CTLA4 Monoclonal Antibodies Induces an Inflammatory Bowel Disease[END_REF] . There is no consistent association between age or tumor type and risk of GI immune-related adverse effects [START_REF] Betof | Impact of Age on Outcomes with Immunotherapy for Patients with Melanoma[END_REF] .

There are various candidate biomarkers to predict the development of anti-CTLA4-induced enterocolitis. Baseline fecal microbiota composition is associated with the risk of anti-CTLA4-induced enterocolitis [START_REF] Chaput | Baseline gut microbiota predicts clinical response and colitis in metastatic melanoma patients treated with ipilimumab[END_REF][START_REF] Dubin | Intestinal microbiome analyses identify melanoma patients at risk for checkpoint-blockade-induced colitis[END_REF] . Baseline colonisation by Firmicutes, such as Faecalibacterium prausnitzii L2-6, butyrate-producing bacterium L2-21, Gemmiger formicilis ATCC 27749, was associated with anti-CTLA4-induced colitis [START_REF] Chaput | Baseline gut microbiota predicts clinical response and colitis in metastatic melanoma patients treated with ipilimumab[END_REF] . In contrast, Bacteroidetes (mostly Bacteroides genus) were more highly represented in patients who remained colitis-free [START_REF] Chaput | Baseline gut microbiota predicts clinical response and colitis in metastatic melanoma patients treated with ipilimumab[END_REF][START_REF] Dubin | Intestinal microbiome analyses identify melanoma patients at risk for checkpoint-blockade-induced colitis[END_REF] .

A 16 gene signature (mostly interleukins or chemokines genes), has been found to be associated with the occurrence of diarrhea and colitis in patients receiving tremelimumab [START_REF] Friedlander | A whole-blood RNA transcript-based gene signature is associated with the development of CTLA4 blockade-related diarrhea in patients with advanced melanoma treated with the checkpoint inhibitor tremelimumab[END_REF] .

Clinical presentation

Main features of GI immune-related adverse effects are summarized in Table 2.

Anti-CTLA4

Enterocolitis may develop after 1 to 10 doses of ipilimumab, with a median onset time from treatment initiation of 5 weeks (range 1-30 weeks) [START_REF] Marthey | Cancer Immunotherapy with Anti-CTLA4 Monoclonal Antibodies Induces an Inflammatory Bowel Disease[END_REF][START_REF] Beck | Enterocolitis in Patients With Cancer After Antibody Blockade of Cytotoxic T-Lymphocyte-Associated Antigen 4[END_REF][START_REF] De Felice | Ipilimumab-induced colitis in patients with metastatic melanoma[END_REF][START_REF] Foppen | Immune checkpoint inhibitionrelated colitis: symptoms, endoscopic features, histology and response to management[END_REF][START_REF] O'connor | Ipilimumab-induced colitis: experience from a tertiary referral center[END_REF][START_REF] Verschuren | Clinical, Endoscopic, and Histologic Characteristics of Ipilimumab-Associated Colitis[END_REF][START_REF] Weber | Patterns of onset and resolution of immunerelated adverse events of special interest with ipilimumab: Detailed safety analysis from a phase 3 trial in patients with advanced melanoma[END_REF] . Diarrhea is reported by 90%-100% of patients with GI immune-related adverse effects . Other symptoms are abdominal pain (20%-82%), nausea or vomiting (15%-36%), hematochezia (2%-64%), and fever (5%-46%).

Patients with colitis due to anti-CTLA4 may also have other immune-related adverse effects such as hypophysitis, hepatitis, nephritis, pericarditis, uveitis or aseptic meningitis. However, the frequency of non-GI immune-related adverse effects is not different in patients with and without enterocolitis [START_REF] Beck | Enterocolitis in Patients With Cancer After Antibody Blockade of Cytotoxic T-Lymphocyte-Associated Antigen 4[END_REF] .

Severe acute colitis can lead to colonic perforation and death, especially in cases of diagnostic delay. Colon perforation occurs in approximately 1% of patients with melanoma [START_REF] Marthey | Cancer Immunotherapy with Anti-CTLA4 Monoclonal Antibodies Induces an Inflammatory Bowel Disease[END_REF][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] . In melanoma phase III trials, 0.6%-1% patients died of complications related to ipilimumabinduced enterocolitis [START_REF] Eggermont | Prolonged Survival in Stage III Melanoma with Ipilimumab Adjuvant Therapy[END_REF][START_REF] Hodi | Improved survival with ipilimumab in patients with metastatic melanoma[END_REF] . Diarrhea and colitis are among the most frequent causes of treatment-related deaths in patients with cancer treated with ipilimumab, accounting for 70% of fatalities [START_REF] Wang | Fatal Toxic Effects Associated With Immune Checkpoint Inhibitors: A Systematic Review and Meta-analysis[END_REF] .

Enterocolitis is the most frequent but not the only GI immune-related adverse effects induced by anti-CTLA4. Microscopic colitis [START_REF] Marthey | Cancer Immunotherapy with Anti-CTLA4 Monoclonal Antibodies Induces an Inflammatory Bowel Disease[END_REF] and enteric neuropathy revealed by severe constipation S2-S3 have been reported. Clinical presentation, endoscopic findings and time to resolution of enterocolitis due to a combination of anti-CTLA4 and anti-PD1 resemble those of anti-CTLA4-induced enterocolitis [START_REF] Boutros | Safety profiles of anti-CTLA4 and anti-PD1 antibodies alone and in combination[END_REF][START_REF] De Malet | Evolution and recurrence of gastrointestinal immune-related adverse events induced by immune checkpoint inhibitors[END_REF] Anti-PD1

Several case series and meta-analyses have focused on anti-PD1 and anti-PDL-1-induced immune-related adverse effects . [START_REF] Baxi | Immune-related adverse events for anti-PD1 and anti-PD-L1 drugs: systematic review and meta-analysis[END_REF][START_REF] Wang | Immune-Related Adverse Events Associated with Anti-PD1/PD-L1 Treatment for Malignancies: A Meta-Analysis[END_REF][START_REF] Collins | Inflammatory gastrointestinal diseases associated with PD1 blockade antibodies[END_REF][START_REF] Gonzalez | PD1 inhibitor gastroenterocolitis: case series and appraisal of 'immunomodulatory gastroenterocolitis[END_REF][START_REF] Wang | Clinical characterization of colitis arising from anti-PD1 based therapy[END_REF][START_REF] Wang | Clinical characterization of colitis arising from anti-PD1 based therapy[END_REF][START_REF] Wang | Immune-checkpoint inhibitor-induced diarrhea and colitis in patients with advanced malignancies: retrospective review at MD Anderson[END_REF] .

Time to onset between anti-PD1 initiation and GI-immune-related adverse effects is longer than that of anti-CTLA4, and varies between 2 to 4 months after treatment initiation [START_REF] De Malet | Evolution and recurrence of gastrointestinal immune-related adverse events induced by immune checkpoint inhibitors[END_REF][START_REF] Collins | Inflammatory gastrointestinal diseases associated with PD1 blockade antibodies[END_REF][START_REF] Gonzalez | PD1 inhibitor gastroenterocolitis: case series and appraisal of 'immunomodulatory gastroenterocolitis[END_REF][START_REF] Wang | Clinical characterization of colitis arising from anti-PD1 based therapy[END_REF][START_REF] Chen | Histopathologic Features of Colitis Due to Immunotherapy With Anti-PD1 Antibodies[END_REF] .

Diarrhea is is reported by 90% of patients with immune-related adverse effects . Other symptoms are abdominal pain in 70% of patients, hematochezia in 10% of patients and nausea in 20%-55% of patients. [START_REF] Collins | Inflammatory gastrointestinal diseases associated with PD1 blockade antibodies[END_REF][START_REF] Gonzalez | PD1 inhibitor gastroenterocolitis: case series and appraisal of 'immunomodulatory gastroenterocolitis[END_REF][START_REF] Wang | Clinical characterization of colitis arising from anti-PD1 based therapy[END_REF] .

We have observed four patterns of anti-PD1-associated GI immune-related adverse effects :

acute colitis (40%), microscopic colitis (35%), upper GI tract inflammation including necrotizing gastritis (20%, also reported by others 38,S4,S5,S6 ) and pseudo-obstruction (5%) [START_REF] Collins | Inflammatory gastrointestinal diseases associated with PD1 blockade antibodies[END_REF] .

Acute colitis due to anti-PD1 is similar with that induced by anti-CTLA4. It is generally less severe, in our experience. However, a colonic perforation complicating anti-PD1 induced colitis has been reported S7 . Diarrhea and colitis account for 6% of toxic deaths in patients treated with anti-PD1 monotherapy [START_REF] Wang | Fatal Toxic Effects Associated With Immune Checkpoint Inhibitors: A Systematic Review and Meta-analysis[END_REF] .

Diagnosis workup when suspecting an ICI induced colitis

All patients with suspected GI immune-related adverse effects should be examined thoroughly and graded according the CTCAE (CTCAE v5 NIH in table 1). Clinical signs of dehydration, malnutrition and peritoneal irritation should be searched. Serum electrolytes, albumin, CRP and creatinine levels, complete blood count, and liver function tests should be assessed.

Not all patients with diarrhea or abdominal pain under ICI have immune-related adverse effects. Main differential diagnoses are infection, neoplasia, radiation enteritis and self-limited diarrhea. Negative stool searches for bacterial enteropathogens, Clostridioides difficile toxin are mandatory, and, when appropriate, parasites and viruses before making the diagnosis of GI-immune-related adverse effects [START_REF] Haanen | Management of toxicities from immunotherapy: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF] . Whole-blood or serum PCR for CMV should be performed in selected cases [START_REF] Franklin | Cytomegalovirus reactivation in patients with refractory checkpoint inhibitor-induced colitis[END_REF][START_REF] Lankes | Anti-TNF-refractory colitis after checkpoint inhibitor therapy: Possible role of CMV-mediated immunopathogenesis[END_REF] . One half of the patients addressed for suspected anti-PD1induced GI immune-related adverse effects had a differential diagnosis, such as intestinal metastases of non-small cell lung cancer or melanoma [START_REF] Collins | Inflammatory gastrointestinal diseases associated with PD1 blockade antibodies[END_REF] .

Fecal calprotectin and lactoferrin are used to diagnose and monitor patients with IBD. They are correlated with intestinal inflammation in patients with GI-immune-related adverse effects [START_REF] Marthey | Cancer Immunotherapy with Anti-CTLA4 Monoclonal Antibodies Induces an Inflammatory Bowel Disease[END_REF][START_REF] Abu-Sbeih | Importance of endoscopic and histological evaluation in the management of immune checkpoint inhibitor-induced colitis[END_REF] and could be used similarly as they are in IBD.

Interferon-g-release assay screening for tuberculosis, HBV and HIV serology should be performed early in the course of GI immune-related adverse effects , particularly in patients with a severe form, who may need infliximab.

Colonoscopy is useful to confirm the diagnosis, and assess severity of lesions. Biopsies can confirm diagnosis of ICI-induced colitis and diagnose CMV reactivation. Endoscopy should be performed in patients with grade 2, 3 or 4 diarrhea [START_REF] Haanen | Management of toxicities from immunotherapy: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF][START_REF] Puzanov | Managing toxicities associated with immune checkpoint inhibitors: consensus recommendations from the Society for Immunotherapy of Cancer (SITC) Toxicity Management Working Group[END_REF][START_REF] Thompson | Management of Immunotherapy-Related Toxicities, Version 1.2019, NCCN Clinical Practice Guidelines in Oncology[END_REF][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] . Fecal calprotectin above 150 µg/g should prompt endoscopic evaluation. Most of the lesions are accessible by sigmoidoscopy, but 8% of patients have endoscopic lesions only in the ascending colon. In addition, the most severe lesions can be located in the ascending colon, so that sigmoidoscopy can underestimate the severity of lesions [START_REF] Foppen | Immune checkpoint inhibitionrelated colitis: symptoms, endoscopic features, histology and response to management[END_REF] .

Abdominal CT is indicated in patients with severe acute colitis to diagnose perforation, megacolon and abscesses. It is useful for differential diagnosis, such as tumor progression, and diverticulitis [START_REF] Collins | Inflammatory gastrointestinal diseases associated with PD1 blockade antibodies[END_REF] , but has a poor sensitivity for the diagnosis of ICI-induced colitis and should not be used to exclude the diagnosis of GI immune-related adverse effects [START_REF] Garcia-Neuer | Diagnostic Comparison of CT Scans and Colonoscopy for Immune-Related Colitis in Ipilimumab-Treated Advanced Melanoma Patients[END_REF] . The common CT findings of colitis due to anti-CTLA4 are mesenteric vessel engorgement, bowel wall thickening and colonic distension [START_REF] Alessandrino | Frequency and imaging features of abdominal immune-related adverse events in metastatic lung cancer patients treated with PD1 inhibitor[END_REF][START_REF] Kim | Ipilimumab-Associated Colitis: CT Findings[END_REF][START_REF] Tirumani | Radiographic Profiling of Immune-Related Adverse Events in Advanced Melanoma Patients Treated with Ipilimumab[END_REF] . These findings may either be extensive or segmental and may affect the colon, the ileum or both (figure 2).

Endoscopic findings (figure 2)

Anti-CTLA4

Early endoscopy findings (within 1-2 weeks of ipilimumab administration) do not appear to predict the occurrence of enterocolitis [START_REF] Berman | Blockade of cytotoxic T-lymphocyte antigen-4 by ipilimumab results in dysregulation of gastrointestinal immunity in patients with advanced melanoma[END_REF] . In patients with suspected GI-immune-related adverse effects , lower GI endoscopy (flexible sigmoidoscopy or colonoscopy) shows erythema, erosion, ulceration and luminal bleeding. At least two-thirds of patients have an extensive colitis, defined as endoscopic lesions proximal to the splenic flexure [START_REF] Marthey | Cancer Immunotherapy with Anti-CTLA4 Monoclonal Antibodies Induces an Inflammatory Bowel Disease[END_REF][START_REF] Foppen | Immune checkpoint inhibitionrelated colitis: symptoms, endoscopic features, histology and response to management[END_REF][START_REF] Verschuren | Clinical, Endoscopic, and Histologic Characteristics of Ipilimumab-Associated Colitis[END_REF] .

Continuous pattern of inflammation has been reported in 45%-79% of patients [START_REF] Marthey | Cancer Immunotherapy with Anti-CTLA4 Monoclonal Antibodies Induces an Inflammatory Bowel Disease[END_REF][START_REF] Foppen | Immune checkpoint inhibitionrelated colitis: symptoms, endoscopic features, histology and response to management[END_REF] .

Endoscopic severity is correlated with hematochezia [START_REF] Foppen | Immune checkpoint inhibitionrelated colitis: symptoms, endoscopic features, histology and response to management[END_REF] , but not with severity of diarrhea.

Severe endoscopic lesions (Mayo 2-3) and pancolitis correlate with need for infliximab [START_REF] Foppen | Immune checkpoint inhibitionrelated colitis: symptoms, endoscopic features, histology and response to management[END_REF][START_REF] Jain | Colonic ulcerations may predict steroidrefractory course in patients with ipilimumab-mediated enterocolitis[END_REF][START_REF] Abu-Sbeih | Importance of endoscopic and histological evaluation in the management of immune checkpoint inhibitor-induced colitis[END_REF] .

Anti-PD1

Forty percent of patients with diarrhea under anti-PD1 monotherapy have normal endoscopic findings [START_REF] Collins | Inflammatory gastrointestinal diseases associated with PD1 blockade antibodies[END_REF][START_REF] Gonzalez | PD1 inhibitor gastroenterocolitis: case series and appraisal of 'immunomodulatory gastroenterocolitis[END_REF][START_REF] Wang | Clinical characterization of colitis arising from anti-PD1 based therapy[END_REF] . Biopsies show inflammatory changes in most of these patients [START_REF] Wang | Clinical characterization of colitis arising from anti-PD1 based therapy[END_REF] . When present, endoscopic lesions are erythema, luminal bleeding, erosions and ulcerations, with a patchy distribution reported in 75% of cases.

One half to 2/3 of patients investigated for GI immune-related adverse effects related to anti-CTLA4 or anti-PD1 have abnormal upper GI endoscopic non-specific findings, such as gastric erythema or ulcerations, esophageal candidiasis, etc… However, a clinical picture of severe, upper gastrointestinal inflammation has been described in several patients treated with anti-PD1 [START_REF] Collins | Inflammatory gastrointestinal diseases associated with PD1 blockade antibodies[END_REF][START_REF] Gonzalez | PD1 inhibitor gastroenterocolitis: case series and appraisal of 'immunomodulatory gastroenterocolitis[END_REF] .

Histological and immunopathological features

Anti-CTLA4

Histological features are generally those of acute colitis, including lamina propria infiltration with neutrophils, and crypt abscesses [START_REF] Marthey | Cancer Immunotherapy with Anti-CTLA4 Monoclonal Antibodies Induces an Inflammatory Bowel Disease[END_REF][START_REF] Foppen | Immune checkpoint inhibitionrelated colitis: symptoms, endoscopic features, histology and response to management[END_REF][START_REF] Berman | Blockade of cytotoxic T-lymphocyte antigen-4 by ipilimumab results in dysregulation of gastrointestinal immunity in patients with advanced melanoma[END_REF] . These inflammatory changes are diffuse rather than patchy in 75% of patients. Two studies have reported features of chronic IBD such as mononuclear cell infiltration, granulomas, basal plasmacytosis and crypt abnormalities (atrophy, distortion, branching, and budding) in 40% of the patients. This chronic inflammatory process was found to infiltrate the submucosa in 47% of the patients. Apoptotic cells in crypt epithelium have been reported in 42% of patients. Two patients with ipilimumab induced colitis had superficial granulomas in colonic biopsies [START_REF] Marthey | Cancer Immunotherapy with Anti-CTLA4 Monoclonal Antibodies Induces an Inflammatory Bowel Disease[END_REF] . Anti-CTLA4-induced colitis is characterized by a predominance of mucosal CD4+ T cells and high levels of tumor necrosis factor (TNF)-α secretion. By contrast, in anti-PD1-induced colitis, T-lymphocytes infiltrating the epithelium were more often CD8+ cells, and TNF secretion was low [START_REF] Coutzac | Colon Immune-Related Adverse Events: Anti-CTLA4 and Anti-PD1 Blockade Induce Distinct Immunopathological Entities[END_REF] . Chronic inflammation of the stomach and the duodenum has been observed in 55% of patients treated with ipilimumab [START_REF] Coutzac | Colon Immune-Related Adverse Events: Anti-CTLA4 and Anti-PD1 Blockade Induce Distinct Immunopathological Entities[END_REF] . Lesions had a patchy distribution and included crypt distortion, focal and heterogeneous villus shortening, increased eosinophils and mononuclear inflammatory cells in the lamina propria as well as hyperplasia of Brunner's glands.

Anti-PD1

Histopathology of anti-PD1-induced GI immune-related adverse effects is similar with that of anti-CTLA4. [START_REF] Foppen | Immune checkpoint inhibitionrelated colitis: symptoms, endoscopic features, histology and response to management[END_REF][START_REF] Collins | Inflammatory gastrointestinal diseases associated with PD1 blockade antibodies[END_REF][START_REF] Gonzalez | PD1 inhibitor gastroenterocolitis: case series and appraisal of 'immunomodulatory gastroenterocolitis[END_REF][START_REF] Wang | Clinical characterization of colitis arising from anti-PD1 based therapy[END_REF][START_REF] Chen | Histopathologic Features of Colitis Due to Immunotherapy With Anti-PD1 Antibodies[END_REF] , Acute colitis was characterized by neutrophil infiltrates and cryptic abscesses; lymphocytic infiltrate and increased apoptosis were present in half of the patients.

Granulomas have been rarely reported in anti-PD1 induced colitis [START_REF] Gonzalez | PD1 inhibitor gastroenterocolitis: case series and appraisal of 'immunomodulatory gastroenterocolitis[END_REF] .

Histopathological features of upper GI tract inflammation include lamina propria infiltration with neutrophils, lymphocytes and plasma cells. Intra-epithelial lymphocytosis was observed in 33%-50% of cases. Villus blunting or atrophy was observed in approximately half of the patients who had duodenitis [START_REF] Collins | Inflammatory gastrointestinal diseases associated with PD1 blockade antibodies[END_REF][START_REF] Gonzalez | PD1 inhibitor gastroenterocolitis: case series and appraisal of 'immunomodulatory gastroenterocolitis[END_REF] . Microscopic colitis was reported in one-fourth of the patients, a majority of whom had a lymphocytic colitis. As compared with sporadic microscopic colitis, those induced by ICI are more severe, are often associated with mild endoscopic lesions (erythema, edema), and more often require immunosuppressants as well as hospitalizations [START_REF] Choi | Can Immune Checkpoint Inhibitors Induce Microscopic Colitis or a Brand New Entity?[END_REF] . In addition, lymphocytic infiltration sometimes extends to the ileum. This finding, together with chronic inflammation of the duodenum in patients treated with ICI,

shows that ICI induce a pan intestinal inflammation that predominates in the colon [START_REF] Collins | Inflammatory gastrointestinal diseases associated with PD1 blockade antibodies[END_REF] .

Treatment of ICI-induced enterocolitis

Management of GI immune-related adverse effects due to anti-PD1, anti-CTLA4 or combination therapy is similar.

Four consensus guidelines on the management of immune-related adverse effects have been published [START_REF] Haanen | Management of toxicities from immunotherapy: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF][START_REF] Puzanov | Managing toxicities associated with immune checkpoint inhibitors: consensus recommendations from the Society for Immunotherapy of Cancer (SITC) Toxicity Management Working Group[END_REF][START_REF] Thompson | Management of Immunotherapy-Related Toxicities, Version 1.2019, NCCN Clinical Practice Guidelines in Oncology[END_REF][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] ; they provide broadly similar recommendations. They are based upon cases series, mostly retrospective. There is no stronger evidence-based data to inform clinical decision making. Management of patients with GI immune-related adverse effects should take into account consensus guidelines, but also be individualized to the individual benefit/risk balance. A management algorithm of diarrhea and colitis in patients undergoing ICI therapy is proposed in figure 1.

Prophylactic treatment

Prophylactic budesonide (9 mg orally per day) was found not to prevent ipilimumab-induced diarrhea or colitis in a randomized, controlled trial [START_REF] Berman | Blockade of cytotoxic T-lymphocyte antigen-4 by ipilimumab results in dysregulation of gastrointestinal immunity in patients with advanced melanoma[END_REF][START_REF] Weber | A Randomized, Double-Blind, Placebo-Controlled, Phase II Study Comparing the Tolerability and Efficacy of Ipilimumab Administered with or without Prophylactic Budesonide in Patients with Unresectable Stage III or IV Melanoma[END_REF] .

Initial treatment

Grade 1 or 2 diarrhea can be treated supportively with antidiarrheal drugs such as loperamide or radecadotril, oral fluid and a low-fiber diet. Immune checkpoint inhibitors can be maintained in grade 1 diarrhea, but should be withheld in grade 2 diarrhea. Oral corticosteroids (prednisolone 0.5-1 mg/ kg/day or budesonide 9 mg/day in microscopic colitis) should be added in patients with grade 2 diarrhea. Patients with grade 1 diarrhea who do not respond to supportive treatment or have a protracted course should be referred to a gastroenterologist and oral corticosteroids should be considered [START_REF] Haanen | Management of toxicities from immunotherapy: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF] . Patients with grade 2 to 4 diarrhea should discontinue ICI and receive systemic corticosteroids, either orally or intravenously (methylprednisolone 1 mg/kg/day), according to the severity of diarrhea.

Patients who respond to intravenous corticosteroids, within 3-5 days should be switched to the oral form; subsequently, oral corticosteroids should be tapered rather than abruptly

withdrawn. An 8 week-tapering period should be considered by analogy with IBD management. Guidelines recommend an initial dose of 1-2 mg/kg/d [START_REF] Haanen | Management of toxicities from immunotherapy: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF][START_REF] Puzanov | Managing toxicities associated with immune checkpoint inhibitors: consensus recommendations from the Society for Immunotherapy of Cancer (SITC) Toxicity Management Working Group[END_REF][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] or 2mg/kg [START_REF] Thompson | Management of Immunotherapy-Related Toxicities, Version 1.2019, NCCN Clinical Practice Guidelines in Oncology[END_REF] . We do not advocate the use of higher doses than 1 mg/kg/d because of their poor tolerance and because infliximab is an efficient and safe alternative.. Seventeen percent of patients with GIimmune-related adverse effects have adverse events due to corticosteroids, such as adrenal insufficiency, diabetes, infections, volume overload [START_REF] Wang | Clinical characterization of colitis arising from anti-PD1 based therapy[END_REF] .

Patients with ICI induced colitis have a 40%-70% response rate to corticosteroids, with a relapse rate of 15%-50% during steroid tapering. One third to one half of patients require a second line treatment with infliximab [START_REF] Marthey | Cancer Immunotherapy with Anti-CTLA4 Monoclonal Antibodies Induces an Inflammatory Bowel Disease[END_REF][START_REF] Foppen | Immune checkpoint inhibitionrelated colitis: symptoms, endoscopic features, histology and response to management[END_REF][START_REF] Collins | Inflammatory gastrointestinal diseases associated with PD1 blockade antibodies[END_REF][START_REF] Wang | Clinical characterization of colitis arising from anti-PD1 based therapy[END_REF] .

Management of steroid refractory GI-immune-related adverse effects

A patient who fails to respond to three to five days of high-dose corticosteroids is defined as corticosteroid-refractory. Relapse is defined by symptom recurrence in the month following corticosteroid cessation, or during corticosteroid tapering.

Infliximab (5 mg/kg), should be administered to patients with steroid-refractory ICI inducedenterocolitis [START_REF] Marthey | Cancer Immunotherapy with Anti-CTLA4 Monoclonal Antibodies Induces an Inflammatory Bowel Disease[END_REF][START_REF] Beck | Enterocolitis in Patients With Cancer After Antibody Blockade of Cytotoxic T-Lymphocyte-Associated Antigen 4[END_REF][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][START_REF] Abu-Sbeih | Early introduction of selective immunosuppressive therapy associated with favorable clinical outcomes in patients with immune checkpoint inhibitor-induced colitis[END_REF][START_REF] Gupta | Systematic review: colitis associated with anti-CTLA4 therapy[END_REF][START_REF] Johnson | Infliximab associated with faster symptom resolution compared with corticosteroids alone for the management of immune-related enterocolitis[END_REF][START_REF] Johnston | Cytotoxic T-Lymphocyte-Associated Antigen 4 Antibody-Induced Colitis and Its Management with Infliximab[END_REF] . Infliximab use has been associated with shorter time to resolution and steroid titration, without negative impact on overall survival or response, although patients who received infliximab were more severe than those treated with corticosteroids [START_REF] Johnson | Infliximab associated with faster symptom resolution compared with corticosteroids alone for the management of immune-related enterocolitis[END_REF] . The number of infliximab infusion does not exceed 3 infusions (baseline, day 14 and 42) in most cases [START_REF] Foppen | Immune checkpoint inhibitionrelated colitis: symptoms, endoscopic features, histology and response to management[END_REF][START_REF] Haanen | Management of toxicities from immunotherapy: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF][START_REF] Puzanov | Managing toxicities associated with immune checkpoint inhibitors: consensus recommendations from the Society for Immunotherapy of Cancer (SITC) Toxicity Management Working Group[END_REF][START_REF] Thompson | Management of Immunotherapy-Related Toxicities, Version 1.2019, NCCN Clinical Practice Guidelines in Oncology[END_REF][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] . However, a recent series suggests that patients who received three or more infliximab or vedolizumab infusions had better outcome as compared to those who received less than three [START_REF] Abu-Sbeih | Early introduction of selective immunosuppressive therapy associated with favorable clinical outcomes in patients with immune checkpoint inhibitor-induced colitis[END_REF] . There is an ongoing trial to evaluate early initiation of infliximab therapy vs step-up approach (NCT02763761).

Two cases series, based upon a total of 34 patients, have reported the results of vedolizumab, therapy in patients with corticosteroids and/or infliximab-refractory enterocolitis due to ipilimumab, anti-PD1 or both [START_REF] Abu-Sbeih | Outcomes of vedolizumab therapy in patients with immune checkpoint inhibitor-induced colitis: a multi-center study[END_REF][START_REF] Bergqvist | Vedolizumab treatment for immune checkpoint inhibitor-induced enterocolitis[END_REF] . Patients studied appeared to have a moderate rather than severe colitis. Clinical remission was obtained in most patients and improvement was observed after a median of 5 days. These results may suggest that vedolizumab is an option in patients who do not respond to infliximab or in whom infliximab is contra-indicated. The efficacy of infliximab and vedolizumab in patients with moderate to severe GI immunerelated adverse effects should be prospectively evaluated.

Successful fecal microbiota transplantation has been reported in two patients who were refractory to corticosteroids, infliximab and vedolizumab. The authors reported successful engraftment of donor fecal microbiota in both recipients, and remission of GI symptoms in one patient in 2 weeks, and partial clinical improvement in the second patient. Both patients had improvement in endoscopic evaluation [START_REF] Wang | Fecal microbiota transplantation for refractory immune checkpoint inhibitor-associated colitis[END_REF] .

Some patients treated with ICI (mostly anti-CTLA4) may develop a toxic megacolon, intraabdominal abscesses or a colonic perforation. These patients should undergo emergency subtotal colectomy with ileostomy. [START_REF] Marthey | Cancer Immunotherapy with Anti-CTLA4 Monoclonal Antibodies Induces an Inflammatory Bowel Disease[END_REF] Patients with microscopic colitis are not exposed to complications such as toxic megacolon and colonic perforation. Moreover, the efficacy of infliximab and vedolizumab is less well established than in acute colitis. Therefore, the delay of assessment of response can be longer than 5 days, and the decision of switching to biologics has to be individualized in these patients. Correction of serum electrolyte disturbances such as hypokalemia and dehydration is of paramount importance.

Time to resolution

Median times to resolution of GI immune-related adverse effects related to anti-CTLA4 and anti-PD1 are 1.5 month (range 0.5-10 months) and 2 months (1.1-4.2 months) respectively [START_REF] Weber | Patterns of onset and resolution of immunerelated adverse events of special interest with ipilimumab: Detailed safety analysis from a phase 3 trial in patients with advanced melanoma[END_REF][START_REF] De Malet | Evolution and recurrence of gastrointestinal immune-related adverse events induced by immune checkpoint inhibitors[END_REF][START_REF] Collins | Inflammatory gastrointestinal diseases associated with PD1 blockade antibodies[END_REF] . Patients with microscopic colitis have a median time to resolution of symptoms of 3.5 months. Endoscopic and/or histological inflammation of the colon persists several months after the resolution of clinical symptoms of enterocolitis [START_REF] Marthey | Cancer Immunotherapy with Anti-CTLA4 Monoclonal Antibodies Induces an Inflammatory Bowel Disease[END_REF] . A few cases of chronic IBD have been reported after ICI treatment 36,S10 .

Immune-related enterocolitis and antitumor response to ICI

Most studies have suggested that antitumor response and overall survival rates are higher in patients with immune-related adverse effects [START_REF] Chaput | Baseline gut microbiota predicts clinical response and colitis in metastatic melanoma patients treated with ipilimumab[END_REF][START_REF] Beck | Enterocolitis in Patients With Cancer After Antibody Blockade of Cytotoxic T-Lymphocyte-Associated Antigen 4[END_REF][START_REF] Wang | Immune-checkpoint inhibitor-induced diarrhea and colitis in patients with advanced malignancies: retrospective review at MD Anderson[END_REF][START_REF] Weber | A Randomized, Double-Blind, Placebo-Controlled, Phase II Study Comparing the Tolerability and Efficacy of Ipilimumab Administered with or without Prophylactic Budesonide in Patients with Unresectable Stage III or IV Melanoma[END_REF][START_REF] Abu-Sbeih | Immune checkpoint inhibitor-induced colitis as a predictor of survival in metastatic melanoma[END_REF] . However, this finding is not universal [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][START_REF] Ksienski | Efficacy of Nivolumab and Pembrolizumab in Patients With Advanced Non-Small-Cell Lung Cancer Needing Treatment Interruption Because of Adverse Events: A Retrospective Multicenter Analysis[END_REF] and has been criticized because of a possible immortal time bias in these retrospective

studies. Yet, one prospective study has found an association between occurrence of early immune-related adverse effects (<6 weeks after onset of treatment) and longer progressionfree survival in 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] .

In line with this observation, a multicenter study of auto-immunity-associated SNPs has shown that one SNP variant (rs17388568 GA or AA) is associated with a higher efficacy of anti-PD1. This SNP is associated with predisposition to allergy, colitis and type 1 diabetes, the latter two being immune-related adverse effects of anti-PD1 treatment [START_REF] Chat | Autoimmune genetic risk variants as germline biomarkers of response to melanoma immune-checkpoint inhibition[END_REF] .

Moreover, two case reports have described patients who responded to anti ICI and had severe immune-related adverse effects . In these two patients, the same CD8 T cell clone was found within the tumor bed and the organ involved in immune-related adverse effects , ie the myocardium and the duodenum S8-S9 .

As outlined above, baseline fecal microbiota composition has been linked to safety but also efficacy of ICI [START_REF] Chaput | Baseline gut microbiota predicts clinical response and colitis in metastatic melanoma patients treated with ipilimumab[END_REF][START_REF] Dubin | Intestinal microbiome analyses identify melanoma patients at risk for checkpoint-blockade-induced colitis[END_REF][START_REF] Frankel | Metagenomic Shotgun Sequencing and Unbiased Metabolomic Profiling Identify Specific Human Gut Microbiota and Metabolites Associated with Immune Checkpoint Therapy Efficacy in Melanoma Patients[END_REF][START_REF] Gopalakrishnan | Gut microbiome modulates response to anti-PD1 immunotherapy in melanoma patients[END_REF][START_REF] Matson | The commensal microbiome is associated with anti-PD1 efficacy in metastatic melanoma patients[END_REF][START_REF] Routy | Gut microbiome influences efficacy of PD1based immunotherapy against epithelial tumors[END_REF][START_REF] Vétizou | Anticancer immunotherapy by CTLA4 blockade relies on the gut microbiota[END_REF] . Baseline colonisation by Firmicutes, such as Faecalibacterium prausnitzii L2-6, butyrate-producing bacterium L2-21, Gemmiger formicilis ATCC 27749, was associated with anti-CTLA4-induced colitis but also with antitumor response. In contrast, Bacteroidetes (mostly Bacteroides genus) were more highly represented in patients who had a poor antitumor response and in those who remained colitis-free [START_REF] Chaput | Baseline gut microbiota predicts clinical response and colitis in metastatic melanoma patients treated with ipilimumab[END_REF] . Other authors have confirmed that colonization with eubionts such as Akkermansia muciniphila, Bifidobacterium longum, Faecalibacterium prausnitzii were associated with better efficacy of anti-PD1 [START_REF] Gopalakrishnan | Gut microbiome modulates response to anti-PD1 immunotherapy in melanoma patients[END_REF][START_REF] Matson | The commensal microbiome is associated with anti-PD1 efficacy in metastatic melanoma patients[END_REF][START_REF] Routy | Gut microbiome influences efficacy of PD1based immunotherapy against epithelial tumors[END_REF] .

Taken together these data might suggest that microbiota composition underlie the reported association between efficacy and GI immune-related adverse effects .

The link between the occurrence of colitis and efficacy of anti-CTLA4 is somehow evocative of the association between the use of anti TNF and the occurrence of melanoma in IBD S11 , but not RA patients S12 . These findings could be explained by molecular mimicry between melanoma neoantigens and antigens from the microbiota. T cell clones binding to these antigens could undergo apoptosis in IBD patients treated by anti TNF whereas they could be activated in patients with melanoma treated with anti-CTLA4. This hypothesis is unproven, however.

From a practical viewpoint, the use of immunosuppressive agents for immune-related adverse effects (corticosteroids, infliximab or mycophenolic acid) is not associated with a diminished efficacy of ICI [START_REF] Foppen | Immune checkpoint inhibitionrelated colitis: symptoms, endoscopic features, histology and response to management[END_REF][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][START_REF] Abu-Sbeih | Early introduction of selective immunosuppressive therapy associated with favorable clinical outcomes in patients with immune checkpoint inhibitor-induced colitis[END_REF][START_REF] Abu-Sbeih | Immune checkpoint inhibitor-induced colitis as a predictor of survival in metastatic melanoma[END_REF][START_REF] Arriola | Infliximab for IPILIMUMAB-Related Colitis--Letter[END_REF][START_REF] Harmankaya | Continuous systemic corticosteroids do not affect the ongoing regression of metastatic melanoma for more than two years following ipilimumab therapy[END_REF][START_REF] Weber | Safety Profile of Nivolumab Monotherapy: A Pooled Analysis of Patients With Advanced Melanoma[END_REF] .

Risk of recurrent GI immune-related adverse effects after rechallenge with immune checkpoint inhibitors Discontinuation rates of ICI is approximately 7.5% in anti-PD1 trials and 14% in anti-CTLA4 trials. The most common immune-related adverse effects leading to discontinuation are diarrhea and colitis [START_REF] Khoja | Tumour-and class-specific patterns of immune-related adverse events of immune checkpoint inhibitors: a systematic review[END_REF] .

In patients who previously had an enterocolitis due to ipilimumab, subsequent treatment with anti-PD1 antibodies resulted in recurrent enterocolitis in only 2% of the patients [START_REF] Menzies | Anti-PD1 therapy in patients with advanced melanoma and preexisting autoimmune disorders or major toxicity with ipilimumab[END_REF] . However, new grade 3/4 immune-related adverse effects occurred more frequently (21%) in patients who previously experienced a major immune-related adverse effects with ipilimumab, as compared with the whole population of patients treated with anti-PD1, after having received ipilimumab (8%) [START_REF] Weber | Safety Profile of Nivolumab Monotherapy: A Pooled Analysis of Patients With Advanced Melanoma[END_REF] .

Most patients with enterocolitis associated with anti-PD1/anti-CTLA4 combination therapy tolerated subsequent anti-PD1 monotherapy well. Enterocolitis was less likely than other immune-related adverse effects to recur on anti-PD1 rechallenge after combotherapy discontinuation (6% vs 28%, respectively, p=0.01) [START_REF] Pollack | Safety of resuming anti-PD1 in patients with immune-related adverse events (immune-related adverse effects) during combined anti-CTLA4 and anti-PD1 in metastatic melanoma[END_REF] . The risk of recurrence of GI immunerelated adverse effects during a second line of ICI, is 23%-32% 36,S15 , including 33% patients with grade 3-4 GI immune-related adverse effects 36,S15 . Risk factors for GI-immune-related adverse effects are the use of anti-CTLA4 second line 36,77,78,S15 , the requirement for immunosuppressive therapy for the first episode S15 and first line use of anti-PD1 S15 .

The decision to reintroduce ICI should be made on a case-by-case basis, and discussed within a multidisciplinary team.

Enterocolitis associated with immune checkpoint inhibitors and naturally occurring IBD

There are several similarities between IBD and GI immune-related adverse effects , specifically acute enterocolitis: colonic and ileal involvement, endoscopic lesions, response to corticosteroids, infliximab and possibly vedolizumab. Colitis induced by ICI are more often associated with chronic duodenal inflammation that ulcerative colitis and Crohn's disease. A study has compared histopathology of ulcerative colitis and ipilimumab-induced colitis; cryptitis, ulcerations, crypt abscesses were found in both conditions but there were more mucosal CD20+ lymphocytes and mucosal inflammation was less diffuse in the former than in the latter S13 .

Development of anti-CTLA4-induced enterocolitis is associated with a shift in the gut microbial composition and decreased bacterial diversity. We observed that the proportions of seven genera which belonged to the Firmicutes phylum are significantly reduced at the times of colitis [START_REF] Chaput | Baseline gut microbiota predicts clinical response and colitis in metastatic melanoma patients treated with ipilimumab[END_REF] . Anti-CTLA4-induced enterocolitis is associated with a dysbiosis that appears concomitantly with it and does not precede it. Patients who were prone to develop anti-CTLA4 induced colitis had in fact an enrichment in eubionts such as Faecalibacterium prausnitzii and butyrate-producing bacteria. The current theory of IBD hypothesizes that dysbiosis, associated with environmental and possibly genetic factors, precedes intestinal inflammation. This theory is unproven yet. Whether the pathophysiology of ipilimumabinduced colitis applies to (a subgroup of) IBD is currently unknown. 

Figure legend

Figure 1 :

 1 Figure 1 : Algorithm of diagnosis workup and treatment of ICI-induced diarrhea and colitis.

Figure 2 .

 2 Figure 2. Tomodensitometric and endoscopic features of ICI-induced enterocolitis.

Figure 3 .

 3 Figure 3. Histologic features of ICI-induced enterocolitis

Figure S1 .

 S1 Figure S1. Flow chart of litterature review.

Table 2 . Summary of main clinical, endoscopic, histopathologic and outcomes of GI- 1 immune-related adverse effects 2

 2 

Acknowledgements

The authors would like to thank Sarah L. Williamson, graphic illustrator for the AGA journals.

FRM doctoral grant FDM 20170839109 for MC.