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Inflammatory bowel diseases (IBD) and their treatments, particularly immunosuppressive drugs, increase risk of infections and cancers. However, by promoting mucosal healing, these agents should reduce risks of infections related to intestinal lesions, malnutrition, intravenous devices, and IBD surgeries and reduce risk of cancers associated with chronic mucosal inflammationalthough there are few data to support this concept. Corticosteroids increase the risk of vascular thromboembolic events, yet other immunosuppressive drugs that induce deep remission from IBD could decrease the incidence of cardiovascular events attributable to systemic inflammation and IBD-related hospitalizations and/or surgeries. The nature and magnitude of the risks of infections and cancers vary with immunosuppressive drug class and patient sex and age. For example, thiopurines increase risk of viral infections that might be fatal in young patients, whereas tumor necrosis factor antagonists increase risk of bacterial and intracellular infections that can be fatal in patients of any age, but particularly in older patients. The ability of drugs to prevent IBD-associated colorectal cancer varies with IBD location and duration. Models to assess the benefit:risk ratio of long-term use of immunosuppressive drugs for patients with IBD should be adapted based on patients' age, sex, and IBD phenotype, to properly guide patient management. The decision-making process should begin with a clear explanation of treatment risks and then integrate the patient's emotional perception of risks.

Crohns' disease (CD) and ulcerative colitis (UC) are characterized by continuous or relapsing intestinal inflammation. Both inflammatory bowel diseases (IBDs) are lifetime diseases. Most of the treatments that are currently used are anti-inflammatory drugs. These anti-inflammatory drugs, except 5-amino-salicylates, also exhibit immunosuppressive properties.

Immunosuppressive drugs that are used for the treatment of IBD include small molecules (corticosteroids, thiopurines, and methotrexate) and biologics (anti-Tumor Necrosis Factor (TNF) agents, vedolizumab, and ustekinumab). New biologics and immunosuppressive small molecules (Janus kinase (JAK) inhibitors and Sphingosine 1 phosphate receptor modulators) are under development. Because of the possible complications of immunosuppression, clinicians do not consider using these drugs on a lifetime basis. There is a growing trend towards a cyclic use of these drugs. When making the decision to enter a therapeutic cycle, clinicians and patients are interested in benefit-risk balance modeling studies, which should ideally integrate all benefits and risks associated with therapeutic strategies. This research area is recent in IBD. Major advances occurred within the last years because of growing access to medico-administrative databases and initiation of well-phenotyped observational cohorts.

Potential impact of immunosuppressive therapy on morbidity and mortality in IBD

In westernized countries, the two primary causes of death are cardiovascular disease and cancer. [START_REF] Heron | Changes in the Leading Cause of Death: Recent Patterns in Heart Disease and Cancer Mortality[END_REF] This is also true for individuals living with IBD. [START_REF] Jess | Trends in overall and cause-specific mortality among patients with inflammatory bowel disease from 1982 to 2010[END_REF] In developed countries, death by infection (mainly influenza and pneumonia) is twenty times less frequent than death by cancer. [START_REF] Murphy | Deaths: Final Data for 2015[END_REF] Patients with IBD may develop cancers, cardiovascular events and infections that are not related to IBD or IBD treatment, are attributable to IBD itself, or are attributable to IBD treatment.

Immunosuppressive drugs have been shown to promote immunosuppression-related infections and cancers (Figure 1). Via mucosal healing, immunosuppressants are also candidates for reducing the incidence of infections related to IBD. Finally, with the exception of corticosteroids that increase the risk of vascular thromboembolic events, it is plausible that immunosuppressive drugs that lead to IBD deep remission could decrease the incidence of cardiovascular events attributable to IBD.

Expression of the magnitude of risks attributable to IBD or IBD drugs

The association between treatment exposure and outcomes of interest may be expressed in relative terms, such as relative risks or odds ratios. The absolute risk is the probability of the occurrence of a specified outcome within a period of time (incidence rate). Incidence rates are generally expressed as the number of events per patient-years. The denominator of 1000 persons-years is increasingly used in the IBD literature. The number of events per 1000 years represents the risk percentage of developing the event for a 10-year period.

For physicians, absolute and relative risks are complementary approaches for the integration of medical knowledge. In contrast, when considering an individual patient in clinical practice, absolute risks are exclusively relevant for determining the individual benefit-risk balance of a therapeutic strategy.

Figure 2 plots the magnitudes of the risks of key events that may be observed in individuals with IBD on a logarithmic scale. For each event category, numbers are the sum of events not related to IBD or IBD treatment, related to IBD, or related to IBD treatment. The qualifying adjectives that appear in the figure are those used by drug agencies for stratifying the magnitude of risks of adverse events associated with the use of new drugs. [START_REF] Anon | Guidelines for Preparing Core Clinical-Safety Information on Drugs -Report of CIOMS Working Group III • COUNCIL FOR INTERNATIONAL ORGANIZATIONS OF MEDICAL SCIENCES[END_REF] 

Data sources for assessing the magnitude of risks associated with IBD or IBD treatment.

The incidence of frequent events in IBD may be adequately estimated in reports from IBD centers or meta-analyses of randomized controlled trials. To estimate the risks of rare events, such as opportunistic infections or cancers, the minimum time of observation needed often exceeds 30,000 patient-years. This power may be attained in studies from medico-administrative databases or observational cohorts. Subgroup assessment of the risks according to age-class and gender is possible in all studies. However, differential assessment of risks according to IBD phenotype is not possible in studies from most of the medico-administrative databases because data on IBD phenotype are lacking. To fill in this gap, data on IBD phenotype are recorded in dedicated prospective observational cohorts, such as CESAME or I-CARE ((Ibd CAncer and seRious infections in Europe, https://clinicaltrials.gov/ct2/show/NCT02377258).

Infections

Infections are extremely frequent in everyday life and can be categorized according to their clinical impact (Table 1). Serious infections are generally defined as infections that require hospitalization and may be life-threatening or result in permanent disability. In the IBD population, the incidence of serious infections ranges from 10 to 100 events per 1000 patientyears according study designs and care pathway specificities. [START_REF] Kirchgesner | Risk of Serious and Opportunistic Infections Associated With Treatment of Inflammatory Bowel Diseases[END_REF][START_REF] Andersen | Association between tumour necrosis factoralpha inhibitors and risk of serious infections in people with inflammatory bowel disease: nationwide Danish cohort study[END_REF][START_REF] Lichtenstein | Serious infections and mortality in association with therapies for Crohn's disease: TREAT registry[END_REF] Opportunistic infections occur selectively or are particularly severe in immune-compromised patients, and these infections are life-threatening. There is no universal list of opportunistic infections, and infections considered in the analyses vary among studies. [START_REF] Andersen | Association between tumour necrosis factoralpha inhibitors and risk of serious infections in people with inflammatory bowel disease: nationwide Danish cohort study[END_REF][START_REF] Toruner | Risk factors for opportunistic infections in patients with inflammatory bowel disease[END_REF] Notably, the same infectious agent, for example zoster, may cause benign, serious or opportunistic infections according to host and context specificities and disease severity.

Infections promoted by immunosuppressive therapy

The excess risk of infection in patients with IBD exposed to corticosteroids, thiopurines and anti-TNF varies among types of infection and drug classes (Table 2). Few data exist on everyday benign infections. It was reported in a prospective cohort of outpatients with IBD that exposure to thiopurines was associated with an increased incidence of skin herpes flares and skin viral warts. [START_REF] Seksik | Incidence of benign upper respiratory tract infections, HSV and HPV cutaneous infections in inflammatory bowel disease patients treated with azathioprine[END_REF] The incidence of zoster is intrinsically increased in patients with IBD. [START_REF] Gupta | Incidence and risk factors for herpes zoster among patients with inflammatory bowel disease[END_REF][START_REF] Long | Increased risk of herpes zoster among 108 604 patients with inflammatory bowel disease[END_REF][START_REF] Khan | Overall and Comparative Risk of Herpes Zoster With Pharmacotherapy for Inflammatory Bowel Diseases: A Nationwide Cohort Study[END_REF] Exposure to corticosteroids, thiopurines, and/or anti-TNF agents further increases this risk. [START_REF] Gupta | Incidence and risk factors for herpes zoster among patients with inflammatory bowel disease[END_REF][START_REF] Long | Increased risk of herpes zoster among 108 604 patients with inflammatory bowel disease[END_REF][START_REF] Khan | Overall and Comparative Risk of Herpes Zoster With Pharmacotherapy for Inflammatory Bowel Diseases: A Nationwide Cohort Study[END_REF] A similar excess risk of serious infections in patients exposed to monotherapies with thiopurines and anti-TNF agents was reported in a meta-analysis of randomized controlled trials. [START_REF] Bonovas | Biologic Therapies and Risk of Infection and Malignancy in Patients With Inflammatory Bowel Disease: A Systematic Review and Network Meta-analysis[END_REF] The excess risk primarily relates to viral infections in patients exposed to monotherapy with thiopurines. [START_REF] Kirchgesner | Risk of Serious and Opportunistic Infections Associated With Treatment of Inflammatory Bowel Diseases[END_REF] The risk of serious infections is even higher in patients exposed to corticosteroids or combination therapy with thiopurines and anti-TNF agents. [START_REF] Kirchgesner | Risk of Serious and Opportunistic Infections Associated With Treatment of Inflammatory Bowel Diseases[END_REF][START_REF] Lewis | Increased Mortality Rates With Prolonged Corticosteroid Therapy When Compared With Antitumor Necrosis Factor-α-Directed Therapy for Inflammatory Bowel Disease[END_REF] There is an excess risk of opportunistic infections in patients exposed to monotherapies with thiopurines and anti-TNF agents. [START_REF] Kirchgesner | Risk of Serious and Opportunistic Infections Associated With Treatment of Inflammatory Bowel Diseases[END_REF][START_REF] Andersen | Association between tumour necrosis factoralpha inhibitors and risk of serious infections in people with inflammatory bowel disease: nationwide Danish cohort study[END_REF][START_REF] Toruner | Risk factors for opportunistic infections in patients with inflammatory bowel disease[END_REF][START_REF] Bonovas | Biologic Therapies and Risk of Infection and Malignancy in Patients With Inflammatory Bowel Disease: A Systematic Review and Network Meta-analysis[END_REF][START_REF] Ford | Opportunistic infections with anti-tumor necrosis factor-alpha therapy in inflammatory bowel disease: meta-analysis of randomized controlled trials[END_REF][START_REF] Salmon-Ceron | Drug-specific risk of non-tuberculosis opportunistic infections in patients receiving anti-TNF therapy reported to the 3-year prospective French RATIO registry[END_REF] This risk is significantly higher in patients exposed to corticosteroids [START_REF] Lichtenstein | Serious infections and mortality in association with therapies for Crohn's disease: TREAT registry[END_REF][START_REF] Lewis | Increased Mortality Rates With Prolonged Corticosteroid Therapy When Compared With Antitumor Necrosis Factor-α-Directed Therapy for Inflammatory Bowel Disease[END_REF][START_REF] Lichtenstein | Serious infection and mortality in patients with Crohn's disease: more than 5 years of follow-up in the TREAT registry[END_REF] or combination therapy with thiopurines and anti-TNF agents. [START_REF] Kirchgesner | Risk of Serious and Opportunistic Infections Associated With Treatment of Inflammatory Bowel Diseases[END_REF] There is an excess risk of all types of infections in patients exposed to corticosteroids and/or anti-TNF agents, particularly older patients. [START_REF] Lichtenstein | Serious infection and mortality in patients with Crohn's disease: more than 5 years of follow-up in the TREAT registry[END_REF][START_REF] Cottone | Advanced age is an independent risk factor for severe infections and mortality in patients given anti-tumor necrosis factor therapy for inflammatory bowel disease[END_REF] In contrast, the excess risk primarily relates to viral infections in patients exposed to thiopurines. [START_REF] Kirchgesner | Risk of Serious and Opportunistic Infections Associated With Treatment of Inflammatory Bowel Diseases[END_REF] There is no excess mortality from infection at the population level in IBD patients exposed to thiopurines and anti-TNF agents, [START_REF] Lichtenstein | Serious infections and mortality in association with therapies for Crohn's disease: TREAT registry[END_REF][START_REF] Lichtenstein | Serious infection and mortality in patients with Crohn's disease: more than 5 years of follow-up in the TREAT registry[END_REF][START_REF] Hutfless | Mortality by medication use among patients with inflammatory bowel disease, 1996-2003[END_REF] but some studies have reported an excess mortality from infection in patients exposed to corticosteroids. [START_REF] Lichtenstein | Serious infections and mortality in association with therapies for Crohn's disease: TREAT registry[END_REF][START_REF] Lewis | Increased Mortality Rates With Prolonged Corticosteroid Therapy When Compared With Antitumor Necrosis Factor-α-Directed Therapy for Inflammatory Bowel Disease[END_REF][START_REF] Lichtenstein | Serious infection and mortality in patients with Crohn's disease: more than 5 years of follow-up in the TREAT registry[END_REF] At an individual level, thiopurine-associated fatal infections have been reported mainly in young patients. These infections include severe forms of varicella [START_REF] Springfeld | Fatal varicella in an immunocompromised adult associated with a European genotype E2 variant of varicella zoster virus[END_REF] and primary Epstein-Barr virus or cytomegalovirus infections complicated with hemophagocytic lymphohistiocytosis. [START_REF] Biank | Association of Crohn's disease, thiopurines, and primary epstein-barr virus infection with hemophagocytic lymphohistiocytosis[END_REF] In patients exposed to anti-TNF agents, fatal cases of infections are related to various types of opportunistic infections, [START_REF] Salmon-Ceron | Drug-specific risk of non-tuberculosis opportunistic infections in patients receiving anti-TNF therapy reported to the 3-year prospective French RATIO registry[END_REF] . There are no data on the risk of infection in patients exposed to monotherapy with methotrexate in IBD. The first safety reports on vedolizumab in patients with IBD do not suggest an increased risk of serious infections. [START_REF] Colombel | The safety of vedolizumab for ulcerative colitis and Crohn's disease[END_REF] Data on infections in patients with IBD exposed to ustekinumab are lacking. However, no evidence of excess infections in patients receiving ustekinumab for psoriasis was reported. [START_REF] Yiu | Risk of Serious Infections in Patients with Psoriasis on Biologic Therapies: A Systematic Review and Meta-Analysis[END_REF] Patients exposed to JAK inhibitors for UC are at substantial increased risk of herpes zoster, giving sense to vaccination strategies. [START_REF] Colombel | Herpes Zoster in Patients Receiving JAK Inhibitors For Ulcerative Colitis: Mechanism, Epidemiology, Management, and Prevention[END_REF] 

Impact of immunosuppressive therapy on IBD-related infections

In controlled trials, patients exposed to immunosuppressive drugs who achieve mucosal healing should be at reduced risk of infections related to intestinal lesions compared to patients with uncontrolled disease. Patients exposed to thiopurines and/or anti-TNF exhibit an increased risk of immunosuppressive drug-related infections. These counterbalancing effects result in an overall similar incidence of infections in patients exposed to placebo and anti-TNF agents and/or thiopurines. [START_REF] Bonovas | Biologic Therapies and Risk of Infection and Malignancy in Patients With Inflammatory Bowel Disease: A Systematic Review and Network Meta-analysis[END_REF][START_REF] Lichtenstein | Clinical trial: benefits and risks of immunomodulators and maintenance infliximab for IBD-subgroup analyses across four randomized trials[END_REF] 

Cancers

Cancers promoted by immunosuppressive therapy

The excess risk of cancer in patients with IBD exposed to corticosteroids, thiopurines and anti-TNF agents varies among organs and drug classes (Table 3). Patients with IBD exposed to thiopurines exhibit a mild overall excess risk of cancers. [START_REF] Pasternak | Use of azathioprine and the risk of cancer in inflammatory bowel disease[END_REF] All patients with IBD treated with thiopurines are at increased risk of EBV-associated lymphoma. [START_REF] Kotlyar | Risk of lymphoma in patients with inflammatory bowel disease treated with azathioprine and 6-mercaptopurine: a meta-analysis[END_REF] Young patients, particularly males, are at risk of post-mononucleosis lymphomas and hepatosplenic T-cell lymphomas. [START_REF] Beaugerie | Cancers Complicating Inflammatory Bowel Disease[END_REF][START_REF] Annese | European Evidence-based Consensus: Inflammatory Bowel Disease and Malignancies[END_REF] IBD patients exposed to thiopurines exhibit an increased risk of non-melanocytic skin cancers, [START_REF] Long | Risk of melanoma and nonmelanoma skin cancer among patients with inflammatory bowel disease[END_REF][START_REF] Peyrin-Biroulet | Increased risk for nonmelanoma skin cancers in patients who receive thiopurines for inflammatory bowel disease[END_REF] and patients exposed to anti-TNF agents are at increased risk of melanoma. [START_REF] Long | Risk of melanoma and nonmelanoma skin cancer among patients with inflammatory bowel disease[END_REF] Older men with IBD exposed to thiopurines are at increased risk of urinary tract cancers. [START_REF] Pasternak | Use of azathioprine and the risk of cancer in inflammatory bowel disease[END_REF][START_REF] Bourrier | Excess risk of urinary tract cancers in patients receiving thiopurines for inflammatory bowel disease: a prospective observational cohort study[END_REF] Whether patients treated with anti-TNF agents alone exhibit an excess risk of lymphoma remains controversial. [START_REF] Andersen | Association between tumor necrosis factor-α antagonists and risk of cancer in patients with inflammatory bowel disease[END_REF][START_REF] Lemaitre | Association Between Use of Thiopurines or Tumor Necrosis Factor Antagonists Alone or in Combination and Risk of Lymphoma in Patients With Inflammatory Bowel Disease[END_REF] Patients treated with methotrexate for diseases other than IBD may develop reversible EBV-related lymphomas. [START_REF] Kamel | Brief report: reversible lymphomas associated with Epstein-Barr virus occurring during methotrexate therapy for rheumatoid arthritis and dermatomyositis[END_REF] Safety data from patients treated with vedolizumab and ustekinumab in IBD are not yet powered to address the risks of cancer associated with the long-term drug exposure.

Chemopreventive effect of immunosuppressive therapy on cancers

Patients with IBD may specifically develop cancers in segments of the digestive tract that are chronically inflamed. [START_REF] Beaugerie | Cancers Complicating Inflammatory Bowel Disease[END_REF] Subgroup analyses studies revealed no increased risk of colorectal cancer, [START_REF] Beaugerie | Risk of colorectal high-grade dysplasia and cancer in a prospective observational cohort of patients with inflammatory bowel disease[END_REF] small bowel adenocarcinoma, [START_REF] Elriz | Incidence, presentation, and prognosis of small bowel adenocarcinoma in patients with small bowel Crohn's disease: a prospective observational study[END_REF] anal canal cancer, [START_REF] Beaugerie | High risk of anal and rectal cancer in patients with anal and/or perianal Crohn's disease[END_REF] and cholangiocarcinoma, [START_REF] Sørensen | Inflammatory bowel disease with primary sclerosing cholangitis: A Danish population-based cohort study 1977-2011[END_REF] in patients with IBD compared to age-and gender-matched individuals in the general population when the digestive organs are not chronically inflamed. In contrast, a marked increase in the risk of digestive tract cancers is observed when digestive organs are chronically inflamed. [START_REF] Beaugerie | Risk of colorectal high-grade dysplasia and cancer in a prospective observational cohort of patients with inflammatory bowel disease[END_REF][START_REF] Elriz | Incidence, presentation, and prognosis of small bowel adenocarcinoma in patients with small bowel Crohn's disease: a prospective observational study[END_REF][START_REF] Beaugerie | High risk of anal and rectal cancer in patients with anal and/or perianal Crohn's disease[END_REF][START_REF] Sørensen | Inflammatory bowel disease with primary sclerosing cholangitis: A Danish population-based cohort study 1977-2011[END_REF] Among immunosuppressive drugs used in IBD, thiopurines and methotrexate have been used in oncology as cytotoxic drugs, but these drugs have not exhibited effects on carcinogenesis itself.

However, all immunosuppressive drugs used in IBD can reduce inflammation in intestinal segments that are affected by IBD, which could reduce in turn the risk of inflammation-related cancers. A chemopreventive effect of thiopurines in the risk of colorectal cancer in patients with UC has been reported in two nationwide cohorts. In the CESAME cohort, the adjusted hazard ratio for colorectal high-grade dysplasia or cancer among patients with longstanding extensive colitis was 0.28 for those who received thiopurines. [START_REF] Beaugerie | Risk of colorectal high-grade dysplasia and cancer in a prospective observational cohort of patients with inflammatory bowel disease[END_REF] In the ENEIDA cohort, the use of thiopurines was associated with a decreased risk of colorectal advanced neoplasia by multivariate analysis. [START_REF] Gordillo | Thiopurine Therapy Reduces the Incidence of Colorectal Neoplasia in Patients with Ulcerative Colitis. Data from the ENEIDA Registry[END_REF] No data from adequately powered cohorts are available for anti-TNF, vedolizumab or ustekinumab in this context.

Cardiovascular events

The increased risk of venous thromboembolism (VTE) is established in patients with IBD. Deep vein thrombosis and pulmonary embolism are the most common types of VTE. Population-based cohorts revealed a 1.5-to 3-fold higher risk for the development of VTE in patients with IBD compared to non-IBD controls. [START_REF] Yuhara | Meta-analysis: the risk of venous thromboembolism in patients with inflammatory bowel disease[END_REF] The highest risks are reported in patients with IBD flare, outside the hospital and without thromboprophylaxis. [START_REF] Ananthakrishnan | Thromboprophylaxis Is Associated With Reduced Post-hospitalization Venous Thromboembolic Events in Patients With Inflammatory Bowel Diseases[END_REF] Patients with IBD exposed to systemic corticosteroids exhibit an increased risk of VTE. [START_REF] Higgins | Increased Risk of Venous Thromboembolic Events With Corticosteroid vs Biologic Therapy for Inflammatory Bowel Disease[END_REF][START_REF] Sarlos | Steroid but not biological therapy elevates the risk of venous thromboembolic events in inflammatory bowel disease. A meta-analysis[END_REF] A recent meta-analysis of the few existing studies assessed the impact of anti-TNF agents compared to corticosteroids on the risk of VTE. It was reported in this meta-analysis a 70% decrease in the risk of VTE in patients with IBD treated with anti-TNF agents compared with those treated with corticosteroids. [START_REF] Sarlos | Steroid but not biological therapy elevates the risk of venous thromboembolic events in inflammatory bowel disease. A meta-analysis[END_REF] Acute arterial events include ischemic heart disease, cerebrovascular disease and peripheral artery disease. In population-based studies of patients with IBD, the incidence rate of acute arterial events range from five to ten events per 1000 patient-years. [START_REF] Kristensen | Disease Activity in Inflammatory Bowel Disease Is Associated with Increased Risk of Myocardial Infarction, Stroke and Cardiovascular Death -A Danish Nationwide Cohort Study Hernandez AV[END_REF][START_REF] Kirchgesner | Increased risk of acute arterial events in young patients and severely active IBD: a nationwide French cohort study[END_REF] A recent nationwide study reported an increased risk of acute arterial events in CD and UC compared to the general population. [START_REF] Kirchgesner | Increased risk of acute arterial events in young patients and severely active IBD: a nationwide French cohort study[END_REF] The excess risk was higher in CD than UC, and the highest excess risks were observed in younger patients in both IBD subtypes. Clinical disease activity of IBD is associated with an increased risk of acute arterial events in both IBD subtypes after adjustment for all traditional cardiovascular risk factors. The risk increased by 1.5-to 2-fold during periods of active disease. [START_REF] Kristensen | Disease Activity in Inflammatory Bowel Disease Is Associated with Increased Risk of Myocardial Infarction, Stroke and Cardiovascular Death -A Danish Nationwide Cohort Study Hernandez AV[END_REF][START_REF] Kirchgesner | Increased risk of acute arterial events in young patients and severely active IBD: a nationwide French cohort study[END_REF] The differences observed in subgroup analyses may be due to various respective impacts of systemic inflammation and traditional cardiovascular risk factors. [START_REF] Kirchgesner | Increased risk of acute arterial events in young patients and severely active IBD: a nationwide French cohort study[END_REF][START_REF] Singh | Risk of Cerebrovascular Accidents and Ischemic Heart Disease in Patients With Inflammatory Bowel Disease: A Systematic Review and Meta-analysis[END_REF] It is established that exposure to corticosteroids is associated with an increased risk of acute arterial events in IBD [START_REF] Lewis | Increased Mortality Rates With Prolonged Corticosteroid Therapy When Compared With Antitumor Necrosis Factor-α-Directed Therapy for Inflammatory Bowel Disease[END_REF][START_REF] Rungoe | Risk of ischaemic heart disease in patients with inflammatory bowel disease: a nationwide Danish cohort study[END_REF] By contrast, it has been hypothesized that other immunosuppressive drugs that are used in chronic inflammatory diseases could decrease the incidence of acute arterial events. This has been demonstrated for myocardial infarction in patients exposed to methotrexate or anti-TNF agents in rhumatology. [START_REF] Roubille | The effects of tumour necrosis factor inhibitors, methotrexate, non-steroidal anti-inflammatory drugs and corticosteroids on cardiovascular events in rheumatoid arthritis, psoriasis and psoriatic arthritis: a systematic review and meta-analysis[END_REF] Data from the French national medicoadministrative database also suggest a significant reduction in the incidence of acute arterial events in patients with IBD exposed to combination therapy with anti-TNF agents and thiopurines. [START_REF] Kirchgesner | Exposure to combination therapy with thiopurines and anti-TNF agents is associated with reduced incidence of acute arterial events in patients with inflammatory bowel disease (IBD): a nationwide French cohort study[END_REF] 

Assessment of the benefit-risk balance of immunosuppressive therapy in IBD

Merging all of the findings on the benefits and risks of IBD immunosuppressive therapy is difficult for clinicians. Treatment benefits are reported in randomized controlled trials, and treatment risks or indirect treatment benefits (e.g., chemoprevention, cardiovascular protection) are reported in observational studies. One unique tool is adapted to combine all findings and aid clinical decision-making. Clinical decision models were developed initially in the field of costeffectiveness analyses. [START_REF] Roberts | Conceptualizing a Model: A Report of the ISPOR-SMDM Modeling Good Research Practices Task Force-2[END_REF] State-transition models, [START_REF] Roberts | Conceptualizing a Model: A Report of the ISPOR-SMDM Modeling Good Research Practices Task Force-2[END_REF] including the Markov model, [START_REF] Siebert | State-Transition Modeling: A Report of the ISPOR-SMDM Modeling Good Research Practices Task Force-3[END_REF] are the most commonly used models in the field of IBD. [START_REF] Lewis | Azathioprine for maintenance of remission in Crohn's disease: benefits outweigh the risk of lymphoma[END_REF][START_REF] Scott | The benefit-to-risk balance of combining infliximab with azathioprine varies with age: a markov model[END_REF][START_REF] Kirchgesner | Impact on Life Expectancy of Withdrawing Thiopurines in Patients with Crohn's Disease in Sustained Clinical Remission: A Lifetime Risk-Benefit Analysis[END_REF] 

Time-scale to assess the benefit-risk balance of immunosuppressive therapy

The time-scale over which outcomes are assessed is the time horizon. [START_REF] Roberts | Conceptualizing a Model: A Report of the ISPOR-SMDM Modeling Good Research Practices Task Force-2[END_REF] Guidelines recommend a time horizon that is sufficiently long to capture differences in outcomes across treatment strategies. [START_REF] Roberts | Conceptualizing a Model: A Report of the ISPOR-SMDM Modeling Good Research Practices Task Force-2[END_REF] Since IBDs are lifetime diseases, the time horizon may be a lifetime. However, the time horizon that may be considered clinically relevant in IBD is the period of drug exposure because treatment-related benefits and risks generally do not persist after drug withdrawal. The concept of treatment cycle is emerging in the field of IBD, [START_REF] Torres | Systematic Review of Effects of Withdrawal of Immunomodulators or Biologic Agents From Patients With Inflammatory Bowel Disease[END_REF] but there is no clear cut-off for the duration of one treatment cycle. A time horizon of 5 years may be relevant to assess most treatment strategies, but the relevant duration may vary in specific situations, such as induction therapies (short-term assessment) or surgical strategies (long-term assessment).

Outcomes of interest

The highest priority in the overall management of individuals with IBD is to avoid death due to IBD or IBD drugs. Therefore, the primary health outcome is life expectancy. However, events that are not at risk of death are not considered in this model, but some events, such as permanent stomas, highly affect patients' lives.

Alternatively, quality of life may be used as the health outcome. The 'utility' associated with health states was introduced to estimate gains in Quality-Adjusted Life Years (QALYs). [START_REF] Greenberg | Health-Related Utility Weights in a Cohort of Real-World Crohn's Disease Patients[END_REF] In the field of inflammatory bowel disease, estimates of utility that are currently available are sparse and heterogeneous. [START_REF] Tang | A systematic review of economic studies on biological agents used to treat Crohn's disease[END_REF] 

Key parameters to be included in the benefit-risk assessment

Personalized information on all risks and benefit parameters should become the standard of quality for guiding individual decision-making processes of treatment strategy. The historical evolution of decision models to assess the risk of lymphoma in patients with IBD exposed to thiopurines may illustrate this point. One of the first decision models published assessed the impact of thiopurines in patients with CD who achieved remission with corticosteroids. [START_REF] Lewis | Azathioprine for maintenance of remission in Crohn's disease: benefits outweigh the risk of lymphoma[END_REF] This study provided subgroups analyses according to age only. Another study modeled the impact of the combination of infliximab with azathioprine compared to infliximab alone, and the risk of lymphoma was estimated according to age and gender. [START_REF] Scott | The benefit-to-risk balance of combining infliximab with azathioprine varies with age: a markov model[END_REF] Finally, in a recent study modeling the benefit-risk balance of continuing or withdrawing thiopurines in CD, the beneficial effect of thiopurines on colorectal cancer in the subgroup of patients with longstanding extensive colitis was also considered, with a substantial impact on results (Figure 3). [START_REF] Kirchgesner | Impact on Life Expectancy of Withdrawing Thiopurines in Patients with Crohn's Disease in Sustained Clinical Remission: A Lifetime Risk-Benefit Analysis[END_REF] Future studies should increasingly provide subgroup analyses based on age, gender, and IBD phenotype to improve the precision of estimates from medical decision-making models in IBD.

Special situations that deserve specific assessments of the benefit-risk balance of immunosuppressive therapy

Patients over the age of 65 years have the highest risks of morbidity and mortality due to uncontrolled IBD, such as VTE [START_REF] Nguyen | Rising prevalence of venous thromboembolism and its impact on mortality among hospitalized inflammatory bowel disease patients[END_REF] or perioperative death in UC. [START_REF] Nicholls | Nationwide linkage analysis in Scotland implicates age as the critical overall determinant of mortality in ulcerative colitis[END_REF] Older patients are also at maximal risk of cancers attributable to thiopurines, [START_REF] Kotlyar | Risk of lymphoma in patients with inflammatory bowel disease treated with azathioprine and 6-mercaptopurine: a meta-analysis[END_REF] and serious and opportunistic infections due to corticosteroids, thiopurines and anti-TNF agents. [START_REF] Kirchgesner | Risk of Serious and Opportunistic Infections Associated With Treatment of Inflammatory Bowel Diseases[END_REF][START_REF] Cottone | Advanced age is an independent risk factor for severe infections and mortality in patients given anti-tumor necrosis factor therapy for inflammatory bowel disease[END_REF] In this context, the use of new biologics (vedolizumab and ustekinumab) and small molecules (JAK inhibitors) is attractive as long as no significant risk of cancer or death by infection has been demonstrated in the early development of these drugs. However, prudence is still required because older patients are usually not enrolled in randomized controlled trials and meta-analyses.

Additional elements must be taken into account in older patients. [START_REF] Ananthakrishnan | Management of Inflammatory Bowel Disease in the Elderly Patient: Challenges and Opportunities[END_REF] Priority could be given to reduce disabling digestive symptoms in patients often suffering from other disabling comorbidities. In addition, treat-to-target and endoscopic surveillance strategies that aim to reduce the incidence of long-term complications of disease complications are often less crucial in patients with limited life-expectancy, due to age and comorbidities, particularly in patient with late-onset disease.

Pregnancy is another specific context. It is generally recommended that an active treatment should be maintained throughout pregnancy in women with chronic uncontrolled, or partially controlled, disease. [START_REF] Woude Cj Van Der | The second European evidenced-based consensus on reproduction and pregnancy in inflammatory bowel disease[END_REF][START_REF] Nguyen | The Toronto Consensus Statements for the Management of Inflammatory Bowel Disease in Pregnancy[END_REF] . Regarding the choice of drugs, it is established that thalidomide and methotrexate are contra-indicated because of their teratogenic effects. The use of corticosteroids, thiopurines and anti-TNF agents is considered at low risk during pregnancy, while the safety of vedolizumab, ustekinumab and JAK inhibitors is not established, due to a lack of data.

In patients with previous cancer, it is questionable whether continuation or resumption of immunosuppressive therapy could promote cancer recurrence. No obvious excess risk of cancer recurrence has been reported in patients with chronic immune disease exposed to immunosuppressive therapy, [START_REF] Shelton | Cancer Recurrence Following Immune-Suppressive Therapies in Patients With Immune-Mediated Diseases: A Systematic Review and Meta-analysis[END_REF] although significant propensity biases cannot be excluded. [START_REF] Beaugerie | No Excess Cancer Recurrence After Immunosuppressive Drugs in a Meta-analysis of Cohorts of Patients With Immune-mediated Diseases: A Mirage Related to Propensity Bias?[END_REF] Based mainly on a precautionary principle, it is recommended to try to respect a 2 to 5-year pause in immunosuppressive therapy, according to the intrinsic risk of cancer recurrence, in patients with IBD after completion of cancer treatment. [START_REF] Annese | European Evidence-based Consensus: Inflammatory Bowel Disease and Malignancies[END_REF] However, in patients with severely active uncontrolled IBD, life-threatening risks of uncontrolled IBD are superior to putative risks of cancer recurrence.

Decision-making process

Communication on risks

When two or more alternative therapeutic strategies may be considered in a given individual with IBD, the first step of the shared decision-making process is to explain the risks of IBD and IBD drugs to patients. Some general recommendations have been proposed [START_REF] Siegel | Review article: explaining risks of inflammatory bowel disease therapy to patients[END_REF] based on the results of dedicated surveys. Descriptive words (rare, very rare) should be avoided because absolute numbers associated with these adjectives vary considerably among individuals. Relative risks are difficult to conceptualize. When absolute risks are expressed as numbers, consistent denominators (e.g., number of events per 1000 person-years, see above) should be preferred.

Finally, visual depiction of risks, such as the 'thousand people shapes', should be used as often as possible.

Communication on benefits

An equilibrated communication on the benefit-risk balance of different strategies should include equal parts of information on the risks of IBD drugs and the risks of uncontrolled IBD that may be attenuated or suppressed by the use of IBD drugs (Figure 1). [START_REF] Dulai | Balancing and communicating the risks and benefits of biologics in pediatric inflammatory bowel disease[END_REF] 

Decision-making process and emotional component

The magnitude of treatment risks that patients with IBD are willing to accept for a better control of IBD and an improved quality of life is a personal and subjective choice. Previous studies demonstrated that children with IBD and their parents and adults with IBD and gastroenterologists generally accept relatively high levels of risks of IBD drugs when IBD is severe. [START_REF] Johnson | Are adult patients more tolerant of treatment risks than parents of juvenile patients?[END_REF][START_REF] Thompson | Patients with Ulcerative Colitis Are More Concerned About Complications of Their Disease than Side Effects of Medications[END_REF] Individual emotional and personality factors may modulate or reverse final individual patient decisions. The therapeutic alternative that is associated with the best quality of lifeadjusted life expectancy may be rejected because of irrational or emotional individual perception. For example, many individuals prefer to travel by car over traveling by plane despite the fact that the objective risk of dying in ground transportation is much higher. Psychosocial sciences have also demonstrated that individuals are more prone to accept long-term risks than short-term risks of the same magnitude. Gastroenterologists should be aware of the major role of patient emotions and personality and try to integrate these factors when talking about the benefits and risks of therapies with their patients.

Conclusion

In patients with severely active IBD, potential complications of IBD generally outweigh the potential complications of IBD drugs on a short-term basis, which results in a favorable benefitrisk balance of most IBD drugs. In contrast, in patients with sustained deep remission thanks to immunosuppressive therapy, the long-term cumulative risks of IBD drugs may outweigh the risks associated with disease relapse. Long-term risks of immunosuppressive drugs are strongly ageand gender-dependent. For example, drug-induced serious infections and thiopurine-associated lymphomas are at the highest frequency in older patients. [START_REF] Kirchgesner | Risk of Serious and Opportunistic Infections Associated With Treatment of Inflammatory Bowel Diseases[END_REF][START_REF] Cottone | Advanced age is an independent risk factor for severe infections and mortality in patients given anti-tumor necrosis factor therapy for inflammatory bowel disease[END_REF] Regarding gender, the standardized incidence ratio of lymphoma in men exposed to thiopurines is approximately twice the standardized incidence ratio in women exposed to thiopurines. [START_REF] Kotlyar | Risk of lymphoma in patients with inflammatory bowel disease treated with azathioprine and 6-mercaptopurine: a meta-analysis[END_REF] As a consequence, safety data that foster benefit-risk individual discussions should be tailored to age classes and gender.

Intestinal cancers complicating IBD inflammation may be at least partially prevented with a sustained mucosal healing of intestinal lesions, and the magnitude of this potential benefit of IBD drugs should be progressively quantified in the near future. Moving progressively towards a personalized assessment of the benefit-risk balance of immunosuppressive IBD drugs is a prerequisite for a high-quality shared decision-making process on individual therapeutic strategies in patients with IBD. 

Figure 1 .

 1 Figure 1. Primary complications of immunosuppressive therapy used in inflammatory bowel disease (deleterious impact) and potential reduction in the incidence of complications of inflammatory bowel disease due to the anti-inflammatory effect of immunosuppressive therapy (beneficial impact).

Figure 2 .

 2 Figure2. Magnitude of the risks of infections, cancers and vascular events in the population of patients with inflammatory bowel disease. Numbers of events per 1000 patient-years are plotted using a logarithmic scale. For each event category, numbers are the sum of events not related to IBD or IBD treatment, related to IBD, or related to IBD treatment. Adjectives that qualify risk levels are used by drug agencies.

Figure 3 .

 3 Figure 3. Lifetime absolute risks of lymphoma and colorectal cancer associated with continuing (C) or withdrawing (W) maintenance therapy with thiopurines in patients with CD in sustained clinical remission, according to age, gender and colonic extent (more or less than 50% of the mucosal surface ever involved) at the time of the decision. Adapted from Kirchgesner et al.[START_REF] Kirchgesner | Impact on Life Expectancy of Withdrawing Thiopurines in Patients with Crohn's Disease in Sustained Clinical Remission: A Lifetime Risk-Benefit Analysis[END_REF] 

  interval; ND, no data a Data are from Khan et al. 12 b Data are from Kirchgesner et al. 5 c Data are from Nyboe-Andersen et al. 6 d Data are from Lichstentein et al.[START_REF] Lichtenstein | Serious infection and mortality in patients with Crohn's disease: more than 5 years of follow-up in the TREAT registry[END_REF] 

  interval; ND, no data a Data are from Nyboe-Andersen et al. 33 b Data are from Pasternak et al. 26 c Data are from Lemaitre et al. 34 d Data are from Long et al. 30 e Data are from Bourrier et al.[START_REF] Bourrier | Excess risk of urinary tract cancers in patients receiving thiopurines for inflammatory bowel disease: a prospective observational cohort study[END_REF] 

  

  

  

Table 1 .

 1 Classification of infections that may occur in patients with inflammatory bowel disease

	Type	Definition	Impact
	Benign infections	Are not life-threatening	If repeated, may impair
	(e.g., cold, oral herpes flare)	Do not require hospitalization	quality of life
	Serious infections	Require hospitalization and/or	May be life-threatening
	(e.g., intra-abdominal	result in permanent disability	
	abscess, severe		
	pneumonitis)		
	Opportunistic infections	Occur selectively or are	Are life-threatening
	(e.g., aspergillosis, severe	particularly severe in	
	forms of varicella)	immunocompromised patients	

Table 2 .

 2 Excess risk of infection and infection-related mortality in patients with inflammatory bowel disease exposed to corticosteroids, thiopurines and anti-Tumor Necrosis Factor (TNF) agents compared to patients not exposed to immunosuppressive drugs.

		Incidence rate			
		(cases per 1000	Adjusted hazard ratio (HR (95% CI) in patients with IBD exposed to
		person-years) in	immunosuppressive therapy versus those not exposed to
		total IBD		immunosuppressive therapy
		population			
			Thiopurines alone	Anti-TNF agents alone	Thiopurines in combination with anti-TNF agents
	Benign infections				
	Overall	ND	ND	ND	ND
	Zoster a	7.6	HR: 1.5 (1.3-3.7)	HR: 1.2 (0.9-1.4)	HR: 1.7 (1.2-2.2)
	Serious infections	9.8 b	HR: 1.3 (1.2-1.		

Table 3 .

 3 Absolute risk of cancer in patients with inflammatory bowel disease (IBD), and adjusted ratio of cancer in patients with IBD exposed to thiopurines and/or anti-Tumor Necrosis Factor (TNF) agents, compared to patients not exposed to immunosuppressive drugs.

	Incidence rate	Adjusted rate ratio (RR (95% CI)), hazard ratio (HR (95% CI) or odds
	(cases per 1000	ratio (OR (95% CI) in patients with IBD exposed to
	person-years) in	immunosuppressive therapy versus those not exposed to
	total IBD		immunosuppressive therapy
	population		
		Thiopurines alone	Anti-TNF agents	Thiopurines in
			alone	combination with anti-
				TNF agents
	All cancers,		
	excluding non-		
	melanocytic skin		
	cancers		
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