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Background & Aims: The risk of infection associated with tumor necrosis factor antagonists (anti-TNF) and thiopurines (combination therapy) is uncertain. We assessed the risk of serious and opportunistic infections in patients with IBD treated with thiopurine monotherapy, anti-TNF monotherapy, or combination therapy in a large cohort of patients in France.

Methods: We performed a nationwide population-based study of patients (18 years or older) with a diagnosis of IBD in the French national health insurance database; we collected data from January 1, 2009 until December 31, 2014. The risks of serious and opportunistic infections associated with exposure to combination therapy, anti-TNF, and thiopurine monotherapies were compared using marginal structural Cox proportional hazard models adjusted for baseline and time-varying socio-demographic characteristics, medications, and comorbidities.

Results: Among the 190,694 patients with IBD included in our analysis, 8561 serious infections and 674 opportunistic infections occurred. Compared to anti-TNF monotherapy, combination therapy was associated with increased risks of serious infection (hazard ratio [HR], 1.23; 95% CI, 1.05-1.45) and opportunistic infection (HR, 1.96; 95% CI, 1.32-2.91). Compared with thiopurine monotherapy, anti-TNF monotherapy was associated with increased risks of serious infection (HR, 1.71; 95% CI, 1.56-1.88), mycobacterial infection (HR, 1.98; 95% CI, 1.15-3.40) and bacterial infection (HR, 2.38; 95% CI, 1.23-4.58, respectively). Conversely, anti-TNF monotherapy was associated with decreased risk of opportunistic viral infection compared to thiopurine monotherapy (HR, 0.57, 95% CI, 0.38-0.87).
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Conclusions: In a nationwide cohort study of patients with IBD in France, we found heterogeneity in risks of serious and opportunistic infections in patients treated with immune-suppressive regimens. These should be carefully considered and weighed against potential benefits for IBD treatment in patient management.

Introduction

The combination of tumor necrosis factor antagonists (anti-TNF) and thiopurines (combination therapy) is more effective than monotherapy with either of these drugs in patients with Crohn's disease and ulcerative colitis. 1,2 This association is increasingly recommended in patients with inflammatory bowel disease (IBD). 3,4 However, the use of thiopurines and anti-TNFs is associated with adverse effects, notably infections and malignancies. [START_REF] Rahier | Second European evidence-based consensus on the prevention, diagnosis and management of opportunistic infections in inflammatory bowel disease[END_REF][START_REF] Beaugerie | Cancers Complicating Inflammatory Bowel Disease[END_REF] Several studies have shown an increased risk of serious and opportunistic infections in patients treated with anti-TNFs or thiopurines as monotherapy for IBD. [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] Andersen | Association between tumour necrosis factor-α inhibitors and risk of serious infections in people with inflammatory bowel disease: nationwide Danish cohort study[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 TM registry[END_REF][START_REF] Grijalva | Initiation of tumor necrosis factor-α antagonists and the risk of hospitalization for infection in patients with autoimmune diseases[END_REF] It is unclear if this risk is higher with anti-TNFs than with thiopurines, and if combination therapy carries a higher risk than monotherapy. Metaanalyses and pooled analyses of randomized controlled trials do not suggest an increased risk of serious infections with combination therapy, [START_REF] Lin | Meta-analysis: efficacy and safety of combination therapy of infliximab and immunosuppressives for Crohn's disease[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][START_REF] Osterman | Crohn's Disease Activity and Concomitant Immunosuppressants Affect the Risk of Serious and Opportunistic Infections in Patients Treated With Adalimumab[END_REF] while an increased risk of opportunistic infections has been reported compared to anti-TNF monotherapy. [START_REF] Osterman | Effectiveness and Safety of Immunomodulators With Anti-Tumor Necrosis Factor Therapy in Crohn's Disease[END_REF] Differences in site and pathogen specific infections may explain the inconsistency of previous findings. Most importantly, these results are based on limited samples of selected patients. They may lack sufficient power to detect risk differences and may not apply to the general population of unselected patients. Therefore, large population-based studies are needed to better define the benefit-risk balance of these drugs.

The aim of this population-based study was to compare the risks of serious and opportunistic infections between thiopurine monotherapy, anti-TNF monotherapy, and combination therapy in a large sample of patients with IBD.

Methods

Data sources

This cohort study was based on the French National Health Insurance database (Système National d'Information Inter-Régimes de l'Assurance Maladie, SNIIRAM), [START_REF] Tuppin | French national health insurance information system and the permanent beneficiaries sample[END_REF] which covers 95% of the French population with different insurance schemes based on employment situation. The general health insurance scheme covers employees in the industry, business and service sectors, public service employees and students, accounting for approximately 88% of the French population. Due to data availability and quality, only individuals insured by the general scheme were considered. Excluded insurance schemes cover specific professions and do not depend on comorbidities or medical conditions.

The SNIIRAM provides individual data on all drug reimbursements and outpatient medical care prescribed by healthcare professionals as well as individuals' status with respect to full reimbursement of care for severe long-term diseases (LTD), [START_REF] Tuppin | French national health insurance information system and the permanent beneficiaries sample[END_REF] including Crohn's disease and ulcerative colitis. Using a unique anonymous identifier, information from the SNIIRAM is linked to the French national hospital discharge database which provides individual medical information since 2006 on all hospital admissions in France, including discharge diagnoses (International Classification of Diseases, 10th edition [ICD-10]) and medical procedures performed. These databases have been used previously for large pharmacoepidemiological studies. [START_REF] Bouillon | Risk of bleeding and arterial thromboembolism in patients with non-valvular atrial fibrillation either maintained on a vitamin K antagonist or switched to a non-vitamin K-antagonist oral anticoagulant: a retrospective, matched-cohort study[END_REF][START_REF] Raguideau | Association Between Oral Fluoroquinolone Use and Retinal Detachment[END_REF][START_REF] Kirchgesner | Therapeutic management of inflammatory bowel disease in real-life practice in the current era of anti-TNF agents: analysis of the French administrative health databases 2009-2014[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][20] This study was approved by the French Data Protection Authority. All data used in this study only contained anonymous patient records.

Study population

The source population included all patients aged 18 years or older identified with IBD before 2014 from the French administrative health databases. Identification of IBD cases was based upon LTDs and/or hospitalization discharges including ICD-10 codes of Crohn's disease or ulcerative colitis. Patients with a single hospital discharge diagnosis of IBD and no pharmacy claim for any IBD medication (aminosalicylates, enteral budesonide, thiopurines, and anti-TNFs), were considered to have a nonconfirmed diagnosis of IBD. We did not include corticosteroids except enteral budesonide in this definition, since they are widely prescribed apart from IBD. In case of multiple hospitalizations with ICD-10 codes related to both Crohn's disease and ulcerative colitis, the most recent diagnosis at cohort entry was retained. The date of IBD diagnosis was defined as the earliest diagnosis date either from hospital discharge diagnosis from the PMSI or from LTD diagnosis of the SNIIRAM. Patients diagnosed with IBD before January 1, 2009 were referred to as prevalent cases of IBD while patients identified between January 1, 2009 and December 31, 2013 accounted for incident cases of IBD. This cohort has been extensively described elsewhere. [START_REF] Kirchgesner | Therapeutic management of inflammatory bowel disease in real-life practice in the current era of anti-TNF agents: analysis of the French administrative health databases 2009-2014[END_REF]20 Patients with HIV infection, congenital immunodeficiency, organ transplantation, and incident patients with a concomitant diagnosis of serious infection at the date of IBD diagnosis were excluded.

Follow-up

Date of inclusion in the cohort was January 1, 2009 for prevalent cases and the date of IBD diagnosis for incident cases. Considering that IBD therapeutic management may be different after occurrence of cancer and that chemotherapy may lead to immunosuppression and increased risk of infection, [START_REF] Annese | European Evidence-based Consensus: Inflammatory Bowel Disease and Malignancies[END_REF] patients were censored at the date of any cancer diagnosis. Patients were followed until December 31, 2014, loss of follow-up, death, occurrence of serious infections or cancer, whichever occurred first.

In case of loss to follow-up (defined as no more contact until December 31, 2014), end of follow-up was the last known contact date, defined by the last claim in the database.

Drug exposure

In France, infliximab and adalimumab are dispensed in hospitals or private clinics.

Adalimumab and thiopurines are dispensed by pharmacies for one month. 22 Patients who received infliximab were considered exposed for two months following the infusion, those who received adalimumab or thiopurines were considered exposed for one month following delivery. Drug exposures were assumed to start the day of the drug infusion or delivery. Combination therapy was defined as concomitant exposure to anti-TNFs and thiopurines. During follow-up, patients could be exposed successively to different treatment sequences and could therefore contribute to more than one group of drug exposure. Treatment withdrawal was defined by a period of at least two months, after the last day of exposure, without any new treatment delivery.

Outcomes

Study outcome was any serious infection, defined as a diagnosis of infection requiring hospitalization (related ICD-10 codes as primary diagnosis). Within this database, the diagnoses of infection requiring hospitalization and the type of infection have been shown to be accurate in 97% and 98% of the cases, respectively. [START_REF] Sahli | Positive predictive values of selected hospital discharge diagnoses to identify infections responsible for hospitalization in the French national hospital database[END_REF] Serious infections were classified according to infection sites. These included pulmonary; gastrointestinal; skin; urinary tract; ear, nose and throat (ENT); musculoskeletal, and other infections (including sepsis, non-classified opportunistic and mycobacterial infections). Opportunistic infections were classified according to pathogens. These included viral; mycobacterial; bacterial; fungal, and parasitic infections. Supplementary tables 2 and 3 provide infection diagnoses and related ICD-10 codes according to infection sites and pathogens.

Covariates

Two groups of covariates were considered. Time-fixed covariates were measured at cohort entry and included sex, age, disease duration (≥ 10 years, 0-10 years, incident patients), exposure to methotrexate and aminosalicylates in the preceding 6 months, IBD-related endoscopy and imaging in the preceding year, history of IBD-related hospitalization or surgery, comorbidities (based on data from hospitalization discharges, LTDs, and specific procedures or treatments, see details in supplementary table 1) including: history of cardiovascular disease, cerebrovascular disease, chronic pulmonary disease, chronic kidney disease, diabetes, cirrhosis, obesity, alcohol use disorder, smoking behavior, history of serious and opportunistic infections. Timevarying covariates, including IBD activity as measured by exposure to corticosteroids and occurrence of IBD-related hospitalization or surgery, were updated every month and six months, respectively. Since narcotics use has been associated with an increased risk of serious infections in patients with IBD, [START_REF] Lichtenstein | Serious infection and mortality in patients with Crohn's disease: more than 5 years of follow-up in the TREAT TM registry[END_REF] we included narcotics prescription as a time-dependent variable, updated every three months.

Statistical analyses

We used marginal structural Cox proportional hazard models [START_REF] Robins | Marginal structural models and causal inference in epidemiology[END_REF] adjusted for the timefixed and time-varying covariates listed above to compare the risks of serious and opportunistic infections associated with exposure to: (1) combination therapy versus anti-TNF monotherapy; (2) combination therapy versus thiopurine monotherapy; (3) anti-TNF monotherapy versus thiopurine monotherapy. Marginal structural models are appropriate in the presence of time-dependent covariates (such as exposure to corticosteroids and IBD activity) that might be associated with both exposure and outcomes [START_REF] Lichtenstein | Serious infection and mortality in patients with Crohn's disease: more than 5 years of follow-up in the TREAT TM registry[END_REF][START_REF] Osterman | Crohn's Disease Activity and Concomitant Immunosuppressants Affect the Risk of Serious and Opportunistic Infections in Patients Treated With Adalimumab[END_REF] (time-dependent confounders) and could also be affected by past exposure to thiopurines and anti-TNFs. Weights calculation was performed as suggested by Cole and Hernan. [START_REF] Cole | Constructing Inverse Probability Weights for Marginal Structural Models[END_REF] Detailed statistical method is provided in the supplementary appendix.

The main analysis was restricted to patients with no history of cancer and a confirmed diagnosis of IBD. Additional analyses included subgroups analyses stratified on age at cohort entry (18-64; 65 years or older) and IBD phenotype. Several other sensitivity analyses were performed to test the robustness of our results. First, we excluded patients with serious infection within 6 months prior to start of follow-up, to avoid including potential prevalent infections. Second, since non-melanoma skin cancer (NMSC) occurrence may not alter the therapeutic management of IBD, as other cancers may do, we did not censor time after NMSC occurrence in patients with NMSC during follow-up. Third, we excluded pneumococcal infections from the list of opportunistic infections, since the definition of opportunistic infections may differ across studies. [START_REF] Rahier | Second European evidence-based consensus on the prevention, diagnosis and management of opportunistic infections in inflammatory bowel disease[END_REF] In addition, we performed sensitivity analyses restricted to incident cases of IBD or including patients with a non-confirmed IBD diagnosis or a medical history of cancer.

Analyses were performed using SAS (version 9.4) statistical software (SAS Institute).

Results

Characteristics of the cohort

Among the 246 704 individuals aged 18 years or older identified with IBD before 2014, 190 694 were included in the main analysis (Figure 1). During follow-up, 128 285 (67.3%) had never been exposed to thiopurines and anti-TNFs, while 47 572 (24.9%), 26 255 (13.8%), and 12 023 (6.3%) had ever been exposed to thiopurine monotherapy, anti-TNF monotherapy, and combination therapy, respectively, accounting for 109 177, 57 835, and 11 143 person-years (PY) of follow-up.

Overall, patients were predominantly female (54.3%) with a mean age of 44.9 (SD 16.4) years at cohort entry. Half had a diagnosis of Crohn's disease (50.3%) and half ulcerative colitis (49.7%). One third were incident cases, while 22.0% had been diagnosed for at least 10 years. IBD-related complications had occurred within the 6 months preceding cohort entry in 4.3%. These characteristics differed according to subsequent treatment exposure during follow-up (Table 1). Patients unexposed to thiopurines and anti-TNFs had a mean age of 47.8 years; a majority of them had a longstanding, uncomplicated ulcerative colitis. Those exposed to thiopurines and/or anti-TNFs, were mostly younger than 40 years and recently diagnosed with Crohn's disease, and had substantial rates of IBD-related hospitalization or surgery at cohort entry.

Incidence of serious and opportunistic infections

Overall, 8561 serious infections and 674 opportunistic infections occurred, resulting in incidence rates of 9.4 and 0.8 per 1000 PY, respectively.

Overall incidence rates of serious infections ranged from 8.4 per 1000 PY in patients unexposed to thiopurines and anti-TNFs to 10.5, 18.9, and 22.4 per 1000 PY in those exposed to thiopurine monotherapy, anti-TNF monotherapy, and combination therapy, respectively (Table 2). In incident patients, cases of serious infections occurred after a mean duration of 303 (SD 369), 365 (SD 346), and 136 (SD 169) days of exposure to thiopurine monotherapy, anti-TNF monotherapy, and combination therapy, respectively. Serious infection cases mostly affected lung (24.2%), gastrointestinal tract (22.5%), and skin (17.2%) (Supplementary table 4). Among patients with serious infections, 337 (3.9%) died within the 3 months following infection occurrence.

Overall incidence rates of opportunistic infections ranged from 0.4 per 1000 PY in patients unexposed to thiopurines and anti-TNFs to 1.7, 2.1, and 4.1 per 1000 PY in those exposed to thiopurine monotherapy, anti-TNF monotherapy, and combination therapy, respectively. In incident patients, opportunistic infections occurred after a mean duration of 371 (SD 417), 262 (SD 243), and 165 (SD 219) days of exposure to thiopurine monotherapy, anti-TNF monotherapy, and combination therapy, respectively. Opportunistic infections were mostly due to viruses (38.9%), mycobacteria (25.4%), and bacteria (23.7%) (Supplementary table 5). Only five parasitic infections occurred. Twenty patients with opportunistic infections (3%) died within the 3 months following infection occurrence.

Risk of serious infections according to IBD treatment exposure

Patients exposed to combination therapy, anti-TNF monotherapy or thiopurine monotherapy had increased risks of serious infections compared to patients unexposed to thiopurines and anti-TNFs (Supplementary table 6).

Among exposed patients, combination therapy was associated with an increased risk of serious infections, compared to anti-TNF monotherapy (hazard ratio [HR], 1.23; 95% confidence interval [95% CI], 1.05-1.45) (Table 3). This increased risk tended to concern all infection sites except urinary tract and skin. Combination therapy was also associated with an increased risk of serious infections compared to thiopurine monotherapy (HR, 2.11; 95% CI, 1.80-2.48), regardless of infection site.

Anti-TNF monotherapy was associated with an increased risk of serious infections compared to thiopurine monotherapy (HR, 1.71; 95% CI, 1.56-1.88), regardless of infection site.

Risk of opportunistic infections according to IBD treatment exposure

Patients exposed to combination therapy, anti-TNF monotherapy or thiopurine monotherapy had increased risks of opportunistic infections compared to patients unexposed to thiopurines and anti-TNFs (Supplementary table 6).

Combination therapy was associated with an increased risk of opportunistic infections compared to anti-TNF monotherapy overall (HR, 1.96; 95% CI, 1.32-2.91) (Table 4). This increased risk concerned viral, mycobacterial, and bacterial infections.

Combination therapy was also associated with an increased risk of opportunistic infections compared to thiopurine monotherapy, overall (HR, 2.11; 95% CI, 1.45-3.08), and for mycobacterial and bacterial infections.

Anti-TNF monotherapy was not associated with a significantly different risk of opportunistic infections compared to thiopurine monotherapy overall (HR, 1.08; 95% CI, 0.83-1.40). However, the risks of mycobacterial and bacterial infections were higher with anti-TNF monotherapy than with thiopurine monotherapy (HR, 1.98; 95% CI, 1.15-3.40 and 2.38; 95% CI, 1.23-4.58, respectively), and the risk of viral infections was lower (HR, 0.57; 95% CI, 0.38-0.87).

Subgroup and sensitivity analyses

Incidence rates of serious and opportunistic infections were increased in patients aged 65 or more, compared to younger patients. Specifically, the annual incidence of serious infection in patients aged 65 or more, exposed to anti-TNFs, either in monotherapy or combination therapy, was approximately 5% (Table 5). However, hazard ratios were similar in patients younger and older than 65 years (Table 6). Results were consistent across IBD subtype, and were unchanged after exclusion of gastrointestinal and mycobacterial infections. The various sensitivity analyses yielded consistent results (Supplementary table 7).

Discussion

Based on a large population-based, nationwide cohort study, our findings suggest that among patients with IBD, the risks of serious and opportunistic infections are higher with combination therapy than with thiopurine monotherapy or anti-TNF monotherapy.

In addition, the risks of serious infections and of mycobacterial as well as opportunistic bacterial infections are increased with anti-TNF monotherapy compared to thiopurine monotherapy. Yet, the risk of opportunistic infections with anti-TNF monotherapy does not differ from that of thiopurine monotherapy, due to a lower risk of opportunistic viral infections with anti-TNFs than with thiopurines.

Observational studies have provided conflicting results on the risk of infection related to anti-TNFs. [START_REF] Andersen | Association between tumour necrosis factor-α inhibitors and risk of serious infections in people with inflammatory bowel disease: nationwide Danish cohort study[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 TM registry[END_REF][START_REF] Grijalva | Initiation of tumor necrosis factor-α antagonists and the risk of hospitalization for infection in patients with autoimmune diseases[END_REF] Such an inconsistency is likely to be related to differences in exposure definitions, comparators, and study populations considered. Indeed, most studies did not assess separately the risk related to anti-TNFs in combination therapy and monotherapy. In a recent Danish cohort study, an increased risk of serious infections was reported in anti-TNFs new users compared to patients non-exposed to anti-TNFs after adjustment for thiopurines use, [START_REF] Andersen | Association between tumour necrosis factor-α inhibitors and risk of serious infections in people with inflammatory bowel disease: nationwide Danish cohort study[END_REF] while another cohort study reported no increased risk of serious infections associated with anti-TNFs exposure as combination therapy or monotherapy, compared with patients treated with thiopurines. [START_REF] Grijalva | Initiation of tumor necrosis factor-α antagonists and the risk of hospitalization for infection in patients with autoimmune diseases[END_REF] A similar risk of serious infections with combination therapy compared to anti-TNF monotherapy was reported in a cohort study including new anti-TNFs users in Medicare. [START_REF] Osterman | Effectiveness and Safety of Immunomodulators With Anti-Tumor Necrosis Factor Therapy in Crohn's Disease[END_REF] However patients covered by Medicare are older than 65 or have chronic diseases; therefore these findings may only be applicable to this subgroup of patients. In addition, previous observational studies assessing the risk of infection associated with thiopurines and anti-TNFs in IBD did not concomitantly adjust for disease activity and corticosteroid exposure over time. Though, disease activity and corticosteroids are two major predictors of infection as shown in a US study based on the TREAT (Crohn's Therapy, Resource, Evaluation and Assessment Tool) registry, [START_REF] Lichtenstein | Serious infection and mortality in patients with Crohn's disease: more than 5 years of follow-up in the TREAT TM registry[END_REF] and they may have an impact on treatment modification and occurrence of infection. To our knowledge, the present study, based on a large and unselected population, is the first to provide two-by-two comparisons of the risk of infections between the various immunosuppressive-based IBD treatment regimens, adjusting for both fixed and time-dependent covariates including IBD activity and exposure to corticosteroids.

We found that combination therapy and anti-TNF monotherapy were associated with an increased risk of almost all site-specific serious infections compared to thiopurine monotherapy. In the recent Danish study, an increased risk of serious infection was reported with anti-TNFs, although it was only statistically significant for skin infections. [START_REF] Andersen | Association between tumour necrosis factor-α inhibitors and risk of serious infections in people with inflammatory bowel disease: nationwide Danish cohort study[END_REF] Our findings suggest that anti-TNFs may be associated with an increased risk of infections, irrespective of the infection site, which is consistent with the fact that TNF has a central role in host response to infection, regardless of its site.

While several observational studies assessed the risk of opportunistic infections in patients with rheumatoid arthritis, very few included patients with IBD. [START_REF] Osterman | Effectiveness and Safety of Immunomodulators With Anti-Tumor Necrosis Factor Therapy in Crohn's Disease[END_REF][START_REF] Toruner | Risk Factors for Opportunistic Infections in Patients With Inflammatory Bowel Disease[END_REF][START_REF] Baddley | Non-viral opportunistic infections in new users of tumour necrosis factor inhibitor therapy: results of the SAfety Assessment of Biologic ThERapy (SABER) Study[END_REF] Although the definition of opportunistic infections may differ across studies, the rates of opportunistic infections reported in our study are in the range of those reported previously. [START_REF] Baddley | Non-viral opportunistic infections in new users of tumour necrosis factor inhibitor therapy: results of the SAfety Assessment of Biologic ThERapy (SABER) Study[END_REF][START_REF] Salmon-Ceron | Drug-specific risk of nontuberculosis opportunistic infections in patients receiving anti-TNF therapy reported to the 3-year prospective French RATIO registry[END_REF] We found that exposure to anti-TNFs, either in combination or monotherapy was associated with increased risks of opportunistic bacterial and mycobacterial infections compared to thiopurine monotherapy. This is consistent with previous studies reporting increased risks of bacterial and mycobacterial infections related to anti-TNFs. [START_REF] Dixon | Rates of serious infection, including sitespecific and bacterial intracellular infection, in rheumatoid arthritis patients receiving anti-tumor necrosis factor therapy: Results from the British Society for Rheumatology Biologics Register[END_REF][START_REF] Curtis | Risk of serious bacterial infections among rheumatoid arthritis patients exposed to tumor necrosis factor α antagonists[END_REF] Moreover, combination therapy was associated with increased risks of opportunistic bacterial and mycobacterial infections compared to anti-TNF monotherapy, suggesting that the risks of opportunistic bacterial and mycobacterial infections are additionally increased by adding thiopurines to anti-TNFs, as reported in a meta-analysis of clinical trials. [START_REF] Lorenzetti | Higher risk of tuberculosis reactivation when anti-TNF is combined with immunosuppressive agents: a systematic review of randomized controlled trials[END_REF] The situation was different regarding opportunistic viral infections. Indeed, while combination therapy was associated with an increased risk of opportunistic viral infections compared to anti-TNF monotherapy, no difference was found compared to thiopurine monotherapy as a result of a lower risk with anti-TNFs than with thiopurines. This suggests that the risk of opportunistic viral infections under combination therapy is driven by thiopurines. Consistently, previous studies showed that thiopurines increase the risk of viral infections. [START_REF] Rahier | Second European evidence-based consensus on the prevention, diagnosis and management of opportunistic infections in inflammatory bowel disease[END_REF] Age is a major risk factor of serious and opportunistic infections. [START_REF] Lichtenstein | Serious infection and mortality in patients with Crohn's disease: more than 5 years of follow-up in the TREAT TM registry[END_REF][START_REF] Toruner | Risk Factors for Opportunistic Infections in Patients With Inflammatory Bowel Disease[END_REF] After adjustment for major comorbidities and IBD disease activity, relative risks of serious or opportunistic infections were of similar magnitude, regardless of age. However, the absolute risks were 2-to 3-fold increased in patients aged 65 years or more as compared to younger patients.

The primary strength of our study is its nationwide, population-based cohort design.

The database is comprehensive in that it includes all medical prescriptions and hospital stays for IBD in France, thus resulting in high number of patients exposed to the various therapeutic regimens used in real-life practice during the study period, including combination therapy. The most recent biological therapies, such as vedolizumab and ustekinumab were not considered since their marketing authorizations in inflammatory bowel disease were obtained in November 2014 and 2016, respectively, in France.

Patients are unselected because universal access to healthcare is guaranteed for all French residents and there is no other universal insurance scheme in France. The sample size was large enough to adequately assess combination therapy as well as anti-TNF and thiopurines monotherapies. Finally, we assessed time dependent confounding variables such as IBD activity and corticosteroids exposure. Some limitations should be noted. Until now, there has been no validation study of the ICD codes related to IBD in the SNIIRAM database. However, a descriptive study on the same cohort [START_REF] Kirchgesner | Therapeutic management of inflammatory bowel disease in real-life practice in the current era of anti-TNF agents: analysis of the French administrative health databases 2009-2014[END_REF] reported treatment exposure, hospitalization, and surgery rates similar to current standard of care and incidence rates in the range of those reported in other populations. [START_REF] Molodecky | Increasing Incidence and Prevalence of the Inflammatory Bowel Diseases With Time, Based on Systematic Review[END_REF] Although identification of infection was based on discharge diagnosis only, the validity of our outcomes was recently assessed, with more than 95% accuracy of recorded cases and type of infections. [START_REF] Sahli | Positive predictive values of selected hospital discharge diagnoses to identify infections responsible for hospitalization in the French national hospital database[END_REF] In addition, incidence rates of serious infections in patients exposed to anti-TNFs reported in our study are similar to those reported in the TREAT registry. The increased risk associated with thiopurines or anti-TNFs compared to unexposed patients reported in our study may also strengthen the external validity of our findings. It is also noteworthy that the inclusion of prevalent users of thiopurines and anti-TNFs in the main analysis (to ensure sufficient statistical power to assess the risk of opportunistic infections) may have caused a prevalent user bias, which could results in an underestimation of the risk. However, similar results were obtained in the analysis restricted to incident cases, suggesting that such a bias, if any, is limited. Lastly, the definition of active disease was based on a combined indicator including IBD-related hospitalization or surgery and exposure to corticosteroids. Although this definition may have excluded some mild cases of active disease only treated with aminosalicylates, this is unlikely to have biased our results since disease activity needs to be severe to increase the risk of serious infections as shown in the TREAT registry. [START_REF] Lichtenstein | Serious infection and mortality in patients with Crohn's disease: more than 5 years of follow-up in the TREAT TM registry[END_REF] In conclusion, these findings show that the various immunosuppressive-based IBD treatment regimens have heterogeneous risk profiles regarding the risks of serious and opportunistic infections. More specifically, combination therapy exposes to higher risks of serious and opportunistic infections than anti-TNF monotherapy, which exposes itself to higher risks of serious infections, and mycobacterial and opportunistic bacterial infections than thiopurine monotherapy. The risks of infection should therefore be taken into consideration and weighed against potential benefits of the various treatment options for IBD management. 

Appendix: Methods

Under the assumption of no unmeasured confounders, we used marginal structural models to estimate causal effects of thiopurines and anti-TNFs on the risk of serious infections. 1 These models, adjusted for time-dependent covariates with inverse probability treatment weights, are appropriate in the presence of time-dependent covariates (such as exposure to corticosteroids and IBD activity) that might be associated with both prescription of thiopurines or anti-TNFs and outcomes (time-dependent confounders) and could also be affected by past exposure to thiopurines and anti-TNFs.

The conditional probability of receiving observed treatment was estimated using multinomial logistic regression with generalized logit link. Covariates included were the baseline and time-dependent covariates (listed in Table 1) and past treatment history.

Weights from the exposure selection model were calculated as follows: the numerator was the probability of receiving the treatment actually received after treatment modification conditional on baseline covariates and past treatment history. The denominator was the predicted probability of receiving the treatment actually received after treatment modification conditional on baseline covariates, past treatment history and time-varying covariates.

To adjust for potential selection bias from loss to follow-up, we similarly modeled the propensity to be censored. Binary logistic regression was used for the censoring model. Weights from the censoring model were calculated as follows: the numerator was the probability of being censored conditional on baseline covariates and past treatment history. The denominator was the predicted probability of being censored conditional on baseline covariates, past treatment history and time-varying covariates. The stabilized weights were the product of the weights from the exposure selection and the censoring models, updated at each time interval. After calculation, the weights were truncated at 1st and 99 th percentiles to minimize the impact of extreme weights and improve precision. 2,3 In the main analysis, stabilized weights using inverse probability of treatment and inverse probability of censoring were calculated at each treatment modification, since treatment assignment was continuously recorded rather than during scheduled follow-up visits. It may also provide a precise estimation of drug exposure, notably treatment introduction, while the increased risk of serious infections associated with anti-TNFs was mostly observed right after treatment introduction. 4 In a complementary analysis, we discretized the time scale on periods of one month for the estimation of the weights and results were shown to be consistent. After truncation at the 1 st percentile (0.43) and 99 th percentile (3.43), Mean (SD) of the weights were 1.02 (0.39). There was no tendency for the mean to deviate from 1 after a long period of follow-up.

The outcome analysis model was adjusted for baseline covariates. Robust variance estimators were used to estimate conservative 95% confidence intervals. 
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Table 1 .

 1 Patients characteristics at cohort entry according to subsequent treatment exposure during follow-up a

	Unexposed to	Exposed to	Exposed to	Exposed to
	thiopurines and	thiopurine	anti-TNF	combination
	anti-TNFs	monotherapy	monotherapy	therapy
	(n=128 285)	(n=47 572)	(n=26 255)	(n=12 023)

a Patients exposed to more than one exposure group during follow-up were considered in each corresponding group. b Free access to healthcare for people with an annual income <50% of poverty threshold. c As registered within six months before cohort entry (except for IBD disease activity assessment [within one year])

Table 2 .

 2 Incidence of serious and opportunistic infections according to treatment exposure during follow-up, overall and by infection site and pathogen

		Unexposed to	Exposed to	Exposed to	Exposed to
		thiopurines and	thiopurine	anti-TNF	combination
		anti-TNFs	monotherapy	monotherapy	therapy
		719 407	109 177	57 835	11 143
		person-years	person-years	person-years	person-years
	Serious infections, overall	6067 (8.4)	1149 (10.5)	1095 (18.9)	250 (22.4)
	Pulmonary infections	1554 (2.2)	230 (2.1)	236 (4.1)	55 (4.9)
	GI infections	1372 (1.9)	286 (2.6)	213 (3.7)	54 (4.8)
	Skin infections	994 (1.4)	201 (1.8)	234 (4.0)	47 (4.2)
	Urinary tract infections	918 (1.3)	142 (1.3)	148 (2.6)	25 (2.2)
	ENT infections	174 (0.2)	41 (0.4)	39 (0.7)	9 (0.8)
	Musculoskeletal infections	161 (0.2)	27 (0.2)	24 (0.4)	8 (0.7)
	Other infections	894 (1.2)	222 (2.0)	201 (3.5)	52 (4.7)
	Opportunistic				
	infections, overall				

Table 3 .

 3 Multivariable Adjusted Hazard Ratios (and 95% confidence interval) a of serious infections according to medication exposure, overall and by infection site

		Exposed to	Exposed to	Exposed to
		combination therapy	combination therapy	anti-TNF monotherapy
		versus anti-TNF	versus thiopurine	versus thiopurine
		monotherapy	monotherapy	monotherapy
	Serious infections, overall	1.23 (1.05-1.45)	2.11 (1.80-2.48)	1.71 (1.56-1.88)
	Pulmonary infections	1.40 (0.99-1.98)	3.14 (2.24-4.40)	2.24 (1.83-2.75)
	GI infections	1.34 (0.93-1.93)	1.84 (1.30-2.60)	1.37 (1.12-1.68)
	Skin infections	1.08 (0.76-1.54)	1.86 (1.30-2.68)	1.72 (1.38-2.15)
	Urinary tract infections	0.89 (0.56-1.41)	1.69 (1.07-2.67)	1.90 (1.47-2.45)
	ENT infections	1.47 (0.60-3.59)	1.95 (0.80-4.73)	1.32 (0.83-2.12)
	Musculoskeletal infections	1.89 (0.78-4.55)	2.58 (1.07-6.23)	1.36 (0.68-2.73)
	Other infections	1.26 (0.89-1.79)	2.03 (1.44-2.87)	1.61 (1.29-2.01)

a For the predictors the multivariable model adjusted for, see the Covariates subsection of the Methods section

Table 4 .

 4 Multivariable Adjusted hazard ratios (and 95% confidence interval) a of opportunistic infections according to medication exposure, overall and by pathogen For the predictors the multivariable model adjusted for, see the Covariates subsection of the Methods section

		Exposed to	Exposed to	Exposed to
		combination therapy	combination therapy	anti-TNF monotherapy
		versus anti-TNF	versus thiopurine	versus thiopurine
		monotherapy	monotherapy	monotherapy
	Opportunistic infections, overall	1.96 (1.32-2.91)	2.11 (1.45-3.08)	1.08 (0.83-1.40)
	Viral infections	1.98 (1.00-3.94)	1.13 (0.62-2.08)	0.57 (0.38-0.87)
	Mycobacterial infections	2.17 (1.08-4.36)	4.30 (2.10-8.80)	1.98 (1.15-3.40)
	Bacterial infections	1.99 (0.99-4.01)	4.73 (2.10-10.7)	2.38 (1.23-4.58)
	Fungal infections	0.78 (0.21-2.88)	0.96 (0.26-3.61)	1.24 (0.49-3.16)

a

Table 5 .

 5 Incidence of serious and opportunistic infections according to age category at cohort entry

		Unexposed to	Exposed to	Exposed to	Exposed to
		thiopurines and	thiopurine	anti-TNF	combination
		anti-TNFs	monotherapy	monotherapy	therapy
		18-64 years: 627 683 PY	18-64 years: 102 593 PY	18-64 years: 55 975 PY	18-64 years: 10 905 PY
		≥ 65 years: 91 724 PY	≥ 65 years: 6584 PY	≥ 65 years: 1860 PY	≥ 65 years: 238 PY
	Serious				
	infections, overall				
	18-64 years	3954 (6.3)	972 (9.5)	996 (17.8)	238 (21.8)
	≥ 65 years	2113 (23.0)	177 (26.9)	99 (53.2)	12 (50.5)
	Opportunistic				
	infections, overall				
	18-64 years	231 (0.4)	169 (1.6)	108 (1.9)	44 (4.0)
	≥ 65 years	91 (1.0)	18 (2.7)	11 (5.9)	2 (8.4)
	Numbers are n (incidence rates/1000 PY [person-years])			

Table 6 .

 6 Multivariable Adjusted hazard ratios (and 95% confidence interval) a for any serious or opportunistic infections according to medication exposure and age category at cohort entry For the predictors the multivariable model adjusted for, see the Covariates subsection of the Methods section.

		Exposed to	Exposed to	Exposed to
		combination therapy	combination therapy	anti-TNF monotherapy
		versus anti-TNF	versus thiopurine	versus thiopurine
		monotherapy	monotherapy	monotherapy
	Serious			
	infections, overall			
	18-64 years	1.20 (1.02-1.42)	1.98 (1.68-2.34)	1.65 (1.49-1.83)
	≥ 65 years	1.34 (0.64-2.80)	2.30 (1.14-4.65)	1.71 (1.28-2.29)
	Opportunistic			
	infections, overall			
	18-64 years	1.95 (1.30-2.93)	2.02 (1.37-2.96)	1.03 (0.78-1.36)
	≥ 65 years	1.78 (0.37-8.59)	2.41 (0.53-11.0)	1.35 (0.56-3.27)

a

table 4 : Characterization of serious infection cases

 4 

	Subgroup of infection	Diagnoses	ICD-10
		Mastoiditis	H70
		Nasopharyngitis	A36.1
		Sinusitis	J01
		Pharyngitis	J02
	ENT infections	Pharyngeal, retropharyngeal and parapharyngeal abscess	J36;J39.0-J39.1
		Tonsillitis	A36.0; J03
		Laryngitis and tracheitis	A36.2; J04-J05; J37
		Acute upper respiratory infections of multiple and unspecified sites	A36.8-A36.9; J06
		Infection of external ear and acute otitis media	H60.0-H60.3; H65.1-H65.2; H66; H68.0
		Infectious arthritis	M00-M01
	Musculoskeletal infections	Infective myositis	M60.0
		Osteomyelitis	M86
		Infection of the eye	B00.5; B30; H00-H01; H03.1; H06.1; H10.5; H10.8; H13.1; H19.1-H19.2
		Infections in the nervous system	A32.1; A39; A80-A89; B00.3-B00.4; B01.0-B01.1; B02.0-B02.2; B05.0-B05.1; B06.0; G00-G02; G04-G07
		Infections of prosthetic devices, implants and grafts	T82.6-T82.7; T84.5-T84.7; T85.7
		Sepsis, systemic inflammatory response	
		syndrome (SIRS) of infectious origin and	A32.7; A40-A41; R57.2; R65.0-R65.1
		septic shock	
	Other infections	Certain bacterial disease	A20-A28; A32; A34-A35; A38; A42-A44; A48.0; A48.2-A49.9; B95.1; B95.2; B95.4-B95.8; B96-B97
		Spirochaetal disease	A65-A69
		Rickettsiosis	A75-A79
		Viral infections	A90-A99; B25.2; B25.9; B26-B27; B33-B34
		Mycoses	B37-B49
		Protozoal diseases	B50-B57; B58.1-B58.2; B58.8-B58.9; B60-B83;
		Unspecified infectious diseases	B99.9
		Acute infective pericarditis and endocarditis	I30.1; I33.0
		Mycobacterial infections	A15-A19; A31; K23.0; K67.3; K93.0 ;M01.1; M49.0; M90.0 ; N33.0; N74.0; N74.1

table 7 : Multivariable Adjusted hazard ratios (and 95% confidence interval) a of serious and opportunistic infections according to treatment exposure by IBD subtype and in sensitivity analyses

 7 For the predictors the multivariable model adjusted for, see the Covariates subsection of the Methods section. b Patients with only one single hospital discharge IBD diagnosis and no pharmacy claim for any of the following IBD medications: aminosalicylates, enteral budesonide, thiopurines and anti-TNFs, were considered to have a non-confirmed diagnosis of IBD

	Exposed to combination therapy versus anti-TNF monotherapy	Exposed to combination therapy versus thiopurine monotherapy	Exposed to anti-TNF monotherapy versus thiopurine monotherapy

a
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