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may be associated with atherosclerotic plaque destabilization via the Th17 inhibition.

Although the study interpretation is limited by its observational design, these results should call for caution in the prescription of ustekinumab to patients with high cardiovascular risk.

A c c e p t e d M a n u s c r i p t

Introduction

Over the past 20 years, anti-cytokine therapies have transformed the management of many chronic immuno-inflammatory diseases including psoriasis, inflammatory rheumatic disorders, and inflammatory bowel disease. The recognition of atherosclerosis as an inflammatory process raises the question of the impact of these anti-cytokine therapies on atherosclerosis progression and cardiovascular thrombotic complications. [START_REF] Hansson | The immune system in atherosclerosis[END_REF][START_REF] Caiazzo | Psoriasis, Cardiovascular Events, and Biologics: Lights and Shadows[END_REF][START_REF] Ridker | Anticytokine Agents[END_REF][START_REF] Elnabawi | Coronary artery plaque characteristics and treatment with biologic therapy in severe psoriasis: results from a prospective observational study[END_REF][START_REF] Sorokin | Association Between Oxidation-Modified Lipoproteins and Coronary Plaque in Psoriasis: An Observational Cohort Study[END_REF][START_REF] Mahil | Update on psoriasis immunopathogenesis and targeted immunotherapy[END_REF][START_REF] Mehta | Effect of 2 Psoriasis Treatments on Vascular Inflammation and Novel Inflammatory Cardiovascular Biomarkers: A Randomized Placebo-Controlled Trial[END_REF][START_REF] Gelfand | A Phase IV, Randomized, Double-Blind, Placebo-Controlled Crossover Study of the Effects of Ustekinumab on Vascular Inflammation in Psoriasis (the VIP-U Trial)[END_REF] In psoriasis, major therapeutic successes have been obtained with antibodies blocking Tumor Necrosis Factor α (TNFα), IL-12, IL-23 and IL-17A/F. 9,10 However, their respective impact on atherosclerosis progression seems to differ. [START_REF] Caiazzo | Psoriasis, Cardiovascular Events, and Biologics: Lights and Shadows[END_REF] A cardiovascular protective effect with long-term use of anti-TNFα drugs has been reported in several studies, [START_REF] Minno | Carotid intimamedia thickness in psoriatic arthritis: differences between tumor necrosis factor-α blockers and traditional disease-modifying antirheumatic drugs[END_REF][START_REF] Wu | Cardiovascular event risk assessment in psoriasis patients treated with tumor necrosis factor-α inhibitors versus methotrexate[END_REF][START_REF] Low | Relationship between exposure to tumour necrosis factor inhibitor therapy and incidence and severity of myocardial infarction in patients with rheumatoid arthritis[END_REF] corroborating experiments in athero-prone mouse models reporting a pathogenic role of TNF-α. [START_REF] Canault | Exclusive expression of transmembrane TNF-alpha in mice reduces the inflammatory response in early lipid lesions of aortic sinus[END_REF] Regarding the anti-IL12/23p40 therapies ustekinumab and briakinumab, a meta-analysis of randomized controlled trials in moderate-to-severe psoriasis in 2011 alerted on a possible excess of major adverse cardiovascular events compared to placebo-treated groups. [START_REF] Ryan | Association Between Biologic Therapies for Chronic Plaque Psoriasis and Cardiovascular Events[END_REF][START_REF] Tzellos | Re-evaluation of the risk for major adverse cardiovascular events in patients treated with anti-IL-12/23 biological agents for chronic plaque psoriasis: a meta-analysis of randomized controlled trials[END_REF][START_REF] Dommasch | Major cardiovascular events associated with anti-IL 12/23 agents: A tale of two meta-analyses[END_REF][START_REF] Tzellos | Association of anti-IL-12/23 biologic agents ustekinumab and briakinumab with major adverse cardiovascular events[END_REF] This warning is in line with experimental studies suggesting a protective role of the IL-23/IL-17 pathway on atherosclerotic plaque growth and vulnerability. [START_REF] Taleb | Loss of SOCS3 expression in T cells reveals a regulatory role for interleukin-17 in atherosclerosis[END_REF][START_REF] Gisterå | Transforming growth factor-β signaling in T cells promotes stabilization of atherosclerotic plaques through an interleukin-17-dependent pathway[END_REF][START_REF] Taleb | IL-17 and Th17 cells in atherosclerosis: subtle and contextual roles[END_REF][START_REF] Fatkhullina | An Interleukin-23-Interleukin-22 Axis Regulates Intestinal Microbial Homeostasis to Protect from Diet-Induced Atherosclerosis[END_REF] Following concerns about ischemic cardiovascular safety, briakinumab was withdrawn from further development, while ustekinumab was marketed.

The aim of this study, using large-scale real-world data, was to investigate whether ustekinumab can trigger severe cardiovascular events (SCE) during the 6-month period following treatment initiation.

Methods

Data source and population
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This study was conducted using the French National Health Insurance database (SNDS, Système National des Données de Santé, formerly SNIIRAM, Système national d'information inter-régimes de l'Assurance maladie). [START_REF] Tuppin | Value of a national administrative database to guide public decisions: From the système national d'information interrégimes de l'Assurance Maladie (SNIIRAM) to the système national des données de santé (SNDS) in France[END_REF] This database covers 98% of the population living in France (around 66 million inhabitants), and includes anonymous individual sociodemographic data, exhaustive data on all reimbursements for health-related expenditures, dispensed drugs with date of issue, any investigation (imagery, surgery, blood analysis, etc.), and hospitalization discharge codes according to the International Classification of Diseases, 10 th revision (ICD-10). Data from public and private practices are recorded in the same way.

Severe, costly, long-term diseases are recorded, with diagnoses encoded according to ICD-10, because they give entitlement to 100% health insurance coverage.

From the entire SNDS database, we extracted all the subjects who had had at least one reimbursement for ustekinumab between April 1, 2010 (date of market release) and December 31, 2016. Thus, all patients included were incident users of ustekinumab. From this population, we selected patients who had a reported SCE.

Severe cardiovascular events

SCE cases were defined as either acute coronary syndrome (ICD-10 codes: I21 and I24) with hospitalization in intensive care unit (ICU), or ischemic stroke (ICD-10 codes: I63 and I64), whatever the hospitalization department, identified using the hospitalization discharge codes.

Cardiovascular death following hospitalized acute coronary syndrome or ischemic stroke were included. The date of admission was used as the date of the event. Only SCEs occurring after April 1, 2011 were selected, in order to obtain at least one year for detecting ustekinumab initiation before the SCE. In addition, the validity criteria for the case-timecontrol design required the probability of observing ustekinumab initiations to be modified only by the association with a SCE. [START_REF] Suissa | The case-time-control design: further assumptions and conditions[END_REF] We did not include the SCE if the patient had already 

Drug exposure

Since we focused on the triggering effect of ustekinumab, exposure was defined as the initiation of the treatment, i.e. the first dispensation of ustekinumab. According to the label, ustekinumab is administered subcutaneously every 12 weeks, after the first 2 injections at a 4week interval. Ustekinumab is used as a chronic treatment, pursued until inefficacy or treatment-related toxicity is reached, or stopped after a long remission. Most patients have only one course of ustekinumab, but some can have several courses.

Covariates

The cardiovascular risk was considered high if the patient had at least 2 risk factors or a personal history of athero-thrombotic disease. Otherwise, it was considered as low. The indication for ustekinumab (psoriasis or Crohn's disease) was assessed. Algorithms used are detailed in the Supplement.

Statistical analysis

We performed a case-time-control study. This design is an extension of the case-crossover, a design used to investigate the triggering role of different factors in human acute adverse events. The rationale of these designs is to search for an excess of ustekinumab initiation immediately preceding SCE, compared to a previous time period, which could reflect a triggering effect of ustekinumab initiation on SCE. The case-crossover design is based on the principle of each individual serving as his own control in a different time period. This enables time-invariant confounders to be controlled for. The case-time-control design has the additional benefit of adjusting on time trends in the general prescribing pattern of ustekinumab by incorporating matched time-controls (figure 1). [START_REF] Maclure | The case-crossover design: a method for studying transient effects on the risk of acute events[END_REF][START_REF] Consiglio | Case-crossover study design in pharmacoepidemiology: systematic review and recommendations[END_REF] A c c e p t e d M a n u s c r i p t Exposure to ustekinumab initiation was measured over two periods prior to the event [START_REF] Maclure | The case-crossover design: a method for studying transient effects on the risk of acute events[END_REF] . We defined the 'risk' period as 0-6 months before the SCE and the 'reference' period as 6-12 months before the SCE (figure 1A). Time-controls were not compared to cases. They were used to check for time trends in the general prescribing pattern for ustekinumab between 2010 and 2016. The increasing prescription of ustekinumab over time after its market authorisation could otherwise have led to a false association between ustekinumab initiation and the outcome (figure 1B). [START_REF] Suissa | The case-time-control design[END_REF] For each case, 4 controls of the same sex, age (± 2 years) and cardiovascular risk were randomly sampled from the individuals exposed to ustekinumab. The OR for the case-time-control analysis was derived from the interaction coefficient between exposure and case or timecontrol status introduced into the conditional logistic regression models. It estimated the association between the initiation of ustekinumab and SCE, controlling for time trends.

Statistical tests were two-tailed with an α-risk of 5%.

A differential effect of ustekinumab initiation according to cardiovascular risk was anticipated, on the hypothesis that patients with low cardiovascular risk were less prone to atherosclerotic plaques, or that their plaques were less prone to rupture. We planned in the protocol of the study to stratify the analyses accordingly: into the low vs. high cardiovascular risk strata. By testing a possible interaction between cardiovascular risk and ustekinumab initiation, we also evaluated the homogeneity between the ORs obtained from the 2 cardiovascular risk strata. Because interaction tests are less powerful, we planned in the protocol to consider p-values of less than 0.15 to be statistically significant for an interaction. [START_REF] Greenland | Basic problems in interaction assessment[END_REF][START_REF] Selvin | Statistical Analysis of Epidemiologic Data[END_REF] Statistical analyses were performed with SAS Enterprise Guide Software (SAS Institute, Inc., USA) version 7.1.

Sensitivity analyses
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We tested the robustness of our study findings in sensitivity analyses using alternative assessment criteria for exposure and outcome. First, we added re-initiation and dose increase as exposure. Re-initiation was defined as a dispensation of ustekinumab without any dispensation in the previous 6 months, among patients who had previously received ustekinumab. Secondly, we added unstable angina (ICD-10 code: I200 and I200+0) and acute coronary syndrome among patients hospitalized in a unit other than ICU as SCE.

Estimation of incidence rates and risk of SCE

Incidence rates and estimated risk of SCE are provided in the Supplement.

Results

Severe cardiovascular events

Among the 66-million French inhabitants, 9290 individuals were exposed to ustekinumab between April 2010 and December 2016. Their main characteristics are presented in eTable 3 in the Supplement. Psoriasis was identified for 86% of the patients receiving ustekinumab and Crohn's disease for 12%.

In this population, between April 2011 and December 2016, 98 SCEs (52 acute coronary syndromes admitted to ICU, including 2 leading to death, and 46 strokes) met our criteria for inclusion in the main analysis. In addition, 13 cases of acute coronary syndrome hospitalized in non-ICU wards and 68 cases of unstable angina were added for the sensitivity analysis (flowchart in figure 2). The characteristics of the patients included in the main analysis are described in table 1.

Sixty-three per cent were male, the median age was 57 (IQR: 51-65), 78% had high cardiovascular risk. Ninety-one per cent had psoriasis, 4 patients had Crohn's disease and 2 had both. The characteristics of the cases and time-controls are presented in eTable 5 in the Supplement.
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Risk of SCE associated with ustekinumab initiation

Across the whole study population, the OR for the case-time-control analysis was 2.41, 95%CI [0.83-7.01]. Because of heterogeneity in the ORs obtained from patients with high vs. low cardiovascular risk (p=0.053), the main analysis was stratified according to cardiovascular risk factors, as pre-specified in our study protocol. Among patients at high cardiovascular risk, we observed a significantly increased risk of SCE in the first 6 months after ustekinumab initiation (OR, 4.17; 95%CI, 1.19-14.59) but this was not observed among patients with a low cardiovascular risk (OR, 0.30; 95%CI, 0.03-3.13). The detailed results for the overall population and for the subgroups with high and low cardiovascular risk are presented in table 2. The results for the case-crossover and the case-time-control are presented separately in eTable 6 in the Supplement.

Sensitivity analyses

Two sensitivity analyses were conducted. First, we widened the definition of triggering circumstances by adding the following to initiation: re-initiation (i.e. later initiation of at another course of ustekinumab) and dose increase. The OR for SCE in the overall population was 3.41, 95%CI [1.15-10.15]. Among patients with high cardiovascular risk, the OR was 4.62, 95%CI [1.36-15.61]. Among patients with low cardiovascular risk, the OR was 1.00, 95%CI [0.08-12.56].

Secondly, we expanded the definition of SCE by adding unstable angina and non-ICU hospitalized acute coronary syndrome to ICU-hospitalized acute coronary syndrome and stroke (n=179). The OR for SCE in the overall population was 1.75, 95%CI [0.86-3.56].

Among patients with high cardiovascular risk, the OR was 3.20, 95%CI [1.29-7.92]. Among patients with low cardiovascular risk, the OR was 0.21, 95%CI [0.02-1.69].
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The results from the main and sensitivity analyses according to cardiovascular risk are shown in figure 3. For the sub-population with low cardiovascular risk, no association between ustekinumab initiation and SCE was observed.

Discussion

In a population-based study including 9290 patients exposed to ustekinumab, we observed an excess of occurrence of early acute coronary syndrome and stroke within the 6 months following treatment initiation, among patients with high cardiovascular risk (OR, 4.17; 95%CI, 1.19-14.59; p=0.026). This association was not observed among patients with low cardiovascular risk (p-value for heterogeneity, 0.053). On account of our study design, which addresses the general question "why now?" (and not the more classic "why me?"), our results do not mean that more SCEs are observed among patients with a higher baseline cardiovascular risk (an obvious fact anyway), but that the period following ustekinumab initiation carries a higher risk for SCE in this sub-population.

We chose to focus on early events for two reasons. First, a meta-analysis of randomized controlled trials alerted on a possible excess of SCE as early as 2011 among adults exposed to anti-IL-12/23p40 (ustekinumab or briakinumab) during the first months of treatment. [START_REF] Ryan | Association Between Biologic Therapies for Chronic Plaque Psoriasis and Cardiovascular Events[END_REF][START_REF] Tzellos | Re-evaluation of the risk for major adverse cardiovascular events in patients treated with anti-IL-12/23 biological agents for chronic plaque psoriasis: a meta-analysis of randomized controlled trials[END_REF] The decision to stop the development of briakinumab left ustekinumab as the only anti-IL-12/23p40 on the market. Although no recommendation has been explicitly released by the European or United States Drug Agencies, the relationship between anti-IL-12/23p40 use and atherosclerotic cardiovascular disease has been a subject of controversy. [START_REF] Ryan | Association Between Biologic Therapies for Chronic Plaque Psoriasis and Cardiovascular Events[END_REF][START_REF] Tzellos | Re-evaluation of the risk for major adverse cardiovascular events in patients treated with anti-IL-12/23 biological agents for chronic plaque psoriasis: a meta-analysis of randomized controlled trials[END_REF][START_REF] Dommasch | Major cardiovascular events associated with anti-IL 12/23 agents: A tale of two meta-analyses[END_REF][START_REF] Reich | Cardiovascular safety of ustekinumab in patients with moderate to severe psoriasis: results of integrated analyses of data from phase II and III clinical studies[END_REF][START_REF] Rungapiromnan | Impact of biologic therapies on risk of major adverse cardiovascular events in patients with psoriasis: systematic review and metaanalysis of randomized controlled trials[END_REF] Secondly, there is an immunological substratum supporting a short-term triggering of SCE in the first weeks or months of treatment with anti-IL-12/23p40, based on the hypothesis of a therapeutically induced acute change in the immunological environment of atherosclerotic plaques. [START_REF] Hansson | The immune system in atherosclerosis[END_REF][START_REF] Caiazzo | Psoriasis, Cardiovascular Events, and Biologics: Lights and Shadows[END_REF][START_REF] Gisterå | Transforming growth factor-β signaling in T cells promotes stabilization of atherosclerotic plaques through an interleukin-17-dependent pathway[END_REF][START_REF] Taleb | IL-17 and Th17 cells in atherosclerosis: subtle and contextual roles[END_REF] Ustekinumab inhibits the p40 subunit shared by IL-12, a T-helper (Th)1

A c c e p t e d M a n u s c r i p t inducer, and IL-23, which maintains Th17 cell homeostasis. Several experimental studies have shown that IL-12 and related-Th1 responses are pro-atherogenic. [START_REF] Ait-Oufella | Adaptive (T and B Cells) Immunity and Control by Dendritic Cells in Atherosclerosis[END_REF] In contrast, the role of the Th17 pathway, driven by IL-17A, remains ambiguous. IL-17A could have a proatherogenic effect, by promoting plaque growth, while a protective effect could also result from the stabilization of atherosclerotic plaques. [START_REF] Taleb | Loss of SOCS3 expression in T cells reveals a regulatory role for interleukin-17 in atherosclerosis[END_REF][START_REF] Gisterå | Transforming growth factor-β signaling in T cells promotes stabilization of atherosclerotic plaques through an interleukin-17-dependent pathway[END_REF][START_REF] Danzaki | Interleukin-17A Deficiency Accelerates Unstable Atherosclerotic Plaque Formation in Apolipoprotein E-Deficient Mice[END_REF][START_REF] Allam | The pleiotropic role of interleukin-17 in atherosclerosis[END_REF] The effect of IL-17A involves 2 protective mechanisms: the stimulation of type I collagen production by smooth muscle cells in the fibrous caps, and a reduction of inflammatory cells within the vascular lesions through a decrease in the endothelial expression of vascular cell adhesion molecule (VCAM)-1. [START_REF] Hansson | The immune system in atherosclerosis[END_REF][START_REF] Gisterå | Transforming growth factor-β signaling in T cells promotes stabilization of atherosclerotic plaques through an interleukin-17-dependent pathway[END_REF] A stabilizing effect of IL-17A on atherosclerotic plaque was again suggested by a large human study reporting that high IL-17A plasma levels following myocardial infarction were associated with a lower recurrence rate. [START_REF] Simon | Circulating levels of interleukin-17 and cardiovascular outcomes in patients with acute myocardial infarction[END_REF] The anti-IL-12/23p40 therapy ustekinumab, by the inhibition of the Th17 pathway, could therefore induce atherosclerotic plaque rupture and athero-thrombotic events, including stroke and acute coronary syndrome.

Our study has several strengths. First, we used a design specifically suited to detecting a putative triggering impact on early events. Previous work on the cardiovascular effect of ustekinumab, based on cohort studies, did not identify increased risk in the medium or longterm. [START_REF] Ahlehoff | Cardiovascular outcomes and systemic anti-inflammatory drugs in patients with severe psoriasis: 5-year follow-up of a Danish nationwide cohort[END_REF][START_REF] Reich | Drug safety of systemic treatments for psoriasis: results from The German Psoriasis Registry PsoBest[END_REF][START_REF] Lee | Association of Ustekinumab vs TNF Inhibitor Therapy With Risk of Atrial Fibrillation and Cardiovascular Events in Patients With Psoriasis or Psoriatic Arthritis[END_REF] However, our focus on a triggering effect of treatment initiation raises a new question, which required a different study design. Another major advantage of self-controlled designs over cohort studies is the absence of indication bias and of measured or unmeasured time-invariant confounders, since each individual serves as his own control. [START_REF] Suissa | The case-time-control design[END_REF] Treatments such as anti-lipidemics, anti-hypertensives or anti-diabetics could act as time-dependent confounders, since discontinuing a cardiovascular treatment could have a triggering effect on SCE. We confirmed that no patient initiating ustekinumab in the risk or reference period discontinued one of these treatments in the 12 months before SCE. We selected a 6-month A c c e p t e d M a n u s c r i p t duration for the risk period, in order to include the time lapse observed for SCE in clinical trials, [START_REF] Ryan | Association Between Biologic Therapies for Chronic Plaque Psoriasis and Cardiovascular Events[END_REF] and to allow enough time for the pathological immune changes that could promote SCEs. [START_REF] Wang | Use of the case-crossover design to study prolonged drug exposures and insidious outcomes[END_REF] Second, we included sensitivity analyses, in which we broadened the definition of SCE and the types of trigger (adding re-initiation and dose increase). Consistent results were observed in each stratum of cardiovascular risk. Third, our study framework comprised all the subjects exposed to ustekinumab, and every SCE was collected. Although we ended up with a relatively small number of SCEs observed within our window, the exhaustiveness of the initial 66-million population yielded maximum power. The absence of attrition bias is another major strength for our study. Some limitations need to be discussed. First, we did not include cardiovascular death resulting from a non-atherothrombotic mechanism (n=12, mostly heart failure) in our outcome, because our hypothesis of a trigger effect was specific of a destabilization of atherosclerotic plaques.

In addition, we could not identify cardiovascular deaths occurring outside the hospital, since causes of death were not yet recorded in the SNDS database. Including all-cause deaths could have resulted in a dilution of the odds-ratio because of a misclassification bias due to a majority of non-cardiovascular deaths. Second, we used dispensations as a proxy for drug intake. This approximation is widely acknowledged and used in pharmaco-epidemiological studies. Third, clinical and biological data regarding the cardiovascular risk factors could have led to a misclassification bias between the high vs low cardiovascular risk strata. Tobacco use and obesity are known to be under-reported in hospital discharge coding. Dietary factors and physical activity are not reported at all. In addition, dyslipidemia was considered only when it involved issues of statins or fibrates, and it is possible that the triggering risk is higher among untreated dyslipidemic patients. [START_REF] Bots | Intensive lipid lowering may reduce progression of carotid atherosclerosis within 12 months of treatment: the METEOR study[END_REF] However, we believe that our criteria for defining patients' cardiovascular risk profiles were sufficiently discriminant to identify two distinct sub-A c c e p t e d M a n u s c r i p t populations according to this risk. Both the triggering effect suggested among high cardiovascular risk patients, and the absence of any association among the low risk patients are in line with the immunological hypothesis, since only the first group are liable to have atherosclerotic plaques likely to be destabilized. Fourth, one may suggest that the incidence of SCEs during the 0-6 months period after ustekinumab initiation is hypothetically the same that would occur without ustekinumab; with the additional hypothesis that ustekinumab would decrease the risk of SCE during the 6-12 months period, this could lead to an OR superior to 1. However, the first hypothesis would not be compatible with the randomized trials reporting more SCEs among patients exposed to anti-IL-12/23 than placebo in the first months after the initiation, and the second one remains to be substantiated. Lastly, the observational design does not allow for proving causality.

The observation of an association between ustekinumab initiation and SCE among patients with cardiovascular risk factors calls for caution regarding the prescription of ustekinumab in this population. It seems to concern patients with psoriasis rather than Crohn's disease, probably because they are older and have a higher pre-existing cardiovascular risk. In addition to the detection of classic cardiovascular risk factors, imaging of atherosclerotic plaques could be considered when determining the individual cardiovascular risk for each patient. Novel strategies used to screen for high-risk coronary plaques, such as coronary CT angiography or 18F-FDG PET/CT, could help improve the detection of patients at higher risk. [START_REF] Joshi | Association Between Aortic Vascular Inflammation and Coronary Artery Plaque Characteristics in Psoriasis[END_REF] Our data do not rule out the hypothesis of a dual impact of anti-IL-12/23p40 therapy on atherosclerotic disease, e.g. a destabilizing short-term effect in a subset of patients, and a beneficial or neutral impact on atherosclerosis development in the longer term.

New biologics targeting the Th17 pathway (anti-IL-17 therapies: secukinumab, ixekizumab, brodalumab; anti-IL-23p19 therapies: guselkumab, tildrakizumab, risankizumab) have already A c c e p t e d M a n u s c r i p t been marketed or are in the pre-marketing phases in psoriasis, and should be carefully monitored with respect to cardiovascular events, with a specific focus on the period following treatment initiation [START_REF] Allam | The pleiotropic role of interleukin-17 in atherosclerosis[END_REF] . Physicians should be aware that randomized trials do not fully identify this risk because of the small sample sizes, and the small number of comorbidities compared to real-world settings. Thus, caution regarding patients with high cardiovascular risk should be exercised when prescribing these treatments, and should reinforce recommendations for early, active management of cardiovascular comorbidities among psoriatic patients.

In summary, our results from real-world data suggest that ustekinumab treatment could trigger acute coronary syndrome and stroke within the first 6 months of treatment initiation among patients with high cardiovascular risk. A close collaboration between cardiologists and biologic prescribers could be beneficial to evaluate the risk for a patient of receiving ustekinumab. Further investigations should help explore the underlying physio-pathological mechanisms. In an epidemiological perspective, the same systematic strategy could be used to screen for early SCE among patients exposed to other newly developed biotherapies blocking the IL-17/IL-23 pathway. 

Access to data and data analysis

FP and AD had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. The main analysis was stratified according to the cardiovascular risk (p-value for interaction: 0.053).
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'Reference'period 'Risk' period Initiation of ustekinumab?

  if fewer than 2 cardiovascular risk factors and no history of SCE; high risk if more than 2 cardiovascular risk factors or a history of SCE b exposure: ustekinumab initiation; event: intensive care unit (ICU)-hospitalized acute coronary syndrome and stroke; 6month periods.

			OR [95% CI]		
	Low cardiovascular risk (n=22)	a			
	Main analysis b		0.30 [0.03-3.13]		Time
	M-12 Exposure including re-initiations and dose increases c 9290 subjects exposed to ustekinumab M-6 between April 1, 2010 and December 31, 2016 All cardiovascular events d	SCE 1.00 [0.08-12.56] 0.21 [0.02-1.69]		
	a High cardiovascular risk (n=76) 227 SCEs Main analysis b	acute coronary syndrome ischemic stroke 4.17 [1.19-14.59]
	between April 1, 2011 and December 31, 2016 Exposure including re-initiations and dose increases c	4.62 [1.36-15.61]	48 SCEs excluded
	All cardiovascular events d		3.20 [1.29-7.92]	history of SCE in the previous 2 years
	179 SCEs 98 SCEs included in the main analysis 52 intensive care unit (ICU) hospitalized acute coronary syndromes a low risk	0.02 0.05	0.20 0.50 OR	2.00 5.00	20.00
	46 strokes				
	81 SCEs added in the sensitivity analysis			
	13 non-ICU hospitalized acute coronary syndromes			
	68 unstable anginas				
	SCE: severe cardiovascular event				

c exposure: ustekinumab initiation, re-initiation (after 6 months without ustekinumab prescription) and dose increases; event: intensive care unit (ICU)-hospitalized acute coronary syndrome and stroke; 6-month periods. d exposure: ustekinumab initiation; event: acute coronary syndrome, stroke and unstable angina; 6-month periods.

Table 2 .

 2 Risk for severe cardiovascular events (SCE) among patients exposed to ustekinumab initiation -6 to 0 month period preceding the event b -12 to -6 month period preceding the event c Association between ustekinumab initiation and cardiovascular events, controlling for time trends in the prescribing patterns of ustekinumab. cf Methods section d fewer than 2 cardiovascular risk factors and no history of SCE e more than 2 cardiovascular risk factors or a history of SCE

			Ustekinumab initiation (No.)	Odds-ratio
			'Risk'	'Reference' period b	(95% confidence interval) c
			period a		
	Overall	population	16	6	2.41 (0.83-7.01)
	(n=98)				
	Low cardiovascular risk d	2	2	0.30 (0.03-3.13)
	(n=22)				
	High cardiovascular risk e	14	4	4.17 (1.19-14.59)
	(n=76)				
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