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Key points

 The question of the preventive effect of low-dose aspirin in the primary prevention field remains unanswered to date, with inconclusive results.

 This is the first cohort study to investigate the effect of low-dose aspirin use on overall cancer incidence and death by taking into account the competing risk of death in the presence of time dependent exposure, confounders and cumulative duration of treatment.

 Low-dose aspirin use was associated with reduced 10-years risk of overall cancer and death, the benefits increasing with cumulative duration of low-dose aspirin use.

Introduction

Cancer is a worldwide growing burden in terms of morbidity, mortality and cost, with 14 million new cases in 2012 1 . Therefore, prevention strategies may be a promising field of research in this area [START_REF]Cancer prevention[END_REF] . Among those strategies, low-dose aspirin (LDA) may represent an inexpensive and effective option. Many lines of evidence have suggested a protective effect of LDA use for colorectal cancer [START_REF] Cole | Aspirin for the Chemoprevention of Colorectal Adenomas: Meta-analysis of the Randomized Trials[END_REF][START_REF]Aspirin Use for the Primary Prevention of Cardiovascular Disease and Colorectal Cancer: Recommendations From the U.S. Preventive Services Task Force[END_REF][START_REF] Rothwell | Long-term effect of aspirin on colorectal cancer incidence and mortality: 20-year follow-up of five randomised trials[END_REF][START_REF] Bosetti | Aspirin and cancer risk: a quantitative review to 2011[END_REF] , but recommendations regarding it use in primary prevention remain contradictory [START_REF]Aspirin Use for the Primary Prevention of Cardiovascular Disease and Colorectal Cancer: Recommendations From the U.S. Preventive Services Task Force[END_REF][START_REF] Mccarthy | FDA questions use of aspirin for primary prevention of stroke and heart attack[END_REF] , especially because the effect of LDA on overall cancer incidence remain unclear.

The unclear effect of LDA is due to many controversial results from previous studies, together with limited follow-up from randomized trials on cancer incidence. Until now, no randomized trial testing aspirin and included overall cancer as a pre-specified outcome [START_REF] Cook | Low-dose aspirin in the primary prevention of cancer: the Women's Health Study: a randomized controlled trial[END_REF] showed a benefit on cancer incidence [START_REF] Cook | Low-dose aspirin in the primary prevention of cancer: the Women's Health Study: a randomized controlled trial[END_REF][START_REF] Bowman | Effects of Aspirin for Primary Prevention in Persons with Diabetes Mellitus[END_REF][START_REF] Gaziano | Use of aspirin to reduce risk of initial vascular events in patients at moderate risk of cardiovascular disease (ARRIVE): a randomised, double-blind, placebo-controlled trial[END_REF] . In contrast, post-hoc analyses of randomized trials originally conducted to investigate the cardioprotective effect of LDA found a protective effect [START_REF] Rothwell | Short-term effects of daily aspirin on cancer incidence, mortality, and non-vascular death: analysis of the time course of risks and benefits in 51 randomised controlled trials[END_REF] . However, these trials were not initially designed to study cancer incidence as an outcome, and trial participants were highly selected, which limited extrapolation.

Results of observational studies were inconsistent and difficult to interpret because of high heterogeneity among studies and many methodological limitations such as immortal time bias and misclassification of exposure [START_REF] Terry | Association of frequency and duration of aspirin use and hormone receptor status with breast cancer risk[END_REF][START_REF] Mahmud | Use of nonsteroidal anti-inflammatory drugs and prostate cancer risk: A meta-analysis[END_REF][START_REF] Harris | Breast cancer and nonsteroidal antiinflammatory drugs: prospective results from the Women's Health Initiative[END_REF][START_REF] Marshall | Nonsteroidal Anti-Inflammatory Drug Use and Breast Cancer Risk by Stage and Hormone Receptor Status[END_REF][START_REF] Swede | Association of Regular Aspirin Use and Breast Cancer Risk[END_REF][START_REF] Gill | Nonsteroidal Antiinflammatory Drugs and Breast Cancer Risk: The Multiethnic Cohort[END_REF][START_REF] Danforth | Nonsteroidal Anti-Inflammatory Drug Use and Endometrial Cancer Risk in the NIH-AARP Diet and Health Study[END_REF][START_REF] Prizment | Nonsteroidal Anti-Inflammatory Drugs and Risk for Ovarian and Endometrial Cancers in the Iowa Women's Health Study[END_REF][START_REF] Bosco | Regular aspirin use and breast cancer risk in US Black Women[END_REF][START_REF] Neill | Aspirin, nonsteroidal anti-inflammatory drugs, paracetamol and risk of endometrial cancer: A case-control study, systematic review and meta-analysis[END_REF][START_REF] Friis | A population-based cohort study of the risk of colorectal and other cancers among users of low-dose aspirin[END_REF][START_REF] Algra | Effects of regular aspirin on long-term cancer incidence and metastasis: a systematic comparison of evidence from observational studies versus randomised trials[END_REF][START_REF] Verdoodt | Non-steroidal anti-inflammatory drug use and risk of endometrial cancer: A systematic review and meta-analysis of observational studies[END_REF][START_REF] Qiao | Associations between aspirin use and the risk of cancers: a meta-analysis of observational studies[END_REF] , prothopathic bias [START_REF] Friis | A population-based cohort study of the risk of colorectal and other cancers among users of low-dose aspirin[END_REF][START_REF] Algra | Effects of regular aspirin on long-term cancer incidence and metastasis: a systematic comparison of evidence from observational studies versus randomised trials[END_REF][START_REF] Verdoodt | Non-steroidal anti-inflammatory drug use and risk of endometrial cancer: A systematic review and meta-analysis of observational studies[END_REF][START_REF] Lapi | Risk of prostate cancer in low-dose aspirin users: A retrospective cohort study: Risk of PCa in LDA users[END_REF] , inconsistency in dose and duration of use [START_REF] Bosetti | Aspirin and cancer risk: a quantitative review to 2011[END_REF] and competing risk of death without cancer [START_REF] Cao | Population-wide Impact of Long-term Use of Aspirin and the Risk for Cancer[END_REF][START_REF] Brasky | Non-steroidal anti-inflammatory drugs and cancer incidence by sex in the VITamins And Lifestyle (VITAL) cohort[END_REF] . In addition, few studies were restricted to the low aspirin dose even though it is the only relevant dose from a prevention perspective, with an established antiplatelet effect in preventing cardiovascular disease and lower rate of bleeding. Considering all these limitations, we addressed the question of whether LDA use might be associated with reduced overall cancer incidence among the French population by using the Système National des Données de Santé (SNDS) national healthcare databases. In a secondary analysis, we investigated whether LDA use might be associated with a reduced prostate and breast cancer incidence, the two most common cancers among the French population [START_REF] Jéhannin-Ligier | Projection de l'incidence et de la mortalité par cancer en France métropolitaine en[END_REF] .

2. Methods (more details are presented in appendix A).

Study overview

We conducted a 10-year historical cohort study using the permanent sample of the national healthcare databases to estimate the effect of LDA on cancer incidence. We used a dynamic model to account for the competing risk of death in the presence of time-dependent exposure, confounders and cumulative duration of treatment.

Data source

The study used data from the Echantillon Généraliste des Bénéficiaires (EGB), a dynamic random sample (1/97 th ) in the SNDS that includes all individuals affiliated with the French health insurance system [START_REF] Martin-Latry | Pharmacoepidemiological research using French reimbursement databases: yes we can![END_REF] . The SNDS includes anonymous and prospectively recorded data on beneficiaries' characteristics, date of death, long-term chronic disease (LTD), and all out-ofhospital health spending reimbursements [START_REF] Tuppin | French national health insurance information system and the permanent beneficiaries sample[END_REF] . It also contains a medical summary of each hospitalization, including hospital discharge diagnoses, medical procedures and expensive drugs dispensed during the stay [START_REF] Bezin | The national healthcare system claims databases in France, SNIIRAM and EGB: Powerful tools for pharmacoepidemiology[END_REF][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] .

Study population

All individuals in the EGB sample, who were covered by the general health insurance scheme, and were 50 to 80 years old at study entry, were included in the study the January 1 st , 2006. They were required to have at least 1 year of history in the database to exclude prevalent LDA users, defined by at least one LDA dispensed in 2005 [START_REF]Evaluating medication effects outside of clinical trials: new-user designs[END_REF] . We also excluded individuals with any cancer but non-melanoma skin cancer (NMSC) diagnosed before study entry (at least one of the following: hospital discharge with a diagnosis of cancer; LTD status related to cancer; reimbursement for any cancer-specific drug; or external radiotherapy session). Finally, we excluded individuals who did not have sufficient follow-up (at least 1 year) for inclusion in the analysis.

Definition of exposure

We selected all anatomical therapeutic chemical (ATC) codes corresponding to an aspirin dose between 50 and 325 mg (the antiplatelet dose). Definition of exposure was based on the proportion of day covered (PDC) [START_REF]Medicare Health & Drug Plan Quality and Performance Ratings 2013 Part C & Part D Technical Notes Centers for Medicare & Medicaid Services[END_REF] and was modelled as a time-dependent covariate. Thus, individuals were considered not exposed from the time of study entry until they had a PDC ≥ 0.5 during 12 consecutive months and remained exposed thereafter, according to the hypothesis of a remaining beneficial effect of LDA on cancer incidence even after discontinuation [START_REF] Rothwell | Long-term effect of aspirin on colorectal cancer incidence and mortality: 20-year follow-up of five randomised trials[END_REF] . The 1-year cut-off for the assessment period was chosen to avoid the selection of short-term LDA users and to allow for a biologically relevant latency period. Once the individual was exposed, the duration of LDA use was calculated from the date of exposure until one calendar month after the last dispensing. We also considered alternative exposure definitions: PDC with LDA ≥0.8 over 12 months and PDC with LDA ≥0.5 over 24 months.

Definition of outcomes

Individuals were followed until the first occurrence of cancer (the main outcome) or death without cancer (the competing risk) between January 1, 2006 and December 31, 2015. Otherwise, individuals were censored at the last follow-up time in the database or at the closing date of the study.

Incident cancers were defined by using an algorithm validated in the EGB sample [START_REF] Ajrouche | Evaluation of algorithms to identify incident cancer cases by using French health administrative databases: Cancer incidence in the sniiram/egb databases[END_REF] . This algorithm combined information from outpatient and inpatient care (LTD or hospital discharge diagnosis, anticancer drugs, radiotherapy sessions, and medical procedures) and differs slightly between men and women. All cancer locations were validated, excluding NMSC.

We also considered the first occurrence of prostate and breast cancer incidence, using the same validated algorithm mentioned above, but restricted to only prostate and breast cancer codes, respectively [START_REF] Ajrouche | Evaluation of algorithms to identify incident cancer cases by using French health administrative databases: Cancer incidence in the sniiram/egb databases[END_REF] .

Covariates

On the basis of the literature, we considered the following cancer risk factors for individuals' descriptions and multivariable adjustment.

Co-morbidities included chronic obstructive pulmonary disease (COPD) and alcoholic liver cirrhosis as a proxy of heavy smoking and alcoholism, respectively, as well as diabetes mellitus. Diabetes was defined by a hospital discharge and/or LTD diagnosis of diabetes or by the presence of at least 3 reimbursements over 1 year for an antidiabetic drug. COPD and alcoholic liver cirrhosis were defined by a hospital discharge or LTD diagnosis.

Co-medications included chronic use of immunosuppressive therapy and hormone replacement therapy and each was defined by the reimbursement of at least 3 therapy deliveries over 1 year.

Health-seeking behavior was defined by the proxy number of physician visits per year and health status by the proxy number of hospital admissions per year. All these variables were included in the study as baseline characteristics and then modeled during follow-up as time-dependent covariates.

Data analysis

Baseline characteristics are described with means (SD) for continuous variables and frequency (%) for categorical variables. To assess the relationship between LDA use and cancer risk, we examined two pre-planned models: one comparing LDA users vs non-users, among the whole population, men only, and women only and one considering the cumulative duration of LDA use.

We used dynamic pseudo-observations [START_REF] Nicolaie | Dynamic Pseudo-Observations: A Robust Approach to Dynamic Prediction in Competing Risks: Dynamic Pseudo-Observations: A Robust Approach to Dynamic Prediction in Competing Risks[END_REF] to directly model the 10-year risk of cancer and death. This model accounted for 1) the change in aspirin exposure status over time, thus circumventing the immortal time bias observed in most previous studies [START_REF] Suissa | Immortal time bias in observational studies of drug effects[END_REF] ; 2) time-dependent prognostic factors; and 3) the issue of the competing risk of death without cancer. We also used age as a timescale because age is an important risk factor of both cancer and death.

To apply the "dynamic pseudo-observation" model, we defined 16 landmark times (T LM ) from age 50 to 80 years, equally separated by 2 years each. For each T LM , we calculated a pseudo-observation (i.e., the contribution of each individual to the cumulative incidence function of cancer in the presence of death without cancer as a competing risk) for all individuals still at risk and we estimated the effect of all covariates on the dynamic pseudo-observations by using generalized estimating equation regression with a cloglog link function. Age-varying effects (i.e., time-varying effects such as age is used as a timescale) were identified and modeled by using fractional polynomials [START_REF] Sauerbrei | Multivariable regression model building by using fractional polynomials: Description of SAS, STATA and R programs[END_REF] . Finally, we expressed the effect of covariates on the 10-year risk of cancer and death at each landmark time as a subdistribution hazard ratio (SHR), estimating 95% confidence intervals (CIs). This analysis was replicated to estimate the risk of prostate cancer and breast cancer.

In a pre-planned sensitivity analysis, we considered alternative exposure definitions.

In a post-hoc sensitivity analysis, we considered clopidogrel use (another life-long antiplatelet treatment) as a negative control [START_REF] Lipsitch | Negative Controls: A Tool for Detecting Confounding and Bias in Observational Studies[END_REF] .

All analyses involved using SAS Enterprise Guide v4.3.

Results

A total of 111 025 individuals aged 50 to 80 years without cancer or LDA use before study entry were included in the study (Figure 1). The mean (SD) age at inclusion was 62 (8.6) years, with median follow-up 10 years, and 55% were women (Table 1). During follow-up, 13 063 incident cancer cases (11.8%), 8 484 deaths without cancer (7.6%) and 5 805 exits from the database (5.2%) were observed. The mean duration between the last LDA dispensing and the end of follow-up was 0.69 (1.5) years with 95% of all LDA dispensing doses ranged between 75 and 160 mg.

Results of the final model for the 60-year landmark time are in Table 2 and other landmark times are in table A.1. Overall, LDA use was associated with reduced 10-year risk of cancer (SHR 0.81[0.77-0.86], without any age-varying effect. Moreover, cumulative duration of LDA use was associated with reduced 10-year risk of cancer for every additional year of exposure (SHR 0.93[0.92-0.95] (Table 3). Covariates such as sex, diabetes and health-seeking behavior had an age-varying effect. However, the 10-year risk of cancer remained lower for women than men, and high for individuals with alcoholic cirrhosis and COPD and those taking immunosuppressive drugs, who had 6 or more physician visits or had one hospitalization in the 2 previous years, at all landmark times. For individuals with diabetes, the risk of cancer was increased for only those aged 58 to 70 years (table A.1). LDA use was also associated with reduced 10-year risk of cancer in both sexes, statistically significant for men (SHR 0.88[0.82-0.94]) but not women (SHR 0.93[0.85-1.02]) (Table 2). Moreover, LDA use was associated with reduced 10-year risk of prostate cancer (SHR 0.79[0.71-0.88]), without any age-varying effect (table 4). For breast cancer, LDA use had an age-varying effect, and no significant reduction was observed (results for the 60-year landmark time are reported in table 4 and for other landmark times in table A.3). These results were heterogeneous and inconclusive given the low number of breast cancer cases at each age.

LDA use was also associated with a sustained reduction in 10-year risk of death: SHRs 0.86 [0.82-0.91] for LDA use (Table 5) and 0.95 [0.93-0.96] for every additional year of LDA use (Table 3).

Finally, in both sensitivity analyses, the results were similar for all LDA exposure definitions (Table 3) and with clopidogrel use as negative control.

Discussion

In this cohort of 111 025 beneficiaries of the French national insurance system followed between 2006 and 2015, LDA use was associated with a 10-year decrease in risk of overall cancer and death, and with an incremental benefit for each additional year of LDA use. This effect was demonstrated among the general population in a real-life setting, with 10 years of follow-up and taking into account the main methodological issues of previous observational studies.

The effect of aspirin on cancer incidence remain uncertain in randomized trials [START_REF] Zheng | Association of Aspirin Use for Primary Prevention With Cardiovascular Events and Bleeding Events: A Systematic Review and Meta-analysis[END_REF] , with 2 meta-analysis showing a protective effect [START_REF] Rothwell | Short-term effects of daily aspirin on cancer incidence, mortality, and non-vascular death: analysis of the time course of risks and benefits in 51 randomised controlled trials[END_REF][START_REF] Sutcliffe | Aspirin for prophylactic use in the primary prevention of cardiovascular disease and cancer: a systematic review and overview of reviews[END_REF] (30% reduction in cancer incidence 5 years after randomization, and with the benefit increasing with follow-up duration [START_REF] Rothwell | Short-term effects of daily aspirin on cancer incidence, mortality, and non-vascular death: analysis of the time course of risks and benefits in 51 randomised controlled trials[END_REF] ), other trials showing no effect [START_REF] Bowman | Effects of Aspirin for Primary Prevention in Persons with Diabetes Mellitus[END_REF][START_REF] Zheng | Association of Aspirin Use for Primary Prevention With Cardiovascular Events and Bleeding Events: A Systematic Review and Meta-analysis[END_REF][START_REF] Chubak | Aspirin for the Prevention of Cancer Incidence and Mortality: Systematic Evidence Reviews for the U.S. Preventive Services Task Force[END_REF] , and one trial with limited follow up (5 years) showing a higher risk of cancer among aspirin users [START_REF] Mcneil | Effect of Aspirin on All-Cause Mortality in the Healthy Elderly[END_REF] . However, many trials mentioned above were not designed to study cancer as an outcome. Until now, the only trial studying the effect of LDA on all-cancer occurrence as a prespecified outcome, with sufficient follow up, showed no benefit on all-cancer incidence after up to 10 years of alternate-day LDA treatment (HR 0.98[0.89-1.09]) [START_REF] Cook | Low-dose aspirin in the primary prevention of cancer: the Women's Health Study: a randomized controlled trial[END_REF] and a 42% reduction of colorectal cancer incidence emerged after 10 years, during the post-trial follow-up [START_REF] Cook | Alternate-day, low-dose aspirin and cancer risk: long-term observational follow-up of a randomized trial[END_REF] . However, this trial was restricted to women and to an alternate-day schedule of treatment versus a daily schedule of treatment in other trials. Thus, additional follow-up from recent trials [START_REF] Bowman | Effects of Aspirin for Primary Prevention in Persons with Diabetes Mellitus[END_REF][START_REF] Gaziano | Use of aspirin to reduce risk of initial vascular events in patients at moderate risk of cardiovascular disease (ARRIVE): a randomised, double-blind, placebo-controlled trial[END_REF][START_REF] Mcneil | Effect of Aspirin on All-Cause Mortality in the Healthy Elderly[END_REF] will be helpful to confirm a beneficial effect of aspirin on cancer incidence." Beyond these conflicting results from randomized trials, results from previous observational studies have also been inconsistent. Interpretation and synthesis of these results was difficult because of high heterogeneity in terms of exposure definition, population included and design applied across studies [START_REF] Bosetti | Aspirin and cancer risk: a quantitative review to 2011[END_REF][START_REF] Neill | Aspirin, nonsteroidal anti-inflammatory drugs, paracetamol and risk of endometrial cancer: A case-control study, systematic review and meta-analysis[END_REF][START_REF] Algra | Effects of regular aspirin on long-term cancer incidence and metastasis: a systematic comparison of evidence from observational studies versus randomised trials[END_REF][START_REF] Qiao | Associations between aspirin use and the risk of cancers: a meta-analysis of observational studies[END_REF] . As well, a protective effect of aspirin on cancer was supported more in case-control studies, which are more prone to selection and recall bias [START_REF] Bosetti | Aspirin and cancer risk: a quantitative review to 2011[END_REF][START_REF] Qiao | Associations between aspirin use and the risk of cancers: a meta-analysis of observational studies[END_REF] .

Results from cohort studies were less in favor of a protective effect but also needed to be interpreted with caution because of many methodological limitations, mainly insufficient latency period of exposure assessment [START_REF] Friis | A population-based cohort study of the risk of colorectal and other cancers among users of low-dose aspirin[END_REF][START_REF] Algra | Effects of regular aspirin on long-term cancer incidence and metastasis: a systematic comparison of evidence from observational studies versus randomised trials[END_REF][START_REF] Verdoodt | Non-steroidal anti-inflammatory drug use and risk of endometrial cancer: A systematic review and meta-analysis of observational studies[END_REF][START_REF] Lapi | Risk of prostate cancer in low-dose aspirin users: A retrospective cohort study: Risk of PCa in LDA users[END_REF] , misclassification of exposure (not considering exposure as time-dependent) [START_REF] Terry | Association of frequency and duration of aspirin use and hormone receptor status with breast cancer risk[END_REF][START_REF] Mahmud | Use of nonsteroidal anti-inflammatory drugs and prostate cancer risk: A meta-analysis[END_REF][START_REF] Harris | Breast cancer and nonsteroidal antiinflammatory drugs: prospective results from the Women's Health Initiative[END_REF][START_REF] Marshall | Nonsteroidal Anti-Inflammatory Drug Use and Breast Cancer Risk by Stage and Hormone Receptor Status[END_REF][START_REF] Swede | Association of Regular Aspirin Use and Breast Cancer Risk[END_REF][START_REF] Gill | Nonsteroidal Antiinflammatory Drugs and Breast Cancer Risk: The Multiethnic Cohort[END_REF][START_REF] Danforth | Nonsteroidal Anti-Inflammatory Drug Use and Endometrial Cancer Risk in the NIH-AARP Diet and Health Study[END_REF][START_REF] Prizment | Nonsteroidal Anti-Inflammatory Drugs and Risk for Ovarian and Endometrial Cancers in the Iowa Women's Health Study[END_REF][START_REF] Bosco | Regular aspirin use and breast cancer risk in US Black Women[END_REF][START_REF] Neill | Aspirin, nonsteroidal anti-inflammatory drugs, paracetamol and risk of endometrial cancer: A case-control study, systematic review and meta-analysis[END_REF][START_REF] Friis | A population-based cohort study of the risk of colorectal and other cancers among users of low-dose aspirin[END_REF][START_REF] Algra | Effects of regular aspirin on long-term cancer incidence and metastasis: a systematic comparison of evidence from observational studies versus randomised trials[END_REF][START_REF] Verdoodt | Non-steroidal anti-inflammatory drug use and risk of endometrial cancer: A systematic review and meta-analysis of observational studies[END_REF] , and not accounting for the competing risk of death [START_REF] Cao | Population-wide Impact of Long-term Use of Aspirin and the Risk for Cancer[END_REF][START_REF] Brasky | Non-steroidal anti-inflammatory drugs and cancer incidence by sex in the VITamins And Lifestyle (VITAL) cohort[END_REF] . Actually, death is expected earlier among aspirin users because of their cardiovascular disease, which would preclude the performance of some cancer diagnoses in this group, thus leading to a spurious beneficial effect of LDA on cancer.

When we restricted our analysis to the two most common cancers in France, we found a significant reduction of the 10-year risk of prostate cancer and a non-significant reduction of the 10-year risk of breast cancer. This could be explained by a lack of power given the low number of breast cancers at each age in the study and the age varying effect of LDA use. A nonsignificant reduction of the risk of breast cancer was also observed in a previous meta-analysis with a summary relative risk (RR) of 0.88 (95% CI 0.75-1.03) for LDA [START_REF] Bosetti | Aspirin and cancer risk: a quantitative review to 2011[END_REF] . For prostate cancer, our results were consistent with previous meta-analysis of observational studies with a summary relative risk of 0.81 (95% CI 0.69-0.95) [START_REF] Bosetti | Aspirin and cancer risk: a quantitative review to 2011[END_REF] .

In the pre-planned subgroup analyses, we similarly found a preventive effect of LDA on the risk of cancer for both sexes, statistically significant for men but not women. This finding could be explained by an interaction with sex, with no preventive effect in women, but also by a lack of power, given the lower number of cancer cases in women. Yet, some studies found similar results [START_REF] Cao | Population-wide Impact of Long-term Use of Aspirin and the Risk for Cancer[END_REF][START_REF] Brasky | Non-steroidal anti-inflammatory drugs and cancer incidence by sex in the VITamins And Lifestyle (VITAL) cohort[END_REF][START_REF] Jacobs | A large cohort study of long-term daily use of adult-strength aspirin and cancer incidence[END_REF] . Regardless, none of previous studies accounted for the competing risk of death and thus could be biased. Thus, the first strength of this study was the methodology we used to counter most of the previous studies' limitations. To our knowledge, this is the first cohort study to investigate the effect of LDA use on overall cancer incidence by accounting for the competing risk of death in the presence of time-dependent exposure (thus immortal time bias), time-dependent confounders and cumulative duration of treatment, with a 10-year follow-up. Moreover, by using age as a time scale, we aimed to express all time-varying covariates as a function of age, because age is an important risk factor of cancer.

Other strengths of this study are the use of a comprehensive database representative of the French population. Information on both aspirin use and cancer were prospectively collected for an administrative purpose and thus independently of any pre-specified hypothesis. Moreover, the validated algorithm we used to identify incident cancer cases in the SNDS databases allowed us to avoid any outcome misclassification [START_REF] Ajrouche | Evaluation of algorithms to identify incident cancer cases by using French health administrative databases: Cancer incidence in the sniiram/egb databases[END_REF] . In addition, we restricted our study to only LDA in terms of clinical relevance in prevention (established antiplatelet effect in preventing cardiovascular disease and low rate of bleeding below 325 mg) [START_REF] Cuzick | Estimates of benefits and harms of prophylactic use of aspirin in the general population[END_REF] . Finally, the cumulative protective effect of aspirin observed for each additional year of exposure was an additional argument favoring the causality of the observed protective effect of LDA on overall cancer incidence.

However, our study also has some limitations. First, it lacks information about several cancer risk factors such as genetic factors, family history, and life-style risk factors. Yet, there is no reason to consider most of these factors as potential confounders because their distribution would not likely differ between exposed and non-exposed individuals. Unfortunately, smoking status may differ significantly between exposed and non-exposed individuals, but further adjustment on COPD to adjust for massive tobacco use did not change our results. Moreover, many previous studies have shown that the relation between aspirin and cancer incidence was independent of smoking status [START_REF] Cao | Population-wide Impact of Long-term Use of Aspirin and the Risk for Cancer[END_REF][START_REF] Brasky | Non-steroidal anti-inflammatory drugs and cancer incidence by sex in the VITamins And Lifestyle (VITAL) cohort[END_REF][START_REF] Jacobs | A large cohort study of long-term daily use of adult-strength aspirin and cancer incidence[END_REF][START_REF] Brasky | Non-steroidal anti-inflammatory drugs and cancer risk in women: Results from the Women's Health Initiative: NSAIDs and cancer risk in the WHI[END_REF][START_REF] Vaughan | Aspirin use and the incidence of breast, colon, ovarian, and pancreatic cancers in elderly women in the Iowa Women's Health Study[END_REF] . Finally, if any effect of tobacco use was present, as tobacco use is a cardiovascular risk factor, it would have probably attenuated the SHR toward 1, especially in men, among whom smoking is more common [START_REF] Richard | Tendances de long terme des consommations de tabac et d'alcool en France, au prisme du genre et des inégalités sociales[END_REF] , which thus reinforces our results.

Second, LDA ascertainment included only prescribed drugs, without any information on over-the-counter (OTC) use; therefore, we could have misclassified OTC users as non-exposed individuals. However, long-term OTC use is unlikely, so exposure misclassification is likely minimal. Moreover, validation studies on analogous administrative databases have shown that misclassification of LDA use due to unrecorded OTC is minimal [START_REF] Soriano | Validation of low-dose aspirin prescription data in The Health Improvement Network: how much misclassification due to over-the-counter use?: Over-the-counter Low-dose Aspirin in THIN[END_REF] . Yet, to take into account that some LDA deliveries may not result in any claim, we only required a PDC ≥ 0.5. However, results remained similar even with different exposure definitions in a sensitivity analysis.

Third, we excluded non-melanoma skin cancer from our cancer definition because no previous validated algorithm in the SNDS included this cancer type in an overall cancer definition. This is an acceptable choice given the benign aspect of this cancer, adopted in many previous studies on overall cancer [START_REF] Cao | Population-wide Impact of Long-term Use of Aspirin and the Risk for Cancer[END_REF][START_REF] Brasky | Non-steroidal anti-inflammatory drugs and cancer risk in women: Results from the Women's Health Initiative: NSAIDs and cancer risk in the WHI[END_REF][START_REF] Bardia | Association of Aspirin and Nonaspirin Nonsteroidal Anti-inflammatory Drugs With Cancer Incidence and Mortality[END_REF][START_REF] Hollestein | Incident cancer risk after the start of aspirin use: results from a Dutch population-based cohort study of low dose aspirin users[END_REF] .

Finally, although the effect of aspirin on overall cancer incidence may lack specificity and therefore give a combined effect of the low dose aspirin use across several cancer sites, however it remains the main public health interest in the field of cancer primary prevention. However, to further investigate this point, we assessed the effect of LDA use on prostate and breast cancer, the two most common cancers in France; yet, we lacked power to evaluate the effect of LDA on most of cancer sites. Assessing the effect of LDA on site-specific cancers would need a further study in a larger sample of the SNDS.

Conclusion

LDA use was associated with reduced 10-year risk of overall cancer and death, the benefits increasing with cumulative duration of LDA use. These results add interest in LDA as an appealing therapeutic candidate in primary prevention of cancer given its universal availability and low cost as well as cardiovascular prevention effect. 

Table 1 :

 1 Baseline characteristics of the study population in 2005 overall and by sex. COPD: Chronic obstructive pulmonary disease Data are mean (SD) for continuous variables and n (%) for categorical variables † at least 6 consultations over 2 years ‡ at least1 hospitalization over 2 years

	Total	Men	Women
	(N=111,025)	(N=49,938)	(N=61,087)
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