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INTRODUCTION

Although randomized controlled trials (RCTs) allow control of selection and measurement biases, they are subject to criticism with regard to the population included. RCTs are often challenged for not being sufficiently inclusive of variables associated with the patient pool representative of the target population treated in current practice [START_REF] Moustafa | Real-life Use of Anticoagulants in Venous Thromboembolism with a Focus on Patients with Exclusion Criteria for Direct Oral Anticoagulants[END_REF]. RCTs in many areas of medicine and surgery commonly exclude patients on the grounds of gender, age, severity of disease, comorbidities and/or concomitant drugs, race, access to emergency units, educational status and socioeconomic class [START_REF] Rothwell | External validity of randomised controlled trials: "to whom do the results of this trial apply?[END_REF][START_REF] Gurwitz | The exclusion of the elderly and women from clinical trials in acute myocardial infarction[END_REF][START_REF] Moore | How generalizable are the results of large randomized controlled trials of antiretroviral therapy?[END_REF][START_REF] Britton | Threats to applicability of randomised trials: exclusions and selective participation[END_REF]. The patients included in RCTs therefore have a high probability of differing from those who are eligible but not enrolled, resulting in a selective recruitment into these trials [START_REF] Rothwell | External validity of randomised controlled trials: "to whom do the results of this trial apply?[END_REF]. Another frequent criticism is that RCTs are generally too small to safely and accurately assess the benefit-risk ratio of the treatment evaluated. Faced with this lack of generalizability and the small number of patients included in these trials, Health Authorities encourage the implementation of large post-marketing cohort studies in order to gather data on "real-life" treated populations, more broadly representative of the population receiving the evaluated medication in clinical practice. Yet this incentive is flawed. First, there is no recommendation to favor one study design over another (prospective rather than retrospective, specific study or use of living databases).

Second, as such studies are not randomized, they are subject to confounding and there is no recommendation to try to address the issue of selection bias and confounders. The statistical analysis of these observational studies may incorporate a correction mechanism based on adjustment or matching, generally using the propensity score (PS), to allow a comparable distribution of measured baseline variables between treated and untreated subjects.

However, such methods can only adjust for confounding factors that have actually been measured [START_REF] Kuss | Propensity Score: an Alternative Method of Analyzing Treatment Effects[END_REF]. The problem is to determine which observational study design can best capture all the known confounding factors.

We assumed that patients enrolled in RCTs and observational studies may differ in terms of characteristics that could modify treatment effects and might lead to differences in treatment effect estimates concerning the risks of VTE or major bleeding. We therefore sought to determine the actual differences between the populations included in RCTs and observational studies with regard to studies involving the assessment of direct oral anticoagulants (DOACs) for the treatment of venous thromboembolism (VTE), using metaepidemiological methods and analysis of the consequences of this approach in terms of estimating the efficacy/safety ratio of these products.

METHODS

The internal protocol of this meta-epidemiological study was written in accordance with the PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analysis) guidance and the PRISMA checklist is provided in Appendix 1.

Literature search

We performed a systematic review of published RCTs and observational studies comparing DOACs to vitamin-K antagonists (VKAs) for the treatment of VTE with regard to recurrent VTE and major bleeding. An exhaustive literature search, both manual and computerassisted, was performed from January 1, 2009 (first DOAC studied) to August 30, 2020. The computer-assisted search was carried out in various electronic databases (PubMed, Cochrane Database and Google Scholar). We constructed a search equation, including a panel of relevant keywords to identify articles in PubMed (Appendix 2). The search was not restricted to articles published in English.

Study Selection

Two of the authors (MS and SL) independently evaluated studies for potential inclusion, disagreements being resolved by discussion. To be included in the meta-analysis, studies had to meet all the following criteria: (i) pivotal phase III RCTs as well as observational studies, (ii) comparing DOACs versus VKA administered for at least 3 months for the initial treatment of VTE. The comparisons were limited to DOACs approved or under regulatory review for the treatment of VTE, namely direct thrombin inhibitors (dabigatran) and factor Xa inhibitors (rivaroxaban, apixaban, and edoxaban) versus oral warfarin or VKA as the comparator. Three subcategories of observational studies were defined a priori in the internal protocol: 1) prospective cohort studies comprising observational studies with prospective recruitment and construction of a specific database for the study, 2) studies using living databases, comprising observational studies with prospective recruitment included in a living clinical database (i.e. a registry) or a living health administrative database and 3) retrospective cohort studies with retrospective recruitment.

Studies conducted on the same database were considered duplicates if more than half the recruitment period overlapped with that of another study with a larger enrollment and evaluating the same treatment groups in the same patients. We reviewed every study, and when duplicates were identified, we chose the study with the largest sample size. Studies with objectives not focusing on the effectiveness or safety profiles of anticoagulants, as well as protocols and reviews that did not provide estimates of treatment effects in terms of efficacy or safety profiles were excluded.

Data extraction

Data were independently extracted by two of the authors (MS and SL). In the event of discrepancies between the reviewers, a consensus was reached by discussion. For each study, we extracted details of the study characteristics (year of publication, names of authors, country in which the study was conducted, number of patients in each group), study design, treatment information (type and dose), patient characteristics (mean age, gender, renal insufficiency, history of VTE, cancer) and outcome measures. We extracted treatment effect estimates for DOACs versus VKA, such as the hazard ratio (HR) or relative risk (RR) for VTE recurrence and major bleeding. Among observational studies, we differentiated prospective cohort studies (conducted specifically to investigate the defined treatments in the defined indication), retrospective cohort studies involving a retrospective collection of available data in patient medical records, and studies using health administrative databases or healthcare registries with prospective recording of patient information. For observational studies, we also extracted the matching or adjustment methods used (none, propensity score [PS] or multivariate model). For these studies, patient characteristics both before and after adjustment were extracted; HR and RR were extracted after matching or adjustment according to the PS or after adjustment using a multivariate model.

Endpoint for efficacy and safety synthesis

The primary efficacy outcome was that used as the primary endpoint in all randomized studies evaluating DOACs in this indication, i.e., recurrence of VTE. This efficacy outcome is a composite endpoint including fatal pulmonary embolism (PE), non-fatal symptomatic PE, and symptomatic recurrence of deep-vein thrombosis (DVT). The main safety outcome was major bleeding according to the definition issued by the International Society on Thrombosis and Haemostasis and including: fatal bleeding, bleeding causing a fall in hemoglobin level of 20 g/L or more or leading to transfusion of two or more units of whole blood or red blood cells, symptomatic bleeding in a critical area or organ (such as intracranial, intraocular, intraspinal, retroperitoneal, intra-articular pericardial, or intramuscular with compartment syndrome) [START_REF] Schulman | Subcommittee on Control of Anticoagulation of the Scientific and Standardization Committee of the International Society on Thrombosis and Haemostasis. Definition of major bleeding in clinical investigations of antihemostatic medicinal products in non-surgical patients[END_REF].

Statistical Analyses

First, using descriptive statistics, we compared the populations enrolled in RCTs and observational studies including assessment of DOACs in the treatment of VTE. The characteristics of the patients enrolled in these studies were compared before and after application of the PS. Categorical variables extracted as percentages as well as continuous variables extracted as means were summarized as an unweighted median for each study design.

Second, to compare the treatment effect of DOACs versus VKA between RTCs and observational studies (prospective cohort studies, studies using health administrative databases, or retrospective cohort studies), we calculated for each type of study, the pooled HR and its 95% confidence interval (CI) for VTE recurrence and major bleeding. The study data were aggregated using the logarithm of the HR method with inverse variance weighting [START_REF] Egger | Meta-analysis: principles and procedures[END_REF][START_REF] Cucherat | La méta-analyse des essais thérapeutiques[END_REF]. When the value of the HR was not reported in the paper, it was estimated by the RR.

For each meta-analysis, statistical heterogeneity between the studies was checked using Cochran's Q statistic and study consistency was quantified by means of the I² statistic [START_REF] Higgins | Measuring inconsistency in metaanalyses[END_REF]. In the event of significant heterogeneity (p value less than 0.10), a random-effect model was used [START_REF] Dersimonian | Meta-analysis in clinical trials[END_REF][START_REF] Deeks | Statistical methods for examining heterogeneity and combining results from several studies in meta-analysis[END_REF].

A P-value for the association <0.05 was considered statistically significant. The results of the meta-analysis were presented graphically by a forest plot, including the effect size expressed as the HR with the corresponding 95% CI. A HR equal to 1 indicates no difference between the treatments, a HR <1 indicates that DOACs are more effective than VKAs and a HR >1 indicates that VKAs are more effective than DOACs. Begg funnel plots were used to explore potential publication bias and display the small-versus large-study effect according to the type of study [START_REF] Sterne | Recommendations for examining and interpreting funnel plot asymmetry in meta-analyses of randomised controlled trials[END_REF]. Moreover, to quantify the difference in estimated treatment effect between observational studies and RCTs, we calculated the ratio of the HRs (RHR) by dividing the HR values obtained in observational studies by those obtained in RCTs. The RHR summarizes the association between the type of study and the magnitude of the treatment effect. A RHR < 1 would imply that the estimates of treatment effect were higher with observational studies compared to RCTs, whereas a RHR > 1 would imply that the estimates of treatment effect were lower with observational studies. We derived 95% CIs using robust standard errors allowing for heterogeneity between the studies included [START_REF] Altman | Interaction revisited: the difference between two estimates[END_REF][START_REF] Sterne | Statistical methods for assessing the influence of study characteristics on treatment effects in "metaepidemiological[END_REF][START_REF] Savović | Influence of reported study design characteristics on intervention effect estimates from randomized, controlled trials[END_REF].

The meta-analysis was performed using R statistical software, version 3.5.1 (meta package, downloaded from www.r-project.org) [START_REF] Schwarzer | Meta-Analysis with R[END_REF].

Sensitivity analyses

Sensitivity analyses for both endpoints (recurrent VTE and major bleeding) were performed by excluding the observational studies that did not involve the use of any methods of adjusting for confounders in the analysis phase.

RESULTS

Study Identification

The search procedure identified 413 potentially eligible references, of which 366 were excluded after review of their titles and abstracts (Appendix 3). After assessment of the full texts, a further 17 references were excluded. Finally, 30 references were considered eligible for inclusion in the meta-analysis. These studies included two duplicate entries in a Danish database with a large overlap of the recruitment period [START_REF] Sindet-Pedersen | Comparative safety and effectiveness of rivaroxaban versus VKAs in patients with venous thromboembolism. A Danish nationwide registry based study[END_REF][START_REF] Larsen | Effectiveness and safety of rivaroxaban and warfarinin patients with unprovoked venous thromboembolism: a propensity-matched nationwide cohort study[END_REF]. As the second publication concerned a subgroup of 5004 patients with unprovoked venous thromboembolism within the study reported in the first publication (including 12,318 patients), only this larger study was retained [START_REF] Sindet-Pedersen | Comparative safety and effectiveness of rivaroxaban versus VKAs in patients with venous thromboembolism. A Danish nationwide registry based study[END_REF]. Five studies conducted on the same American database (US Truven Market scan) were found [START_REF] Coleman | Effectiveness and safety of outpatient rivaroxaban versus warfarin for treatment of venous thromboembolism in patients with a known primary hypercoagulable state[END_REF][START_REF] Kohn | Comparative risk of major bleeding with rivaroxaban and warfarin: Population-based cohort study of unprovoked venous thromboembolism[END_REF][START_REF] Coleman | Effectiveness and safety of rivaroxaban versus warfarin for treatment and prevention of recurrence of venous thromboembolism[END_REF][START_REF] Coleman | Effectiveness and safety of rivaroxaban versus warfarin in patients with unprovoked venous thromboembolism: A propensity-score weighted administrative claims cohort study[END_REF][START_REF] Coleman | Effectiveness and safety of rivaroxaban versus warfarin in patients with provoked venous thromboembolism[END_REF]. Three studies [START_REF] Coleman | Effectiveness and safety of outpatient rivaroxaban versus warfarin for treatment of venous thromboembolism in patients with a known primary hypercoagulable state[END_REF][START_REF] Kohn | Comparative risk of major bleeding with rivaroxaban and warfarin: Population-based cohort study of unprovoked venous thromboembolism[END_REF][START_REF] Coleman | Effectiveness and safety of rivaroxaban versus warfarin for treatment and prevention of recurrence of venous thromboembolism[END_REF] were excluded because they evaluated the same patients as two other larger studies [START_REF] Coleman | Effectiveness and safety of rivaroxaban versus warfarin in patients with unprovoked venous thromboembolism: A propensity-score weighted administrative claims cohort study[END_REF][START_REF] Coleman | Effectiveness and safety of rivaroxaban versus warfarin in patients with provoked venous thromboembolism[END_REF], and more than half of their enrollment periods overlapped with those of the other studies. Finally, 26 studies (totalling 276,092 patients) were included : 6 RCTs [25-30], 4 prospective cohort studies [START_REF] Ageno | Safety and effectiveness of oral rivaroxaban versus standard anticoagulation for the treatment of symptomatic deep-vein thrombosis (XALIA): an international, prospective, non-interventional study[END_REF][START_REF] Kucher | Rivaroxaban for the treatment of venous thromboembolism the swiss venous thromboembolism registry (SWIVTER)[END_REF][START_REF] Kreutz | XALIA-LEA: An observational study of venous thromboembolism treatment with rivaroxaban and standard anticoagulation in the Asia-Pacific, Eastern Europe, the Middle East, Africa and Latin America[END_REF][START_REF] Bui | Oral Rivaroxaban Versus Standard Therapy in Acute Venous Thromboembolism Treatment for Vietnamese Patients[END_REF], 12 studies using living databases (2 using living clinical databases [START_REF] Gaertner | Rivaroxaban versus standard anticoagulation for symptomatic venous thromboembolism (REMOTEV observational study): analysis of 6-month outcomes[END_REF][START_REF] Bounameaux | Comparative effectiveness of oral anticoagulants in venous thromboembolism: GARFIELD VTE[END_REF] and 10 using living health administrative databases [START_REF] Sindet-Pedersen | Comparative safety and effectiveness of rivaroxaban versus VKAs in patients with venous thromboembolism. A Danish nationwide registry based study[END_REF][START_REF] Coleman | Effectiveness and safety of rivaroxaban versus warfarin in patients with unprovoked venous thromboembolism: A propensity-score weighted administrative claims cohort study[END_REF][START_REF] Coleman | Effectiveness and safety of rivaroxaban versus warfarin in patients with provoked venous thromboembolism[END_REF][START_REF] Jun | Comparative safety of direct oral anticoagulants and warfarin in venous thromboembolism: multicentre, population based, observational study[END_REF][START_REF] Wang | Overall Effectiveness of Rivaroxaban in Patients with Pulmonary Embolism[END_REF][START_REF] Weycker | Effectiveness and Safety of Apixaban versus Warfarin as Outpatient Treatment of Venous Thromboembolism in U.S. Clinical Practice[END_REF][START_REF] Costa | Rivaroxaban versus warfarin for treatment and prevention of recurrence of venous thromboembolism in African American patients: a retrospective cohort analysis[END_REF][START_REF] Dawwas | Comparative effectiveness and safety of apixaban versus warfarin in patients with venous thromboembolism[END_REF][START_REF] Baviera | Treatment of venous thromboembolism in Northern Italy: A population-based study from 2013 to 2018[END_REF][START_REF] Guo | Comparative Clinical and Economic Outcomes Associated with Warfarin Versus Apixaban in the Treatment of Patients with Venous Thromboembolism in a Large U.S. Commercial Claims Database[END_REF]), and 4 retrospective cohort studies [START_REF] Badreldin | Hospital length of stay in patients initiated on direct oral anticoagulants versus warfarin for venous thromboembolism: a real-world single-center study[END_REF][START_REF] Basto | Initiation of direct oral anticoagulants versus warfarin for venous thromboembolism: impact on time to hospital discharge[END_REF][START_REF] Wakakura | Comparison of Direct Oral Anticoagulants and Warfarin in the Treatment of Deep Venous Thrombosis in the Chronic Phase[END_REF][START_REF] Fung | Health Economic Analysis of Rivaroxaban and Warfarin for Venous Thromboembolism Management in Chinese Patients[END_REF].

Characteristics of patients treated with DOACs

The characteristics of DOAC-treated patients by type of study are described in Table 1. The DOAC-treated patients in prospective cohort studies were similar to those included in RCTs regarding disease severity, the median age being 58 and 56 years, respectively (Table 1). In contrast, compared to the patients enrolled in RCTs, the DOAC-treated patients included in retrospective cohort studies or studies using living health administrative databases were 7 years older in terms of median age at baseline and presented more comorbidities.

Comparison of treatment effect estimates: prospective cohort studies versus RCTs

The treatment effect of DOACs compared to VKA estimated in RCTs corresponded to a nonsignificant decrease of 11% (HR 0.89 [95% CI 0.76 to 1.05]) in the risk of recurrent VTE and a significant reduction of 39% (HR 0.61, [95% CI, 0.45 to 0.83]) in the risk of major bleeding (Figures 1 and2). The treatment effect of DOACs estimated in prospective cohort studies corresponded to a non-significant decrease of 40% in the risk of recurrent VTE and a significant decrease of 43% in the risk of major bleeding (HR 0.60, [95% CI, 0.35 to 1.02] and HR 0.57, [95% CI, 0.37 to 0.89], respectively) (Figures 1 and2).

Compared to RCTs, prospective cohort studies were associated with a non-significant 33% increase in efficacy estimate (RHR 0.67, [95% CI, 0.39 to 1.18]) (Figure 3). This result was unchanged after exclusion of studies that did not use any methods of adjustment for confounders [START_REF] Kreutz | XALIA-LEA: An observational study of venous thromboembolism treatment with rivaroxaban and standard anticoagulation in the Asia-Pacific, Eastern Europe, the Middle East, Africa and Latin America[END_REF][START_REF] Bui | Oral Rivaroxaban Versus Standard Therapy in Acute Venous Thromboembolism Treatment for Vietnamese Patients[END_REF] (RHR 0.93, [95% CI, 0.57 to 1.53]). As regards the safety endpoint, no association was found between the type of study and the treatment effect (RHR 0.93, [95% CI, 0.55 to 1.60]) (Figure 3), a similar absence of any association being observed after the exclusion of studies not including any methods of adjustment for cofounders [START_REF] Gaertner | Rivaroxaban versus standard anticoagulation for symptomatic venous thromboembolism (REMOTEV observational study): analysis of 6-month outcomes[END_REF][START_REF] Bounameaux | Comparative effectiveness of oral anticoagulants in venous thromboembolism: GARFIELD VTE[END_REF] (RHR 1.30, [95% CI, 0.64 to 2.61]).

Comparison of treatment effect estimates: studies using living databases versus RCTs

In studies using living databases, treatment with DOACs was associated with a 27% decrease in the efficacy endpoint (HR 0.73, [95% CI, 0.63 to 0.83]) and a 19% decrease in the safety endpoint (HR 0.81, [95% CI, 0.72 to 0.90]) (Figures 2 and3). Compared to RCTs, studies using living databases showed a non-significant 18% increment in estimated treatment effect with respect to the efficacy endpoint (RHR 0.82, [95% CI, 0.66 to 1.01]) (Figure 3); the magnitude of this increment was similar after the exclusion of studies that did not use any method of adjustment for confounders [START_REF] Gaertner | Rivaroxaban versus standard anticoagulation for symptomatic venous thromboembolism (REMOTEV observational study): analysis of 6-month outcomes[END_REF] (RHR 0.82, [95% CI, 0.67 to 1.01]). This trend was reversed as regards the safety endpoint (RHR 1.33, [95% CI, 0.96 to 1.84]) (Figure 3), this result remaining unchanged even after the exclusion of studies that did not use any method of adjustment for confounders [START_REF] Gaertner | Rivaroxaban versus standard anticoagulation for symptomatic venous thromboembolism (REMOTEV observational study): analysis of 6-month outcomes[END_REF].

Comparison of treatment effect estimates: retrospective cohort studies versus RCTs

In retrospective cohort studies, DOACs were associated with a 70% decrease in the risk of VTE (HR 0.30, [95% CI, 0.03 to 0.97]) with no difference in the risk of major bleeding (HR 1.03, [95% CI, 0.40 to 2.66]) (Figures 1 and2). Compared to RCTs, retrospective cohort studies showed a non-significant exaggeration of the estimated treatment effect as regards the efficacy endpoint (RHR 0.34, [95% CI, 0.10 to 1.12]) (Figure 3). In contrast, with respect to the safety endpoint, the estimated risk with DOACs compared to VKA was 69% higher than in RCTs although this difference was not significant (RHR 1.69, [95% CI, 0.62 to 4.57]) (Figure 3). None of the retrospective cohort studies used any method of adjustment for confounders.

Comparison of treatment effect estimates: observational studies versus RCTs

Overall, compared to RCTs, observational studies tended to overestimate the treatment effect in terms of the efficacy endpoint (RHR 0.80, [95% CI, 0.65 to 0.98]), but to reduce the estimated treatment effect as regards the safety endpoint (RHR 1.31, [95% CI, 0.95 to 1.81]) (Figure 3).

Detection of publication bias and small-study effect

The funnel plots presenting the analysis of recurrent VTE and major bleeding are shown in Figure 4A and 4B, respectively. The asymmetrical plots plead for an apparent overestimation of the treatment effect with respect to both efficacy and safety endpoints, but the Egger test was not significant.

DISCUSSION

In this meta-epidemiological study, even though the patients included in prospective cohort studies were close to those included in RCTs in the defined indication, these studies overestimated the magnitude of the treatment effect for both efficacy and safety endpoints compared to RCTs. In contrast, the patients included in retrospective studies and studies using living databases were closer to the real-life setting, with patients about 10 years older than those included in RCTs. However, we also observed a non-significant exaggeration of the efficacy estimate but an underestimation of the safety estimate in these studies.

To the best of our knowledge, this is the first meta-epidemiological study to differentiate subcategories of observational studies based on their design in terms of recruitment and data collection, the aim being to test the consistency of the results. In prospective cohort studies, the choice of collecting potential confounding factors is at the discretion of the investigator, a protocol is generally registered and is freely accessible, minimizing the possibility of p-hacking; in contrast, exhaustivity is not guaranteed and this may explain the possible selection of patients as in RCTs, and also why patient characteristics are superimposable on the characteristics of patients included in RCTs. In the indication evaluated, it seems that the implementation of prospective cohort studies did not lead to the inclusion of less selected patients compared to RCTs, as the same clinical research sites agreed to participate in both RCTs and prospective cohort studies. Among the different types of observational study analyzed, prospective cohort studies yielded the most favorable estimates of treatment effect compared to RCTs.

In contrast, studies using living databases have the advantage of being exhaustive but do not allow flexibility with regard to the variables analyzed, as this is necessarily constrained by the range of variables already collected in the database. In such studies, a lesser selection of the patient population is observed, as already shown in other clinical settings. Indeed, previous meta-epidemiological analyses comparing RCTs and observational studies also found systematic differences in the baseline characteristics of the patients included, similarly showing that the patients included in RCTs were younger and presented a shorter disease duration compared to those enrolled in observational studies [START_REF] Kilcher | Rheumatoid arthritis patients reated in trial and real world settings: comparison of randomized trials with registries[END_REF].

Finally, retrospective cohort studies permit neither exhaustivity nor the choice of confounding factors to be measured and should not be considered as having an acceptable design for pharmaco-epidemiological purposes.

Whatever the population enrolled, this meta-epidemiological study shows that observational studies are associated with a statistically significant 20% increase in treatment efficacy compared to RCTs. Basically, pharmaco-epidemiological studies are encouraged as under real-life conditions, less optimistic estimates of the treatment effects than those observed in RCTs are expected; when the opposite is observed, residual confounding cannot be excluded, and the results obtained are questionable. In practice, such observational studies may be used as promotional arguments on the basis of falsely promising results, and no longer play their initial role of vigilance. As a first step, it is important to estimate the magnitude of the overestimation of the treatment effect, which is an indirect estimate of residual confounding. One implication of such findings could be the necessity "to correct" treatment effect estimates derived from observational studies, rather than trusting falsely reassuring results.

Several meta-analyses have compared the treatment effect estimates obtained in RCTs and observational studies employing a PS in different clinical settings, with the conclusion that the estimates of the latter studies were in agreement with those of RCTs [START_REF] Lonjon | Comparison of treatment effect estimates from prospective nonrandomized studies with propensity score analysis and randomized controlled trials of surgical procedures[END_REF][START_REF] Li | Comparison of treatment effect estimates of non-vitamin K antagonist oral anticoagulants versus warfarin between observational studies using propensity score methods and randomized controlled trials[END_REF][START_REF] Kuss | Treatments effects from randomized trials and propensity score analyses were similar in similar populations in an example from cardiac surgery[END_REF]. However, the results were the same as those presented in this study, i.e. an enhancement of the treatment effect by observational studies compared to RCTs.

Regarding safety, in contrast, whatever the study design, observational studies were associated with a non-significant decrease of about 30% in the magnitude of the effect of DOACs effect. Several hypotheses can be put forward to try to explain this finding. First, controlling for confounding (using adjustment or matching) might for the most part be based on variables that are primarily prognostic factors for efficacy. Lack of data on specific variables related to bleeding risk is an issue in these studies, so calculating a reliable and complete PS is difficult. Second, in unselected patients, we cannot exclude a less promising result than that observed in observational studies, and that is exactly the role we expect these studies to play. The difficulty is that we cannot retain either the first or the second hypothesis and should therefore believe in the most pessimistic information.

This meta-epidemiological study has some limitations. The first is a lack of statistical power to identify differences in RHR between subcategories of observational studies. The same type of research should be performed in other clinical settings so as to obtain precise and conclusive results for each type of observational study. The second limitation is that it is impossible to impute the difference between RCTs and observational studies to either a genuine difference between RCTs and real-world studies or a residual confounding which is inevitable in a real-life setting. Even when using adjustment or matching techniques, observational studies would hardly be capable of replicating the results of RCTs. They should only be used if their estimated results are not exaggerated compared to those of RCTs. These results should probably be adjusted using a correction factor that remains to be precisely estimated.

In all cases, even though not perfect, observational studies could be useful for investigating comparative effectiveness, in which case a supposed "over" or "under" estimation could be comparable between similar drugs, as well as for evaluating the risk of rare or unexpected adverse events, not captured in RCTs.

CONCLUSION

The population included in prospective cohort studies was similar to that enrolled in RCTs.

However, the population included in other types of observational study seemed to be more representative of patients treated in "real-life". Overall, in the clinical setting concerned, an exaggeration of the treatment efficacy estimate was observed in observational studies compared to RCTs. Safety results, as expected in real-world patients, were less promising when estimated in observational studies. In all cases, the presence of residual confounding cannot be excluded in observational studies and their results should therefore be interpreted with caution. Legend: HAD: health administrative databases; 95% CI: 95% confidence interval; RCTs: randomized controlled trials; RHR: ratio of Hazard Ratios; VTE: venous thromboembolism; DOACs: direct oral anticoagulants; VKA: vitamin-K antagonists * A RHR < 1 would imply that the estimates of treatment effect in observational studies were higher compared to RCTs, whereas a RHR > 1 would imply that the estimates of treatment effect were lower. Legend: Circles: RCTs; squares: prospective cohort studies; triangles: studies using living databases, stars: retrospective cohort studies. Egger test for recurrent VTE and major bleeding: p = 0.60 and p = 0.11 respectively. 
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 1 Figure 1. Comparison of treatment effect estimates (Hazard Ratio) for recurrent VTE between randomized controlled trials and observational studies.
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 2 Figure 2. Comparison of treatment effect estimates (Hazard Ratio) for major bleeding between randomized controlled trials and observational studies.
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 3 Figure3. Quantification of the differences in estimated treatment effect between observational studies and RCTs based on the ratio of hazard ratios (RHR).
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 4 Figure 4. Funnel plot of included studies for recurrent VTE (A) and major bleeding (B).
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Table 1 .

 1 None Characteristics of DOAC-treated patients by type of study before any adjustment or matching

		Randomized	Prospective	Studies using	Retrospective
		controlled trials	cohort studies	living databases	cohort studies
		(6 studies)	(4 studies)	(12 studies)	(4 studies)
	Number of studies				
	with available	6	4	6	4
	information