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Introduction

Real-world evidence (RWE) is a concept offering an understanding of the effects of healthcare interventions using routine clinical data [1]. Studies based on RWE have the potential to reflect evidence of treatment effectiveness and safety in real-life settings, and therefore provide complementary data to randomized controlled trials (RCT) [START_REF] Blonde | Interpretation and Impact of Real-World Clinical Data for the Practicing Clinician[END_REF]. Indeed, RCT, which constitute the gold standard for assessing the safety and efficacy of new therapeutic agents, require strict inclusion and exclusion criteria, resulting in a study population which is often not representative of the targeted one [START_REF] Blonde | Interpretation and Impact of Real-World Clinical Data for the Practicing Clinician[END_REF][START_REF] Sherman | Real-World Evidence -What Is It and What Can It Tell Us?[END_REF]. Furthermore, RWE may be applied to many other areas, such as reimbursement, regulatory decision-making or clinical guideline development [1,[START_REF] Gokhale | Real-world evidence: the devil is in the detail[END_REF]. RWE data come from various sources (Table 1). Firstly, electronic health records (EHRs), which capture data related to patients' management [START_REF] Casey | Using Electronic Health Records for Population Health Research: A Review of Methods and Applications[END_REF][START_REF] Farmer | Promises and pitfalls of electronic health record analysis[END_REF]. Moreover, given that these data are generated daily by patients' care, studies based on EHRs are faster to implement and complete, and are less expensive. However, these data are often collected as free text, and therefore complex analytical methods, such as natural language processing, are often required (with inconstant quality). Furthermore, in EHRs clinical variables may be missing or be collected differently by physicians, which often leads to suboptimal quality and lack of consistency. Secondly, patient registries are another potential RWE data source, which consist in repositories of structured data on specific diseases or treatments. In France, there are several examples of disease-related registries, such as the cohorts ESPOIR (rheumatoid arthritis, RA) [START_REF] Combe | EULAR recommendations for the management of early arthritis: report of a task force of the European Standing Committee for International Clinical Studies Including Therapeutics (ESCISIT)[END_REF], DESIR (axial spondyloarthritis, axSpA) [START_REF] Dougados | The DESIR cohort: a 10-year follow-up of early inflammatory back pain in France: study design and baseline characteristics of the 708 recruited patients[END_REF] or more recently APACHE (psoriatic arthritis, PsA), or for treatment-related registries, AIR (rituximab) [START_REF] Wendling | Rituximab treatment for spondyloarthritis. A nationwide series: data from the AIR registry of the French Society of Rheumatology[END_REF], ORA (abatacept) [START_REF] Salmon | Predictive risk factors of serious infections in patients with rheumatoid arthritis treated with abatacept in common practice: results from the Orencia and Rheumatoid Arthritis (ORA) registry[END_REF], REGATE (tocilizumab) [START_REF] Morel | Safety of surgery in patients with rheumatoid arthritis treated with tocilizumab: data from the French (REGistry -RoAcTEmra) Regate registry[END_REF] and MAJIK (JAK inhibitors) registries [START_REF] Seror | Do JAK inhibitors affect immune response to COVID-19 vaccination? Data from the MAJIK-SFR Registry[END_REF]. All these registries include patients' characteristics, medical variables and clinical information on the disease or the treatment of interest, which are collected at regular time intervals, and raise the possibility to merge data sets for cross-registries comparison. Nevertheless, data available are limited to those that have been determined at registry start, with potential lack of precise data on other comorbidities or concurrent treatments. Additionally, as the data are collected by practicing physicians during usual care, the risk of missing data may be important. Thirdly and finally, an important RWE data source is represented by administrative claims databases. They contain exhaustive information regarding health resource use, i.e., pharmacy prescriptions/delivery, hospitalizations, outpatient medical visits and biological or imaging workups, either at a regional or national scale. Thus, they enable studies on important study samples, on demographically and geographically diverse patients, at relatively low cost. However, given that these databases have been built for reimbursement purpose, key clinical data may be lacking and conducting properly studies on a given disease may be challenging. The difficulty of addressing this point is variable at the international scale, insofar as the information contained in these national reimbursement databases (NRD) may defer between countries.

In the present paper, we will focus on the use and limitations of NRDs, according to the clinical information contained in the database and the possibility to perform a linkage with other databases or registries.

Reimbursement databases 2.1 -Système National des Données de Santé

The French NRD, called Système National des Données de Santé (SNDS), covers approximately 65 million individuals, i.e., nearly 99% of the whole French population [START_REF] Bezin | The national healthcare system claims databases in France, SNIIRAM and EGB: Powerful tools for pharmacoepidemiology[END_REF]. Furthermore, a unique identification number (NIR) is assigned to a given patient from birth (or immigration) to death (or emigration), and data acquisition is permanent whatever the employment and socioeconomic status. Thus, SNDS is likely to be one of the world's largest continuous homogeneous claims databases. Actually, it is formed by several data sources: the Données de Consommation Interrégimes (DCIR) corresponding to the outpatient care health resource use registered in reimbursement database, Programme de Médicalisation des Systèmes d'Information (PMSI) corresponding to the national hospital discharge database, and the Centre d'Epidémiologie sur les Causes médicales de Décès (CepiDc), i.e., the national death registry [START_REF] Martin-Latry | Pharmacoepidemiological research using French reimbursement databases: yes we can![END_REF][START_REF] Moulis | French health insurance databases: What interest for medical research?[END_REF][START_REF] Palmaro | Overview of drug data within French health insurance databases and implications for pharmacoepidemiological studies[END_REF][START_REF] Tuppin | French national health insurance information system and the permanent beneficiaries sample[END_REF]. A linkage may be performed between these three data bases using the NIR, resulting in complete information regarding patients' reimbursement and follow-up in the SNDS (Table 2). However, there are no data regarding patient's clinical characteristics or paraclinical results, and diagnosis are not provided for consultations. Despite these missing characteristics, the SNDS enables to perform different kinds of study.

Health resource use and economic burden

SNDS being a reimbursement database at the origin, the first type of study possible is health resource use and economic assessment related to specific diseases. Thus, a study conducted in a representative sample of SNDS, aimed to assess healthcare service utilization costs of patients with RA in France and to estimate the fraction of these costs attributable to the disease [START_REF] Fautrel | Healthcare service utilisation costs attributable to rheumatoid arthritis in France: Analysis of a representative national claims database[END_REF]. Overall, 1,234 RA patients were identified, 40% of whom did not receive any disease modifying antirheumatic drug (DMARD), 47.1% undergoing a conventional synthetic DMARD (csDMARD) in monotherapy, and 10% undergoing a biological DMARD (bDMARD) in combination with a csDMARD. Their annual per capita reimbursed total health expenditure was €6,404 in 2010, which was nearly two times higher than in the general population (€3,095, p<0.0001), and patients treated by bDMARDs generated an age-adjusted per capita annual expenditure about three times higher than untreated patients (€15,757 versus €4,640). Thus, this study revealed an important economic burden of RA in France, particularly in patients treated with bDMARDs.

Assessment of disease burden

Insofar as the SNDS provides information not only on one disease of interest but also on other diseases by the means of long term disease codes or hospital discharge summaries, it becomes possible to perform epidemiologic studies with NRD data. Taking the same example of the SNDS, available data may reflect adequately the epidemiology of a given disease in France. An example of descriptive epidemiologic study is a work by Pina-Vegas et al focusing on the epidemiology of PsA between 2015 and 2018 in France [START_REF] Vegas | Epidemiologic study of patients with psoriatic arthritis in a real-world analysis: a cohort study of the French health insurance database[END_REF]. Overall, 63,598 PsA patients were identified in the SNDS, the prevalence of PsA was estimated at 0.1% and the incidence at 8.4 per 100 000 person-years (PY) in the general population, which is consistent with current knowledge on PsA based on other data sources. Thus, this study highlights the reliability of data from SNDS to conduct studies on rheumatic diseases. Moreover, this work identified psoriasis (41.8%), hypertension (21.7%) and diabetes mellitus (12.1%) as the three most prevalent comorbidities is patients with PsA.

A study aimed to estimate the prevalence and incidence of clinical interstitial lung disease (ILD) complicating RA in France and to compare mortality rates between patients with RA-ILD and patients with RA without clinical ILD (RA-noILD) [START_REF] Juge | Op0099 Epidemiology and Mortality of Ra-Associated Interstitial Lung Disease: Data from a French Administrative Healthcare Database[END_REF]. This study revealed that the prevalence of RA-ILD was 6.52 per 100,000 inhabitants, corresponding to an incidence of 1.04 per 100,000 PY, and the mortality rate was 1.71 per 100,000 inhabitants. Furthermore, the adjusted mortality risk was three times higher (HR 3.1, 95%CI 3.1-3.9) in patients with RA-ILD than in patients with RA-noILD.

Another example is the Fractos study, which aimed to estimate re-fracture and mortality rates after severe osteoporotic fractures at different sites, and to identify factors associated with mortality [START_REF] Roux | Refracture and mortality following hospitalization for severe osteoporotic fractures: The Fractos Study[END_REF]. Overall, 356,895 patients hospitalized for severe osteoporotic fracture (N=215,672 hip fractures, 60.4%) between 2009 and 2014 were identified. In the 12 months following fracture, only 58,220 patients (16.7%) received a specific anti-osteoporotic treatment, which represented the first treatment for 21,228. The refracture rate at 12 months was 6.3% (95% confidence interval [CI], 6.2%-6.3%). Twelve-month all-cause mortality rate was 12.8% (95% CI, 12.7%-12.9%) and was higher for hip fracture (16.6%, 95% CI, 16.4%-16.7%). Factors associated with an increased risk of osteoporosis-related mortality were fracture site, previous osteoporotic fracture (HR 1.21; 95% CI, 1.18-1.23), hip refracture (HR 1.74; 95% CI, 1.71-1.77), no prior osteoporosis treatment (HR 1.24; 95% CI, 1.22-1.26), comorbid cancer (HR 3.15; 95% CI, 3.09-3.21) and liver disease (HR 2.54; 95% CI, 2.40-2.68). This study therefore confirms the high morbidity and mortality related to severe osteoporotic fractures, and the need to manage better patients with severe fractures, and to develop effective strategies to reduce fracture risk in patients with osteoporosis.

Real world evidence effectiveness studies (pharmacoepidemiological studies)

Pharmacoepidemiological studies (i.e., studies of the uses and effects of drugs in well-defined populations) can also be performed based on the data from SNDS and provide relevant data for health technology assessment. A nationwide cohort study aimed to evaluate the risk of inflammatory bowel disease (IBD) occurring in adult patients with PsA, psoriasis or axSpA newly exposed to anti-IL17, compared with patients exposed to apremilast or etanercept [START_REF] Penso | Risk of inflammatory bowel disease in patients with psoriasis, psoriatic arthritis and ankylosing spondylitis initiating interleukin 17 inhibitors: a nationwide population-based study using the French national health data system[END_REF]. After propensity score weighting, the risk of IBD was significantly higher in patients exposed to anti-IL17 compared with patients undergoing apremilast (HR 3.8, 95%CI 2.1-6.8), probably because of a less severe disease in the apremilast group, but there was no difference between anti-IL17 and etanercept new-users (HR 0.8, 95%CI 0.5-1.2). These reassuring results need to be confirmed by further studies based on large datasets.

-RAMQ: a Canadian NRD

The Régie de l'Assurance Maladie du Québec (RAMQ) is rather a regional than a national reimbursement database. However, as it provides medical coverage to all the population of a whole Canadian province, it is to say more than 8 million inhabitants, RAMQ is of a similar size as NRDs from other countries. The RAMQ provides detailed information on physician-based diagnosis and therapeutic procedures [START_REF] Bérard | The Quebec Pregnancy Cohort -Prevalence of Medication Use during Gestation and Pregnancy Outcomes[END_REF].

Similarly to the SNDS, RAMQ makes it possible to perform medico-economic analyses [START_REF] Poulin | Real-World Experience With Apremilast in the Treatment of Adults With Moderate to Severe Plaque Psoriasis in Québec: A Claims-Based Analysis of Drug Utilization and Healthcare Resource Utilization[END_REF], to increase knowledge on a given disease, such as RA [START_REF] Slim | Identifying Rheumatoid Arthritis Cases within the Quebec Health Administrative Database[END_REF][START_REF] Khraishi | Real-world utilization of methotrexate or prednisone co-therapy with etanercept among Canadian patients with rheumatoid arthritis: a retrospective cohort study[END_REF], to describe trends in treatments persistence [START_REF] Sheehy | Differences in persistence among different weekly oral bisphosphonate medications[END_REF][START_REF] Khraishi | Long-term etanercept retention patterns and factors associated with treatment discontinuation: a retrospective cohort study using Canadian claims-level data[END_REF], or to identify the risk of deleterious outcomes related to specific drugs, such as the risk of fracture with antidepressants [START_REF] Tamblyn | Multinational Investigation of Fracture Risk with Antidepressant Use by Class, Drug, and Indication[END_REF] or the risk of cardiovascular or gastrointestinal events with non-steroidal antiinflammatory drugs (NSAID) [START_REF] Rahme | Risks and benefits of COX-2 inhibitors vs non-selective NSAIDs: does their cardiovascular risk exceed their gastrointestinal benefit? A retrospective cohort study[END_REF]. Furthermore, the design of this database enables original studies to better understand the healthcare system, to evaluate the impact of a health policy, or to assess the compliance to recommendations and guidelines. Thus, a study based on RAMQ revealed that factors associated with frequent emergency department use in elderly patients were older age, presence of chronic obstructive pulmonary disorder or diabetes, higher comorbidity index, common mental health disorders, polypharmacy, higher number of past emergency department and specialist visits, rural residence, and higher material and social deprivation [START_REF] Dufour | Frequent emergency department use by older adults with ambulatory care sensitive conditions: A population-based cohort study[END_REF]. Another study showed that, after cost-sharing was introduced, use of essential drugs decreased by 9.1% (95% CI 8.7%-9.6%) in elderly persons and by 14.4% (95% CI 13.3%-15.6%) in welfare recipients, leading to an increased rate of adverse events (6.8% in elderly persons and 12.9% in welfare recipients) and an increased emergency department visit rate (14.2/10,000 person-months [PM] in elderly persons and 54.2/10,000 PM in welfare recipients) [START_REF] Tamblyn | Adverse events associated with prescription drug cost-sharing among poor and elderly persons[END_REF].

In the field of rheumatology, a cohort study aimed to assess the care quality for RA patients in Quebec, based on several quality indicators (QI): DMARD use, regular follow up, use of folate supplementation, use of vitamin D and calcium, exercise and smoking status [START_REF] Slim | Care quality for rheumatoid arthritis patients in Quebec[END_REF]. The results from this study suggested a modest performance of Quebec's health-care system for RA patients: QI related to RA pharmacotherapy and medical management ranged 60-80%, moderate physical activity was performed by 55% of patients, and 16.6% were active smokers. Another study aimed to determine the impact of allopurinol non-adherence as a proxy for uncontrolled disease on primary prevention of end-stage renal disease (ESRD), and showed that high adherence level (≥ 80%) to allopurinol therapy, compared with lower adherence level (< 80%), was indeed associated with a lower rate of ESRD onset (risk ratio [RR] 0.35; 95%CI: 0.13-0.91) [START_REF] Perreault | Any link of gout disease control among hypertensive patients and onset of end-stage renal disease? Results from a population-based study[END_REF]. Finally, a retrospective cohort study aimed to estimate bone densitometry (BD) screening in women ≥65 years of age initiating anti-estrogen therapy (AET) for breast cancer, and therefore to assess compliance to related guidelines [START_REF] Henault | Divergence from osteoporosis screening guidelines in older breast cancer patients treated with anti-estrogen therapy: A population-based cohort study[END_REF]. Overall, 16,480 women initiated AET, of whom 36.1% received a baseline BD. Lack of guideline-appropriate radiotherapy (OR: 0.69 (95% CI, 0.57-0.83), or chemotherapy consideration (0.82 (95% CI, 0.71-0.94)) and non-adherence to AET (0.76 (95% CI, 0.68-0.84)) were associated with lower odds of receiving BD screening. This study therefore revealed that BD screening remains suboptimal in women undergoing AET for breast cancer and underlined the need of a better coordination of health care and service-delivery monitoring.

Thus, the SNDS and RAMQ enable an important variety of studies in rheumatology, which provide a better knowledge of rheumatic diseases, their outcomes, their costs, and the risk-benefit ratio of currently available therapeutics. However, as details from clinical examination and paraclinical results are not available in these NRDs, adjusting analyses on disease phenotype or severity is an issue in those studies. Other countries, such as United Kingdom (UK), provide at least partially these data in their NRD.

NRD with medically meaningful data from clinical practice: an example from the United Kingdom

The Clinical Practice Research Datalink (CPRD) is a primary care database of anonymized medical records from general practitioners (GP), which covers over 11.3 million patients from over 680 GP practices in the UK, who volunteered to collect the data, in exchange for additional income [START_REF] Herrett | Data Resource Profile: Clinical Practice Research Datalink (CPRD)[END_REF]. Initially designed to facilitate the management of an Essex practice, this database evolved in the late 1980s to be dedicated to research purposes. Overall, 4.4 million active patients meet quality criteria, thus approximately 6.9% of the UK population are included and patients are representative of the UK general population in terms of age, sex and ethnicity [START_REF] Herrett | Data Resource Profile: Clinical Practice Research Datalink (CPRD)[END_REF][START_REF] Costello | Representativeness of a digitally engaged population and a patient organisation population with rheumatoid arthritis and their willingness to participate in research: a cross-sectional study[END_REF]. Data available in this NRD are clinical events, laboratory results, drug prescriptions, referrals to specialists, and immunization records. Some basic clinical data, such as body mass index (BMI) or blood pressure measurements, are also provided. The CPRD is widely used in UK and internationally for epidemiological research; presently, over 1000 research studies based on this NRD has been published in peer-reviewed journals across a broad range of health diseases and outcomes [START_REF] Herrett | Data Resource Profile: Clinical Practice Research Datalink (CPRD)[END_REF]. Several of those studies deal with rheumatic diseases.

A first example is a retrospective cohort study which aimed to assess the risk of fractures in patients aged ≥40 years with incident diagnoses of polymyalgia rheumatica (PMR) or giant cell arteritis (GCA) [START_REF] Paskins | Risk of fracture among patients with polymyalgia rheumatica and giant cell arteritis: a populationbased study[END_REF]. Each PMR/GCA patient was matched on age, sex, and practice to four randomly selected controls. Overall, 12,136 PMR and 2,673 GCA were identified. The incidence rate of fracture was 148.05/10,000 PY (95% CI 141.16-155.28) in PMR and 147.15/10,000 PY (132.91-162.91) in GCA. An increased risk of fracture was observed in both diseases compared with the general population: adjusted HR 1.63 (95% CI 1.54-1.73) and 1.67 (95%CI 1.49-1.88) for PMR and GCA, respectively. Fewer than 13% of glucocorticoid-treated cases were prescribed bisphosphonates. Thus, this study confirms a higher risk of fracture in PMR and GCA compared to the general population and underlines suboptimal use of bisphosphonates in those patients at increased risk of fracture, and the need to improve adherence to current guidelines. These results are highly important in terms of public health priorities and actions. Pharmacoepidemiologic studies have also been conducted to assess the outcomes related to the use of specific drugs. One of these studies aimed to assess the risk of autoimmune disease (AD), classified as neuroinflammatory/ophthalmic AD and other AD, in 9 to 25 year-old women within 1 year after their first dose of anti-Human Papillomavirus (HPV) vaccine [START_REF] Willame | Risk of new onset autoimmune disease in 9-to 25-year-old women exposed to human papillomavirus-16/18 AS04-adjuvanted vaccine in the United Kingdom[END_REF]. For this purpose, 4 cohorts (65,000 subjects each) were retrieved: 1 exposed female cohort (received ≥1 anti-HPV vaccine dose between 2008 and 2010), a historical female cohort (2005-2007), a concurrent male cohort (2008-2010), and a historical male cohort (2005)(2006)(2007). The risk of new onset of AD was compared between cohorts using Poisson regression. This study revealed an absence of association between AD cases and anti-HPV vaccine, whatever the subtype of AD: the incidence ratio rate was 0.57 (95%CI 0.17-1.96) for neuroinflammatory/ophthalmic AD and 1.41 (0.86 to 2.31) for other AD in female cohorts. These data are therefore reassuring regarding the risk of AD following anti-HPV vaccine.

Another study aimed to assess the risk of psychiatric events in RA patients undergoing hydroxychloroquine (HCQ), compared with sulfasalazine (SSZ) [START_REF] Lane | Risk of depression, suicide and psychosis with hydroxychloroquine treatment for rheumatoid arthritis: a multinational network cohort study[END_REF]. This work was based on CPRD but also on other NRD from Germany and United States of America (USA). All adult subjects with RA registered in any of the contributing NRD for at least one year prior to the index date and starting either HCQ or SSZ during the study period were included. Overall, 918,144 HCQ and 290,383 SSZ users were identified. The analyses showed no significant association between HCQ use and the risk of depression or suicidal ideation/suicide compared to SSZ, with HRs of 0.21 (95% CI 0.03, 1.25) for depression and 10.46 (95% CI 0.51, 216.29) for suicidal ideation/suicide in the CPRD, and meta-analytic HRs of 0.96 (95% CI 0.79, 1.16) for depression and 0.77 (95% CI 0.56, 1.07) for suicidal ideation/suicide. Thus, HCQ as used in RA does not seem to increase the risk of psychiatric outcomes compared with SSZ.

In conclusion, the CPRD makes it possible to conduct epidemiologic and pharmacoepidemiologic studies on various themes. Its major interest is the availability of clinical details, which enables to study diseases or outcomes which are difficult to identify in purely administrative databases, such as PMR/GCA, vaccinerelated or psychiatric events. However, these clinical data are not exhaustive, particularly when it comes to specific rheumatic diseases. The linkage with diseaserelated registries is a potential solution to this issue; such linkage is currently possible in Sweden.

NRD linkable to clinical databases: an example from Sweden

The Swedish National Inpatient Register (IPR) was created in 1964 and covers more than 99% of somatic and psychiatric discharges in Sweden since 1987 [START_REF] Ludvigsson | External review and validation of the Swedish national inpatient register[END_REF]. Insofar as it is mandatory for all physicians to deliver data to the IPR, medical data collection is systematic in this NRD, making this register particularly suitable for large-scale population-based research. Furthermore, the IPR can be linked to other national registries, such as the Swedish Cancer Register, the Cause of Death Register, the Swedish Medical Birth Register, or other disease-specific registries [START_REF] Mattsson | Completeness of the Swedish Cancer Register. Non-notified cancer cases recorded on death certificates in 1978[END_REF][START_REF] Johansson | Comparing Swedish hospital discharge records with death certificates: implications for mortality statistics[END_REF].

An example in rheumatology research is a study by Olofsson et al, which aimed to identify predictors of work ability gain and loss after TNF inhibitors (TNFi) start in RA patients, based on the data of the Swedish biologics register ARTIS and sick leave/disability pension days retrieved from the Social Insurance Agency (Figure 1) [START_REF] Olofsson | Predictors of work disability after start of anti-TNF therapy in a national cohort of Swedish patients with rheumatoid arthritis: does early anti-TNF therapy bring patients back to work?[END_REF][START_REF] Askling | Swedish registers to examine drug safety and clinical issues in RA[END_REF]. This work found out that patients initiating a TNFi in the first 5 years of RA course had an increased odd of regaining work ability, compared with patients initiating a TNFi after ≥5 years of disease duration (adjusted HR 2.1 (95% CI 1.4 to 3.2)). Moreover, baseline disability pension was another strong predictor of work ability gain after treatment start.

Another study explored the cancer pattern in RA patients, based on three RA cohorts (one prevalent, admitted to hospital 1990-2003 (n = 53,067), one incident, diagnosed 1995-2003 (n = 3,703), and one treated with TNFi 1999-2003 (n = 4,160)), which were linked with Swedish nationwide cancer and census registers and followed up for cancer occurrence through 2003 [START_REF] Askling | Risks of solid cancers in patients with rheumatoid arthritis and after treatment with tumour necrosis factor antagonists[END_REF].This study revealed a marginally increased overall risk of solid cancer, with 20-50% increased risks for lung cancers and +70% increased risk for non-melanoma skin cancer, but decreased risk for colorectal (-25%) and breast (-20%) cancers. The risks of solid cancer were largely similar in patients treated with TNFi compared with other patients with RA.

Finally, the risk of serious infections in RA patients treated with abatacept, rituximab and tocilizumab was assessed by an observational cohort study based on the ARTIS and Swedish Rheumatology Quality Register [START_REF] Grøn | Risk of serious infections in patients with rheumatoid arthritis treated in routine care with abatacept, rituximab and tocilizumab in Denmark and Sweden[END_REF]. Overall, the incidence rates for abatacept, rituximab and tocilizumab were 6.0/6.4/4.7 per 100 PY at 12 months and 5.6/5.8/4.3 per 100 PY at 24 months. Despite these numerical differences, there was no significant difference of risk between these three bDMARDs: RR 0.76 (95% CI 0.57 to 1.02) for tocilizumab versus rituximab, and RR 0.86 (0.66 to 1.13) for abatacept versus rituximab. Thus, the Swedish NRD enables epidemiologic and pharmacoepidemiologic studies in rheumatology with precise and almost exhaustive clinical information at the individual level.

Limitations and potential solutions

The examples previously described illustrate the important variety of studies based on NRDs in rheumatology. Despite their undeniable value, these databases present several limitations that must be adequately taken into account to interpret the results (Table 3).

First, a major limitation of NRDs is the complexity of their architecture, as said in the introduction. For example, an extraction of the SNDS represents several dozen of tables, containing millions of lines and hundreds of variables [START_REF] Moulis | French health insurance databases: What interest for medical research?[END_REF]. Dedicated training is therefore essential for physicians to be able to analyze these data properly or even just to interact with biostatisticians.

Furthermore, the validity of the codes used for medical diagnosis may be questionable [START_REF] Lacasse | Is the Quebec provincial administrative database a valid source for research on chronic non-cancer pain?[END_REF]. Indeed, a unique ICD-10 code in the patient's follow-up may reflect a suspicion of medical condition rather than a confirmed disease. Moreover, some rare diseases don't have a specific ICD-10 code and are consequently difficult to identify [START_REF] Kurbasic | The Advantages and Limitations of International Classification of Diseases, Injuries and Causes of Death from Aspect of Existing Health Care System of Bosnia and Herzegovina[END_REF]; on the contrary, as NRDs were built for reimbursement purpose, some diseases may be over-coded because these codes generate extra funding (e.g., a secondary code of diabetes mellitus is considered as "valuable") [START_REF] Ludvigsson | External review and validation of the Swedish national inpatient register[END_REF]. Additionally, international research suggests that the coding pattern may differ between hospitals and general practices [START_REF] Ludvigsson | External review and validation of the Swedish national inpatient register[END_REF][START_REF] Kljakovic | Quality of diagnostic coding and information flow from hospital to general practice[END_REF]. To address this specific issue, validation studies for NRDs and for diagnostic codes are needed. The quality of the IPR was therefore assessed several times since the 1980s [START_REF] Ludvigsson | External review and validation of the Swedish national inpatient register[END_REF][START_REF] Nilsson | Reliability of the hospital registry. The diagnostic data are better than their reputation[END_REF]. In France, a quality control to avoid aberrant or missing data is performed before the data are integrated in the SNDS [START_REF] Tuppin | French national health insurance information system and the permanent beneficiaries sample[END_REF]. Furthermore, the "Réseau pour mieux utiliser les Données du Système national des données de santé" (REDSIAM) network develops algorithms for the identification of patients that combine long term diseases and PMSI diagnosis codes, medical procedures and drugs used as proxies of a given medical condition [START_REF] Moulis | French health insurance databases: What interest for medical research?[END_REF]52]. The elaboration of such algorithms for rheumatic diseases based on the data of the SNDS is ongoing.

Another important limitation of NRDs is related to missing information. Indeed, the lack of exhaustive clinical and paraclinical information makes it difficult to properly assess the severity or the activity of a given disease. Even in databases providing some clinical or paraclinical data such as the CPRD and IPR, these variables are limited, and their completeness may be variable. For example, in CPRD, BMI may be recorded more frequently in patients with cardiovascular or obesity issues [START_REF] Herrett | Data Resource Profile: Clinical Practice Research Datalink (CPRD)[END_REF][START_REF] Bhaskaran | Representativeness and optimal use of body mass index (BMI) in the UK Clinical Practice Research Datalink (CPRD)[END_REF]. Regarding more specifically pharmacoepidemiologic studies, data regarding treatment observance is not available, and over-the-counter drugs are not recorded in the NRDs [START_REF] Moulis | French health insurance databases: What interest for medical research?[END_REF]. A possibility to capture these data would be the linkage between NRDs and clinical registers, as performed for example in Sweden [START_REF] Askling | Risks of solid cancers in patients with rheumatoid arthritis and after treatment with tumour necrosis factor antagonists[END_REF][START_REF] Grøn | Risk of serious infections in patients with rheumatoid arthritis treated in routine care with abatacept, rituximab and tocilizumab in Denmark and Sweden[END_REF]. In France, such linkage do exist between the SNDS and the large national cohorts, Gazel and Constances (people from the general population) or the national rare disease database, BAMARA [START_REF] Goldberg | CONSTANCES: a general prospective population-based cohort for occupational and environmental epidemiology: cohort profile[END_REF][START_REF] Goldberg | The opening of the French national health database: Opportunities and difficulties. The experience of the Gazel and Constances cohorts[END_REF]. Linkage with rheumatologic cohorts such as ESPOIR and DESIR is also ongoing and will certainly enable interesting research in the years to come; however, the process is quite long and in presently not operating.

The final major limitation is logistical. Indeed, the access to the data of NRDs is complex, and requires a long process with several reglementary, technical (informatics) and ethical issues to be solved. In France, the mean delay to access the data of SNDS, once a research project is accepted, is on average 17 months [START_REF] Moulis | French health insurance databases: What interest for medical research?[END_REF]. It could be less in the coming years since several health or research organizations will be delivered permanent access to NRDs.

Conclusion

NRDs represent an important opportunity for medical research, namely in rheumatology: insofar as they allow the building of cohorts with prospective recording of data and with unequaled statistical power, they might enable a better knowledge of the epidemiology of rheumatic diseases and may have an impact on guidelines for their treatment. A major issue remains the lack of exhaustive medical data. This could be improved by involving practicing physicians in data collection. Additionally, databases interoperability, notably between clinical registries and reimbursement databases, will be helpful in a near future. 
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Table 1 : interests and limitations of different real world data sources:

 1 

		Electronic Health Records	Disease-specific or	Administrative claim
				treatment-specific	databases
				registries
	Interests	-Data related to	-Exhaustive information	-Longitudinal follow-up
		patients'		on the disease or the	-Large population size
		management	treatment of interest	and representativeness
		-Data generated daily	-Data collection at	-Exhaustive information
		 studies faster to	regular time intervals	regarding treatment
		implement and		prescriptions and
		complete, and less		medical inpatient and
		expensive.			outpatient visits
	Limitations	-Data collected as free	-Lack of precise	-Limited information for
		text 	complex	information on other	variables not needed for
		analytical	methods	comorbidities or	reimbursement
		are required.		concurrent treatments	-Risk of loss of follow-up
		-Missing data		-Potential risk of	when patients switch
		-Heterogeneous data	missing data, which	employers/health plans
		collection		may alter the quality of	(USA)
				measurements.	-Cf

Table 2 Table 2 : data relevant for economic assessment present or not in the Système National des Données de Santé (SNDS) Direct costs (Cost of care)

 22 

	Outpatient	-Visits to physicians
	costs	(specialists and
		other)
		-Outpatient surgery
		-Emergency room
		visits
		-Non-physician
		service utilisation
		(physiotherapist,
		occupational
		therapist,
		social worker,
		psychologist, etc)
		-Medication
		-Diagnostic or
		therapeutic
		procedures and tests
		-Devices and aids
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