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Introduction

The off-label use of opioids in a context of addictive behavior is a major topical issue since 2015 in the international media, due to the massive increase of overdoses and deaths related.

This phenomenon is particularly prevalent in North America, where health and government agencies now speak of 'opioid crisis' and 'opioid epidemic', and where this situation has just been decreed as 'national health emergency' [START_REF] Cnn | The opioid crisis is now one of 29 active national emergencies[END_REF]2]. Although in the United States (US) this crisis began with oxycodone, recent publications show that this preoccupying phenomenon tends to become worldwide, but carried by other opioids than oxycodone, such as morphine sulfate [3][4][5].

Morphine sulfate (MS) is available in France in rapid and slow-release oral forms. This treatment is indicated for severe acute or resistant chronic pain, especially cancer pain, and is marketed under the name of Skenan ® , Actiskenan ® , Moscontin ® , Sevredol ® and Oramorph ® . In some European countries, as Austria, Luxembourg, Slovenia, Bulgaria and Switzerland, a slowrelease oral morphine (SROM) formulation got an indication for the treatment of opioid dependence.

In France, it can be sometimes used and prescribed as an opioid maintenance treatment for non-painful opioid dependent patients after failure or adverse effects onset with conventional treatment, such as methadone (MTD) or high dosage buprenorphine (HDB). In this case, the prescriber should first obtain the agreement of the medical adviser of the French health insurance system to provide treatment reimbursement.

Different agencies are in charge of the monitoring of drug abuse and dependence related to psychoactive medications [START_REF]Médicaments psychotropes : Consommations et pharmacodépendances[END_REF]. Between 2003 and 2006, they show an increase of MS abuse from 3.2% to 9% among users attending harm reduction centres, while the use as opioid substitution treatment (OST) remains stable during this period [START_REF] Cadet-Taïrou | Phénomènes émergents liés aux drogues en 2005 -Septième rapport national du dispositif TREND[END_REF]. This highlighting led to a greater vigilance of the health insurance funds and a reluctance of physicians to prescribe the MS, despite the users solicitations [START_REF] Cadet-Taïrou | Drogues et usages de drogues en France -État des lieux et tendances récentes 2007-2009[END_REF].

This limited availability has limited the MS misuse until 2011, when a shortage of heroin led to a reduction in the quality/price ratio and a report to the MS whose quality is constant [START_REF] Lahaie | Héroïne -composition, prix, connaissances des usagers. mai 2014 -OFDT[END_REF].

Another hypothesis might be the search for another type of substitution in patients dissatisfied with buprenorphine or methadone. Indeed, morphine sulfate is considered by drug users as injectable, contrary to methadone, and causing a flash effect, unlike buprenorphine, which some patients cannot give up despite the maintenance treatment [START_REF] Cadet-Taïrou | L'usage de sulfate de morphine par les usagers de drogues en France : tendances récentes (2012-2013[END_REF].

To date, no data are available in France for morphine recreative or maintenance use and shopping behavior. However, misusing of morphine sulfate remains a current public health problem in France. Indeed, first data of the first French supervised drug-injection facility in Paris shows that 47.6% of patients come to inject MS oral forms (Skenan ® ) [START_REF]Premier bilan de l'ouverture de la première salle de consommation à moindre risque[END_REF].

Some studies were interested in slow-release oral forms of MS as OST, with heterogeneous results. Few of these studies were randomized, double blinded and controlled. In all studies that investigated morphine sulfate as opioid maintenance therapy, administration was orally.

Though the retention rates were good with SROM maintenance, similar rates were obtained with methadone. Studies concluding to an improvement in quality of life, withdrawal symptoms, craving, and additional drug consumption with SROM than methadone. Two metaanalyses have not identified sufficient elements in the literature to assess the use of morphine sulfate as OST, due to the absence of sufficient quality studies [START_REF] Ferri | Slow-release oral morphine as maintenance therapy for opioid dependence[END_REF][START_REF] Jegu | Slow-release oral morphine for opioid maintenance treatment: a systematic review[END_REF]. No data were showed about risk associated to SROM, especially in case of a non-conventional way of administration.

On the other hand, it appears that in France in most cases of off-label use in non-painful dependent-patients, MS is administered intravenously. According to the results of various surveys, 71 to 93% of off-label MS users inject it, including patients using it as OST [START_REF] Cadet-Taïrou | Drogues et usages de drogues en France -État des lieux et tendances récentes 2007-2009[END_REF][START_REF] Peyriere | Evidence of slow-release morphine sulfate abuse and diversion: epidemiological approaches in a French administrative area[END_REF].

According to a drug users survey, the effect of intravenous injections would be shorter than heroin leading to an increase of intakes and the risk of complications such as overdoses but also viral and bacterial infections, and thrombosis [START_REF] Schléret | Rapport de site Trend-Metz[END_REF]. The occurrence of these complications is known to be reduced by initiation of opioid substitution treatment. However, when these complications are found, they occur preferentially in the months following initiation or the end of the substitutive treatment [START_REF] Sordo | Mortality risk during and after opioid substitution treatment: systematic review and meta-analysis of cohort studies[END_REF]. There is no data for morphine sulfate use on this point.

In France, the question of the oral morphine sulfate safety as an effective and secure opioid maintenance treatment and the risks related to its intravenous misuse remains unanswered. The main objective of this study was to compare the one-year incidence of unintentional opioidrelated overdose hospitalisations in a non-painful opioid dependent population following the initiation of continuous use of morphine sulfate, compared to HDB and MTD maintained patients. Secondary objectives were to compare, between these 3 different opioid maintained groups, the one-year incidence of mortality, occurring diagnosis of Hepatitis C Virus (HCV), bacterial infections-related hospitalisations and thrombosis-related hospitalisations. All patients 15 years or older treated with HDB or MTD were identified by their ATC codes 'N07BC01' and 'N07BC02' respectively. Dates of each dispensation were collected to determine their regularity.

Methods

Selection of chronic pain patients

Patients suffering from cancer were identified either by a specific long-term disease code ('LTD-30') or on the basis of hospital discharge reports including 'C' codes (ICD-10 category: malignant neoplasms) and 'D0' codes (ICD-10 category: in situ tumours). Patients benefiting from palliative care ('Z515' ICD-10 code), and all patients identified by a specific ICD-10 code for chronic pain ('R521 and R522'), or for a rheumatologic condition for which morphine sulfate is recommended in France [START_REF] Moisset | Utilisation des opioïdes forts dans la douleur chronique non cancéreuse chez l'adulte. Recommandations françaises de bonne pratique clinique par consensus formalisé (SFETD)[END_REF] ('M16, M17, M47, M50, M51, M431, M992, M993, M994, M995' ICD-10 codes), were considered as likely to receive morphine sulfate to treat their painful chronic condition.

Patients followed in pain clinics (Medical Unit: '61') and those who received a continuous prescription for 3 months of analgesic other than morphine sulfate were also considered as chronic pain patients.

Selection of opiate-dependent patients

Opiate-dependent patients were defined, 1 - either as having at least one dispensation of conventional opioid substitution treatment (HDB or MTD), or 2 - on the basis of hospital discharge reports or chronic condition with the 'F11' ICD-10 code (i.e. opioid-related disorder), or 3 - by the combination of a morphine sulfate dosage ≥550 mg/day and an age ≤37 years, according to published data from a previous French study. These thresholds were chosen because they correspond to the median daily dose of morphine sulfate and median age for patient abusing morphine sulfate or taking it as an OST [START_REF] Peyriere | Slow-release oral morphine sulfate abuse: results of the postmarketing surveillance systems for psychoactive prescription drug abuse in France[END_REF].

Selection of infectious complications of injection drug use

Human immunodeficiency virus (HIV) ('B20, B21, B22, B23, B24, R75, Z21' ICD-10 codes), hepatitis B virus (HBV) ('B16, B180 and B181' ICD-10 codes) and hepatitis C virus (HCV) ('B182' and 'B171' ICD-10 codes) were identified through hospital discharge diagnoses or long-term diseases.

Similarly, the most specific and frequent infectious complications associated with injections in drug addicts, were selected according to literature data [START_REF] Dally | Candidiasis in heroin abusers[END_REF][START_REF] Tunkel | Central nervous system infections in injection drug users[END_REF][START_REF] Brettle | Infection and injection drug use[END_REF] and identified through hospital discharge diagnoses including cutaneous abscesses ('L02, L08, M65'), phlegmon and cellulitis ('L03'), nasal septum abscess ('J340'), infective endocarditis ('I330'), candidiasis (meningitis: 'B375', endocarditis: 'B376', and sepsis: 'B377'), other sepsis ('A41'), spondylodiskitis ('M463'), intracranial and intraspinal abscesses ('G06') and endophtalmitis ('H440').

Selection of thrombotic complications of injection drug use

The most specific and frequent thrombotic complications associated with injections in drug addicts were selected according to literature data [START_REF] Cornford | Deep vein thromboses in users of opioid drugs: incidence, prevalence, and risk factors[END_REF][START_REF] Giudice | Cutaneous complications of intravenous drug abuse[END_REF][START_REF] Kwiatkowska | Deep vein thrombosis of the lower limbs in intravenous drug users[END_REF] and identified through hospital discharge diagnoses. These codes concerned venous thrombotic complications, including phlebitis and thrombophlebitis ('I80'), post-thrombotic syndrome ('I870'), embolism and venous thrombosis (specified: 'I828', or not: 'I829') and venous disease (specified: 'I878', or not: 'I879'). Regarding arterial thrombotic complications, targeted codes were embolism and arterial thrombosis of the upper ('I742') and lower ('I743') limbs, of distal arteries ('I744'), and embolism and arterial thrombosis (specified: 'I748', or not: 'I749').

Selection of overdoses-related hospitalisations, psychiatric illness, alcohol dependence and co-prescription of benzodiazepines

In the same way, ICD-10 codes corresponding to unintentional opioid intoxication ('X42, T400, T401, T402, T403, T404, T406'), and long-term diseases for psychiatric conditions ('LTD-23')

were extracted.

Alcohol-dependent patients were identified through either hospital discharge diagnoses and long-term diseases including the 'F10' ICD-10 code (alcohol-related disorders), or the dispensations of drugs specifically used in alcohol dependence: Disulfiram ('N07BB01'), Acamprosate ('N07BB03'), Naltrexone ('N07BB04') and Nalmefene ('N07BB05'). Dates of benzodiazepine (BZD) dispensations ('N05BA' ATC code) were collected in order to identify the potential concomitant prescription of 2 respiratory depressants.

Participants

All patients, male or female, aged 15 years and older, with at least one dispensation of the drug of interest between April 01, 2012, and December 31, 2014, with no dispensation in the 3 preceding months, were included. Each patient was followed until December 31, 2015, allowing at least 1 year of follow-up.

The index date was the date of the first dispensation of a continuous sequence of at least 90 days of treatment. A continuous sequence of treatment was defined as an interval between 2 consecutive dispensations inferior to 35 days. This threshold of 35 days was based on the fact that in France those drugs were prescribed and dispensed for a maximum of 28 days.

Accordingly, drugs prescribed for 3 months will be dispensed in 3 distinct times. To be more specific, and not to detect wrongly a prescription discontinuation, 7 days were added to the maximum duration of prescriptions. The end date of this continuous period corresponds to the date of inclusion in the study, and is named D90.

A patient who meets this criterion of continuous dispensation for at least 3 months, with an interval of less than 35 days between 2 dispensations is considered to be 'regular'. All patients suffering from cancer or benefiting from palliative care were excluded over the whole period.

Then, patients suffering from chronic pain before D90, identified according to the selection procedure explained above, were excluded.

In order to recruit only opioid-dependent patients, we only keep those for whom we have a notion of opiate dependence, according to the procedure of selection detailed above. As previously, patients suffering from cancer or benefiting from palliative care were excluded over the whole period, while chronic-pain patients were excluded before D90.

Patients with morphine sulfate dispensation within 3 months before the index date were also excluded.

Cohort 3: non-chronic pain and opioid-maintained patients with regular methadone dispensations

The third cohort is constituted like the second, but with patients starting a continuous prescription of methadone instead of buprenorphine.

Doctor Shopping

Doctor shopping is defined as seeking multiple physicians to obtain multiple prescriptions for the same drug in a short period of time, and is usually associated with a high level of misusing [START_REF] Sansone | Doctor Shopping[END_REF][START_REF] Chenaf | Codeine Shopping Behavior in a Retrospective Cohort of Chronic Noncancer Pain Patients: Incidence and Risk Factors[END_REF][START_REF] Peirce | Doctor and pharmacy shopping for controlled substances[END_REF][START_REF] Cepeda | Assessing opioid shopping behaviour: a large cohort study from a medication dispensing database in the US[END_REF]. Pharmacy shopping and overlapping prescriptions are also associated with this high level of abuse and diversion [START_REF] Mcdonald | Estimating the Prevalence of Opioid Diversion by "Doctor Shoppers" in the United States[END_REF][START_REF] Yang | Defining risk of prescription opioid overdose: pharmacy shopping and overlapping prescriptions among long-term opioid users in medicaid[END_REF]. Many definitions are available with different thresholds for the numbers of prescribers and/or pharmacies. The threshold of at least 1 day of overlap, by at least 2 different prescribers and filled in at least 3 different pharmacies was chosen because it has been used in previous research published mainly to assess analgesic opioids doctor shopping behavior [START_REF] Cepeda | Comparison of Opioid Doctor Shopping for Tapentadol and Oxycodone: A Cohort Study[END_REF][START_REF] Cepeda | Opioid shopping behavior: how often, how soon, which drugs, and what payment method[END_REF].

Outcomes measurement

The primary outcome was the incidence of unintentional opioid overdose related hospitalisations in a non-painful opioid dependent population initiating a regular off-label use of morphine sulfate compared to HDB and MTD substituted patients, 12 months after the date of inclusion. Secondary outcomes were to assess the incidence of mortality, doctor shopping, and complications underlying by injection practice (HCV seroconversion, bacterial infections and thrombosis complications) a year after D90, compared to opioid maintained patients.

Statistical analysis

Data were expressed as frequencies and associated percentages for categorical data and as mean ± standard deviation or as median and interquartile range for quantitative variables.

Date of the first dispensation of the considered substance was considered as the starting date.

The date of unintentional opioid intoxication, or of the last information (i.e. end of treatment or of follow-up, or beginning a continuous OST for MS patients, or MS for OST patients, concomitantly or not) as the ending (or censoring) date to survival analyzes. Analysis of secondary outcomes used the same method, but the event considered was death, doctor shopping, HCV seroconversion, infectious or thrombotic complications and the ending date is defined by the end of the follow-up (December 31, 2015) or the date of death or of last information.

Crude mortality incidence with 95% confidence intervals were calculated for one year and for 100 000 persons.

Cox regression (conditional backward selection) was used to examine the association between MS exposure and OST for primary and secondary outcomes (opioid intoxication, mortality, doctor shopping, HCV seroconversion, bacterial infections and thrombotic complications). In order to reduce the risk of bias, an adjustment was made on certain variables: age, gender, socioeconomic status, chronic alcohol consumption, concomitant use of benzodiazepines, major chronic somatic and psychiatric comorbid disease (i.e. the 30 long-term diseases).

Each variable was tested in univariate association with the 2 conventional OST (p-value cut-off point of 0.20) and then, entered into a multifactorial model. The least significant variable was then removed step by step from the model, retaining only those with significant interaction (level of significance considered: p<0.05) in the final multifactorial Cox model. Corresponding hazard ratios (HR) were shown with their 95% confidence intervals.

Results

1075 eligible non-painful opioid dependent patients were included in the continuous morphine sulfate cohort (Appendix - Figure 1A). During the same period, 20 834 HDB maintained patients and 9778 MTD maintained patients were included in the second and third cohorts, respectively (Appendix - Figure 1B). During the follow-up period, 75.5% of patients benefited from at least once syrup formulation, and 70.2% from capsule formulation. More precisely, over the entire follow-up period, 29.8% of patients benefited exclusively from syrup formulation, 24.5% for capsule formulation and 45.7% of patients received alternatively both formulations.

Two-to-two comparisons

A two-to-two comparisons of the patient's characteristics between the different cohorts showed significant differences between the following criteria: low-income status, psychiatric comorbidities, alcohol dependence, prevalence of infectious viral disease and benzodiazepine co-prescription).

No significant difference was observed for age and sex criteria between MS and HDB patients (i.e. cohorts 1 and 2).

Discussion

To our knowledge, few studies had focused on this specific non-painful population who present a regular off-label use of morphine sulfate in a context of opioid dependence as an alternative to conventional opioid maintenance treatments. The size of this specific population, their sociodemographic characteristics and associated risks were only roughly estimated by French public health authorities, without accurate, comprehensive and reliable data.

Algorithm validity

To test the validity of our recruitment algorithm, we compared the socio-demographic characteristics of our different cohorts with those published in the literature, especially two previous French studies [START_REF] Peyriere | Evidence of slow-release morphine sulfate abuse and diversion: epidemiological approaches in a French administrative area[END_REF][START_REF] Peyriere | Slow-release oral morphine sulfate abuse: results of the postmarketing surveillance systems for psychoactive prescription drug abuse in France[END_REF] which studied data compilation from the cross-referencing of different sources. In our study, socio-demographic characteristics of opioid-dependent regular MS users were close in ages, sex ratio, and daily dose to those found in Peyriere et al. studies [START_REF] Peyriere | Evidence of slow-release morphine sulfate abuse and diversion: epidemiological approaches in a French administrative area[END_REF][START_REF] Peyriere | Slow-release oral morphine sulfate abuse: results of the postmarketing surveillance systems for psychoactive prescription drug abuse in France[END_REF]. These similar results confirm that our restrictive selection criteria made it possible to select the specific population of non-painful opioid-dependent MS users. Concerning sociodemographic characteristics found for patients treated by OST in cohorts 2 and 3, our results on ages and sex ratio agreed with those obtained in recent French pharmacoepidemiological study [START_REF] Kernisant | Trend in buprenorphine and methadone shopping behavior in France from 2004 to 2014[END_REF]. Ages and sex ratio found in the 3 opioid-dependent cohorts, whatever the treatment, are quite comparable.

The one-year incidence of shopping behavior in our OST cohorts are comparable to those published for HDB and MTD in a recent French study [START_REF] Delorme | Incidence of high dosage buprenorphine and methadone shopping behavior in a retrospective cohort of opioid-maintained patients in France[END_REF].

The high cumulative dosages found in MS cohort are comparable to the high dosages found in previous epidemiological studies evaluating MS as maintenance therapy versus methadone.

Unintentional opioid overdoses related hospitalisations incidence

Epidemiological data show a significant increase in the number of visits related to non-medical use of prescribed opioids in the United States emergency department in recent years, with a worldwide extension of the phenomenon. While the US record a tripling of mortality due to overdoses between 1990 and 2006, with major involvement of oxycodone abuse, in Austria deaths by overdose now exceed the number of road deaths since 2011 [START_REF] Martins | Worldwide Prevalence and Trends in Unintentional Drug Overdose: A Systematic Review of the Literature[END_REF][START_REF] Fareed | Illicit Opioid Intoxication: Diagnosis and Treatment[END_REF][START_REF] Warner | Increase in fatal poisonings involving opioid analgesics in the United States, 1999-2006[END_REF]. Recent data show a similar emergence of this opioid abuse in the United Kingdom [START_REF] Giraudon | Prescription opioid abuse in the UK[END_REF].

This study is the first French nationally exhaustive population-based study that focuses on the incidence of overdoses in these non-painful opioid dependent off-label morphine sulfate use population. Our results show a significantly higher incidence of opioid overdoses requiring hospitalization for these MS users. Hazard ratio shown that a non-painful MS regular user had an increased risk of 3.6 having an overdose in the year following the start of its consumption versus HDB patients, and 1.9 versus MTD. These results encourage continuing efforts recently made by distribution of opioid overdoses rescue kits containing Naloxone in the population of opioid-dependent patients [START_REF] Strang | Preventing opiate overdose fatalities with take-home naloxone: pre-launch study of possible impact and acceptability[END_REF].

The higher incidence of overdoses can be partly explained by the high prevalence of intravenous administration of MS and the high prevalence of benzodiazepine co-prescription use and alcohol use disorders. This association and its risks are well established in the literature [START_REF] Jones | Polydrug abuse: A review of opioid and benzodiazepine combination use[END_REF][START_REF] Sun | Association between concurrent use of prescription opioids and benzodiazepines and overdose: retrospective analysis[END_REF].

Our results regarding this concomitant prescription of benzodiazepine are lower than US data, but consistent with European data [START_REF] Lavie | Benzodiazepine use among opiate-dependent subjects in buprenorphine maintenance treatment: Correlates of use, abuse and dependence[END_REF]. The lower prevalence of benzodiazepine prescriptions in morphine sulfate cohorts versus HDB and MTD cohorts could be explained by the anxiolytic property of MS compared to OST especially HDB. This psychotropic effect of MS is attested by the score improvement of mood and anxiety, sleep quality, and general well-being scale in studies evaluating MS as OST [START_REF] Eder | Comparative study of the effectiveness of slow-release morphine and methadone for opioid maintenance therapy[END_REF][START_REF] Vasilev | Safety and Efficacy of Oral Slow Release Morphine for Maintenance Treatment in Heroin Addicts: A 6-Month Open Noncomparative Study[END_REF][START_REF] Kastelic | Slow-release oral morphine for maintenance treatment of opioid addicts intolerant to methadone or with inadequate withdrawal suppression[END_REF][START_REF] Bond | After the randomised injectable opiate treatment trial: Post-trial investigation of slow-release oral morphine as an alternative opiate maintenance medication[END_REF][START_REF] Mitchell | Slow-release oral morphine versus methadone: a crossover comparison of patient outcomes and acceptability as maintenance pharmacotherapies for opioid dependence[END_REF][START_REF] Winklbaur | Quality of life in patients receiving opioid maintenance therapy. A comparative study of slow-release morphine versus methadone treatment[END_REF].

Mortality

This study also displayed a significantly higher incidence of mortality in MS patients compared to opioids maintained patients (buprenorphine or methadone). The use of MS is therefore linked to an increased risk of death compared to these usual treatments, without any difference concerning mortality incidence between OST cohorts. These deaths frequently occur after unintentional intoxication, and frequently need appropriate urgent care with naloxone administration. It is now recognized that opioid maintenance therapy reduces the high mortality, 6 to 30 times higher than the general population of age and gender matched, particularly deaths linked to intoxication [START_REF] Clausen | Mortality among opiate users: opioid maintenance therapy, age and causes of death[END_REF][START_REF] Clausen | Mortality prior to, during and after opioid maintenance treatment (OMT): A national prospective cross-registry study[END_REF]. The low mortality rate found in the 2 cohorts of maintained patients compared to MS cohort reinforces the need to offer a suitable maintenance therapy for these patients to reduce the risk of death.

Doctor Shopping

The evaluation of the shopping behavior and its evolution makes it possible to reflect the misuse that is made of a substance. From 1999 to 2007, the United States recorded a parallel increase in the schedule II opioid prescription (approximately 150-280%) and opioid shopping behaviors (approximately 111-213%) [START_REF] Han | Increasing Trends in Schedule II Opioid Use and Doctor Shopping during 1999-2007 in California[END_REF]. Among drug-related deaths for controlled substances, 25.2% were doctor shoppers and 17.5% were pharmacy shoppers [START_REF] Peirce | Doctor and pharmacy shopping for controlled substances[END_REF].

The results of our study highlight an increased shopping behavior incidence for morphine sulfate cohort compared to OST cohorts. Previous study found a one-year prevalence of shopping behavior of 8.4% for buprenorphine and 0% for methadone in France [START_REF] Delorme | Incidence of high dosage buprenorphine and methadone shopping behavior in a retrospective cohort of opioid-maintained patients in France[END_REF].

It is known that patients treated by methadone have low doctor shopping scores, whereas those treated by buprenorphine show an increased shopping behavior [START_REF] Delorme | Incidence of high dosage buprenorphine and methadone shopping behavior in a retrospective cohort of opioid-maintained patients in France[END_REF], due to a different permissiveness prescription framework with higher accessibility and a potential easy misuse by snorting or injecting buprenorphine versus methadone.

The significant shopping behavior incidence found in morphine sulfate cohort reflects a potential frequent abuse behavior and the need to obtain ever-increasing doses. This need for increasing doses raise the risk of unintentional intoxication. The high shopping scores obtained in our study should draw the prescribers and pharmacists attention to the misuse that is made of continuous morphine sulfate use in an opioid dependence context, and the associated risk of overdoses.

Intravenous administration related complications

The cohort of morphine sulfate users is more affected by viral infections compared to HDB and MTD patients. It is actually well established that injecting drug users are more infected by HIV, HBV and HCV than non-injecting drug users, with a greater prevalence for HCV. Opioid maintenance treatment is a reducing factor of this contamination risk by decreasing intravenous drug use [START_REF] Strathdee | Epidemiology of HIV Among Injecting and Non-injecting Drug Users: Current Trends and Implications for Interventions[END_REF][START_REF] Mathers | Global epidemiology of injecting drug use and HIV among people who inject drugs: a systematic review[END_REF][START_REF] Nelson | The epidemiology of viral hepatitis among people who inject drugs: Results of global systematic reviews[END_REF][START_REF] Hickman | Hepatitis C among drug users in Europe: epidemiology, treatment and prevention[END_REF]. However, it is also well established that, in France, morphine sulfate is mostly injected (71% to 80%), both in cases of abuse or OST [START_REF] Peyriere | Evidence of slow-release morphine sulfate abuse and diversion: epidemiological approaches in a French administrative area[END_REF][START_REF] Peyriere | Slow-release oral morphine sulfate abuse: results of the postmarketing surveillance systems for psychoactive prescription drug abuse in France[END_REF], in a similar way to HDB maintained patients (20% to 46%) [START_REF] Winstock | Prevalence of diversion and injection of methadone and buprenorphine among clients receiving opioid treatment at community pharmacies in New South Wales, Australia[END_REF][START_REF] Jenkinson | Buprenorphine diversion and injection in Melbourne, Australia: an emerging issue? Addict Abingdon Engl[END_REF][START_REF] Guichard | Illicit drug use and injection practices among drug users on methadone and buprenorphine maintenance treatment in France[END_REF][START_REF] Vidal-Trecan | Intravenous use of prescribed sublingual buprenorphine tablets by drug users receiving maintenance therapy in France[END_REF][START_REF] Obadia | Injecting misuse of buprenorphine among French drug users[END_REF][START_REF] Moratti | Intravenous misuse of buprenorphine: characteristics and extent among patients undergoing drug maintenance therapy[END_REF], while methadone is not considered to be injectable.

Although, recent data from harm reduction centres showed that 16.4% of integrated OST patients still had injections in the last month [START_REF] Verthein | Mental Symptoms and Drug Use in Maintenance Treatment with Slow-Release Oral Morphine Compared to Methadone: Results of a Randomized Crossover Study[END_REF].

HCV prevalence in MTD cohort is slightly higher than in HDB cohort whereas the seroconversion incidence observed during the follow-up is lower.

These findings in the methadone cohort could be correlated to a reduction in injection practice.

In France, MTD is particularly prescribed in harm risk reduction objective more than abstinence one, and for the most socially disinserted users, especially when they were injectors. We can hypothesize that this higher prevalence of HCV in MTD patients is the result of past risk behavior, prior to the substitution, while the higher HCV incidence in HDB patients would result from unsafe practices (snorting and injection) that persist despite the opioid maintenance therapy.

The risk of reporting bacterial infections event after the onset of a regular consumption is significantly higher for MS users than OST cohorts. Our results do not show any difference when comparing BHD and MTD to each other.

Our results do not show any difference between the 3 cohorts of substituted patients for the occurrence of thrombotic comorbidities.

These results suggest that efforts to inform and prevent infection risk need to be strengthened, particularly among this population of morphine sulfate users. In view of harm reduction and because of the very high proportion of MS injectors, a free and wider availability of sterile injection equipment would be appropriate. In addition, routine screening for viral infectious diseases (HIV, HCV, HBV) should be performed at initiation of treatment and then periodically during the follow-up.

On the other hand, these results lead to a discussion in the interest of being able to propose an injectable opiate substitution treatment under medical supervision to this minority of patients not relieved by the conventional treatments and their route of administration.

These provisions would reduce healthcare costs associated with complications which patients are facing, as well as bringing some patients not relieved by conventional OST to specialized care.

Comorbid diseases and Socioeconomic status

The lower prevalence of benzodiazepine prescriptions in MS versus OST cohorts is confronted with a higher prevalence of patients suffering from mental health disorder and alcohol dependence. However, morphine sulfate could partly alleviate alcohol withdrawal syndrome and some psychiatric symptoms (like anxiety) [START_REF] Verthein | Mental Symptoms and Drug Use in Maintenance Treatment with Slow-Release Oral Morphine Compared to Methadone: Results of a Randomized Crossover Study[END_REF].

Therefore, based on our findings on low-income status, opioid-dependent patients in morphine sulfate cohorts had a lower socioeconomic level than OST patients. It has been described for a long time that a low socioeconomic status is associated with a higher prevalence of some psychiatric disorder and alcohol dependence [START_REF] Keyes | Socio-economic status and problem alcohol use: the positive relationship between income and the DSM-IV alcohol abuse diagnosis[END_REF][START_REF] Scott | Associations between subjective social status and DSM-IV mental disorders: Results from the World Mental Health Surveys[END_REF][START_REF] Dohrenwend | Socioeconomic status and psychiatric disorders: the causation-selection issue[END_REF][START_REF] Huckle | Socio-economic status predicts drinking patterns but not alcohol-related consequences independently[END_REF] while the comorbidities between these two disorders are also well described [START_REF] Miele | Assessing comorbid mental and substance-use disorders: a guide for clinical practice[END_REF][START_REF] Hasin | Psychiatric Research Interview for Substance and Mental Disorders (PRISM): reliability for substance abusers[END_REF][START_REF] Vega | Prevalence and correlates of dual diagnoses in U.S. Latinos[END_REF].

These results suggest that MS patients should be offered a global and multidisciplinary approach (medical, psychological and social), and should therefore be directed towards addiction centres and not to primary care facilities.

Product characteristics

Our results regarding the brand name and dosages of MS dispensed were consistent with those found in previous French studies with a strong predominance of high dosage Skenan ® [START_REF] Peyriere | Evidence of slow-release morphine sulfate abuse and diversion: epidemiological approaches in a French administrative area[END_REF][START_REF] Peyriere | Slow-release oral morphine sulfate abuse: results of the postmarketing surveillance systems for psychoactive prescription drug abuse in France[END_REF].

It can be explained by its capsular form, containing sustained-release pellets which can easily be crushed and dissolve to be injected with heroin-like effects. In comparison, Moscontin ® is less misused, because this coated sustained-release formulation requires talcum powder, difficult to filter and impossible to dissolve for injectable homemade preparation.

Regarding Actiskenan ® , an immediate-release form of Morphine Sulfate, it appears to be used in almost 30% of regular MS users. This formulation is less known to be injected, as evidenced by users on internet harm reduction discussion forums. Indeed, Actiskenan ® would be difficult to crush, which causes many deposits difficult to filter.

In several clinical studies, the morphine sulfate used was a 24h sustain-released form, as well as controlled delivery with oral administration, which limit risks of misuse [START_REF] Kastelic | Slow-release oral morphine for maintenance treatment of opioid addicts intolerant to methadone or with inadequate withdrawal suppression[END_REF][START_REF] Mitchell | Slow-release oral morphine versus methadone: a crossover comparison of patient outcomes and acceptability as maintenance pharmacotherapies for opioid dependence[END_REF][START_REF] Mitchell | Comparative pharmacodynamics and pharmacokinetics of methadone and slow-release oral morphine for maintenance treatment of opioid dependence[END_REF][START_REF] Beck | Maintenance treatment for opioid dependence with slow-release oral morphine: a randomized cross-over, non-inferiority study versus methadone[END_REF][START_REF] Hämmig | Safety and tolerability of slow-release oral morphine versus methadone in the treatment of opioid dependence[END_REF]. In France, off-label use of morphine sulfate, especially prescribed in primary care, does not permit the control of prescription and dispensation in France.

A way to limit the intravenous misuse of morphine sulfate would be to modify its galenic and to develop abuse deterrent formulations, combining the active substance and its inactive oral antagonist, such as Embeda ® (extend-release capsules of morphine sulfate associate to Naltrexone Hydrochloride) in order to limit the injection. These formulations are the subject of numerous recent studies particularly in the United States because of the rise of the oxycodone misuse [START_REF] Hale | Abuse-deterrent formulations of prescription opioid analgesics in the management of chronic noncancer pain[END_REF][START_REF] Moorman-Li | A Review of Abuse-Deterrent Opioids For Chronic Nonmalignant Pain[END_REF][START_REF] Katz | Challenges in the development of prescription opioid abuse-deterrent formulations[END_REF]. However, although their effectiveness is now validated, alerts merge regarding the transfer of these abuse deterrent formulations towards other opioid treatments possible to misuse or to heroin use [START_REF] Simon | Abuse-deterrent formulations: transitioning the pharmaceutical market to improve public health and safety[END_REF][START_REF] Cicero | Effect of Abuse-Deterrent Formulation of OxyContin[END_REF].

Limitations

One of the main limitations of our study is related to the utilization of health insurance database which implies to include only patients that benefiting from MS reimbursement. Indeed, several national surveys and previous study based on spontaneous addictovigilance notifications showed that 55 to 80% of morphine sulfate users sometimes bought in street markets [START_REF] Peyriere | Evidence of slow-release morphine sulfate abuse and diversion: epidemiological approaches in a French administrative area[END_REF][START_REF] Peyriere | Slow-release oral morphine sulfate abuse: results of the postmarketing surveillance systems for psychoactive prescription drug abuse in France[END_REF][START_REF] Frauger | Which psychoactive prescription drugs are illegally obtained and through which ways of acquisition? About OPPIDUM survey[END_REF] and do not appear in the health reimbursement database or irregularly. In the same way, patients benefiting from a MS dispensation in an addiction centres did not appear in the database.

Moreover, we have chosen to adopt very selective inclusion criteria in order to include only well-phenotyped patients. This choice implies to exclude the patients least integrated in care networks, maybe the most at risk of complications. These most desocialized patients are probably not accessible to a database study but would require a field survey.

In addition, the health insurance reimbursement database includes only inpatient data. So, information on overdoses supported in emergency departments or by 'SAMU' (Emergency Medical Assistance Service) are not taken into account, which may underestimate our results.

Regarding mortality, the database does not yet contain the reason of the death. It is therefore not possible to know precisely whether death is directly related to the substance or the use that is made of it. The small number of events recorded during the follow-up may be explained by a small proportion of patients concerned by this problem and the relatively short follow-up period. This limit may affect the result of the Cox model for which it is recommended to have at least 10 events per variable. Nevertheless, this rule tends to be called into question [START_REF] Vittinghoff | Relaxing the Rule of Ten Events per Variable in Logistic and Cox Regression[END_REF] and the clear difference found between the MS cohort versus OST cohorts, whereas they are not significant between the 2 cohorts of substituted patients, incites to believe in their value.

Another limitation inherent to the use of databases is linked to missing data, due to lack of filling and although there has been a gradual improvement in recent years. Those missing data implies to delete some patients from the analyses.

All these limitations have the effect of underestimating the size of the morphine sulfate cohort for opioid dependence, and maybe the risks to which they are exposed.

Conclusion

This work is the first national pharmacoepidemiological study which provides exhaustive information on risk associated with off-label oral morphine sulfate use in France.

We highlighted that non-painful opioid dependent patients treated by morphine sulfate display a higher risk of overdose, death, shopping behavior and infections.

These new data provide new knowledge about this specific population and remind us that morphine sulfate should be a third-line treatment, only after failure or serious adverse effect with buprenorphine and methadone, and supervised by addiction centres. Off-label use of morphine sulfate, associated with an intravenous misuse and frequent psychiatric and other substance use (alcohol) disorders, should be a matter of specialized addiction centres and not of primary care physicians, in order to associate harm reduction (injection material) and a global management. Finally, searchers and authorities should consider prescribing an injectable form of morphine (chlorhydrate), associated with a take-home naloxone kit, which is already available in France. It would be more secure with regard to the main risks associated with intravenous misuse, i.e. overdoses and infections. 

RESUME

Background: Some addictovigilance studies describe off-label use of morphine sulfate in nonchronic pain opioid-dependent patients for recreational purposes or as an alternative to conventional substitution treatments. The objective of this study is to provide comprehensive data on the risks associated with this off-label use. Methods: A retrospective cohort of non-chronic pain patients who benefited from regular dispensation of morphine sulfate between April 1, 2012 and December 31, 2014 was based on the comprehensive health insurance database (SNIIRAM). Sociodemographic characteristics and prevalence of associated comorbidities were investigated. The incidence of overdoses, deaths, doctor shopping behavior and complications (i.e. viral and bacterial infections and thrombotic complications) related to the very frequent practice of intravenous administration were compared by the Cox regression method to those treated by opioid substitution therapy (OST): buprenorphine or methadone).

Results: 1075 non-chronic pain opioid-dependent patients were included (76.6% of men, median age: 33 years). Overdose incidences were significantly higher than OST patients. Except for thrombotic complications versus OST and hepatitis C virus versus methadone group, incidence of the other associated risks was significantly higher in morphine sulfate group.

Conclusion:

This study is the first to assess the risks associated with off-label use of morphine sulfate at national level. It questions the relevance of these prescriptions as a secure opioid maintenance therapy. 
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 41 First cohort: non-chronic pain and opioid-dependent patients with regular morphine sulfate dispensations This first cohort is constituted by all patients starting a continuous sequence of morphine sulfate between April 01, 2012, and December 31, 2014. Patients treated with morphine sulfate in the 3 months before the index date were excluded, in order to select incident morphine sulfate users.

2. 4 . 2 .

 42 Cohort 2: non-chronic pain and opioid-maintained patients with regular high dosage buprenorphine dispensations The second cohort is constituted by all patients starting a continuous prescription of buprenorphine between April 01, 2012, and December 31, 2014. Patients treated with HDB in the 3 months before the index date were excluded, in order to select incident buprenorphine users.

Fig. 2 :

 2 Fig. 2: Adjusted Kaplan-Meier survival curves for primary outcome (A-Overdoses), and secondary outcomes (B-Mortality; C-Doctor Shopping; D-HCV seroconversion; E-Bacterious infections; F-Thrombotic complications)
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  3.1. Characterization of study populations (Appendix - Table2)3.1.1. First cohort: non-chronic pain and opioid-dependent patients with regular morphine sulfate dispensations Among these patients (N=1075), the mean age was 34.7 ± 8.7 years, for a median of 33 years[START_REF] Cepeda | Assessing opioid shopping behaviour: a large cohort study from a medication dispensing database in the US[END_REF][START_REF] Mcdonald | Estimating the Prevalence of Opioid Diversion by "Doctor Shoppers" in the United States[END_REF][START_REF] Yang | Defining risk of prescription opioid overdose: pharmacy shopping and overlapping prescriptions among long-term opioid users in medicaid[END_REF][START_REF] Cepeda | Comparison of Opioid Doctor Shopping for Tapentadol and Oxycodone: A Cohort Study[END_REF][START_REF] Cepeda | Opioid shopping behavior: how often, how soon, which drugs, and what payment method[END_REF][START_REF] Kernisant | Trend in buprenorphine and methadone shopping behavior in France from 2004 to 2014[END_REF][START_REF] Delorme | Incidence of high dosage buprenorphine and methadone shopping behavior in a retrospective cohort of opioid-maintained patients in France[END_REF][START_REF] Martins | Worldwide Prevalence and Trends in Unintentional Drug Overdose: A Systematic Review of the Literature[END_REF][START_REF] Fareed | Illicit Opioid Intoxication: Diagnosis and Treatment[END_REF][START_REF] Warner | Increase in fatal poisonings involving opioid analgesics in the United States, 1999-2006[END_REF][START_REF] Giraudon | Prescription opioid abuse in the UK[END_REF][START_REF] Strang | Preventing opiate overdose fatalities with take-home naloxone: pre-launch study of possible impact and acceptability[END_REF][START_REF] Jones | Polydrug abuse: A review of opioid and benzodiazepine combination use[END_REF][START_REF] Sun | Association between concurrent use of prescription opioids and benzodiazepines and overdose: retrospective analysis[END_REF], with 76.6% of men and 44.3% of low-income status. The prevalence of HIV was 2.0%, 0.8% for HBV and 13.9% for HCV. Regarding psychiatric disorders, prevalence was 20.2% in this population, and 19.0% had a history of alcohol dependence. 22.1% of patients in this cohort

	The median length of continuous treatment duration was 259.0 [148.0-503.0] days. The median
	daily dose of HDB delivered was 9.5 mg [5.4-16.6].
	During the follow-up period, 82.8% of patients benefited from at least once the original drug
	(i.e. Subutex ® ), 62.3% buprenorphine generic and 13.4% Suboxone ® (buprenorphine +
	naloxone). More precisely, over the entire follow-up period, 32.0% of patients benefited
	exclusively from Subutex ® , 17.3% for buprenorphine generic and 2.6% for Suboxone ® ,
	whereas 48.1% of patients benefited from prescriptions of these 3 buprenorphine formulations.
	3.1.3. Cohort 3: non-chronic pain and opioid-maintained patients with regular
	methadone dispensations
	Among those patients treated by regular MTD (N=9778), the mean age was 33.5 ± 8.2 years,
	for a median of 32 years [27-39]. 71.8% were men and 24.2% had a low-income status. The
	prevalence of HIV was 0.7%, 0.3% for HBV and 5.4% for HCV. Regarding psychiatric
	disorders, prevalence was 10.4% in this population, and 8.2% had a history of alcohol
	Two trademarks were essentially concerned: Skenan ® ranks first, with 97.6% (N=1049/1075)
	of patients, followed by Actiskenan ® (22.1% - N=238/1075) and Moscontin ® (2.6% -
	N=28/1075). For Skenan ® , most frequent dosage per tablet was 100 mg (72.7%), followed by
	200 mg (59.2%), 60 mg (50.6%), 30 mg (48.8%) and 10 mg (42.6%). For Actiskenan ® , dosage
	per tablet was mainly 10 mg (68.5%), followed by 20 mg (47.1%), 30 mg (34.4%) and 5 mg
	(25.6%).
	3.1.2. Cohort 2: non-chronic pain and opioid-maintained patients with regular high
	dosage buprenorphine dispensations
	Among those patients treated by regular HDB (N=20 834), the mean age was 34.5 ± 9.1 years,
	for a median of 33 years [27-41]. The population was made up of three-quarters of men
	(79.0%), and 26.7% had a low-income status. The prevalence of HIV was 0.5%, HBV 0.2%
	and HCV 3.8%. Regarding psychiatric disorders, prevalence was 9.5% in this population, and

received concomitant benzodiazepines prescriptions during the follow-up period. The prevalence of doctor shopping after one year of follow-up was 27.0%. The median length of continuous treatment duration was 234.0 [142.0-436.0] days. The median daily dose of MS delivered was 553.0 mg [250.1-881.0]. 10.6% had a history of alcohol dependence. 28.6% of patients in this cohort received concomitant benzodiazepines and opioids, during the follow-up period. The prevalence of doctor shopping after one year of follow-up was 9.9%. dependence. 27.6% of patients in this cohort received concomitant benzodiazepines and opioids, during the follow-up period. The prevalence of doctor shopping after one year of follow-up was 0.5%. The median length of continuous treatment duration was 451.5 [233.0-787.0] days. The median daily dose of MTD delivered was 46.7 mg [30.2-68.2].

  morphine, misuse, addiction, overdose, doctor shopping, opioid, substitution
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