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Consequence of prescriptions with and without marketing authorization after hospitalization in children Drug interventions are evaluated and receive a Marketing Authorization (MA) before being prescribed. For children, many drugs are used without MA. Unlicensed (UL) drugs are those that do not have marketing authorization. Off-label (OL) use is prescribing outside the terms of the product license. Appropriate medication at hospital discharge is a crucial part of an enhanced transition from inpatient to outpatient care in children experiencing different illnesses. Using a retrospective study approach, we explored the availability of UL or OL medication in outpatient prescriptions at discharge in children. We then conducted a systematic review to summarize the impact of drug-related problems (DRPs) at and after hospital discharge on the risk of readmissions in children. Our research highlights the importance of medication care at hospital discharge in children and justifies the need to conduct prospective cohort studies. In order to improve pediatric patient`s safety clinical trials in children and applying effective interventions at discharge are required.

COMPOSANTES ET DEPARTEMENTS DE SCIENCES ET TECHNOLOGIE

Résume

Conséquence des prescriptions avec et hors AMM après l'hospitalisation chez l'enfant Les interventions médicamenteuses sont évaluées et reçoivent une autorisation de mise sur le marché (AMM) avant d'être prescrites. Chez l'enfant, de nombreux médicaments sont utilisés sans ou hors AMM. Les médicaments sans AMM sont ceux qui n'ont pas reçu d'autorisation de mise sur le marché. La prescription en dehors des termes du dossier de mise sur le marché du médicament correspond à une utilisation hors AMM. Prescrire une médication appropriée à la sortie de l'hôpital est essentiel pour améliorer la transition entre les soins hospitaliers et les soins ambulatoires des enfants atteints de pathologies diverses. En adoptant une approche rétrospective, nous avons exploré la disponibilité des médicaments sans et hors AMM dans les prescriptions ambulatoires destinées aux enfants à leur sortie de l'hôpital. Nous avons ensuite effectué une revue systématique afin de résumer l'impact des problèmes liés aux médicaments à et après la sortie de l'hôpital sur le risque de réadmission chez l'enfant. Notre recherche souligne l'importance des soins médicamenteux chez l'enfant à sa sortie de l'hôpital et justifie la nécessité de mener des études de cohorte prospective. Afin d'améliorer la sécurité des patients pédiatriques, des essais cliniques chez l'enfant ainsi que l'application d'interventions médicamenteuses efficaces à la sortie de l'hôpital sont nécessaires. Drug-related risk of hospital readmission in children, a systematic review Elham Jaberi, Behrouz Kassai, Anick Berard, Guillaume Grenet, Kim An Nguyen Société française de pharmacologie et de thérapeutique (SFPT), Lyon, France, 12-14 June 2019.
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Drug-related risk of hospital readmission in children, a systematic review Elham Jaberi, Behrouz Kassai, Anick Berard, Guillaume Grenet, Kim An Nguyen 5th international pharmacy and pharmaceutical conference, Webinar, 9 June 2022.

Introduction: Problem and Objectives of the Thesis 1. Drug prescription in children

The prescription of drugs to children is not rare and has been identified as a question of importance since the late 1970s, when it was reported that 60% of children under 14 years in the United Kingdom (UK) received at least one prescription a year from the family practitioner (1). In the period of 2018-2019, on average, 86 out of every 100 children under 18 years of age had been exposed to at least one drug prescription over the course of one year, representing a 4% increase in relation to 2010-2011. Children under six years of age were the category most exposed to drugs, with over 97 out of every 100 children affected in a year (2). Despite this, there is still a lack of studies in this area, and there are ongoing concerns over the quality of prescribing for children (3). The World Health Organization (WHO) estimates that half of all medications are inappropriately prescribed or purchased and that >50% of all countries do not implement basic policies to promote rational use of medications (4).

According to a study the most prescribed therapeutic classes for children in France for the 2018-2019 period were analgesics (64%), antibiotics (40%), nasal corticosteroids (33%), vitamin D (30%), nonsteroidal anti-inflammatory drugs (24%), antihistamines (25%), and oral corticosteroids (21%) (2). Many of these prescriptions may be inappropriate; it has been estimated that nearly 50% of antibiotic prescriptions for children given by primary care physicians are unnecessary (5). For example, in the UK there are around six million antibiotic prescriptions for children each year, the majority of which are for upper respiratory infections, most of which likely have a viral etiology (6).

Many drugs exhibit very different pharmacokinetics in children compared with adults, at all levels of drug disposition (absorption, distribution, metabolism and excretion). Medication adherence in children is highly dependent on the drug's formulation, taste, appearance and ease of administration, as well as factors specific to the parents or care givers (including their own medication beliefs and perceptions of risk vs. benefit). Importantly also, many medicines are used in pediatric practice outside the terms of their marketing authorization (MA). Most medicines used have only been formally tested for safety and efficacy in adults, and comparatively few medicines specifically licensed for the treatment of children are available on the market (7).

Medicines regulations

Marketing authorization

Marketing authorization is mandatory before marketing medicine, thus ensuring the safety, the quality and the efficacy of the drug (8,9). Before drug approval, health authorities like the European Medicines Agency (EMA) and the United States (US) Food and Drug Administration (FDA) evaluate findings from the relevant clinical trials to assess the balance between clinical benefit and safety. When requesting marketing authorization for their drug products, pharmaceutical companies are allowed to choose the indication, the design of the trial, and the assessments. In the US, pharmaceutical companies and drug manufacturers must submit full trial protocols to the FDA before those trials can begin. In Europe, companies can, at their discretion, obtain prior scientific advice from the EMA (10). In the US, the FDA issues the MA since 1962, and is competent on the entire federal state (9). The FDA-approved labelling for a drug provides the prescribing information or package insert (PI) to the practitioners and the patient package insert to the patients (11). In Europe, the EMA issues the MA since 1995 (12).

Achievement and Impact of the US and EU Legislation on pediatric medication

Children are often referred to as "therapeutic orphans" (13). The European Union (EU) and the US have taken regulatory action to increase availability of authorized medicines that are appropriate for children use and to produce better informed medicine. A first conjoint effort of harmonization between the founding members (EU, US and Japan) of the International Council for Harmonization of technical requirements for pharmaceuticals for human use (ICH) was made in 2000 and resulted in the ICH-E11 guideline. The goal was "to encourage and facilitate timely pediatric medicinal product development" and to provide "approaches to the safe, efficient and ethical study of pediatric medicinal product" (14). However, it only serves as a recommendation.

It is the responsibility of each member states to put into practice the objectives defined in the ICH-E11.

Regulatory Initiatives in the US

As early as 1979, the FDA required that a subsection of the drug label be dedicated to the pediatric use based on adequate well controlled studies. This was reinforced in 1998 to all new therapies and new indications for all drugs and biological products with the Final Pediatric Rule.

Pharmaceutical industries retaliated through legal actions against the FDA on the basis that such rule exceeded its statutory authority. In response, the Pediatric Rule was replaced in 2003 by the Pediatric Research Equity Act (PREA) giving the FDA authority to mandate pediatric studies (15).

In parallel, financial incentives were implemented in 1997 through the FDA Modernization Act (FDAMA) which was replaced in 2002 by the Best Pharmaceuticals for Children Act (BPCA).

Those acts determine the pharmaceutical products requiring pediatric studies and rewards pharmaceutical companies with six months market exclusivity to existing patent. In conclusion, currently the two regulations applied in the US are the PREA (requirements to study therapeutic products in children under certain circumstance) and the BPCA (incentives to pediatric therapeutic products development) (16). The FDA can waive studies in children if not pertinent or grant extensions for deferred pediatric studies (15,17). The PREA and BPCA have been modified and reinforced over time, resulting in 2012 to the obligation for sponsor to submit a Pediatric Study Plan (PSP) early on in the development process (16). Since 2008, the EMA requires that the sponsor submits a Pediatric Investigation Plan (EU) (PIP) for all drug development [START_REF]Paediatric RegulationDate Accessed[END_REF]. This requirement can be waived off if the indication is not relevant to the pediatric population. The main difference between the PIP and Pediatric Study Plan (US) (PSP) is the time of submission. The FDA requires it at the end of phase 2 while at the EMA, it has to be submitted at the end of phase 1 as soon as the Pharmacokinetic (PK) studies are done in the adult population.

Regulatory initiatives in the EU

In

Impact of the Regulations

Both in the US and in the EU, the legislations had a favorable impact on the number of clinical trials in children. An increase in the number of drugs with information related to children's use was observed. In 1999 according to the Physicians' Desk Reference in the US, 20% of the drugs relevant to pediatric had information concerning children. This increased to 41% between 2002 and 2008 (20). In its 2015 annual report, the EMA showed that the proportion of pediatric trials has increased to over 18% of all trials [START_REF]companies that have failed to comply with any of the obligations in this regulation -Year 2015[END_REF]. In addition, 238 medicines for use in pediatrics and 39 new pharmaceutical children friendly formulation were authorized in the EU between 2007 and 2015 [START_REF] Cibulskis | Care transitions from inpatient to outpatient settings: ongoing challenges and emerging best practices[END_REF].

Regarding pediatric development plans, in the US between 1998 and 2011, 500 labeling changes were approved of which 453 were related to studies request under the BPCA and PREA regulations (15). In the EU, 100 PIPs have been completed and over 700 are ongoing. By June 30th, 2015, 172 PIPs were to be finished and 60% of which were indeed completed. However, The only two PUMAs have been granted in the 10 years of the regulation [START_REF] Cibulskis | Care transitions from inpatient to outpatient settings: ongoing challenges and emerging best practices[END_REF].

2.

Clinical (23). In its 10 year report, the EMA has noted a slight increase in the proportion of trials that included children, but they remain a minority [START_REF] Cibulskis | Care transitions from inpatient to outpatient settings: ongoing challenges and emerging best practices[END_REF].

Clinical data in children are also affected by incomplete reporting and/or bias. Low quality trials can result in an overestimation of the treatment benefit by 34% compared with high quality trials (ratio of odds ratios (ROR) = 0.66; [95% confidence interval (CI), 0.52-0.83]) (24).

No guideline has been developed specifically for reporting protocols and clinical trials in children for publication (25). The prerequisites in pediatric clinical trials being different from adults, the reporting requirements should differ as well. There is an ongoing project to develop extensions to the CONSORT checklist (Consolidated Standards of Reporting Trials) (26) and the SPIRIT checklist (Standard Protocol Items: Recommendation for Interventional Trials) (27) specific to children intervention and randomized trials (25).

Pediatric trials are also at greater risk of being discontinued and non-published. A review of the pediatric clinical trials on ClinicalTrial.gov between 2008 and 2010 showed that out of 559 identified trials, 19% were discontinued early and 30% were not published (28).

Challenges in conducting pediatric clinical research

The lack of trials in children is often explained by the difficulties of conducting trials due to specific constraints. One predominant constraint is the high cost of drug development compared with the available pediatric market leading to a shortage of funds and often to the disinterest of the pharmaceutical industry.

The main complexity of the pediatric population is that it is a heterogeneous population going from birth to 18 years old. A neonate can hardly be compared to an adolescent on the physiological and pharmacological level. When designing a clinical trial, it is important to acknowledge those differences and to gain insight on the efficacy of the drug according to predefined pediatric agesubgroups (29).

Regarding ethics, the main pitfall in pediatric clinical research is that children lack the capacity of understanding risks and all decisions regarding their health are taken by a proxy. Parents are often reluctant to agree to the participation of their child due to the potential unknown harms and the uncertainties around the treatment (15).

Trial methodology is often more demanding and complex in children. RCTs are not as well accepted as in adults, especially when the control groups receive a placebo. It seems less acceptable for parents to include their children in a trial where they might not receive the treatment and where this choice is made randomly (30).

Moreover, pediatric diseases are often rare and represent a lower burden compare with adults (15,31). Thus, the recruitment capacity and corresponding sample size remains a big challenge.

Only 38% of the 736 pediatric trials published between 1996 and 2002 had a sample size of more than 100 (32).

Inequities between adults, children and between children of different age-subgroups exist. It has been argue that all the hurdles listed above are not insurmountable. Innovative technologies and methodology have been or are being develop giving more appropriate tools to conduct trials in children (33). Regulatory actions have also been taken in the past 30 years to incentivize research in the pediatric population.

Extrapolating treatment effects from adult's trials

To reduce the requirement for data where they already exist while addressing the challenges faced by all stakeholders involved in pediatric development (children and their families, healthcare professionals, academia, regulators and pharmaceutical companies), one area advanced by both EU and USA is the use of pediatric extrapolation. This allows maximizing the use of existing data across products life cycle to increase efficiency of pediatric drug development. Extrapolation of efficacy findings from adults to the pediatric population was first proposed by the FDA in the 1994

Pediatric Labeling Rule as a potential strategy to consider the use of adult data when designing pediatric drug development programs. Pediatric extrapolation has been further described in FDA and international guidance to industry (34,35). The EMA has developed a more specific framework for the use of pediatric extrapolation, based on the current understanding of quality and quantity of data, often collected in adult patients, informing the appropriateness of use of pediatric extrapolation. The framework acknowledges, for example, that chronological age alone may not be the most appropriate categorical determinant to define developmental subgroups in pediatric studies. Rather than the traditional development groups based on age (e.g. infants, adolescents), physiological development and organ maturation, pathophysiology and natural history of the disease or condition, and pharmacology of the medicine are factors to be considered in determining appropriate pediatric subpopulations for study (i.e. the source and target populations for extrapolation). Accordingly, the inclusion of pediatric subpopulations in adult trials or even adult subpopulations in pediatric trials may be justifiable (34). Conversely, many diseases of the preterm and term neonate are unique or have unique manifestations precluding extrapolation of efficacy from older patients and may require novel methods of outcome assessment to optimize development. Where there is sufficient understanding of the pathophysiology and the pharmacology of the medicine to support extrapolation across a range of pediatric subsets, trials should focus on those pediatric subsets or disease subsets where gaps in knowledge are greatest (generally infants and neonates). This will avoid unnecessary delays to obtain the needed evidence in these populations (36).

Pediatric extrapolation is an approach that may be used when, based on the course of the disease and expected response to a medicine in the pediatric and reference (adult or other pediatric) populations, to provide evidence in support of effective and safe use of this medicine in the pediatric population (37).

Increasing experience of extrapolation approaches over time has led to agreed development programs that do not require adequate and well-controlled trials in children to establish efficacy.

The methods and acceptability of pediatric extrapolation for specific pediatric drug development programs are rapidly evolving and present both challenges and opportunities. For example, innovative strategies such as modelling and simulation, or alternative statistical approaches to support the acceptability and strengthen the appropriate use of extrapolation, are actively considered by medicine developers and regulatory authorities globally (38).

Where extrapolation is not acceptable

Some pediatric conditions highlight the challenges to acceptability and use of pediatric extrapolation. Where extrapolation is not acceptable, adequate and well-controlled pediatric studies are necessary to establish effectiveness. New approaches are welcome to maximize generation of data while reducing the number of children exposed, but innovative clinical trial designs can be challenging. Until recently, fully powered trials were required to demonstrate a statistically significant and clinically meaningful treatment effect. In many pediatric programs, such studies were not feasible, or not designed to answer questions that the adult trials also failed to address, such as the investigation of the impact of covariates (e.g. body size, organ maturation) in children across the developmental spectrum. Therefore, alternative clinical trial designs should be set up to establish effectiveness, while meeting regulatory standards, and should be designed to answer questions that cannot be addressed by the adult trials in a timely manner. Additionally, while it is acknowledged that safety information in adults may be used to predict some adverse effects in children, data are still required to identify those age-specific adverse effects, in particular related to growth and maturation (38).

Unlicensed/off label drug use in children

While most of the marketing authorization application file on the market of a medicinal product consists of clinical trials, 50% of the drugs used in children have never been studied in this population but only in adults and sometimes for an indication (or disease) different from that of adults (39). Most drugs receive regulatory approval for children many years after these drugs are already available for use in adults. This has not only resulted in a large amount of off-label use of these drugs in neonatal and pediatric patients, but it also has significantly slowed down clinical investigations of medicines that are necessary to obtain children of sufficient quality (40,41).

Prescribing a drug in the absence of product license is unlicensed drug prescribing and prescribing the drug for specifications other than those that are mentioned on the label of the product license is considered off label prescribing. (42,43). According to Turner (44), a drug is considered as unlicensed if i) there is a modified use of the licensed drugs (such as crushing tablets to prepare a suspension), ii) a drug is licensed but the formulation is manufactured under a special license (such as the liquid preparation of a drug that is licensed only in tablet form), iii) chemicals are used as drugs when no pharmaceutical grade preparation is available, iv) drugs are used before a license has been granted, v) imported drugs (drugs imported from a country where they are licensed) are used; and vi) drugs without any product license are used. Examples of off-label use are at different dosage or frequencies, for different clinical indications, in different age groups, administrated by an alternative mode, or in a formulation not approved for use in children. In a systematic review of 34 studies on unlicensed and off-label drug use in hospitalized children, 12.2 to 70.6 % prescriptions were for off-label drugs and 0.2 to 47.9 % for unlicensed drugs (45).

Consequently, the information available to pediatricians may not always be as detailed or as robust as when prescribing a medicine that is licensed for an approved indication. This has led to concerns that children can receive drugs at dosages that either lack efficacy or exhibit safety problems. The latter in particular has received a great deal of attention (42).

Childhood diseases may be different from their adult equivalents. This may affect either the benefit and/or the risk of therapy. The lack of reliable data in the pediatric population is associated with specific problems, including limited availability of safety data due to the lack of clinical trials and insufficient pharmacokinetic data or dose-finding studies. Maturation, growth and development make the pediatric population susceptible to drug-induced growth and development disorders as well as to delayed adverse drug reactions (ADRs) (46).

Drug-related problems (DRPs)

Inappropriate use of drugs can lead to the occurrence of so-called "Drug-related problems" (DRPs) (47). The term drug-related problems has been used to encompass a range of potential or actual negative health outcomes as a result of medication use (48).

The identification, prevention, and solution of DRPs are the core processes of pharmaceutical care. Any care activity to improve the use of medicines is designed to correct or prevent actual and potential DRPs, such as an adverse effect or interaction. Such actions and the underlying reasons for such DRPs should be documented as part of the care process. Classifying DRPs, therefore, is desirable for the development of pharmaceutical care practice and important for pharmaceutical care research (49) 

C1

Drug selection

The cause of the DRP can be related to the selection of the drug

C2 Drug form

The cause of the DRP is related to the selection of the drug form

C3 Dose selection

The cause of the DRP can be related to the selection of the dosage schedule

C4 Treatment duration

The cause of the DRP is related to the duration of treatment

C5 Dispensing

The cause of the DRP can be related to the logistics of the prescribing and dispensing process

C6 Drug use process

The cause of the DRP is related to the way the patient gets the drug administered by a health professional or carer, in spite of proper instructions (on the label)

C7 Patient related

The cause of the DRP can be related to the patient and his behaviour (intentional or non-intentional)

C8 Patient transfer related

The cause of the DRP can be related to the transfer of patients between primary, secondary and tertiary care, or transfer within one care institution. ADEs, ADRs and MEs are related , with preventability being the key differentiator between events (56).

C9

ADEs can be defined as an injury-whether or not causally related to the use of a drug [START_REF] Kaushal | Medication errors and adverse drug events in pediatric inpatients[END_REF].

The WHO's definition of an ADR is "a response to a drug which is noxious, and unintended, and which occurs at doses normally used in man for prophylaxis, diagnosis or therapy of disease, or for the modification of physiological function" [START_REF] Who | Safety of Medicines -a guide to detecting and reporting adverse drug reactions[END_REF].

A ME has been defined by the National Co-ordinating Committee's Medication Error Reduction Programme (NCC-MERP): "A medication error is any preventable event that may cause or lead to inappropriate medication use or patient harm while the medication is in the control of the health care professional, patient, or consumer. Such events may be related to professional practice, health care products, procedures, and systems, including prescribing, order communication, product labeling, packaging, and nomenclature, compounding, dispensing, distribution, administration, education, monitoring, and use." [START_REF] Ncc-Merp | \cr\What is a Medication Error[END_REF] Polypharmacy is defined by the WHO as "the administration of many drugs at the same time or the administration of an excessive number of drugs" [START_REF] Who | A glossary of terms for community health care and services for older persons[END_REF]. According to a systematic review, The most commonly reported definition of polypharmacy was the numerical definition of five or more medications daily, with definitions ranging from two or more to 11 or more medicines (61).

Drug-related problems in children

As a special population, pediatric patients may have a higher prevalence of DRPs than adults.

The appearance of DRPs has become a major concern as about 30 to 40% of pediatric patients experiencing at least one DRP [START_REF] Jafarian | The Responsibility of Clinical Pharmacists for the Safety of Medication Use in Hospitalized Children: A Middle Eastern Experience[END_REF]. According to a study, of the 1055 medication orders for hospitalized children reviewed, a total of 106 DRPs were identified in 90 patients. This gives an overall rate of DRPs of 31.57% [START_REF] Birarra | Assessment of drug-related problems in pediatric ward of Zewditu Memorial Referral Hospital, Addis Ababa, Ethiopia[END_REF].

Medication errors represent one of the most common causes of adverse events in pediatrics [START_REF] Sullivan | Medication errors in pediatrics--the octopus evading defeat[END_REF]. According to a study the prevalence of potentially harmful medication errors in pediatric inpatients was 3 times higher than that in adults [START_REF] Kaushal | Unit-based clinical pharmacists' prevention of serious medication errors in pediatric inpatients[END_REF]. While errors may occur with dispensing, prescribing, administration and monitoring of a drug, most errors occur owing to poor prescribing, particularly incorrect dose [START_REF] Kaushal | Medication errors and adverse drug events in pediatric inpatients[END_REF][START_REF] Simpson | Reducing medication errors in the neonatal intensive care unit[END_REF]. The results of a systematic review on the frequency and nature of pediatric inpatients medication errors showed that dosing errors (prescribing and administration)

and drug selection errors were the most common [START_REF] Birarra | Assessment of drug-related problems in pediatric ward of Zewditu Memorial Referral Hospital, Addis Ababa, Ethiopia[END_REF][START_REF] Ghaleb | Systematic review of medication errors in pediatric patients[END_REF]. In a study with 31.57% DRPs in medication orders for hospitalized children, dose too low (34.9%) and dose too high (7.5%) were dosing problems which were reported. This was followed by drug-drug interactions (38.67%) and adverse drug reactions (8.49%) [START_REF] Birarra | Assessment of drug-related problems in pediatric ward of Zewditu Memorial Referral Hospital, Addis Ababa, Ethiopia[END_REF].

Polypharmacy is increasingly acknowledged as a common concern in pediatric patients [START_REF] Horace | Polypharmacy in pediatric patients and opportunities for pharmacists' involvement[END_REF][START_REF] Martin | Multiple psychotropic pharmacotherapy among child and adolescent enrollees in Connecticut Medicaid managed care[END_REF] with both potential benefits such as control of complex or multiple disease conditions [START_REF] Gallego | Safety and tolerability of antipsychotic polypharmacy[END_REF] and harms such as adverse drug effects, drug-to-drug interaction, hospitalization, poor medication adherence, mortality, resource wastage, burden of medical care, and high cost of healthcare [START_REF] Feinstein | Potential drug-drug interactions in infant, child, and adolescent patients in children's hospitals[END_REF][START_REF] Rashed | Risk factors associated with adverse drug reactions in hospitalised children: international multicentre study[END_REF][START_REF] Saldaña | Antipsychotic polypharmacy in children and adolescents at discharge from psychiatric hospitalization[END_REF][START_REF] Hovstadius | Increasing polypharmacy -an individualbased study of the Swedish population 2005-2008[END_REF]. The results of different studies showed that polypharmacy (AOR = 3.16; [95% CI, 1.61-6.20]) [START_REF] Mechessa | Drug-related problem and its predictors among pediatric patients with infectious diseases admitted to Jimma University Medical Center, Southwest Ethiopia: Prospective observational study[END_REF] and the number of prescribed drugs (adjusted odds ratio (AOR) = 2.3; [95% CI, 1.3-4.3], P = 0.007) were independent predictors for the occurrence of DRPs in hospitalized children [START_REF] Birarra | Assessment of drug-related problems in pediatric ward of Zewditu Memorial Referral Hospital, Addis Ababa, Ethiopia[END_REF].

Pediatric medication nonadherence is a major problem in health care systems. Age of the child, lack of understanding about the disease or treatment, culture, socioeconomic status, family structure, schedule of medications, and taste can all contribute to this problem [START_REF] El-Rachidi | Pharmacists and Pediatric Medication Adherence: Bridging the Gap[END_REF]. Several studies have shown that the medication adherence of children was usually less than 50% [START_REF] Mechessa | Drug-related problem and its predictors among pediatric patients with infectious diseases admitted to Jimma University Medical Center, Southwest Ethiopia: Prospective observational study[END_REF][START_REF] Quittner | Evidence-based assessment of adherence to medical treatments in pediatric psychology[END_REF].

Children are especially vulnerable to ADRs and incidence rates range from 0.6% to 16.8% of children exposed to a drug during a hospital stay [START_REF] Smyth | Adverse drug reactions in children--a systematic review[END_REF]. These susceptibilities are explained in part by physiological changes during growth, influencing drug bioavailability and disposition. Lack of information from clinical trials increases the uncertainties about the benefit-risk profile of commonly used medicines in pediatrics [START_REF] Star | Suspected adverse drug reactions reported for children worldwide: an exploratory study using VigiBase[END_REF][START_REF] Osokogu | Pharmacoepidemiological safety studies in children: a systematic review[END_REF]. The WHO Global Individual Case Safety Report (ICSR) database has reported ADRs rates of 7.7% (268,145) in children from 0 to 17 years of age (79).

Consequences of DRPs

DRPs are a major area of concern to the patient as well as to the society in terms of psychological, physical, and economic burden [START_REF] Classen | Adverse drug events in hospitalized patients. Excess length of stay, extra costs, and attributable mortality[END_REF][START_REF] Bates | The costs of adverse drug events in hospitalized patients. Adverse Drug Events Prevention Study Group[END_REF]. DRPs occurrence may increase the number of treatment failures, the duration of hospitalization, the rate of follow-up and emergency department visits, and hospital readmission as well as the need to prescribe additional drugs and the treatment costs [START_REF] Birarra | Assessment of drug-related problems in pediatric ward of Zewditu Memorial Referral Hospital, Addis Ababa, Ethiopia[END_REF][START_REF] Baena | Medicine-related problems resulting in emergency department visits[END_REF]. Unrecognized and/or unresolved DRPs can potentially lead to significant drug-related morbidity and/or mortality [START_REF] Lassetter | Medical errors, drug-related problems, and medication errors: a literature review on quality of care and cost issues[END_REF].

In pediatric patients, 4.3% to 17.7% of hospital admissions might be related to DRPs [START_REF] Zed | Medication-related emergency department visits in pediatrics: a prospective observational study[END_REF][START_REF] Kl | Emergency department attendances associated with drug-related problems in paediatrics[END_REF].

Of 144 million emergency departments visits, 0.5% were associated with ADEs in children with complex chronic diseases. ADEs were also associated with subsequent inpatient admission (OR = 2.18; [95% CI, 2.04-2.32]) in this group of children [START_REF] Feinstein | Adverse drug event-related emergency department visits associated with complex chronic conditions[END_REF]. Lack of adherence to the medication was associated with unplanned drug-related readmissions within a short time after discharge (OR = 2.52; [95% CI, 1.13-5.65]) [START_REF] Auger | Pediatric asthma readmission: asthma knowledge is not enough?[END_REF].

In addition to these, substantial costs are also associated with DRPs. For example, the economic burden arising from drug-related morbidity and mortality in ambulatory care environment in the USA in the year 2000 was estimated to reach $177.4 billion [START_REF] Ernst | Drug-related morbidity and mortality: updating the cost-of-illness model[END_REF]. Additionally, the direct costs associated with DRPs identified at two pediatric hospitals in Australia totaled 100,707 lb [9]. A study done in Lagos State University Teaching Hospital, Nigeria, reported that approximately1.83 million naira (15,466.60 United States dollar (USD)) was spent on managing all the patients admitted due to ADRs [START_REF] Oshikoya | Incidence and cost estimate of treating pediatric adverse drug reactions in Lagos, Nigeria[END_REF]. The estimated annual cost of drug-related morbidity and mortality resulting from non-optimized drug therapy was $528.4 billion in 2016 US dollars, with a plausible range of $495.3-$672.7 billion (57, 91).

6.

Discharge medication complications

Hospital-to-home transition

Care transitions occur every time a patient changes levels of service, location, or with each shift change or transfer of care [START_REF] Cibulskis | Care transitions from inpatient to outpatient settings: ongoing challenges and emerging best practices[END_REF]. Hospital-to-home transitions are critical opportunities to promote patient safety and high-quality care. In particular, the discharge of a child from the hospital is an important opportunity to establish a plan of care in partnership with patients, parents, and clinicians across the care continuum. Unfortunately, discharge from hospital is a process fraught with variability and substandard quality of care; all too commonly, errors, omissions, duplications, and inconsistencies occur in pediatric discharge care [START_REF] Bourgeois | Patients treated at multiple acute health care facilities: quantifying information fragmentation[END_REF][START_REF] Bradley | Contemporary evidence about hospital strategies for reducing 30-day readmissions: a national study[END_REF][START_REF] Kripalani | Promoting effective transitions of care at hospital discharge: a review of key issues for hospitalists[END_REF]. Discharge care of this nature worsens patients' health and increases their likelihood of subsequent hospital readmission [START_REF] Berry | Hospital readmission and parent perceptions of their child's hospital discharge[END_REF][START_REF] Frei-Jones | Risk factors for hospital readmission within 30 days: a new quality measure for children with sickle cell disease[END_REF]. Early hospital readmission of patients after discharge is a public health problem. One major cause of hospital readmission is dysfunctions in integrated pathways between community and hospital care that can cause adverse drug events [START_REF] Congdon | Pediatric Readmissions and the Quality of Hospital-to-Home Transitions[END_REF].

Discharge complications can be reduced when multiple health care professionals and family members work together to initiate, monitor, and finalize a successful discharge [START_REF] Berry | A framework of pediatric hospital discharge care informed by legislation, research, and practice[END_REF]. A multicenter improvement collaborative decreased discharge-care failures using a bundled intervention (100).

However, this study did not assess specifically the medication process. In general, there are no widely accepted standards to maximize quality of pediatric discharges, especially related to medications (99).

DRPs at discharge

Appropriate medication at hospital discharge is a crucial part of an enhanced transition from inpatient to outpatient care in children experiencing different illnesses (101). However, according to a study, the proportion of prescriptions at discharge with at least one DRP was 65.7%. DRPs included inappropriate drug selection (35.6%), wrong time of dosing relative to meals (35.6%), inappropriate dosage form (9.3%), inappropriate indication (7.1%), and drug-drug interactions (0.3%) (47).

The results of a study showed that among 308 patients receiving 777 prescriptions at hospital discharge, 384 (49%) were for unlicensed or off-label use. Of these 291 (76%) were off-label (102).

Medication errors are one of the most common causes of adverse events (103) and children are exceptionally at high risk for adverse drug events (104). A study demonstrated that pediatric patients discharged from hospital were at risk of receiving erroneous prescriptions (105). The result of a study showed that 80% of pediatric in-patient discharge prescriptions had >1 prescribing error (106).

With regard to polypharmacy at discharge, a study indicated that pediatric patients prescribed ≥5 drugs at discharge were more likely to have DRPs than patients who took fewer drugs (odds ratio (OR) = 3.7; [95% CI, 2.9-4.6]) (47).

Objectives:

Despite the fact that DRPs in outpatients are very common and contribute to iatrogenic Hospital readmission rates are an indicator of quality of care in children's hospitals, but are also confounded by the characteristics of the population they served (112, 113). It has been estimated

that up to almost one third of children hospital readmissions might be preventable (114). It is therefore of a particular importance to improve the quality of discharge care. With regard to the fact that transitions between hospital settings and community displays the highest risk of medication errors (115), one of the solutions in accordance with the WHO ("Assuring medication accuracy at transitions in care") and French health authorities (116), is developing programs on the securing patients' medications at hospital discharge (117).

One of the most appropriate policies to improve discharge medication is detection of risk factors of readmission. In particular, taking the initiative to explore drug-related predictors of readmissions in order to define appropriate interventions are basically needed. Accordingly, increasing the quality of drug therapy by decreasing the occurrence of DRPs may have a substantial impact on the health costs, potentially saving lives and improving patients' quality of life (118, 119).

We therefore, as one of the objectives of this thesis, decided to summarize drug-related risk of hospital readmissions in children. We conducted a systematic review of the literature to explore discharge or post-discharge DRPs affecting hospital readmissions. We counted the number of conclusive and inconclusive reported associations between a DRPs and the risk of readmission. A nominal p-value at 5% or the corresponding 95% confidence interval of the reported OR, depending on their availability, were used to define the status as "conclusive" or "inconclusive" without multiple testing adjustment.

As unlicensed/off-label drug use is recognized as the main area of concern in pediatric health and concerns about increased risks for adverse effects, we also decided to describe unlicensed/offlabel drug utilization (all prescriptions) in children following their hospitalization. We conducted an observational cohort study using electronic hospital records discharge medication data from the Lyon EREMI cohort.

Unlicensed/off-label medication prescriptions at hospital discharge: Data from the French EREMI children cohort Elham Jaberi 1 , Xavier Dode 2 , Inesse Boussaha 3, Guillaume Grenet 1,4 , Anick Berard 1,5 , Behrouz Kassai 1,3 , Kim An Nguyen Key words: Children, Medication, Discharge, Unlicensed, Off-label.

Introduction

Marketing authorization (MA) is mandatory before marketing medicine, thus ensuring the safety, the quality and the efficacy of the drug (9,120). While most of the marketing authorization application file on the market of a medicinal product consists of clinical trials, 50% of the drugs used in children have never been studied in this population but only in adults and sometimes for an indication (or disease) different from that of adults (39,121). Any intentional use of an authorized product not covered by the terms of its MA is considered an off-label (OL) prescription and if a drug used to treat a disease is not licensed is an unlicensed (UL) drug (44). A systematic review of studies on UL/OL drug use in hospitalized children showed that 12.2 to 70.6 % was for OL drugs and 0.2 to 47.9 % for UL drugs. The percentage of children who received at least one OL and/or UL drug ranged from 42.0 to 100 %, with newborns being the population that received most of such drugs (45). This has led to concerns that children can receive drugs at dosages that either lack efficacy or exhibit safety problems. Some studies showed that UL/OL prescriptions increased two fold the risk of adverse drug reactions (ADRs) in hospitalized children (42,44,122,123). 

Methods

Study design and setting

This was an observational cohort study using electronic hospital records discharge medication data 

Data collection

Discharge prescription data from January 2014 to December 2016 and other information were obtained from the electronic hospital records of the children recruited in EREMI study. If a patient had more than one prescription, data from all hospital discharge medication during the study period were included in the analysis. Inclusion criteria with regard to demographic data were: age, sex, weight and height of the patients and for prescribed medications according to the structure needed for UL/OL determination were: discharge prescription date, dose, dosage form, units, route of administration, frequency, duration of treatment. We excluded the data related to blood-derived products, nutrition, contrast products, oxygen or other gases, nutrient infusion or non-drug infusion, non-medical topical products (creams, etc.) and radiology.

Definition of UL/OL drugs UL/OL prescribing was identified and categorized according to the definition of Turner et al (44).

Categories of unlicensed use included: the modified use of licensed drugs (such as crushing tablets to prepare a suspension), drugs that are licensed but the formulation is manufactured under a special license (such as the liquid preparation of a drug that is licensed only in tablet form), use of chemicals as drugs when no pharmaceutical grade preparation is available, drugs used before a license has been granted, imported drugs (drugs imported from a country where they are licensed); and drugs without any product license. Administration of a drug outside a defined age range, use of a different route, use of a different dosage, dosing frequency or duration of use, drugs unavailable in pediatric formulations and prescription for a different indication were categories of OL use.

UL/OL drugs determination

The reference source for determining licensed indications was the product characteristic summaries of marketing authorizations in the Thériaque database (131), which includes the Anatomical Therapeutic Chemical classification system (132). Each prescription was classified as on-or off-label and drugs were categorized as having been prescribed off label with respect to age of the pediatric patients. UL prescriptions were classified as drugs without any product license or pharmacy produced and were not further evaluated.

Statistical analysis

Descriptive analyses were performed on the data structured using Microsoft Office Excel.

Results

Characteristics of included children

A total of 479 patients were included in the study. Of these, 265 (55.3%) were male. The age range was 3 weeks-17 years old with the median age of 5 years. The median weight of the patients at discharge was 19.9 kg. Of 2536 total prescriptions, median prescriptions number per child was 3

(range 1-6). 58.6% (CI 95%: 56.7-60.5) of the prescriptions were licensed, 2.3% were UL, and 39.2% were in an OL manner. A total of 323 (74%) of children received at least one UL/OL drug.

The descriptive statistics of the study cohort are given in Table 1.

Table 2 shows the details of the most frequently prescribed drugs and their labeling status.

Bronchodilators (salbutamol) and analgesics (paracetamol) were the most prescribed classes and they were licensed for children. After, the vitamins (A, D, ADEC) and corticosteroids (prednisolon and mometasone) were two classes most prescribed for the children, and about 10% (CI 95%; 5.8-15.6) and 13.5% (CI 95%; 8.8-15.4) of their prescriptions were used in OL manner.

The individual drugs most commonly prescribed UL/OL are presented in Tables 3 and4. The most commonly prescribed OL drugs were antibiotic (amoxicillin) and laxative (macrogol).

Among UL drugs, vitamins (A) and melatonin were the most common. 

Discussion

This observational cohort study investigated the use of UL/OL medication in outpatient prescriptions at discharge for children included in EREMI in Lyon city, by using electronic hospital records. To the best of our knowledge, this is the first time that the use of UL/OL medication in children at discharge is reported in France. The findings of this study showed that about 41.5% of the discharge prescribed medications for children were UL/OL. Of these 57 (2.3%) of the prescribed medications were UL which were pharmacy produced. 993 (39.2%) were OL in relation to child's age. The incidence of UL/OL medication was higher in school aged patients.

74% of the children received at least one UL/OL medication. The highest absolute number of OL prescriptions were found for antibiotics (amoxicillin).

Limitations and Strengths

Although we examined a very well-characterized sample from one of the largest university hospitals in France, these data were derived from a single site, covering only … neonatal and … pediatric wards. So, as with any single-site study, results will require replication to confirm generalizability. Moreover, there are inherent limitations associated with the retrospective design;

as such, the results of this study should be considered within the context of the study's limitations.

As in most claims data analyses, we were not able to include clinical data and diagnosis information. Thus, we did focus on drug prescription instead of analyzing patients in detail comparing on-and off-label users. We only studied off-label prescribing in terms of age of the children, without including the dosage, indication, route of administration and drug interaction risks. Non-inclusion of these criteria allows us to believe that the estimation of off-label prescribing frequency was minimal. Finally, it is also worth noting that, because it was not possible to verify the indication of use of the drugs used by the children, for UL/OL drug use, the lowest In our study, the primary reason for OL prescriptions was age, which was a similar finding of a previous study (136). On the other hand, other studies reported that the route of administration was the most common reason for OL prescriptions (137, 138) for example, buccal administration of sedatives and analgesics, and administration of drugs via enteral feeding tube.

The . Therefore, we believe that it is necessary to reconsider the authorization of drugs that have been used for a long time, especially when the prescription is for therapeutic use.

Amoxicillin as an anti-infective medicine also was among the major medicines prescribed in an off-label manner. Anti-infective class of medicine, is among those well studied in pediatric randomized clinical trials with documented safety outcomes in children (146).

Almost all of the drugs prescribed (97.7%) to children in this study were licensed in France.

Previous studies conducted in France reported unlicensed use to be rare, 3.2%, 5.2% and 4% of all prescriptions in pediatric hospital, neonatal intensive care units (NICU) and office based pediatricians, respectively (139, 141, 147). Unlicensed prescribing by physicians in our study was for uncommonly prescribed medicines contributing to the 2.3% of prescribing that was made in the pharmacy.

Implications for practice and research

Besides conducting studies to determine the nature and extent of off-label prescribing in children from unmapped settings, the reasons why doctors and pharmacists choose to prescribe and dispense UL/OL drugs to children also need to be explored. Since decades ago till now, knowledge and healthcare professionals' personal characteristics have been reported as a factor influencing prescribing and dispensing habits (148-150). So, education and prescription support systems should be considered as priorities. According to a French report on promoting and monitoring the proper use of medicinal products, physicians do not have enough training on basic rationales that are the foundation of good prescribing and relevant use of drugs. The authors of this report recommend improving initial medical training, to make the prescribing physician aware of what he is prescribing, to whom, how and why. In their opinion, the lack of continuing education and of the hierarchy of its content regarding health and economic priorities are significant factors of improper prescribing, particularly off-label (151).

Additionally, fewer studies investigated the cost incurred by off-label drug use in children. In the era of financial constraint, especially in healthcare financing, the practice of optimal allocation of limited resources sometimes fails to provide importance to drugs without substantial evidence on effectiveness and safety (152, 153). Therefore, there is a need to identify the cost of off-label drugs used in children in order to guide allocation, coverage and reimbursement decisions of off-label drugs in children.

Unavailability of drug registered is another reason of using UL/OL medications for use in children. Despite the increase in the number of clinical trials in children and regulatory efforts, the access to prescribing information about drugs as well as the rate of off-label prescribing in children has not changed over the past two decades (157, 158). This sheds light to another spectrum of off-label prescribing, namely the guideline recommended practice.

To justify the efficiency of medications are prescribed for children, future research by using real world data can also explore the level of evidence including randomized controlled trials of good quality for different medications (already done in France (159)).

There is no official definition for off-label prescribing and various definitions are used, particularly in children (42,160). An international or European common definition would allow better offlabel prescriptions evaluation and comparison. The intentionality requirement, by the EMA, in particular (161), can be an obstacle as this criterion is hard to assess.

Children discharged from specialist pediatric hospitals frequently encounter problems in obtaining their UL/OL medicines in primary care. It is important to identify ways to improve the availability of these medications in primary care (127).

As we worked in our previous study (162), studies should also assess the burden of harm caused by medication, particularly UL/OL medication, at hospital discharge. This strategy will help the researchers to focus on designing and applying possible interventions like pharmacist-led medication reviews during hospital transitions (163-165) to improve patient safety.

Conclusion

In summary, this study showed that the OL drug use in children at hospital discharge was common with respect to the age of the child. Efforts by pediatricians and regulatory authorities are needed to improve pediatric drug labelling. Additionally, clinical trials to confirm the efficacy and safety of drugs in the pediatric population, as well as prospective studies using real-world data (166) such as EREMI cohort study during clinical care are required. While waiting for improved availability of appropriately authorized products, significant attention should be put on permanent education programs aimed at prescribers and regulatory actions, health surveillance and pharmacovigilance.

The results of our study could guide the researchers and policymakers to improve the quality of Deficiencies including inadequate funding and conflicts of interest with trials still being driven by financial and political incentives. Health policy makers need to consider the needs of children by setting priorities, developing infrastructure and providing sufficient funding (168) that is sustainable to accelerate the progress of equitable health care. The future health of children hinges on the success of pediatric trials. Greater advocacy and collaboration between all major stakeholders including regulatory authorities, pharmaceutical industries, scientific community, clinicians and the public at the national and international level is crucial to this success. Investment into better evidence-based treatments for our children is an investment into a better future for all (15).

While waiting for improved availability of appropriately authorized products, significant attention should be put on ensuring that tools and systems are available to best possibly inform prescribers, parents and caregivers of children on appropriate use of medicines for children.

Improving discharge medication efficiency, interventions to be used

Hospital discharge is a multidisciplinary process during which patients receive complex medical information and follow-up instructions (169). With regard to the fact that adverse events are common in the discharge process and more than half of them are preventable (170, 171), facilitating inpatient pediatric discharges from the inpatient to home setting is very important (172). In particular, reducing readmissions has become a focal point for hospital systems nationwide. Approximately 6.5% of children were readmitted to the hospital within 30 days of being discharged from acute care pediatric hospitals (173), while thirty percent of these pediatric readmissions were estimated to be preventable (114). However, there is a lack of high-quality evidence throughout the literature on how to improve the discharge process. Evidence suggests that if more needs are addressed during discharge transition of care, the discharge will be more effective (174, 175). Integration of risk-related interventions in order to reduce DRPs at discharge can improve the quality of care at discharge. In this regard medication reviews and patient education at hospital discharge are important. The impact of pharmacist-led medication reviews on all-cause readmissions is not clear, but these clinical pharmacist services have a significant impact on all-cause emergency department (ED) visits and drug-related readmissions (178). The majority of studies were conducted on the impact of medication reviews in the elderly; it is important to demonstrate whether they can affect the pediatric population. In addition, the global quality of the studies is low, and, to our knowledge, there are no RCTs involving a large number of subjects; this type of study is necessary to demonstrate a significant impact on pediatric safety particularly readmission rates after hospital discharge. An RCT with a large number of subjects using a standardized medication review in populations at risk for drug-related readmission is necessary.

Discharge teaching, readiness for discharge

Communication interventions at discharge are significantly associated with fewer hospital readmissions, higher treatment adherence, and higher patient satisfaction and thus are important to facilitate the transition of care. (179).

When parents of hospitalized children reported feeling unprepared for discharge, they had difficulty transitioning from hospital to home and managing their child's complex care needs (180, 181), leading to problems that may resulted in returning to the hospital for an ED visit or readmission. In a study, both parents and providers considered readmissions and ED visits preventable, with parent education that prepares families for discharge and the transition to family management at home viewed as one of the major opportunities for improvement (182).

Although preparation for discharge is a multidisciplinary effort, nursing staff have primary responsibility for discharge teaching, the educational interventions to prepare the patient and family member or caregiver with the knowledge and skills needed to assume care as the patient transitions from hospital to home(183). Discharge teaching typically consists of structured teaching about disease process and the skills needed for medical self-care. This content may not fully meet the comprehensive needs of parents for managing the demands of the child's care within their own context of home and family life (184, 185). Education of patients and families/caregivers should encompass providing information, developing care skills, fostering informed decisionmaking, and building confidence in the management of care needs at home after discharge (186, 187). In several studies, the 'delivery' of teaching, measured as the patient's (or parent's) report of the way nurses teach, was a more significant predictor of perception of discharge readiness and subsequent difficulties encountered in coping at home after discharge (168, 180, 188) than the amount of content taught. What nurses do to prepare parents for hospital discharge has an impact not only at the time of hospital discharge but also extends into the post-discharge period.

Developing a better understanding of the impact of discharge teaching on discharge-related outcomes for the parent and child can provide evidence to support investment of effort and resources to prepare pediatric nurses to perform high quality discharge teaching.

Conclusion:

Children are prescribed medicines at discharge that are not authorized in terms of age. Use of UL and OL medications remains a problem in pediatric hospital discharge. DRPs at and after discharge are associated with the increased risk of hospital readmission.

The work conducted during this PhD has contributed to better acknowledge that more data are still needed on efficacy and safety of medicines used in children at discharge. In this regard, more prospective cohort studies should be performed. Better and more relevant clinical trials in children are needed to increase our knowledge of the effects of medicines and to prevent the delayed or non-use of beneficial therapies. Although current regulations and initiatives are improving the scope, quantity and quality of trials in children, there are still deficiencies that need to be addressed to accelerate radically equitable access to evidence-based therapies in children.

The results of our study could guide the researchers to perform future studies on designing and applying possible interventions at hospital discharge in order to improve patient safety. The implementation of a pharmacist medication review and collaboration with the pediatrician and nurses will improve the pediatric discharge process by optimizing treatment and improving the understanding of parents/caregivers.
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  Europe the need to include children in drug development, as patients being at an increased risk, was defined in the European Regulation in 1975 (Directive 75/318/EEC) (18). To fill in the gaps in knowledge and practice, the European Pediatric Regulation was implemented in 2007 (Regulation 1901/2006/EU and 1902/2006/EU) (19). The EU regrouped under one regulation the requirement to conduct pediatric clinical research and the incentives. Like the FDA, the EU rewards with a 6 months MA extension all drug development done in children. In addition, the EU implemented another type of MA called a Pediatric Use Marketing Authorization (PUMA). The aim is to encourage the development of a new pediatric indication for off patent medicines. This rewards the PUMA holder with a 10 years data protection.

  morbidity (107), studies have assessed DRPs in the inpatient pediatric setting (62, 108, 109), and little is known about the outpatient rate. Additionally, since the medications are mostly administered to a child are tracked by parents and caregivers at home or school, it is difficult to determine and subsequently monitor the harmful consequences of DRPs in pediatric outpatient treatment (110, 111).

  from the Lyon EREMI cohort. All further exploration based only on anonymous EREMI database were approved by national ethics committee (NCT02852590). This study took place from April to October 2022. To summarize the results obtained, patients were classified into four age groups including: term newborn infants (0-27 days); infant toddlers (1-23 month); children (2-11 years); and adolescent (12-18 years). This classification was according to the International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH), Harmonized Tripartite Guideline E11 for clinical investigation of medicinal products in the pediatric population (130).

  The development of specific formulations for children requires actions from the public and private sectors. In the US and the European Union, have been associated with the increase in the number of clinical trials with individuals under 18 years old (154, 155). In the US, hundreds of studies encouraged by the Best Pharmaceuticals for Children Act (BPCA) and the Pediatric Research Equity Act (PREA) were carried out with the pediatric population between 2007 and 2013, allowing adjustments in the labeling of the drug. The European Commission has also proposed regulatory actions to promote the licensing of medications in children (156). Adequate resources for pediatric clinical trials are essential if children are to be given medications that are safe and effective for use in their age group. Until better information becomes available, pediatric formularies will remain the only easily accessible source of information for medical practitioners and pharmacists.

  discharge medication in children by assessing effective interventions during the transition from hospital to home. circumstances remain united by their right to scientifically validated, safe and effective medicinal therapy.

2. 1 .

 1 Medication reviewsMedication reviews are considered a key element in improving the quality of prescriptions and in preventing ADEs among hospitalized patients (176). A medication review is 'a structured, critical examination of a patient's medicines with the objective of reaching an agreement with the patient about treatment, optimizing the impact of medicines, minimizing the number of DRPs and reducing waste' (177). When performed by pharmacists, this process is called a pharmacist-led medication review. Pharmacist-led medication reviews have been widely introduced in hospitals based on three types of interventions: (i) prescription review (type 1), (ii) adherence review (type 2) and (iii) clinical medication review (type 3) (178). Pharmacist-led medication reviews at hospital transitions particularly when conducted at discharge are an effective means of decreasing medication discrepancies (164). It can improve medication safety for children during the discharge process or consultations, by reducing prescription errors, optimizing administration, counselling patients or parents and helping to ensure care continuity (165).

  . Several classification systems of DRP have emerged, among them the Pharmaceutical Care Network Europe (PCNE), which has been the most widely used internationally in hospital clinical practice, researchers and health workers in the pharmacy area(50). Comparing with other DRP classification systems, PCNE can provide a more structured evaluation for optimizing medicines and improving health service(51).During the working conference of the PCNE in January 1999, a classification scheme was constructed for DRPs. The classification is part of a total set of instruments. The set consists of the classification scheme, reporting forms and cases for training or validation. The classification

				Code	Primary domains
				V9.1
	Problems (also potential)	P1	Treatment effectiveness
				There is a (potential) problem with the (lack of) effect of the
				pharmacotherapy
				P2	Treatment safety
				Patient suffers, or could suffer, from an adverse drug event
				P3	Other
	Causes (including possible
	causes	for	potential
	problems)		

system is validated and adapted regularly. The current version is V9.1, which has been developed after a validation round and an expert workshop in February 2020. It is backwards compatible with V8 (with some adaptations), but not with versions before V8 because a number of major sections have been revised. The classification is for use in research into the nature, prevalence, and incidence of DRPs and also as a process indicator in experimental studies of Pharmaceutical Care outcomes. This classification mainly includes unnecessary drug treatment, inadequate drug treatment, ineffective drug treatment, adverse drug event (ADE), inappropriate dosage, and poor adherence

(52, 53)

. Most DRPs are related to prescribing including drug selection, dosage, and usage

(54, 55)

. It is also meant to help health care professionals to document DRP-information in the pharmaceutical care process. Throughout the classification the word 'drug' is used, where others might use the term 'medicine'. The hierarchical classification is based upon similar work in the field, but it differs from existing systems because it separates the problems from the causes. Quality experts will recognize that most of the causes are often named 'Medication Errors' (MEs) by others. The following official PCNE-DRP definition is the basis for the classification: "A Drug-Related Problem is an event or circumstance involving drug therapy that actually or potentially interferes with desired health outcomes."

  OL medication in children at hospital discharge. In this context, we aimed to describe the UL/OL prescriptions in hospitalized children at discharge. It is the first study providing such information in France based on the large cohort of EREMI study. EREMI is a multi-center prospective study, evaluates the relationship between UL/ OL drug use and adverse drug reactions in about 6000 hospitalized children in France (129).

	Appropriate medication at hospital discharge is a crucial part of an enhanced transition from inpatient to outpatient care in children experiencing different illnesses (101). While the majority of studies on evaluation of UL/OL drug prescribing were based upon inside hospital settings (124) or outpatient population (125), data concerning medication at discharge particularly in children is insufficient. A couple of studies in different countries were conducted on medication at discharge with a focus on UL/OL use in children's psychiatric and gastroenterology units (102, 126), primary care (127) and different hospital wards (128). In France, for our best search, we didn`t find any study concerning UL/The aim of this study was to assess the UL/OL medication in outpatient prescriptions at discharge available in EREMI cohort.

Table 1 .

 1 Demographic and general prescriptions characteristics.

		<27 days	28 days-23 months	2-11 years	12-18 years	Total
	Demographics					
	Number of children	2 (0.4)	138 (27.2)	298 (58.9)	68 (13.4)	479
	discharged (%)					
	Gender M a /F b	2/0	81/55	159/125	32/30	265/194
	Median weight at discharge					

Table 3 .

 3 The most commonly off-label drugs.

	Generic name	Trade name	% of all prescriptions	Approved for patients older than (years)
	Amoxicillin	Augmentine pdr a for oral susp. b	2.8	NA e
		250mg/5mL -tbl. c 1G -cap. d 500mg		
	Macrogol	Forlax oral sachet 10 g	0.9	8
	Esomeprazole	Inexium tbl. 20 mg	0.7	18
	Vitamin D	Uvedose 100000UI oral sol. (ampoule)	0.6	5
	Sulfamethoxazole &	Bactrim forte tbl. 800 + 160 mg	0.6	18
	trimethoprime			

a Powder b Suspension c Tablet d Capsule e Not applicable. Amoxicillin for children less than 40 kg is off-label. f Solution

Table 4 .

 4 The most commonly unlicensed drugs.

	Name	% of all prescriptions
	Vitamin A	0.5
	Melatonin	0.2
	Enalapril	0.1
	Ursodeoxycholic acid	0.08
	Fludrocortisone	0.08

  results of our study were influenced by number of patients in each age category. The prescription of unlicensed drugs was significantly more frequent in school age children than in any other age group. In this category, there is also the highest number of prescriptions per patient. It is probably caused by the morbidity of children. The older the child, the higher is the risk of multiple therapies due to chronic diseases. Our result was in accordance with one report from another French hospital which showed that children (2-11 year old) and adolescents (12-18 year old) received the highest number of UL/OL prescriptions (45% and 46.8%, respectively) (139).

	According to previous studies OL prescriptions were most frequent in newborns (45, 134), but the
	low number of patients in this age category prevented making any definite conclusions in our
	study.
	Among the most frequently prescribed medicines in this study vitamins A, D, E, C, and
	paracetamol which are approved for pediatric use were reported in other studies conducted in
	France (140, 141). The use of intravenous paracetamol in neonates and children has gained
	popularity (142, 143), and it has been widely used for postoperative pain control. In the United
	States (US), intravenous acetaminophen is approved in children aged > 2 years. In European
	countries, it has been approved in children immediately after birth (144) and is most frequently
	used for analgesia in the pediatric wards in European countries (145)
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Background: For children, many drugs are used without marketing authorization. Whilst different studies have evaluated inpatient prescriptions, details about medication prescribed at hospital discharge for children are scarce.

Objective: we aimed to explore the availability of unlicensed or off-label (UL/OL) medication in outpatient prescriptions at discharge for children included in EREMI in Lyon city.

Methods:

The study was performed as a retrospective study. All prescriptions prescribed to Lyon EREMI cohort at hospital discharge during the period of January 2014 to December 2016 were retrieved from the hospital database. The main outcome measure was to assess the proportion of medications prescribed for UL/OL use. For determining OL drug use, age of the patients was compared to those in the French independent formulary Thériaque database which was used as the reference. UL prescriptions were classified as drugs without any product license or pharmacy produced.

Results: A total of 2536 prescriptions were analyzed for 479 patients. The median age of the children was 5 years. 58.6% (CI 95%: 56.7-60.5) of the prescriptions were licensed, 2.3% were UL, and 39.2% were in an OL manner. A total of 323 (74%) of children received at least one UL/OL drug. Bronchodilators (salbutamol) and analgesics (paracetamol) were the most prescribed classes and they were licensed for children. The highest absolute number of OL prescriptions were found for antibiotics (amoxicillin).

Conclusion:

Children are prescribed medicines at discharge that are not authorized in terms of age.

More prospective clinical studies should be performed to confirm the efficacy and safety of drugs in children. Besides a few limitations, there are also some strengths of our study. First of all, the importance of the present study is noticeable, since the UL/OL prescription of drugs for children is recurrent in all health care levels, and in this study we highlighted the discharge data, little discussed in the literature. In addition, we did analyze of 3 consecutive years of discharged data, which we were able to quantify time trends in UL/OL prescriptions. To the best of our knowledge, this has not been performed before for discharged children from hospital in France. This study confirms that clinical studies need to be carried out in children for many medicines which have been highlighted by the ANSM, the FDA and the EMA since the 2007 European regulation (133), and the mandatory registration of medicines studied in the pediatric population in order to promote its development.

Furthermore, this study with providing discharge data made the data regarding UL/OL drug use in EREMI cohort complete. Additionally, with regard to the importance of transition in particular from hospital to home [START_REF] Cibulskis | Care transitions from inpatient to outpatient settings: ongoing challenges and emerging best practices[END_REF][START_REF] Kripalani | Promoting effective transitions of care at hospital discharge: a review of key issues for hospitalists[END_REF], this study results may be useful for both clinicians and policymakers in planning appropriate discharge transition. Finally, we used Thériaque database 2022, one of the most independently and well-documented sources, as our reference source which justifies the reliability of our results.

Comparison with existing literature

Similar to our results, previous studies have shown that UL/OL drug use in children at discharge is common. The UL/OL classification methods varied (134), making the results difficult to compare. In general, UL/OL prescription rates for children at discharge ranged from 12% to 50%, and higher rates were found in younger versus older patients (102, 126, 127, 135).
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This work focused on the consequences of medications with and without marketing authorization in children after leaving the hospital. In this study we confirmed that the use of medicines outside the authorization when treating hospitalized children at discharge is common.

We also reported that children with the history of hospitalization are at risk of drug-related readmission.

Improving medicines for children

Although the quality of drug therapy is not necessarily related to drug license status,