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diffusion de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

According to French regulations, researches involving Humans which are not part of standard care, such as phase I/II studies, must be performed in authorized research centres (ARC). Authorizations are granted within each French region, by the Regional Health Agency (RHA) in charge of management of public policies defined by the Ministry of Health. RHA also oversees the operation of outpatients and of hospital and medico-social facilities. Authorizations of sites performing researches other than those of standard care are issued following an on-site inspection conducted by a public health physician inspector, and in the case of studies of experimental drugs or sterile medical devices, by a pharmacist inspector of public health. The inspection assesses the compliance of the research site organization with the regulations in force.

Following the tragic accident which occurred in January 2016 in Rennes (Brittany, France) during the First-in-Human study of BIA 10-2474, an instruction from the Ministry of Health asked the RHAs to inspect the operations of the research centres they had previously authorized to perform phase I/II trials [START_REF] Autume | Enquête sur des incidents graves survenus dans le cadre de la réalisation d'un essai clinique (Tome 2) -Rapport définitif : observations et réponses des organismes et de la Mission[END_REF][START_REF][END_REF]. Thus, the 30 ARCs from the Île-de-France region (8 departments, 19% of the metropolitan population) underwent an operational RHA inspection as part of the ministerial instruction. In 2017, centres realizing phase I/II studies in Île-de-France represented about 51 % (30/59) of all French centres realizing such studies.

An analysis of all the remarks made by the RHA and of the responses provided by the ARCs was carried out in order to highlight the major points and possible areas for improvement. The purpose of this study was to assess the medical relevance of the observations made during these inspections in order to distinguish remarks concerning aspects considered medically important for the safety of research participants from those concerning more administrative or regulatory aspects, considered less essential to guarantee the safety of research participants.

Methods

Implementation of inspections

The 30 ARCs authorized by RHA of Île-de-France to conduct phase I/II clinical trials were inspected between March and September 2017. Prior to onsite inspection, each ARC completed a questionnaire, designed for all inspections nationally and targeting good clinical practices (GCP), which was returned to the inspectors prior to their visit. During the inspection, the questionnaire was used as a basis for discussions between the RHA inspectors and the ARC team as well as other local health professionals (emergency care service, quality assurance department, hospital management, etc.). The onsite inspections were undertaken by a physician and a pharmacist, both public health inspectors.

Five physicians and 4 pharmacists inspected all sites in duet. All RHA inspectors had received the same training based on standard procedures for sites inspections. They assessed the organization and functioning of each ARC and its compliance with the regulations in force and with GCP. They focused the inspections on the prevention, detection and management of potential serious adverse events in volunteers. This included ensuring the transmission of information to the investigator and the sponsor.

All elements considered as malfunctions by inspectors were listed in an initial report together with observations of the inspectors. These observations were designated as "deviations" or "remarks" depending on whether or not they were linked to a legal reference, respectively. Warnings related to these observations were based on an estimation of risks to study participants. In the absence of risk or when risk was considered to be low, deviations led to "prescriptions" and remarks to "recommendations". When the inspectors perceived a serious potential safety risk, be it deviations or remarks, "injunctions" were issued and a formal notice procedure was sent to the responsible physician of the ARC, requiring that corrective actions be promptly carried out. If these corrective actions were not judged adequate by RHA, sanctions were to be applied. These prescriptions, recommendations or injunctions eventually resulted in an adversarial exchange between the RHA inspectors and the ARC responsible physician. Following the analysis of the ARC responses, a final report was written in order to assess the relevance of the proposed corrective actions and to make final recommendations, where judged appropriate.

Assessment of inspections

All inspections reports were summarized by one author (C.H.) in tabular form and submitted to the -Level 0: administrative criterion with no direct medical consequence on subjects' safety (no medical relevance).

-Level 1: far-reaching consequence on subjects' safety (minor medical relevance) (i.e. falling within the scope of procedures).

-Level 2: probable or possible consequence on subjects' safety (potentially serious medical consequences in case of failure).

Discordant adjudications among the experts were then discussed and solved collectively during a face-to-face meeting to obtain a unique adjudication of the potential medical consequences of each observation of the inspection reports (final adjudication).

A comparison of the distributions of the different adjudications was made between the dedicated and mixed ARCs, i.e. authorized research sites entirely dedicated to medical research and authorized research sites located in hospital departments performing standard care, respectively. 

Results

One hundred and twenty observations were made after all inspections, including 5 injunctions, 67 prescriptions and 48 recommendations. Inter-observer agreement was poor. Eighty four of the 120 observations (70%) were not adjudicated with the same perceived medical importance category by all 3 physicians. Disagreements were related to the following areas:

Location and categories of inspected research sites

-Information of health staff: lack of a formal agreement with the various hospital services linked to clinical researches and lack of information from partner teams on current research protocols.

-Patient information: absence of information on the name of the service or protocol as well as on the action to be taken in case of serious adverse event on the card given to the patient.

-Management of emergencies: insufficient or absence of traceability and adequacy of the devices or drugs present in the emergency cart or of the training of research centre staff; absence of emergency simulations with the intensive care unit.

-Risk and quality management: absence of various procedures and designated referent.

-Drug handling.

-Compliance of the premises with fire safety requirements.

Table 1 shows the initial ratings of adjudicators according to the final adjudications.

Final adjudications

Final adjudications of the 3 physicians are shown in Fig. 2. Description of all observations and their classification is shown in table 2. Twenty-two observations (18.3%) were categorized by the experts as purely administrative, with no real impact on patient safety (level 0). These observations mainly concerned the absence of a formal contract with a pharmacologist, a legal requirement in France for ARCs studying new chemical entities, and deficiencies in the traceability of infectious wastes.

Seventy-four observations (61.7%) were judged to be of minor medical relevance (level 1).

They mainly concerned the domain of procedures (drafting and updating of procedures), fire safety compliance of premises, issues related to drugs management and to the emergency cart (maintenance and traceability of medical equipment and treatments).

Twenty-four observations (20.0%) were judged to be of concern for subjects' safety and to be potentially associated with serious medical consequences (level 2). These observations mainly concerned the management of emergencies (training and information transmission), the management of serious adverse events (information on the patient's card, transmission of information to the investigator) and the continuity of care (insufficient on-call staffing).

Comparison of dedicated and mixed authorized research centres

The final adjudications of observations made in dedicated and mixed authorized research centres are shown in Fig. 3. There was a significantly higher number of total observations in mixed sites compared to dedicated sites (Table 3). However, there was no significant difference between the two types of centres when considering the final perceived levels of medical importance (level 0: p = 0.39, level 1: p = 0.29, level 2: p = 0.51).

Discussion

Monitoring of clinical research centres usually concentrates on purely regulatory aspects or performance metrics [START_REF] Macefield | A systematic review of on-site monitoring methods for health-care randomised controlled trials[END_REF][START_REF] Walker | Monitoring performance of sites within multicentre randomised trials: a systematic review of performance metrics[END_REF]. While there are studies of the effectiveness of external inspections in improving standard healthcare [START_REF] Flodgren | Effectiveness of external inspection of compliance with standards in improving healthcare organisation behaviour, healthcare professional behaviour or patient outcomes[END_REF], this is to our knowledge the first external analysis of a large and systematic campaign of regulatory inspections of clinical research centres performing early pharmacology studies aiming at assessing the medical relevance of these inspections. Inspections were motivated by the accident which occurred during the First-In-Human study of BIA 10-2474 in January 2016. This accident prompted the French Ministry of Health to reassess all authorizations granted to clinical research centres performing phase I/II studies in France. Many investigators [START_REF] Rule | Bureaucracy is strangling clinical research[END_REF][START_REF] Funck-Brentano | The BIAL/Biotrial case of death of a human volunteer in the first-in-human study of BIA 10-2474: Are we missing the fundamentals[END_REF] but also some regulators are concerned by the medical relevance of the administrative burden, paperwork, and regulation associated with clinical trials. The importance of factors that guarantee the safety of research participants is emphasized by all, notwithstanding the need to guarantee the validity of the data.

The data reported here represent those of the Île-de-France region and may not reflect those of other regions. However, since in 2017 Île-de-France region hosted 51% of centres realizing phase I/II studies our results concern a sufficiently large set of centres to be informative of French practices. Although all centres were not inspected by the same duo of inspectors, all inspectors received the same training and inspections followed standard procedures which makes it unlikely that this constituted a bias in the reporting of malfunctions. The total number of observations was significantly higher in mixed than in dedicated sites but this was not the case when considering each perceived level of medical importance, possibly because the study lacked power to detect differences at each level. Also, a limitation of our study is that no data were available on centres characteristics such as duration and volume of activity, size of centres, staffing, type of drugs studied. Whether these features had an influence on the number and types of observations made by the inspectors was not studied.

Our study shows that the initial perception by investigators of the medical importance of observations made by regulators is highly variable (Fig. 1 1, Table 1). Seventy percent of the observations made by inspectors were judged differently by the 3 adjudicators (91%, 72% and 46% for level 0, 1 and 2, respectively). However, there was less disagreement for observations classified as medically important (level 2). It should nevertheless be recognized that there is a certain degree of subjectivity in the definition of the medical relevance of inspectors' observations. However, its is well recognized that adjudication committees limit the variable judgments made on clinical trial endpoints and that three members of such committees is sufficient for this purpose [START_REF] Kahan | A comparison of approaches for adjudicating outcomes in clinical trials[END_REF].

The perception of the potential medical impact of the observations was influenced by the practices and the experience of each adjudicator (types of research participants, adults or children studied; hospital or non-hospital structure). For example, the management of medical emergencies is different in an ARC located in a hospital and an ARC located outside a hospital where, among other aspects, the conformity of the emergency cart and the training for its use are perceived as more demanding than in the former because of the remoteness of an intensive care unit. It should be emphasized that several items classified as level 0 or 1 concerned formal traceability of procedures which does not necessarily mean that these procedures could not be implemented.

Adjudicators finally agreed on a classification of the medical importance of observations (Table 2) which allowed a final analysis of the 120 remarks made by the regulatory inspectors.

Interestingly, the total number of observations was higher for mixed sites than for dedicated site.

However, the perceived medical importance of observations made by regulatory inspectors did not significantly differ between ARCs dedicated to clinical research and ARCs located within clinical wards (Figure 3). This indicates that, within the scope of these inspections, procedures targeting the safety of research volunteers are not less demanding in hospital wards performing phase I/II studies than in sites entirely dedicated to clinical research studies.

Eighty percent of the observations were judged as unlikely to jeopardise the safety of research participants (level 0 and 1). However, 24 observations were judged as potentially associated with important medical consequences (level 2). These observations mainly targeted the management of emergencies and the quality of the chain of information transmission in the event of a serious adverse event. The adjudicators considered that these two elements are an absolute priority for the safety of clinical research participants and this was also considered to be the source of the consequences of the BIA 10-2474 accident [START_REF] Autume | Enquête sur des incidents graves survenus dans le cadre de la réalisation d'un essai clinique (Tome 2) -Rapport définitif : observations et réponses des organismes et de la Mission[END_REF][START_REF] Funck-Brentano | The BIAL/Biotrial case of death of a human volunteer in the first-in-human study of BIA 10-2474: Are we missing the fundamentals[END_REF][START_REF] Funck-Brentano | About fundamentals and sermonizers. Author's response to the letter on the article "The BIAL/Biotrial case of death of a human volunteer in the first-inhuman study of BIA 10-2474: Are we missing the fundamentals?[END_REF]. Training of the staff involved in clinical trials, particularly for the management of emergencies and compliance with good clinical practices, raises the level of safety for research participants and is valued by sponsors [START_REF]Policy statement: oversight of clinical research[END_REF].

Our study also highlights the difference between the administrative and medical nature of observations made by regulatory inspectors. Some injunctions, the highest administrative grade for an observation which represents a breach of regulation, are not necessarily categorized as having the highest potential for a medical impact (Fig. 2). Conversely 12 recommendations were adjudicated as likely to have potentially serious medical consequences (Fig. 2). Regulatory constraints do not necessarily have a medical impact. For example, a formal contract with a clinical pharmacologist has not been shown to improve the safety of research participants. Depending on local organization it may be crucial to contract not only with an intensive care unit but also with an emergency service. Importantly, the inspection campaign which was the subject of this study showed that, although all research centres were fully authorized to conduct early pharmacology studies, and, for several of them, had had a renewed authorization, malfunctions considered as medically important were found. This is even more significant since all the visited sites knew that the context of the inspections was directly related to the BIA 10-2474 accident, i.e. to safety issues and several of them follow quality assurance procedures [START_REF] Chevassus | Manuel de bonnes pratiques professionnelles des CIC -version n°2[END_REF][START_REF] Chesnais | Certification ISO 9001 d'un système de management qualité dans un centre d'investigation clinique[END_REF]. This demonstrates the importance of on-site visits by a regulatory authority before authorizing or renewing the authorization of research sites performing non-therapeutic pharmacology researches. However, our results, despite the limitations of the partial subjectivity of the adjudications, emphasize the need to differentiate the importance of administrative and medical objectives of regulatory inspections. We believe the medical aspects of clinical research should be the centre of regulatory inspections but also of audits [START_REF] Chevassus | Manuel de bonnes pratiques professionnelles des CIC -version n°2[END_REF] and inspections from sponsors. It should be recognized that administrative aspects should principally target those possibly impacting the safety of research participants and the validity of the data.

Conclusions

The relevance of guidelines and regulations on the monitoring of clinical research and of research sites should be reconsidered bearing in mind the medical importance of monitored elements. Onsite visits of monitors and inspectors remain essential to ensure the highest level of data quality and of safety for the volunteers participating to clinical researches.
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analysis of 3

 3 physicians, independent of RHA, with longstanding experience of early clinical research in academic adult (C.F.-B.) and paediatric (F.D.) hospitals or in a private contract research organization (B.L.). The 3 physicians first separately assessed all observations, blindly from the type and location of inspected ARCs, by classifying them according to 3 levels reflecting their perception of potential medical importance (initial adjudication):

  Distribution were compared using Pearson's Chi 2 test. The total number of observations in dedicated and mixed ARCs was compared by use of Welch t-test. Statistical analyses were performed using R software (version 3.4.1, R Foundation for Statistical Computing, Vienna, Austria, 2017). Statistical significance was considered for p values ≤0.05 (α = 5%).

  Of 30 inspected ARCs, 18 (60%) were located in Paris, 9 (30%) in the department of Val-de-Marne, south-east of Paris, and 3 in other departments of Île-de-France. All ARCs were located in health facilities. No contract research organization had an ARC in 2017. Twenty five ARCs (83%) were located in public hospitals, mainly in University hospitals of Assistance Publique -Hôpitaux de Paris (N = 24) with one in Orsay hospital centre. Three other ARCs (10%) were located in cancer centres (Institut Curie and Institut Gustave Roussy), private institutions participating to the public service. The last two ARCs (7%) were linked to the Institute of Myology, a non-for-profit organization financed by patients and their relatives, the French Muscular Dystrophy Association. Fourteen (47%) of these 30 ARCs were entirely dedicated to clinical researches, such as clinical investigation centres (CIC, accredited by the National Institute of Health and Medical Research [Inserm]) or clinical research centres (CRC, accredited by the General Directorate of Health Care [DGOS]). The 16 remaining sites (53%) were located in clinical services performing both specialized care and clinical research activities in hospitals. Initial adjudications The 3 physicians first performed their initial adjudications separately. Initial adjudications into the 3 categories of perceived medical importance are shown in Fig. 1.

Figure 1 :

 1 Figure 1: Initial adjudications. Initial adjudications of 120 observations made by the regulatory

Figure 2 .Figure 3 .

 23 Figure 2. Final adjudications. The type of observation made by regulatory inspectors for each

Table 1 .

 1 Initial ratings of adjudicators according to the final adjudications.

		Initial rating:	Initial rating:	Initial rating:
	Final	1 adjudicator	2 adjudicators	All adjudicators
	adjudication	disagrees with final	disagree with final	disagree with final
		rating	rating	rating
	Level 0	4	15	1
	Level 1	34	18	1
	Level 2	9	1	1
	Level 0: no medical relevance; Level 1: minor medical relevance; Level 2: potentially serious
	medical consequences.		

Table 2 .

 2 Classification of regulatory inspectors' observations by 3 physicians with longstanding experience of phase I/II clinical researches.

		Level 0 No medical relevance	Level 1 Minor medical relevance	Level 2 Potentially serious medical consequences
	Contracts	-No formal contract	-No formal contract with an	
		with a	emergency ward or ICU	
		pharmacologist		
		-No formal contract		
		with clinical wards		
		(ICU excluded)		
	Training		-Lack of programmed alert	-No training to basic life
			simulations	support: physicians,
			-No traceability of team to basic	nurses, night team
			life support training	
	Information -No mention of the	-Lack of information of local	-No mention of telephone
		ARC name on	wards on protocols dates and	numbers on patient card
		patient card	special provisions	to allow contact 24/7
		-Lack of information	-Absence of patient information	with the ARC or the
		to the responsible	on what to do in case of SAE	investigator
		pharmacist in case of	(procedure)	-Failure to display
		appearance of SAE		emergency department or
		-No meeting records		ICU phone numbers in
				the ARC
	Premises	-Premises in poor	-Lack of timetable for fire safety	
		condition	compliance work	
			-Lack of accessibility to medical	
			fluids	
			-Sanitary not suitable for	
			overweight people	
			-Absence of secured archives and	
			patient records	
	Materials	-No fax in the ARC	-Lack of traceability of emergency	-Missing emergency cart
		-Deficiency of	cart checks	component (e.g. semi-
		management of	-Emergency cart with non-	automatic defibrillator)
		infectious wastes (no	disposable medical devices	-Inadequacy of emergency
		precise dates of	-Absence of maintenance	cart content to pediatric
		constitution)	traceability and no maintenance	use for a centre
			plan	performing pediatric
			-Absence of risk management plan	studies
			to maintain integrity of biological	
			samples in case of power failure	
	Procedures -Lack of integration	-Lack of or lack of updating of the	
		of the on-call	SAE reporting procedure	
		procedure into the	-Lack of procedure to access the	
		quality assurance	national database of research	
		plan	volunteers*	
			-Lack of procedures related to the	

24/7: 24 hours and 7 days; ARC: authorized research centre; ICU: intensive care unit; RN: research nurse; SAE: serious adverse event
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