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Globalization, limited resources, increased complexity and amount of clinical trials (CT), and of participating patients / volunteers create the conditions in which to obtain reliable and scientifically valid results about the effectiveness and safety of medicines is a complex, but a priority task. In this regard, actual is the use of advanced management approaches in the planning and organization of CT of drugs, in particular, quality risk management. The article discusses the methodology of risk assessment for the data quality in clinical trials based on FMEA tools, as well as the results of its testing in Clinical and Diagnostic Center of the National University of Pharmacy. During the development of this method the main types of data quality risks in clinical trial were analyzed, and the basic violations and errors which underlie them were determined. As a result of the expert assessment of the causes and consequences of the identified violations, it was determined the value of data quality risks in clinical trials and their categorization into serious, moderate and minor were executed. It was found that the highest risk is "a lack of understanding by the patient / volunteer questions of an investigator, errors in filling in the diary" the value of which exceeds the level of moderate risk. Based on these results the recommendations to reduce the impact of this risk were given. According to the mentioned above, ease of analysis and interpretation of the results obtained, considered method allows to identify and prevent the threat of violations and errors in data management at the trial site, and it can be used in the risk management process at the planning stage of clinical trials, during audits and regulatory inspections.
Introduction
The current state of development of clinical trials (CT) is characterized by the introduction of a series of international standards ISO, new approaches and management tools [12]. The introduction of the quality management system (QMS) in a clinical trial site (MPD) is a successful achievement of CT goals and compliance with the requirements of the customer (sponsor) / clinical research organization (CRO). It is about the protection of health and well-being of trial subjects and obtain reliable data on the efficacy and safety of new drugs. Data obtained during CT constitute evidence base of efficacy and safety of a study drug and affect the quality of medical care, creating an information support for rational therapy. Also the data after wide publication in professional journals and joining the systematic reviews can affect other studies [4, 14]. Therefore, the importance of quality clinical data on which rely conclusions about the efficacy and safety of a study drug  is certainly very significant.
Given this, there is a need to develop and implement scientific and methodological basis for data management in CT of drugs within the QMS implementation and effective management according to the requirements of regulatory standards for the organization and conducting of CT of drugs, as well as the provisions of Good Clinical Practice. Also practically important are guidelines for data management at trial site as a key element of CT of drugs, where the most responsible, difficult and long process of data handling are executing.
Active dynamic CT global market generally accompanied by increasing studies and trial sites, patients and healthy volunteers involved in studies, and increasing levels of CT complexity and cost [5, 14, 16]. Time and budget constraints during the clinical development of drugs creates hard conditions in which the achievement by the stakeholders involved in CT the targets for the level of quality is a complex scientific and practical problem.
Ordinary approaches used by sponsors for the implementation of QMS in CT, requiring much time and large costs, which constitute a significant proportion of the total cost of development and research of new drugs [14]. Under such conditions, for pharmaceutical companies, CRO, research centers on the development of drugs? trial sites especially urgent is the implementation of a risk-based approach to CT management system, including the management of clinical data.
The risk means the internal and external factors influencing the achievement of goals established by certain organization [15]. The organizer of CT during trial management must change and control the inevitable influence of the environment, using the elements of risk management. According to ISO 31000: 2009 risk management should be an integral part of the management of the organization and be part of all stages of its activity [8]. In previous studies by analyzing the general principles set out in the guideline ICH Q9 "Quality Risk Management" and "Reflection paper on risk based quality management in clinical trials» (EMA), we developed a model of quality risk management in clinical data management system [1-3]. Among its main stages we were determined a risk analysis of clinical data management system, during which the detailed description of the risk, indicating the reasons for its occurrence and sources of the appearance and risk assessment using quantitative or qualitative scales to determine the probability of occurrence and their potential consequences. Implementation of this phase requires the use of appropriate methodological basis, which allows professionals of a trial site, the sponsor or its representatives to carry out a detailed CT risk analysis, measure their value and classify the impact on CT data quality. To realize this it may be appropriate to use the method Failure Mode and Effects Analysis (FMEA), which is widely used in the practice of risk management specialists of various fields, including pharmaceutical.
The purpose of our work was the development of risk assessment methods for clinical data quality at trial site on the basis of FMEA.
Materials and methods
Evaluation of risks in clinical data management system at trial site using the method FMEA included analysis of clinical data management process, establishing a list of inconsistencies and their potential consequences, which used logical methods of system analysis and extrapolation. To determine the potential inconsistencies and severity of their possible consequences the survey of 32 professionals of trial sites was conducted. Expert assessments carried out on the basis of pairwise comparisons. To process the results of risk assessment in clinical data management system obtained by FMEA, statistical tools of quality management - Pareto chart, histogram were used [25, 109]. To work with experimental data we used software packages such as Statistica 10.0 (StatSoft Inc.) and Microsoft Excel 2010 (Microsoft Inc.).
Results and its discussions
Assessment as a stage of risk management in clinical data management system requires an in-depth and detailed analysis information in which the research team solves a number of questions about what unforeseen events can occur, predicts their likelihood and potential negative effects.

Method FMEA is an effective risk assessment tool that allows to identify potential errors in the system and make it possible to develop and take the appropriate precautions to the emergence of violations. FMEA is in a list of methods and risk management recommended the Guideline of Ministry of Health of Ukraine 42-4.2: 2011 (ICH Q9) [10]. Given its role in preventing failures, FMEA is of particular importance in the context of building a QMS at a trial site and is a part of methodological support [156].
In previous studies, we have identified key risk types for data quality (R1-R4) in clinical trial data management system: the risk of incorrect assessment of the efficacy / safety of drugs (R1), the risk of problems with randomization and blinding (R2), the risk of inadequate procedure of informed consent (R3), the risk of inadequate enrollement procedures (R4). It should be noted that the risk of incorrect assessment of the efficacy / safety of drugs (R1) we devided into four discrepancies that actually lead to R1: incorrect self-assessment of state of health by a patient (D1), errors in the capturing of clinical data at trial site (D2), problems with registering and maintaining clinical data at trial site (D3), failure to identify AE/AR of drugs and delayed reporting (D4). Also relevant discrepancies were identified that lead to risks R2-R4

According to the method FMEA, risk of unforeseen problems associated with the probability of realizing their potential causes and effects [13]. In our work we have attempted to testing this thesis in clinical data management system, analyzing causality of discrepancies selected (D1-D7). To assess risks in clinical data management system at a trial site we conducted a survey in which experts were asked to rate on a five point scale probability (P) occurrence of discrepancies causes in clinical data management system (D1-D7) and measure their severity (S) to the clinical trial data quality (Table 1).
Table 1
The scale for evaluating the probability of discrepancies in clinical data management system at a trial site and severity of its effects on quality of clinical data
	Point
	Probablity of a cause (P)
	Severity of an effect (S)

	1
	the risk is unlikely or impossible
	very small impact (the effects are minimal or absent)

	2
	low probability
	little impact (small effects)

	3
	average probability
	medium impact (moderate effects)

	4
	high probability
	significant impact (serious effects)

	5
	extremely high probability
	critical effects (catastrophic effects)


The magnitude of the risk of discrepancies determined via risk priority number (PRN), which is calculated by the following formula:
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Risk priority number for each discrepancies (D1–D7) calculated by a formula:
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To determine the total magnitude of risk in clinical data management system calculated by the following formula:
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The results of the calculations are shown in the table. 2.
The calculation of [image: image28.png]PRNP



 allows to determine that the most important in clinical data management system are risks related to incorrect assessment of the patient state ([image: image30.png]PRN?



=58,34), errors during the capturing of clinical data at trial site ([image: image32.png]PRN?



=37,90) and problems of registration and operating with clinical data ([image: image34.png]PRNY



=36,70). These violations (D1-D3) in clinical data management system represent 65% of all the risks (fig. 1), which makes it necessary to focus the most attention on the control just for them and prevent their occurrence and requires procedures to eliminate or minimize the causes of their appearance.
The next stage of risk assessment – their categorization. We share the risks bu the degree of danger and the need to control into severe, moderate and minor. Based on these categories, we had built a matrix of probability of risks and their potential impact, which consists of three zones (fig. 2).
Table 2

Results of assessment of risks for clinical data qualtiy at trial site
	Discrepancies
	Cause
	Code 
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	Effect
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	1
	2
	3
	4
	5
	6
	7

	Risk of incorrect assessment of the efficacy / safety of drugs (R1)

	Incorrect self-assessment of state of health by a patient (D1)
	intentional concealment of data / providing false information by the patient / volunteer
	11
	2,85
	patient reported outcomes are false

	3,15
	8,98

	
	lack of understanding by the patient / volunteer questions of co-investigators, errors in filling out the diary
	12
	3,59
	
	
	11,31

	
	Low compliance because of:
	
	

	
	the poor state of health of the patient / volunteer
	13
	2,62
	
	3,15
	8,25

	
	low cognitive function of the patient (as a result of severe disease)
	14
	2,75
	
	
	8,66

	
	questions incorrect
	15
	2,21
	
	
	6,96

	
	no explanations and comments provided by the investigator about the peculiarities of filling diary / questionnaire and other CT conditions
	16
	1,70
	
	
	5,36

	
	distraction during data recording / casual missingness when entering information
	17
	2,76
	
	
	8,69

	Errors in the capturing of clinical data at trial site (D2)
	errors in the preparation and completion of source documentation
	21
	2,85
	investigator receives false data
	2,88
	8,21

	
	incomplete / untimely execution of clinical procedures and physical examination
	22
	1,70
	
	
	4,90

	
	clinical procedures schedule deviation
	23
	1,70
	
	
	4,90

	
	errors during the calculations and rounding of data (eg., errors in determining the average ECG data, and rounding calculation interval QTc)
	24
	1,70
	
	
	4,90

	
	lack of qualified specialists at the trial site
	25
	1,51
	
	
	4,35

	
	errors and violations by the pharmacist during the preparation of the studied drug
	26
	2,00
	
	
	5,76

	
	inadequate work of special software (mismatch software requirements and specifications of the customer)
	27
	1,70
	
	
	4,90


Table 2continuation 
	1
	2
	3
	4
	5
	6
	7

	Problems with registering and maintaining clinical data at trial site (D3)
	non-compliance of CRF filling (use pens / markers of inadequate color, compromising quality of work)
	31
	2,08
	providing sponsor irregular / false data, missing data
	2,78
	5,78

	
	misunderstanding of CRF questions, errors during CRF filling
	32
	2,28
	
	
	6,34

	
	errors in data interpretation or in terms translation from English into Russian / Ukrainian (if the trial site is involved in an international trial)
	33
	2,08
	
	
	5,78

	
	untimely query answer
	34
	2,23
	
	
	6,20

	
	untimely entry into database (if electronic CRF are used at the trial site)
	35
	2,23
	
	
	6,20

	
	errors in entry into database (if electronic CRF are used at the trial site)
	36
	2,28
	
	
	6,34

	Failure to identify AE/AR of drugs and delayed reporting  (D4)
	untimely AE/AR registration
	41
	1,51
	providing sponsor irregular / false safety data, missing safety data
	2,98
	4,50

	
	AE/AR data missing because of the wrong conclusions about their clinical significance
	42
	1,70
	
	
	5,07

	
	AE/AR reporting violations
	43
	2,00
	
	
	5,96

	
	incorrect AE/AR form filling (chronology and update)
	44
	2,08
	
	
	6,20

	Risk of problems with randomization and blinding (R2)

	Problems with randomization and blinding (D5)
	randomization technique violation
	51
	2,51
	randomization does not ensure the accuracy of data
	2,96
	7,43

	
	accidentally randomization codes disclosure
	52
	2,23
	
	
	6,60

	
	insufficient physical / virtual protection of randomization codes
	53
	2,78
	
	
	8,23

	Risk of inadequate procedure of informed consent (R3)

	Inadequate procedure of informed consent (D6)
	untimely signing informed consent forms (for example, after screening)
	61
	1,51
	inability to obtain reliable data on patient / volunteer
	2,55
	3,85

	
	failure to provide explanations to the patient / volunteer
	62
	2,08
	
	
	5,30

	
	failure to provide timely new information about study drug or CT to the patient / volunteer
	63
	2,51
	
	
	6,40

	
	filling informed consent forms with errors (wrong date, errors in spelling name in Ukrainian / English)
	64
	2,23
	
	
	5,69

	Risk of inadequate enrollement procedures (R4)

	Inadequate enrollement procedures (D7)
	inclusion / exclusion criteria non-compliance (assessment error)
	71
	2,01
	CT sample does not meet study protocol
	3,19
	6,41
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Fig. 1. Pareto chart that displays the priority risk numbers calculated by FMEA
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Fig. 2. Matrix of probability of risk in the clinical data management system at trial site and their potential impact
The matrix takes into account the scale of risk, which we used in the analysis of expert opinion (table 1). Horizontal lines matrix (R-1-R-5) graphically indicate magnitude of the potential violations or failures-and the reason (Pi), and column (S-1-S-2) - j-impact measure the consequences of shortcomings in quality of clinical data at trial site. Square P-0 / S-0 is a zero-risk zone.
The matrix of probability of risks and their potential impact on data quality was tested in Clinical and Diagnostic Center of National University of Pharmacy (CDC NPhaU). Its analysis to determine the peculiarities of clinical data management process during the CT of drugs.
To estimate the potential risks in general we built histogram of [image: image41.png]PRN;
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(fig. 3), which represent, that most risks has [image: image45.png]PRN;
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 in the range from 6 to 9, that means that general risk level in CDC NPhaU is low and there is no danger for clinical data quality.
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Рис. 3. Histogram of [image: image50.png]PRN;
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 in clinical data management system at trial site
However, "lack of understanding by the patient / volunteer questions of co-investigators, errors in filling out the questionnarie" - a potential cause of risk, which unlike other is outside the zone of moderate risk ([image: image54.png]PRN;;



= 11,32). This is due to patient inability to fully exploit the mechanisms of control self-assessment of their condition. However, the level of risk associated with this criterion, and its potential impact on the assessment of the drug can be reduced by following control procedures:
• expand the information for patient / volunteer about CT and increase the time of communication of an investigator with a patient / volunteer;

• increase the volume of information about CT presented to a patient / volunteer or simplify it, focusing on the most important aspects;

• analyze the need to introduce additional procedures, such as distributing instructions to fill diaries / questionnaires;

• review the structure, content and scope of the diary / questionnaire;

• analyze the work of co-investigators, and the content and volume of information they provide CT subject;

• introduce a "feedback" from the CT subject to control the understanding of the information, to explain misunderstandings and answer questions that may arise.
CONCLUSIONS
Based on the FMEA tools the methodic for risk assessment in clinical data management system at trial site was developed and the assessment of risks for data quality in CDC NPhaU was executed.. Based on the analysis of the results was formulated recommendations to reduce the impact of identified risks. Assessment of risks for data quality in CT allows to identify timely and prevent the danger of discrepancies in clinical data management system at trial site. The FMEA method facilitates the rapid detection and elimination of potential risks during the CT by introducing timely provedures and gives the opportunity to improve clinical data management processes at trial site. The advantages of methodics propsed are visibility, ease of analysis and interpretation of the results. It can be used in the risk management in the CT planning stage, at  the beginning of the trial site work. In addition this methodic may be used during audits and regulatory inspections at the trial site. Given this, the methodic is of interest as a tool for integrated risk assessment in CT that is the subject of our further research.
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