The article is published in Ukrainian in the journal. 
The English text is given in the author's version.

UDC 615:519.076

DEVELOPMENT OF METHODICS FOR ASSESSMENT AND CONTROL OF DATA MANAGEMENT SYSTEM IN CLINICAL TRIALS BASED ON KEY RISK INDICATORS
K.L. Ratushna 
National University of Pharmacy
Key words: clinical trial, risk management, key risk indicator, data quality, trial site 
Qualitative data are one of the essential elements of the clinical trial quality; they contribute to the evidence-based substantiation of efficacy and safety of a drug making a great impact on success of its approval by regulatory bodies. The paper outlines the method for assessment and control of the data management system in clinical trials based on key risk indicators (KRI). According to the most important characteristics of the project implementation, the list of KRIs, including such three categories as time, cost/resources and scope/quality, has been proposed. The approaches to KRIs interpretation have been also identified; they involve the use of specific intervals of KRIs values (target, threatening, critical). The algorithm of KRIs application and interpretation has been developed. Based on the method suggested we have evaluated the process of case report form completion in Clinical-diagnostic Centre of the National University of Pharmacy as a one of the most important process of the data management system in clinical trial related to numerous data quality loss risks.

Introduction

Modern conditions of high competition in pharmacy, impetuous development of medical and pharmaceutical technologies and progressive contingencies of available resources force companies-developers of new drug to achieve maximal effective business results considering fixed contingencies regarding research project in new drug development performing. These contingencies are generated by available budget and other resources, quality requirements established by appropriate regulatory bodies [5, 6, 8]. Due to this, issues of implementation and application of effective approaches to clinical trial management that provide assuring concept elements of quality: rights, safety and well-being of subjects and trial results reliability.
In previous study we have researched risks characterized for data management system in clinical trial and general model for data quality risk management at trial site [1, 2]. Among its main stages we have identified the process of risk analyzing included risk describing and quality and quantity assessment [2]. Performing this stage demands appropriate methods and instruments that enable to implement effective risk monitoring.
Key risk indicators are one of these instruments that are widely used for a long time in practical enterprise risk management in different areas and sectors including pharmacy [13, 18, 19].
Risk indicator is a quantity characteristics or process parameter testified value of risk influence [16]. KRIs enable to track risk impact relating to priorities and represent risks in the best way. Thus KRIs is a simple and informative document for risk identification and assessment. Simplicity of KRI values interpretation provides effective monitoring of processes that affect quality and compliance and processes associated with problems and non-compliance [16-19].
KRI system is a practical foundation for risk management process. Development of reliable and effective indicators enabled problems identifying and assessment is a hard work that demands the use of systematic approach. Accurate KRIs enables to obtain reliable data, perform its analysis and adequate interpretation, proving objective information for decision making.
Assessment, analyzing processes using KRIs system is a “Check” stage realization of «Plan-Do-Check-Act» (PDCA) cycle, recommended by ISO 9001, and the key aspect of effective quality management implementation in real time. KRIs data is a base for decision-making process regarding to corrective or preventive actions. It is presented in PDCA cycle on the stage “Act” which is lie in improvement of process due to “feedback” principle [15].
Results of periodical and systematic KRIs measures in organization and conducting of clinical trial in a whole and in data management system at trial site particularly are significantly important for informational assuring of decision-making process during risk management. KRIs application for process improvement at trial site enables realizing risk management in the context of clinical trial quality system. KRIs may be used for quality management system analysis by managers.
Therefore, for methodical assurance of process of non-compliance risk assessment in data management system at trial site there is appropriately to substantiate and design KRIs system for data management and to develop scientific and practical approaches to its application. That has become the aim of our study.
Materials and methods


In the study we have used methods of abstraction, logical and structural analysis, and the methods of processes statistical analysis. Also materials from previous study were used in the study [4].
Results and its discussion

Analysis of foreign and domestic authors, discussed enterprise risk management methodology and designing of effective KRIs system enabled us to form the basic requirements to KRIs designing in data management system at trial site providing KRI are logically substantiated, appropriate and informative [10 – 12, 18].
Risk indicators should cover all important aspects of trial site work that are significantly define obtained clinical trial data. This requirement demands to analyze clinical trial data management system (CTDMS) at trial site and its process characteristics, to identify main risk types and considering risk factors.

In the process of previous study we have identified and researched factors that potentially may negatively impact clinical trial quality and there were described the main types of risks that lead to poor data quality at the stages of planning, organization and performing. According to these results the following basic quality assurance factors in clinical trial management system should be noted:
· assessment of effectiveness/tolerability of a study drug (Q1);
· informed consent obtaining (Q2);
· randomization (Q3);
· subjects recruitment and screening (Q4).
Considering importance and significance of these aspects the decision was made to put it to the background of KRIs lists for evaluating and control of main risks types related with each of key aspects of quality assurance in clinical data management. Besides this, we took into account methodology framework of project management.

According to basic thesis of project management theory, a clinical study as a scientific and research project has appropriate contingencies related to time, cost/resources and scope/quality [7]. These three main elements are in balanced state and interrelated. Due to this interrelation, it is important when considering risks in CTDMS at trial site to take into account effects of potential risks in these three constituents that characterize successfulness of a clinical study as a science and research project and define its compliance to regulatory and quality requirements as well as cost and time contingencies established by Sponsor company or contract research organization. In order to provide a comprehensive analysis of the risks and establish compliance CTDMS with given project aims at developing KRIs we have carried out their categorization, which corresponds to the three components of "project triangle": time, money / resources, content and scope of work / quality. In our opinion, the measurement KRIs in these three categories will allow for priority CTDMS risk assessment, given the essential characteristics of a successful project.

Thus, the category of "time" included KRI which to assess and monitor compliance of CTDMS at trial site with the requirements for the timing of processes and analyze their performance and speed of work with data. Also very important is the precise control of resources, which are necessary to implement CTDMS processes, which can be used by KRI category "money / resources". KRI category of "content and scope of work / quality" describe the nature and volume of work performed on the data, the quality of their performance and suggest the accuracy and reliability of clinical data.

Full list of proposed KRI for CTDMS at trial site and their definitions are listed in Tables 1-3.
Table 1

Key risk indicators of category «Time»

	№ 
	Quality aspect
	KRI name
	Commentary

	1.1 
	Q1
	the average time from receipt of the request for data to respond
	number of hours spent on responding to requests from data for testing / total number of requests for data, initiated during the test

	1.2 
	
	average time of filling the last case report form (CRF) before closing the database
	the average number of days that go by since the last fill CRF before closing the database (calculated for a sample of recent trials such as 12)

	1.3 
	
	average interval time of closing the database to provide the final test report
	average interval time of closing the database to provide the final test report

	1.4 
	
	the average number of categories of data that the operator introduces to database 1 hour
	the average number of categories of data that the operator introduces to database 1 hour

	1.5 
	
	the average number of pages CRF operator enters data into the database for 1 hour
	the average number of pages CRF operator enters data into the database for 1 hour

	1.6 
	Q2
	the average duration of the procedure of signing the informed consent of the patient / volunteer
	the average duration of the procedure of signing the informed consent of the patient / volunteer

	1.7 
	Q3
	the incidence disclosure randomization codes, which were not reported to the sponsor within 24 hours
	the incidence disclosure randomization codes, which were not reported to the sponsor within 24 hours

	1.8 
	Q4
	percentage of patients / volunteers included in the HF within the prescribed period
	percentage of patients / volunteers included in the CT within the prescribed period

	1.9 
	
	median time from randomization to early screening
	the average number of days that pass from the start screening before randomization of patients / volunteers


Table 2
Key risk indicators of category «Cost/resources»
	№
	Quality aspect
	KRI name
	Commentary

	2.1 
	Q1
	the average cost of computer software for data management process CRF 1
	total expenditure on computer software process data management / total number of CRF test

	2.2 
	
	the average cost of the process control data for CRF 1
	the average cost of the process control data for CRF 1

	2.3 
	Q2
	the average cost of the procedure of signing the informed consent
	the average cost of the procedure of signing the informed consent

	2.4 
	Q3
	the average cost of randomization procedure
	total cost of the randomization process / total number of patients / volunteers

	2.5 
	Q4
	the average cost of a set of procedures and screening patients
	the average cost of a set of procedures and screening patients


Table 3
Key risk indicators of category «Time»
	№
	Quality aspect
	KRI name
	Commentary

	3.1 
	Q1
	error coefficient in CRF
	the number of errors made in filling all CRF / total number of categories of data in all CRF (total number of data values in all CRF) * 100

	3.2  
	
	percentage of errors in primary care documentation
	the total number of errors made when filling primary medical records / total primary forms of medical records 100%

	3.3  
	
	percentage of errors in the database (frequency)
	number of incorrect values entered in the database / total number of values in the database

	3.4 
	
	the incidence disclosure database
	the number of cases of opening the database as a result of identifying the critical error after closure

	3.5 
	
	coefficient of requests for data
	number of initiated requests for data / total number of pages of CRF

	3.6 
	
	the percentage of requests for data, which was provided on time response
	the number of requests for data, the answers to which were provided after the deadline / total number of requests initiated by this 100%

	3.7 
	
	the percentage of requests for data, which were not given an answer
	the number of requests for data, which were not given an answer / total number of requests initiated by this 100%

	3.8 
	
	the incidence of failures in the database
	failures in the database, leading to loss of data access violation, inability to data entry, system errors and irregularities in the software functions

	3.9 
	
	coefficient timely registration and notification of AE/AS
	number of PR / PCOS recorded and reported to the sponsor and / or Ethics Committees in the period established GCP and protocol testing / total number of registered AE/AR

	3.10 
	
	factor timeliness of clinical procedures and physical examination
	the number of clinical procedures and physical examination on a patient who had been executed in accordance with the schedule established protocol / total number of clinical procedures and physical examination on a patient prescribed protocol

	3.11 
	
	compliance rate performance of clinical procedures
	the number of clinical procedures and physical examination on a patient who had been executed in accordance with the schedule established protocol / total number of clinical procedures and physical examination on a patient prescribed protocol

	3.12 
	
	factor triggering queries on the data
	the total number of requests for data, initiated during the test / total number of categories of data to test

	3.13 
	
	percentage of data lost due to improper filling of patient diary
	the total number of data values are not valid in the wrong format or missing / total number of values that were recorded patient 100%

	3.14 
	
	percentage of the researchers involved in the HF who have not undergone appropriate training
	number of researchers that have not been timely with GCP training and / or education specifically initiated in accordance with the specific testing, periodic training on SOP and others. / Total number of researchers involved in the testing of 100%

	3.15 
	Q2
	percentage of wrongly executed informed consent forms / volunteer
	number of informed consent forms, filled with errors (wrong date, errors in name, incorrect interpretation Ukrainian name (English)) / total number of informed consent forms

	3.16 
	
	percentage of patients who had not been given information on new research
	the number of patients who had not been given information on new research / total number of patients 100%

	3.17 
	
	percent the proportion of patients with whom signing informed consent procedure was conducted with violations
	number of patients / volunteers who were not given the full explanation or other violations were committed by signing the informed consent procedure / total number of patients 100%

	3.18 
	Q3
	the average number of cases disclosure randomization codes
	the average number of cases in which randomization codes were known researcher and / or other members of the research team randomly, resulting in incorrect action by the specialists involved in CT or through serious AR / AE (for a sample of recent trials such as 12)

	3.19 
	
	percentage of patients randomization codes have been disclosed
	the number of patients randomization codes have been solved as a result of the developing AR/AE, inadvertently or otherwise / total number of patients / volunteers

	3.20 
	
	the number of violations randomization methods
	the number of violations randomization methods for testing

	3.21 
	Q4
	percentage of randomized patients who do not meet the criteria for inclusion / exclusion at randomization
	number of randomized patients who do not meet the criteria for inclusion / exclusion due to erroneous assessments / total number of patients / volunteers 100%


For the implementation of the KRI in practical use in CTDMS there is need to determine approaches to their interpretation and use. We proposed to associate with KRI in CTDMS characteristic intervals that characterize the degree of conformity of execution of the CT protocol, GCP and established internal quality requirements. We proposed to use three characteristic intervals KRI, the boundaries of which determine the magnitude of risk and the need for intervention and the use of actions aimed at mitigating or eliminating (Table 4).
Thus, the optimal or target interval is the limit, which can range parameter value process, while maintaining its compliance with all the requirements resulting quality of the results provided by the process ("exit") and achieving quality objectives. In the threatening interval there are processes values in which quality requirements are not violated, but create a situation with a high probability of problems in the implementation process, leading to inconsistencies and reduced quality. Critical interval - a process parameter values, which indicate that the process is carried out with violations and the results do not meet the requirements and can not be used for the next process because the quality targets will not be achieved.

Table 4

	Interval name
	Characteristic
	Boundaries values
	Actions initiated

	Target (optimal)
	compliance with the requirements; achieving the objectives of quality
	HBoptim
	preventive actions

	
	
	LBoptim
	

	Threatening
	high probability of potential non-compliance
	HBthret
	corrective actions

	
	
	LBthret
	

	Critical
	non-compliance with the requirements
	> HBthret
	corrective actions; 

analysis of the causes of non-compliance; additional controls

	
	
	< LBthret
	


The boundaries of the target and threatening intervals are the thresholds that trigger appropriate management decisions and the use of appropriate actions aimed at improving the process list and the procedure for which is recommended to clearly identify in terms of risk management. Such decisions may relate to the use of corrective or preventive action implementation review and analysis of reasons for the growth of the indicators of risk for additional or deepen existing control methods. Preventive actions aimed at eliminating the causes of potential nonconformities in order to prevent their occurrence. Determination of preventive action is dependent on the size of the risk, which gives an indication of the potential effects of inconsistencies. Corrective actions are performed to eliminate the inconsistencies that have occurred and have been recorded to prevent recurrence.
Based on the recommendations we have proposed an algorithm using and interpreting the KRI values that detail is shown in Fig. 1.
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Figure 1. Algorithm using and interpreting the meanings of key risk indicators
The limit values of specified intervals should be determined according to expected, the most probable value of process parameters, quality objectives, specific tests, organizational aspects and magnitude of risk for the quality of the data. Also of great importance to determine the limit values are institutional clinical trial sponsor established quality requirements. Thus, if the risk is small, the critical risk indicators can be set at a relatively high level. For the index risk is high, it is reasonable to establish the low critical level to implement a strict control over its value. In addition, for each KRI can be assigned a weighting factor, which depends on the degree of influence of this parameter on the quality of the process, and accordingly, in case of exceeding the limit values determines the type used actions and the extent of their coverage.
For the process of system estimation of KRI use a variety of tools and instruments is possible. This can be a simple view the measurements, the use of statistical analysis or specialized software that allows to receive data KRI values, make them automatic analysis, giving users a real-time date information on the need for appropriate management decisions. To assess the dynamics of KRI at trial site we propose to use control charts.
With the developed technique was evaluated process of making clinical data to CRF in Clinical and Diagnostic Center of the National University of Pharmacy as one of the most important processes COURT HF that is associated with numerous risk loss data quality HF.

The study retrospectively obtained total value KRI "error coefficient in CRF" for 12 clinical trials analyzed. For this KRI were offered the following characteristic times: the optimal (0 - 3); threatening (3.01 - 5); critical (more than 5). Thus, the value HBoptim and HBthret for error rate in CRF is 3.0 and 5.0 respectively, lower limits specified intervals equal to 0 [4]. According to the methodology was based control chart of KRI "error rate in CRF" (Figure 2).
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Figure 2. The control chart of KRI "error rate in CRF"
Fig. 2 shows that most of the values of the errors in the CRF is within the optimal range, excluding values that were recorded during the observation №1 and №5 (1 and 5 respectively). These values represented by the signals that indicate the existence of problems and are the cause of non-compliance with data quality and a threat to the transition process to the unacceptable state of operation. You should also pay attention to the steadily rising six points since 7 observations that are close to the upper limit of the optimal range. This trend of process disorder criteria is as a result of specific causes of his change [3]. Thus, six points monotonic increase or decrease, located in a row indicate the presence of non-random reasons Rally process, for example, work equipment, personnel qualification, etc. In this case, should be analyzed to identify the reasons for the increase error rate and a decision on the need to address them. To conduct this analysis at trial site can be used tools of risk management: analysis of the nature of the failure effects (FMEA), error analysis tree (FTA), ranking and filtering, and other risks [9]. Also, it is reasonable to review internal regulatory documentation of methods of processes, standard operating procedures, records, etc. to identify the reasons for the change process.
CONCLUSIONS

During the study we analyzed the basic criteria of quality in the CTDMS and proposed three categories KRI that will assess the impact of potential risks with regard to the most important characteristics of successful trials performed. Implementation of KRI for risk assessment in CTDMS provides effective control the quality of the data and provides directed application of quality assurance in CT with regard to most likely and significant risks relating to critical processes. Interpretation KRI values using our proposed methodology is an important part of phase analysis of data on the functioning of CTDMS processes and to determine feasibility of measures to eliminate or prevent risks. Conducted testing methods developed during the assessment process of making clinical data to CRF in Clinical and Diagnostic Centre of the National University of Pharmacy. Proposed approaches can be used at trial site during internal audits, preparation for monitoring, inspection or audit and develop measures to continual improvement processes of CT.
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