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ABSTRACT 

Background: 

Within industry sponsored clinical research, data quality control and risk based management 

has been an integral part of the conduct of studies. The pharmaceutical industry has strict 

procedures according to regulations and guidelines, but within academic studies there has 

been a more pragmatic approach, and in some cases no systematic data quality control. This 

thesis aim to show the effect of data quality control in academic studies and to suggest 

feasible approaches to risk and error mitigation in this setting. 

Material and methods: 

Two clinical studies with data management handled by the Clinical Research Support (CSR) 

department at Oslo University Hospital were included. The intervention was data 

control/validation according to data management plan and standard operation procedures, and 

the control the raw databases before these measures were performed. Comparisons were made 

between the outcomes of the analyses performed on databases before data control with 

analyses performed on databases after data control had been performed.  

Results: 

The comparisons showed differences in some of the outcomes, mainly the derived values 

depended on more than one variable, and that the kind of error may have a different effects on 

different types of outcomes. The systematic, procedural errors seems to have a more severe 

impact on the result of a study than random errors, and thus might affect reliable results and 

meaningful interpretation of the findings of the study. 

Conclusions: 

The result of this thesis indicates that a systematic application of risk based approach and 

quality by design would help the academic study teams and data management groups to scale 

quality control according to study risk, to avoid errors that affect the results of the study.  
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ABSTRACT IN NORWEGIAN 

Formål: 

Innenfor oppdragsstudier har kvalitetskontroll data og risikobasert tilnærming vært en del av 

studieforløpet. Legemiddelindustrien har implementert strenge prosedyrer i henhold til 

forskrifter og retningslinjer, mens det innenfor akademiske studier har det vært en mer 

pragmatisk, av og til ikke-eksisterende tilnærming til systematisk datakvalitetskontroll. Denne 

oppgaven tar sikte på å vise effekten av datakvalitetskontroll og å foreslå mulige metoder til 

risiko- og feilreduksjon. 

Materiale og metode: 

Det ble inkludert to kliniske studier hvor datahåndtering ble utført ved avdeling 

forskningsstøtte for klinisk studier, Oslo Universitetssykehus. Intervensjonen var datakontroll 

/ validering i henhold til datahåndteringsplan og standard operating procedures (SOP). Det ble 

gjort en sammenligning av resultatene av analysene som ble utført på databaser før 

datakontroll med analyser utført på databaser etter at datakontroll ble utført. 

Resultater: 

Sammenligningene viste forskjeller i noen av utfallene, hovedsakelig i avledede verdier 

avhengig av mer enn én variabel. Forskjellige typer av feil kan også ha ulik effekt på ulike 

typer utfall. De systematiske, prosessuelle feilene synes å ha en mer alvorlig innvirkning på 

resultatet av en studie enn tilfeldige feil og kan dermed påvirke validiteten av studien og 

tolkning av viktig informasjon fra studien.  

Konklusjon: 

Denne oppgaven indikerer at en systematisk anvendelse av risikobasert tilnærming og fokus 

på kvalitet ved design vil kunne hjelpe de akademiske studiegruppene og 

datahåndteringsgruppene til å skalere kvalitetskontroll i henhold til risikovurdering i den 

enkelte studie, og unngå feil som kan påvirke resultatet. 
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DEFINITIONS 

Good Clinical Practice (GCP) 

A standard for the design, conduct, performance, monitoring, auditing, recording, analyses, 

and reporting of clinical studies that provides assurance that the data and reported results are 

credible and accurate, and that the rights, integrity, and confidentiality of study subjects are 

protected (ICH E6, 2016).  

Monitoring 

The act of overseeing the progress of a clinical study, and of ensuring that it is 

conducted,recorded, and reported in accordance with the protocol, Standard Operating 

Procedures (SOPs),Good Clinical Practice (GCP), and the applicable regulatory 

requirement(s) (ICH E6, 2016).  

Protocol 

A document that describes the objective(s), design, methodology, statistical considerations, 

and organization of a study. The protocol usually also gives the background and rationale for 

the study, but these could be provided in other protocol referenced documents (ICH E6, 

2016). 

Standard Operating Procedure (SOP) 

A detailed, written instruction to achieve uniformity of the performance of a specific function 

(ICH E6, 2016). 
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1 INTRODUCTION 

 

Clinical studies are conducted all over the world to improve healthcare,  however during the 

last ten years there has been a decrease in the number of applications for clinical studies, both 

in Norway and in the rest of Europe. This declining trend now seems to have stopped and 

there has been a steady inflow of studies during recent years (figure 1). The initiators are 

within both the private and the public sectors. In Norway, the number of clinical studies 

reported to the Norwegian Medicines Agency ranges from 165 in 2010 to 142 in 2016. More 

than half of the studies, on average 60%, were initiated by the private sector (pharmaceutical 

companies). The remaining studies were initiated by individual investigators or academic 

research organizations. These academic studies often aim to determine the safety and efficacy 

of drugs and devices, and to the advancement and optimization of existing therapies. 

 

 

Figur 1: Number of applied clinical studies in Norway (Norwegian Medicines Agency 2017) 

There are guidelines and regulations for conducting clinical studies. These include 

international regulations, national laws and professional guidelines issued by e.g the United 

States Food and Drug Administration (FDA) and the European Medicines Agency (EMA) and 

the International Conference on Harmonisation of Technical Requirements for Registration of 

Pharmaceuticals for Human Use (ICH). This framework is adopted and regulated in an 

increasing number of countries. There is an emphasis on standardization, documentation and 

reporting of data management and data quality in the private sector. The pharmacological 

private companies have had to adhere to strict guidelines and a comprehensive legislation for 

many years. The development of new drugs and medical devices is an expensive process. An 

error early in the process can disturb or ruin an entire development program at a later state, 
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urging quality control in all parts of the process. However, the main purpose of quality 

assurance methods applied to clinical studies should be to protect the rights and the safety of 

study patients. Secondly, the purpose should be to reduce the likelihood of errors affecting the 

study results and thereby affecting the safety of future patients. 

In academia, there has been a tradition of mainly considering the quality of the study in regard 

to study design, general protocol "compliance" and the researcher's integrity and experience 

(Van den Broeck, Argeseanu Cunningham, Eeckels & Herbst, 2005).  Data management has 

received less attention, although it has an equal opportunity to influence the study. All studies, 

regardless of how well they are designed and conducted, must deal with the possible sources 

of error in the study process. This problem applies to any type of research, from observational 

studies to intervention trials for pharmaceutical, medical devices and procedure development. 

Data management and error rates are rarely mentioned in medical publications. A survey of 

articles published in prominent APA journals in 2009 found that the percentage of authors 

reporting minimal data cleaning ranged from 22% to 38% across journals (Osborne, 2013). 

The survey also looked at checking for distributional assumptions and reported dealing with 

missing data, and found that few articles had information about these basic issues of 

quantitative methods. Even the use of the most sophisticated statistical analysis will not make 

the results any more valid if they are based on poor quality data. 

  “And you must absolutely never use any statistical method without realizing that you are 

implicitly making assumptions, and that the validity of your results can never be greater than 

that of the most questionable of these.” (Vardeman & Morris, 2003)   
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1.1 General aim, objectives and research 

questions 

1.1.1 General aim and objectives 

The general aim of this thesis is to examine the effect of data quality control on the outcome 

in academic clinical studies. Different errors have different impact on the outcomes of the 

analyses and it is important to use different tools to mitigate the impact on the outcomes. 

The primary objective of the study is to compare the outcome of the analyses performed on 

databases before data control with analyses performed on databases after data control has 

been performed. The secondary objective is to look at the effect different errors may have on 

different types of outcomes. In addition the balance between data quality control in 

accordance with regulatory rules and a risk-based approach to quality control will be 

discussed, i.e. “What is good enough?”. 

1.1.2 Research questions 

1. What are the differences in outcomes after data quality control has been performed? 

2. What kind of errors occurred and what are the impact on the different outcomes? 

3. How can a study deliver good enough data without doing 100% quality control of all 

the data and still adhere to all regulatory rules and guidelines? 

1.2 Disposition of the thesis 

This introduction included a brief presentation to the role of data management within 

academic clinical studies. In chapter two, the data management process will be described and 

an insight to the regulatory rules and guidelines for clinical studies will be given. At the end 

of the chapter, the literature review will be described. In chapter three, the data and 

methodology for the project will be described, and followed by the description of the errors 

and results of the analyses in chapter four. Chapter five will contain a discussion, followed by 

a conclusion in chapter six. 
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2 THEORY 

In this chapter, a general description of the data management process in clinical studies and 

the possible sources of errors will be presented. It will be followed by a description of the 

regulatory guidelines and their application in data management. Then an introduction and 

description in detail of the risk based approach to quality control follows and at the end of the 

chapter the literature review performed will be described. 

2.1 Data Quality management in clinical studies 

2.1.1 The data management process in a clinical study 

 

 

 

 

 

 

 

 

CRF: Case Report Form; RAT: Risk Assessment Tool; DC: Data Control; DMC: Data Monitoring Committee; FPFV: First Patient First 

Visit; LPLV: Last Patient Last Visit; DB: Data Base 

Figure 2. Study course in a clinical study 

Figure 2 shows the progress of a clinical study with continuous data quality management. The 

study is based on the protocol. The data quality management starts with input to the sections 

of the protocol relevant for data management. When the regulatory/ethical committee 

approved version of the protocol is available, the setup of the data capture system may start. 

Previously, all data were registered on paper forms, denoted a Case Record Form (CRF). 

Today, CRFs are usually designed as an electronic CRF (eCRF). It is important that the CRF 

mirrors the protocol and no more or less variables are captured than specified.  

Protocol 

F
P
F
V 

L
P
L
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RAT, Data Management Plan 
and Data Control Plan 
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DB lock 

Export of 
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Data Control 
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Reporting 
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DMC/ 
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Data quality management /Data management 
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An important part of the setup is the development of edit checks. They might be a part of the 

eCRF and/or developed in an external data program like SAS or SPSS for batch runs. All 

parts involved in the planning, such as CRFs, edit checks, site staff training e.g., in the study 

must be regulated in Standard Operating Procedures (SOP) and should be subject to quality 

control. From the first patient first visit (FPFV) until the last patient last visit (LPLV), data 

quality control is performed according to SOPs, a data management plan (DMP) and a  data 

control plan (DCP). The study-specific DMP describes all tasks performed during the trial 

data management. This applies to data capture systems, coding of medical terms, other data 

sources such as external laboratory analyses, data control and central monitoring, data formats 

and structure, etc. The DCP describes all variables recorded in the study and all data checks 

for each variable on a patient level. The checks could be missing data, range checks, search 

for inconsistency between variables and time points. 

The central monitoring may also be a part of the data quality control. Central monitoring 

became a key issue in the integrated Addendum to the ICH Good Clinical Practice (GCP) 

guideline released in 2016 (ICH E6, 2016). A part of this approach is the statistical central 

monitoring and is performed on the site/study level. This statistical approach looks at data to 

assess data quality issues, data trending, data outliers, or number of protocol deviations, 

violations, and AE/SAE rates across patients and sites. It is also an instrument to identify 

operational risks related to patient recruitment rates, patient screening failure, or drop-out 

rates, as well as to identify non-performing sites.  It should be a cross-functional approach and 

involve a statistician, monitors, investigators as well as a data management staff.  

Data quality control performed by batch runs of control programs, reviews of listings and 

tables or monitoring may result in revealing missing data, inconsistencies or other issues 

needing clarification from the study staff and result in queries to site. Queries can be entered 

into the eCRF or managed on paper query forms. The queries are answered by the site staff 

and the data corrected in the database. The process should be part of the trial data base audit 

trail and documented according to the data management’s SOPs. 

The database lock is performed when all data captured, all checks are completed, all 

discrepancies are resolved and all other control procedures are completed according to the 

data management plan. Locking the database means removing all possibility to alter data and 
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the database is stored with write protection and a signature. The database lock readies the 

datasets for analysis, reporting and publication. 

An important rule that has to be followed throughout the whole process is documentation. 

There might be a concern regarding the line between data manipulation and responsible data 

editing in connection with data quality control. All altering of data must be signed and 

substantiated as part of the audit trail, and the process must be completed before database 

lock. 

Sources of data errors in clinical studies 

In this context, it is useful to discuss types of errors, the various ways errors can occur and 

methods to discover errors in clinical studies. The cause may range from design errors, 

procedural errors, data errors and analytic errors (Baigant, Harell, Buyse,Emberson& Altman 

,2008). It should not be forgotten that the process of data quality control might introduce 

errors in itself. 

Table 1: Error types, their potential for adverse effecting patient safety or introducing 

bias and suggested methods of monitoring  

Error type Adverse effect on 

safety during the 

study 

Bias in study 

efficacy result 

Monitoring method 

Design errors +++ +++ Peer review, and oversight by trial 

committees 

Procedural errors +++ + (blinded) 

+++ (unblinded) 

Avoidance through initial training and  

subsequent mentoring during site visits. 

Quality by design (QbD) and central 

monitoring 

Recording error 

 Random 

 Fraud 

 

- 

+ 

 

+ 

- 

Central statistical monitoring. On-site 

monitoring for sites with poor 

performance only 

Central statistical monitoring. On-site 

monitoring directed at sites with unusual 

data patterns. 

Analytical error - +++ Peer review and oversight by trial 

committees 

(Baigant et al,2008) 
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The first category of design errors may affect patient safety or compromise results of the 

study e.g. including patients who is known to be harmed by the intervention or failure to 

specify the systematic recording of safety outcomes. Prevention of such errors is essential, 

and it is therefore important to ensure competent personnel review of the protocol and study 

procedures before initiating the study. The second category of errors – procedural errors – 

would be the systematic failure to follow study protocol or SOPs. These errors may be minor 

or more serious, but may affect the patient safety. In regard to study data, a failure to follow 

study procedure may introduce bias and affect the outcome of the study. The procedural errors 

may be avoided through initial training of the study staff and subsequent monitoring of sites. 

The fourth category of analytic errors are introduced during the analysis and interpretation of 

the study outcomes. The detection of these errors is important to the safety of future patients, 

and as the study may result in inappropriate use of treatments or failure to employ an effective 

treatment. The analysis of the studies should be part of the quality assurance, but is not part of 

this project, as the analysis is usually performed after database lock by a biostatistician. This 

applies to the design and procedural errors as well, as they can be avoided through initial 

quality assurance methods before the study starts. 

The third category of data recording errors is the main issue of this thesis. These errors, 

whether they are unintentional, caused by carelessness or even fabricated, may be introduced 

to the study data in various ways. An error in a patient’s blood pressure values may be caused 

by the measuring device, data registration to the CRF or by transcribing data from CRF to 

database. The cause of the error could be an incorrectly calibrated device, which would result 

in a systematic error for the site, if not detected by the staff or local monitoring. It could also 

be caused by an investigator’s wish to include a patient in a study, although the patient is 

ineligible because of his or her medical history. If this is a one-time occurrence only, it may 

not affect the study result, but it might affect the specific study participant’s safety. The 

unintentional random errors, such as misreading a measurement value from the journal and 

entering the wrong blood pressure in the CRF, or transcribing a wrong digit from CRF into 

the database, are unlikely to introduce bias to the data. However, if the error is systematic, it 

may have a potential to create serious bias to the study results. Delegation of tasks or an 

oversized workload may lead to the disintegration of responsibility, and could result in study 

procedures not being followed. Another risk is coding errors as data is captured into the CRF. 

An inconsistent approach between sites or the site staff may lead to a systematic error in the 

captured data.  
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There are different methods used to detect these errors and they can be applied to different 

levels of the study data. The central monitoring by data management uses statistical 

techniques on accumulated data on study or site level to identify unexpected patterns in the 

data or even falsified data. The validation on patient level looks for inpatient patterns, missing 

data or inconsistency in the study course with respect to the protocol for each patient. It is 

possible to initiate a risk-based approach to the data quality management before study start to 

identify possible risks and develop the study-specific strategy for risk mitigation. A detailed 

description of risk-based approaches will be given in the next chapter. 

2.1.2 The regulatory guidelines 

Clinical Studies are mainly regulated by international and national laws and the European 

Directive 2001/20/EC, which is fully implemented in the Norwegian Regulation relating to 

clinical studies on medicinal products for human use.  Section 1-2 in the regulation states “All 

clinical studies, including bioequivalence and bioavailability studies, shall be planned, 

reported and conducted in accordance with the rules of the regulation and the standard for 

good clinical practice.” (Lovdata, 2009) 

The next section says, “Necessary procedures for ensuring the quality of the study shall be 

followed. The available clinical and preclinical data concerning an investigational medicinal 

product shall be sufficiently comprehensive to justify a clinical study. All information about a 

clinical study shall be registered, processed and stored in such a way that it is available for 

correct reporting, interpretation and verification of the information as well as effective 

protection of personal data.” 

These fundamental requirements stated in section 1-3 of the regulation are more fully 

discussed in the ICH E6 Good Clinical Practice (GCP) guideline. The first version of this 

guideline was finalized in 1996 describing the responsibilities and expectations of all 

participants in the conduct of clinical studies, including investigators, monitors, sponsors and 

IRBs. GCP covers aspects of monitoring, reporting and archiving of clinical studies. 

The guideline has been amended in 2016 with an integrated Addendum to encourage 

implementation of improved and more efficient approaches to clinical study design, conduct, 

oversight, recording and reporting while continuing to ensure human subject protection and 
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reliability of study results. Standards regarding electronic records and essential documents 

intended to increase clinical study quality and efficiency have also been updated (ICH, 2016). 

One important principle in the ICH-GCP guideline and also stated in the “Regulation relating 

to clinical trials on medicinal products for human use” is the responsibility of the Sponsor or 

Project leader. Sponsor may delegate his trial-related duties and functions to an individual, 

firm, institution or organization. However, the sponsor is responsible for ensuring that the 

conduct of the clinical trial and the processing of the data generated are in compliance with 

the provisions of this regulation. So while the data management tasks may be delegated to 

other appropriately qualified individuals, the responsibility is not handed over. The researcher 

still has to be well informed of and convinced that the data management is performed 

according to law. 

Quality control and data management according to GCP 

Data management is not mentioned directly in the guideline, but the general principles of 

GCP apply to data management as part of the study procedures. 

Principles related to data management in the ICH-GCP(R2) 

All clinical study information should be recorded, handled, and stored in a way that allows its 

accurate reporting, interpretation, and verification (GCP, 2.10).  

Any change or correction to a CRF should be dated, initialed, and explained (if necessary) 

and should not obscure the original entry, i.e. an audit trail should be maintained. This applies 

to both written and electronic changes and corrections. Sponsors should have written 

procedures to assure that changes or corrections in CRFs made by the sponsor’s designated 

representative are documented, are necessary, and are endorsed by the investigator. The 

investigator should retain records of the changes and corrections (GCP, 4.9.3). This 

functionality – the audit trail – is one of the most important points to consider when choosing 

a data capture system for a study. 

The sponsor is responsible for implementing and maintaining quality assurance and quality 

control systems with written SOPs to ensure that studies are conducted and data are 

generated, documented (recorded), and reported in compliance with the protocol, GCP, and 

the applicable regulatory requirement(s) (GCP, 5.1.1).Quality control should be applied to 
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each stage of data management to ensure that all data are reliable and have been processed 

correctly (GCP, 5.1.3). The performed QC should be documented according to the 

organization SOPs. 

The sponsor should employ appropriately qualified individuals to supervise the overall 

conduct of the study, to handle the data, to verify the data, to conduct the statistical analyses, 

and to prepare the study reports (GCP, 5.5.1). An often used method for demonstrating 

compliance with this element is that training of all staff members involved should be 

documented, and job descriptions, CVs and training logs should be kept updated at any time.   

In summary, there are no standard requirements for GCP-compliant data management in the 

guideline. It does not tell you how to perform data management; it only states responsibilities 

and that quality assurance should be in place during all stages of a study.  

In this project, it is referred to studies, not trials. A clinical trial is one of two main types of 

clinical studies. A clinical trial tests an intervention -- a potential drug, medical device, 

activity, or procedure -- in people (Lovdata, 2009). It is also referred to as an interventional 

clinical study and the other type of study would be the observational study.  The quality 

assurance should be as important for the observational study, so the term study is used 

through the project, although these observational studies are not covered by the ICH-GCP 

guidelines. 

ECRIN and standard requirements   

In 2011, the European Clinical Research Infrastructure Network (ECRIN) published a list of 

standard requirements for data and information technology (IT) in clinical trial units. One of 

the purposes of these requirements was to provide a clear interpretation of regulatory and 

good practice requirements, in the context of resources available to non-commercial trails 

units in Europa, and thus act as a general guide to establishing and managing high-quality 

data management services (Ohman et al, 2013). The standard have been revised two times 

since, and the version 3.1 dated January 2016 describes 129 different requirements with focus 

on IT and data management. The audit based certification mechanism used by ECRIN is one 

approach and initiative that have been taken to improve quality within non-commercial 

clinical trials units. The Clinical Trial Unit at Department of Clinical Research Support, Oslo 
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University Hospital have had an audit by ECRIN in April 2018 and are awaiting the result of 

the certification process in June 2018.  

2.1.3 Risk based approach 

The Integrated Addendum (R2) advises study sponsors to develop a risk-based approaches to 

clinical study monitoring. Phrase monitoring, in this setting, refers to all monitoring of data in 

a clinical study, including data management. This new process is commonly known as risk 

based monitoring (RBM), but also applies to data management. RBM incorporates both 

centralized monitoring conducted off-site through an examination of electronic study data and 

on-site monitoring practices proportional to the risks associated with the clinical study (EMA, 

2013).  

Risks in clinical studies should be considered at the system level (e.g. facilities, SOPs, data 

capture systems, site staff), as well as at the study level (e.g. Investigational Medicinal 

Products (IMP), study design, data collection and recording). Apart from the risks associated 

with the IMP, there are also risks that can arise from the protocol and study procedures. Such 

risks can have an impact on the patients in the study, on data integrity, on the reliability of the 

results or the validity of the study (EMA. 2013). 
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Figure 3. Risk based quality management system for clinical studies (EMA, 2013) 

A risk based quality management system for clinical studies should include the areas 

illustrated in figure 3. This RBA system is described in the Reflection Paper on Risk Based 

Quality Management in Clinical Studies published by EMA in 2013 and gives an overview of 

the different stages in the process. The performing of risk assessment requires knowledge and 

understanding of what could go wrong in a study, and the probability of the occurrence of a 

negative outcome. The main concern is the safety of the patients, but also the reliability of the 

study results. The assessment of risk is the identification of possible negative outcomes, their 

impact on the study and the chance of occurrence. 

Risk control implies decision making in regard to mitigation of identified risks or acceptance 

of risks. A risk management plan should be developed and quality tolerance limits should be 

set for the different possible outcomes. If the risks are acceptable, the study continues 

according to the plan, or if found inacceptable, the risk mitigation plan should be 

implemented. Ideally, the plan should be agreed upon before the study begins. This gives the 

cross-functional team the possibility to build in quality prospectively and all the parties 
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involved in the study reassurance that an approach is being taken to ensure trial quality 

(Landray, Grandinetti, Kramer, Morrison, Ball & Sherman, 2012). 

Risk reviews should be performed on a regular basis, or if new information emerges during 

study conduct. There are several study activities that may impact the risk management plan 

and tolerance limits. Some of these activities are performed by data management. Data 

validation and central monitoring are activities that may result in a need for reviews and the 

adjustments of plans. 

Risk management tools; can be paper based, or built with the use of information technology. 

The tools can allow detection, identification, prediction, tracking and analysis with the 

generation of metrics. Broadly speaking, the tools support the risk management system and 

the decision-making. 

Risk communication: distribution of documents related to the risk reviews to all stakeholders 

and decision makers, communication of risk mitigation / acceptance measures. 

All quality management processes are dynamic. Thus, continuous improvement is only 

ensured, when quality management processes are constantly adapted by collecting and using 

information on an on-going basis, and when changes are routinely evaluated to make sure that 

they are effective. It is an essential part of the risk based quality management system that 

review takes place as additional information becomes available. 

2.1.4 Literature review 

Quality management of data in a clinical study is a continuous process, which takes place in 

parallel with the course of study. If you want to design a project that compares all of the data 

in a study in two datasets, one before and one after data quality, this involves postponing the 

continuous data control in the clinical study until all data have been collected. This also 

means that the process is delayed and costs increase. It is therefore difficult to find studies or 

articles with a similar approach as this project. 

A protocol for systematic review of relevant articles was developed by attending the course 

MF9370 during the spring of 2014. The title of the protocol was "Datakvalitetskontroll i 

kliniske studier. Protokoll for systematisk oversikt MF9370". These search strategies were 

designed to identify published studies or articles where data quality control in clinical studies 
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was assessed as intervention. Bibliographic databases were searched for published studies and 

articles. Language restrictions were set to Scandinavian, German and English. The reference 

list of relevant articles were searched manually to identify further articles. 

Few articles were identified, and none of them used data validation as an intervention to 

measure the effect of quality control in clinical studies. The articles addressing quality control 

and error rates in clinical studies explored the CRF to database errors, and compared different 

approaches to data entry and data capture systems. Some of the articles relevant to the 

research question of this project are referred to under the discussion chapter. 
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3 DATA AND METHODOLOGY 

This was an experimental study where the intervention was the data quality control and 

validation, and each study its own control. The focus was on the errors detected, corrections 

made and the impact on the outcomes. Would the detected and corrected errors affect the 

conclusions drawn from the studies? 

3.1 Population / studies included 

Inclusion criteria: 

1. Investigator-initiated trials (IIT) and academic clinical study where data management 

is performed at Clinical Research Support (CSR), Oslo University Hospital  

2. Study team agrees to inclusion of the study 

3. Study protocol describes primary and secondary outcomes possible to compare before 

and after data quality control (QC) 

Exclusion criteria; 

1. Pre-data-control datasets not available 

2. Missing documentation regarding data control performed 

 

 
Figure 4: Study design with data validation as intervention and the results of analysis 1 and 2 as outcome 
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3.2 Intervention and control 

The intervention in this project is data control/validation according to CRS SOPs (figure 4). 

The data were entered into Medinsight using Teleform® scanning and optical character 

recognition (OCR) system. The OCR process was executed with manual verification of pages 

fed into the system, and values that weren’t being recognized by the OCR system, were 

entered manually. The first QC procedure performed was a verification of all data in 

Medinsight. Listings were made per patient and controlled against the data completed on the 

paper CRF for all completed forms. The result of the verification process was documented in 

a data verification log, and all inconsistencies were corrected in the study specific Medinsight 

database. 

The second QC process applied on the study database included running SAS® programs 

developed for detecting out of range, inconsistencies and missing data. The output of the edit 

checks were checked against the CRFs, earlier queried data and note to files. If the data 

manager concluded with the need for a clarification, a query was raised. If the investigator’s 

response to the query implicated correction of the data, an update of the database was 

performed, and the signed query archived with the patient CRF.  

A third validation process was performed by exporting and merging the patient data into one 

record per patient containing all variables, used to derivate the primary and secondary 

outcomes, as well as some of the most crucial variables for the patient study course. All 

patients not following the ideal patient course, and where results didn’t correspond to a 

complete response at the last scheduled follow-up visit according to protocol, were targeted 

for closer inspection  The principal investigator (PI) and the Project Data Manager (PDM) 

examined the chosen records together to identify possible inconsistencies and necessary 

clarification. If indicated, a query was raised. If the investigator respond to the query 

implicated correction of data, an edit of the data point was performed, and the signed query 

was archived with the patient CRF. 

The data in the initial dataset, before the data control intervention, had already been subject to 

some corrections. The data entry personnel are allowed to perform some modification agreed 

upon in an Obvious Correction document and signed by the PI in advance. These corrections 

might be obvious spelling mistakes or three visit dates in a row, with the date in the middle 

having the wrong year.  
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3.3 Anonymization of data 

Anonymous data can be defined as data that are impossible to link to an identifiable 

individual, taking account of all the means that may reasonably be envisaged used to identify 

the person concerned, either by the data controller or any other third party (datatilsynet, 

2015). Anonymization is the act of rendering personal data anonymous. In other words, data 

sets that can be linked to an identifiable person are prepared in such a way as to make it 

impossible to link the data to a specific person.  

The process for this project was first to identify the variables needed to compute the 

endpoints. No other variables, including demographic data, were included in the working 

datasets. New random patient IDs were added through applying a SAS syntax to all the 

working datasets and the original patient IDs were deleted. After the process of 

anonymization, the datasets were archived without the study identifier on a secure location at 

hospital server for sensitive information. The seed number given in the study specific SAS 

program was deleted after the anonymization process. 

3.4 Excluded patients 

Patients who were given a patient ID, but left the study before undergoing any study specific 

procedures or before treatment data were collected, was deleted from the working database. 

These patients were wrongly included in the studies and have no data in either datasets. 

3.5 Outcomes and analysis 

The analyses will be performed according to each study protocol. Study specific analysis 

populations will not be taken into account. Most of the analyses will be performed on all 

subjects included; only subjects not fulfilling the study specific eligibility criteria and having 

no data captured, are excluded from the analysis datasets. 

According to the protocols, there are two kinds of outcome measurements, survival analysis 

and descriptive tables. The survival analyses could be presented using Kaplan-Meier plots, 

cox regression, parametric models, Nelson-Aalen or other and the difference between groups 

tested by log-rank test. In this project, the presentation will be restricted to Kaplan-Meier plot.  
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Kaplan-Meier estimate for the survival curve 

The plot of the survival curve S(t) shows the probability that a patient will survive, i.e. not 

having an event of interest up to and including time t. The Kaplan-Meier estimate of the 

survival curve takes into account the number of patients at risk of having the event at time t. If 

there are nt patients at risk at time t, and dt events has occurred at that time, then the estimated 

instantaneous risk or hazard is rt=dt/nt. Further, the probability of surviving time t conditional 

on survival up to but not including t is st = (1-rt) = (nt-dt)/nt. Finally, the overall probability of 

surviving up to and including t is S(t) = S(t-) x st where S(t-) is the survival probability just 

prior to t. (Kirkwood & Sterne, 2003, p.272). 

The effect of the intervention is presented as the difference in Kaplan-Meier survival curve 

estimates before and after the intervention (the QC). The difference will only be assessed 

qualitatively and no formal statistical testing of the intervention effect will be performed. The 

descriptive tables will present the distribution of the outcome measurements before and after 

QC. 

In addition to the comparison of the primary and secondary outcomes, three different error 

rates will be calculated for each study to quantify the effect of the validation process. In these 

calculations, only the variables used to derive the study specific endpoints are included. 

Additional quantitative analyses 

1. Endpoint specific corrections 

For each endpoint, the endpoint specific correction rate is computed. As a study endpoint can 

depend on several data points, the endpoint specific correction rate is defined as the number 

of corrections in any data point included in the endpoint divided by the total number of data 

points of the endpoint (#errors / # data points for the endpoint).  
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2. Total number of study endpoint corrections 

The second outcome is the ratio of all corrections in total per number of data points used to 

derive all of the endpoints in the study. (Total no. of corrections in all data points/total no. of 

datapoints (#Variable *#patients)).  

3. Total number of patients with one or more endpoint corrections 

The third outcome is the number of patients (records) with one or more corrections divided 

through the number of patients (records).  

The error rates will be presented in descriptive tables at the end of each chapter with results 

from each study. The error rates will be normalized to #errors/10.000 data points. 

3.1 Ethical considerations 

All studies were conducted according the principles of the Declaration of Helsinki. (ref). All 

patients provided written, informed consent before inclusion. Each study was evaluated and 

approved by the Regional Ethics Committee of Eastern Norway and the Norwegian Data 

Inspectorate. The studies were also approved by the Norwegian Medicines Agency. 

The study is approved by the Control Committee at the University of Oslo, where 

documentation on all associated approvals are available. 
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4 RESULTS 

4.1 Screened studies 

Ten possible investigator initiated studies at CRS were screened for possible enrollment in the 

project. Three studies were still ongoing with too much data still not captured. For five of the 

studies, pre-data-control datasets were not available and therefore not eligible. Two of the 

studies had complete pre and post-data-control datasets, documentation of QC performed and 

both protocols described primary and secondary outcomes possible to compare before and 

after data QC. The principal investigators gave their approval and signed consent was 

obtained for both studies.  

Table 2: Screened studies 

 

 

Data are n,  n(%),  median/min/max 

1)COPD, pain, overdose 
2) Duration in years of inclusion and follow-up for completed studies (FPFV: First patient first visit; LPLV: Last patient last visit) 

 

Variables Value  

No. of studies 10  

No. of patents pr. Study   
median/min/max 

 

161.5/30/308  

No. Of sites One site 4 (40%)  

Multisite 6 (60%)  

Diagnosis Cancer 7 (70%)  

Other
1
 3 (30%)  

Phase 2 4 (40%)  

3 1 (10%)  

Other 5 (50%)  

Start of inclusion 

(year) 

2000-2004 1 (10%)  

2005-2009 4 (40%)  

2010-2014 5 (50%)  

Duration (year) 
median/min/max 

FPFV-

LPLV
2 

 

5/1/5  

Study status Completed 6 (60%)  

Ongoing 4 (40%)  
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The two studies included used paper CRFs and were entered into MedInsight using Teleform 

OCR system. 

4.2 Result of each study 

4.2.1 Study no. 1 

The study duration was 10 years, including inclusion, treatment and follow-up of 158 patients.  

It was a phase II, multicentre study, testing of a new treatment regimen of already approved 

drugs. The study was multinational with 17 sites. Two sites included 86 (54.4%) of the 

patients. 

Table 3: Study no. 1, Primary and secondary outcome 

Outcome Outcome 

measurement 

Included data point(s) Derived 

endpoint 

Method of 

analysis 
Primary 

outcome 

Time to treatment 

failure (TTF) from 

time of registration 

Date of inclusion         

Date of death                

Date of completed study 

Response     

Date of remission 

 

Time to 

treatment 

failure 

Kaplan-

Meier plot 

Secondary 

outcome 

Clinical response 

rate(RR) 

Response Response Descriptive  

 Total survival Date of inclusion         

Date of death               

Date of completed study 

Date of last contact 

 

Time to death Kaplan-

Meier plot 

 Time to progression Date of 3 months evaluation 

Response  

Date of death               

Date of completed study 

Date of last contact 

 

Time to 

progression 

Kaplan-

Meier plot 

 

 

Incidence of CNS 

relapse 

 

CNS relapse CNS relapse Descriptive  

 Toxicity Toxicity Toxicity Descriptive  
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Primary outcome, Time to Treatment Failure (TTF) 

According to the study protocol, time to treatment failure is the interval between the 

registration date and the date of documented progression or lack of response, first relapse, 

death for any reason or discontinuation/change of therapy because of toxicity, whichever 

occurs first. Otherwise, patients will be censored at the last date they were known to be alive. 

For patients not responding at any time point on study treatment, TTF is defined as 1 day. 

 

Figure 5a: Study no. 1, Time to treatment failure (TTF)  

 

The survivor function S(t) is illustrated by the survival curve. This is the probability that a 

patient will survive, not having an event of interest up to and including time t. The survival 

curve is shown as a step function. The curve is horizontal at all times at which there is no 

outcome event, with a vertical drop corresponding to the change in the survivor function each 

time when an event occurs (Kirkwood & Sterne, 2003, p.272-276). For the TTF curve, the 

events of interest are documented progression or lack of response, first relapse, death for any 

reason or discontinuation/change of therapy because of toxicity. The censored patients are 

illustrated with a cross on the curve, but no vertical drop. This gives the time they were last 

known to be alive. 
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The figure 5a shows the Kaplan-Meier curves with data before DC (n=108) and After DC 

(n=158). 95% CI to the curves are included for descriptive purpose. This plot contains all 

records in the database at the two time points. The difference in the two curves is mainly due 

to missing data points identified and corrected during the DC process. Fifty patients with 

missing data in the pre-DC dataset completed the study and had longer TTF values. Thus, the 

post-DC curve with 158 patients raises above the pre-DC curve. The missing data points had a 

median value of 1964 days with a range from 1528 to 2311 days.  

 

 

Figure 5b: Study no. 1, Time to treatment failure (TTF), n=108 both datasets 

The figure 5b shows the curves for the 108 patients with no missing data in the TTF analysis 

datasets. There is less difference between the curves and the diversity at the right side of the 

figure can to some extent be explained by the differentiation of the variable reason for end of 

study. The patients who completed the study with CR had the same outcome value as patients 

with relapse, so they were not censored in the dataset before DC. 

The two datasets used for the Kaplan-Maier plot in figure 5b had differences in TTF for 12 

patients. The changes in the derivate values are a result of the performed data control. The 

median value for the change in values is -115 days with a range from -881 to 546 days. For 
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three patients, End of Study (EOS) date was incorrect and should be set to the date of last 

assessment at five years visit. Five patients had a change in cause of EOS because of an 

earlier registration of relapse and therefore a change in EOS date. Three patients had an 

experience of toxicity and therefore a change in EOS date. One site with 3.4% of the patients 

had 33 % of the changes, the rest of the change were distributed evenly. All errors were 

detected using an excel spreadsheet with data merged from different files and visits and 

reviewed with the principal investigator. 

Secondary outcome, Clinical Response Rate (RR) 

The patients were assessed at each 3 months evaluation visit. The response score was divided 

into four categories in the follow up period: Complete Response (CR), Complete response 

unconfirmed (Cru), Partial Response (PR), No change/stable disease (NC) and Progressive 

disease (PD). The final assessment of each patient was used in this analysis.  

As validation rules were defined in the DCP, a need for a new variable response code was 

found: NA (not applicable). The principle investigator wanted the patients with complete 

response after the initial study treatment to be assessed with the response NA, not progressive 

disease if they had a relapse at a follow-up visit. These patients were originally assessed PD 

in the CRF. The option of NA was not taken into account in the CRF and the corrections were 

performed in cooperation with the study team after data entry. This was the case for 15 

registrations. In addition, some errors were generated as patients were followed with response 

data after they met the end of the study criteria. This resulted in wrong clinical response at 

study end registered for eight patients. In all 23 (14.5%) of the patients had a change in 

clinical response at last assessment. For all clinical response data points completed during the 

study, at 12 time points, the total number of corrections made were 71.  
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Table 4: Study no. 1, Clinical Response Rate (RR) before and after DC 

Clinical Response Rate (RR) Before DC(n=158) After DC (n=158) 

Missing 23 (14.5%) 
 

23 (14.5%) 

Complete response (CR) 104 (65.8%) 98 (62%) 

Complete response unconfirmed (CRu) 2 (1.7%) 1 (0.9%) 

Partial Response (PR) 1 (0.9%) 0 

No change/Stable Disease (NC) 1 (0.9%) 1 (0.9%) 

Progressive Disease (PD) 27 (17.0%) 16 (10.1%) 

Not applicable (NA)
1
 0 19 (14.8%) 

1. Not applicable (NA), the patient was in complete remission but has had a relapse. This is not the same as progressive disease. 
 

Secondary outcome, Time To Death /Total survival 

The protocol defines the time to death or overall survival as the time from the registration date 

to the date of death. Patients still alive or lost to follow-up are censored at the last date they 

were known to be alive. 

 

Figure 6: Study no. 1, Total survival 

10 (6%) of the patients had change to their TTD value due to data control. Additional 6 (4%) 

of the records had missing values in the dataset before DC. 
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Secondary outcome, Time to progression 

The protocol defines Disease free survival /time to progression as the time from the first 

assessment within 2 months of completion of therapy that documents response to the date of 

disease progression. Otherwise, the patients are censored at the last date of follow up. Patients 

still alive in a CR or lost to follow-up are censored at the last date they were known to be 

alive. Patients who die due to causes other than cancer are censored at the date of death. 

 

Figure 7: Study no. 1, Time to progression. 

Some patients (n=17) did not have a response to treatment at first assessment or leaved the 

study before the first assessment and was therefore removed from the analysis. The difference 

in the two curves was mainly due to change in the censoring between the two groups because 

of wrong recording of the variable reason for end of study. The patients who completed the 

study with CR had the same outcome value as patients with relapse, so they were not 

censored in the dataset before DC. 
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Secondary outcome, Incidence of CNS relapse 

Table 5: Study no. 1, Incidence of CNS relapse before and after DC 

 Before DC (n=158) After DC (n=158) 

Relapse  No. of CNS Relapse No. of CNS 

Months after inclusion n n n n 

3 8 4 9 4 

6 9 0 9 0 

9 1 0 1 0 

12 5 0 5 0 

15 4 0 4 0 

18 2 0 2 0 

21 2 1 2 0 

24 5 0 5 0 

30 5 0 5 0 

36 0 0 0 0 

42 0 0 2 0 

48 0 0 0 0 

54 2 0 2 0 

60 0 0 0 0 

Sum 43 5 46 4 

The changes to these data are minimal and they are a result of data verification process. The 

number of CNS relapse at the end of the study is an important outcome in the study protocol 

and as such, it should be monitored precisely because of the initially small number of positive 

registrations. 

Secondary outcome, Toxicity 

Table 6: Study no. 1, Toxicity grade (0-4) before and after DC 

 
 

Toxicity grade before DC (n=158) Toxicity grade after DC (n=158) 

0 1 2 3 4  0 1 2 3 4 

  n n n n n  n n n n n 

Haematology   2 2 8 22 126  0 2 8 21 127 

Gastro   45 53 34 21 5  45 53 34 21 5 

Mucosa   68 42 32 12 4  68 42 32 12 4 

Infections   45 16 34 51 12  45 15 35 51 12 

The changes to these data are minimal and they are a result of data verification process. 
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Summary of corrections for study no. 1 

 

Table 7: Study no. 1, summary of corrections 

Outcome Outcome 

measurement 

No. of data 

points to 

derive the 

outcome 

measurement 

Total no. of 

data points 

involved  

(#pat x #dp) 

Endpoint 

specific 

corrections 

Corrections 

per 10.000 

data point 

Primary 

outcome 

Time to treatment 

failure (TTF) from 

time of registration 

 

5 

 

790 

 

75 (9.5%) 

 

945 

Secondary 

outcome 

 

Clinical response 

rate(RR) 

1 158 23 (14.5%) 1455 

 Total survival 4 632 72 (11.4%) 

 

1139 

 Time to progression 5 790 

 

96 (12.2%) 1215 

 

 

Incidence of CNS 

relapse 

1 158 2 (1.3%) 126 

 Toxicity 1 158 2 (1.3%) 

 

126 

 
Total study endpoint corrections 

 

9 

 

1422 

 

102 (7.2%) 

 

 

717 

Total patient with more than one 

endpoint correction 

- 158 95 (60.0%)   

For the primary outcome (TTF), 32 % of the records had missing values.  These values were 

not evenly distributed to the sites. One site, with 23% of the patients, had 42% of the missing 

values, whilst another site with almost one third of the patient only had two missing values.  

Another major source of corrections were errors in recording Clinical Response, Reason for 

End of Study and because of that, wrong End of Study date. Five different variables were 

included into the dataset used to derive the TTF value for each patient. The total amount of 

data points included in the primary endpoint was 790 and there was a difference in 75 of the 

data points after the validation process. This implicates a correction in 9.5% of the data 

points.   

For the secondary outcome, Clinical Response Rate (RR), 23 (14.5%) of the final data points 

were corrected. All errors were found during the review with the study group and the majority 

was caused by lack of coding options in the CRF. 
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Total survival / time to death (TTD) used four variables for computing. The number of 

corrections to these data points was 72, but it only affected 10 (6%) of the derived TTD 

values. Death date was recorded correctly for all patients except one. 

Time to progression (TTP) used the date of first confirmed response assessment and therefore 

17 of the patients were removed from this analysis due to end of study before first follow-up 

visit. 11 (6.9%) patient had a change in their TTP value after QC. 

The two last secondary outcomes, incidence of CNS relapse and toxicity, had only a few 

corrections and was not derived from any other variables. They were found during the CRF-

to-database check. Both variables were categorical and toxicity was only recorded twice at the 

beginning of the study. Although CNS-relapse could be recorded every visit during the 

follow-up period, it depended on the investigator first to verify a relapse. These restrictions on 

registration of values would probably lead to fewer errors. 

4.2.2 Study no. 2 

The study started lasted for ten years, including inclusion, treatment an follow-up period.  It 

was a phase II, multicentre study, testing of a new treatment regimen of already approved 

drugs. 28 sites in four different countries included 162 patients. 

Table 8: Study no. 2, Primary and secondary outcomes 

Outcome Outcome 

measurement 

Included data points(s) Derived 

endpoint 

Method of 

analysis 

Primary 

outcome 

Time to treatment 

failure (TTF) from 

time of registration 

Date of inclusion  

Date of death  

Date of completed study 

Response   

Date of relapse 

 

Time to 

treatment 

failure 

Kaplan-Meier plot 

 

Secondary 

outcome 

Clinical response rate 

(RR) 

 

Response Response Descriptive  

 Total survival Date of inclusion  

Date of death  

Date of completed study 

Date of last contact 

 

Time to 

death 

Kaplan-Meier plot 

 Time to progression Date of 3 months evaluation 

Response  

Date of death  

Date of completed study  

Date of last contact 

Time to 

progression 

Kaplan-Meier plot 
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Primary outcome, Time to Treatment Failure (TTF) 

According to protocol, Time to treatment failure (TTF) is defined as the interval between the 

registration date and the date of documented progression or lack of response, first relapse, 

death for any reason or discontinuation of therapy because of toxicity, whichever occurs first. 

Otherwise, the patient will be censored at the last date they were known to be alive. For 

patients not responding at any time point on study treatment, TTF is defined as 1 day. 

 

Figure 8: Study no. 2, Time to treatment failure (TTF) 

 

Two patients were excluded from the analysis due to screening failures and had no data 

captured for the outcome variables. Figure 8 shows very little difference between the two 

curves, although there were 67 (8.4%) endpoint specific corrections. The corrections were 

mostly missing data with minimal impact on the derived TTF value. 
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Secondary outcome, Clinical response rate (RR) 

Table 9: Study no. 2, Clinical response evaluation before and after DC 

Clinical Response Rate (RR) Timepoint Before DC 

(n=160) 
After DC (n=160) 

  n n 

Missing After 5th Cycle 6 

 

5 

 At 3 month FUP 15 15 

 EOS 31 26 

Complete response (CR) After 5th Cycle 81 81 

 At 3 month FUP 120 120 

 EOS 93 97 

Complete response unconfirmed 

(CRu) 

After 5th Cycle 28 28 

 At 3 month FUP 16 16 

 EOS 3 3 

Partial Response (PR) After 5th Cycle 43 44 

 At 3 month FUP 5 5 

 EOS 2 2 

No change/Stable Disease (NC) After 5th Cycle 1 1 

 At 3 month FUP 0 0 

 EOS 0 0 

Progressive Disease (PD) After 5th Cycle 1 1 

 At 3 month FUP 4 4 

 EOS 31 32 

 

Only small changes to this variable due to the query process of missing data. 
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Secondary outcome, total survival 

The protocol defines the time to death or overall survival as the time from the registration date 

to the date of death. Patients still alive or lost to follow-up are censored at the last date they 

were known to be alive. 

 

Figure 9: Study no. 2, Total survival (TTD) 

 

There were no corrections to the date of deaths, and only a few changes to end of study date 

affecting the overall survival value. Figure 8 shows no visible difference between the two 

curves. 

Secondary outcome, Time to progression 

The protocol defines Disease free survival /time to progression as the time from the first 

assessment within 2 months of completion of therapy that documents response to the date of 

disease progression. Otherwise, the patients are censored at the last date of follow up. Patients 

still alive in a CR or lost to follow-up are censored at the last date they were known to be 

alive. Patients who die due to causes other than cancer are censored at the date of death. 
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Figure 10: Study no. 2, Time to progression (TTP) 

 

Some patients (n=18) did not have a response to treatment at first assessment or left the study 

before the first assessment and are therefore removed from the analysis. Three patients had 

missing values before DC and hence no TTP value. Figure 10 shows very little difference 

between the two curves. 
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Summary of corrections for study no. 2 

 

Tabell 10: Study no.2, summary of corrections 

Outcome Outcome 

measurement 

No. of data 

points to 

derive the 

outcome 

measurement 

Total no. of 

data points 

involved  

(#pat x #var) 

Endpoint 

specific 

corrections 

Corrections 

per 10.000 

data point 

Primary 

outcome 

Time to treatment 

failure(TTF) from time 

of registration 

 

5 

 

800 

 

67 (8.4%) 

 

837 

Secondary 

outcome 

Clinical response 

rate(RR) 

1 160 

 

6 (3.7%) 375 

 Total survival 4 640 

 

39 (3.3%) 325 

 Time to progression 5 800 

 

65 (8.1%)  812 

 

Total endpoint corrections 

 

 

7 

 

1120 

 

67 (6.0%) 

 

598 

Total patient with more than one 

endpoint correction 

- 160 44 (27.5%)  

For the primary outcome TTF analysis only seven records had missing values.  Five different 

variables were included into the dataset used to derive the TTF value for each patient. The 

total number of data points for the five variables was 800 and there was a difference in 67 of 

the data points after the validation process. This implicates a correction in 8.4% of the data 

points or an error rate of 837 per 10.000 data points. 

For the secondary outcome, Clinical Response Rate (RR), six patients had corrections to their 

data points at the important time points. All corrections were results of missing data queries. 

Total survival / time to death (TTD) used four variables for computing. The number of 

corrections to these data points was 39, but it only affected 19 (11.9%) of the derived TTD 

values. No errors were found to date of death for any patient. The differences were due to 

corrections in end of study date.  

Time to progression (TTP) uses the date of first confirmed response assessment and therefore 

18 of the patients were removed from this analysis due to end of study before first follow-up 

visit. The number of corrections to these data points was 65 and 22(13.8%) patients had a 
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change in their TTP value. Tree patients initially had no TTP value due to missing recordings 

of variables. 

4.3 Summary of findings 

Data control was applied with three different methods during this process. The first QC 

procedure performed was a verification of all data scanned into the database against the 

completed CRFs. The second QC process applied on the study databases was running SAS® 

programs developed for detecting out of range, inconsistency and missing data. A third 

validation process was performed by exporting and merging the patient data into one record 

per patient containing all variables used to derivate the primary and secondary outcomes, as 

well as some of the most crucial variables for the patient study course. All three methods 

resulted in queries and corrections to the two study databases. The analyses performed on the 

datasets showed different results. The most significant outcome was seen in the Study no. 1, 

Time to treatment failure (TTF) (figure 5a). This survival analysis was performed with input 

from five different variables, were both failure to the metadata and to the recorded data points 

contributed to the large difference in the two curves. Other plots and tables showed less 

difference although several data points were corrected.   
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5 DISCUSSION  

The general aim of this thesis was to examine the effect of data quality control in academic 

clinical studies. Different errors have different impact on the outcomes of the analyses and it 

is important to use different tools to mitigate the impact on the outcomes. Secondly, the 

question arose if different errors have different impact and how it is possible to take this into 

account when planning the quality control in a study. 

5.1 Discussion of research questions 

What are the differences in outcomes after data quality control has been 

performed? 

To answer the question, two studies were included according to the inclusion and exclusion 

criteria described in chapter tree. The analyses of primary and secondary outcomes according 

to protocol were performed on the study databases and the results presented in chapter four. 

The analyses were descriptive, presented in figures and tables.  

As shown in figure 5a, “Study 1, Time to treatment failure (TTF)”, the impact of missing 

data, erroneous data and failure in the metadata can have a significant impact on a Kaplan-

Meier plot. This was the plot showing the greatest diversity between the before and after DC 

datasets. In this plot, the survival curve S(t) showed the probability that a patient will survive, 

not having an event of interest up to and including time t. If S(1000), e.g. 1000 days after 

inclusion, the probability of not having an event of interest is S10000.45 at the before DC 

curve and S10000.65 at the after DC curve. The difference between the two curves are due to 

the number of missing records in the before DC datasets, and as the fall in the curve depends 

on the number of patients at time t, the difference between the curves becomes obvious 

(Kirkwood & Sterne, 2003, p.272).  In figure 5a, the number of records in the dataset before 

QC was 108, while the datasets after QC with completed missing data contained 158 records. 

This had an impact on the difference between the two curves. 

Figure 5b shows the same analysis as figure 5a, performed on a sub group of 108 patients of 

the population having no missing data in the TTF dataset for both time points. The plot shows 

some difference on the right side.  The differences become visible after approximately 1750 
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days. There were 12 patients that had a change in their computed TTF value due to corrected 

date variables. Some of these also had a change in censoring due to a change in the reason for 

End of Study. These changes do not make a significant visible difference in the two curves 

and the drop on the right-end side will look bigger because of fewer patients who remain at 

risk (Kirkwood & Sterne, 2003, p.278). 

The reduction in the population used in figure 5a to the figure 5b shows that most of the 

difference lies in retrieving the missing data, as well as the importance of designing quality 

into the CRF to avoid systematic failures. 

Figure 7, “Study 1, Time to treatment progression (TTP)”, shows the importance of having 

your analysis datasets in mind when designing the CRFs. The patients who completed the 

study with Complete Response had the same End of Study value as patients with relapse, and 

were therefor not censored in the survival plot. The plot for the dataset after QC shows that 

after approximately 1600 days, the rest of the values are censored, i.e. the patients have CR. 

Six patients had their response corrected from CR to relapse. This, together with the 

difference of seven in the two datasets, may have contributed to the after DC curve being 

lower than the before DC curve. The difference between the two curves is clearly visible and 

may be enough to have had an impact on the result. 

The other six survival plots also had some missing and erroneous data, but the effect was 

barely visible in four of them.  The common denominator for these survival analyses is that 

they consist of input from several variables, and if one of the variables has a systematic error, 

it seems to have an impact on the derived outcome variable.  

What kind of errors occurred and what are the impact on the different 

outcomes? 

The secondary objective was to look at the impact different errors may have on different types 

of outcomes.  

In the two studies investigated in this project, the primary outcome and some of the secondary 

outcomes were survival analyses. As shown in table 3 and table 8, these outcomes are derived 

from four and five different variables. Some of these variables are used in all or many of the 

primary and secondary outcomes. One variable used in several of the survival analyses was 

the clinical response. This variable was assessed every third month for five years for all 
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patient still in the studies. The variable, response rate, was also an outcome in and of itself. In 

study no.1, there were several errors detected in the captured response. The major issue was 

the missing code for capturing relapse. This led to 19 (14.8%) patients not being coded 

according to the planned analyses. The missing code was a systemic error and could have 

introduced bias to the results (Baigant et al., 2008). 

In addition, some patients had response data captured at a time point after they should have 

left the study. These led to wrong responses as the last captured, and hence wrong, dates of 

last visit. These errors were fewer and more random, and therefore not likely to have had the 

same impact as the coding error. The errors were introduced because the site staff wanted to 

capture as much data as possible for each patient and did not follow the instructions for taking 

the patient out of the study at the time the patient reached the study endpoint. Training 

specifically aimed at completing CRFs could have prevented these procedural errors. In some 

studies, there is a need for capturing data after the patient has reached the study endpoint. In 

those cases, the CRFs should be designed for this purpose to prevent any inconsistency in the 

analyses datasets. 

The QC of the second study did not reveal any inconsistency in the captured response rate 

(table 9). Missing data was detected for 3.7% of the data points and correct data was obtained 

through queries to the site staff (table 10). The second study was conducted after the first, had 

the same monitoring personnel, and this may have had an impact on the amount of training 

given and thus the number of errors found in the second study.  

Study no. 1 also had two secondary outcomes related to single variables -- Incidence of CNS 

relapse (table 5) and Toxicity (table 6). As shown in table 7, these variables had few 

corrections and were a result of the verification process. Ordinal outcomes have no possibility 

of outliers; in this case, toxicity only had the five legal values from 0 through 4; anything out 

of range was a clear error. Due to the protocol, these studies had no recording of Adverse 

Events (AE), only Serious Adverse Events (SAE). In studies with reporting of all AEs, there 

is the possibility to cross-check toxicity scores within a patient where toxicity is reported as 

an AE. Other than the cross-checking of toxicity grade for patients having toxicity registered 

as the reason for leaving the study, no other checks on toxicity were performed in study no. 1. 

When it comes to incidence of CNS relapse, this is an important outcome with a small 

number of positive registrations. Incidence of CNS relapse have been the subject of Source 
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Data Verification (SDV) performed onsite by monitors during the study, so minimal error in 

the registered data was expected. The result mirrored the expectation, with only four 

corrections made as a result of the verification process. 

Some variables need to be checked more carefully than others, but which ones are study 

specific. In most clinical studies, important variables are gender, birthdate and examination 

dates (Van den Broeck et al., 2005, p. 2). Incorrect values in these variables may contaminate 

the derived outcome. The risk assessment performed during the planning phase should be able 

to identify the variables to prioritize, as well as the QC approach that will best mitigate risk 

with the least use of resources.  The continuous process of risk review during the study should 

be able to monitor if there is a need for adjustment. Use of central statistical monitoring 

would be able to detect site variance in captured data and trigger the risk review process. In 

study no. 1, one site with 3.4% of the patient had 33% of the changes to the outcome TTF 

used in figure 5b. The variances in number of queries or missing values are factors that could 

increase monitoring or initiate a process of risk review.  

The impact of an error and how the risk is to be assessed also depends on the study design. If 

a study is open, the treatment known, or the outcome assessment not blinded, the consequence 

of procedural errors could be more serious and these issues should be taken into account when 

performing the risk assessment (Baigent et al., 2008, p.54).      

How can a study deliver good enough data without doing 100% quality control 

of all the data, and still adhere to all regulatory rules and guidelines? 

There is no strict definition found during this project of what is “good” versus “bad” data 

quality and no established way to specify if the quality of a dataset is “good” enough for the 

planned analysis. One definition of quality used in some papers is “Quality in clinical trials 

may be defined as the absence of errors that matter”. This is the first sentence in a Quality by 

Design principle document made by the Clinical Trials Transformation Initiative (CTTI). 

According to CTTI “applying a Quality by Design (QbD) approach to clinical trials helps 

prospectively identify important errors that could jeopardize the ability to protect patients 

during the trial and to obtain reliable results and meaningful information from the trial” 

(CTTI, 2015). The recommendation of the CTTI is to build quality into scientific and 

operational design and conduct of the study. This can be done by focusing on what matters, 

i.e. performing a risk assessment and developing a quality management plan, which can be 
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initiated in parallel with the protocol development. My experience after conducting data 

management (DM) for over 100 studies during the last 20 years is that at least 50 % of the 

DM resources should be used in the planning phase before the inclusion of the first patient. 

The quality invested and designed into the planning phase seems to be crucial for a smooth 

conduct and good result in a clinical study. 

Simon et al. introduced digit errors into simulated blood pressure measurements to 

demonstrate that simple range checks could detect and thereby correct the main errors that 

affect the final study result and the conclusion (Day, Fayes & Harvey, 1998). The errors were 

randomly distributed in a data set. Range checks were used to identify errors and all the 

outliers were corrected, as would have been done in a real clinical study. The procedure 

resulted in three different datasets. They compared the true data set, the erroneous dataset and 

the corrected dataset by looking at the impact of the errors on the summary statistics (mean 

and standard deviation). What they saw after correcting all errors found by range checks was 

that the remaining randomly distributed errors and high error rates could be tolerated without 

materially affecting the study conclusion (Day et al., 1998, p.19). As seen in figures 5b, 6, 8, 

9 and 10, a small amount of errors in the dataset does not make a significant visible difference 

in the curves. It is the systematic procedural errors that make the visible difference, as seen in 

figure 5a and figure 7.  

Nahm et al. suggests that most errors occur when data is transferred from source to CRF 

during medical record abstraction or transcription (Nahm, Pieper & Cunningham, 2008). A 

literature review of 42 articles provided an average source-to-database error rate of 976 per 

10.000 fields (9.8%). As shown in table no.7, the primary outcome in study no. 1, Time to 

treatment failure (TTF) from time of registration, had an error rate of 945 per 10.000 fields 

(9.5%).  These errors occurred during the completion on CRF from source and during data-

entry from CRF to database. In contrast, the average error rate for published CRF-to-database 

was 14 errors per 10.000 fields. The total study endpoint corrections given in table 7 and 10 

were 717 per 10.000 fields (7.2%) for study no.1, and respectively 598 per 10.000 fields 

(6.0%) for study no.2. Theses endpoint corrections included both CRF from-the- source and 

CRF-to-database errors. The numbers presented by Nahm et al. show the errors for all 

variables in the databases, as in this project, the numbers are limited to the primary and 

secondary outcome variables. There is no reason to believe that the numbers for the complete 

database for the two studies would differ from the numbers presented in table 7 and 10. This 
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places the two studies in the lower layer of studies presented in the review article with regards 

to number of errors and corrections to data fields. 

The question of “How many errors are too many?” is difficult to answer because it depends 

on so many factors, for example, the size of the study, number of patients, number of 

variables, derivate variables, which variables have errors, the robustness of the analysis, and 

not least, the risk of the study. The risk associated with study conduct varies from study to 

study. Within the academic environment, there are studies in all categories, from low to high 

risk.  High risk academic studies might be those which have an impact on healthcare policies 

or which stand to changes an established treatment or procedure. A risk assessment should be 

performed, the appropriate quality management plan developed, and a prospective approach 

to study quality ensured for all studies. The amount of DC by data management could be 

scaled according to assessed risk (Tantsyura, Mitchel, Kim, Mijaji, Yamaguchi & McCanless 

Dunn, 2017). 

Table 11: Division of DM tasks into fixed and variable 

Mostly Fixed, Non-Scalable DM tasks: Scalable DM tasks 

 Data Management Plan 

Development 

 Edit checks specifications and programming 

 CRF & CRF Completion Guidelines  Data cleaning efforts including discrepancy 

management and query management 

 Database Development  Quality Control Process 

 Database Lock & Archive  Management / reconciliation of External Data 

 Data Export / Analysis Prep  

        (Tantsyura et al, 2017) 

The regulatory guidelines recommend the use of a risk based approach and centralized 

monitoring to prospectively assess possible risk to a study and develop quality management 

plans(QMP) (FDA, 2013). The regulatory authorities no longer expect 100% source data 

verification or edit checks on all data-points in a study. The data management group and 
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clinical operations responsible for a study should participate in these cross-functional 

assessments and use the QMP to develop their study specific data management plan, data 

control plan, and monitoring plan, scaled according to study risk. 

5.2 Discussion of the methods 

The main limitation of the project is the number of studies included. Due to the design, the 

included studies had to have an almost complete dataset before data control (DC) was 

initiated. As described in section 2.1.1, DC is an ongoing process that should start as the first 

patients have their first study visits. To postpone the DC to the end of the study is associated 

with increased costs, delayed database lock and probably lower quality to the data. It might be 

more difficult to get good answers to the queries if the issues questioned lay several years 

back in time. 

Additionally, this project only included two studies. Although ten possible studies were 

screened for possible enrollment in the project, three studies were still ongoing and five 

studies did not have the pre data control datasets available and eligible. Only two of the 

studies had complete pre and post data control datasets, documentation of QC performed, and 

both protocols described primary and secondary outcomes that would make it possible to 

compare the before and after QC. Clinical studies are a heterogeneous mass in terms of 

design, complexity, size, and duration. These two studies are not representative of all studies 

conducted within investigator-initiated studies; they represent one diagnosis, one study 

design, and are the same size in regards to sites and number of patients. In addition to 

including more studies in this project, it may have been beneficial to include studies that were 

more heterogeneous in regards to design, outcomes, number of patients, and complexity. 

Development within the field of clinical data management has been rapid in recent years, with 

advances in IT technology providing the field with advanced data capture systems (EDC) and 

data management systems (CDMS) with complex functionality.  There is no longer a need for 

paper CRFs with the process of data entry and verification. The EDC and CDMS are available 

online, with secure authentication and encryption of data transfer. It is also possible to set up 

the systems to communicate with the electronic health records (EHR), and through this 

approach, gain obvious advantages regarding feasibility, cost, data quality, and accessibility 

of the data (Olsen, Haavardsholm, Moholt, Kvien & Lie, 2014). Eliminating transcription 
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from paper will remove one source of error, but the process needs validation and risk 

assessment as described above, or it might introduce other possible sources of error.  

 

5.3 Further studies/research 

Due to the rapid development of new technology within clinical data management and data 

capture solutions, most ongoing studies use direct data entry to EDC or CDMS with built-in 

edit and range checks. Still, there is a need for assessing different strategies for electronic 

monitoring and applying statistical methods of data control. One possible approach could be 

to randomize studies to different data control strategies in order to methodically compare the 

impact on data quality during the conduct of the studies.   
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6 CONCLUSIONS 

This thesis has shown that data quality controls do have an impact on the outcomes, and 

hence a possible impact on the results of a study. Comparisons were made between the 

outcomes of the analyses performed on databases before data control with analyses performed 

on databases after data control had been performed. The comparisons showed differences in 

some of the outcomes, mainly the derived values depended on more than one variable, and 

that the kind of error may have a different effect on different types of outcomes. The 

systematic, procedural errors seem to have a more severe impact on the result of a study than 

random errors and thus might affect reliable results and meaningful data that might otherwise 

have been gathered in the study 

Even though technology has rapidly developed in this field in recent years, the systematic 

application of a risk based approach, as well as quality by design (QbD) would help academic 

study teams and data management groups to scale quality control according to study risk and 

avoid errors that matter.  
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