Chapter 11
Data Collection and Quality Control

Valid and informative results from clinical trials depend on data that are of high
enough quality and sufficiently robust to address the question posed. Such data in
clinical trials are collected from several sources—medical records (electronic and
paper), interviews, questionnaires, participant examinations, laboratory determina-
tions, or public sources like national death registries. Data elements vary in their
importance, but having valid data regarding key descriptors of the population, the
intervention, and primary outcome measures is essential to the success of a trial.
Equally important, and sometimes a trade-off given limited resources, is having a
large enough sample size and number of outcome events to obtain a sufficiently
narrow estimate of the intervention effect. Modest amounts of random errors in data
will not usually affect the interpretability of the results, as long as there are
sufficient numbers of outcome events. However, systematic errors can invalidate
a trial’s results.

Avoiding problems in the data collection represents a challenge. There are many
reasons for poor quality data and avoiding them completely is difficult, so the goal
is to limit their amount and, thus, their impact on the trial findings. Many steps can
be taken during the planning phase to optimize collection of high quality data. The
problems encompass missing data, erroneous (including falsified and fabricated)
data, large variability, and long delays in data submission. Even with the best
planning, data quality needs to be monitored throughout the trial and corrective
actions taken to deal with unacceptable problems. This chapter addresses the
problems in data collection, how to minimize collection of poor quality data, and
the need for quality monitoring, which includes audits.

Concerted efforts to improve data quality in clinical trials, and to focus on
important aspects of quality in large trials, have increased markedly. The Interna-
tional Conference on Harmonisation Good Clinical Practice (ICH-GCP [E6])
guidelines, crafted in the 1990s by a selected group of regulators and industry
representatives, defined international ethical and scientific standards for clinical
trials [1]. The guidelines cover all the phases of clinical trials from design and
conduct to recording and reporting. However, these guidelines are focused on
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earlier phase pharmaceutical trials as they are overly complex for many large
outcome trials [2, 3]. The roadmap of responsibilities in the ICH-GCP E6 guidance
document was most recently revised in 2007 [4], and another revision is in process.
Other organizations have issued their own versions of quality assurance guidelines.
In 1998, the Society for Clinical Trials issued guidelines for multicenter trials
[5]. The oncology community has guidelines issued by the American Society of
Clinical Oncology [6] and special standards for pediatric oncology [7]. Others have
addressed the specific needs of large trials, including assuring quality without
undue regulatory burden. Reports have been published from the 2007 [8] and
2012 [3] Conferences on Sensible Guidelines. A summary of a 2013 meeting of
the Clinical Trials Transformation Initiative (CTTI), a public-private partnership
founded by the U.S. Food and Drug Administration (FDA) and Duke University,
addressed specific issues related to large, simple trials [9]. An article by Acosta
et al. [10] discussed the implementation of GCP guidelines in developing countries.
The texts by McFadden [11] and Meinert [12] contain detailed descriptions of data
collection. Finally, guidance concerning the use of electronic source data in clinical
trials has been published by the FDA in 2013 [13] and European Medicines Agency
in 2010 [14].

Fundamental Point

During all phases of a study, sufficient effort should be spent to ensure that all data
critical to the interpretation of the trial, i.e., those relevant to the main questions
posed in the protocol, are of high quality.

The definition of key data depends on trial type and objectives. Baseline
characteristics of the enrolled participants, particularly those related to major
eligibility measures are clearly key as are primary and important secondary out-
come measures, and adverse effects. The effort expended on assuring minimal error
for key data is considerable. It is essential that conclusions from the trial be based
on accurate and valid data. But fastidious attention to all data is not possible, and in
fact can be counterproductive. One approach is to decide in advance the degree of
error one is willing to tolerate for each type of data. The key data, as well as certain
process information such as informed consent, should be as close to error free as
possible. A greater error rate should be tolerated for other data. The confirmation,
duplicate testing, and auditing that is done on data of secondary importance should
not be as extensive. Perhaps only a sampling of audits is necessary.

In addition to collecting the right data, the method used to collect the data is
critical. For some variables, it will be simple collection of numeric information. For
other data, the quality depends on carefully constructed questions to assure accurate
capture. A well-designed case report form that clearly guides investigators to enter
accurate and complete information is critical to the success of the trial.
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The data collected should focus on the answers to the questions posed in the
protocol. Essential data vary by the type of trial, and they include:

— baseline information, such as inclusion and exclusion criteria that define the
population;

— measures of adherence to the study intervention;

— important concomitant interventions;

— primary response variable(s);

— important secondary response variables;

— adverse effects with emphasis on predefined serious events;

— other prespecified response variables.

Data are collected to answer questions about benefits, risks, and ability to adhere
to the intervention being tested. Trials must collect data on baseline covariates or
risk factors for at least three purposes: (1) to verify eligibility and describe the
population studied; (2) to verify that randomization did balance the important
known risk factors; and (3) to allow for limited subgroup analyses. Obviously,
data must be collected on the primary and secondary response variables specified in
the protocol and in some cases tertiary level variables. Some measures of adherence
to the interventions specified in the protocol are necessary as well as important
concomitant medications used during the trial. That is, to validly test the interven-
tion, the trial must describe how much of the intervention the participant was
exposed to and what other interventions were used. Collection of adverse events
is challenging for many reasons (see Chap. 12).

Each data element considered should be examined as to its importance in
answering the questions. Trialists cannot include every outcome that might be
“nice to know.” Each data element requires collection, processing, and quality
control, as discussed below, and adds to the cost and overall burden of the trial.
We think that far too much data are generally collected [15]. Only a small portion is
actually used in trial monitoring and publications. Excessive data collection is not
only costly but can indirectly affect the quality of the more critical data elements.

Problems in Data Collection
Major Types

There are four major types of data problems discussed here: (1) missing data,
(2) incorrect data, (3) excess variability, and (4) delayed submission.

First, incomplete and irretrievably missing data can arise, for example, from the
inability of participants to provide necessary information, from inadequate assess-
ment like physical examinations, from laboratory mishaps, from carelessness in
completion of data entry, or from inadequate quality control within electronic data
management systems. Missing outcome data, for example due to withdrawal of
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participant consent or loss to follow-up, can result in unreliable results. When the
results of the Anti-Xa Therapy to Lower Cardiovascular Events in Addition to
Standard Therapy in Subjects with Acute Coronary Syndrome (ATLAS-ACS 2)
trial testing rivaroxaban following acute coronary syndromes were reviewed by an
FDA Advisory Committee, drug approval was not recommended in large part due
to over 10% of the participants having incomplete follow-up [16]. The percent of
missing critical data in a study is considered as one indicator of the quality of the
data and, therefore, the quality of the trial.

Second, erroneous data may not be recognized and, therefore, can be even more
troublesome than incomplete data. For study purposes, a specified condition may be
defined in a particular manner. A clinic staff member may unwittingly use a
clinically acceptable definition, but one that is different from the study definition.
Specimens may be mislabeled. In one clinical trial, the investigators appropriately
suspected mislabeling errors when, in a glucose tolerance test, the fasting levels
were higher than the 1-h levels in some participants. Badly calibrated equipment
can be a source of error. In addition, the incorrect data may be entered on a form. A
blood pressure of 84/142 mmHg, rather than 142/84 mmHg, is easy to identify as
wrong. However, while 124/84 mmHg may be incorrect, it is a perfectly reasonable
measurement, and the error would not necessarily be recognized. The use of
electronic data capture allows automatic checks for data being “out of range” or
inconsistent with other data in the participant’s record (like diastolic higher than
systolic blood pressure). An immediate query can lead to correction right away. The
most troublesome types of erroneous data are those that are falsified or entirely
fabricated. The pressure to recruit participants may result in alterations of labora-
tory values, blood pressure measurements, and critical dates in order to qualify
otherwise ineligible participants for enrollment [17, 18].

The third problem is variability in the observed characteristics. Variability
reduces the opportunity to detect any real changes. The variability between
repeated assessments can be unsystematic (or random), systematic, or a combina-
tion of both. Variability can be intrinsic to the characteristic being measured, the
instrument used for the measurement, or the observer responsible for obtaining the
data. People can show substantial day-to-day variations in a variety of physiologic
measures. Learning effects associated with many performance tests also contribute
to variability. The problem of variability, recognized many decades ago, is not
unique to any specific field of investigation [19, 20]. Reports of studies of repeat
chemical determinations, determinations of blood pressure, physical examinations,
and interpretations of X-rays, electrocardiograms and histological slides indicate
the difficulty in obtaining highly reproducible data. People perform tasks differ-
ently and may vary in knowledge and experience. These factors can lead to
interobserver variability. In addition, inconsistent behavior of the same observer
between repeated measurements may also be much greater than expected, though
intraobserver inconsistency is generally less than interobserver variability.

Reports from studies of laboratory determinations illustrate that the problem of
variability has persisted for almost seven decades. In 1947, Belk and Sunderman
[21] reviewed the performance of 59 hospital laboratories on several common
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chemical determinations. Using prepared samples, they found that unsatisfactory
results outnumbered the satisfactory. Regular evaluation of method performance,
often referred to as proficiency testing, is now routinely conducted and required by
laboratories in many countries [22, 23]. All laboratories performing measurements
for clinical trials should be certified by the Clinical Laboratory Improvement
Amendments (CLIA) or a similar agency [24].

Diagnostic procedures that rely on subjective interpretations are not surprisingly
more susceptible to variability. One example is radiologists’ interpretation of
screening mammograms [25]. Nine radiologists read cases with verified cancers,
benign, and negative findings in the clinic. Approximately 92% of the mammo-
grams of verified cases were, on average, read as positive. The interradiologist
variability was modest. The reading of the negative mammograms showed a
substantial interreader variability. In a trial of acute ST segment elevation myocar-
dial infarction, over one-quarter of participants enrolled (and for whom the inves-
tigator indicated criteria were met) did not meet inclusion criteria when the
electrocardiograms were interpreted by a core laboratory [26]. Since electrocardio-
gram interpretation in an emergency clinical setting may be less rigorous than in a
core laboratory, some degree of disagreement is not surprising.

In another study, the intra- and interreader variability in QT interval measure-
ment on electrocardiograms was estimated by 2 different methods [27]. Eight
readers analyzed the same set of 100 electrocardiograms twice 4 weeks apart.
Five consecutive complexes were measured. For the more commonly used thresh-
old method, the intrareader standard deviation was 7.5 ms and the interreader
standard deviation 11.9 ms. Due to the association between QT prolongation and
malignant arrhythmias, the FDA is concerned about drugs that prolong the QT
interval by a mean of about 5 ms. Thus, the usual variability in measurement is
greater than what is considered a clinically important difference.

Another type of variability is the use of nonstandardized terms. As a result, the
ability to exchange, share, analyze, and integrate clinical trial data is limited by this
lack of coordination in terms of semantics. Increased attention has been devoted to
so-called harmonized semantics [28, 29]. A “universal definition” of myocardial
infarction is an attempt to standardize definitions of this event, including harmo-
nizing definitions in clinical trials [30]. In response to the confusion and inconsis-
tency resulting from more than 10 definitions of bleeding used in trials of
antithrombotic therapy for coronary intervention, a group of academic leaders
and FDA representatives developed a standardized classification of bleeding that
has been widely adopted in such trials [31]. Professional societies are becoming
engaged in proposing clinical data standards, in large part to establish standard
definitions of clinical conditions and outcomes for clinical research [32].

The fourth problem, delayed submission of participant data from the clinical site
in multicenter trials, used to be a major issue. However, it has decreased markedly
with the onset of electronic data entry (see below).
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Minimizing Poor Quality Data

General approaches for minimizing potential problems in data collection are sum-
marized below. Most of these should be considered during the planning phase of the
trial. Examples in the cardiovascular field are provided by Luepker et al. [33]. In
this section, we discuss design of the protocol and manual, development of data
entry tools, training and certification, pretesting, techniques to reduce variability,
and data entry.

Design of Protocol and Manual

The same question can often be interpreted in many ways. Clear definitions of entry
and diagnostic criteria and methodology are therefore essential. These should be
included in the protocol and written so that all investigators and staff can apply
them in a consistent manner throughout the trial. Accessibility of these definitions is
also important. Even the same investigator may forget how he previously
interpreted a question unless he can readily refer to instructions and definitions. A
manual of procedures, or the equivalent using an electronic format, should be
prepared in every clinical trial. Although it may contain information about study
background, design, and organization, the manual is not simply an expanded
protocol. In addition to listing eligibility criteria and response variable definitions,
it should indicate how the criteria and variables are determined. The manual pro-
vides detailed answers to all conceivable “how to” questions, and answers to
questions that arise during the trial so they can be documented, shared, and
harmonized. Most importantly, the manual should describe the participant
visits—their scheduling and content—in detail. Instructions for filling out forms;
performing tasks such as laboratory determinations; drug ordering, storing and
dispensing; and adherence monitoring must be clear and complete. Finally, recruit-
ment techniques, informed consent, participant safety, emergency unblinding, use
of concomitant therapy, and other issues need to be addressed. Updates and
clarifications usually occur during the course of a study. These revisions should
be made available to every staff person involved in data collection.

Descriptions of laboratory methods or imaging techniques and the ways the
results are to be reported also need to be stated in advance. In one study, plasma
levels of the drug propranolol were determined by using standardized methods.
Only after the study ended was it discovered that two laboratories routinely were
measuring free propranolol and two other laboratories were measuring propranolol
hydrochloride. A conversion factor allowed investigators to make simple adjust-
ments and arrive at legitimate comparisons. Such adjustments are not always
possible.
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Development of Forms and Data Entry Tools

Ideally, the study forms, which are increasingly electronic or web-based, should
contain all necessary information [12]. If that is not possible, the forms or electronic
data entry tools should outline the key information and refer the investigator to the
appropriate detailed information. Well-designed tools will minimize errors and var-
iability. Data entry questions and fields should be as clear and well organized as
possible, with a logical sequence to the questions. Entry tools should be designed to
minimize missing data, for example with inability to proceed until something is
entered. To know whether or not a condition is present, one should ask for the answer
as “yes” or “no,” rather than as a single checkbox if present. This is because the lack of
a check mark could mean the condition is not present, it is unknown if it is present, or
the question was simply skipped. If it may not be known, then include an “unknown”
choice. Questions should be clear, with few “write-in”” answers since unstructured text
fields will rarely provide helpful information in the typical clinical trial. As little as
possible should be left to the imagination of the person completing the form. The
questions should elicit the necessary information and little else. Questions that are
included because the answers would be “nice to know” are rarely analyzed and may
distract attention from the pertinent questions. In several studies where death is the
primary response variable, investigators may have an interest in learning about the
circumstances surrounding the death. In particular, the occurrence of symptoms
before death, the time lapse from the occurrence of such symptoms until death, and
the activity and location of the participant at the time of death have been considered
important and may help in classifying the cause of death. While this may be true,
focusing on these details has led to the creation of extraordinarily complex forms
which take considerable time to complete. Moreover, questions arise concerning the
accuracy of the information, because much of it is obtained from proxy sources who
may not have been with the participants when they died. Unless investigators clearly
understand how these data will be used, simpler forms are preferable.

A comprehensive review of the multitude of issues in the design of study forms
is presented by Cook and DeMets [34]. They describe the categories of data
typically collected in randomized clinical trials: participant identification and
treatment assignment; screening and baseline information; follow-up visits, tests,
and procedures; adherence to study treatment; adverse experiences; concomitant
medication and interventions; clinical outcomes and participant treatment; and
follow-up and survival status. Also discussed are mechanisms for data collection
and design and review of case report forms.

Training and Certification

There are two types of training for research staff: generic training covering research
in general, and training specific to an individual trial. General training includes
topics of regulatory requirements, ethics, and basic principles of research and
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randomized clinical trials, and this is particularly important for junior investigators
and study coordinators (see Chap. 2 for discussion of ethics training). For an
individual trial, the training is focused on assuring understanding of the protocol
and the ability to faithfully execute it.

It has long been recognized that training sessions for investigators and staff to
promote standardization of procedures are crucial to the success of any large study.
Whenever more than one person is performing data entry or examining participants,
training sessions help to minimize errors. There may be more than one correct way
of doing something in clinical practice, but for study purposes, there is only one
way. Similarly, the questions on a form should always be asked in the same way.
The answer to, “Have you had any stomach pain in the last 3 months?” may be
different from the answer to, “You haven’t had any stomach pain in the last
3 months, have you?” Even differences in tone or the emphasis placed on various
parts of a question can alter or affect the response. Kahn et al. [35] reviewed the
favorable impact of training procedures instituted in the Framingham Eye Study.
The 2 days of formal training included duplicate examinations, discussions about
differences, and the use of a reference set of fundus photographs. Neaton et al. [36]
concluded that initial training is useful and should cover the areas of clinic
operation, technical measurements, and delivery of intervention. Centralized
interim training of new staff is less efficient and can be substituted by regional
training, teleconferencing, or web-based approaches.

Mechanisms to verify that clinic staff perform trial procedures and tests the same
way, when that may affect trial validity, should be developed. For certain tests, the
most reliable interpretation will be using a core laboratory, but even then, standard
acquisition of the information at the site must be assured. Mechanisms may include
instituting certification procedures for specified types of data collection. If blood
pressure is an important outcome in a trial, then there should be standardized
procedures for measurement since the approach may have a major impact on the
measurement [37]. For certain tests, the people performing these determinations
should not only be trained, but also be tested and certified as competent. Periodic
retraining and certification are especially useful in long-term studies since people
tend to forget, and personnel turnover is common. For situations in which staff must
conduct clinical interviews, special training procedures to standardize the approach
have been used. In a study of B-mode ultrasonography of the carotid arteries,
marked differences in intimal-medial thickness measurements were found between
the 13 readers at the reading center [38]. During the 5-year study, the relative biases
of readers over time varied, in some cases changing from low to high and vice
versa. A sharp increase in average intimal-medial thickness measurements
observed toward the end of the study was explained by readers reading relatively
high having an increased workload, the hire of a new reader also reading high, and a
reader changing from reading low to high.
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Pretesting

Pretesting of data entry and procedures is almost always helpful, particularly for
variables and formats that have not been used before. Several people similar to the
intended participants may participate in simulated interviews and examinations to
make sure procedures are properly performed and questions on the forms or screens
flow well and provide the desired information. Furthermore, by pretesting, the
investigator and staff grow familiar and comfortable with the data entry process.
Fictional case histories can be used to check data entry design and the care with
which forms are completed. When developing data entry screens, most investiga-
tors cannot even begin to imagine the numerous ways questions can be
misinterpreted until several people have been given the same information and
asked to complete the same form. One explanation for different answers may be
due to carelessness on the part of the person completing the data entry. The use of
“de-briefing” in the pilot test may bring to light misinterpretations that would not be
detected when real participants enter the data. Inadequacies in data entry structure
and logic can also be uncovered by use of pretesting. Thus, pretesting reveals areas
in which forms might be improved and where additional training might be worth-
while. It also allows one to estimate the time needed to complete data entry, which
may be useful for planning, staffing, and budgeting.

De-briefing is an essential part of the training process. This helps people
completing data entry understand how the forms are meant to be completed and
what interpretations are wanted. Discussion also alerts them to carelessness. When
done before the start of the study, this sort of discussion allows the investigator to
modify inadequate items on the data entry screens. These case history exercises
might be profitably repeated several times during the course of a long-term study to
indicate when education and retraining are needed. Ideally, data entry screens
should not be changed after the study has started. Inevitably, though, modifications
are made, and the earlier the better. Pretesting can help to minimize the need for
such modifications.

Techniques to Reduce Variability Including Central
Adjudication of Events

Both variability and bias in the assessment of response variables should be mini-
mized through repeat assessment, blinded assessment, or (ideally) both. At the time
of the examination of a participant, for example, an investigator may determine
blood pressure two or more times and record the average. Performing the measure-
ment without knowing the group assignment helps to minimize bias. A trial of the
evaluation of the effect of renal artery denervation on blood pressure illustrates this
point. Open-label and less rigorously conducted trials showed a 20 mmHg reduc-
tion in systolic blood pressure with the denervation procedure, whereas a larger and
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more rigorous sham controlled trial found only a 2 mmHg non-significant effect of
the procedure compared with control [39]. In unblinded or single-blinded studies,
the examination might be performed by someone other than the investigator, who is
blinded to the assignment. In assessing slides, X-rays, images or electrocardio-
grams, two individuals can make independent, blinded evaluations, and the results
can be averaged or adjudicated in cases of disagreement. Independent evaluations
are particularly important when the assessment requires an element of judgment
and when there is subjectivity in the assessment.

Centralized classification of major health outcomes by blinded reviewers is
common in large clinical trials. There are three related objectives: to improve
accuracy of event rates and of intervention effect, to reduce bias related to knowl-
edge of intervention assignment (especially in open-label trials), and to improve
credibility of results. The common focus of central adjudication is on removing
events that are not true events that may create background noise and thus improve
the estimate of the true intervention effect. However, it is also possible to identify
outcome events that are otherwise missed with centralized clinical events review.
For example, myocardial infarction may be difficult to detect around the time of
coronary procedures. A systematic central screening for elevated blood cardiac
biomarkers substantially increased the number of outcome events detected in the
Second Platelet ITb/IITa Antagonist for the Reduction of Acute Coronary Syndrome
Events in a Global Organization Network (PARAGON-B) trial [40].

In an open-label trial, blinding of treatment assignment to adjudicators, as in the
case of PROBE (Prospective, Randomized, Open-label, Blinded-Endpoint) design,
may reduce bias. It will not eliminate bias, however, since complete blinding is
difficult [41] and ascertainment of possible events by the investigator may differ
with knowledge of the treatment assignment. It is important to consider aspects
other than participant or investigator bias that could impact on event rates in an
open-label trial. For example, it is possible that the monthly visits to test for level of
anticoagulation (only conducted in the warfarin arm) of the Randomized Evaluation
of Long-Term Anticoagulation Therapy (RE-LY) trial [42] could have led to the
identification of more events in the warfarin arm.

The central adjudication process may also reduce the variability induced by
having a large number of local investigators classifying certain types of events. A
critical factor is how well the diagnostic criteria in a trial are specified and
communicated to local investigators responsible for the initial classification.
Reviews [43, 44] of cardiovascular trials have shown that the event rates and the
effects of interventions are only modestly changed when using adjudicated (versus
investigator defined) outcomes. And while one might expect the adjudicated results
to more clearly demonstrate a treatment benefit of an effective therapy, this was not
the case in five of six trials reviewed [43]. It is unclear whether these observations
also apply to other disease areas. The FDA encourages the use of standard defini-
tions and of centralized review and classification of critical outcomes [43].
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Data Entry

The shift in medical information to an electronic format, both in clinical medicine
and in clinical research, has markedly improved data quality and timeliness of data
management in clinical trials. Systems are routinely used for data entry as well as
for validation of forms and data, document management, and queries and their
resolution [45, 46]. Litchfeld et al. [47] compared the efficiency and ease of use of
internet data capture with the conventional paper-based data collection system.
They reported substantial reductions with the internet-driven approach in terms of
time from visit to data entry, time to database release after the last participant visit,
and time from a visit to a query being resolved. Seventy-one percent of the sites
preferred the web-based approach. Different web-based systems have been devel-
oped. Examples include the Validation Studies Information Management System
(VSIMS) [48], a system developed for the Childhood Asthma Research (CARE)
Network [49], and the Query and Notification System [50].

A variety of approaches are possible to capture and transfer data into the
electronic system. The worst case is to first write the data onto paper forms and
then transcribe these to the electronic system, since this increases opportunity for
transcription error and saves little time. Directly entering the data onto the elec-
tronic case report form, or better yet having the data flow directly from the
electronic health record, is the goal.

Electronic Source Data

There is a growing opportunity to directly transfer electronic health information
into clinical trial databases. Defining when and how this can be done to support
pragmatic (and other) clinical trials is a focus of the National Institutes of Health
(NIH) Health Systems Collaboratory [51]. Important work is being done to define
when and how clinical outcomes can be accurately identified by electronic health
records. For example, the FDA’s Mini-Sentinel project has developed and validated
programs to identify hospitalization for acute myocardial infarction using an
algorithm based on the International Classification of Diseases [52]. The FDA has
provided guidance for use of electronic source data, emphasizing the same princi-
ples that have existed for any source data. This includes that it be “attributable,
legible, contemporaneous, original, and accurate (ALCOA)” and also that it meet
the regulatory requirements for recordkeeping [13]. Development of integrated
electronic systems to direct and manage data flow from various sources is essential
for larger trials [45] (Fig. 11.1). These systems can also be leveraged for more
efficient direct collection of patient-reported outcomes.
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Fig.11.1 Source dataflow. From Society for Clinical Data Management. eSource Implementation
in Clinical Research: A Data Management Perspective: A White Paper [45]

Quality Monitoring

Even though every effort is made to obtain high quality data, a formal monitoring or
surveillance system is crucial. When errors are found, this system enables the
investigator to take corrective action. Monitoring is most effective when it is
current so that when deficiencies are identified, measures can be instituted to fix
the problem as early as possible. Additionally, monitoring allows an assessment of
data quality when interpreting study results. Numerous procedures, including drug
handling and the process of informed consent, can and should be monitored, but
monitoring all procedures and study variables will divert resources from more
important uses to improve trial quality. Modest amounts of (sometimes unavoid-
able) random error can be overcome by assuring that there is a robust sample size
and number of outcome events. Minimizing missing data, particularly of the
primary outcome and major safety outcomes, is crucially important. Monitoring
those areas most important to the trial is recommended. This can be done by data
quality and consistency checks in the electronic database as well as by on-site
review of trial procedures and data.

Monitoring of data quality proves most valuable when there is feedback to the
clinic staff and technicians. Once weaknesses and errors have been identified, this
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should prompt action to improve the trial through additional training and/or through
improving data collection of the problematic variables. Chapter 20 contains several
tables illustrating quality control reports. With careful planning, reports can be
provided and improvement can be accomplished without unblinding the staff.
Investigators need to focus their efforts on those procedures that yield key data,
i.e., those on which the conclusions of the study critically depend.

For clinical trials that will form the basis for regulatory decisions, the volume of
data is typically very high and the data monitoring very elaborate. Sophisticated
clinical trial management systems are used that can integrate electronic data
capture, data tracking and management, and other aspects of trial conduct like
site performance, pharmacy tracking, adverse event reporting, and payments.

Eisenstein et al. [53, 54] examined ways of reducing the cost of large, phase III
trials. The major contributors to the expense are the number of case report form
pages, the number of monitoring visits (for comparison of data in source records to
the data on trial forms), and the administrative workload. Verification of critical
information is important. Limiting the data verification of noncritical data may
increase the error rate, but this may have no impact on the overall trial quality as
these data are not important to the main findings. There may even be negative
impact since limited resources should be focused on where they will make a
difference (as outlined in Table 11.1), as opposed to verifying noncritical data.
Electronic data entry allows data checks and quality assurance at the time of initial
data entry. This can reduce the cost related to traditional “queries” to resolve
discrepancies that can be very costly with estimates of more than $100 each. In
sensitivity analyses, the authors have shown that the total trial cost could be cut by
more than 40% by reducing excessive data collection and verification. Regular site
visits to confirm that all case report forms are consistent with patient records is
usually excessive. As discussed below, sampling or selective site monitoring would

Table 11.1 Key elements of high quality, randomized clinical outcome trials

Relevant question being addressed

Protocol

— Clear, practical, focused

— Written to avoid “deviations” that are not relevant to “quality”

Adequate number of events to answer question with confidence

Conducted in a general practice setting to make results generalizable

Proper randomization

Reasonable assurance that participants receive (and stay on) assigned intervention

Reasonably complete follow-up and accurate ascertainment of primary outcome (and other key
outcomes like death)

Plan for ongoing measurement, feedback, and improvement of quality measures during trial
conduct

Safeguards against bias in determining clinically relevant outcomes

Protection of rights of research participants
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be more appropriate in most situations. Programs and initiatives like the CTTI [55],
as well as FDA guidance on risk-based monitoring [56] and on adverse event
reporting [57] are addressing these issues.

Monitoring of Data

During the study, data entered into the system should be centrally checked elec-
tronically for completeness, internal consistency, and consistency with other data
fields. There should be a system to assure that important source data matches what
is in the database, although this can be focused on certain variables and can be
supported by selected and focused source-data verification [56]. When the data
fields disagree, the group responsible for ensuring consistent and accurate data
should assure that a system is in place to correct the discrepancy. Dates and times
are particularly prone to error, and systems to minimize missing data are important.
Electronic source data systems, especially if they can directly transfer clinical data
to an electronic database, can reduce certain types of errors [13].

It may be important to examine consistency of data over time. A participant with
a missing leg on one examination was reported to have palpable pedal pulses on a
subsequent examination. Cataracts which did not allow for a valid eye examination
at one visit were not present at the next visit, without an interval surgery having
been performed. The data forms may indicate extreme changes in body weight from
one visit to the next. In such cases, changing the data after the fact is likely to be
inappropriate because the correct weight may be unknown. The observed differ-
ences in measurements may be less dramatic and not obvious. A quality control
program based on randomly selected duplicate assessments has been advocated by
Lachin [58]. However, the investigator can take corrective action for future visits by
more carefully training staff. Sometimes, mistakes can be corrected. In one trial,
comparison of successive electrocardiographic readings disclosed gross discrepan-
cies in the coding of abnormalities. The investigator discovered that one of the
technicians responsible for coding the electrocardiograms was fabricating his
readings. In this instance, correcting the data was possible.

A system should be in place to constantly monitor data completeness and currency
to find evidence of missing participant visits or visits that are off schedule, in order to
correct any problems. Frequency of missing or late visits may be associated with the
intervention. Differences between groups in missed visits may bias the study results.
To improve data quality, it may be necessary to observe actual clinic procedures.

Monitoring of Procedures

Extreme laboratory values should be checked. Values incompatible with life such
as potassium of 10 mEq/L are obviously incorrect. Other less extreme values (i.e.,
total cholesterol of 125 mg/dL in male adults in the United States who are not taking
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lipid-lowering agents) should be questioned. They may be correct, but it is unlikely.
Finally, values should be compared with previous ones from the same participant.
Certain levels of variability are expected, but when these levels are exceeded, the
value should be flagged as a potential outlier. For example, unless the study
involves administering a lipid-lowering therapy, any determination which shows
a change in serum cholesterol of 20% or more from one visit to the next should be
repeated. Repetition would require saving samples of serum until the analysis has
been checked. In addition to checking results, a helpful procedure is to monitor
submission of laboratory specimens to ensure that missing data are kept to a
minimum.

Investigators doing special procedures (laboratory work, electrocardiogram read-
ing) need to have an internal quality control system. Such a system should include
re-analysis of duplicate specimens or materials at different times in a blinded
fashion. A system of resubmitting specimens from outside the laboratory or reading
center might also be instituted. These specimens need to be indistinguishable from
actual study specimens. An external laboratory quality control program established
in the planning phase of a trial can detect errors at many stages (specimen collection,
preparation, transportation, and reporting of results), not just at the analysis stage.
Thus, it provides an overall estimate of quality. Unfortunately, the system most often
cannot indicate at which step in the process errors may have occurred.

Recording equipment specific to a trial should be checked periodically. Even
though initially calibrated, machines can break down or require adjustment. Scales
can be checked by means of standard weights. Factors such as linearity, frequency
response, paper speed, and time constant should be checked on electrocardio-
graphic machines. In one long-term trial, the prevalence of specific electrocardio-
graphic abnormalities was monitored. The sudden appearance of a threefold
increase in one abnormality, without any obvious medical cause, led the investiga-
tor correctly to suspect electrocardiographic machine malfunction.

Monitoring of Drug Handling

In a drug study, the quality of the drug preparations should be monitored throughout
the trial. This includes periodically examining containers for possible mislabeling
and for proper contents (both quality and quantity). It has been reported that in one
trial, “half of the study group received the wrong medication” due to errors at the
pharmacy. In another trial, there were concerns about asymmetric mis-allocation of
control and experimental drug that turned out to be primarily due to transcription
error [59]. Investigators should carefully look for discoloration and breaking or
crumbling of capsules or tablets. When the agents are being prepared in several
batches, samples from each batch should be examined and analyzed. The actual bottle
content of pills should not vary by more than 1% or 2%. The number of pills in a bottle
is important to know if pill count will be used to measure participant adherence.
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Another aspect to consider is the storage shelf life of the preparations and
whether they deteriorate over time. Even if they retain their potency, do changes
in odor (as with aspirin) or color occur? If shelf life is long, preparing all agents at
one time will minimize variability. Products having a short shelf life require
frequent production of small batches. Records should be maintained for study
drugs prepared, examined, and used. Ideally, a sample from each batch should be
saved. After the study is over, questions about drug identity or purity may arise and
samples will be useful.

The dispensing of medication should also be monitored. Checking has two
aspects. First, were the proper drugs sent from the pharmacy or pharmaceutical
company to the clinic? If the study is double-blind, the clinic staff will be unable to
check this. They must assume that the medication has been properly coded. How-
ever, in unblinded studies, staff should check to assure that the proper drugs and
dosage strengths have been received. In one case, the wrong strength of potassium
chloride was sent to the clinic. The clinic personnel failed to notice the error. An alert
participant to whom the drug was issued brought the mistake to the attention of the
investigator. Had the participant been less alert, serious consequences could have
arisen. An investigator has the obligation to be as careful about dispensing drugs as a
licensed pharmacist. Close reading of labels is essential, and bar coding can be
helpful, as well as documentation of all drugs that are distributed to participants.

Second, when the study is blinded, the clinic personnel need to be absolutely
sure that the code number on the container is the proper one. Labels and drugs
should be identical except for the code; therefore, extra care is essential. If bottles of
coded medication are lined up on a shelf, it is relatively easy to pick up the wrong
bottle accidentally. Unless the participant notices the different code, such errors
may not be recognized. Even if the participant is observant, he may assume that he
was meant to receive a different code number. The clinic staff should be asked to
note on a study form the code number of the bottle dispensed and the code number
of bottles that are returned by the participants. Theoretically, that should enable
investigators to spot errors. In the end, however, investigators must rely on the care
and diligence of the staff person dispensing the drugs.

The drug manufacturer assigns lot, or batch, numbers to each batch of drugs
prepared. If contamination or problems in preparation are detected, then only those
drugs from the problem batch need to be recalled. The use of batch numbers is
especially important in clinical trials, since the recall of all drugs can severely
delay, or even ruin, the study. When only some drugs are recalled, the study can
usually manage to continue. Therefore, the lot number of the drug as well as the
name or code number should be listed in the participant’s study record.

Audits

There are three general types of audits: routine audits of a random sample of
records, structured audits, and audits for cause. Site visits are commonly conducted
in long-term multicenter trials. In many non—industry-sponsored trials, a 5-10%
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random sample of study forms may be audited for the purpose of verifying accurate
transfer of data from hospital source records. This becomes less important if
electronic source data can be directly transferred to the database. More complete
audits are usually performed in industry-sponsored trials, although there is a
movement towards “risk-based monitoring” to focus on critical variables and to
customize the intensity of monitoring to the likely benefit of such monitoring
[56]. While the traditional model has been for study monitors (or clinical research
associates) to visit the sites in order to verify that the entered data are correct, a
more appropriate role may be to perform selected source-data verification for
critical variables and to spend more time assuring that appropriate systems are in
place and training has been performed.

Some investigators have objections to random external data audits, especially in
the absence of evidence of scientific misconduct. However, the magnitude of the
problems detected when audits occur makes it difficult to take a position against
them. Of interest, the FDA has not performed audits of trials sponsored by the
National Cancer Institute (NCI), according to a long-standing agreement. It relies
on a NCI-sponsored audit program that has been in place since 1982, now known as
the Clinical Trials Monitoring Branch of the Cancer Therapy Evaluation Program
[60]. A review of 4 cycles of internal audits conducted over an 11-year period by the
investigators of the Cancer and Leukemia Group B (CLGB) showed similarities
with FDA audits [61]. The deficiency rate (among main institutions) of 28% in the
first cycle dropped to 13% in the fourth cycle. Only two cases of major scientific
impropriety were uncovered during these on-site peer reviews. Compliance with
institutional review board requirements improved over time, as did compliance
with having properly signed consent forms. The consent form deficiencies dropped
from 18.5% in the first cycle to 4% in the fourth. Although compliance with
eligibility improved from 90 to 94%, no changes were noted for disagreement
with auditors for treatment responses (5%) and deviations from the treatment
protocol (11%). The authors concluded that the audit program had been successful
in “pressuring group members to improve adherence to administrative require-
ments, protocol compliance, and data submission. It has also served to weed out
poorly performing institutions.”

The NCI National Clinical Trials Network program now has replaced the
Cooperative Group Program for overseeing clinical trial activity including quality
assurance [60]. Another cooperative group, the National Surgical Adjuvant Breast
and Bowel Project, conducted a review of almost 6,000 participant records
[62]. The objective was to confirm participant eligibility, disease, and vital status.
No additional treatment failures or deaths and only seven cases of ineligible
participants were found. The audit was time-consuming and costly and since few
discrepancies were found, the authors concluded that routine use of cooperative
chart reviews cannot be supported. A similar conclusion was reached in the Global
Utilization of Streptokinase and TPA for Occluded Coronary Arteries (GUSTO)
trial [63]. Following an audit of all case report forms, the auditors reported only a
small percentage of errors and determined that these errors did not change the trial
conclusions.
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The third type of audit is for cause, i.e., to respond to allegations of possible
scientific misconduct. This could be expanded to include any unusual performance
pattern such as enrolling participants well in excess of the number contracted for or
anticipated. The Office of Research Integrity in the U.S. Department of Health and
Human Services promotes integrity in biomedical and behavioral research spon-
sored by the U.S. Public Health Service at over 7,000 institutions worldwide. It
monitors institutional investigations of research misconduct which includes fabri-
cation, falsification or plagiarism in proposing, performing, or reviewing research
or in reporting research findings. In a review of 136 investigations resulting in
scientific misconduct between 1992 and 2002, only 17 involved clinical trials. The
most severe penalty, debarment from U.S. government funding, was applied in six
of the cases. Junior employees were often cited and the applied sanction was often a
requirement to implement a supervision plan [64, 65].

The FDA conducts periodic audits as well as investigations into allegations of
violations of the Federal Food, Drug, and Cosmetic Act through its Office of
Criminal Investigations. These may include clinical investigator fraud such as
falsifying documentation and enrolling ineligible patients. There were 4,059 FDA
inspections in 2013. Most did not justify regulatory action and any corrective action
was left to the investigator, with a total of 79 having official action indicated [66].

The quality of any trial is dependent on the quality of its data. Experience has
shown that too much data are being collected, much of which are never used for
publication or review. As emphasized above, the data collection should be closely
linked to the trial objectives and the questions posed in the protocol. The case report
form must be carefully constructed to accurately and completely collect the neces-
sary data. Over-collection of data adds to the cost and effort of conducting the trial.
Overemphasis on detailed audits of case report forms has similar effects. Moreover,
the error rates are often so low that the value of most audits has been questioned,
particularly when the errors are “random” in nature. Rather, we should focus our
quality control and auditing efforts on key variables. For other variables, samples
should be audited with more reliance on statistical quality control procedures. Data
collection in clinical trials should be streamlined whenever possible.
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