To advance excellence
in the management
of clinical data

Volume 16, Number 3 | 2010 Fall

A PUBLICATION SUPPORTED BY AND FOR THE MEMBERS OF THE SOCIETY FOR CLINICAL DATA MANAGEMENT, INC.

Letter from the Chair

This Issue

Ralph J. Russo, CCDM

1

Greetings! I hope that your summer was enjoyable. It’s hard to believe the
4th quarter is here already! I’m sure you are all busy putting the finishing
touches on those projects with due dates looming.
I’m getting ready for the 2010 Annual Conference in Minneapolis and I hope you are too.
Nimita Limaye and I are putting the last details together for our outsourcing tutorial, and I’m
working with the team of representatives from the U.S. Food and Drug Administration coming
to our annual FDA-SCDM Forum.
While at the conference, be sure to check out the Committee Session (Session VIIIB) at 9:30
a.m. on Wednesday, October 20. At this session you will learn about the various volunteer
opportunities within SCDM and highlights of our committee and taskforce accomplishments.
This is a great opportunity for members who are interested in getting involved. Benefits of
volunteering include: experience for your resume, leadership opportunities, networking and
getting to know new people within the organization (often with similar interests), and
impacting the future of SCDM and the industry.
I hope to see you in Minneapolis!

Letter from the Chair
Quality and the Data Manager’s
Role

2

From Past Data Basics Issues
Clinical Research Monitoring in
the 21st Century: A Risk-Based
Approach

10

The Value of Data Quality
Management

11

Clinical Data Quality: What’s the
Big Deal?

13

Data Quality from the Statistical
Analysis Perspective

14

Upcoming Education Programs

15

How Electronic Data Capture
(EDC) Can Be Integrated into a
Consolidated Data Monitoring Plan

Quality and the Data Manager’s Role

18

by Kit Howard, CCDM

In any discussion about data quality, it is
critical to understand what the term means.
There are as many definitions as there are
articles in this issue, and many more. Some
of the elements include:
• Data that are complete, understandable,
feasible, logical
• Data structures that allow for calculations
where needed
• Data that are in the expected fields, and
especially not embedded in comments
• Data that are not missing
• Datasets that are structured to meet
analysis assumptions
These all reflect elements of the Institute of
Medicine’s definitions that quality data are
fit for their intended uses, and provide the

The Central CRO and the Bottom
Line: What Can You Do?

same answers as error-free data.1 Some uses
are obvious, such as statistical analysis, but
in fact they encompass everything that is
done to or with the data. Unless all of these
are considered, the risk of inappropriate
design, generation or use of the data increases, with “inappropriate” meaning not
just for study analysis, but with respect to
any data-related activity. Each user has his
or her own needs, and thus his or her own
definition of quality. Facilitating the crossfunctional understanding of those expectations is the single most important responsibility of the data manager. It is on this that
the foundation of data quality rests, this
translation and blending and balancing of
Continued on page 6
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ideas and perspectives. These issues are easily found by visiting the Members Only section of the
SCDM website.
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Clinical Research Monitoring in the 21st Century: A Risk-Based Approach
by Patricia Beers Block

It has long been recognized
by industry and regulatory
authorities alike that monitoring is a necessary and
critical sponsor/CRO activity in any successful quality
management system for
clinical research. Monitoring of clinical investigations is critical in assessing the primary goals of good clinical practice:
the rights and well-being of subjects; accurate
collection and reporting of clinical data; and
assurance that the conduct of the investigation
is compliant with good clinical practice standards and regulations.
However, there is no globally recognized, onesize-fits-all method for monitoring research.
Instead, sponsors and contract research organizations utilize a plethora of monitoring activities that provide varying levels of satisfaction. A
risk-based approach – whereby limited monitoring resources are focused on potentially
more problematic sites, and study milestones
serve as a reliable method for ensuring that the
goals of good clinical practice are met – is
discussed in this article.
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Regulatory View: FDA and Global
Guidelines
In 1977, the U.S. Food and Drug Administration contracted with the National Academy of
Sciences/National Research Council (NAS/
NRC) to study issues related to the monitoring
of clinical investigations.1 Many of the resulting
recommendations in the NAS/NRC report
were incorporated into proposed citations 21
CFR 52.28 -52.29, including specific activities
that would have to be followed to the letter if
incorporated into regulation. For instance,
sponsors were to establish written procedures
for the monitoring of studies that included
requirements for communicating information
between the sponsor and the investigator. Additionally, monitors would have been required to
periodically visit the investigator to assure:
continued acceptability of the facilities; adherence to the protocol/investigational plan and
regulatory obligations; maintenance of adequate
study records concerning subject identification,
clinical observations, laboratory tests, and test
article receipt and disposition; and timely completion and submission of safety and/or efficacy
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Clinical Research Monitoring in the 21st Century: A Risk-Based Approach
continued from page 2

reports. Visits were to include a comparison of
a representative number of case reports with the
investigator’s individual subject records to assess
the adequacy of study records (e.g., accurate,
complete, legible, reflective of protocol requirements), and documentation of subjects lost or
dropped out. The monitor was to also assure
that the investigator personally review case
reports that study staff prepared for accuracy
and compatibility with source documents.
Although this proposed rule was never finalized, the critical principles embodied in these
citations were incorporated into the FDA’s
1987 Investigational New Drug (IND) regulations,2 focusing on three essential requirements, namely, that the sponsor ensure: the
proper monitoring of research; select individuals qualified by training and experience to
monitor the progress of the investigation; and
monitor the progress of all clinical investigations being conducted under its new drug
application. By eliminating prescriptive instructions as to how each requirement was to
be met, the FDA preserved an enormous level
of flexibility in the way in which the conduct
of the clinical research could be assessed. Monitoring plans could be developed based on
conditions that the sponsor and CRO considered important to evaluate, and not a list of
absolute activities that may have fallen short of
achieving monitoring objectives.
The widely used ICH E6 Good Clinical Practice guideline provides sound advice on the
purpose, extent and nature of clinical research
monitoring, emphasizing the sponsor’s need to
determine the appropriate extent and nature of
monitoring based on considerations such as the
objective, purpose, design, complexity, blinding, size, and endpoints of the trial.3 The guideline recommends onsite monitoring before,
during and after the trial; however it also allows
for alternative methods, stating, for example,
that “the sponsor may determine that central
monitoring in conjunction with procedures
such as investigators’ training and meetings,
and extensive written guidance can assure appropriate conduct of the trial in accordance
with GCP. Statistically controlled sampling may
3
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be an acceptable method for selecting the data
to be verified.” In essence, this guideline appears to support a risk-based approach, provided it achieves the stated purpose of monitoring.

Risk-Based Monitoring
As noted above, a risk-based monitoring approach can be in harmony with FDA regulations and recommendations made in the ICH
E6 GCP Guideline. In designing such an approach, sponsors and CROs should be mindful
of the principles inherent in a quality risk management process, as well as the unique activities
and risks associated with clinical research.
For a risk-based monitoring plan to be successful, it must emanate from a reliable risk-based
decision making process. An excellent model
for such a process can be found in the ICH Q9
Quality Risk Management4 as delineated in
Figure 1. The two primary principles of quality
risk management identified in Q9, applicable
to most processes in our industry, include:
• Evaluating the risk to quality based on
scientific knowledge and protection of the
patient
• Utilizing a level of effort, formality and
documents of the process that is commensurate with the level of risk
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Clinical Research Monitoring in the 21st Century: A Risk-Based Approach
continued from page 3

The risk assessment of the clinical research project will influence particular
activities that are risk controls that the
sponsor/CRO would need to include
in its monitoring plan. The assessment
should identify risks that are currently
known or potentially expected at both
research and site levels, for instance:
• The complexity of the research/protocol. The failure of site staff to follow
research protocols is one of the more
prevalent deficiencies found during
inspections by regulatory authorities.5
These failures can occur, for instance,
due to: complexity of the procedures;
the site staff ’s unfamiliarity with particular procedures; or the great detail and
complexity of protocol procedures and
study endpoints. Site training (both
initially and periodically as needed) on
the research protocol and procedures is
a useful control to help mitigate risks.
• The qualifications, training and experience of site staff. The investigator and
staff must be aware of the regulatory
requirements for properly conducting
and documenting research activities in
accordance with the protocol and any
sponsor/CRO written procedures. Failure to ensure that appropriate researchrelated records are properly prepared
and maintained is another prevalent
deficiency found during inspections by
regulatory authorities.5 Mitigate this
risk with experienced site staff, proper
record preparation and record keeping,
training to ensure that information is
properly and accurately extracted by
sites from source documents into case
report forms to capture content and
attributes, and by utilizing electronic
source information where applicable.
• The complexity of test article handling and distribution. Test articles
with short expiration dates or specific
environmental sensitivities require
controls that successfully mitigate potential risks. The failure to account for
all test articles, a deficiency commonly
4
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observed by regulatory authorities,5
can be successfully mitigated by ensuring that the receipt and disposition of
test articles are properly recorded.
• Subject population and study locations. Obtaining and adequately documenting subjects’ informed consent
prior to their participation in research
is imperative. To avoid the deficiency
of inadequate documentation of subject informed consent, the sponsor and
CRO might select controls that require
review of all informed consent documents by both site staff and monitors.
Today’s studies are also often conducted globally at many locations, with enrollment potentially too small at each
one to enable pivotal significance, and
posing significant monitoring challenges. Sponsors and CROs should carefully select and monitor locations that
might be at higher risk with regard to
successfully implementing the research
(e.g., those sites with more limited
clinical research experience, instances
of past performance issues, etc).
Risk-based monitoring plans can include
a variety of techniques that focus on data
integrity and quality, as well as compliance
with regulatory requirements, for instance:
• Providing initial onsite training of the
investigator and staff on the research
project, good clinical practices and human subject protection requirements, as
well as periodic, remote training via interactive e-learning, tailored to address
the monitors’ findings and site staff
questions about the protocol, regulatory
or legal issues, and issues that may have
developed during study conduct.
• Implementing an adjustable source
data verification (SDV) plan based on
site clinical experience and study data
metrics. For instance, the monitor
could conduct SDV on 100% of the
source documentation during initial
site visits or for initial subjects enrolled.
As clinical staff gain more experience
with protocol and documentation re-

quirements, the monitoring plan could
reduce the frequency of SDV, thereby
freeing the monitor’s time to evaluate
other critical study activities.
• Utilizing centralized (remote) monitoring for the review/assessment of all,
or a subset of clinical data that were
captured and maintained in electronic
data capture systems.
In conclusion, today’s regulatory and
technological environments offer ample
opportunities for risk-based monitoring,
however a systematic approach incorporating detailed risk assessment and controls, a reliable decision-making workflow, and supportive infrastructure are
necessary to ensure its success. The primary advantage for using such risk-based
monitoring is the ability for sponsors and
CROs to strategically focus monitoring
resources on areas of study conduct where
improvement might be needed. An added
benefit is the potential to positively impact the bottom line of study budgets and
increase site satisfaction.
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Quality and the Data Manager’s Role
continued from page 1

all these requirements that result in data with validity and
integrity for the greatest possible set of uses. When properly
documented, this permits each member of the study team to
act in alignment with those requirements.
In recent years, the focus of data management has shifted
away from this vital facilitator role towards the mechanics of
the job, such as managing queries and building EDC applications. These are important tasks, but they are not a substitute
for defining the quality requirements, and the unfortunate
data manager has been left in the position of being held responsible for the quality of the data but lacking the training
and job definition to fulfill the heart of the role. This is particularly true when one considers the range of clinical trials
that are performed, from Phase I through IV, bioequivalence,
PK/PD, -omics, etc., each of which can quite reasonably have
different quality requirements. The rest of this article explores
various users’ quality requirements and where these requirements should be reflected.

Roles and Activities
When listing the data’s users, roles that typically come to
mind are the statistician, and perhaps the clinician and the
reviewer at the FDA. As suggested above, however, everyone
who touches the data in any way is also a user, and that includes a much wider group than is often considered. Their
activities can be divided into four groups, and while the roles
tend to fall into one group, there is some overlap. Activities
associated with role names vary among companies and not all
roles apply everywhere. The specific activities that place each
role in each group are expanded later in this article. The
groups and their roles are:
Activities
Data definition,
generation and
storage

Roles/Targets
Sponsor clinicians, statisticians, site personnel,
subjects, data managers, database programmers, EDC
programmers, data entry and statistical programmers

Data examination,
analysis,
interpretation and
reporting
Data usage to
influence or
change treatment
or behavior
Quality
management and
assurance

Sponsor clinicians, statisticians, medical writers,
investigators, regulatory affairs, safety, FDA reviewers,
IRB, data monitoring committee, data warehouses/
repositories
Marketing, regulators, physicians, investigators,
patients, publications

6

Users and Their Requirements
Part of the challenge is that some of the eventual data users
are not present during the study design and development
phases, dramatically increasing the risks of the data being
unsuitable for their purposes. Therefore, it is critical to have
their surrogates present, for example, regulatory affairs to
interpret and represent some of the requirements of the regulators. To make the data as widely useful as possible, data
managers need to have all affected parties present, even
though they may not currently participate.
The table below is organized by role or data target and presents a subset of the activities, responsibilities and requirements each has with respect to clinical data, as well as where
these requirements should be recorded. Each defines user
expectations or assumptions that, if not met, increases the risk
of inappropriate data-related action, and therefore threatens
data quality. Each also is an opportunity for data management
to develop quality criteria for the study. Clearly this does not
represent all the activities of each role, nor all their quality
requirements (especially those of the data manager), but
should serve as a starting point for teams’ discussions.
This information is presented to help each role understand
how their requirements mesh with those of other roles, and
that each is valuable. There are other elements that play into
perceptions of quality, such as speed. For example, a site that
delivers complete and otherwise high quality data very slowly
may not be labeled a high quality site overall.
Continued on page 7

(All users have a role in defining quality, but these
are more directly tasked with assessing it) FDA
inspectors, data managers, clinical monitors (CRAs),
sponsor clinicians, study coordinators, QA
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Quality and the Data Manager’s Role
continued from page 6
Role/Target
Investigators / Site
Coordinators

Subjects

Sponsor Clinicians

Statisticians

Database
Programmers

EDC Programmers

Statistical
Programmers

Medical Writers

What they want with respect to the data
• Well-written clear protocol with
reasonable eligibility criteria
• Feasible procedures requiring moderate
amount of data
• Well-designed and easily-navigable
eCRFs with clear instructions
• Rational queries
• Helpful CRAs
• To be treated well and cured
• To believe that they have helped

• The right data, captured and structured
in the right way, to answer their study
questions
• Fast enrolment of eligible subjects
• Access to accurate and complete data
ASAP
• Full, timely info about potential safety
issues
• Complete protocol-compliant data that
meet the analysis assumptions
• Data that are sufficiently consistent
between sites to produce a trustable
analytical result
• No outliers, unusual values or
unexpected events
• Clearly defined trial processes that allow
definition of analyzable data points
• Clear, easily programmed database
specifications
• Data that conform to their assumptions
• No protocol amendments
• Same as Database Programmers
• Clearly defined limited number of edit
check requirements

What they should do or provide
• Recruit eligible subjects
• Correctly perform all protocol activities at the right
time
• Monitor and document subject safety
• Generate complete and valid data
• Comply with GCP
• Complete eCRFs accurately and close to the time of
the subject’s visit
• Resolve queries quickly, accurately and completely
• Comply with their responsibilities per protocol, e.g.,
• Comply with medication schedule
• Complete diaries at the correct time
• Show up for visits properly prepared

Where requirements are*
Site’s quality requirements
of sponsor are not defined
anywhere
Sponsor’s requirements for
the site are in the protocol
and contract

Requirements not defined
anywhere
Sponsor’s requirements of
them are in the Informed
Consent
Clinical Trial Protocol

• Write clear, easy-to-follow protocol
• Develop clinically and scientifically valid questions
• Include well-organized feasible visit schedule and
procedures
• Recruit well-qualified investigators
• Provide guidance to sites to ensure study conduct is in
compliance with protocol and respects patient needs
and rights
• Design analyses that
Clinical Trial Protocol
• Reflect the “truth” of the data
Statistical Analysis Plan
• Are appropriate to the kind of data being analyzed
• Can handle variable data
• Provide information about analysis assumptions
early in design process

• Database that conforms to specification
• Clear complete documentation
• Appropriate validation

Clinical Trial Protocol
Programming Specifications

•
•
•
•
•
•

Clinical Trial Protocol,
Programming Specifications

Same as Database Programmers
Easily navigated eCRFs
Clear and helpful help texts
Appropriate edit checks with clear error messages
Deliver programs that are efficient and reusable
Design layouts that display and summarize the data
accurately to optimize the interpretation of the data

• Complete data that conform to their
programming assumptions, e.g.,
• All visits falling precisely within
defined windows
• No missing data that need to be
counted or are used to group subjects
• Well-designed data displays and
• Write clear complete study reports that
summaries
• Represent fairly what happened
• Clear statistical results
• Provide reasonable data interpretations
• Complete documentation for all
subjects requiring narratives
• Internally consistent data

Clinical Trial Protocol,
Programming Specifications,
User Guidances

Clinical Study Report
Template, ICH E3 Structure
and Content of a Clinical
Study Report

Continued on page 8
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Quality and the Data Manager’s Role
continued from page 7
Role/Target
Data Managers

Clinical Monitors
(CRAs)

Regulatory Affairs

What they want with respect to the data
• Clear complete protocol
• Open collaboration with all other
data users to understand fully all
requirements
• Complete internally consistent data on
CRFs (e.g., no unexpected blanks, no
pregnant males, no “inconvenient” data)
• Data that reflect protocol compliance
and conform to assumptions and
expectations
• Data delivered in timely fashion
• Complete well-organized source data
and documents
• Accurate CRF completion
• Well-designed CRFs that are easy to
monitor
• Queries that make sense

•
•

Safety Surveillance

•
•
•

IRB and DSMBs

•
•

Regulatory
Reviewers

•
•

•

FDA Inspectors

•
•

What they should do or provide
• Design simple, accurate CRFs and clear, statistically
valid CRF instructions
• Resolve data discrepancies
• Follow appropriate data handling requirements for
eCRF and electronically generated data
• Design database to facilitate data entry, storage,
analysis and display
• Document study data flow
• Create specifications for DB programmer, EDC
programmer

• Train sites fully on protocol requirements
• Retrain sites fully when site coordinators are replaced
• Understand and resolve queries completely and in
timely fashion
• Train sites in how to respond to queries
• Monitor regularly
• Verify source data and site activities completely and
accurately
• Send data to sponsor on time
Study data that are consistently defined • Provide clear information regarding expected
and structured across all studies in the
regulatory claims
submission
• Communicate any previous issues seen in similar
Studies that address all the key points in
submissions or indications
the development plan
Complete AE data that complement the • Communicate with the data developers the fields and
safety database
structures that enable safety signal detection
The right ancillary data to allow
for safety signal detection and
interpretation
Safety data consistently defined and
captured across all studies
Clear logical protocols that protect
• Communicate with the sponsor what data and reports
subjects’ welfare and address relevant
and structures are most useful for assessing safety
clinical questions
issues
Safety reports that make assessing
potential safety concerns easier
Clear, complete, well-organized
• Publish clear guidance on structure and content
submissions that meet CDISC and
expectations
eCTD requirements
• Provide clear and specific feedback when expectations
Individual study and integrated
are not met
summary reports that are easy to follow,
well-written, internally consistent,
supported by the data, and address an
unmet medical need
Information about data quality
processes allowing them to have
confidence in the data
Complete well-organized source data,
• Publish guidance on what they expect
eCRFs, databases, etc.
• Inspect fairly and consistently
Clear complete compliant
• Provide insight into findings that permit recipients to
documentation
fix the issues

Where requirements are*
Data Management Plan,
including CRF Completion
Instructions and Edit
Checks
These should reflect all
requirements from roles
that fall within their span of
control

Monitoring Guidelines

21 CFR 312, 314, 814

21 CFR 50; ICH E2A, E2B

21 CRF 50;
DSMB Charter

21 CFR 312 and 314, et al.

Field officer inspection
guidances

Continued on page 9
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Quality and the Data Manager’s Role
continued from page 8
Role/Target
Data Warehouses/
Repositories

What they want with respect to the data
• Data that are consistent both in
structure and in content
• Controlled terminology used
consistently and uniformly
• Clear complete data dictionaries

Marketing

• Relevant clear data that address
marketing questions
• Protocols that provide a basis for a
marketing claim
• Coding for data that can be used to
search for additional indications (e.g.,
medical history)
• Publications that fairly represent the
data, based on datasets and analyses that
tell a clear story
• Reproducible datasets
• Publications that provide clear
information on risks and benefits of
treatments allowing them to target
appropriate patients
• Data presentations that are relevant to
their patient population
• Clear truthful information about the
appropriate uses, risks and benefits of
treatments

Publications

Physicians

Patients

What they should do or provide
• Combine data only when mapping is appropriate
• Provide clear documentation on mapping and
implications for precision and reliability of data
• Communicate the types of questions the data can be
used to answer and the degree of confidence that is
appropriate
• Communicate expected marketing data needs as early
as feasible
• Collaborate with pre-marketing clinical research
teams to understand how to share data in both
directions

Where requirements are*
Internal or Janus database
specifications; CDISC

• Publications based on the data that are clear and
consistent
• Sufficient information in the articles to permit other
researchers to replicate the study
• Interpret the information in the publications
appropriately
• Follow label instructions, especially with respect to
required lab testing

Journal submission
requirements

• Interpret and use the information appropriately

N/A

Marketing Strategic Plan

N/A

* This is a selection of sources, and absolutely not a complete list.

Conclusion
This range of requirements, some of which conflict, shows
clearly that harmonizing is a difficult task requiring a broad
understanding of the entire clinical development process, with
at least some insight into each of the roles involved. It may
require accommodating different sets of requirements at
different times, such as one data structure for data capture
and another for data analysis. Finally, it requires the ability to
bridge the clinical/technical barrier, which means interpreting
the technical requirements in language that clinical colleagues
can understand, and helping technical colleagues understand
the very real variability in the clinical world. No individual
can possibly have the full depth of knowledge necessary to
understand all the requirements, and hence the need for the
informed facilitator, that is, the data manager.
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The Value of Data Quality Management
by Tom M. Larrichio

Poor data quality costs businesses hundreds of billions of dollars annually,1
not to mention delays in executing their
deliverables, increased risk and customer
dissatisfaction. In clinical research, the
stakes are especially high – patient safety,
effective therapies and cures, healthcare
costs, business viability, jobs and continued research, rely on, and require, high quality data. Our reliance on data has grown significantly as data become more
and more of a key element in a company’s strategy, forecasting and operations. Similar to cash, employees and intellectual property, data are an asset and must be treated as such.

The Data Quality Journey
In an environment where global clinical studies are the
norm, and numerous operational business units are involved (clinical monitoring, project management, safety,
data management, labs, biostatistics, etc.), the impact of
poor data quality is immense and, thus, the need for a data
quality management program is essential. Often, data flows
from one system to another and multiplies along the way.
Therefore, it can cost exponentially more to complete a
unit of work when the input data are defective than when
the input data are perfect. Several key ingredients are necessary to launch and maintain a successful data quality management program, ultimately leading to a data culture,
where the true value of data is recognized by all employees
and is leveraged to improve healthcare. Within Quintiles,
we have adopted a data quality maturity model that begins
with data stewardship, followed by data definitions, error
prevention, data cleaning and monitoring, and ending with
a data culture in place, which is reinforced with policy. The
maturity curve in Figure 1 takes us from a state of being
unaware of the quality of our data to one that is predictive.
When considering the journey a company will take to
change or create a certain culture, one might look toward
big events in the United States. Public smoking is a good
example. Years ago, the public learned of the dangers and
risks associated with smoking. Education and awareness
were followed by visual changes (changes to our environment) such as warning labels, non-smoking sections and a
reduced number of advertisements. Later, policy was enacted to ban smoking in many public areas. Had we begun the
journey with policy, rather than education and awareness, it
likely would not have worked as well. Our journey toward
a data-centric organization takes a similar approach in that
we have begun with data stewardship – education, aware10
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Figure 1. Data Quality Maturity Curve

ness and accountability. This is followed by enterprise-wide
vocabulary and data standards implemented in systems and
processes – all changes in our operating environment. Finally, we have data policies − the rules, guidelines and requirements that solidify and reinforce a data culture.

Importance of Data Stewardship
Data stewardship is formalized accountability of the data.
To establish accountability, it is important to begin with the
“wow factor”. Education and awareness around the impact
of poor data quality is engaging and hard to ignore. Employees typically want to solve problems, improve the work
environment and make their lives easier. Involvement in a
data stewardship program is a way for employees to have an
impact. Having the right team will make a significant difference in changing or establishing the necessary culture to
truly turn data into an asset. The “right” team is appointed
by senior management, and is enthusiastic and driven to
take on the responsibility, accountability and leadership
critical to empowering others throughout the organization
to take a role in making accurate, consistent and timely data
a priority. Finally, a strong data stewardship program is one
that involves all parts of the organization. To speak a consistent message, all voices must be heard.

Impact of Standards
Because of the siloed nature of today’s organizations, different business functions can use the same terminology in
multiple, and often contradicting, ways. Functional variances in addition to the complexities of local, regional and
Continued on page 12
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Clinical Data Quality: What’s the Big Deal?
by Dave Holly

Newcomers to the industry often have
difficulty understanding and identifying
the key factors that impact clinical data
quality. Let’s face it, clinical data management is not rocket science. We are not on
the cutting edge of software technology.
In fact, most data managers require just
a basic understanding of data to perform
their jobs. So, what are these factors that
impact data quality in our clinical systems? What, really, is the big deal?

Understanding the Big Picture
If you are in clinical data management,
you are supporting pharmaceutical research and development. The R&D
effort supports the sponsor company not
just in developing new drugs, but in
getting them approved by the U.S. Food
and Drug Administration. Clinical data
is the life blood of the R&D effort and is
ultimately sent to the FDA for its approval. The end result is the sale of drugs.
Clinical data contains the proof needed
by the FDA to allow drugs to be sold.
Even though we work mainly in software,
we are not in the software business. We
are in the business of selling drugs. That’s
the bigger picture and is the key to understanding our role in the industry.

Respect for Clinical Data
Unlike inventory or financial data, clinical data involves people. The data can
represent someone’s mother, father,
brother, sister or even someone you
know. It’s easy to ignore what goes on at
investigative sites. But in many cases, the
very lives of trial subjects are at stake. We
are part of a system that is treating illnesses and symptoms and preventing
deaths – and that demands us to respect
clinical data.
Understanding the source of our data is
one factor that can impact data quality.
Respect for clinical data forces us to ask
more questions and stop before moving
ahead with even the simplest data change.
Most important, respect for clinical data
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allows us to understand the chain of
command from the head clinician and
clinical team to the doctors and nurses
working at the sites. Medical decisions
have a direct impact on what we do.
Changing a number or date in the database may be a simple thing requiring
almost no time. But that date or number
may have a clinical significance demanding that we preserve the original value.
The big deal with clinical data quality has
to do with understanding the dividing
line between our jobs and actual medical expertise. Quality improves when we
have a better understanding of what, or
who, our data represents.

The Biggest Enemies of Clinical
Data Quality: The Unknown and
the Unexpected
Clinical trials are scientific experiments
performed on humans by humans. This
accounts for many unknown and unexpected factors during the trial. Humans
don’t always follow instructions. They
may show up late for appointments or
miss entire visits. They may also administer the wrong drug or forget to record
results, affecting the quality and accuracy
of the clinical data.
The human factor is not always apparent
when viewed from within a database.
Extract a dataset from the EDC system
and you may find “holes” in the data.
These missing data are always a concern
for clinical data managers because the
reason is not always known. Is the data
missing because the site forgot to enter it
or because the subject dropped out of the
study? Or is there extra unexpected data
due to an unscheduled visit?
Updates and edits are frequently applied
to electronic case report forms after a trial
goes live, further changing the clinical
data landscape. Remember that humans
also designed the trial and created the
software used for EDC and Interactive
Voice/Web Response (IVR/IWR) systems.

Things to Remember

Clinical data management may not
be rocket science, but it does require
us to think outside the data. For both
new and experienced managers, consider these simple recommendations:
1. Understand the big picture. Clinical trials are all about approving
drugs and medical devices for sale
to the public.
2. Have respect for clinical data.
Understand where the data comes
from and what that data represents: real people.
3. Expect the unexpected. Humans
are imperfect and clinical data
may experience many changes
during a trial. Expect changes!
4. Know who owns the data and
who provides approvals. Changes
can’t always be made without first
knowing who is responsible for
the data and knowing who can
provide arbitration and permission
for unexpected circumstances.

No amount of planning and foresight can
eliminate the human factor. There will
always be holes in the data, unexpected
results and surprises. Experienced clinical data managers have learned to expect
protocol changes, expect missing data
and expect the unexpected. Expecting the
unexpected can help you move past the
shock and awe of discovery and on to a
viable solution.

Who’s Responsible?
Problems in clinical data may be compounded when managers and directors
start to demand answers. They may not
care who caused a problem or why. They
only want to hear that the problem has
been resolved. Often, this means that
you, the clinical data manager, may be in
the hot seat to solve the issue.
Continued on page 12
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Clinical Data Quality: What’s the Big Deal?
The Value of Data Quality Management
continued from page 10

global distinctions create overwhelming ambiguities. Regardless of location or
business function, the core operations of the business must recognize and treat
certain terminology and processes the same way. Implementing data standards
and a common business vocabulary can yield significant benefits and help
springboard an organization up the data quality maturity curve. It is important
to recognize and adopt a set of standards and vocabulary that leverages industry
standards such as Clinical Data Interchange Standards Consortium (CDISC)
and Health Level 7 (HL7), yet does not lose sight of a company’s heritage and
uniqueness. In other words, the standards and vocabulary that are established
have to work for the company − to help it operate better, grow, support customers and innovate.

Reinforce with Policies
Once the foundation has been laid with a solid stewardship program and the
appropriate standards and vocabulary, the organization is prepared for policies to
reinforce and drive the proper actions. Data policies can vary by company, however, it is important that they represent the behavior the company wants exhibited
by its employees and that they leverage the valuable work done thus far in improving data quality. Examples may include data standards compliance policies,
with audit and measures features, and mandatory modules and field policies to
ensure the required data are being entered. All policies should be backed with the
ability to measure adherence, thus identifying and defining the appropriate key
performance indicators. This is an important element to moving up the data
quality maturity curve. All policies should have the appropriate senior management backing and approval, and address the impact of non-compliance.
Ultimately, increased value is gained by using quality data, generated through
a solid stewardship program and set policies, in predictive modeling, forecasting and optimization. This initiative allows companies to further minimize the
impact of those risks inherent to drug development, delivering the ability to
develop safer, more effective therapies quickly, and at a lower cost. The impact
of data quality is recognized throughout the industry, and shifts the paradigm
in which healthcare is delivered.

Footnote

1. Data Quality Management, The Most Critical Initiative You Can Implement, by Jonathan G.
Geiger, Intelligent Solutions, Inc.

Tom Larrichio leads the Enterprise Data Council at Quintiles, where he is responsible for developing a data strategy, driving data quality improvements and building
a data quality culture. Previously, Larrichio was the CEO at BioMachines, a proteomics research company; Vice president of business development at TriVirix, a
medical device engineering and manufacturing company; and held various roles at
Honeywell in the aerospace industry. Larrichio obtained his finance and economics
degree from the University of New Mexico.
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continued from page 11

In my experience, the fastest way to
resolve clinical data issues is to first
identify the person responsible for entering the data in question. Contacting
the person who entered, or omitted, the
data can provide lots of missing
information.
If a mistake has been made the issue
may need to be escalated to someone at
the sponsor pharmaceutical company to
make a decision. For example, if a subject returned for a third visit, but the
date is three days past the window for
the next dose of study drug, will the
subject be permitted to continue? Edit
checks in the EDC or IVR system may
say no, but the clinical team may decide
to permit the dosing to keep the subject
in the trial. Above all else, remember
that you, the clinical data manager,
cannot make that decision.
Knowing the team members and their
roles and responsibilities can be invaluable in resolving data issues. Introductions at study kickoff meetings are
important. Knowing who entered the
data and who can provide approval for
problem resolutions is a big part of the
solution.
Dave Holly has been working in clinical
data management for more than 20 years
and provides eClinical consulting services.
He has designed clinical IVR, hand-held
diary, and SAS data export/transfer
systems.

PLEASE NOTE:
SCDM does not sell its
membership list and does
not condone the use of the
online membership database
for electronic broadcast
marketing activities.
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Data Quality from the Statistical Analysis Perspective
by Hong Chen

Data managers know very well that the quality of a clinical trial’s data is a critical component of clinical data management.
Valuable resources are allocated to this process to ensure data collected during the trial and captured in the clinical database
are correct and accurate. This is usually accomplished by a series of data edit checks programmed to verify the data, and
data clarification forms (queries) to the sites to confirm or clarify the data values. Once all study data are entered and any
issues from the data edit checks are resolved, the database is considered clean and data managers lock the database, completing the data management activities.
Clinical data quality, from the statistical analysis perspective, however, is more than ensuring the correctness of the clinical
data captured in the database. This article, based on my experience working with different clinical databases from various
sources, will discuss the data quality issues and requirements from a statistical analysis point of view, which go beyond the
basic data range and consistency checks in data quality assurance.

Not All Data Are Equally Important
Everyone working with clinical trial data understands it is difficult, if not impossible, to have a 100% error-free database. Since the budget and time available for data management are limited, it is important to focus resources on data that
are critical for the study. Frequently, CRFs are embedded with check boxes intended as reminders of a study procedure
with little or no value for analysis (e.g., to remind site staff that a diary card should be given to a subject or that adverse
events and concomitant medications should be recorded on the appropriate pages). While these reminders are helpful,
they should be included in the CRF completion guidelines rather than in the CRF. Such data, if captured in the database,
should not be competing for data quality assurance resources; data management should focus the available resources on
data that are critical in addressing the study’s objectives, such as the efficacy and safety data.

The Right Data in the Right Place
Statisticians require data to be in the appropriate forms for analysis. Data, if not captured in the appropriate form or format, can be rendered unavailable. Extensive data manipulation or extraction steps are then necessary to convert the data to
an analyzable form – a process that requires not only time but could also introduce errors. For example, to calculate and
report the average dose, we need the dosage information to be captured as a numeric variable; data collected as text (e.g.,
50g, >20, 100mg twice a day) creates difficulty for the analysis. Another example involves information required for analysis
being embedded in comment/specify field(s). This happened when a CRF page was designed to capture each missed dose
with start and end dates for the period during which dose is missed. However, because the missing pattern was intermittent, the period end date was left blank and the dates when doses were missed were recorded in the comment field. Data
captured in this way cannot be used in the analysis; tremendous effort is needed if one is to extract such data from text.

Data Structure
More and more data managers are involved in, or even responsible for, the design of the clinical database. The structure
and specification of a database will not only impact data entry but also analysis. Databases with data structures that are
logical will make it easier for analysis. Consider the example of designing a data table to capture a subject’s body weight at
three different time points. One could design a table to capture the information in one row, resulting in the same type of
data (measurement date/time, weight, and unit) being repeated as different variables:
Subject ID

Time Point
1 Date

Time point
1 weight

Time point
1 weight unit

Time Point
2 Date

Time point
2 weight

Time point
2 weight unit

Time Point
3 Date

Time point
3 weight

Time point 3
weight unit

However, it would be much more logical and easier to work with if a table was designed to create one record per subject
and time point, with four data fields:
Subject ID

Time point

Date

Weight

Unit

Continued on page 14
13
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Data Quality from the Statistical Analysis Perspective
continued from page 13

In general, data tables should not be created just for capturing data; they should be created with analysis in mind so that the
data is organized in logical units. Another point to consider in planning the data structure is that, as much as possible, data
for a specific topic (e.g., adverse events, concomitant medications, vital signs) should be captured in one table, rather than
being scattered across several tables. Merging multiple data tables to create datasets for final analysis consumes resources and
can introduce errors, especially if the key record identifiers are not common or clearly identified across the data tables.

Data Specification
Today, clinical trial data are captured in various systems. Due to system differences and lack of consideration for analysis,
quite often we find databases that have long dataset/variable names or are without proper labels and formats. Working with
such data is a real challenge for the statisticians and analysts. The U.S. Food and Drug Administration guidance for submission requires datasets submitted for review to be in SAS XPORT (version 5) transport files, which limits the dataset (table) names and variable (field) names to a maximum of eight characters, and the maximum length of a text variable to 200
characters. These are also the same basic requirements for Clinical Data Interchange Standards Consortium Study Data
Tabulation Model (CDISC SDTM) and Analysis Data Model (ADaM) datasets. If the specification of the clinical database
is not in agreement with these requirements, additional data manipulations are needed during the analysis to change the
dataset and variable names, and to split the text variables with more than 200 characters into multiple variables. This is not
only time consuming, but also error prone. Ideally, to ensure programming and analysis efficiency, the data structure/specifications should be mapped as much as possible to the CDISC SDTM standards. Better yet, data managers are encouraged
to adopt the CDISC Clinical Data Acquisition Standards Harmonization (CDASH) standard.
We have discussed the data quality issues from the analysis perspective. Good data quality does not simply mean data are
captured correctly or error-free. It also means that data are organized logically, data structure and specifications are designed appropriately, data attributes are assigned correctly, and datasets are user-friendly for analysis. So, what can we do
to ensure data quality meets these requirements? Our experiences tell that the keys are to involve the statistician/analyst in
the data management process and to understand and be compliant with the data standards for submission. After all, the
end users of the clinical database are the statisticians/analysts and the reviewers at the regulatory agencies. It is very important for statisticians and/or analysts to be involved in data management activities such as CRF design, database design, data
edit check planning, and database lock. At McDougall Scientific, our standard operating procedures require a statistician/
analyst to review and approve the database design specifications and data logic check plan. By addressing and incorporating the statistician’s input and concerns in database design and data management processes, we can improve data quality,
reduce data issues, increase programming efficiency, and preserve analysis accuracy.

Reference

U.S. Food and Drug Administration Guidance for Industry: Providing Regulatory Submissions in Electronic Format — Human Pharmaceutical Product
Applications and Related Submissions Using the eCTD Specifications. June 2008.

Hong Chen is the manager of statistics and programming at McDougall Scientific Ltd., a CRO providing data management and
statistical services for the pharmaceutical industry. For the past 12 years, he has been working on statistical analysis and data
standards in pharmaceutical research and clinical trial environments. He is currently a member of the CDISC Advisory Board.

Upcoming Education Programs
CDISC Webinar November 11
Database Lock and Randomization Online Course October 25
Project Management for the Clinical Data Manager Online Course November 7
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How Electronic Data Capture (EDC) Can Be Integrated into a Consolidated Data Monitoring Plan
by Jules T. Mitchel, PhD, Yong Joong Kim, Joonhyuk Choi, Glen Park, PharmD, Judith Schloss Markowitz and Silvana Cappi
Oversight of the clinical trials includes clinical research, data management, biostatistics, project management, regulatory and quality assurance. One of the
goals of monitoring of clinical trials is to have accurate
data for the analysis of efficacy and safety. Currently,
electronic data capture (EDC) allows a clinical research
site to enter original data directly into the pharmaceutical company’s proprietary database, or to enter the
data into EDC systems after collecting original data in
paper source records.1-5 EDC also allows for remote,
real-time visual, monitoring of electronic case report
forms (eCRFs) by clinical research associates (CRAs),
and performance of ongoing data review by the data
management, clinical personnel and safety monitors.
The advantages and challenges for implementing
EDC clinical trials have been reported, 6,7 and Banick
predicted that with EDC, time from last patient last
visit (LPLV) to database lock could be reduced by
43% and queries by 86%.8
The goal of this paper is to demonstrate how three
powerful EDC tools can be used to monitor data
quality and assist both the CRAs and Data Managers
with becoming key players in the area of clinical data
management.

The Tool Box of Data Quality Control
Three powerful tools are available in EDC systems:
1) Online edit and logical checks that fire at the time
of data entry or in batch mode
2) Queries that are generated by the CRAs and data
managers
3) Audit trail that keeps track of all data changes and
reasons for changes to the study database.

Using online and batch edit checks as a data
quality monitoring tool
It can mean several things when online and batch edit
checks fire, and both the quantity and frequency of
edit checks can be quite revealing. The most obvious
events are when there is a numeric value out of predefined range, such as when a blood pressure measurement is 200/60 or when there is a logic error such as
the date of Visit 2 is before the date of Visit 1. If the
site provides a reasonable answer to the edit check
and/or makes correction of the data entry error detected by the system edit check, there is nothing more
to do prior to source document verification (SDV) at
the time of the site monitoring visit. However, out of
range values can also mean that there are safety signals
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or perhaps a simple issue such as the site not filling out
the form accurately. By intelligently evaluating the
batch record “hits,” the clinical data monitors can
easily and rapidly assess whether there is a potential
safety signal. They can also determine whether the
problem is with the protocol, the form itself or specific
variables within a form, as well as whether one site or
all sites, or perhaps monitors, need additional training.
As a result, the earlier edit checks are monitored in the
context of a trial, the more likely the problem will be
resolved early and future database changes minimized.

Using query management as a data quality
monitoring tool
Queries that are generated as a result of online system edit check hits may be quite different from those
generated de novo by the monitors or data managers.
Queries may reveal a problem at a particular site, but
may also reveal that the monitor or site personnel need
additional training. For example, the monitor may be
asking the site to change obvious spelling errors when
the policy of the company is to ignore obvious spelling
errors. Another example could be that the monitor or
the study site needs to understand the rules on how to
record adverse events, e.g., should the dose be in the
drug name or are abbreviations allowed. Examples of
database changes illustrating these points are as follows:
1. Trade Name changed from Timolol to Timolol 0.5%
when the site meant to indicate ophthalmic use
2. CABG changed to Coronary Artery Bypass Graft
Surgery when abbreviation was not allowed

Using audit trail to the database as a data
quality monitoring tool
Target e*CRF was used as the EDC tool for a multinational, dose-finding, multi-center, double-blind, randomized, parallel, placebo-controlled trial to investigate efficacy and safety of a new treatment in men
with lower urinary tract symptoms (LUTS) associated
with benign prostatic hyperplasia (BPH). Data were
collected for 566 screened subjects who had signed
informed consent, of which 492 subjects have been
subsequently enrolled / randomized into the trial. A
decision was made to cut off the analysis after at least
40,000 case report forms (CRFs) were entered.
Audit trail captured each data element modification.
Reason for change was required. Reasons included: 1)
Additional Information, 2) Entry Error and 3) Other,
Continued on page 16
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How Electronic Data Capture (EDC) Can Be Integrated into a Consolidated Data Monitoring Plan
continued from page 15

Specify. Changes could include one change or multiple changes
per page as well as multiple changes of the same page.
Results showed that there were a total of 2,584 (6.2%) changes
to 41,568 eCRF pages (Table 1). Of the 2,584 changes, 1,836
(71.1%) were designated as due to data entry errors, 486
(18.8%) due to additional information and 262 (10.1%) due to
other reasons.
Total Pages
Entered

Total Number
of Changes

Data Entry
Errors

Additional
Information

Other
Reasons

41,568

2,584 (6.2%)

1,836
(71.1%)

486 (18.8%)

262
(10.1%)

Table 1. Reason for Change to eCRF Page
Table 2 illustrates that 85% of 2,584 changes occurred in 10
CRFs, 72% of changes occurred in six forms and remarkably,
47% in just three forms. More specifically, 21% of the changes
occurred in a diary log, 14% in the concomitant medications
form, and 13% in the medical history form.
Total
Pages
Entered

Total
Changes

Percent of
the Pages
Changed

Cumulative
Percent

Vital Signs

1,782

55

2.1

2.1

Physical Examination

1,085

78

3.0

5.2

eCRF Name

Adverse Events

306

96

3.7

8.9

ECG

565

115

4.5

13.3

Flowmetry

962

184

7.1

20.4

1,805

211

8.2

28.6

471

229

8.9

37.5

Medical History

1,861

325

12.6

50.1

Concomitant
Medications

1,315

361

14.0

64.0

Diary Log

15,548

538

20.8

84.8

Diary Question
EQ5D Questionnaire

Table 2. Summary of eCRF Pages with Data Entry Changes of > 2%
For adverse event description, for example, most changes tended
to be refinements of what had already been entered and could
have been entered in a separate field identifying location:
1. Adverse event changed from “Soreness at Injection Site” to
“Soreness at Injection Site, Right Upper Quadrant” (Additional Information)
2. Adverse event changed from “Tenderness at Injection Site” to
“Tenderness at Injection Site - Upper Left Quadrant” (Additional Information)
3. Adverse event changed from “Swelling, [Investigational Drug
Name] Injection Site RXN Left Lower Quadrant Abdomen”
to “Swelling, Injection Site Left Lower Quadrant Abdomen”
(Entry Error)

Discussion and Conclusions
To some, EDC may merely be another data entry tool while to
others EDC solutions provide a dynamic opportunity to manage clinical data.
When using EDC, monitoring clinical sites every four to eight
weeks just to perform source document verification (SDV) may
be inefficient and wasteful unless there is proactive coordination
with clinical research, data management and biostatistics.
Simple transcription errors from the paper source documents to
the EDC database are to be expected, and can only be identified
during SDV if the data are in the expected range of values.
However, comprehensive training for monitors and sites on how
to complete the data fields can make a positive impact on reduction of the number of data changes. Changes to text fields for
medications and adverse events can easily be monitored remotely and rules for data entry established and documented in CRF
Completion Guidelines.
Rather than assuring that boxes are being checked correctly, that
missing data are really missing, or that the end date of an AE
occurred on a Tuesday or Wednesday, a more comprehensive
data monitoring plan should be prepared as a working document associated with the protocol to clearly define all the data
management steps to be taken to assure patient safety and data
quality. The plan should be the equivalent of the statistical
analysis plan, specified in the protocol and subject to modification throughout the study.

References
1.
2.
3.
4.
5.
6.
7.
8.

J. Mitchel, J. You, A. Lau , et al., “Paper Versus Web; A Tale of Three Trials,”
Applied Clinical Trials August 2000; 34-35.
J. Mitchel, J. You, Y.J. Kim, A. Lau, et al., “Internet-Based Clinical Trials
– Practical Considerations,” Pharmaceutical Development and Regulations
2003; 1:29-39.
J. Mitchel, J. You, A. Lau, et al., “Clinical Trial Data Integrity. Using
Internet-Based Remote Data Entry to Collect Reliable Data,” Applied Clinical Trials March 2003, Supplement, 6-8.
J. Mitchel, E. Jurewicz, K. Flynn-Fuchs, et al., “The Role of CRAs in the Development and Implementation of Internet-Based Clinical Trial Applications:
New Career Opportunities,” Monitor October 2005; 17-21.
Mitchel, JT, Kim, YJ, Choi, JH, et al. The Final eFrontier. Applied Clinical
Trials May 2010.
R. Kush, “Electronic Data Capture – Pros and Cons,” BioExecutive International Supplement Series, June 2006.
R. Kush, P. Bleicher, W. Kubick, et al., “eClinical Trials: Planning & Implementation,” Thomson CenterWatch, 2003.
N. Banik, “Evaluation of EDC versus Paper in a Multinational Asthma
Trial,” Presented at the DIA European Data Management Meeting. Berlin,
October 1998.

Dr. Jules T. Mitchel, president and co-founder of Target Health Inc,
brings more than 25 years of experience, both in the pharmaceutical
industry and in basic research. Mitchel has held industry positions
Continued on page 17

16

DATA BASICS • FALL 2010

Return to Cover

How Electronic Data Capture (EDC) Can Be Integrated into a Consolidated Data Monitoring Plan
continued from page 16

at Ayerst Laboratories (now Wyeth, Inc), Pfizer Laboratories and
Pfizer Consumer Health Care, and academic positions at New York
Medical College, Cornell University School of Medicine and NYU
School of Medicine. He is currently adjunct professor at both Stony
Brook Medical School and the School of Pharmacy of Rutgers University as well as a member of the Steering Committee of the Clinical Trial Transformation Initiative.
Yong Joong Kim, MS, is the senior director of application development and data management at Target Health Inc, a full service CRO
located in New York, NY. Kim has the overall responsibility of development of the Target e*CRF® and other software products at Target
Health as well as being responsible for the data management department. Before joining Target Health, he worked at the Rockefeller
University as an SAS programmer/system analyst for 10 years.
Joonhyuk Choi, has served as director of software development for
Target Health Inc., a full service CRO located in Manhattan, NY,
for the past seven years. He is one of the lead architect of the Target
eCRF system and responsible for developing company’s product
strategy and architectural direction.
Dr. Glen Park has 21 years of pharmaceutical industry experience,
in both clinical development and regulatory affairs. He has worked
for both large and small companies, in both the domestic and international sectors. Park has had responsibilities for filing and manage-

17

DATA BASICS • FALL 2010

ment of multiple INDs across most FDA divisions, four NDAs (two
cardiovascular, one endocrine, one dermatology), medical devices
(one PMA for a cardiovascular device), orphan drugs, and is experienced in working with the FDA from pre-IND to advisory committee levels. Park has run global multidisciplinary project teams as well
as international clinical teams and has worked in multi-cultural
environments. He is currently senior director, clinical and regulatory
affairs at Target Health Inc., a full service CRO, where he is responsible for directing and managing all activities of Target Health Inc.
in the areas of regulatory and clinical support services.
Judith M. Schloss-Markowitz, MS, is senior project manager at
Target Health Inc. Prior to joining Target Health, Schloss-Markowitz
worked for 32 years in different divisions of Wyeth Research, starting
as a CRA and finishing her career at Wyeth as an assistant director.
Silvana Cappi, MSc, MBA, has been working in Copenhagen at
Ferring Pharmaceuticals International PharmaScience Centre since
1999. Cappi is currently executive director global biometrics within
clinical and non-clinical R&D. She took the lead toward successful
implementation of electronic data capture as well as CDISC SDTM
and ADaM standards, selection of preferred providers, implementation of Ferring’s Global Clinical Database and contribution to the
successful delivery of the company’s first electronic submission (eCTD).

Return to Cover

The Central CRO and the Bottom Line: What Can You Do?
by Becky Loding, CCDM

When leveraging clinical study timelines against the project deliverables
necessary in today’s regulatory environment, how is it possible to keep
standard data practices in check across
multiple projects and vendors while
keeping your client happy? We know
that, as belts get tightened in this
economy, sponsors no longer look at a
one-stop shop for all of their needs.
One contract research organization
might be responsible for project management and clinical, another safety,
and you are tasked with data management. What can you do as the “Central CRO” to minimize impact to
timelines and your standards of development and cleaning? This article
describes real-life experiences as that
Central CRO and what we’ve done to
minimize the potential impact on the
bottom line: the timeline.
So, you’ve been given a global, Phase
III, pivotal trial that has six different
vendors handling various aspects of
your trial. “No problem,” you think to
yourself, and then you realize that
English is not the first language of
your vendors and clinical sites. The
first thing you do is talk with your
sponsor and determine who has the
contracts. You have the sponsor allow
you to handle communication or at a
minimum, include you in the set-up
discussion so you can minimize any
lost-in-translation issues. It’s always
possible to let someone else talk for
you; however, only you know what
you need to say and what you require
to satisfy your internal structure. Allowing you to handle communication
means you control the message and
can ensure that all the clinical personnel hear the same information on data
entry practices and how queries should
be handled in the system. We’re not
saying not to talk to your sponsor or
let them talk for themselves, but on
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your weekly teleconferences highlight
the data issues you see and discuss and
agree upon how they will be handled.
For example, this is what we are seeing, is a database change necessary? As
the data manager, you need to assess
the risk and mitigate the potential
communication problems that may
occur by providing guidance and
insight. Real-time experience and
knowledge is a key ingredient for
developing the client relationship and
trust. Then, when you get buy-in from
the project team, including vendors
and clinical sites, you build credibility.
You’ve gotten the sponsor to agree, now
what do you do? You have to meet, but
you cannot do it face-to-face. In our
experience, it is good practice to have
kick-off meetings not just with the
sponsor, but with each of your vendors.
This is the only way to ensure that the
product you receive is in a format
compatible with your systems and
necessary format. Who should come to
these kick-off meetings? The stakeholders: sponsor, vendor, you (DM), whoever is cleaning the data, and whoever
is receiving the transfers. Remember,
without upfront planning, when the
time comes for the first interim analysis
or safety review, you might be scrambling to get data in and reconciled.
Now you might be thinking to yourself, this is a lot of meeting time between six vendors, but the time you
save discussing setup will undoubtedly
save you critical time avoiding re-work
later. If possible, start early, during the
CRF design process and data transfer
agreement development to ensure your
requirements are fully documented and
rigid enough to withstand deviations
encountered at the data source. This
will save time later on the backend, so
you are not trying to send data to a
vendor that is not captured within your
datasets. How do you streamline these

meetings? As the Central CRO, use
your templates whenever possible. See
if the sponsor cares if your transfer
agreements are in your format. Document the format that will be utilized
based on the most efficient way to
receive data – SAS, csv, etc.
You might be thinking to yourself,
OK, this makes sense for central lab
data, but what about when clinical is
at two different CROs? When data
start rolling in, it makes sense to be on
weekly teleconferences with clinical. If
it is possible, arrange for one large
clinical meeting with all clinical research associates and ask to take one
half-hour of this meeting to discuss
data management trends and identify
reoccurring poor data entry practices.
Web conferences work well in these
cases. Train the clinical personnel on
the edit specifications/cleaning document. Provide examples of queries and
answers by the site, provide tips how
to maneuver within the database, or
describe what an edit check is cleaning. Discuss what the text means when
it is written a certain way and how it
may be interpreted by the site. Teach
them why the query fires and what it
means. You may need to enlist the help
of your project manager to ensure that
this meeting is set up and maintained.
Take minutes and ensure they are
circulated. Keep a frequently asked
questions log that can be sent to all
clinical parties and maintain it because
it is only as good as the information
contained within it. There is a lot
more project management to this
approach and time that you might not
have in the budget. Open communications with your project manager and
plan to ensure you maximize your
effort while minimizing the impact to
the other bottom line: the budget.
Continued on page 19
Return to Cover

The Central CRO and the Bottom Line: What Can You Do?
continued from page 18

Metrics are the cornerstone to on-time
data delivery. Project out the number
of pages you expect to receive and
when. Communicate timeliness of
data entry expectations as well as query
resolution. If you don’t set expectations at the beginning, you will end up
with a bolus of data and queries as well
as a constant site learning curve. Ensure external data are received at the
expected frequency and ensure queries
are raised early. Allow time to receive
updated external data, and ensure the
discrepancies have been corrected.
Minimize poor data quality trends and
set the benchmark for data entry requirements. Analyze query trends and
communicate them to the sponsor,
clinical and project management. The
last thing anyone wants to do is upset
the sites, so analyzing the discrepancies
that have fired allows you to look for
any site or CRA training opportunities, or to identify edits that are firing
erroneously. Invite your CRA, programmer, data cleaning personnel and
sponsor to the trend meetings. If you
do not have a DM counterpart, this is
a great introduction to what DM is
about. Doing the trending within the
first month of data coming in is a
proactive approach that will set a
positive precedent through the study.
When will subject reconciliation be
complete? How will you identify patients as complete, ready for final review and lock? How will you end the
review process and stop re-reviewing
the data? Our experience has been
anything but normal. Our enrollment
exceeded expectations and our cleaning
was behind. We were in catch-up
mode. We created a “cleaning by subject” process which identified subjects
ready for final cleaning. We categorized
subjects based on their status of discontinued or follow-up, and worked on
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cleaning those patients first. We did
this so we could lock them first and not
have to re-review and duplicate efforts.
We used many cleanup tools including
edit checks, SAS listings, and ad-hoc
listings, then tracked the status to
ensure that all data review activities
were complete prior to locking individual subjects. For reconciliation of
external vendor data, a spreadsheet was
utilized to ensure that required external
data changes were consolidated in a
cumulative single document. This tool
allowed us to relay information back
and forth to the vendor to correct
discrepancies in a timely manner and
to ensure that discrepant data were not
repeatedly queried. The issues found
were documented on the FAQ log as
well as communicated in a newsletter
distributed to the sites. As the Central
CRO, we wrote the newsletter each
month with contributions by clinical,
DM and project management. The
DM corner highlighted issues that were
consistently seen and how to avoid
them. This is also a great communication tool for highlighting upcoming
changes such as protocol amendments
or database changes.

The Central CRO is instrumental in
keeping the data flow going. We have
to be the central repository for communication going in and out. We have
to try and use our standards whenever
possible to minimize the potential rework later. You need to take advantage
of your position on the project team
with vendors, client and clinical sites
to provide leadership, knowledge and
structure that will allow each group
to work independently, but also come
together at a structured interface that
will ultimately allow you to deliver the
end product – a clean analyzable database –on budget and on time. Using
your documentation standards such as
DM plans, data transfer agreements,
and edit specifications will allow you
to save time and cost upfront, which
in the end exceeds the final bottom
line: client satisfaction.
Becky Loding is a CCDM with more
than 10 years experience working for
both the pharmaceutical and clinical
research sides. Her experience for the last
six years lies with global oncology studies
and being that “Central CRO”. She
would like to thank Darcy Wiebe, for his
invaluable contribution to this article.
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Quality Agreements and Virtual DM Teams – Impact on Data Quality
by Jennifer Egizio and Cheryl McCarthy

Let’s talk data quality… From a quality
assurance perspective, we evaluate numerous components of a quality system of a
company (whether it’s our own or a
partner company) to confirm they have
the appropriate infrastructure to ensure
the quality and integrity of the data we
are collectively managing. An assessment
of personnel, facility capacity, system capabilities and a quality framework is performed to instill confidence that the
activities are managed according to regulatory and industry
expectations. This article focuses on the personnel – our team
members – that are critical to the success of any project.
In our industry, a main tenet is that each individual involved in conducting a clinical trial is qualified by education, training and experience to perform their respective
tasks. Our challenge is aligning multiple teams of qualified
personnel – sponsor, CROs, partnering contractors – to the
same end goal: creating high quality data packages.
How to manage quality for virtual teams? We suggest developing and implementing quality agreements to assure overall quality and compliance as a starting point for creating
seamless teams in virtual working environments. Quality
agreements can be a subset of other business documents
(e.g., master service agreements, statements of work) or can
be a standalone document that is managed at the company
or even project level. Its purpose is to manage expectations
on the quality requirements for deliverables, staffing and
communication.
Some things to consider regarding staffing qualifications:
• Do you have a dedicated team and is it important for
you to have one?
• Have you reviewed and confirmed their qualifications
(including licenses, certifications)?
• Is there a transition plan for staff changes?
• Is there an escalation plan for managing quality deviations?
• What are your requirements for your partners regarding
sub-contracting?
• What are your expectations (timeline, deliverables) for
the tasks being performed?
For the sake of this example, we are going to focus on the
expectations for the data manager role.
Whether sponsor, contract research organization, or partnering contractor, the data manager is told, “You are responsible for the data!” The responsibility is huge and the
stakes are high so what do data managers need to bring to
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the collaborative process to help ensure data quality in all
steps of the clinical research process?
From study concept through clinical study report (CSR),
the data manager evaluates how the data will travel from the
site to the reviewing agency in a clinically precise package.
Expert data managers utilize working knowledge of partnering roles in addition to applying clinical, technical and
process expertise in order to synthesize clinical study concepts and align efforts of multiple work streams. A well
thought out quality plan should empower the data manager
to suggest, question and inform from the study concept
stage through the CSR stage. Following are starting point
ideas of what may be outlined in a project level quality
agreement to ensure that the data manager role is appropriately staffed and supported to deliver with high quality
when working across companies, departments, and groups.
Working knowledge of partnering roles. Understanding
the roles and responsibilities of the members of the virtual
team is critical to ensuring that quality is infused throughout a project.
• The data manager will have adequate knowledge of their
partners’ roles and responsibilities, including where task
handoffs from one group to another will occur.
• The data manager will have access to interact with their
team partners – regardless of affiliation – one-on-one in
order to more fully evaluate and understand their needs
and how their role will impact the overall data collection
and analysis process.
Clinical expertise. Knowledge of the therapeutic area and
related concepts and the ability to build on this base helps
ensure that a strategic, clinical approach is followed in the
data management process.
• The data manager will have adequate knowledge of
study-related clinical concepts.
• The data manager will have access to a team partner
deemed “expert” in this area to ensure that the data collection systems are designed to collect the appropriate
clinical data.
Technical expertise. In an increasingly technologically-savvy industry, data managers must not only embrace the use
of new technologies but must also understand how to leverage them in order to maximize all aspects of data collection,
warehousing and analysis.
• The data manager will understand how to translate study
design concepts into EDC views considering how the
Continued on page 21
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Quality Agreements and Virtual DM Teams – Impact on Data Quality
continued from page 20

structure may impact end-users, final data analysis efforts, and future database changes.
• The data manager will have access to personnel within
or outside the team deemed expert in the technology in
order to ensure that systems are built in line with clinical
data collection needs and with quality.
Process expertise. Who better to inform and enforce the
processes related to their tasks than the task owners? Each
member of the seamless team will ensure that their process
standards are transparent to the larger group and that the
processes are followed appropriately through the life of the
study.
• The data manager will have working knowledge of the
standardized processes that apply to the study.
• The data manager will inform the team of and enforce
the standardized processes for applicable data management and related study tasks.
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We believe proactively managing the qualifications and
expectations of quality deliverables through the use of quality agreements will mitigate the data quality risks typically
encountered in our industry. Ensuring you have the right
people with the working knowledge relating to partnerships, clinical and technical expertise, and processes participating in your teams is critical to maintaining the high
quality levels we all strive for.
Jennifer Egizio is a Senior Clinical Data Manager for eClinical
Solutions, a division of Eliassen Group. She has over 10 years of
clinical research experience in various therapeutic areas across all
study phases and works on data standardization and process improvement work streams.
Cheryl McCarthy is the Associate Director, Quality Assurance for
eClinical Solutions, a division of Eliassen Group, where she manages
and maintains the company’s quality system infrastructure supporting
data management and statistical programming projects.
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Data Quality in a Late Phase EDC: Can You Have Too Much of a Good Thing?
by Courtney Smith

Anyone who has worked on Phase IV and registry studies
knows it can be difficult to balance cost and benefit when
cleaning late phase study data. One of the key methods for
this cleaning is to apply edit checks to the electronic data
capture (EDC) system in use. This can be a very efficient
and effective method when completed properly. However,
there are no quantitative guidelines to reference in order to
help determine how many edit checks should be placed, no
magic formula that gives the perfect number. Data managers are often left wondering, “How much is enough and can
I have too much?”

Too Many vs. Too Few
Without set guidelines, many data mangers try to implement edit checks on every value collected within the EDC
system. While being great in theory, too many edit checks
can cause problems in several aspects of the study. To set up
all these initial quality checks requires a great deal of programming, testing and implementation. Once in place, the
sites’ personnel need training on how to respond appropriately to CRF questions to avoid receiving additional queries, along with how to respond to the various queries in
place. The extra time and man-power needed in this tedious
undertaking may cause delays in the timeline and an increase in the budget, resulting in unhappy clients and overburdened sites.
Conversely, creating too few edit checks allows erroneous
data to go undetected for long periods of time, causing the
same data quality problems in the end. At study start up,
this route can appear to be more favorable with these benefits: lower cost; reduced programming, testing, and implementation; and less stress on the sites. This proves problematic when it allows data to be perceived as clean until study
close when it’s time to provide a final product. By cutting
corners in the beginning, a mad dash is created at the end
to clean the data, increasing the cost and time needed for
the sites and data managers to re-evaluate dirty data previously deemed clean. Depending on the length and type of
the study, some of the key data points may no longer be
available and valuable data could be excluded.
Considering both scenarios, one is left asking, “How do I
ensure the highest quality data without negatively impacting my client and sites?” While there isn’t a simple answer
to this question the best approach is an even balance between both scenarios, resulting in high quality data while
keeping the client, data managers, and sites happy.
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Factors Affecting Edit Check Development
Finding this balance requires reviewing all contributing
factors to determine the appropriate amount of edit checks.
Implementation timelines are a key factor that must be
considered when initially approaching the study’s data
management. If the client has specified that “first patient
in” must occur two weeks after protocol approval, a limited
amount of time exists for programming, testing, implementation and training. Additional timelines are important to
consider when interim datasets are required as well as the
final dataset. What kind of turnaround time should be
considered? Will all queries need to be resolved prior to the
interim datasets and study close? The staff available to
review the queries should be considered as well. If there is
only one data manager available to review queries and there
are too many queries firing on non-key data points, the
timelines may not be met.
Another important set of factors to evaluate are specific
client requests. There may be key data points requested that
are good to evaluate at study start. Determining the priority
of the data points collected makes clear what data points
need very specific, hard edit checks and what data points
can be more flexible. In addition to sponsor specifications,
it is very important to ensure any regulatory authority’s
guidelines are followed for compliance.
A firm understanding of the budgeting for the study, both
for the client and the sites, is essential to this process. The
client’s budget for quality controls may limit the amount of
edit checks, training and monitoring conducted. While
many clients are flexible in this area, some clients may have
a strict budget that specifically dictates the type and amount
of edit checks allowed. When considering the study sites’
budgets, sites typically receive less monetary compensation
for a late-phase study than for an early-phase study. In this
situation, motivation to respond to extensive querying may
be lost without extra compensation.
Knowledge of the capabilities of the EDC platform being
used is necessary. The system’s functionality and flexibility
help determine the types of edit checks that can be implemented. Some platforms may have pre-existing basic edit
checks available, while other platforms will require the programming of all edit checks or could require external edit
checks. If the client’s higher-priority data points have been
determined, and the EDC system is flexible, it may be posContinued on page 23
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Data Quality in a Late Phase EDC: Can you have too much of a good thing?
continued from page 22

sible to place both hard and soft checks on the data points
depending on their importance to the study.

Build on the Key Factors
Taking into account these key factors, there will be a base
amount of edit checks that can be implemented. While
keeping the limitations in mind, other avenues of quality
control can be explored such as additional edit checks, data
listings and additional training. Starting with the basics and
building up is easier than starting with everything and
having to pick and choose what quality checks to include
due to constraints.
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Properly implementing edit checks on an EDC system is
extremely beneficial when working in late-phase studies.
Although there is no formula to provide a definitive quantitative answer to the amount of edit checks that should be
implemented, evaluating the contributing factors will allow
you to reach a balance of thorough collection of clean data
without causing undue stress on the client, site and data
manager.
Courtney Smith is a data quality coordinator with ICON
Clinical Research. A microbiologist by education, She has
several years experience in clinical data management. She has
worked on many international studies, ranging from Phase I to
Registries.
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Clinical Data Management Working with Biostatistics
by A.V. Prabhakar, PhD

A biostatistician is like an anesthetist who
always takes the back stage during conduct of an operation but still plays a very
key role.
The relationship between the functional
teams of biostatistics and data management is very important and complex. It is
very stressful and annoying but, at the
same time, it is rewarding. Biostatisticians
and data managers form the foundation
for a successful drug development process.
Even though each group may feel solitary,
and there may indeed be disagreements
between the groups leading to some
growling and snarling, one group cannot
efficiently do its job without the other.
One of the key factors for an earlier database lock (DBL) can be attributed to an
effective working relationship between
data management and biostatistics. Until
recently, biostatisticians were involved only
at later parts of study when the data were
made available to them for final statistical
analysis. This approach has resulted in a
lot of rework on locked databases when
previously unidentified data errors are
found by biostatisticians. Data errors
identified after database lock usually incur
additional time and costs. Involvement of
a biostatistician from the start of the study
would significantly help the data management team in avoiding a lot of rework.
In addition to the above-mentioned
point, not involving a biostatistician from
the very start of the study may result in:
• Delays in timelines
• Increases in budget
• Impacts on data quality
• Possible non-collection of important
data from a statistical analysis point of
view
Biostatisticians can help data managers
identify relevant multivariate checks that
can be used to find errors during the
conduct of a trial in order to gain greater
efficiencies. They can also be useful in
helping data managers decide which
questionable data values are essential
24
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queries from a statistical analysis perspective, i.e., will impact the analysis.
Many of the problems in the clinical
datasets that trouble biostatisticians are
largely avoidable. Data managers can
provide biostatisticians with good data
only when good data exist. When source
data are missing or are clearly in error, no
amount of data managing can overcome
that deficiency.1

Facts on Data Quality Problems
Data errors can cost time, money and
lives, according to numerous studies.
• Surveys across all industries indicate
that data quality problems cost U.S.
corporations more than $600 billion
per year.1
• Data errors in many small projects incur extra costs in the range of $3,000$20,000.2
• Better data management can save one
hour of statistical and programming
staff time per week or 2.5% of their
time.2
• A widely-noted 2000 Institute of
Medicine report estimates that 44,00098,000 lives are lost every year due to
medical errors in hospitals alone, and
that such errors result in an additional
$17-$29 billion in annual healthcare
costs.3
• A study analyzing Medicare data found
that 2.7% of the nearly 11.9 million
records in the database, approximately
321,300 records, contained coding errors. Such errors can impact the clinician’s or the patient’s insurance reimbursement and/or cause additional
time to be spent correcting the errors.3
Some best practices that can be implemented by the data management team
include involving the biostatistician in
these activities:
• Kick-off meeting
• Protocol preparation
• CRF/e-CRF preparation and annotation

• Early review of completed CRF/e-CRF
• Edit check document review
• Data transfer and non-CRF data
guidelines preparation
• Review of data at periodic intervals
An effective working relationship between data management and biostatistics
was demonstrated during an EDC study
at Quintiles where the biostatistician was
involved from the start of the study and
the benefits observed were:
• No post-production changes pertaining
to CRF design/edit check programming
• Regular interim data transfers helped
with data quality
• No comments from biostatistics on
final data transfer demonstrating quality data
• Timely completion of all activities
from start-up to close-out phase
• Early DBL against the planned date
• Delighted customers
Going forward in the near future, clinical
data management and biostatistics functions will need to work hand-in-hand in
order to provide high quality data as defined and agreed to by both biostatistics
and data management.
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Where Do Data Errors Come From?
by Reza Rostami, CCDM

Over the past two decades, with the
increase in clinical trials and regulatory
inspections and concerns, pharmaceutical and clinical research organizations
have been diligently monitoring data
quality in their clinical data management departments. They have been
auditing databases at the end of studies
to make sure they do not have any
errors before being locked and sent for
analysis. To improve data quality, auditing databases against case report forms
became the standard for assuring data
quality in clinical trials. Measurement
of other sources of data quality, such as
data extraction and transcription errors,
has mostly been overlooked.

From these stages of the data lifecycle,
the only one that has been the subject
of industry focus for quality measurement has been data entry from CRF to
database. Measurement of data quality
in other stages has not been a subject of
industry emphasis.

Quality of data in the final database
depends on the quality of data in each
stage of data processing throughout the
data lifecycle. The data lifecycle starts
from the moment that a data point
comes to existence to the time it is
ready for final analysis. When the first
person or lab/medical device becomes
aware of the value of that data point, it
goes through multiple stages of transcription and transformation. Each
stage is capable of introducing some
level of error to the data. Consequently,
the overall data error is a summation of
all of the undetected and unresolved
errors introduced at each stage.

In 2004, Meredith Nahm, et al.
launched a survey of the industry to
shed light on data quality practices.
The results of this survey were published that year in an issue of Data
Basics. According to this survey there
were large variations within the industry regarding the definition of data
error, counting rules for data errors
and number of audited fields, error
calculation methodology and acceptable level of error for databases.2

The different stages of the data lifecycle are:
• Data inception – when a patient
provides information or a lab/medical device provides measurement
value
• Data transcription onto the source
document
• Data transcription onto the case
report form (only in case of paper
CRF)
• Data entry into the database
• Data transformation into the final
data set
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Even in the limited scope of database
audits against CRFs, the industry
neither agrees on the definition of data
errors and the methodology of calculating the error rate nor has any standard for a sufficient level of quality for
clinical trial databases. Research organizations have considered audit information confidential and have been
reluctant to publish such information.1

In 2009, we compared two methodologies of counting the number of audited
fields using data from 10 years of audits and published the results in the
Society for Clinical Trials’ journal.1 Our
findings confirmed that database error
rate is only meaningful in the context
of the methodology that is used to
calculate that error rate, and is not
comparable across organizations unless
the exact methodology of measurement
and calculation is used.
However, in the electronic data capture world CDM data quality audits
and measurements are not applicable
anymore. Sites enter data directly from
source documents into the EDC data-

base. Therefore, it is important to
examine the quality within other stages
of the lifecycle.
A review of current literature indicates
that while the average error rate reported for database audit to CRF is 0.14%,
the error rate reported for source to
CRF (mostly registries) is 70 times
larger at 9.76%.3 These results indicate
that the data errors introduced during
CDM data processing are only a small
component of overall errors introduced
during the data lifecycle.
To improve overall data quality, in
addition to the CDM data audits that
only apply in case of paper CRF, two
more activities need to occur: source
data verification and quality assurance
audits.4 SDV evaluates conformity of
clinical trial data in CRF with the
source documents.5 While SDV increases the quality of data, full SDV is
time consuming, costly and not scalable to large clinical trials. Also, the
quality of data after SDV is only as
good as the knowledge and training of
those conducting the SDV and the
amount of time spent identifying
accurate data points in source documents. The quality auditor primer
used for quality audit certification
indicates that even 100% inspection
only finds 85% of all defects.6 The
final QA audit compares a database to
the source with the goal of identifying
any systematic errors.4 While findings
of QA audits are not generalizable,
they give an indication of the quality
of SDV and CDM audits (in case of
paper CRF) performed.
With the globalization of clinical trials
and use of local monitors within different cultures, and different levels of
education and training, variation in
the outcome of SDV can be expected.
Continued on page 31
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Data Quality in Radiology-Image-Based Multicenter Clinical Trials
by K.W. Clark, B.A. Vendt, S.M. Moore and F.W. Prior, PhD
Multicenter clinical trials might use
radiology imaging to
test treatment efficacy
(Does this drug reduce the size of lesions?), or the imaging
itself might be central
to the hypothesis (Is
computed tomography (CT) or magnetic
resonance imaging
(MRI) better suited
for this diagnosis?).
Radiology-imagebased multicenter
clinical trials typically
require trial sites to
transmit or deliver
images to a core imaging center. As with
any multicenter trial,
extreme attention to
data-quality detail
(proper participant
identifiers, adherence
to imaging protocol,
transmission of all relevant images) is essential at both clinical and core sites. Image
data present unique challenges on both
ends. Here, we describe image-data structure; image-handling requirements at
clinical and core sites; an approach used
in two multicenter trials; and open source
software that will support U.S. Food and
Drug Administration (FDA) regulatory
compliance for clinical trials.
Image Data Structure. The Digital
Imaging and Communications in Medicine (DICOM) standard1 dictates a medical image file structure of image pixel
data and file header data. The header
records information about: the patient
(name, birth date, gender, ID, referring
physician, etc.); the image-acquisition
device (manufacturer, model, serial number, software version, etc.); and the exam
(date, time, anatomic site imaged, imag26
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ing protocol specifics, radiation exposure
details, etc.).
A digital imaging exam may include a
single image (e.g., chest X-ray) or hundreds of two-dimensional slice images
(e.g., CT or MRI) that can be visualized
in three dimensions. Exam-specific slice
data would include slice thickness and
interval between slices. Image exam sizes
vary by type of exam from a 10-40 MB
X-ray to a 500-slice CT exams at 0.5-1
MB per slice. For clinical trials, pixel data
are normally retained with no compression unless a protocol dictates otherwise,
in which case the compression scheme is
noted in the DICOM header.

Image-Acquisition Sites
Because image acquisition devices are
expensive and rely on high-volume use by
ordinary clinical patients, clinical trial
investigations typically use unscheduled
time-slots on these medical center devices, with images stored in a clinical picture
archiving and communications system
(PACS). In a multicenter trial, devices
may or may not be from the same vendor
(even within an institution); even if so,
model numbers and software versions
may differ. DICOM header content may
vary among vendors for some header
attributes.
Trial exams may be radiologist-interpreted locally and interpretation results sent
to a trial’s coordinating center; or images
may be shipped (CD/DVD or external
hard drive) or electronically transmitted
to an imaging core site where they may
be radiologist-reviewed.
Transmissions must be secure and pass
through firewalls at both ends. To comply with HIPAA regulations, images are
de-identified before leaving a site, unless
otherwise excused through inter-institutional internal review board and businessassociate agreements. Typically, some
header identification-field values are replaced with trial specific identifiers (e.g.,
an identifier used by the imaging core to

know that three imaging exams are from
the same participant, but with no demographics to identify that participant).

Core Imaging Center
Inbound image headers should be automatically checked for proper de-identification/re-identification and proper trialspecific parameter values. Images must be
visually inspected for proper anatomic
coverage, image quality, and possible
disclosure of protected health information embedded in pixel data. It is possible
for image data to be garbled in transmission (from scanner to PACS to core site)
or for image slices to be missing from
multi-slice exams such as CTs and MRIs.
Otherwise, pixel data themselves do not
degrade through the various systems that
touch and move them unless someone
compresses the data or adds overlay data;
however, these changes are recorded in
DICOM headers that must be checked
for such changes.
Image-submitting and core sites will
exchange messages regarding the number
of exams and images within each exam to
ensure the core received all images. If the
images were not radiologist-interpreted
at the originating sites, the core may be
required to upload the images to a viewing system and alert trial radiologists
of new images to be reviewed, though
radiologist-review is not required in all
trials. The core site might also schedule
automated or semi-automated analysis of
images as dictated by trial protocol. Review and/or analysis complete, the core
archives the images and updates status
reports destined for the trial’s coordinating center.

Clinical Trial Experience
To facilitate image-handling workflow
and image de-identification/re-identification at trial sites, we have successfully
deployed software to each site of multicenter trials for which we have served as
Continued on page 27
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the core imaging center. The software
consists of a virtual private network
application; de-identification/re-identification, imaging-device, and trial-specific
templates; DICOM utilities; and a
graphical user interface called Clinical
Studies Workstation (CSW).2 The following briefly summarizes our involvement
with two National Institutes of Health
multicenter imaging trials and the use of
our image trial management software.
The Silent Cerebral Infarct Transfusion
(SIT) Trial3 is a multi-institutional intervention trial in which children with sickle
cell disease who have developed silent
cerebral infarcts (small strokes) are randomized to receive either blood transfusion therapy or observation (standard
care) for 36 months. Each child undergoes a screening MRI of the brain to
detect the presence of silent cerebral
infarct-like lesions, a pre-randomization
(baseline) MRI, and an exit MRI to
determine if there are new or enlarged
infarcts, using a designated, prospective
imaging protocol.
As of July 2010, nearly 1,100 children
from 29 clinical sites in the United States,
Canada, the United Kingdom and France
have received MRI screening. Images are
de-identified with CSW software on
laptops distributed to all clinical sites.
The transmission to, and receipt of MRI
studies at, the imaging core are accomplished via secure virtual private network
transmission over the Internet. Several
safeguards ensure studies are not misplaced. First, enrollment sites are required
to fax to the imaging core a worksheet
that provides the subject’s study identifiers, details of the images acquired and the
number of images transmitted. This
provides imaging core personnel with a
document to check that all the images are
received. Second, the imaging core notifies the site via e-mail whenever a study
has been received. This closes the loop
with the site and ensures that the trans-
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mission process was successful. Following
check-in quality assurance, images are
made available for multi-reader, multisite neuroradiologist-review, during
which lesion measurements are made and
results entered into a web-based electronic case report form.

be shortened, without sacrificing efficacy
and safety, product reaches market sooner, costs are reduced, corporate revenues
flow earlier, and portions of earnings are
more quickly available for new product
development; in some cases, lives could
be saved.

National Lung Screening Trial (NLST)
CT Image Library (CTIL) From 2002
to 2004, the Lung Screening Study (LSS)
of the NLST enrolled 34,614 participants, aged 55 to 74, at increased risk for
lung cancer due to heavy cigarette smoking. Participants, randomized to standard
chest X-ray (CXR) or computed tomography (CT) arms at 12 screening sites,
received up to three imaging screens for
lung cancer at annual intervals. Medical
histories and radiologist-interpreted
screening results were transmitted to the
LSS coordinating center, and images
retained at screening sites. To ensure
continuous quality screening, approximately 4% of all screens were forwarded
to our electronic radiology laboratory,
where DICOM headers were checked for
technical parameters in range of protocol
and the images radiologist-reviewed for
image quality.4 From 2005 to 2007, all
CT exams (48,547) were uniformly
de-identified (with the CSW application
on laptops provided to NLST screening
sites) and delivered to a central repository
in our laboratory.5

Some have touted that imaging biomarkers can significantly shorten the time and
cost of some kinds of clinical trials.7,8 If
the use of qualified biomarkers for drugdevelopment enhances the probability of
reducing drug development and healthcare costs, then reliance on such biomarkers suggests the need for robust digital
image management systems that will
meet the unique requirements of imagebased clinical trials.9 Such digital image
management systems exist, but our research has not found any open-source
approaches that incorporate the provenance tracking (capturing DICOM
header changes and digital signatures of
changers) required to meet U.S. government regulations regarding data submissions to the FDA.

Open Source Part-11-Compliant
Software
The proven CSW experience in these two
trials has led us to develop a more comprehensive model that attends to the
details of regulatory compliance requirements for an open source electronic
image trial management system.6
Pharmaceutical companies, attempting to
deliver new product, must first prove
safety and efficacy. Proof, if it comes,
does so through lengthy and costly clinical trials conducted in accordance with
stringent FDA regulations. If trials could

Part 11 of Title 21 of the Code of Federal
Regulations applies to records in electronic form that are created, modified, maintained, archived, retrieved or transmitted
under any records requirement set forth
in FDA regulations to ensure that electronic records (including medical images)
are trustworthy and reliable.10,11 The
regulations require digital signatures to
certify specific data modifications.
In collaboration with a contract research
organization, we have designed and are
currently implementing an open-source
software system that will meet the technical requirements of a Part 11 compliant
system,12 including provenance tracking
and the proper design documents required by the FDA. Prototype testing is
scheduled for late 2010. Future use by a
CRO or other organizations will require
Continued on page 28
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site verifications to validate that the software suite operates as advertised and
fulfills trial-specific FDA conditions. An
installation manual with complete validation testing instructions is under development and will be crucial to successful
deployment of the software suite.
Other users could take such a system,
package it with their own enhancements,
and fulfill FDA requirements, supported
by the validation tests provided. This
open source tool must dovetail with
proper procedural and administrative
controls in order to be utilized in actual
clinical trials.
Where imaging biomarkers could shorten
the time and cost of some drug-based
clinical trials, it is imperative to conduct
such trials with efficient and robust image
management systems. Tools exist today
that attend to the data quality demands
regarding the de-identification and management of radiology images used in clinical trials. Such tools must also accommodate the provenance-tracking demanded
by the FDA, and open-source tools that
so accommodate will help reduce the cost
of conducting such trials.
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Improving Quality of Clinical Trial Data Through Collaboration of CDM & Clinical
by Jayasudha Wood

Quality in medicine is in the eye of the
beholder.
Quality suggests different things to different
people. To patients, it indicates they can
have all the medical care they desire; to a
physician, it indicates they can provide unlimited procedures and care without concern
for costs, while to a hospital, it indicates filling beds to meet
desired staffing and budget.
The current concept of quality in the context of a clinical trial is
not quantifiable and there is no consensus definition of “quality’’ as it applies to data from clinical trials. In addition, many
changes that have the potential to affect data quality are occurring in the areas of clinical practice and clinical trials.
Data quality efforts begin during the planning stages of a clinical trial and continue throughout the U.S. Food and Drug
Administration review of a marketing application. The following sections describe the process of data quality planning in a
clinical trial.
Design of protocol, case report forms and data collection
systems. The sponsor or contract research organziation prepares
the clinical trial protocol, including the forms used for collection of clinical data. The organization also develops or uses a
third-party computer system for creation of a database and
analysis of the information.
Clinical investigator and study personnel training. The
sponsor or CRO trains physicians who will be conducting the
study and trains study coordinators and other personnel who
organize the study at each site. This is critical to ensuring that
the protocol is followed correctly and that case report forms are
properly completed.
Clinical site monitoring. The sponsor or CRO periodically
sends trained personnel (monitors) to each study site to check
on the progress and quality of performance of the study. They
review case report forms and other study records to ensure that
the documentation is complete.
Site/CRO data quality assurance procedures. This involves
assembly of all the data from the trial, entry of information into
databases and evaluation of the data for quality. If case report
forms are paper-based, double data entry into the database is
usually performed to minimize transcription errors. The data are
then subjected to extensive quality assurance procedures involving follow-up activities on missing or potentially inaccurate data
points. Often, audits of clinical sites/CRO will be performed by
the sponsor as part of the industry quality assurance program.
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Sponsor/CRO statistical analysis. During start-up, statistical
considerations appropriate to the design of the trial, including
sample-size calculations, safety and efficacy time points, interim
analysis timelines and methods for a proposed statistical analysis
plan (SAP) for analyzing endpoints are detailed in the statistical
section of the protocol. Post lock, the study database is exported
into SAS datasets to generate tables, listings and graphs (TLGs)
using validated SAS macros or programs. These outputs help to
draft the clinical study report (CSR). The statistical analysis
process ensures SAS programs are validated for the generation of
all TLGs. Additionally, the SAP is also verified against processes
defined in the standard operating procedures, and all statistical
analysis plans are approved by the appropriate authority. Once
all boundary conditions and requirements are tested and met,
the final CSR can be included in the submission to FDA.
FDA data analysis. FDA clinical reviewers and statisticians
evaluate the data submitted and this often includes checking
and verification of results from important analyses submitted by
the sponsor, as well as performance of exploratory analyses to
answer questions that emerge from the review.
Above is the general process that we have been following. However, in recent times there has been uncertainty on the quality of
clinical trial data as there are more users involved in data analysis and data manipulation; therefore, a collaboration between
clinical research associates and clinical data management is
recommended as these two parties play a vital role in data collection and data cleaning of clinical trial data prior to the FDA
submission.
Before we plan for collaboration, let’s take a look at the major
existing challenges that CDM and CRA face:
• Time zone difference
• Communication gap between data management and clinical
operations
• Unclear or different understanding of both parties about protocol, case report form design, CRF completion guidelines,
site responses
The pharmaceutical industry estimates that the monitoring of
drug trials can consume 15% to 30% of overall trial costs.1

Start-up Phase
The first step involves case report form design per protocol.
Complexity of design and the amount of data collected have
important influences on data quality and thus the CDM and
the CRA should discuss and exchange thoughts to correct or
modify the CRF design.
Continued on page 30
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In a real life scenario, there are possibilities of a site having out
of range values reported on the source document and entered
on the CRF. However, if CDM did not design the CRF to
capture the actual data, then sites are vulnerable to data entry
errors. To prevent this, CRAs through their experience and wide
knowledge on source data and site responses could suggest valid
inputs during design phase.
CRF completion guidelines should be created through collaboration and agreement between the CDM and the CRA, and
then distributed to sites (especially on critical data points – e.g.,
adverse events – as these entries have been noted as areas of
particular complexity during data collection and cleaning).
More extensive training of clinical investigators and study personnel is another aspect that this collaboration should aim for.
The CDM could provide the CRA with list of training needs
that should be imparted at sites at regular intervals during monitoring visits (for example, on ambiguous queries/how to correct
or change data on the CRF).
Edit check specification document should be shared with the
CRA and describe DM automated and manual checks in order
to prevent duplicate queries for the same data point from both
parties going to the sites.

Conduct Phase
The CRA should share the monitoring visit plan with the
CDM. This allows the CDM to contact the CRA during the
relevant monitoring visit to discuss issues or updates regarding
certain data points and queries for a particular site. The CRA
should also share contact details of sites with the CDM.
Weekly or monthly calls between the CDM and the CRA should
be encouraged to discuss any issues or updates pertaining to data
points, queries, site response, site training and milestones.
The CDM should be allowed to telephone sites, if required, to
train sites to respond to certain data points if the CRA visit is
not scheduled (especially during Data Safety Monitoring Board
review, cohort cleaning, database lock or interim database lock).
The bottom line is that the objective of CRAs and CDMs
should be to get the queries answered by the site correctly rather
than just getting them answered with limited understanding
and increasing the chance of re-query.

Close-Out Phase
CDM and CRA checklist specific to database lock activities
should be discussed and agreed upon by both parties. The
CDM should discuss database lock activities, timelines and
reports with the CRA on a daily basis in order to expedite data
entry at sites (missing page report, source verification report,
freezing, locking, signatures or outstanding query reports).
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Examples of Poor CRF Design/CRF Completion Guidelines/
Edits Specifications

On the blood transfusion page, only three digits have been
defined for the blood volume (maximum of 999 mL of
blood). Therefore, if a blood transfusion of 1,400 mL has
happened then site would not be able to enter the data.
In paper CRFs, after initial data entry any deletion must be
struck through, however, most of the sites delete the entire
entry, resulting in blank entry, and this may fall out as a
missing CRF in a missing page report.
On the blood chemistry eCRF, all samples are drawn on the
visit date except uric acid. An auto query for the missing
value is generated to the site, and the site responds that this
sample was drawn two days after the visit date. Contradicting queries to the site from CDM and CRA were issued:
CDM Query: If there is no result for this parameter, use
item level comment bubble to enter “not done” in the
respective item and use a new “add entry” form to capture
the actual results on the eCRF.
CRA Query: Kindly enter the reported values for this
parameter on this respective eCRF and use item level comment bubble to note that uric acid was drawn after two
days of actual visit date.

The CDM should share the status tracker of all the database
lock activities on a daily basis with the CRA. The CDM should
telephone site personnel to assist in responding or entering data
on the eCRF during this phase.
Outcomes of this collaboration include:
• User-friendly database/CRF
• The CDM and the CRA could collectively perform trend
analysis on certain data entered, queries raised, sites responses
and discuss together for a quick resolution from site
• All sites are on the same page with respect to data entry and
query response
• Reduction in number of queries to sites during database lock
phase
• Assured data quality
• Smooth database lock achieved per timelines
• Reduced feedback/inputs from statisticians
• Customer delight
• Successful study team
Continued on page 31
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Where Do Data Errors Come From?
continued from page 25

Each collaboration helps you grow; what we lose in a compromise we gain in
collaboration.
Data Quality has to be seen as a proactive, business-oriented strategy, not a
reactive discipline of hopping from problem to problem addressing practical
issues. Organizations therefore need to examine the innovative processes of
collaboration between study teams and it is only by adopting this process view
that I believe the business can hope to gain full control over its data, helping
to deliver accurate and reliable information to customers and other important
stakeholders. To ensure integrity of and confidence in the analytical results of
clinical trial data we require the following:
• Research plan
• Quality standards and process
• Validated systems
• Trained staff
• Multidiscplinary teams
• Collaboration
In this regard, data quality needs to start before the actual data exist, in the
form of rules, policies, constraints and continual monitoring.
The message here is simple – capture the problem and rectify it at its source.
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In a recent audit of five patients from an
international site, data for one post-SDV
patient had five errors, while data for
another pre-SDV patient had seven
errors.
Database to CRF audits have been the
gold standard for the measurement of
data quality for a long time. However,
these types of audits only measured the
efficacy of processes and procedures for
data entry and cleaning in data management departments. Even though SDV
has been performed to correct errors of
data extraction from source documents,
the quality of extraction has not been
measured or documented. In a majority
of cases, some level of SDV is necessary
to assure a higher quality of data. However, due to the fact that the majority of
data errors come from this stage of the
data lifecycle, it is important to perform
QA audits of site processes and database
to source documents to measure the effectiveness of SDV activities.
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