Jmp

Risk-Based Monitoring and Fraud
Detection in Clinical Trials
Using JMP® and SAS”®

Richard C. Zink



From Risk-Based Monitoring and Fraud Detection in
Clinical Trials Using JMP® and SAS®. Full book
available for purchase here.

Contents

About This Book Vil
About the Author Xi
Acknowledgments Xiil
Chapter 1 « Introduction . . . . ... .. ... .. . . .. e 1
1T 10VerVIiew . . ... 1
1.2 Topics Addressed in ThisBook . . ................... 3
1.3 The Importance of Data Standards . .. . .............. 8
1T4JMPClinical . ....... ... . . . . 9
1.5 Clinical Trial Example: Nicardipine . . ................ 13
1.6 Organization of ThisBook . . ...................... 15
References . ........ ... 15
Chapter 2 * Risk-Based Monitoring: Basic Concepts . ... .......................... 19
21 Introduction . . . ... .. ... 19
22RiskIndicators . . ......... ... 22
23 GeocodingSites . .. ... ... 49
2.4 Reviewing Risk Indicators . .. ..................... 53
25Final Thoughts . . ...... ... ... i 73
References . ......... ... . . 73
AppendiX . .. ... 75
Chapter 3 * Risk-Based Monitoring: Customizing the Review Experience . . . . ... ... ... 79
3.1Introduction . ........ ... ... . ... 79
3.2 Defining Alternate Risk Thresholds and Actions . . ... .. 80

3.3 Performing Additional Statistical and
Graphical Analyses . . . ...... ... ... ... ... ... . ... 95
3.4 Creating JMP Scriptsand Add-Ins . . .. ............. 108
3.5Final Thoughts . . ...... ... ... . . . . . . .. 124
References . . ........ .. ... . . 124

Chapter 4 « Detecting Fraud at the Clinical Site . . . ... ........................... 127


http://www.sas.com/apps/sim/redirect.jsp?detail=TR19931

vi Contents

41 Introduction . . ...... ... ... ...
42Study Visits . . . ...
4.3 Measurements Collected at the Clinical Site . .. ... ...
4.4 Multivariate Analyses . . . ... ... .
45Final Thoughts . . ... ... ... ... ... . . . . . . ...
References . . ........ ... . . . .

Chapter 5 * Detecting Patient Fraud . . . ... ....... ... . . . . . . .. .. ..

51 Introduction .. ... ... ... .. ... . .. ...
5.2 Initials and Birthdate Matching . . . .................
5.3 Hierarchical Clustering of Pre-Dosing

Covariates Across Clinical Sites . . . .. ..............
5.4 Review Builder: Qualityand Fraud . . . ..............
55Final Thoughts . . ...... ... . ... .. ... ... ... ....
References . . ....... ... ... . . . . . . ...

Chapter 6 * Snapshot Comparisons . ... .............. ... ...,

6.1 Introduction .. ... ... ... ... ..

6.2DomainKeys . ......... . ..
6.3ReviewFlags ... ... ... .. .. .. . ..
6.4 Adding and ViewingNotes . . . ....................
6.5UsingReviewFlags . .......... ... ... ... .. ...,
6.6 FinalThoughts .. .......... ... . ... .. .........
References . . ... .. . . .

Chapter 7 » Final Thoughts . . .. ... ... . . . . . . . e

AWorkinProgress . . .......... ..
StayinTouch .. ........ ... .. . .. .

Recommended Reading
Index

From Risk-Based Monitoring and Fraud Detection in Clinical Trials Using JMP® and SAS® by Richard C.
Zink. Copyright © 2014, SAS Institute Inc., Cary, North Carolina, USA. ALL RIGHTS RESERVED.



http://www.sas.com/apps/sim/redirect.jsp?detail=TR19931

From Risk-Based Monitoring and Fraud Detection in
Clinical Trials Using JMP® and SAS®. Full book
available for purchase here.

Introduction

11 OVerVIiew . ... ... 1
1.2 Topics Addressed in This Book ...................................... 3

1.2.1 Risk-Based Monitoring ................ ... ... .. .. ... 3

1.2.2 Fraud Detection ............ ... . 5

1.2.3 Snapshot Comparisons ............... o i 7
1.3 The Importance of Data Standards .. ... ... .. ... ... ... ... ........... 8
1.4 JMP Clinical ........ ... ... . . . . . . . . . . 9
1.5 Clinical Trial Example: Nicardipine . ................................ 13
1.6 Organization of This Book .. ........... ... ... ... .................. 15
References ............ ... ... . . . . . 15

1.1 Overview

Pharmaceutical development is an extremely complex affair. Once a promising compound is
identified, steps are taken to optimize the chemical properties and formulation, understand the
pharmacokinetics, pharmacodynamics, and safety through animal testing, then introduce the drug
into humans to identify an efficacious and safe dose that can address some unmet medical need.
The process involves countless tests and experiments, identifying clinicians to recruit patients into
clinical trials, communicating with vendors for supplies or analysis, and routinely contacting
regulatory agencies to ensure standards are met or to disclose any safety signals. There are
study data to retrieve, monitor, and prepare for analysis and submission; frequent reviews to
identify safety and quality concerns; scores of statistical analyses to perform; and study reports to
author. This effort is made even more difficult for multinational trials: Documents require
translation; differing time zones and holidays affect schedules; supplies, samples, and personnel
travel long distances; and new rules and requirements are applied based on local regulatory
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bodies. And all of this has to happen in a timely fashion; patents are of limited duration and allow
a brief opportunity for the sponsor to recoup its investment.

Given the multitude of tasks and issues just described, the numerous parties involved, and the
many pitfalls that can sideline a drug (or vaccine or medical device), it is a bit surprising that the
whole affair doesn’t collapse on a routine basis. The success of the pharmaceutical industry is
due in large part to its adherence to the processes and procedures needed for achieving various
goals, as well as its commitment to detailing the resolution of problems that may occur along the
way. Standard Operating Procedures (SOPs) are documents that outline the steps necessary to
ensure that everything is carried out completely and accordingly, including communicating with
the relevant parties both internal and external to the company. SOPs are a regular part of training
for all departments and, depending on the topic, may require annual review. There are often
SOPs on how to prepare and validate analyses for the final study report, how to address safety
concerns that may occur at clinical sites, how to effectively incorporate and manage data
monitoring committees for interim study review, and what to do should a regulatory agency
perform an audit or inspection. Once in a while, you may find an SOP on SOPs!

So why include a discussion on process and procedure in a book about clinical trial software? For
one, the pharmaceutical industry is at a crossroads. Productivity has dropped, clinical trials have
become increasingly complex, and the costs of conducting them have skyrocketed [1-4].
Controlling these costs is essential, especially when faced with a low probability of success along
the development pathway toward the marketplace. Said costs are ultimately passed on to the
consumer; reining in these costs is one way to keep drugs affordable for the people who need
them. According to Venet and coauthors, if costs continue to rise at the current pace, clinical trials
to establish efficacy and tolerability will become impossible to conduct. This will make drugs
unavailable for areas of unmet need, stifling innovation in established treatment areas, or placing
an extreme price burden on consumers and health care systems [4].

Many innovations have been suggested and developed to streamline the pharmaceutical
development process and improve the likelihood of clinical and regulatory success. For example,
adaptive design methodologies allow for early stopping of a clinical trial in the presence of
overwhelming efficacy or excess toxicity, or when the novel compound has little chance to
distinguish itself from control. Extensive modeling and simulation exercises are used to suggest
the most successful path forward in a clinical program based on the available data and
reasonable assumptions based on past development. Patient enrichment based on genomic
markers is used to select a study population more likely to receive benefit from the drug, resulting
in smaller clinical trials. Some innovations have more to do with the operational aspects of clinical
trials. These include electronic case report forms (eCRFs), new technologies for collecting diary
data or obtaining laboratory samples, or new software that enables the efficient review of data for
quality and safety purposes. And still other innovations involve the regulatory submission and
review process through electronic submissions and data standards.

While pharmaceutical development is driven by process and performance, it can be slow to
implement new ideas, even if they are shown to have substantial benefit. First and foremost,
people are naturally resistant to change, particularly if they are comfortable in how they perform a
given task. Second, the pace at a pharmaceutical company rarely slows. Individuals involved with
evaluating new software, products, or techniques still have to keep the trials for which they are
responsible operating smoothly while meeting or exceeding timelines. And clinical trials can last
many years; finding an opportunity to implement changes may be difficult. Third, changes brought



1.2 Topics Addressed in This Book 3

about through innovation are rarely innocuous; they can affect the processes and performance for
multiple groups of individuals. This last point is particularly important to consider, since in order to
implement a new method successfully, one must anticipate the growing pains and hiccups that
may occur along the way.

This book is concerned with innovating the data review process for clinical trials by introducing
software and techniques to steer clear of the manual “examine every data point” methods of days
past. The new approach moves the reviewer from the static paper environment into an interactive
and visual one. First, | promote the centralized and programmatic review of clinical trial data for
signals that would indicate safety or quality problems at the clinical sites. Second, | describe
methods to help uncover patient and investigator misconduct within the clinical trial. Finally, |
discuss some ways to accelerate clinical trial reviews so that reviewers do not spend precious
time on previously examined data. Throughout this book, | illustrate the various concepts and
techniques using JMP Clinical, which | describe in “1.4 JMP Clinical” on page 9.

Any clinical trial is the result of the efforts of a diverse team. This team includes clinicians,
statisticians, data managers, programmers, regulatory associates, and monitors, to name a few.
Every team member has a role to play in the review of trial data. Each individual brings a unique
skill set important for understanding patient safety, protocol adherence, or data insufficiencies that
can affect the final analysis, clinical study report, and subsequent regulatory review and approval.
For all of the aforementioned roles, aspects of JMP Clinical can streamline day-to-day work and
provide new insights. It is my sincere hope that any individual from the clinical trial team can
make use of this book and the examples contained within to streamline, accelerate, and enrich
their reviews of clinical trial data. The few places where | get a bit technical or present SAS code
or JMP scripts can be skipped by the average reader with no loss to their understanding. Major
topics of this book are described in the next section. Each chapter is relatively self-contained so
that the reviewer can read sections important to the task at hand.

1.2 Topics Addressed in This Book

1.2.1 Risk-Based Monitoring

Since 1990, the International Conference on Harmonisation (ICH) has brought together the
regulatory bodies of the European Union, Japan, and the United States. The mission of the ICH is
to define a set of technical and reporting guidelines for clinical trials to minimize the testing
required in humans and animals to what is absolutely necessary to establish efficacy and safety,
reduce development times, and streamline the regulatory review process. In particular, ICH
Guideline E6 outlines standards for Good Clinical Practice (GCP) in the design, conduct, and
reporting of clinical trials involving human participants [5]. GCP has two primary goals: to protect
the well-being of subjects involved in a clinical trial and to maintain a high level of data quality to
ensure the validity and integrity of the final analysis results.

Guideline E6 suggests that clinical trial data should be actively monitored to ensure data quality.
Despite passages that state “the sponsor should determine the appropriate extent and nature of
monitoring” and “statistically controlled sampling may be an acceptable method for selecting the
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data to be verified,” recent practice for pharmaceutical trials has often shown a brute-force
approach to source data verification (SDV) of respective CRFs through on-site monitoring [5-7].
The recent Food and Drug Administration (FDA) guidance document on risk-based monitoring
(defined later) suggests a few reasons as to why this may have occurred [3]. First, the on-site
monitoring model may have been (incorrectly) perceived as the preferred approach of the FDA.
Second, the FDA document suggests that the agency places more emphasis on centralized
monitoring than what may have been feasible at the time ICH E6 was finalized (there have been
considerable technical and analytical advances in the 17 years since ICH E6 was written). While
language in E6 refers to central monitoring, it does state a need for on-site monitoring “before,
during, and after the trial.”

However the pharmaceutical industry arrived at the current practice for clinical trial monitoring, it
is now generally accepted by industry and multiple regulatory agencies that the process needs to
change [1,3,8-10]. Such extensive on-site review is time consuming, expensive (up to a third of
the cost of a clinical trial), and—as is true for any manual effort—limited in scope and prone to
error [1,4,11-15]. In contrast to on-site monitoring, risk-based monitoring (RBM) makes use of
central computerized review of clinical trial data and site metrics to determine whether clinical
sites should receive more extensive quality review through on-site monitoring visits. There are
many benefits to centralized review beyond cost: Statistical and graphical checks can determine
the presence of outliers or unusual patterns in the data, comparisons can be made between sites
to assess performance and identify potentially fraudulent data or miscalibrated or faulty
equipment, and issues can be identified and resolved while the trial is ongoing.

Changing current monitoring practices to a risk-based approach will likely take time; the industry
must become comfortable with a reduced presence at clinical sites and implement procedures for
the remote review of clinical data, statistical sampling of data for SDV, and targeted monitoring
practices. However, it is clear that the reliance on SDV, a major focus of current on-site
monitoring practice, is increasingly viewed to have little to no positive impact on study
conclusions [4,12]. In its position paper on RBM, TransCelerate BioPharma Inc. notes that only
7.8% of the queries generated from nine sample studies were the result of SDV, a huge
investment for minimal return on data quality [1]. An example from a large international,
multicenter trial found that of the issues identified, 28.4% could have been identified from the
study database, and a further 66.8% could have been identified with some additional centralized
edit-checks in place [16]. Further, Nielsen and coauthors illustrate that a reduced SDV monitoring
approach could locate all critical queries from a pool of 30 completed clinical trials [17].

However, centralized review can only identify issues contained within the study database or other
routinely collected information [4]. On-site monitoring may still be required to assess the quality of
overall trial conduct, including whether appropriate regulatory documentation is available, the staff
is familiar with and committed to the protocol, the staff is appropriately trained, and trial resources
are adequate, well-maintained, and functional [3,5,6]. Recent literature has suggested that a
diversified approach to monitoring, including centralized statistical and programmatic checks, can
identify deficiencies that would otherwise go unnoticed with on-site review alone [4,6,18]. When
issues are identified to a degree that may suggest a more systemic problem at the site, targeted
on-site monitoring activities can be applied according to the extent of the problem and the
importance of the data to the conclusions of the study [1]. The literature also stresses this
important point: Data does not need to be error-free to provide reliable results from a clinical trial
[1,3,6]. Finally, in addition to the risk-based methods described previously, the literature suggests
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a proactive approach to quality and safety through appropriate trial and CRF design, well-defined
study procedures, and sufficient training of site personnel.

Chapters 2 and 3 of this book discuss an implementation of RBM within JMP Clinical that keeps
to the recommendations of TransCelerate BioPharma [1]. The current application makes use of
the clinical trial database and allows the team to supplement this information with any other data
captured at the site level in order to assess the performance of the sites. Making use of the study
data for RBM eliminates any unnecessary redundancies for similar data tracked external to the
database, as well as the need for any potential reconciliation, should discrepancies arise. Chapter
2 introduces basic concepts of RBM and how to conduct reviews within JMP Clinical. Chapter 3
describes how users can customize their analysis and review experience.

1.2.2 Fraud Detection

Fraud is an important subset of topics involving data quality, one that perhaps conjures images of
Sherlock Holmes (or Scooby-Doo and the Gang) on the hunt for clues to apprehend the bad guy.
Quality issues in clinical trials can be due to a number of factors, among them carelessness (such
as transcription errors), contamination of samples, mechanical failures, or miscalibrated
equipment, poor planning (e.g., lack of appropriate backups or contingency planning should
problems occur), poor training in trial procedures, and fraud. Fraud stands out among other
quality issues in that there is a “deliberate attempt to deceive” or the “intention to cheat” [18]. In
this book, we consider both patient- and investigator-perpetrated fraud in clinical trials. For
investigators, fraud is often viewed as fabricating, manipulating, or deleting data. Examples of this
behavior include deleting data highlighting a safety concern, propagating (carrying forward) data
to avoid performing additional testing, or the wholesale manufacture of one or more patients at
the site. For patients, enrolling at two or more clinical trials sites (usually for additional financial
compensation, or access to additional drugs or medical services) is particularly problematic. This,
of course, violates assumptions of statistical independence necessary for many statistical tests. In
practice, subjects with multiple enrollments become an accounting and reporting nightmare for
the trial team.

Despite a bevy of statistical and graphical tools available to identify unusual data, fraud is
extremely difficult to diagnose. For one, many of the methods used to identify misconduct at a
center involve comparisons against other clinical trial sites. Such analyses could identify natural
differences in patient population or variations in technique between the sites that wouldn’t
constitute fraudulent behavior. Further, as we’ll see later on, analyses motivated by a need to
identify a particular type of malfeasance can detect data anomalies that actually have perfectly
reasonable explanations. In general, stating that any unusual findings are explicitly due to fraud
may require evidence beyond what’s available in the clinical trial database [19].

It is believed that fraud in clinical trials is rare. Buyse and co-authors estimate the proportion of
investigators engaging in misconduct below 1%, though they suggest cases may go either
undiagnosed or unreported; additional cited works therein show few to no instances of fraud [18].
Two recent publications describe higher than expected rates of scholarly retractions in the life
science and biomedical literature, often due to fraud or suspected fraud [20,21]. Further, in a
survey of statisticians, half of 80 respondents reported awareness of fraud or deliberate deception
in at least one project in the preceding 10 years, though there were some concerns about the
survey’s response rate and the lack of a clear definition of fraud [22,23]. Although far from a
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scientifically conducted poll, | obtained a similar response from an audience of approximately 35
statisticians during a section of talks on clinical trial fraud at the 2013 Statisticians in the
Pharmaceutical Industry (PSI) Annual Meeting. In other surveys, misconduct was or was
considered unlikely to occur [24,25].

Though the preceding paragraph paints an inconsistent picture, clinical trial fraud is likely
underestimated for several aforementioned reasons. First, instances have conceivably gone
undiagnosed due to a lack of available tools and training for uncovering fraud. Part of this may be
due to the past overreliance on manual on-site monitoring techniques, which made comparisons
across CRF pages, subjects, time, and clinical sites difficult. Further, even if unusual data are
identified, going that additional step to confirm any misdoing may prove unsuccessful. Second,
even if suspected fraud is detected, it may go unreported over fears that the negative publicity
can severely damage the perception of an organization among regulatory agencies, patients, and
the general public. Even if the sponsor has behaved entirely appropriately, such attention can
bring increased scrutiny and pressure to the clinical trial and larger development program [26].

Recommendations to prevent clinical trial misconduct include simplifying study entry criteria,
minimizing the amount of data collected, and ensuring sufficient and varied trial monitoring
[4,6,18,26]. Even in the presence of incorrect data due to manipulation or other quality issues,
trial integrity will be preserved in most cases, most often due to randomization and blinding of
study medication, or because the anomalies are limited to few sites [1,3,6,18,26]. In general,
clinical trial data are highly structured, and human beings are bad at fabricating realistic data,
particularly in the many dimensions that would be required for it to appear plausible [4,18,19,26—
30]. So this begs the question: If clinical trial fraud is so uncommon, with seemingly limited
potential to seriously compromise the results of the trial, then why bother looking for it at all?

The simplest answer is that an ounce of prevention is worth a pound of cure [18]. It is much
easier to identify problems as they occur while the trial is ongoing, with the opportunity to resolve
the issue or modify the trial as needed. Compare this to the scenario of finding a systemic
problem once the trial has been unblinded and the final study results have been prepared. At this
point, there are fewer options available to the study team to find an appropriate solution
(particularly when their every action will be scrutinized due to the availability of randomization
codes). Defining a series of statistical and graphical checks to be implemented on a regular basis
is a minimal investment for the team to make to prevent potential catastrophe.

Most important, however, we look for quality issues and misconduct because of GCP—to protect
the rights and well-being of the patients enrolled in our clinical trials. Monitoring ensures that trial
participants receive the best possible care and are protected from any potential wrongdoing. This
is equally true for future patients who hope to use the new treatment to improve their quality of
life. The rights and safety of the patient are exactly why methodologies in data quality and fraud
detection should be a regular part of our statistical training. Evans states that “a perfect analysis
on the wrong data can be much more dangerous than an imperfect analysis of correct data”; he
suggests this is reason enough for discussing these methodologies even when others can
potentially use this knowledge to avoid detection [19]. The safety and well-being of trial
participants obligates us to share, collaborate, and improve methods for detecting misconduct in
clinical trials. With a greater emphasis on centralized monitoring and less visibility at the clinical
trial site, it is important to have a set of robust methods in place to identify fraud. Chapter 4
describes various analyses available in JMP Clinical to identify potentially fraudulent data at
clinical sites. Chapter 5 presents methods to detect fraud committed by study participants.
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1.2.3 Snapshot Comparisons

While Chapters 2-5 focus on assessing data quality in an efficient manner, Chapter 6 focuses on
the practical considerations of review that are brought about as a result of how clinical trial data
are collected and reviewed. To perform the final analysis as early as possible after the trial ends,
data are collected and cleaned as they become available. Depending on the size of the trial, the
number of centers, and whether enroliment is currently ongoing, new data may become available
on a daily basis. This creates a constantly updating and changing database. In general, it isn’t
practical to update needed data sets and regenerate review reports daily—it would be difficult for
reviewers to cope with this constantly moving target! Instead, an intermittent “snapshot” of the
study database is taken that reflects the currently collected data and any changes since the
previous snapshot. The snapshot is reviewed and necessary queries are generated to address
any inconsistencies in the data or gaps in the information provided.

After a sufficient period of time, a new snapshot is generated that incorporates new data collected
since the previous snapshot and any changes that were made to previously available data due to
sponsor query and/or correction at the trial site. The frequency of study snapshots may depend
on how much new data becomes available as well as the current lifespan of the trial. Snapshots
may initially be infrequent until all study centers are operating and enrolling subjects, though
snapshots occur with regularity once a sufficient number of patients are participating. Once the
trial approaches last-patient-last-visit (LPLV) status, snapshots may occur very frequently,
perhaps even daily, to review the final subjects’ data and ensure that all needed corrections have
been addressed before “locking” the trial database. Once a trial is locked, treatment codes
become unblinded, and the final analysis is performed. At this point, it is expected that no further
changes to the database will occur; doing so would raise suspicions that changes were made
based on available treatment assignments.

As part of the review process, any number of analyses or listings may be generated to assess the
quality of the data and issues pertaining to patient safety. These may include analyses to identify
whether any subjects fail study eligibility criteria based on the available data, or listings to review
serious adverse events or clinically significant laboratory abnormalities, dosing compliance,
inconsistencies between CRF pages pertaining to visit dates or study phases, particularly
noteworthy concomitant medications, and so on. During my days in the pharmaceutical industry,
the biostatistics and programming group would regularly supply these listings to our clinical and
regulatory team members. Inevitably, as these reviews continued, the question from our
colleagues became, “Is it possible to just provide the new data so | don’t have to review what I've
already seen?” This seems like a perfectly reasonable request. However, the review reports were
often slight modifications of the analyses that would be performed for the final clinical study report
at the end of the trial. The programs rarely were written to highlight changes from one snapshot to
the next, and there rarely were sufficient resources to write additional programs.

Creating informative reviews from one snapshot to the next is always more complex than just
identifying and subsetting to the new data. For example, some data change during the course of
the trial, so naturally there is an interest in reviewing the previous values. And to further
complicate things, | found that people often wanted the new data as well as the previous data so
that they could remind themselves of what led to a patient’s current state of affairs, or to see if
previous trends were continuing with the additional records. In other words, reviewers wanted the
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ability to subset or filter to new data at will. In a paper or static environment (e.g., PDF tables or
listings), this request had the potential to generate twice as many analyses. Database software
can track changes over time, but these tools are limited to a few individuals and are rarely
available for review of the data sets that ultimately will be used for analysis and submission to
regulatory agencies.

Chapter 6 of this book describes how JMP Clinical performs comparisons between current and
previous data snapshots to identify new or modified values so that reviewers do not waste time
on previously examined data. Further, I'll illustrate how the JMP data filter and generated review
flags allow the analyst to easily switch between review summaries, including all or only newly
available records. Finally, I'll examine how the extensive notes facility allows the user to create
and save notes at the analysis, patient, or record level. These features provide more efficient and
accurate reviews to identify and manage potential safety concerns, and to meet or exceed
demanding timelines.

1.3 The Importance of Data Standards

Since its inception in 1997, the Clinical Data Interchange Standards Consortium (CDISC) has
developed standards for data models, study designs, and supporting clinical trial documents.
Standards for data models include the Study Data Tabulation Model (SDTM) for clinical trial data
obtained from CRFs, questionnaires, and/or diaries; and the Analysis Data Model (ADaM) for
derived data that support the analysis tables, listings, and figures common in drug applications
[31,32]. At their core, CDISC standards are a means to streamline communications across the
various parties involved in drug development, allowing for quicker review of drug submissions
[33].

The SDTM model divides clinical trial data domains, a collection of logically related observations
with a common topic, into a number of classes: events, findings, interventions, special purpose,
and trial design. Events domains include adverse events, medical history, disposition, and
protocol deviations. Examples of the findings domains are physical examinations, vital signs,
ECG test results, laboratory tests, and questionnaires. Interventions domains describe
concomitant medications, exposures to study treatment, and the use of substances such as
alcohol, tobacco, and caffeine. Special purpose domains include demographic characteristics,
general comments, and study visit attendance. Trial design domains include data describing the
treatment arms, visits, and inclusion/exclusion criteria. Within each domain, variable names,
labels, formats, and terms are provided, and the SDTM model states whether the inclusion of
each variable in a domain is required, expected, or permissible.

The goal of ADaM is to clearly and unambiguously communicate the data behind the statistical
analyses so that minimal additional manipulation is needed to generate study results (i.e., “one
PROC away”). Furthermore, while SDTM typically comprises observed data separated into
specific domains, ADaM can include complex derivations, such as imputation and windowing of
measurements, on data spanning several domains. An additional goal of the ADaM model is
traceability: providing sufficient details to allow the user to go from a tabulation to the ADaM data
set to the corresponding SDTM data sets. The most important ADaM data set is ADSL, the
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subject-level data set. This data set provides definitions for study population flags and includes
subgrouping and stratification variables, important dates such as first and last dose, and the
planned and actual treatments used for each period of the study.

For analyses of clinical trial data, JMP Clinical takes advantage of CDISC standards. Perhaps
more correctly, CDISC standards are a requirement! This may initially appear limiting, particularly
for companies that have yet to incorporate these standards into their daily operations. However,
the FDA not only provides its preferred interpretations of the standards, but it also has announced
its intention to make these standards a requirement for regulatory submissions [34-36]. What are
the practical benefits of requiring CDISC standards for our software? Most importantly, JMP
Clinical ships with out-of-the-box functionality. JMP Clinical isn’t a set of tools that requires
mapping to your particular data standards, or that necessitates a team of individuals to develop
and support a set of reports. Once you register your CDISC-formatted study within JMP Clinical,
you’re able to generate patient profiles, automate adverse event narratives, and create a host of
other reports and analyses. An additional benefit of working directly from CDISC data sets is that
you spend your time reviewing and analyzing the very data sets that will be submitted to the FDA
or other regulatory agencies. Throughout the book, CDISC variables will be written as
domain.domain-variable to be explicit. For example, USUBJID from the demography (DM)
domain will be written as DM.USUBJID. When a term can apply to multiple domains, “xx” will be
used to imply multiple two-letter domain codes. Interested readers can review what else SAS has
available to support CDISC data standards [37].

1.4 JMP Clinical

Though | have alluded to the software, | have yet to answer the question: What exactly is JMP
Clinical? Like its companion product JMP Genomics, JMP Clinical is a package that combines the
analytical power of SAS with the elegant user interface and dynamic graphics of JMP. The
primary purpose of this software is to simplify data discovery, analysis, and reporting for clinical
trials. JMP Clinical will transform how your team currently conducts its clinical trial reviews. With
its straightforward user interface and primary reliance on graphical summaries of results,
everyone from the clinical trial team—including clinicians, statisticians, data managers,
programmers, regulatory associates, and monitors—can explore data to identify outliers or safety
or quality concerns. In this way, everyone on the team can speak the same language by using a
single review tool without the hassles of importing data or results into other programs, or
maintaining multiple overlapping systems.

JMP Clinical 5.0, the software version that is the focus of this book, includes JMP 11.1 and SAS
9.4 M1 for BASE SAS, SAS/GRAPH, and SAS/ACCESS to PC files, as well as SAS analytics
releases 12.3 for SAS/IML, SAS/STAT, and SAS/Genetics. Also included are macros written in
SAS and the JMP Scripting Language (JSL) that generate the various analyses and reports that
are specific to JMP Clinical. Users familiar with JMP can expect a similar experience; analyses
and reports are available from a menu-driven, point-and-click interface (Figure 1.1 on page 10).
Generating reports often involves compiling a SAS program under the hood that uses the options
selected from JMP dialogs to perform the various data manipulations and analyses. The results of
these analyses are surfaced to the user using JSL to make them interactive and dynamic for
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further exploration of interesting signals. Though this product makes use of SAS, it is neither
expected nor required that the user have any SAS programming experience.

Figure 1.1 JMP Clinical Starter Menu
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While JMP Clinical is a desktop product, it has the capability to access data and run analyses
using a SAS metadata server, or access data and run analyses for studies defined using the SAS
Clinical Data Integration (CDI) product. Though the review experience is generally the same,
there are some important differences when operating in server mode that | will make note of
throughout this book. In general, however, server profiles will be created by an experienced IT
professional within your organization (see Add SAS Server Profile in the documentation). In
addition, this individual may have the responsibility to add and manage studies as new studies or
snapshots become available. When connecting to a server (File > SAS Server Profiles > Select
Profile), studies for which you have been granted access will appear in your Current Study
drop-down menu. All metadata (including notes and RBM files) will be shared among those
individuals with access to the study. When operating locally, each user must register studies
available on the local network to his or her particular instance of JMP Clinical.

Because the audience for this book is particularly diverse, many readers may be more familiar
with SAS than with JMP. When | was in the pharmaceutical industry, | would have counted myself
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among this group of individuals; | wrote everything in SAS and had no experience whatsoever
with JMP. In retrospect, this was unfortunate. The power of JMP lies in its ability to quickly and
easily explore data in a graphical and interactive environment. Want a regression plot? Drag and
drop two variables into the Graph Builder platform. See an outlier? Point and click to highlight
the offending observation in the data table. It's much easier to identify and further explore
anomalies from a picture than it is from a listing or table full of carefully constructed summary
statistics (though JMP provides statistics as well). By the end of this book, | hope to convince
other SAS users of the benefits of JMP.

Some SAS-only users may have concerns about reproducing a particular visual display when
working in an interactive environment. However, every analysis or graph in JMP produces the
underlying script that generates the result, and this script can be used to regenerate results at
any time. For example, go to Help > Sample Data and open the Big Class data table from the
alphabetical list of data files. Now go to Analyze > Distribution and select age, sex, height, and
weight as Y, Columns and click OK (Figure 1.2 on page 11). Feel free to modify the output by
closing panels of summary statistics or adding additional plots as | have done (Figure 1.3 on page
12). From the output, click the red triangle by the text Distributions, then go to Script > Save
Script to Script Window. The new window displays the underlying script for the summary results
(Figure 1.4 on page 13). If | click the Run Script button in the toolbar (the red running man), the
results in Figure 1.3 on page 12 will be regenerated.

Figure 1.2 JMP Distribution Dialog
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Figure 1.3 Big Class Distribution Output
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As mentioned previously, JMP Clinical makes use of CDISC variables that are required within
each domain. However, in order for some reports within JMP Clinical to function appropriately or
provide the greatest detail, there are often additional variable requirements. To assess what
important CDISC variables may be missing from your study, run Check Required Variables
under the Studies menu from the Clinical Starter. This report will summarize any analyses that
may not run as a result of certain missing variables.

Users new to JMP can review JMP Essentials, Second Edition for help navigating the software
and performing basic analyses and graphing [38]. Individuals wanting a better understanding of
JMP for statistical analysis can read JMP Start Statistics: A Guide to Statistics and Data Analysis
Using JMP, Fifth Edition [39]. Jump into JMP Scripting provides numerous examples and details
for those users looking to master JSL [40]. If these books aren’t readily available, the Help menu
provides access to additional books, tutorials, and sample data. Assistance for JMP Clinical is
available from Help > Books > JMP Life Sciences User Guide.
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Figure 1.4 Big Class Distribution Script
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1.5 Clinical Trial Example: Nicardipine

JMP Clinical ships with sample data from a randomized, placebo-controlled clinical trial of
nicardipine hydrochloride, a calcium channel blocker used to treat high blood pressure, angina,
and congestive heart failure [41]. The drug comes in both oral and intravenous formulations.
Because nicardipine also shows activity on blood vessels in the brain, this clinical trial was
designed to ascertain whether there was any benefit in using nicardipine in the treatment of
patients who experienced a subarachnoid hemorrhage (SAH, bleeding between the brain and the
tissues that cover the brain). Patients were dosed with either intravenous nicardipine (up to 15
mg/kg/hr) or placebo for up to two weeks with the goal of reducing the incidence of delayed
cerebral vasospasm, a leading cause of death for individuals experiencing an SAH. The trial
randomized 906 subjects at 41 centers in the United States and Canada; 902 participants at 40
sites received treatment and constitute the Safety Population. The remaining four subjects are
labeled as screen failures in the sample data. Throughout the book, nicardipine will refer to the
drug, while Nicardipine will refer to the clinical trial registered within JMP Clinical.
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When JMP Clinical first launches, the Nicardipine study will automatically be registered for use
on the desktop using Add Study From Folders. Two folders of data sets are supplied, one for
ADaM, in this case only the subject-level data set ADSL; and an SDTM folder containing the
following domains: AE (adverse events), CM (concomitant medications), DM (demography), DS
(Disposition), EG (ECG test results), EX (exposure), LB (laboratory test results), MH (medical
history), SV (subject visits), and VS (vital signs). In case Nicardipine is not available on the
desktop within the Current Study list, it can be added by going to Studies > Add Study From
Folders > Settings > Load > Nicardipine > OK > Run (Figure 1.5 on page 14). To make
Nicardipine available to everyone on a server, a SAS Server Profile first needs to be defined
under the File menu (see Add SAS Server Profile in the documentation). Next, the server can
be selected and Nicardipine can be added using settings similar to those previously described,
though the data will first need to be copied to a location on the server (with separate folders for
SDTM and ADaM files). In general, however, when operating on a server, a single individual will
likely have the responsibility for adding and managing studies within the software. Studies that
you have access to should be available in your Current Study drop-down list when JMP Clinical
is launched. To work through the examples in this book, | recommend that you work with a local
copy of Nicardipine to minimize any confusion.

Figure 1.5 Add Study from Folders Nicardipine Sample Setting
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1.6 Organization of This Book

While this chapter has served as an introduction and brief literature review, the remaining
chapters of this book describe analyses in more specific detail using the Nicardipine study to
illustrate the various methodologies. Chapters 2 and 3 discuss an implementation of RBM based
on the recommendations of TransCelerate BioPharma [1]. Here, an artificial example is created
for Nicardipine using simulated data for several site metrics typically not found within the clinical
trial database. Locations of trial sites were modified to include countries in Europe and Asia, and
random cities were selected to represent site locations. Chapters 4 and 5 present analyses to
identify potentially fraudulent data in your clinical trial. Chapter 6 describes snapshot comparison
tools to highlight new and modified data and briefly summarizes the notes facilities of JMP
Clinical. Finally, Chapter 7 serves as a brief epilogue. At the conclusion of each chapter, | suggest
areas for possible future development. Your feedback is important to prioritize these potential
improvements for future versions of the software.
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