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Clinical trial experimental studies are the gold standard for obtaining evidence related to
interventions for a given disease or chronic condition, and currently results are documented in free-
text reports. Due to the current free-text representation, utilizing knowledge from these studies
and interpreting results remains an ongoing challenge. This dissertation proposes a bridge
representation that transforms information in clinical trial reports from a free-text format to a
representation that is computer understandable and capable of assisting answering high level
queries from bio-statisticians and clinicians. The objectives of this work are: (1) to specify a
representation that will concisely synthesize fragments of information found in clinical trial
reports, so users can readily understand the context of numerical data, follow the flow of the study,
and assess the quality of the study; and (2) to support queries related to assessment of study quality
and estimation of contextualized probabilities derived from various sections within the report (e.g.,
survival curve, p-values, etc.). The representation is based on a hybrid structure combining several
modeling paradigms to create an intuitive and standardized way of describing the conditions of the
experiments, the data generated, the analysis methods and the results. Query processing and
navigation methods have been designed to operate on the representation to answer common
questions related to clinical research, from the clinical and biostatistics side. Such queries include
defining the conditions of the patient cohort and interventions, providing context to numerical
frequency information, and providing a comprehensive summary of the methods used to compute
statistical significance. The focus of the dissertation has been in the clinical research domain of
oncology. The dissertation work offers a value-added and time-saving solution to standardizing
and organizing information from clinical trial reports and synthesizing knowledge to advance

clinical research.
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Chapter 1 - Introduction

Advancements to evidence-based medicine have benefited from and are guided by rigorous
scientific investigations such as randomized controlled trials (RCTs) [Wood 1999, Eisenberg
1999]. Clinical trials are regarded as the best approach to providing the most unbiased assessment
regarding the efficacy of an experimental therapy or diagnostic procedure [Horowitz 1987].
Knowledge gained from clinical trials have the potential to improve our understanding of the
causal nature of interventions and hence is a primary means of gathering scientific knowledge to
drive developments related to disease characterization. Ultimately, these models will be used as
an inferencing source for precision medicine applications [Chen 2013]. The translation of results
from RCT experiments to patient care and/or disease models, however, is not straightforward.
Some issues include: difficulties applying results from a population based study to an individual
patient context; uncertainties associated with the assessment of the quality of a research study,
especially in regards to conflicting studies; and ambiguities related to the interpretation of

numerical data to correctly characterize, for example, observational frequencies.

The general problem addressed in this dissertation is a structured knowledge representation of
clinical trial study results as reported in the primary literature. The main driving queries relate to
investigating study quality and navigating context for numerical information. Table 2-1 of Chapter
2 provides a comprehensive list of intended queries to be answerable by the representation. The
significance of the work includes: 1) Elucidation of relevant information contained in free-text
publications toward improving patient care is a significant endeavor for the modern physician.

Urick et al. point out that physicians and researchers must spend a significant amount of time and



have sufficient research training to appropriately integrate RCT study results into medical practice
[Urick 2005]; 2) There are no consistent templates that allow reviewers of an RCT paper to quickly
navigate to relevant information regarding study design, context in which data are collected, and
the precise data and methods used to calculate statistical significance; and 3) Informaticians
building models of diseases based on probabilities (e.g., Bayesian methods) require a precise
understanding of what frequencies (and associated conditional probability estimates) are being
reported. Without such context, the probabilities can be interpreted erroneously, resulting in

models that mislead clinical decision-making tasks.

The problem of how to formalize information contained within a clinical trial study is not new.
Most efforts have been motivated by patient recruitment applications (i.e., which clinical trials
does my patient qualify for?) and/or information retrieval tasks (e.g., which clinical trials have
studied this disease with this drug?). Representation issues have advanced along three themes:

(1) Generating a checklist of required fields for characterizing a study [Schultz 2010], (2)
standardization of terms and ontologic concepts [Sim 2000], and (3) management of study
conclusions [e.g., Research Maps — Silva 2015]. Although these efforts have made strides towards
standardizing certain informational aspects of a study, characterization has been mainly along the
lines of concept indexing and/or high level propositional description that are inadequate for

capturing a synopsis for a researcher and/or an evidence-based medicine practitioner.



1.1 Overview of the Dissertation

A large amount of effort and money is spent worldwide on conducting RCT studies. Research
hypotheses are the heart of scientific endeavors; the accurate, unambiguous and operational
representation of these hypotheses is vital for the formal assessment, synthesis and application of

such investigations.

Clinical Trial ' Bridging ' ' Informatics
Reports Representation u Applications

Selected Informatics Applications: |
. Patient Recruitment |
» Internal/External Validity Testing |
» Disease Modeling |

J

Reconstruct context from reported probabilities |
Synthesize and integrate information I

{

oals for the Representaticn: | |
|

|

Template for organizing and collecting data l

Figure 1-1. Overview of dissertation work

The main objective of this dissertation relates to the development of an improved representation
for information presented in clinical trial studies. Two central issues are addressed (Figure 1-1):
(1) How to formally represent the specific details relevant to “current best evidence” and study
quality in a computer understandable format; and (2) Given this representation, what queries can
be executed to support patient-specific evidence-based medicine and/or disease modeling
inquiries. Thiswork addresses the development of a more principled means to represent and assess
quantitative evidence as presented in the clinical trials literature. The target users of the system

are physicians and researchers, including clinical researchers, basic scientists, and informaticians.



Thus, the two specific aims researched in this dissertation are as follows:

Specific Aim 1
To specify a logical representation to concisely synthesize fragments of information
found in clinical trial reports, such that users can readily understand the context of
numerical data, follow the flow of the study, and assess the quality of the study.

Specific Aim 2
To provide a consistent template visualization and query processing engine to support
inquiries drawn from the research paper related to concerns of clinicians who are
interested in evidence-based medicine and/or biostatisticians who are assessing the
quality and/or context of reported numerical information (e.g., observations,
frequencies, probabilities, survival curves, and p-values).

The main hypotheses of this work are as follows:

H1.1 - The representation will be able to express in a logical form, a sufficiently detailed

synopsis of the research paper for the purposes of clinical and research applications.

H1.2 — The representation will be intuitive to understand for the intended user base (i.e.,

clinicians, statisticians, and researchers).

H2.1 — Users will be able to answer specific targeted study questions on a paper more
accurately using the proposed representation compared to the paper-based representation

alone.

H2.2 — Users will be able to answer questions in a shorter amount of time compared to

the status quo representation.



1.2 Specific Aim 1 — Representation

The traditional way of presenting knowledge in scientific papers has many limitations. The most
important and obvious of these is the use of natural language, albeit augmented by various
formalisms and mathematics. Natural language is notorious for its imprecision and ambiguity.
Contextual information for proper interpretation of numerical information can be scattered in
various locations within the text document, making it difficult to recall vitally connected pieces of
descriptions. Many readers take away only crude summary information (e.g., p-values) and “throw
away” essential related information such as sampling data, experimental methods, intervention
details, and analysis descriptions. Documentation of clinical trial studies via natural language thus
IS a barrier in maximizing the use of computers to store, navigate, analyze, and integrate the results

of disease-related clinical trial studies.

In this dissertation, | introduce a hybrid representation that utilizes components of process
modeling and data spreadsheets. Hyperlinks between nodes in the process model and columns in
the data spreadsheet allow information related to any variable described within the study to be
linked to the experimental steps leading up to the collection and/or constraining of a variable.
Rows in the spreadsheet map back to any relevant variable presented in the research paper. A cell
in the spreadsheet of the representation describes a value, summarization, distribution, or data
point collected for a given variable at a given node in the process model. Cell value types can be
nominal, ordinal, descriptive or numerical. The representation standardizes the study properties
using various publicly available ontologies, but is flexible enough to allow user supplemented
entries in the cases of incompleteness. By hyperlinking the process model to the spreadsheet, data

stored within the cell of a spreadsheet can reference back to the experimental step within the
5



process model to which this information was obtained. The expressivity of the representation was
tested on a sample of RCT research papers from the domain of oncology, including studies from
different RCT phases and mechanisms of intervention. A qualitative evaluation of the
representation as an efficient medium of human expression [Davis 1993] was performed to assess
how diverse users viewed the intuitiveness of the representation and how easily one could discuss
aspects of RCT papers within the proposed representational framework. To narrow the scope of
this dissertation, a mixture of research papers related to clinical trials within the domain of lung

cancer were explored.

1.3 Specific Aim 2 — Query Answering

The second specific aim of this dissertation addresses methods for performing operations on the
representation developed in SA-1 and providing an interface/visualization for users. Traditionally,
researchers who have developed structured representations to summarize RCT studies utilized
strictly relational data models, such as a standard SQL-like query processor. Current
representations, however, do not capture experimental pathway information related to how data
are collected, processed or constrained in the context of the overall experimental design. In this
dissertation, I introduce a backtracking algorithm that can trace the context of variable assignments
as defined by the study design flowchart component of the SA-1 representation. The nodes visited
by the backtracking algorithm link to columns within the spreadsheet component of SA-1 and the
combination of nodes and linked columns are used to infer the context of all other variable states.

Details of this backtracking algorithm are presented in Chapter 4.



The query interface/visualization for the system closely resembles the underlying representation.
Most users are comfortable interpreting flow charts and spreadsheets. One of the significant
aspects of the work is the consistent layout of how information (i.e., design flow and specification
of data and analysis methods) can be applied to RCT research papers in general. | sampled a
number of published studies and found that almost all important aspects of the studies could be
represented using the template layout of the system design. Importantly, this allows users to be
conditioned to expect certain pieces of information spatially arranged on the layout and to have a
standard format to assist in navigating to information of interest. An evaluation of how this aspect
of the representation improved users’ ability to answer questions related to a specific paper in a

timely manner was conducted and reported in Chapter 5.

1.4 Summary of Contributions

The main contributions of this work are as follows:

1. Arrich representation based on a hybrid combination of a process model and spreadsheet that
systematically organizes descriptions of properties within the context of experimental design
steps.

2. A query answering system that utilizes a backtracking algorithm within the process model to
infer context for cells in the spreadsheet portion of the representation;

3. A consistent templated visualization for presenting and querying information allowing users

to rapidly learn how to search for and navigate to desired information.

Taken together, these contributions attempt to: 1) structure heterogeneous information from

clinical trial reports with the necessary context; and 2) locate and visualize answers for common
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queries related to study quality and interpretation of quantitative information. The ability to
quickly navigate papers is vital for helping researchers and physicians understand and act on

available information.

1.5 Organization of the Dissertation

The remainder of the dissertation is organized as follows:

e Chapter 2 provides background on issues related to developing representations for clinical
trial reports and summarizes the important literature related to this topic. Current trends in
logical designs and descriptions of gaps between information needs and research efforts are
identified.

e Chapter 3 documents the methodologies used to design the SA-1 representation. It includes
an investigation of user needs, adaption of ontologies, and rationalizations and limitations of
design decisions.

e Chapter 4 discusses the methodologies used to perform SA-2 query answering. It includes
descriptions of the backtracking algorithm and the standardized visualization template.

e Chapter 5 discusses evaluation methods for the hypotheses of the dissertation work. The
main evaluation is based on a modified crossover design to test the value-added by the
dissertation work as compared to the status quo paper representation. Descriptions and
results of qualitative evaluations of the interface are also presented.

e Chapter 6 provides a summary of the dissertation and discussion of the results and compares

these results to capabilities of similar work in the field of medical informatics. The chapter



concludes the dissertation with a discussion of limitations of this research and potential areas

of future expansion.



Chapter 2 - Background and Significance

In this chapter, I review the following: the motivation behind and user groups involved in evidence-
based medicine (section 2.1), the difficulties in practicing evidence-based medicine (section 2.2),
prior research on requirements for modeling clinical trial information (section 2.3), the current
state of evidence (section 2.4), prior and related work in structuring clinical trial reports (section

2.5), and lastly, Bayesian modeling requirements (section 2.6).
2.1 Overview of Evidence-based Medicine

Evidence-based medicine (EBM) ideally requires that healthcare professionals make
“conscientious, explicit, and judicious use of the current best evidence” in their everyday practice
[Sackett 96]. This requires a comprehensive awareness of the relevant literature and the ability to
retrieve, interpret and apply the results of the most appropriate scientific information within the
context of the current patient case. Evidence-based medicine is an endearing concept for those
working in the healthcare field and its practice should be guided by rigorous scientific
investigations such as clinical trials [Wood 1999, Eisenberg 1999]. Elucidating the contents of
these clinical trial reports can help inform clinical guidelines and provide healthcare procedures
tailored to individual patients [Urick 2005]. However, utilizing information effectively to provide

evidence accurately requires a significant amount of time, expertise and research training.

The current state of evidence-based medicine is challenging to comprehend and it is often difficult
to directly apply evidence to individual patients in practice. One attempt to better define the issues

needed to deploy evidence-based medicine practice is the five-step process proposed by Sackett et
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al.: (1) define a clinically relevant question, (2) search for the best evidence, (3) appraise the quality
of the evidence, (4) apply the evidence to clinical practice, and (5) evaluate the process [Sackett
1997]. While this list contains general guidelines for EBM, steps are vague and require
considerable expertise to follow. The second step in the list, for example, requires a search for the
best evidence; and these steps collectively pose a more fundamental question: how is the best
evidence defined? As is common in clinical research, evidence is found in a number of sources
(i.e., anecdotal experiences, case-studies, clinical experiments, systematic reviews, meta-
analyses). The search for relevant papers is limited by search engines as physicians often prefer
to review a handful of reliable sources of information rather than try to locate all the available
medical evidence [Hoogendam 2012]. The third step in the list requires an appraisal of the quality
of the evidence. However, the process does not give specific instructions on how to assess study
quality. As a result, most clinicians have honed their own personal approach using their own
critical-thinking skills to assess medical literature rather than to use an organized systematic
approach [Steves 2004]. In fact, there are no precise metrics for appraising the quality of a study’s
findings. The fourth step is to apply evidence to clinical practice, but this aspect has not been well
addressed in the clinical community. It lacks standardized yet personalized solutions in regards to
the complexities associated with, for example, integrating evidence from conflicting clinical trial
studies, or extrapolating results when a patient has different eligibility criteria. Because
interpretation of conclusions and assessment of patient applicability for a given research study are
clinician dependent, there is often an arbitrary application of methods that can be inferred from
indications of the same research studies. The Cochrane Library provides a partial solution to these
problems by supplying resources based on coordinated efforts to conduct and collect reviews on

specific topics in medicine [Jadad 1998]. Despite the assistance with searching for and appraising
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evidence, the context provided by the Cochrane Library needed by an experienced biostatistician
to carefully assess each study is not typically provided with the appropriate level of detail and may
be missing from the original source. Thus, while evidence-based medicine can enhance the
scientific foundation upon which an upward improvement on healthcare can follow, steps to
practicing evidence-based medicine are currently not straightforward and, in particular, the step

requiring clinicians to appraise the quality of the report is unspecified.

To assist with practicing evidence-based medicine, this dissertation focuses on two groups of

users: clinical practitioners and biostatisticians.

e Clinical practitioners must search through literature to identify relevant information for a
patient of interest. After searching through literature, clinicians must read RCT papers then

apply the evidence gathered and tailor it to their patient at hand.

e While biostatisticians are not directly involved in evidence-based medicine, they are
instrumental in assessing the quality of a clinical trial study that are read by clinicians.
Biostatisticians may read RCT papers for several reasons, including to determine if the
correct statistical test is used, or if the analyses documented are replicable and were

performed correctly.

2.2 Current Issues and Assessment of Needs

The randomized controlled trial (RCT) is a type of scientific experiment and is the most reliable
method for ascertaining evidence in healthcare [Sackett 1996, Pearl 2000]. It is used to explore a

causal hypothesis, carefully controlling for selection bias and spurious causal factors. The RCT
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provides strong evidential basis for licensing and performing new procedures, and administering
new medications and is required for regulatory authority approval. Furthermore, the evidence
supports theories and best practices covering treatment, prevention, diagnosis, screening, and

quality of life.

Its benefit prompts a great amount of effort and money spent worldwide on conducting RCTs
studies, while ensuring patient safety and acquisition of high quality evidence. Despite efforts and
money spent, there remains a disconnect between the acquisition of knowledge (i.e., the testing
and validation of a clinical hypothesis) and the application of this knowledge (i.e., evidence-based
medical practice). Several issues systematically undermine the ability to use research to either
accelerate existing related research topics or apply the knowledge gained from such trials to

individual patient cases. In this section, | elaborate more on these issues.

2.2.1 Issue 1 - Volume and Diversity

There exists a large base of literature in the biomedical sciences related to the testing and validation
of new clinical theories. In all areas of medicine, this body of evidence needs to be assimilated,
understood, and tracked by physicians. For example, in the area of lung cancer, there are over
6580 clinical trial studies registered in ClinicalTrials.gov from 2000 to 2016 covering diverse
topics such as molecular agents, radio/chemotherapies, imaging, genetics, and psychiatry. The
large number and variety of topics make it difficult for any single physician to stay up-to-date on
all relevant findings in a given clinical area. Thus, most physicians struggle to keep up with their
understanding of the benefits and harms of reported technological advances. The contributions of

this dissertation towards addressing this issue is the development of a representation that could be
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instantiated once for such papers, and subsequently be used as an informational surrogate for

addressing important classes of commonly asked questions related to evidence-based medicine.

2.2.2 Issue 2 - Understanding the Statistics

The scientific community demands authors (i.e., writers of RCT papers) to utilize sound and formal
mathematical models to characterize their data and ultimately to provide evidence for or against
the given RCT hypothesis. Physicians (i.e., readers of RCT papers), however, often are
uncomfortable with and do not have the background to fully interpret the mathematical
descriptions of the study results. A study by McAlister et al. suggests physicians remain
uncomfortable with the quantitative approach to medical practice [McAlister 1999]. [West 2007]
reports that only 17% of surveyed clinicians believed their training in biostatistics was adequate
for their needs to conduct their own statistical analysis. These statistics also extend to medical
residents, as a 2007 study reported in JAMA from Yale University showed that 75% of medical
residents in training do not understand the statistics used in the medical literature [Windish 2007].
In combination with the physician’s lack of background knowledge, statistical tests published in
clinical trial papers are increasing in complexity. [Horsfield 2005] conducted a study investigating
statistical methods used in 311 research articles published by the New England Journal of
Medicine. The authors discovered that physicians with a basic knowledge of statistics (i.e., t-tests,
contingency tables, simple linear regression) would only be able to interpret 21% of the articles
sampled due to an increasing use of advanced statistical methods in current studies. In a similar
study, [Hellems 2007] reports that pediatric residents are not receiving sufficient statistical
training. An analysis of 171 articles published in 2005 for Pediatrics reveals that pediatric

residents with knowledge of the 10 most common statistical concepts (i.e., t test, ¥ test) would be
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unfamiliar with more complex statistical methods present in 53% of the journal articles. The
contributions of this dissertation towards addressing this issue is the development of a framework
that provides hyperlinks to data and trial execution steps to inform readers how particular statistical
tests were selected and their calculations computed. When interacting with the framework, the
data and trial execution steps, the appropriateness of statistical tests and/or from which execution

paths within the study design data can then be judged by the user.

2.2.3 Issue 3 - Difficulty Assessing the Quality / Contribution of Research Paper

Even if a physician is relatively comfortable understanding the statistics stated within the
conclusions of a given research study, there is a more general issue related to assessing the
scientific quality of the study and its contribution to understanding the targeted disease. There are
two sides related to objectively assessing the quality of the research paper: the writer and the

reader.

Writers must accurately and unambiguously report research findings to prevent misrepresenting
information. [loannidis 2005a] comments that most research findings reported in the literature are
not entirely accurate in the conclusions they draw and readers can easily be deceived by the
conclusions or the strength of conclusions for a given study. They cite methodological faults
related to experimental frameworks (e.g., follow-up confirmation studies), bias (e.g., selective
reporting, conflicts of interest, faulty randomization), lack of independent teams, and lack of
statistical power (low number of samples and large state spaces). Additionally, the use of
imprecise and ambiguous natural language as the representation for documenting scientific results

has been shown to often mislead readers. [Hyland 1998, Hyland 1996, Light 2004, Roland 2007]
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report on the frequency, type and effects of linguistic “hedging” that can influence a reader’s
perceived assessment of a scientific study. Hedging allows writers to express a perspective in their
statements, and is an expression of tentativeness, possibility perspective or deference to the reader.
It contrasts with factual language, but has been demonstrated as an effective means of gaining the

reader’s acceptance of a claim, possibly misleading readers.

Readers, on the other hand, must perform their own critical appraisal of the evidence and assess
its scientific merit. A reader can be misled to assume that a finding is correct and could be used
in practice simply because it was the subject of a research study published in a reputable journal.
A more experienced reader can still be misled, despite careful reading if the article does not clearly
depict the appropriate context. An important consideration, when appraising evidence, is the
surrounding context under which a specific measure and/or observation is made [Mills 2012].
Context describes the conditions of the experiment and is important to rule out alternative
explanations for observed effects as well as to guide appropriateness for certain generalizations.
Reported findings, for example, may only be valid under certain conditions (e.g., a specific patient
population), which may or not be obvious to the reader. Statistical quantities such as p-values
alone can be misleading to clinicians unless readers know the characteristics of the populations
that were tested, among other factors [Goodman 1999]. Finally, trying to reconcile and compare
results from similar but heterogeneous experimental methods is a non-trivial task, even for highly
proficient domain experts [Levin 2001]. For example, Simpson’s paradox is a cited phenomenon
regarding comparing statistics and confounding variables. Objectively, conclusions from even
highly cited research studies have been seen to be contradicted or to demonstrate stronger effects

than reported in the clinical research literature [loannidis 2005b]. The contributions of this

16



dissertation towards addressing this issue is the development of a framework that provides
essential context for assessing statistical significance (i.e., type of hypothesis, sample size, test

statistic, etc.).

2.2.4 Issue 4 — Difficulty Translating Scientific Findings to Clinical Practice

[Sackett 2000] defines EBM as, “the integration of best research evidence with clinical expertise
and patient values for the task of clinical decision-making.” Most physicians believe in and aim
to practice evidence-based medicine, however, their abilities to determine the intervention and its
circumstances that would provide the most benefit for a patient given his/her specific profile is
highly variable. The fundamental disconnect lies in part in differing goals between the purpose of
a research paper and what physicians seek in a paper. Research papers are designed to mainly
explain the dynamics of a cause-effect relationship of a single research hypothesis for a pre-
specified population, and is not necessarily designed to explain how to apply these findings to
individual patients. The focus, the language, and motivation of the literature are science-oriented,
rather than application-oriented. Thus, a large part of a scientific paper often describes hidden
theoretical variables (e.g., biological parameters) that are often not routinely observable in clinical

practice.

Additionally, a large part of the write-up of these RCTs is devoted to methodology and procedural
setup related to a relatively controlled environment, which can be vastly different compared to
operations of a routine clinical environment and the population to treat. Decisions as to what
extent a clinician may generalize research findings for his/her patient is often unknown and applied

in an ad hoc fashion. A complete understanding of how to diagnose, treat and/or manage a disease
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may require a more comprehensive understanding of the complex causal chain and interaction
dynamics of a disease process. RCTs often focus on a single proposition related to a disease,
providing only a partial piece of the whole view. Physicians reading the article however, often
then base decisions on this partial piece of the picture [Haynes 2007], this increases the difficulty
in translating scientific evidence to practice. Thus, developing methods to integrate fragments of
scientific knowledge into a more comprehensive mental model of a disease is a necessary, but
complex challenge. Lastly, outcomes and results of RCTs are reported at different levels of detail
and different pathways to effects (e.g., smoking causes cancer versus tar deposits on lung cause
cancer). The more general the claim, the more straightforward its application appears. Physicians
may become frustrated with understanding the scientific literature and eventually abandon the
approach of EBM as an “ivory tower” concept. The contributions of this dissertation towards
addressing this issue is the incorporation of a frame-based ontology for representing populations
and intervention details (e.g., drug administration details) that can allow improved matching and

improved assessment of expected outcomes.

2.2.5 Issue 5 — Access and Speed / Time Constraints

Finally, an EBM system must operate within the time constraints imposed by the workflow of a
typical medical office. The original model of evidence-based medicine presented in 1992 in the

Journal of the American Medical Association can be paraphrased as follows [Moher 1992]:

e A clinical question would arise at the point of care, and the physician would conduct a

literature search yielding multiple (sometimes hundreds of) articles.

e The physician would then select the best articles from the results, evaluate the research,
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determine its validity and decide what to do - all while the patient waited in the exam room.

In reality, this scenario does not happen due to time constraints and is impractical in a busy medical
office. Currently, physicians are burdened with too many patients, and an aging geriatric
population [Bodenheimer 2006]. Physicians are limited with the amount of time they can spend
with each patient, the average being 10 minutes [Tai-Seale 2007, Uner 2013]. Furthermore,
predictions show that physicians are expected to do more with less time. Colwill et al. predicts
that population growth and aging will increase family physicians' and general internists' workloads
by 29 percent between 2005 and 2025. Colwill et al. expects a 13 percent increased workload for
care of children by pediatricians and family physicians [Colwill 2008]. Additionally, patients may
feel uneasy about the confidence level of a physician who spends some time reading about their
condition from an article or summary during the office visit. The contributions of this dissertation
towards addressing this issue is the development of a consistent template visualization that should

allow experienced users familiar with the representation to quickly find desired information.

2.3 The Need for Context in Clinical Trial Representations

Reported findings, are dependent on the surrounding context (e.g., specific patient population)
under which a specific measure and/or observation is made. The accuracy of statistical quantities
(e.g., p-values) are based on gathered data. These claims are illustrated with a running example

from a typical clinical trial result:

"Bevacizumab in combination with carboplatin and paclitaxel improved overall response

and time to progression in patients with advanced or recurrent non-small cell lung
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cancer.... Survival for the high dose bevacizumab was modestly longer than the control

arm (17.7 vs 14.9 months; p=0.62)." [Johnson 2004]

To understand the benefit of this intervention, various types of context need to be considered before
results can be trusted by the user. Several types of biases need to be investigated, involving
questions such as: What were the details of the participant population? What data variables were
used? How was the data collected? How were known confounders addressed? What was the test
statistic used? What are the assumptions of the statistical test used to determine the p-value? Was
the experiment adequately powered to test this hypothesis? What was the formal hypothesis used
to test bevacizumab? What was the sample size? In general, the results of the clinical trial can
change if the hypothesis or the conditions of the experimental procedures or analyses are different.
In this section, | summarize the type of context needed in order to interpret clinical trial results and

the importance of each type.

2.3.1 Study Participants

A description of the study participants is necessary to interpret clinical trial results as alterations
in criteria may lead to differing conclusions. Significant contributors of variations in healthcare
outcomes are due to racial/ethnic backgrounds and among biological, environmental, or social
differences in causes of disease [Taylor 2005]. For example, [Adams-Campbell 2004] report that
African Americans have the highest mortality rates and poorest survival from cancer compared
with other ethnic groups. [Mosenifar 2007] urges the inclusion of the elderly in clinical trials as
older age is an important issue for critical illnesses, especially respiratory diseases. Patient
populations of different racial groups, age groups, or even a different ratio of males to females can

influence results. Successful randomization, including a description of the controls, are also
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necessary to interpret the results of an experiment [Holland 1986, Rubin 2011, Rubin 1975] by
providing knowledge about the expected behavior in the absence of experimental procedures. If
an error was to occur in the experiment, controls can help pinpoint this error. When control groups
are used, context is needed to show that the study groups are initially equal and comparable at
baseline, to ensure that one does not use partially or inherently heterogeneous data material

[McCance 1995].

Details of participant flow are also necessary, such as when patients enter and leave the trial. With
an intention-to-treat methodology, it is critical to report all subject dropouts carefully and
truthfully. Failure to include all participants in the analysis may bias the trial results. For example,
a study may have dropout rates that differ between treatment arms, so that fewer patients are
followed up in one arm than the other [Bell 2013]. This is called “differential dropout.” While
this may not be alarming, context is needed to fully investigate this situation. Equal dropout rates
between treatment arms do not imply that estimates of treatment effect are unbiased, and unequal
dropout rates do not imply that estimates are biased. Instead, bias depends on the type of
“missingness”, the analysis method, and the effect that is being estimated. Thus, to associate
different adverse effect profiles to a differential dropout, one needs to assess the cause of the
different dropout by clearly documenting the patient profiles and potential biases. In summary,
patient population profiles, the control population profile, and participant flow can influence

interpretation of clinical trial study results and are needed to provide the appropriate context.
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2.3.2 Experimental Procedures

Differences in experimental procedures can affect data and the study conclusions. The justification
for the analysis lies strongly in the manner in which the data were collected. Therefore, it is
important to clearly define and report the course of the experimental procedures along with change
to these procedures [Smyth 2011]. Doing so would allow all methods to be replicated and the
errors in measurements to be fully addressed. Even with accurate and defined methods, reporting
is still not complete. Replicating treatments in practice depends on how well these procedures
have been documented in research studies [Glasziou 2008]. In addition to replication,
experimental procedures must be documented with appropriate context to assist with assessing
inherent error. Certain experimental procedures can have unknown inherent error, affecting the
results of a clinical trial. A 2001 article examined the effects of measurement error on therapeutic
equivalence trials and reported that measurement errors inappropriately favor the goal of showing
treatment equivalence [Kim 2000]. Such measurement errors can harm the evaluation of a new
method of treatment and falsely prove it is better than the old method; or the opposite can be true
where measurement errors can harm the evaluation of a new method of treatment and falsely prove
it is equivalent to or as good as the old treatment. Thus, the context needed for experimental
procedures includes the variables, when and how data were collected, and the error associated with

each measurement.

2.3.3 Statistical Analyses

While it is universally accepted that context is needed when interpreting numerical outputs from

statistical analyses, the question remains what is the necessary context. The selected test statistic
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used in the clinical trial can have a significant effect on trial conclusions. It is directly tied to the
hypothesis of the trial as the hypothesis is formulated in terms of the parameter space of the test
statistics used [Berger 1987]. It is critical that an appropriate statistical methodology be selected
and corresponding considerations in the trial design be implemented to objectively analyze the
data. Because it is not uncommon that the data collection plan changes for unexpected reasons, it
IS important to adjust the statistical analysis accordingly. The context for statistical analyses
requires a description of the analyses, the parameters of the statistical tests, and the assumptions

made in the analyses.

2.3.4 P-value

The p-value provides a measure of the significance for the results of a clinical trial study. The p-
value is defined as the probability, under the assumption of the null hypothesis, of obtaining a
result equal to or more extreme than what was actually observed during the trial. The less likely
this is to occur, the lower the p-value, and the stronger the evidence is that the treatment actually
did have some effect. While the p-value provides valuable information on scientific conclusions,
there is the mistaken idea that a single number (e.g., p < 0.05) can capture scientific conclusions
[loannidis 2005a]. Although the basic definition of the p-value in terms of a tail-area probability
density is straightforward, its interpretation in terms of strength of evidence to support/refute a
given scientific hypothesis (i.e., the decision rule) is subtle [Hubbard 2006, Hubbard 2008] and
clouded by a number of confusing issues and implicit conditions. In 2007, a review of the literature
was published that cataloged and described 47 specific statistical mistakes that are commonly
made in the medical literature [Strasak 2007]. Results of medical research should not be reported

as “significant” or “non-significant,” but should be interpreted in the context of other evidence,
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and along with possible biases or confounding factors [Sterne 2001]. Thus, interpretation of
statistical significance requires a number of contextual details, including: (1) the type I error, or
the level of significance, called the a-level, which is usually set to 0.05; (2) the exact statistical test
methods; (3) the type I error, called the B-level, which is usually less than 0.2, or power of a study,
which is usually greater than or equal to 80 percent; (4) sample size; and (5) the directionality of
the test (one-tailed or two-tailed analysis). In addition to requiring the parameters of the statistical
test as context, surrounding context is necessary as well. P-values do not give valuable information
to making inferences or medical-decisions unless characteristics of the trial, such as the study
population and collection methods, are thoroughly analyzed. In fact, understanding the context
can aid in ruling out alternative explanations or sources of biases for observed results and allow

for generalization [Kirk 2012].

2.3.5 Sample Size Calculation

Sample size calculations are necessary to justify any conclusions that may be made from an
analysis. When testing if two treatments differ, studies with low power often find no significant
differences between the treatment intervention and control groups. Most clinical trials that claim
two treatments are equivalent are underpowered, lacking sufficient numbers of study participants
[Clark 2011]. If the study was inadequately powered, then a type Il error is more likely to occur.
A type Il error occurs if one fails to reject a null hypothesis that is false. Type Il errors occur not
only due to a limited number of subjects, but can also occur because there are too many
measurements made on too few subjects. If one measures two groups of subjects twice, it is likely
that some of the measurements taken on the second occasion will be different from the first set.

Thus, a power calculation is critical in studies of equivalency to justify study claims.
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A small sample size can add to the context because it is greatly influenced by bias, as compared
with a larger sample size. A study reported in 2001 by Gluud et al. examined the influence of
study size on study outcome [Gluud 2001]. Specifically, a meta-analysis involving 190
randomized trials over 8 different therapeutic interventions were divided into those with more than
a thousand participants and those with less than a thousand participants. The results of this analysis
demonstrated that the smaller sized studies had more positive therapeutic effects than those studies
with the larger size. These researchers also reported that the larger studies were systematically less
likely to report a positive effect, suggesting bias occurs more frequently and has a greater impact
in smaller studies. Thus, the sample size contributes to the context in understanding clinical trial
results and also requires context on its own. The sample size depends on four critical quantities:

the type | and type Il error rates o and g, the variability of the data o, and the effect size d.

2.4 Current Representations of Clinical Trial Studies

Information without context can lead to ambiguities in evaluating the quality and strength of the
study. Even when context is included in a paper write up, readers often have a difficult time
creating a complete cognitive picture of how all such details fit together. One main reason is the
use of free-text with minimal document semantic structure. In this section, | summarize the current

representations and give an example of the difficulties of summarizing context.

2.4.1 Current Representations

The current representation for clinical trial evidence is a free-text report made public through
academic journals. Typically, the clinical trial report contains several generic sections: abstract,

introduction, methods, results, discussion, and conclusions. These sections contain information in
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several formats and can appear in any page of the report. For instance, results are presented in
narrative prose and often summarized in tables and figures. Figures and tables may not be spatially
adjacent to their respective context and descriptions within the paper, and is demonstrated with a
running example in Section 2.4.2. Ideally, the layout would clearly connect methodology with its
corresponding results and appropriate figures and/or tables. Because this free structure does not
connect the numerical data with its context, this can hinder the assessment of quality [Chalmers

1981].

Aside from the structure, the representation of statistics is not intuitive for applying statistics to
individual patients. Clinical trials use orthodox statistics for the many types of trial designs,
including but not limited to parallel group design. A parallel group design is used for confirmatory
trials where subjects are randomized to different arms, with each assigned to a different
intervention [ICH E9 1998]. It is suitable for assessing and comparing responses in patients with
and without an intervention. Statistics such as confidence intervals and p-values are used to test
the difference between the experimental and the control populations. These statistics are the key
to identifying the strength and quality of the results collected [Pan 2013, Chootrakool 2011].
Moreover, the quality of conclusions reached by experimental studies are dependent on these
statistics, sample sizes and significance levels [Davis 2006, Thornton 2000]. While these statistics
provide essential information for assessing the study quality, there is a lack of methodology on
applying statistics to individuals whose characteristics differ from a given eligibility criterion.

This is partly due to the inherent modeling goals of classical hypothesis testing.

Classical hypothesis testing is used to test the null hypothesis on a sample population [Marden

2000]. Hypothesis testing requires two logical hypotheses: the null hypothesis and the alternative
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hypothesis. A typical result rejects one hypothesis and accepts another as true. Within the
framework of classical hypothesis testing, a test may lead to the rejection of the current theory,
however, the rejection of the current theory does not imply that the alternative hypothesis is true
[Senn 1991]. For example, a typical null hypothesis is that the intervention has no effect. A
significantly small p-value indicates strong evidence against the null, but does not mean that the
drug has an effect. Thus outcomes from clinical trial studies can only reject a null hypothesis and
cannot be used to make predictions based on the alternative hypothesis. While clinical trials are
well-designed and carefully conducted to test a hypothesis, it is not intuitive how to generalize
significance from these frequentist statistics to a given patient. These limitations in determining
applicability require a new way to represent knowledge that moves away from free-text trial
designs. The representation described in this dissertation presents an important stepping stone
towards providing researchers, particularly those interested in disease models, context for

numerical data to support context-dependent inferencing on clinical trial knowledge.

2.4.2 Difficulty Summarizing Context: Running Example

To illustrate the difficulty in identifying context, the following discussion looks at the strength of
evidence behind a statement written in the abstract and the information needed to support that
statement. Within the clinical trial report of the running example, the abstract [Johnson 2004]

states the following (Figure 2-1, Box):
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Locating the “evidence”

The abstract states: " Bevacizumab in combination with carboplatin and paclitaxel improved overall response and
time to progression in patients with advanced or recurrent non-small cell lung cancer." To what degree did
bevacizumab improve overall response?

{\"B‘(}i Tnal Desi.gn 1 : -»«-u ; -

I Stat Tests

Figure 2-1. A screenshot of a clinical trial paper with relevant context on efficacy of
bevacizumab highlighted

To fully understand the degree to which bevacizumab improves overall response, each piece of
context should be carefully examined. However, the fragments of information scattered
throughout the write-up is in no particular standardized and/or consistent layout, and makes
searching and connecting such information difficult for a given reader. Examples of context for

the running example include the following:
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Hypothesis. The hypothesis of the paper is, “to investigate the efficacy and safety of
bevacizumab plus carboplatin and paclitaxel in patients with advanced or recurrent non-
small-cell lung cancer.” The hypothesis is seen within the abstract, and the patient
recruitment characteristics are described in extended free-text and not in a computer

understandable format (Figure 2-1, label A).

Population Characteristics. The main patient population criteria, “with histologically
confirmed stage I1IB (with pleural effusion), stage IV, or recurrent NSCLC were eligible,”
along with other criteria are described in detail in free-text and in a corresponding table

(Figure 2-1, label B and C).

Methods. The procedure for data collection related to the variable of response rate is
embedded with a number of other variables in the study parameters section. The method
to determine improved overall response and time to progression is embedded with other

methodology being described within the text (Figure 2-1, label B).

Data. Although the raw data is usually found within the results section, it is found to be
captured in more than one format, including as a summary statistic, in free-text, and

sometimes in a graph or table (Figure 2-1).

Statistical Methods. Similar to the methods, the procedure for statistical methods related
to the variable of response rate is embedded in a section with other statistical methods,
requiring the reader to look for specific methods related to response rate. The power of the
study is listed in the statistical methods section: “The study was designed to have

approximately 80% power to detect an increase in the response rate of 25% (i.e., from 27%
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to 52%) in the pooled bevacizumab treated arms.” The statistical methods specific to the
hypothesis of the study and the power calculations are listed with other statistical methods
mentioned within the statistical considerations section of the write-up (Figure 2-1, label

C).

e Subgroup Analysis. The report also contains subgroup analyses, which are not pertinent

to the main hypothesis (Figure 2-1, label B and D).

In summary, context is necessary when interpreting numerical results; however, in the current
representation, the inconsistency by which such context is authored in a free-text report leads to

significant effort and time to manually gather.

2.5 Structuring Free-Text Clinical Trial Reports

To address the limitation of using a free-text report, structured full-text clinical trial reports are
desirable. The difficulty in creating disease models occurs when knowledge is ambiguous or
missing and/or not well linked. Information models and meta-data standards are approaches for
improving the characterization of information. They use standardized vocabularies (ontologies),
formal representation languages that promote semantic clarity, that support the free exchange of
scientific data and knowledge; and vary widely in term of their functionality (syntactic

interoperability, structural interoperability, semantic granularity).

The need for formalizing information contained within clinical trials research papers has been
previously recognized and has been motivated by a number of on-going efforts in the informatics

field. Driving needs include: 1) the need for editors, peer reviewers, and readers to understand
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how the trial was performed and to judge whether the findings are likely to be reliable; 2) the need
for decision support for evidence-based medicine; 3) the need to create comprehensive disease
models; 4) the need for more sophisticated (accurate) retrieval systems. The specification for
defining a good representation has evolved from many complementary efforts. In this section, a

brief description of a sample of such efforts is given below:

2.5.1 CONSORT

Efforts and motivation for structuring and synthesizing treatment protocols have been researched
by the Consolidated Standards of Reporting Trials (CONSORT). The CONSORT statement
defines a 21-point checklist to aid RCT authors in deciding what to report [Altman 2001 and
Hopewell 2008]. Table 2-1 summarizes the various items. Items related to methods, results, and
analysis aim to improve the critical appraisal and completeness of clinical trial reports and has
received powerful backing from journal editors including JAMA, Annals of Internal Medicine, the

British Medical Journal and at least 70 other leading journals [Moher et al. 2010].

The CONSORT statement requires that interventions for each testing group be explained in
sufficient detail to allow for reproducibility of results, including how the interventions were
administered. Specific to treatments and interventions, there is a checklist of characteristics that
consists of drug name, dose, method of administration, timing and duration of administration;

conditions under which interventions are withheld, and titration regimen.

While CONSORT gives a detailed checklist for the necessary information a clinical trial needs to
include, its representation is not standardized and there is no criteria for how clearly and

completely this information is conveyed. It provides guidelines for what information should be
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included in a scientific paper, but lacks structure with respect to: 1) semantic clarity — many fields
are typically free-text descriptions with no constraints on how completely or detailed they should
be; 2) connection of information fragments — the checklist does not model how the various items
are connected including how data are collected and/or analyzed. Thus, the interpretation of

summaries as represented in a CONSORT summary can still be ambiguous.

Section/Topic Checklist item

Title and abstract

Identification as a randomised trial in the title

Structured summary of trial design, methods, results, and conclusions (for
specific guidance see CONSORT for abstracts)

Introduction
Background and

Scientific background and explanation of rationale

objectives Specific objectives or hypotheses
Methods
Trial design Description of trial design (such as parallel, factorial) including allocation

Participants

Interventions

Outcomes

Sample size

Randomisation:
Sequence generation

Allocation
concealment
mechanism

Implementation

Blinding

ratio

Important changes to methods after trial commencement (such as eligibility
criteria), with reasons

Eligibility criteria for participants

Settings and locations where the data were collected

The interventions for each group with sufficient details to allow replication,
including how and when they were actually administered

Completely defined pre-specified primary and secondary outcome
measures, including how and when they were assessed

Any changes to trial outcomes after the trial commenced, with reasons

How sample size was determined

When applicable, explanation of any interim analyses and stopping
guidelines

Method used to generate the random allocation sequence

Type of randomisation; details of any restriction (such as blocking and
block size)

Mechanism used to implement the random allocation sequence (such as
sequentially numbered containers), describing any steps taken to conceal
the sequence until interventions were assigned

Who generated the random allocation sequence, who enrolled participants,
and who assigned participants to interventions

If done, who was blinded after assignment to interventions (for example,
participants, care providers, those assessing outcomes) and how
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Statistical methods

If relevant, description of the similarity of interventions

Statistical methods used to compare groups for primary and secondary
outcomes

Methods for additional analyses, such as subgroup analyses and adjusted
analyses

Results

Participant flow (a
diagram is strongly
recommended)

Recruitment

Baseline data
Numbers analysed
Outcomes and

estimation

Ancillary analyses

For each group, the numbers of participants who were randomly assigned,
received intended treatment, and were analysed for the primary outcome
For each group, losses and exclusions after randomisation, together with
reasons

Dates defining the periods of recruitment and follow-up

Why the trial ended or was stopped

A table showing baseline demographic and clinical characteristics for each
group

For each group, number of participants (denominator) included in each
analysis and whether the analysis was by original assigned groups

For each primary and secondary outcome, results for each group, and the
estimated effect size and its precision (such as 95% confidence interval)
For binary outcomes, presentation of both absolute and relative effect sizes
is recommended

Results of any other analyses performed, including subgroup analyses and
adjusted analyses, distinguishing pre-specified from exploratory

Harms All important harms or unintended effects in each group (for specific
guidance see CONSORT for harms)

Discussion

Limitations Trial limitations, addressing sources of potential bias, imprecision, and, if

Generalizability
Interpretation

relevant, multiplicity of analyses

Generalizability (external validity, applicability) of the trial findings
Interpretation consistent with results, balancing benefits and harms, and
considering other relevant evidence

Other information
Registration
Protocol

Funding

Registration number and name of trial registry
Where the full trial protocol can be accessed, if available

Sources of funding and other support (such as supply of drugs), role of
funders

Table 2-1. Summary of CONSORT statement items [Moher 2009]

2.5.2 Ontology Development Efforts

Various informatics groups have worked on defining and standardizing information related to

clinical trials. The Ontology of Clinical Research (OCRe) is a formal ontology for describing
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human studies that attempts to consolidate multiple information standards (e.g., BRIDG, CDISC)
and clinical terminologies (e.g., SNOMED CT) [Sim 2010]. OCRe is an extension of the RCT
Schema, which captures concepts related to a trial's design, basic intervention description,
execution, administration, and results. OCRe describes trial characteristics such as interventions,

outcomes, and population descriptions, as well as funding sources and publication details.

Further efforts also include the Ontology for Biomedical Investigations (OBI) project, which
developed an integrated ontology for the description of biological and medical experiments and
investigations [Brinkman 2010]. This ontology aims to model the design of an investigation,

including protocols, instrumentation, materials, and data.

Research has been done on requirements for structuring focused aspects of the clinical trial such
as eligibility criteria. Weng et al., surveyed literature on current knowledge representations and
identified five aspects of eligibility criteria [Weng 2010]. Their survey consisted of a total of 27
models or systems with computer-based eligibility criteria knowledge representations. Each
representation was analyzed from 5 perspectives: (1) the use case of eligibility criteria knowledge
representation; (2) the conceptual classification of eligibility criteria; (3) the choice of expression
and query languages; (4) the encoding of medical concepts; and (5) the modeling of patient data.
Their investigation determined that knowledge-bases for eligibility criteria were designed for 3

major use cases: determining eligibility, determining applicability, and classification.

Another effort is the Ontology of Scientific Experiments (EXPO), which standardizes
experimental design, execution, and analysis of a scientific experiment [Soldatova 2006]. EXPO

defines over 200 concepts for creating semantic markups about experiments.
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These ontologies are built for various purposes and formalize information to varying degrees of
granularity. The most common purpose is to match patients for trial recruitment or semantic
markup. In contrast, the goal of the proposed representation is directed more specifically to the
issue of providing the specific context (e.g., conditions, parameters, observational methods, etc.)

to assist with understanding how various quantitative information reported in a trial is derived.

2.5.3 “Claims” Framework

Blake et al. introduced the Claim Framework that reflects how authors across the biomedical
spectrum report findings in empirical studies [Blake 2009]. Information related to a claim is
captured in four facets — two causal concepts (see description that follows), a change, and the basis
of the claim. A causal concept reflects an abstract or concrete idea within a scientific domain and
may play different roles in a claim. For example, the agent role reflects the concept that has
initiated change, and the object role reflects a concept that has undergone a transformation. A
change is defined as how the agent of interest influences the object. Although the number of
change terms can be more than one, the results from this study suggest that authors typically use
only one word to describe the nature of the change. The basis of a claim captures the author's
rationale and evidence to demonstrate their claim. One key contribution is that the Claim
Framework captures and informs classification of under-specified claims such as comparisons,
observations, and correlations. These distinctions are important as the research moves from trial
recruitment towards information synthesis. While the Claim Framework is useful, it lacks context
when capturing trial results. Blake acknowledges the helpfulness of context, but the current
version of the Claim Framework does not capture related work or experimental conditions. The

framework designed in this dissertation addresses these weaknesses by capturing eligibility
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criteria, methodology, and results and uses captured information to fully describe clinical trial

conclusions.

2.6 Bayesian Considerations

Finally, a discussion of Bayesian considerations is provided as it is common for “big data” methods
and disease modelers to extract probabilities and other statistical measures (priors, p-values, etc.)

from the scientific literature for use in estimating disease model parameters [Druzdzel 2000].

Lehman et al. discuss the requirements for Bayesian Communication of clinical trials [Lehman
2000]. This work extends the progress made by evidence-based medicine clinicians and
researchers, and contains a list of specifications for the creation of a Bayesian model. The list of
specifications is divided into requirements for readers, authors, publishers and computers (see

Table 2-2).

Lehman et al. developed a prototype web application that implements a subset of these
specifications [Lehman 2000]. The example given focuses on the difference between two
treatments using a t-test. Users specify a prior belief, and parameters include the experimental and
control arms, sample size, mean results, standard deviations, units of the outcome, and an
indication of which is better or worse. The application then presents the calculated posterior 95%
Bayesian confidence interval based on elicited prior belief and the statistics communicated from a
selected study. The user is able to specify a threshold for which he/she would not change his/her

clinical decision. This threshold is determined by a trade-off of risk and benefit. For example, for
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Specification Bayesian Communication= Evidence-Based Medicine

Express prior Assess prior beliefs; sensitivity analysis —
knowledge for uncertainty in prior (F)
View effect size and Mean of posterior beliefs; contaminated Point estimate (F); confidence
variability models for surprise (F) interval (H)
Express thresholds Minimally clinically important difference  Number needed to treat (H)

(F if based on utilities)

View inferences Tail probability, credible set, Bayes Post-hoc adjustments (H)
factor, equivalence (F)

Receive explanations Dynamic algorithms based on influence Static textbook explanations
diagrams (F) (H)

Evaluate study and Likelihood de-biasing (F) Quality inventories (H)

statistical quality

Synthesize multiple Confidence profile method, Bayesian Meta-analysis; Cochrane trial

studies meta-analysis (H) banks (F)

View beliefs of the Archived priors (F) Post-publication peer review

community (H)

Protect authors’ Likelihood function (F) Sufficient statistics (F)

investment

Provide enough Information defined by decision problem  Sufficient statistics,

information F) Outcomes research (F)

Make authoring easy Applet libraries Current program of education

and tool-provision

Table 2-2. Bayesian specifications for readers and authors [Lehman 2000] Note: (F) indicates
formal solution; (H) indicates heuristic solution.

premature infants in a Level Il neonatal intensive care unit, a physician may decide that if
administering adenosine did not raise the PO2 more than 10 mmHg higher than the control, the
potential drug side-effects do not significantly outweigh the drug efficacy. Lehman et al.'s work

envisions more sophisticated models for proportions, time series, and multivariate regression.
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Their simple probabilistic model is not complete as much work still needs to be done on assessing
priors. In the end, Lehman et al.'s work challenges the electronic publishing community on how
the process of reporting data can or will change the language of discourse between investigators

and research.

Bayesian considerations are also provided by the Food and Drug Administration (FDA). The FDA
created a document for guidance in using Bayesian statistics in medical device clinical trials
[CBER 2010] and is encouraging the use of Bayesian methods by providing the requirements for
planning a Bayesian clinical trial. As always, good trial design is a necessary requirement for
Bayesian statistics, including selection of relevant endpoints and the selection of appropriate
controls. Next, similar to Lehman et al.'s list of specifications, the appropriate prior information
is required to incorporate analyses correctly. Sources of prior information can include clinical
trials conducted previously, patient registries, clinical data on similar interventions, and pilot
studies. Prior distributions based on data are easiest to evaluate. Another requirement is the
appropriate sample size and/or a criterion to stop the trial. The sample size is dependent on the
variability of the sample, prior information, model used, distribution of the parameters, and the
decision criteria. In general, the required sample size needs to be sufficiently large. In frequentist
clinical trial design, sample size is determined in advance and the trial needs to go until completion.
In the Bayesian approach, any particular criterion can stop the trial because at any point during the
trial, the predictive distribution can be obtained and is not dependent on the sample size. Another
requirement is a thorough evaluation of the operating characteristics in the planning stage, such as
Type | and Type Il errors. For example, Type | error inflation can occur when large amounts of

valid prior information may be more acceptable than others that are irrelevant or statistically
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inappropriate. This list, while written for clinical trials involving medical devices, can be adapted

to clinical trials in the target domain.

2.7 Summary

This dissertation relates to the development of an improved representation for information
presented in clinical trial studies. The representation described in this dissertation assists readers
of RCTs, including clinicians and researchers, in understanding the context of numerical data to

support quality assessment and clinical trial knowledge inferencing.
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Chapter 3 - Specifications of the Representation (SA-1)

3.1 Overview of SA-1 Tasks

Specific Aim 1
To specify a logical representation to concisely synthesize fragments of information
found in clinical trial reports, such that users can readily understand the context of
numerical data, follow the flow of the study, and assess the quality of the study.

In this chapter, | explain the development and specification of my structured representation
focusing on abstracting fragments of information, such as primary outcomes, statistical tests, and

survival analyses from within clinical trial reports.

The general approach for developing the representation included the following: 1) identifying
users and domain; 2) formalizing the functionality of the representation by sampling representative
queries; 3) considering existing methods and incorporating existing knowledge sources such as
ontologies for lung cancer; and 4) organizing and linking data elements, processing modelling
steps, domain knowledge and analysis methods. The approach taken has involved working closely

with domain experts, informaticians, and programmers; and many rounds of iterative design.

3.2 Identification of Users and Domain

The specification for a representation should be motivated by what targeted users are interested in
modeling. In other words, the representation serves as a surrogate within a computer to model the
essential information required by a given class of users and within the scope of some domain of
reality [Sim 2010]. To gain insight on information required by a given class of users, | studied a

specific clinical research group at UCLA consisting of clinical researchers, informaticians, and
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biostatisticians in their attempt to synthesize the primary literature in the domain of lung cancer. |
chose this group because members use medical research literature as the primary source of
information, and individuals are required to make decisions based on synthesized evidence. To
ensure that the representation supports user needs, a study for functional requirements was
performed. The result of this functional requirements analysis was a table of evidence collected

by a member of this group on clinical literature.

To narrow down the scope of the domain, | explored the needs of the lung cancer community,
looking at both diagnostic and therapeutic trial studies. Lung cancer is a major health problem and
is the leading cause of cancer-related deaths in the United States. In 2012, there were 86 740
deaths due to lung cancer in men, and 70 759 in women. An expected 158 040 Americans, in
2015, are predicted to die from lung cancer, making up 27% of all cancer deaths [CDC 2014].
Despite strategies for smoking cessation, the population at risk for lung cancer continues to grow.
Diagnostics studies were chosen because most persons with a diagnosis of symptomatic lung
cancer ultimately die of this disease [NLST 2011]. One diagnostic trial, the National Lung
Screening Trial (NLST), was selected because it was a large multi-center study involving 33 US
medical centers, enrolling 53 454 persons, and collecting computer understandable data on
hundreds of variables. NLST compared two ways to screen for early signs of lung cancer: low-
dose helical computed tomography (CT) vs. standard projectional chest x-ray [NLST 2011].
Because the NLST is a multicenter randomized controlled trial (RCT), it had more than adequate
statistical power to detect a modest reduction in lung cancer mortality. Tumors characteristics
were defined using variables, such as diameter, consistency, margins, etc.; and were

unambiguously represented with numerical values or pre-defined categories. The contributions of

41



this trial are not only related to defining a measure of benefit for a test that can reduce lung cancer
mortality, but also included subsequent publications including feasibility studies, psychosocial

issues, study design and technical issues [Aberle 2008, Black 2007, Aberle 2011].

Therapeutic clinical trial reports were narrowed down from general lung cancer to non-small cell
lung cancer (NSCLC). Non-small cell lung cancer was chosen for its abundance in the number of
clinical trial studies and its complicated biological nature. Most NSCLC patients, if left untreated,
have a median survival of 4-5 months after diagnosis and a less than 10% chance of one-year
survival [Sharma 2007]. Because of its association with malignant proliferation during the
development of lung adenocarcinoma cells, the epidermal growth factor receptor (EGFR) pathway
is critical for therapeutic solutions. EGFR is part of the ErbB receptor tyrosine kinase family,
which is often deregulated by cancer cells making it a validated target for anticancer therapies.
Thus, small molecule reversible inhibitors specific for EGFR have great potential for clinical
benefit [Price 2010]. Unfortunately, the clinical benefit of the EGFR-tyrosine kinase inhibitors
(TKIs) has an added layer of complexity in that it is limited by primary and acquired resistance.
Patients who initially respond to EGFR TKIs develop acquired resistance after a median of 12
months [Yap 2010]. With the number of biological parameters and surrogate observations to
include, write-ups of therapeutic trials are often dense and study details can be complex and

difficult for readers to follow.

3.3 Functional Requirements

Following identification of users and scope specifications, the next step was to perform a

functional requirements analysis. The main goal of the functional requirements step was to
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identify the information needed in the representation. This essentially involves understanding
what types of queries the representation is intended to support, including necessary inferences,

using a two phase process.

In the first phase, a set of “competency questions” were created to drive the design of the
representation. An important first step in this phase of my research was to establish a steering
committee consisting of three informatics professors, two biostatistician professors, and a clinical
researcher in lung cancer (Figure 3-1). To gain familiarity with the general needs of a specific
class of users, a comprehensive review of publications on utilizing evidence within clinical trial
reports was conducted. Following the literature review, possible query items were collected and
organized into categories. The steering committee provided overall guidance and also facilitated
the identification of other individuals who routinely read clinical trial reports and analyze its
evidence. These individuals helped to form small panels for several rounds of discussions related
to the evolution of the required functional requirements. These discussions occurred over several

months.

The meetings resulted in a set of compiled queries from free-form discussions. The intent was to
create a “most-frequently asked” list of questions when looking at a clinical trial report from the
perspective of the targeted users. Participants were asked at various stages of investigation to
provide feedback of the relative importance of possible questions. Following these discussion, the
list of queries was revised and circulated to the steering committee to ensure that it reflected
relevant discussions. Study quality queries were broken down into categories relating to: 1)
general information about the clinical trial study design; 2) clinical information necessary for

specific patient case; and 3) statistical information on the strength of the trial. Query items related
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to study design and analysis are listed in Table 3-1, and query items for disease modeling and EBM

application concerns are listed in Table 3-2.

® Reviews
] publications on Collected all L Finalized the
= s . : Narrowed list into :
£ utilizing evidence |—» possible query cateqories categories and
E within clinical trial items 9 query list
O reports
2 A
=
@
2
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= £ each categories and
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» 8

Figure 3-1. Flow chart of requirements analysis

The second phase of the functional requirements task was to observe how an existing research
group in lung cancer attempt to summarize clinical trial studies. For this task, | reviewed the
content, organization, and framework used by Professor Denise Aberle’s research group. The
primary tool was a spreadsheet used for recording hypotheses, statistical methods, results,
confidence intervals, etc. Different worksheets organized the information contained in the
background, methods, results, and discussion sections of a paper. Figure 3-2 shows an example
from this research group and their attempts to capture the knowledge from a paper for the purpose

of evidence based medicine.
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Target queries for study design and analysis

What is the hypothesis?

Is the hypothesis one-sided or two sided?

What is the type | and type Il error assumed in sample size calculations?

What is the trial design?

What are the specific conditions of the subgroups?

Have known confounders been appropriately controlled for?

How many patients were lost to follow-up, discontinued treatment, etc.?

What patient data is missing?

Does the sample size population match actual number of patients sampled?

Do post-hoc analyses address the sampling issue?

What is the data set associated with a particular statistical test?

What is the statistical test for a particular data set?

What statistical measure is to characterize the difference between two time-oriented curves? (example
Bayesian statistic)

What is the p-value associated with the null hypothesis?

What is the threshold for p-value significance?

What is the estimated effect size for significant p-values?

What is the hazard ratio and confidence interval associated with the intervention?

Table 3-1. Sample of target queries for study design and analysis

Target queries for class disease modeling

What is the causal mechanistic hypothesis?

What are the various contextual factors that can affect the study hypothesis?

What is the context implicit in a stated frequency (probability) stated in the trial paper?

Can we estimate posterior probabilities from p-values or other reported information?

How do we estimate specific conditional probabilities required in the EBM model from the partial statistics
reported in clinical trials?

How do we synthesize nodal relations indicated from multiple studies?

How can we estimate Bayesian parameters from orthodox statistics? (i.e., Bayes factor)

Do the clinical characteristics from this study's patient population apply to my patient's clinical
characteristics?

Avre results from the study generalizable to my patient?

Is this study too population-orientated for my patient?

What are the adverse effects associated with an intervention?

Table 3-2. Sample of target queries for class disease modeling
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Figure 3-2. Early attempts by a UCLA research group to organize clinical trial literature in lung

cancer (courtesy of Professor Denise Aberle)



3.4 A Situational Ontology for NSCLC Clinical Trial Reports

This section is drawn mainly from my work published in the paper below:

Tong M, Taira RK. “Improving the accuracy of treatment descriptions in clinical
trials using a bottom-up approach,” Proc of the American Medical Informatics
Association Fall Symposium, pp.1393-1402, 2012.

Clinical trial reports commonly have complicated therapy descriptions that are written in free-text.
Not only are administration details important, details regarding protocol changes must be described
clearly for reproducibility and quality assessment. Many times, this information can be
imprecisely or incompletely described. An ontology can partially address the issue by making
knowledge more explicit. As part of the dissertation research, an ontology of important
specification topics related to clinical trials was developed for the domain of non-small cell lung

cancer (NSCLC).

The purpose of this ontology is to standardize variables that appear in a clinical trial study for
single study exploration and for across study comparisons. The situational ontology defines in a
standardized way the concepts and vocabulary used in the domain of NSCLC clinical trials. To
construct the situational ontology for NSCLC related clinical trial reports, | used both a top-down

and bottom up approach.

3.4.1 Top-down Ontology Development: Adapting Existing Ontologies

A top-down approach starts with a general concept and translates that concept down to more
detailed elements. For example, the methodology described in a clinical trial report includes drug

interventions, which can then be described by drug type, frequency, and dosage. The top down
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approach insures the generality and coverage to produce a robust ontology. The top-down
approach usually starts with assessing and adapting, as necessary, the content of existing
ontologies and knowledge sources. To develop the situation ontology for the proposed
representation, | first extended pre-developed ontologies. In particular, | heavily borrowed
ontological entries from the RCT schema [Sim 2004, Sim 2010], which is the most well-
established knowledge source for specifying clinical trial summaries. RCT Schema consists of
four top-level tasks and 62 subtasks that assist with standardizing the systematic reviewing task
for clinical trials. These items relate to a trial's design, execution, administration, and results; and
served as a base information model for my application. Other concepts specific to lung cancer were
pulled from the Unified Medical Language System and the National Cancer Institute’s Thesaurus

(NCIT) [Ceusters 2005].

After the initial iteration of the ontology’s development, the next iteration involved augmenting
the ontology with elements gathered by human experts. To accomplish this task, I chose a test
paper outside NSCLC, but within the oncology domain, to assess the ontology’s adherence to the
CONSORT RCT guidelines [Cloughesy 2008]. Three expert readers were asked to determine
important elements of this report. Each expert reader identified elements alone without the
influence of the other two readers. Afterwards, the expert readers gathered all elements and
modified each element until a consensus was achieved. The master annotation list was compiled
and the database schema was developed (Figure 3-3). The database schema was divided into
several tables: hypotheses, recruitment, experimental procedures, raw data, statistical methods,

and interpretations.
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¥ paper_id INT(11)

< dinical_trial_jd INT{11)

< year INT{11)

s pri_author VARCHAR(50)

< other_author VARCH AR (100)
> paper_fitle V ARCHAR.(500)
“journal _fite ¥ ARCHAR{100)
< root INT(11)

“yd INT{11)

< no INT{11)

< page_strt INT{11)

<> page_end INT{11)

ii

“ yariable_id INT {11}

< yariable_type VARCHAR(10)

< yariable_name VARCHAR({100)

< property_of_variable VARCHAR(45)
7id ternp INT(11)

7] variable_values

< yariable_id INT({11)
“event_id INT{11)

< yariable_value VARCHAR{250)
< figure V¥ ARCHAR.(45)

2 paper_id INT(11)
' variable_value_jd INT{11)

i

" hypothesis_id INT{11)
< paper_id INT(11)

“ hypothesis V ARCHAR{400)
< event_root INT(11)

< from _node INT{11)
“ to_node INT(11)

< |zbel VARCHAR{200)
¥ branch_id INT(11)

" statmethod_id INT(11)
“inputl v ARCHAR{ 150)
< input2 VARCHAR{ 150)
O stat_test VARCHAR(50)
3 putput1 V ARCHAR(150)
< putput2 V ARCHAR(150)
< putput3 V ARCHAR(150)
< putput4 V ARCHAR(150)
Uyduel INT{11)
ydue2 INT({11)
ydued INT({11)
ydued INT(11)

2 condusion VARCHAR{250)

Figure 3-3. Base data schema for representation
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¥ event_ID INT(11)

< event_type VARCHAR(50)

“row INT{11)

ool INT(11)

< samplesize INT{11)

< event_smallname VARCHAR{100)
< timepoint V ARCHAR(50)

< event_longname Y ARCHAR{ 100)
Indexes

Ll

¥ hypothesis INT(11)
“ interpretation V ARCHAR{250)

Indexes

< hypothesis_jd INT(11)
< variable_id INT (11}
Vid INT(11)

“ hypothesis_jd INT(11)
< statmethod_id INT(11)
Tid INT(11)




While the top-down approach generated an initial base data schema, it contained many
disadvantages. Despite being a solid base for data modeling, RCT Schema lacks standardization
of some field values and the ability to add more granularity. Specific to treatment and intervention
concepts, although there is a list of important intervention attributes (e.g., drug name, dose, method
of administration, timing and duration of administration, conditions under which interventions are
withheld, and titration regimen), the RCT model does not standardize their values and there is no
scoring criteria for how clearly and completely this information is to conveyed. For example, the
“Interventions-Concept Class” does not allow for detailing treatment descriptions as a sequence
of steps and/or with decision points. These types of information are crucial for a knowledge source
that is to guide evidence-based medicine practices. Thus, part of this dissertation work involved a

more precise modeling of treatment descriptions.

3.4.2 Bottom-Up Ontology Development

In contrast to the top-down approach, the bottom up approach starts with a search of concepts from
source documents and fills in missing entries and details with respect to the base ontology. The
bottom up approach involves building up the ontology to include a more comprehensive
compilations of concepts for the domain of NSCLC and is used to identify gaps in each aspect of
the base ontologic model. For example, concepts such as "grade 3-4 dyslipidemia™ and "6 cycles"
mined from a sample of RCT papers (see below) have been grouped into toxicities and dose cycle
classes, respectively. Similar to the top-down approach described previously (section 3.4.1), three
expert reviewers assisted in the ontological curation of terms found in the various sections of the
clinical trial reports using the same paper as before [Cloughesy 2008]. Reviewers identified and

documented entries individually. The terms from the three reviewers were collected as the results,
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and | used these entries to define concept classes as necessary and merged lexical variants into a

master lexicon.

Following iterations involved further ontology development for areas where the representation was
lacking. The goal of this structured representation was to capture the essential elements related to
recruitment, steps of the experiment, the data collection process, the analyses, and the conclusions
in a logical and consistent manner. A detailed description of one area which existing knowledge

sources were deficient (interventions) is described in the next section.

3.4.3 Ontological Classes for Intervention: An example

Knowledge from RCT studies provide evidence related to the effectiveness of particular therapies.
Therefore, it is important to clearly define the precise course of therapies, including change to the
drug regimen. Despite efforts to control for regimen changes, many RCTs do not follow the initial
therapies planned. Unexpected events can occur when conducting the study, resulting in
differences in patients' treatment interventions. Discontinuities in treatment can occur, as well as
individualized care from the clinical team. Another hindrance toward the precise specification of
therapies occurs at the reporting level. The prevalence of incomplete protocol reporting is high,
again often lacking details related to all outcome categories and/or protocol changes. These two
reasons motivate the need for a more detailed therapy ontology. The utilization of a common
standard ontology for treatments makes knowledge more explicit, helps detect missing data or
errors, and promotes interchange and replication of treatments leading to better interpretation of

patient results since treatment conditions can affect clinical outcome predictions such as survival.
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Researchers and/or biostatistician can also then more easily assess the validity of the assumptions

of the experimental design.

3.4.3.1 Document Corpus

The first step of the bottom-up process following the previous iteration was to collect a set of
representative RCT papers for the selected domain. A PubMed search was conducted to identify
clinical trials on NSCLC to serve as a set of representative reports for ontology development. The
PubMed search constraints included the combined keywords related to RCTs (i.e., "clinical trial"
AND “Phase 1") and keywords related to the domain topic (i.e., “lung cancer” AND "non-small
cell" AND "EGFR"). Ithen systematically reviewed each article that matched the search. Review
and case-study papers were excluded and papers without access to full text in English were
excluded. There were 28 remaining articles included in the ontology development. The remaining
papers used in ontology development included 16 unique drug therapies. 13 (46%) of the trials
used more than one drug. The most common drug for EGFR used to treat NSCLC patients was
erlotinib, used by nine trials. 15 (54%) used a combination of two drugs. No trials used a
combination of three or more drugs. | observed and noted several new stopping conditions. The
most common stopping conditions was disease progression, and grade 3 or 4 toxicities. The most

common protocol change action is dose reduction.

3.4.3.2 Term ldentification

From the set of 28 documents from our development corpus, expert reviewers were asked to

identify two categories of therapy-related terms: 1) treatments; 2) conditions that can affect the
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course of treatment. An excerpt from the paper by Price et al., 2010 will be used as a running

example to illustrate the process [Price 2010]:

"After obtaining informed consent, patients were treated with gefitinib 250 mg daily and
everolimus 5 mg daily as determined in our earlier phase | study. Dose reduction of
everolimus to 2.5 mg daily was allowed for toxicity not managed by optimal supportive care.
Dose reduction of gefitinib to 250 mg every other day was allowed for side effects
attributable to gefitinib. Dose interruption of both everolimus and gefitinib for grade 3 or 4
toxicities was allowed until resolution of the toxicity (< grade 1). For grade 3 or 4 skin
toxicity, dose interruption of gefitinib only was allowed with continuation of everolimus
unless the toxicity did not resolve within 1 week. For grade 3 or 4 dyslipidemia, dose
interruption of everolimus only was permitted. Patients with grade 3 or 4 toxicities that did
not resolve in 2 weeks were removed from the study."

Examples of the drug treatments can be seen in the first sentence of the excerpt: everolimus and
gefitinib, with dosages of 250 mg daily and 5mg daily, respectively. Examples of the conditions
that can affect the course of treatment are seen in the sixth sentence describing the stopping
condition “grade 3 or 4 dyslipidemia” along with the intervention that was stopped, the
“everolimus drug regimen.” The ontology also handled more complicated sentences such as the
fourth sentence. This sentence contains two stopping conditions, “grade 3 or 4 skin toxicities”” and
“toxicity lasting more than one week.” The resulting intervention process depends on both

stopping conditions.

3.4.3.3 Class Definitions

| organized the classes related to therapy into four classes with a total of 26 attributes, building on

top of the base ontology model (see Figure 3-4).
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gl

Intervention

intervention-name : String
text-of-intervention : String
drug : Drug[ ]

stop-for : Stop_For
next-step : Intervention

Stop_For

AV

type-of-stop-for : Stopping_Condition
text-of-stop-for : String
new-intervention : Intervention[]

Drug

Admin_Method

drug-name : String

description : String

max-dose : Value
max-dose-unit : Dose_Unit
administered : Admin_Method[ ]

administered-method : String
administered-when : String
administered-with : String
dosage : Value

dosage-unit : Dose_Unit

drug-cycle : Value
drug-cycle-unit : Time_Unit
duration : Value
duration-unit : Time_Unit
frequency : Value
frequency-unit : Time_Unit
repeat : Boolean
repeat-until : String

Figure 3-4. Data ontology for therapy intervention

e The Intervention class describes the events in a drug regimen. Because a drug regimen can
have two or more drugs, the Intervention class is allowed to have multiple instances of
drugs, each drug described by the Drug class. Because | was modeling interventions as a
list of ordered events, each intervention event points to the next intervention event. Each
intervention includes stopping conditions and subsequent changes in protocols. In
addition, the Intervention class can be labeled with a name and description.

e The Drug class describes all information needed to replicate every administration detail of
a particular drug, including administration method, dosage, drug cycles, duration, and

frequency. The Drug class can contain multiple instances of administration methods,
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capturing the various ways a drug can be administered. For instance, a drug can be
administered daily, weekly, or monthly, as well as in different dosages.

Each instance of the Admin_Method class describes one type of administration. Each drug
can have various methods of administration. See Table 3-3 for attributes and example
instances for this class.

The Stop_For class describes the stopping conditions. Typically, drug regimens have
complicated protocols to discontinue or change the use of a drug. Each Stop_For class is
allowed multiple instances of the Stopping_Condition class (not shown in Figure 3-4). A
standardized list of stopping conditions can be found within the Stopping_Condition class.
When describing why the intervention changes, both the stopping condition and the new
intervention needs to be captured. An example can be seen when protocols change due to
participants showing grade 3 toxicities, such is the case for sentence 5 in our running
example. The appropriate stopping condition is selected from a pre-defined list, and the

protocol changes are described as a new intervention.

3.4.4 Example Data Representations for Intervention Class

In this section, | provide some example representations for the example excerpt from Price et al.

(previously shown in section 3.4.3). In the excerpt, the text describes an intervention (here labeled

“Interv_1"") which can have five different stopping conditions, and subsequently, each stopping

condition leading to a modified intervention as illustrated in Figure 3-5. Note in the figure that

after “Interv_2,” there is a stopping condition labeled “Stop_For_6,” after which, the original

intervention is reinstated. By portraying interventions as a process of events, the system is able to
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Attribute
Name

administered-
method

Description

Method of drug delivery

Example Entry

"Orally", "IV"

Administered-
when

Any addition information describing
when the drug was administered

"Before breakfast"

administered-  Co-delivery agents. This can include "250 mL saline"
with other drugs or non-active ingredients.
Dosage Dosage of the drug. 250
dosage-unit Dose_Unit object containing
information "mg"
drug-cycle Length of a drug cycle, defined by 2
drug-cycle- trialists. This is different than the Time_Unit object containing
unit frequency property. For example, drug information "week"
can be administered every day, however,
the drug cycle can be defined for 2
weeks.
duration Duration of drug infusion. This isuseful 90

duration-unit

to describe iv drugs, and is usually null
for orally administered drugs.

Time_Unit object containing
information "min"

frequency

frequency-unit

Frequency the drug was administered.
This usually takes the form of daily,
weekly, etc.

1

Time_Unit object containing
information "day"

repeat

repeat-until

Answers the question: Was this drug
pattern repeated? Allows for the entry
for how long an event is repeated for

TRUE

6 cycles

Table 3-3. Attribute list of the Admin_Method class and example entries

better describe deviations from the initial protocol. For example, one can see an error if the
intervention after a stopping condition matches the intervention before the stopping condition. In
Figure 3-5, | notice that each modified intervention is different, as noted by a unique label

identifier.
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Interv_1
“Starting Dose™ |-

Stopping_Condition_0249
| “Grade 3 or 4 skin toxicities” “Dose interruption of

gefitinib only

Interv_2

Stopping_Condition_0006
“Resolved toxicities within
1 week”

Stopping_Condition_0034
“Other Grade 3 or 4 toxicities”

Interv_3
“Dose interruption”

Stopping_Condition_0007

“Resolved toxicities™

Stopping_Condition_0052
“Grade 3 or 4 dyslipidemia™

Interv_4

“Dose interruption of everalimus only” ‘

Stopping_Condition_0152
“Unmanageable toxicity”

Interv_5

“Dose reduction of everolimus to 2.5mg” ‘

Stopping_Condition_0421
“Side effects attributable to
gefitinib®

Interv_6&

“Dose reduction of gefitinib to 250 mg

every other day”

Interv_1
“Starting Dose™
Interv_1
“Starting Dose™

Figure 3-5. Modeling of an initial intervention with various treatment modifications

Details of the “Interv_1” instance representation for the excerpt are given in Figure 3-6. Recall

sentence 1: “patients were treated with gefitinib 250 mg daily and everolimus 5 mg daily as

determined in our earlier phase I study.” This sentence mentions two drugs, gefitinib and

everolimus. Hence, the representation instantiates two instances of the Drug class,

“Drug_gefiti_1" and “Drug_everol_1.” For each drug then, an instance of the Admin_Method

class was created to account for administration details.

Interv_1

intervention-name : "Starting Dose”

drug : Drug_Gefiti_1, Drug_Everol_1

text-of-intervention : "After obtaining informed consent, patients were..."

stop-for : Stopping_Condition_1, Stopping_Condition_2, Stopping_Condition_3, Stopping_Condition_4, Stopping_Condition5

Drug Gefiti_1

Drug Everol_1

drug-name : gefitinib

administered : Admin_Method Gefiti_1

drug-name : everolimus
administered : Admin_Method Everol 1

Admin_Method Gefiti 3

Admin_Method Everol 3

dosage : 250

dosage-unit : Dose_Unit_1
frequency : 1

frequency-unit : Time_Unit_1
repeat : TRUE

Dose_Unit_1

Dose_Unit : mg

Time Unit 1

Time_Unit : day

dosage : 2.5
dosage-unit : Dose_Unit_1
frequency : 1

frequency-unit : Time_Unit_1

repeat : TRUE

Dose_Unit_1

Dose_Unit : mg

Time Unit 1

Time_Unit : day

Figure 3-6. Modeling of drug and administration details of initial intervention
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Stopping_Condition_0249 |

Stopping_Condition_0034 |

Stopping_Condition_0052 |

Stopping_Condition_0152 |

Stopping_Condition_0421 |




To illustrate how the stopping conditions work, consider the sentence: "Dose interruption of both
everolimus and gefitinib for grade 3 or 4 toxicities was allowed until resolution of the toxicity (<
grade 1)." This sentence contains a two-step stopping condition. In the first step, the stopping
condition is the appearance of grade 3 or 4 toxicities. In the second step, the stopping conditions
can be lifted if the toxicities resolve to grade 1 or better. Focusing on the first step, an instance of
Stopping_Condition called “Stopping_Condition_0034” is instantiated. "Grade 3 or 4 toxicities"
is assigned for the type property. In the new-intervention property, a new instance of Intervention
was created called “Interv_3” (Figure 3-7), which was populated in a similar manner as “Interv_1.”
In the second step, toxicities resolve, the dose interruption terminates and the original treatment
continues. Note that the Stopping_Condition class defines not only stopping constraints, but can
also be generalized to any changes in patient status, such as the resolution of toxicities. An instance
of Stopping_Condition called “Stopping_Condition_0007" reflects this state. The type property
is "resolved toxicities", and the new-intervention property is “Interv_1,” which corresponds to the

original intervention.

Interv_3

intervention-name : "Dose Interruption”

textof-intervention : "Dese interruption of both everolimus and gefitinib...”
drug : Drug_Gefiti_3, Drug_Everol 3

stop-for : Stopping_Condition 0007

Stopping_Condition_0034
type : Condition_00013
new-intervention : Interv_3

Condition_00013

Type : "Grade 3or 4
toxicities"

Stopping Condition_0007

Drug Gefiti 3

Drug Everol 3

drug-name : gefitinib

administered : Admin_Method_Gefiti_3

drug-name : everdlimus

administered : Admin_Method_Everol_3

type : Condition_00007
new-intervention : Intery_1

Admin_Method Gefiti_3

Admin_Method Everol 3

dosage : 0

dosage-unit : Dose_Unit_1
frequency - 1

frequency-unit : Time_Unit_1

Dose_Unit_1

Dose_Unit - mg

Time_Unit 1

Time_Unit - day

dosage : 0
dosage-unit : Dose_Unit_1
frequency - 1

frequency-unit : Time_Unit_1

Dose_Unit_1

Dose_Unit - mg

Condition_00007
Type : "resolved
toxicities"

Time_Unit 1

Time_Unit - day

Figure 3-7. Modeling of stopping conditions
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3.4.5 Process Model Representation of Clinical Trial Experiment Design

In designing a logical representation for clinical trial reports, a major issue in current efforts has
been the lack of context for numerical information. Thus, understanding how a particular quantity
is derived is of high methodological importance to arrive at the proper interpretation. To capture
information on context, the overall experiment design flow is represented using process modeling
techniques. Note that in section 3.4.3 and section 3.4.4, the use of process modeling was
introduced in the context of capturing stopping conditions and their resolution. The process model
documents the flow of events and populations associated with the clinical trial. Generic RCT event
and decision template nodes were defined, examples include general population, sampling pool,
decision boxes, recruitment criteria, control arm, intervention arm, randomization methods, etc.,
similar to [de Carvalho 2010]. Selected Unified Modeling Language (UML) activity diagrams

served as the workflow specification language [Dumas 2001].

Process modeling methods were incorporated to characterize experimental design flow. The
process model contains several types of building block elements (Table 3-4). The most common
elements include: populations, eligibility criteria, and events. Ellipses are used to represent
populations of individuals. Diamonds are used to represent decision nodes that affect the sample
size number, such as eligibility criteria, discontinued treatment, etc. Rectangles indicate
interventions and observational procedures related to hypothesis testing. Example interventional
and observational procedures include genetic screenings, surgical interventions, drug cycles,

imaging modalities, study end points, etc.
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Element Description Example

Ellipses Populations of Individuals Starting Population, Control, Low Dose Bev,
High Dose Bev
Diamonds  Decision nodes and stopping conditions No Prior Chemotherapy, Stage Il or IV
Cancer, Other Inclusion/Exclusion Criteria
Rectangles Interventions and Observational Imaging, Survival, Bevacizumab 15mg/kg
Procedures

Table 3-4. Description of symbols used in the process model

The steps performed in the clinical trial study relevant to understanding the context of recorded
data are represented using the elements and linkages of a process model. Each step in the
experimental procedure of a clinical trial study is labeled as an element and are linked to the
following steps, which are represented as elements. The process model does not give a full
specification of how to perform the experiment but instead gives a high level summary with

enough detail to describe the full context for an assigned variable.

The linkages between process model elements allow node elements within the same pathway to
be extracted, and has implications for recovering context. For a selected node element, a back-
tracking algorithm transverses the process model following the semantics of the linkages heading
towards the “Starting Population” node. The full path with respect to the starting population
creates a subset of nodes, and information related to this subset is collected. The information
maintained by the system for each node elements extracted is necessary to describe the context
(e.g., population arm, the sample size of the population, randomization techniques, and
ascertainment methods) for measurements performed at a given step in the process model. This is

further described in section 4.4.
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A specific use case of the process model for experimental procedures is demonstrated for Johnson
et al [Johnson 2004]. The process model displays the recruitment period on the left and the
inventions and observations on the right (Figure 3-8). The first node on the left is labeled as
“Starting Population.” The node is connected to three diamonds, each corresponding to a separate
exclusion rule. Three exclusion rules determine patients eligible for the trial. The first filter is the
presence of Stage I11/1V cancer, the second is no history of prior chemotherapy, and the third is a
combination of other exclusion criteria. After applying these three exclusion rules, the final set of
participants is obtained. In the center, this set of participants is randomized into three study arms.
Each row in the process model represents its own study arm. In our running example, the study
arms are control, low dose, and high dose. Following randomization, the right side displays
experimental procedures referred to as a sequence of events. The sequence of events branch from
each population node displaying only the interventions specific to each study arm. For our running
example, interventions were either 7.5 mg/kg Bevacizumab, 15 mg/kg Bevacizumab or no drug.
After intervention, tumor status was measured, following that was survival, and lastly, adverse

events.

No Priar Gycle 3, 8,10

week1
rmeets eligikility %3 weeks: Y 14,18 Every 2 months
eria

No Tumor .
n,ﬂ Bevacizumab H Status H Survival H Safety |
Starting yes /\ yes /\ yes /\ yes
Population Y Y Y = Low Dose Bev g
exclude exdlude

High Dose Bev

Stage [IIB/V,
recurrent NSCLC

h .
Raliotherapy

Bevacizumab H Tumor

7.5mgfkg Status Survival H Safety |

Bevacizumab Tumor Survival Safet
15mglkg Status ¥

Figure 3-8. Example process model of experimental procedures

An example of the process model used for capturing drug intervention details is demonstrated and

derived from Price et al. 2010. The process model illustrates how treatment interventions were
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described based on the free-text (Figure 3-9). The starting intervention is given to all patients.
The starting intervention is modified as patients experience complications such as grade 3 or 4
toxicities or side effects. The intervention is changed accordingly if other toxicities result or are
resolved. One advantage of using the representation model is having the ability to characterize
modifications of one protocol that were initially applied to all patients, with modifications typically
occurring due to individual patient complications. Another advantage is the ability to pinpoint
missing detail in the protocol. In this trial, a stopping condition is mentioned, but the resulting
dose reductions were not specified. This research thus helped to address documentation issues
that should be included in standardization of treatments written in a set of clinical trial reports for

a target disease.

SC_0249 SC_0034 SC_0052
“Grade 3 or 4 “Other Grade 3 “Grade 3 or 4
skin toxicities” or 4 toxicities” dyslipidemia”
Interv_1 /\"0 /\ no /\“5 “Dose Ilrlr:;rr\;a4tion of
“Starting Dose” - - - i i
everolimus only’
yes yes ne
SC_0034
“Unmanageable 4
toxicity % Interv_5
Interv_2 Int 3 “Dose Interruption of
“‘Dose interruption of u merv_s N no . P "
e . Dose Interruption everolimus to 2.5 mg
gefitinib only

SC_0006
“Resolved

SC_0007
toxicities within “Resolved
1 week” toxicities” no
SC_0421 “Side nterv 6
yes effects yes “ = ..
| “Dose Interruption of
attributable to —>) P

gefitinib to 250 mg

gefitinib” no every other day”

Figure 3-9. Fragment of the process model for the excerpt
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3.5 Representation of Constraints, Observations, and Statistics

The assignment of categorical, logical, quantitative values and qualitative descriptions is often
difficult to locate in current free-text reports and lacks standardization in terms of data type and
level of granularity. In this section, I discuss the representation used for recording information
within the context of the experimental design. | am concentrating on numerical information
because it has been the least studied and because it is important for study quality assessment and
evidence-based medicine; however, the same general methodology was applied to categorical and

logical information.

This section is drawn mainly from my work published in the paper below which received a 2™
place best student paper award at the 14" World Congress on Medical and Health Informatics,
Copenhagen, Denmark, 2013:
Tong M, Hsu W, and Taira RK. “A formal representation for numerical data
presented in published clinical trial reports,” Proceedings of the International

Medical Informatics Association 14th World Congress on Medical and Health
Informatics, Stud Health Technol. Inform. pp. 856-860, 2013.

Additionally, a week-long computer exhibition of a prototype of the system was presented at the
98" Scientific Assembly and Annual Meeting of the Radiological Society of North America,
Chicago, IL. 2012.

Tong M, Hsu W and Taira RK. “A representation for standardizing numerical data from

clinical trial reports,” RSNA Scientific Assembly and Annual Meeting Bioinformatics
Exhibit, Chicago, IL. November 25-30, 2012.
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3.5.1 Overview of Types of Quantitative Descriptions

Within clinical trial literature, numerical data is essential to understanding and providing the
strength and quality of the clinical trial study. Analysis of numerical data can improve the
interpretation of statistical analysis and allow for means of integrating evidence from different
trials. However, numerical data is not stored with sufficient meta-information for interpretation.
For example, to interpret survival curves, it requires an understanding of the processing steps
leading to the collection of the data. A knowledge representation combining numerical data into
the process of how the data point was generated has not previously been developed. Previous
efforts formalize description of information within clinical trials but do not directly structure

numerical data with sufficient context to describe the provenance of the data.

As a preliminary investigation to understand the types of quantitative descriptions contained in
RCT reports, the types of numbers presented in a report were characterized using a bottom-up and
top-down approach. Ten papers on NSCLC clinical trials were sampled from the primary

99 <6

literature. This was performed using a PubMed search containing the keywords “phase,” “trial,”
“NSCLC,” and “EGFR.” Table 3-5 provides a number of sample text excerpts mainly from [Miller
2008] showing the diversity of situations in which quantitative information is used to describe
various states, properties, trends and probabilities. Numerical values can summarize disease
prevalence, population characteristics (i.e., distributions), estimated measurements, property
constraints, potential errors, and statistical analyses (e.g., p-values, test statistics and confidence
intervals). Trial design/recruitment constraints, for example, include information on eligibility

criteria for participants, periods of recruitment, interventions with sufficient detail, and outcomes.

Collected data includes baseline information on the starting population, as well as baseline data
64



about the populations and data from experimental procedures, which can be further divided into

data about individual patients and data on each population.

Section

Natural language expression *mostly extracted from Miller et al, [Mil08]

Background

Bronchioloalveolar carcinoma (BAC), a subtype of adenocarcinoma, manifest as lepidic
growth of tumor cells along the alveoli without stromal, vascular, lymphatic, or pleural
invasion. Defined in that rigorous fashion, BAC is uncommon, comprising
approximately 1% to 4% of NSCLC

Background

Mutations in KRAS and EGFR are critical to pathogenesis of a large number of lung
adenocarcinomas, are mutually exclusive, and occur in approximately 40% of tumors
from the US and 70% of tumors from East Asian countries

Background

Mutations in KRAS are found in approximately 30% of human lung adenocarcinomas

Background

More recently, mutations in EGFR have been identified in lung adenocarcinoma and
have been associated with response to EGFR-TKI [refs 7, 13, 14]. Mutation in EGFR
occur in 13% of unselected US populations, 33% of unselected East Asian populations,
and overall in 30% of adenocarcinomas.

Background

Expression of the two most common EGFR mutations, exon 19 deletions and exon 21
L858R substitutions, lead to lung adenocarcinomas in mouse model systems.

Background

More recently, mutations in EGFR have been identified in lung adenocarcinoma and
have been associated with response to EGFR-TKI [refs 7, 13, 14]. Mutation in EGFR
occur in 13% of unselected US populations, 33% of unselected East Asian populations,
and overall in 30% of adenocarcinomas.

Background

Expression of the two most common EGFR mutations, exon 19 deletions and exon 21
L858R substitutions, lead to lung adenocarcinomas in mouse model systems.

Results

Prior cytotoxic chemotherapy had no effect on RR, PFS, or OS

Results

Patients whose tumors had an EGFR exon 19 or 21 mutation had an RR of 83%,
whereas in tumors with no demonstrable EGFR mutation, the RR was only 7% (p-value
<.01).

Results

Patients with an EGFR mutation had a longer PFS (13 versus 2 months; P<.01) and a
trend toward improved OS (23 v 17 months; P=.24)

Results

All patients with KRAS mutation failed to respond to erlotinib therapy

Results

EGFR IHC was of no predictive value.

Results

Presence of > four copies of EGFR was identified in one of their patients and was
associated with an RR of 43%. However, in patients who had increased EGFR copy
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number without EGFR mutation, the RR was 8%, similar to the R for all patients
without EGFR mutation (9%).

Results The poor RR and OS in patients with KRAS mutations are consistent with those of
other studies. The poor outcome of lung adenocarcinoma and KRAS mutations has
also been noted inpatients given adjuvant chemotherapy for early-stage NSCLC. Thus
the presence of KRAS mutation may be both an adverse prognostic factor and a
predictor of failure to benefit from erlotinib therapy in advanced disease.

Table 3-5. A sample set of text excerpts from RCT studies

A semantic label and format type were manually assigned to each mention of a numeric quantity.
For the scope of this dissertation, | focused on numbers presented in the trial design/recruitment
process and in the data collection process. Semantic labels describe the numerical data's type and
where in the clinical trial report the number is presented (see Figure 3-10, column 1-2). The
semantic label for numerical data is first divided into “Recruitment/Study Design” and “Collected
Data.” Within “Recruitment/Study Design,” numerical data can fall into the categories of
“Eligibility Criteria,” “Intervention,” and “Measurements.” “Baseline Characteristics” and
“Experimental Procedures” are the two divisions of the semantic label, “Collected Data.” Within
“Experimental Procedures,” data can be further classified as “Individual Data Points” or
“Population Data Points.” In addition to the semantic labels, numerical data can take on a variety
of formats which was also characterized (Figure 3-10, column 3), including: i) table data; ii) graph
data, including axes, x-max, y-max, x-label, y-label, and x-y points for each series; and iii) free-
text statements. The assignment demonstrated the variation and complexity of how numerical data

is used to describe a measurement and how the information is conveyed.
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Labels Format Examples
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Figure 3-10. Typical examples of numerical data, organized by type.
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3.5.2 Hybrid Data Spreadsheet — Process Model Representation Framework

To provide the connection between a data element and its context within the clinical trial design,

a framework for organizing information from the clinical trial report was developed based on a

hybrid consisting of a spreadsheet structure and the process model. The two-dimensional data grid

structure of the representation is similar to a spreadsheet, which is used to specify property values,

data constraints, and observational summary statistics. The rows and columns of the grid

correspond to the following dimensions (Figure 3-11):

Grid Columns (y;): Each column of the grid corresponds to a different node within the
process model. When the process model branches to specify a control arm and one or
more intervention arms, separate columns are designated for each node within each arm.
The maximum number of columns for the grid then correspond to the number of nodes in
the process model. For visualization purposes, the position of a column within the grid
(i.e., column number) contain a unique numerical identifier and the identifier matches

with the node in the process model for which it is linked.

Grid Rows (x;): The rows of the grid correspond to a single variable presented in the paper.
Thus, the number of rows in the spreadsheet correspond to the total inventory of variables
that are mentioned as part of the study. As part of my ontology work, each row then is
linked to an ontological definition within my NSCLC situational ontology. The situational
ontology thus standardizes the row’s label, its unique properties (most properties are

defined by a template — e.qg., size uses a template of dimension number, numeric value, unit
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of measure, dimension name and value assessment), and also its presentation format (see

Section 4.3).

At the intersection of the column and the row of the grid is a cell containing data corresponding to
a procedural step and a standardized ontological variable. The characteristics of a cell within the

spreadsheet area have the following properties:

e The address of the cell (x;, y;) corresponds to a variable (e.g., property), xi, and node y; of
the process model.

e The value of the cell represents the specification or characterization of a variable, listed
in row x;, at a particular process, denoted by a node in the process diagram,

corresponding to column yi.

The instantiation of the value of a cell is tied to the ontological description of the property type
defined by the row number. Thus, the format of the information contained in the cell is flexible
and can in general be very different. A cell can be overloaded to hold 1) patient values for a given
variable (these are often provided for small sample studies); 2) summary statistics (e.g., median,
mean, standard deviation) or graphs; and/or 3) a constraint (e.g., > 18 years of age). Constraints
are specific decision nodes to filter patients, and are commonly present in the recruitment process.
An example of an overloaded cell can be seen in [Johnson 2004]. The cell of a “survival” node in
the control arm and “overall survival” variable is associated with the following characterizations:
distribution of a survival curve, and the mean and median months for survival (Figure 3-12). The
overloaded cell is intended to handle the diversity and level of specificity for which information

within a clinical trial paper are reported.
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Figure 3-11. Hybrid process model — spreadsheet representation for capturing clinical trial
specifics
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Figure 3-12. Contents of a cell for Survival
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In addition to the contents within a cell, additional dimensions of the specification of the property
can be present including: 1) time — within a single node of the process model, there may be a
temporal component to its description (e.g., timeline of dosing schedule); the property of interest
may also have a temporal component; 2) patient index — in recording of patient values, in some
studies, the values on a per patient basis are provided. Thus, in general, a recursive frame-based
representation (a slot value can be the instance of a frame) for each property is used to

accommodate complex descriptions of properties of interest.

In the case of indexing each cell with respect to an individual patient, one can note that the
representation can serve as a data collection template for the execution of an on-going clinical trial.
This was noted by one of my biostatistician collaborators (Prof. Hyun J. Grace Kim) who has been

involved in the design and analysis a number of clinical trial experiments.

3.5.3 Worksheet Area for Statistical Analysis Characterization

The purpose of the hypothesis testing worksheet area is to provide an inventory of all statistical
methods performed in a study and to precisely specify the data, the test statistic, and other
information required to assess how a hypothesis was tested and the quality of the test. One reason
why the detailed context of a calculation is needed is because a statistical significance metric such
as the p-value is not a calibrated value and depends on sample size [Marden 2000, Lin 2011], type
of hypothesis [Goodman 1988], underlying distributions, effect size, and experimental design
[Sestini 2009]. The goal is then to clearly document as much as these dependencies as could be

deciphered from the written trial paper and format this information in a consistent manner.
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The statistical worksheet area captures the essential information used to properly interpret a
statistical analysis. In general, it contains fields that are specialized for each type of analysis
method (e.g., test statistics). The lower portion of Figure 3-13 shows an example instantiation of
the statistical analysis worksheet area in the context of the experimental flow (Figure 3-13, top)
and the data recording spreadsheet area (Figure 3-13, middle). Common types of fields within this

worksheet area include:

e Specification of the null hypothesis — Fields correspond to text form, causal agent, effect
property, sidedness, size of the effect being tested, etc.

e Specification of the test statistic — Fields correspond to the inputs, outputs, and comments
related to the particular test statistic (e.g., log rank test) used to summarize the data. As
part of the ontology development, characteristics of common methods were compiled
including the types of assumptions implicit in the statistical model.

e Data used to calculate the test statistic — Using the fields are captured in the data grid, the
corresponding cells are identified and hyperlinked into the input fields of the test statistic
specification.

e Data from the trial experiment from which the test statistics are derived — The input data
for a test statistic (if reported) can be easily specified as a reference to a cell within the
spreadsheet area of the representation. The cells in the spreadsheet component of the
representation include the population context, as captured by its reference path within the
process model. This querying of the context associated with a cell is described in detail in

Chapter 4.
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e Numerical measure of statistical significance — These fields include measures such as the
P-value, Bayes factor, and hazard ratio.

e Statistical significance of the test — This field includes a statement of the statistical
significant of the test (e.g., reject/fail to reject the null hypothesis)

e Clinical significance of the test — This field includes a statement of the practical

significance of the conclusion.

This separation and clear indication of data, the test statistics, assumptions, and experiment context
was designed to help identify interpretation errors and quality assessment of trial methods [Coultas
2007]. 1 now demonstrate the representation for statistical analyses with an example. Consider

the excerpt from Johnson et al. 2004 [Johnson 2004]:

"Survival for the high-dose bevacizumab arm was modestly longer than the control

arm (17.7 vs. 14.9; p=0.62..."

This hypothesis test compared the survival outcome for a high-dose group and a control group.
Using the log-ranked test, the test demonstrated longer survival time for the high-dose
bevacizumab arm with a non-significant p-value (0.62). Selected details of the hypothesis test are
as follows: 1) the test is the log-ranked test; 2) the input data to the test are survival measurements
from the high-dose group and the survival measurements from the control group; 3) the P-value
summarizes the statistical significance of the hypothesis, and in this example, is non-significant;
and 4) the interpretation of the data was that survival is modestly longer with the high-dose

bevacizumab as compared to the control group.

73



MY HOME Select a pape

Select paper

Randomized Phase |l Trial Comparing Bevacizumab Plus Carboplatin and Paclitaxel With Carboplatin and

Paclitaxel Alone in Previously Untreated Locally Advanced or Metastatic Non-Small-Cell Lung Cancer

Johnson et al.

EXPERIMENTAL DESIGN & RAW D

Select a node for more information

weaki

Hweeksﬁ 14,18 "

Hynothesis 1 To investigate the efficacy and safety of bevacizumab plus carboplatin and paclitaxel in patients with advanced or recurrent non-
yp small-cell lung cancer.
ana.ry Tumor Response Rate, Time to progression
Endpoint
Secondary | . survival, Duration of Response
Endpoint

Cycle 3,

Discontinued
Treatment
From Non-fatal AE

Every 2 months

Death

No Tumor .
Control ) . Survival Safet
Stage 1BV, Mo Prior i B -] Statu: l_‘ L‘ Y (16
e 5oL Radotherapy R Svarema L7 §@) 13) \18)
Starting TN ves AN yes /\ yes \’_ Bevacizumab Tumor .
Population @ £ g @Vé n=32 7.5mglkg Status, — Sumval, .
(8) 1) 14
o no no 2/ &/ -/ <
excuded excluded excluded B - b T
evacizumal umor .
High Dose Bevé-; :Srnlz;kg I—I Status, l—‘ Survival I—‘
9 == 15)
variables | | 2|2 QDNOQIWIW @ ww @ e W @ w|elew e e
Randomization X X X
Baseline Variables| X
Treatment X X X
Tumor Status
(Response Rate) = R %
Survival (08} X X X
Survival (TTP) X X X
Safety
(Adverse Events) % % B

Select Statistical
Conclusions:

p=062

STATISTICAL ANALYSIS
. Select a
exiz‘r?;te:{gf é’;?;;\’;e‘ Select input data: Statistical
Method:
To investigate the efficacy of bevacizumab plus carboplatin Survival Control | Log Ranked
and paclitaxel in patients with advanced or recurrent non- Test
small-cell lung cancer. Survival High Dos |
To investigate survival in IRF. The study had 80% power to Median TTP
detect a 100% improvement in the median TTP between Control Log Ranked
the control arm and the pooled bevacizumab-treated arms, OgTeasT €
or a 150% improvement in TTP between the control arm Median TTP High
and any single bevacizumab arm. Dose-IRF
To investigate survival in Pl measurements. The study had Median TTP
80% power to detect a 100% improvement in the median Control Log Ranked
TTP between the control arm and the pooled bevacizumab- gTeSt

treated arms, or a 150% improvement in TTP between the
control arm and any single bevacizumab arm

Median TTP High
Dose-Pl

p=0023

Figure 3-13. Instantiation of statistical analysis worksheet area
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Chapter 4 - Query Processing and Visualization Design (SA-2)

4.1 Overview of SA-2 Tasks

Specific Aim 2
To provide a consistent template visualization and query processing engine to support
inquiries drawn from the research paper related to concerns of clinicians who are
interested in evidence-based medicine and/or biostatisticians who are assessing the
quality and/or context of reported numerical information (e.g., observations,
frequencies, probabilities, survival curves, and p-values).

In the previous chapter, | described the methods to specify a representation used to characterize
the context of a clinical trial experiment. In this chapter, | describe how the representation is
implemented into a pipeline incorporating two prototype applications. The first application, the
Annotator, is used to instantiate research papers from a PDF file into the computer understandable
format and guides the user to populate the fields of the representation. Users interact with the
Annotator by answering pre-specified question, and answers are routed to the appropriate spot in
the data model of the representation. The second application is a visualization tool driven by the
data schema of the representation. The visualization displays the populated data elements in the
representation and presents an integrated display of the sections of a clinical trial report. | explain
the design of the visualization for the user and the methods used to perform query processing on
the representation. As part of the query processing, a discussion of the types of inferences that can

be made via the integration of knowledge sources are described.
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4.2 Instantiating the Representation

A library of instantiated research papers is needed to test the practicality of the system design.
With the help of students and staff at the UCLA Medical Imaging Informatics Laboratory, |
developed the Annotator software to accelerate the instantiation of individual research papers into
the target representation. In this section, | explain the basic software framework that has been
developed, the items that have been worked on during this dissertation effort, and the suggested

functionality to be added.

The Annotator is the programming application for model instantiation. Software modules were

either borrowed or built upon to develop this application including:

e Open source PDF library — After the user identifies the file location of the PDF file of the
journal article, the file is displayed for the user in a Java window. The open source Java

PDF library (PDFBox - http://incubator.apache.org/pdfbox/) is used to access and

manipulate (i.e., highlight, cut, copy) the content of the PDF file.

e Java Panel for soliciting bibliographic and RCT information - The interface consists of
templates soliciting basic reference data about the paper (i.e., title, author, journal,
affiliated institutions, digital object identifier PubMed IDs, etc.). Additionally, the type of
RCT study is specified including its purpose (e.g., prevention, diagnostic, therapeutic,
quality of life) and study phase (e.g., Il or I1IB, IV). Finally, reference labels for this report
are also solicited from the user (e.g., “Miller 2008 Study”, Tarceva NSCLC Trial). This
information can be imported from an XML representation (e.g., BibTex), that is a common

export feature for software such as EndNote; and is stored in a MySQL relational database.
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Process Model Visualizer — This java program receives inputs for specifications of a
process model and generates a layout for the user. The program uses the Java Swing
package.

Grid Spreadsheet — The grid area is implemented in Java Swing using the JTable class.
Information Forms — Various Java panels were created to reflect the specification of
various classes as defined by the ontology developed for NSCLC and clinical trial reports
(see Chapter 3).

Digitization of x-y Graphs — The program Plot Digitizer (plotdigitizer.sourceforge.net) is
used to digitize scanned plots of functional data. This allows data from survival curves to

be digitally represented by the system.

The basic layout of the annotator application consisted of three main panels (Figure 4-1):

The left panel consists of a navigation pane for browsing the sections of a clinical trial PDF
report and a sectional map viewer.

The middle panel displays the annotated contents of the published paper report.

The right panel contains several forms to assist with populating the representation's data
model, including: Paper Information, Hypothesis, Experimental Design, Observational

Raw Data, Statistical Analysis, and Interpretation.
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Figure 4-1. Screenshot of Annotator application

4.2.1 Annotation

Forms

Paper Information Form: In the Paper Information section of the right panel, several text fields

are available to copy, paste, and edit text for the title, author, journal title, and keywords. Upon

entering and/or verifying the paper information, a button is available at the bottom of the screen to

navigate through th

e remaining forms.

Hypothesis Form: In the Hypothesis section of the right panel, the hypothesis is entered from the

clinical trial PDF viewer into a text field on the left panel. The hypothesis is currently stored as a

text field, however, a text field may not be the best data type to store a hypothesis. Free-text
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descriptions of hypothesis can introduce unnecessary ambiguity and semi-structured fashion prove
to have an advantage over free-text descriptions. Hypotheses are generally broken down into a
null and alternative hypothesis. The null hypothesis in practice is almost always stated as a
hypothesis which is to be proven wrong [Gigerenzer 2004]. In a semi-formal free-text expression,

the theoretical null and alternative hypotheses related to a population can be articulated as:

Ho:  Drug has no effect (average mean life expectancy = 12.2 months, even with drug)

Hat:  Drug has an effect (normal life expectancy > 12.2 months) when the drug is given

Furthermore, semi-structured free-text can be further disambiguated into fully structured
expressions. In the example above, it is uncertain what is meant by the phrase “no effect.” The
hypothesis needs to be formally stated in terms of a (or a possibly set of) relevant population
parameter(s), 8. Assume the population parameter, 6, is the best estimate of the mean value of an
observable outcome variable, X. Suppose that the outcome variable, X, represents how long the
patient lives in months from the start of a trial; and 6 represents the mean months of survival for
the drug intervention population, and 6. represents the mean months for the control population.

Thus, the null and alternative hypotheses can be stated as:

Halt: 91 * 02
Using this presentation, the free-text form of the hypothesis has been translated into precise
mathematical terms. As part of future enhancements, semi-structured and structured entry fields

defined from the ontology should be developed.
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Experimental Design Form: In the Experimental Design section, users generate a process model

by first establishing the nodes, and then adding the edges. To create a node, the user selects from
a set of node types (e.g., starting population, selection criteria filter, randomization methods,
control point, observational point, interventional arm, side effects, etc.), and provides information
specific to that node class. As part of the node specification, a drawing grid allows users to indicate
the positioning of nodes. After creating a node, the annotator assists with defining edges by
providing a real-time drawing of the nodes and edges entered in the data model. Next, linkages
between nodes can be specified to complete the creation of a process model. To decrease
redundant efforts, future enhancement should include an inventory of common types of
experimental design flows so that users can simply create a new instance of a process model by

modifying an existing or generic experimental design configuration.

Observational Raw Data Form: The observational data, other types of information

characterizing the state of a variable, or summarization of a variable is entered in this section of
the interface. The property name and their possible values have been mined from within the
ontology of Chapter 3 and/or are added to the ontology as needed. The key to the annotation
process requires users to specify a node within the process model section of the representation to
serve as a reference as the context for data entered. Data can be entered either as individual data
points, or as a batch upload. Batch upload is ideal for cases where x-y graph data have been
digitized using the open source software Plot Digitizer. To use the batch upload for digitized data,
users would run the Plot Digitizer software on a selected axes diagram. The software would
generate x-y coordinates while accounting for the scales of the x- and y-axis. Afterwards, the x-y

coordinates can be uploaded to the database using the batch feature. For example, in [Johnson
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2004], survival data for every two months in the high dose bevacizumab experimental arm is

extracted from a Kaplan Meier curve into x-y coordinates (Figure 4-2).
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; : - " ] 85
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Figure 4-2. Plot digitizer for survival data

As part of the functionality, observational data can also include image data files, such as those
used in pathology and radiology studies. Future enhancements can include image mark-ups as raw

data or an additional functionality to annotate images.

Statistical Analysis Form: The statistical analysis section allows users to annotate the details of

statistical methods used to test a hypothesis. The interface is designed to allow users to reference
a hypothesis, participants, interventions and the data inputs used for the test statistic reported.
Figure 4-3 shows a few examples of how free-text extracted from a clinical trial paper can be

represented. The population groups (i.e., ‘Group A’ and ‘Group B’) would be specified using the
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combined modeling of the process model together with the property constraints within the data
grid. Section 4.4 on query processing provides further details on how these statistical analyses are
linked to the process model and data grid. Future enhancement can include an inventory of
common types of statistical methods, with templates for their inputs and parameters displayed in
the interface. Windish et al. tallied the statistical methods used in 239 original research articles,
which can be a starting point for a situational ontology for statistical methods. Table 4-1 shows
the most common types of statistical methods used in medical research as surveyed by [Windish

2007].

Text Excerpts
Structured elements of Statistical Hypothesis Testing

With the exception of < 15 pack-year  Statistical Hypothesis testing:
history of smoking, no clinical factors e Group A: smoking status < 15 pack-years;
were associated with higher response e  Group B: smoking status > 15 pack-years;
rate RR (45% versus 5%, p<.01). e Null hypothesis —
o RR (Group A) =RR (Group B)
e Actual Observation:
o RR(group A) = 45%;
o RR(group B) = 5%;
e p-value<.01
Patients with an EGFR mutation had  Statistical Hypothesis testing:

a longer PFS (13 versus 2 months; e Group A: EGFR mutation = true;
P<.01) and a trend toward improved e Group B: EGFR mutation = false;
OS (23 v 17 months; P=.24) e Null hypothesis 1 — PFS (Group A) = PFS (Group B)

o Actual Observation:
=  RR(group A) = 13 months;
= RR(group B) = 2 months;
o p-value <.01.
¢ Null hypothesis 2 — OS (Group A) = OS (Group B)
o Actual Observation:
= OS(group A) = 23 months;
= OS(group B) = 17 months;
o p-value <.24

Figure 4-3. Examples of representations for statistical methods. PFS stands for progression free
survival
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Type of Test Number (%

Descriptive statistics 219 (91.6)
Simple statistics 120 (50.2)
Chi-Squared Analysis 70 (29.3)
t-Test 48 (20.1)
Kaplan-Meier Analysis 48 (20.1)
Wilcoxon Rank Sum Test 38 (15.9)
Fisher Exact Test 33 (13.8)
Analysis of Variance 21 (8.8)

Correlation 16 (6.7)

Multivariate Statistics 164 (68.6)
Cox Proportional Hazards 64 (26.8)
Multiple Logistic Regression 54 (22.6)
Multiple Linear Regression 7(2.9)

Other Regression Analysis* 5(2.1)

Table 4-1. Common statistical methods used in medical research [Windish 2007]

Interpretation Form: For the Interpretation section, a text field is available to copy, paste, and

edit text from the clinical trial PDF viewer on the left panel, similar to the Hypothesis form. The
interpretation fields include a free-text field for statistical interpretation and a separate free-text
field for practical/clinical significance. Unique to this section, the Interpretation section can be
used to help clarify unclear language in reporting interpretations. The language used to report
interpretations can be a source of confusion to readers, if readers are bordering on whether
interpretations are statistically sound and are deciding what are judgements and non-conclusive
trends made by the writers toward the effect. An example of confusing language involves the p-
value. In some rare cases, the p-value described is reported inconsistently throughout the paper.
In the RCT paper by [Miller 2008], text excerpts were encountered with contradictory statements
regarding the p-value stated in the text and value presented in a table. In this case, the connection
between whether the effect is or is not significant was ambiguous to a reader. More commonly,

the source of confusion in the literature and textbooks is the use of the symbol « with regard to
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hypothesis testing. The measure for statistical significance is the controversial decision criterion,

represented as:

p —value < a

This criterion, or a-level, is the central product that has led to the widespread misunderstanding of
the p-value and classical testing [Gigerenzer 2004]. In the literature, the phrase “level of
significance” is used liberally in a number of different contexts and actually refers to three different
philosophically distinct definitions, which to most non-statistician researchers are not entirely
obvious. The ambiguity of the symbol a stems from the competing philosophical Frequentist
views of Fisher and Neyman-Pearson for statistical testing [Goodman 1999]. The hybrid approach
in today’s use inconsistently combines Fisher’s calculation of a p-value and Neyman-Pearson’s

rule-based. The three different references of this phrase include:

1. The standard level of significance, a conventional standard for all researchers, is simply a
p-value threshold, typically 0.001, 0.01 or 0.05 (Early Fisher). These are common preset
thresholds that are used for all experiments that calculate p-values. For the scope of this
dissertation, | refer to this threshold value as arp,esh-

2. The exact level of significance is determined after the experiment and is represented by the
exact value of the p-value (late Fisher). The exact level of significance reflects a relation
between the experimental data and theory. In this context, « is a property of the data.

3. The level of statistical significance, as characterized by the « level, is the relative frequency
of Type I errors in the long run, decided on by using cost-benefit considerations before the

experiment (Neyman and Pearson). Like the p-value, it is determined assuming that the
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null hypothesis is true. In this context, a is a property of the test, not the data. For the

scope of this dissertation, | refer to this definition of level of significance as aryy. ;.

The symbol « is ambiguously used generally to refer to both uses 1 and 3 above. For this reason,
further enhancements could implement standard requirements to characterize each o-level
specified. | distinguish its use in regard to the first definition as arpyesn, and aryy, 1 for the third
definition. As part of future plans for annotating interpretations, the distinction between the

currently ambiguous use of the term “level of significance” is proposed here and recommended.

4.2.2 Annotation Guidelines

While annotation guidelines are currently being researched, there is little or no consensus on the
type of information that should be collected from a clinical trial report and the format of this
information. Moreover, clinical trial reports are extremely rich with information, requiring

extraction of knowledge to be almost entirely conducted by manual efforts.

| experimented with the implementation using a variety of clinical trial study reports to
demonstrate the robustness of the system to extract a diversity of information within my domain
of NSCLC and the ability to put all information in the appropriate fields in the representation. The
result was a set of annotation guidelines for keeping track of how information is generated in a
clinical trial study; and an interface with a specific line of questioning to collect and populate user
entries into the appropriate fields in the representation. While creating the annotation guidelines,
| tried to balance the trade-off between scalability (allowing for the representation to be populated

quickly) and performance (allowing a variety of information to be fully captured).
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As part of the learning process to define how users should annotate clinical trial reports, an early
version of the prototype annotator application was demonstrated at a week-long computer
informatics exhibit at the Radiological Society of North America in 2010 [Tong 2010]. In this
exhibit, 1 demonstrated the concept of how to review, annotate and structure trial reports in the
domain of brain tumors. The system demonstrated to a user how to download (e.g., via PubMed)
the text of a journal article, and took the user through the analysis of each part of the study, vetting
the results manually. This extracted information was then stored in the database together with past
structuring results involving similar hypotheses or interventions. Information from the database
can then be retrieved, culminating in a graph of interrelated study variables. During the week long
exhibit, several hundred people visited the booth, and their feedback and recommendations were
valuable in re-sculpting the system’s requirement specifications. A few of the most common

comments are paraphrased below:

“l appreciate the organization and am especially interested in the results of a fully

’

annotated paper.’

“The line of questioning helps me figure out what I need to understanding from a clinical

trial paper”

)

“I would like to see this extended to clinical reports and physician notes.’

In another experiment testing the validity of annotations guidelines, | informally tested how a
number of students could instantiate paper versions of the representation. In spring of 2011 and
2012, students from the graduate course BE226 (Bioengineering 226 — Medical Knowledge

Representation) were each assigned to select a clinical trial study and create a poster (4’ x 8’) of
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the papers representation according to the annotation guidelines. In total, each of the students
(n=15) were able to create poster representations of the trials, which was put on display and
reviewed by various UCLA faculty and students. The posters were viewed positively by a number
of researchers and biostatisticians for their clarity and structure. A few positive comments are

paraphrased below:

“I wish I could teach clinical trial design using this representation”

Professor James Sayre (Biostatistics and Radiology)

“This representation also seems very nice for organizing and collecting data during the

execution of the trial as well.”

Professor Hyun J. Grace Kim (Biostatistics and Radiology)

By instantiating a number of paper-based forms of the representation, | discovered ways to
improve the representation and hence improve its specification. Asking users to instantiate paper
versions of selected clinical trial research papers confirmed that at least potentially, the

representation can be instantiated using the guidelines specified.

The diversity of natural language, the clarity of writing, the complexity of experimental designs,
etc. all contribute to difficulties in developing a mature annotation system for even a focused field,
such as NSCLC. The creation of a general line of questioning to be inclusive enough to annotate
all variations of experiment types within clinical trial reports required more years of development
and is outside the scope of this dissertation. My goal in this dissertation is, thus, to concentrate on

the specification of a representation for clinical trial paper to support quality assessment and/or
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evidence based medicine. A basic framework for the representation has been developed and

extensions to the representation can be built to allow additional operations.

4.3 Visualization Design

The visualization of large complex information spaces can greatly affect a user’s acceptance and
ability to optimally benefit from the knowledge stored within the system. A visualization was
developed to assist with viewing and interacting with the contents of the representation from each
clinical trial report (Figure 4-4). Visualization of the clinical trial study was designed to be as
consistent as possible across a general sample of clinical trial reports, and intuitive in its
organization, navigation, and query formulation. It is intended to provide a template spatial-
organization layout of information, such that navigation for information is made easy. Specific

features include:

e The visualization allows for summary views of a single clinical trial report. On one view,
the purpose of the trial, a visual display of the recruitment and experimental procedures, a
list of statistical methods and values, and a list of interpretations is provided.

e The visualization helps with understanding a hypothesis by connected fragmented
information related to a particular hypothesis together. Hyperlinks between process model
nodes, data grid cells, and worksheet inputs allow users to easily track related data items.

e The visualization shows an overview of all variables being described in the paper. Various
semantic links between variables, inherent and inferred from ontologic relationships, were

defined in the previously described ontology for NSCLC (Section 3.4).
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e The base visualization includes two main linked components: a process model diagram

and a synchronized “spread-sheet” like interface.

Figure 4-4 shows the basic layout of the visualization including areas for stating the purpose of the
study, an area designated to display the experimental design and associated reported data / states
of variables collected/reported at each stage of the experiment, a statistical analysis area and an
interpretation area. Figure 4-5 shows a conceptual illustration of the instantiation for a single

research paper.

Antitumor Activity of Rapamycin in a Phase | Trial for Patients with Recurrent PTEN-Deficient Glioblastoma

Cloughesy et al. (2008)

Hypothesis 1 Define the safety profile of daily rapamycin in patients with glioma

Hypothesis 2 Define in PTEN-deficient glioblastoma the dose of rapamycin required for mTOR inhibition

EXPERIMENTAL DESIGN
treatment

recurrence failure:

Tapanmycin 2mg Tapanyein 2mg

raparnyein Sma raparnytin Sma

rapatnyein 10mg rapamyein 10meg

Surgery 2

mests
PTEN- eligibility
deficiency criteria

Surgery 2

Surgery 1

Surgery 1

Chemal
Radiation

Statting
Population

Surgery 1

Variable Name Value at Recruitment Value after Surgery 1 Value after Surgery 2 Value at Termination
PTEN IHC 31 Each Patient in Treatment Group:
22.56,31.41,24.42,17.13,15.9,31.3,20.84,15.86 20 49,17
59.11.01.14.24.9 10.22
PSer236/236 52181 Each Patient in Treatment Group.
0.46,1.01,0.46,0.77,1.16,0.91,0 48,0 22,0.78,0.55,0.19,0.
81.1.50,/3.0.60
PPRAS 40 Induction Each Patientin Treatment Group
Yes, Yes, Yes, No, Yes, No, Mo, No, Yes, Yes, No, No
Yes, A No
Ki-67 Decrease Each Patient in Treatment Group,
Yes, No, Yes, No, No, No, Yes, Yes, Yes, No, Yes, No 5
Yes, A No
TTP (day) Each Patient in Treatment Group:

STATISTICAL METH

KH67 Labeling p<00087 In examMining the Mmalecular dSterminants of 1apaMyCin Sensiiy, we
mTOR inhibition Fishers noted hatthe magnitue of mTOR IRIBMON was Righly correlatet with K67
Exact Test response using a cutaf of »50% inhibifion of S8 phosphorylafion for at
least one ofihe two examined phasahesites.

BT Labeling(T) p <0005 52 samples rom the rap teated patients had a lower
1G-67 Labeling() Wilcoron labeling Indiex than the matched S1UMmors whereas the same 51/52
Test

camparison in patients who did not receive rapamycin showed no change

Interpretation 1 When examined in aggregate, the level of S5 phosphorylation in S2 samples from all three cohorts was reduced at both phos phosites compared to matched S1 samples

Interpretation 2 | Whereas this analysis highlights the impertance of achieving suffiencet MTOR inhibition, it fails to address the fact that adequate intratumoral rapamycin concentrations did not translate into MTOR inhibition in some patients.

Figure 4-4. Screenshot of basic visualization layout
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Figure 4-5. Example illustration of the visualization layout for RCT paper

Hypothesis: The top portion of Figure 4-4 is an area to show the objective of the study. This is
presented to the user in free-text as well as fields defined within the ontology (e.g., primary

outcomes, secondary outcomes, statistical parameter involved in null hypothesis, etc.)

Process Model: Below the hypothesis area shows the designated placement of the study
flowchart. As previously noted, the process model documents the flow of events and populations
associated with the clinical trial. The complexity of the models was designed to not be
unnecessarily complicated when depicting the experimental context for how variables were
obtained or stated. A time component can also be specified with the process model using annotated
links, where links between connected elements in the flow diagram can be annotated to specify a

time period.

Spreadsheet Data Grid Area: The spreadsheet contains the variable constraints and the recorded

values and/or associated summary statistic related to a variable. This structuring framework is a
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key innovation of this proposal by allowing knowledge/informational fragments to not only be

structured, but also placed in the context of the entire experiment.

Variable List: The left column of the spreadsheet area contains a list of all unique variables
described in the research paper (see Figure 4-6). Importantly, each variable is mapped to on
ontologic concept within the NSCLC RCT situational ontology described in Chapter 3. The
ontological relationships defined in this knowledge base allows the visualization to intelligently
group similar variables together via similarity (i.e., belonging to the same class or superclass)
and/or via association with a common frame head (i.e., belonging to a semantic frame category).
The ontologic normalization of variables also allows the list of variables to be linked to external

knowledge sources.

One possible use case for linking variables to external knowledge sources is the possibility of
identifying confounders. Causal graphical models of a disease (e.g., NSCLC) could be used to
identify possible confounding relationships between two variables. This insight could help in the

assessment of quality, by checking if the investigators had controlled for such known confounders.

RAW DATA

PTEN IHC §1 Each Patien
22563141
59.11.01.14

PSer235/236 52151

PPRAS 40 Induction

Ki-67 Decrease

TTP (day)

STATISTICAL METHODS
xamining the moleculz
isher's at the magnituds ¢

Ki-67 Labeling
mMTOR inhibition

Figure 4-6. Left-hand side of the data grid area
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Variable Characterization Area: The variable characterization area of the data grid corresponds
to values and/or constraints assigned to each row property at a given node in the process model
(Figure 4-7). Thus, each cell in the data grid is associated with an event node from the flow
diagram for a particular variable, and the cell itself corresponds to the specifications or
characterization of a variable for an experimental procedure of a group of patients for which the
node refers to in the flow chart. A cell’s value can be semantically overloaded — in an object-
oriented sense — depending upon the semantics of the property in question. For example, a cell’s
value can show: 1) a categorical semantic state; 2) the individual values for each patient for a given
variable, if available; 3) the entire distribution for a given variable over the sampled population;
4) summary statistics of the distribution. To visualize the contents of a cell, a limited number of
customized visualizations have been developed (e.g., survival curves and pie charts — Figures 4-
8a and 4-8b) and each variable type may require a custom module. In addition, functions can be
used to derive useful information from the cells assigned data. For example, in Kaplan-Meier
curves, these functions can provide a quantitative measure of the difference between two curves,

in addition to showing the curve. These functions are left for future work.

Statistical Methods Worksheet Area: The panel for statistical methods provides a visual
inventory of all the tests performed. Each test is listed with its corresponding inputs from the data
grid, the test statistic, output statistics such as a p-value, and a statement of significance. This
portion of the representation uses seven fields to specify the results of an analysis (Figure 4-9): 1)
text of the hypothesis; 2) the property of the outcome data being tested; 3) input data - from the
data grid, the annotation process involves identification of the comparison cells that are part of the

hypothesis testing modules; 4) the test statistics deployed (e.g., Fisher F-test, mean, hazard ratio,
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Antitumor Activity of Rapamycin in a Phase | Trial for Patients with Recurrent PTEN-Deficient Glioblastoma

Cloughesy et al. (
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Figure 4-7. Variable characterization area of the data grid
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Figure 4-8. Summarization of adverse effects for the high dose experimental arm (A), and
comparison of response rate in control and experimental arm (B).
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Figure 4-9. Statistical evaluation worksheet area of visualization

etc.); 5) numerical output of statistical test; 6) statistical interpretation (statistical significance level

of the test / reject null hypothesis); and 7) clinical significance of test.

4.4 Query Processing and Inferencing

Ultimately, the representation and visualization methods developed must support the intended

queries stated in Section 3.3.

4.4.1 Queries for Specific Papers

The prototype database to store the representation was developed in this dissertation using
MySQL. The query formation to search for specific papers is facilitated by the NSCLC ontology.
The NSCLC ontology has been compiled to include entries for chemo- or radiotherapies,
properties, and statistical methods, and all the sanctioned values, or “states,” that entries can
assume. For example, the recruitment class in the ontology includes all typical attributes for study
inclusion and exclusion in the domain of lung cancer. When instantiated with a user’s search

constraints, the recruitment class can be used to generate a SQL relational query for a given paper.
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Thus, queries can be fashioned by simply providing a structured form for users to fill out. Similar

types of queries for causal agents and study design type can be generated in the same way.

4.4.2 Queries Related to a Node in the Process Model

For a selected paper, users may wish to view the data and/or constraints related to a certain node
in the process model. Within the framework of the representation, each process model node is
hyperlinked to a column in the data grid, and each row in the column contains relevant concepts.
For example, if users are interested in the study inclusion criteria, they can click on the
corresponding graphical node in the process model area of the visualization. The processing of
the query can quickly locate the cells in the data grid relevant to the user’s query, given that the
inclusion criteria has an ontologic definition that specifies the types of possible attributes (e.g.,

age, sex, therapy history, smoking status, etc.), and return the data within these cells.

In another example, suppose a user wants to view the interventions of the clinical trial study by
[Johnson 2004]. This query involves selecting the node “High Dose Bev” in Figure 4-10. After
this node is selected, properties associated with this node can be found from the designated column
in the spreadsheet area of the representation, summarized in Figure 4-11. The drug administered
is bevacizumab at a dose of 15 mg/kg using an intravenous infusion over 90 minutes. The drug
cycle was 3 weeks with a maximum dose of 18 doses. If the drug was not well tolerated, this can
be denoted in the exceptions field under new action, such as reducing the dose from 90 minutes to
30-60 minutes. The information is abstracted into the fields: "Cell Name," "Drug," "Dose," "How

it was administered." Under field "How it was administered," the ontology includes the following
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Randomized Phase Il Trial Comparing Bevacizumab Plus Carboplatin and Paclitaxel With Carboplatin and
Paclitaxel Alone in Previously Untreated Locally Advanced or Metastatic Non-Small-Cell Lung Cancer

Johnson et al.
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Figure 4-10. Queries related to the intervention node, “Bevacizumab 15mg/kg”

Cell name: Bevacizumab
Drug: Bevacizumab
Dose: 15 mg/kg
How was it administered:
Vehicle: Intravenous infusion
Duration: Over 90 minutes
Cycle: 3 weeks
Maximum dose: 18 doses
Exception: Well tolerated
Resulting Action: New duration

Duration: 30-60 minutes

Figure 4-11. Drug administration details recovered from the node “Bevacizumab 15mg/kg” in
process model
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fields: "Vehicle," "Duration,"” "Cycle,” "Maximum dose", and "Exception." Under the field

"Exception,” the ontology includes the fields: "Resulting Action," and "Duration."

4.4.3 Queries Related to a Cell in the Data Grid Area

An important class of queries the system is designed to support is related to providing context for
a given observational value. An example user query can be: What is the context associated with a
frequency that is reported for a property in the data grid area? The context consists of the sample
population, observational method, and/or interventional details. Without this context, the
appropriate interpretation of such observational properties remains difficult to realize and in the

worst case, interpretations can be misapplied.

The query processing steps to reconstruct the context for data reported in a cell is as follows. The
example references the paper shown in Figure 4-12. In this query, the node of interest refers to
the “Safety” node of the high dose intervention arm. The user first selects the node of interest in

the process model, afterwards, the representation performs the following steps:

1. Find the corresponding column. Each node in the process model is hyperlinked to a
corresponding unique column in the data grid area.

2. Find the variable of interest. Each row in the data column corresponds to a collection of
variables. Within the data column, the variable of interest is identified. In this case, it is
the row containing the property “hemoptysis.” Note that in Figure 4-12, the group of

variables for adverse events is collapsed in the row labeled “Safety (Adverse Events).”

97



3. Backtrack through the process model to obtain context for observations and get associated
data to each backtracked node. Thus, given the path for a target node in the process model,
one can map the nodes of the path to columns in the data grid area, which indicate context.
In the current example, the backtracking through the process model identifies the nodes:
“Imaging," “Survival,” “Tumor status,” “Intervention,” “Baseline,” etc. (see Figure 4-13).
The highlighted process model path leads from the start node, “Starting Population,” to the
node of interest “Adverse Events” for the high dose intervention arm. The path can then
be used to recover the context of observations made at any point in the experimental
procedure.

4. Construct logical representation of context. Each process node within the backtracking
path contains a different set of variables and values. The information for each node and its
set of variable values is compiled to detail the context for the target variable.

5. Repeat steps 4-5 until the start node. After the query is complete, the flow identifies the
eligibility criteria and the experimental procedures. Nodes in the flow for eligibility criteria
include "Stage NSCLC cancer,” "Prior Chemo Radiotherapy,” and "Other Eligibility
Criteria."  Nodes in the flow for experimental procedures include “Baseline,”

“Intervention,” “Tumor Status,” “Survival,” “Imaging,” and “Adverse Events.”
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Randomized Phase Il Trial Comparing Bevacizumab Plus Carboplatin and Paclitaxel With Carboplatin and
Paclitaxel Alone in Previously Untreated Locally Advanced or Metastatic Non-Small-Cell Lung Cancer

Johnson et al.

EXPERIMENTAL DESIGN & RAW DATA
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Figure 4-12. Example for identifying context for a reported frequency of observation
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Figure 4-13. Highlighted process model path leading to the node of interest “Adverse Events” for the

high dose intervention arm

To summarize, after identifying the node of choice, “Safety,” denoted in a red box, a pathway can
be constructed demonstrating the result itself and how the numerical value was generated. For this

observation, one can trace the flow through the pathway starting from the "Starting Population™
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node on the very left of the figure in Figure 4-13. Thus, the result of this query allows the user to
follow the semantics of the process model, and backtrack through the process model. Each process
node within the path provides a different part of the context. After the variables and values within
each node are aggregated and compiled, one can use relational information from the ontology (e.g.,
frame definitions) to visually display the conditions (i.e., context) associated with a particular
observation. Because information is structured and explicitly linked to the process model and
variable list, the representation can provide information for interpreting a particular probability

and identify other factors that may have contributed to the result.

Following identification of context, the value of the probability can be estimated from the query
results. The numerical information for “Adverse Events” under the high dose population is
displayed in the data grid. The numerical data itself is captured as a table of frequencies per
adverse event (Figure 4-14). The table contains the types of adverse events, the number of patients
having that adverse event, the percentage, and the subset of patients with adverse events of grade

3or4.

The notion of survival outcomes for this clinical trial is one key piece of evidence and the outcomes
are typically expressed as a Kaplan-Meier survival curve. The probability of survival for a time
pointin the sample population can be estimated from a Kaplan-Meier survival curve, where each
time point displays the proportion of patients surviving in the high dose group. As a second
example of cell-level observational context, specific for the clinical trial in our running example,
a user query can be posed to investigate survival in the high dose group (Figure 4-15). Note that

context is extracted in the same way as in the previous section by using the backtracking path for
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Control 7.5 mgfkg 15 mg/kg

All Events All Events All Events
No. of Grade No. of Grade No. of Grade
Patients % 34 Patients % 3fa Patients % 3/a
Chills 3 9.4 4] 4 12.5 o 4 11.8 1)
Diarrhea 6 18.8 1] 9 28.1 3 14 41.2 1
Epistaxis 2 6.3 0 10 313 1] 15 44.1 a
Fever 4 12.5 0 1 344 2 11 324 2
Headache 3 9.4 0 10 313 1 16 47.1 2
Hemorrhage a 0 0 4 12.5 2 0 a a
Hypertension 1 3.1 1 5 15.6 [} 17.6 2
Hemoptysis 2 6.3 0 9 28.1 3 4 11.8 1
Infection 8 25 1 10 313 1] 12 35.3 2
Leukopenia 10 313 7 15 46.9 10 19 55.9 13
Nausea 15 46.9 1 16 50 1 17 50 2
Neuropathy 9 28.1 0 4 12.5 [} 5 14.7 1
Paresthesia 7 21.9 1] 9 23.1 o 12 35.3 a
Peripheral neuritis 9 28.1 1 3 25 o 13 38.2 2
Rash 3 9.4 1] 11 344 o 8 23.5 a
Stomatitis 3 9.4 1] 5 15.6 o 8 23.5 a
Thrombocytopenia 5 15.6 0 2 6.3 o 7 20.6 1
Thrombotic events 3 9.4 3 4 12.5 2 6 17.6 5
Vomiting 6 18.8 1 6 18.8 1 8 23.5 1

Figure 4-14. Data embedded within the node of interest “Adverse Events” for the high dose
intervention arm

Randomized Phase Il Trial Comparing Bevacizumab Plus Carboplatin and Paclitaxel With Carboplatin and
Paclitaxel Alone in Previously Untreated Locally Advanced or Metastatic Non-Small-Cell Lung Cancer

Johnson et al.

EXPERIMENTAL DESIGN & RAW DATA
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Figure 4-15. Querying for survival data
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context. In addition, context for survival probabilities can also include comparisons of treatment

arms used for hypothesis testing.

4.4.4 Context Related to Statistical Methods

Statistical testing typically involves comparing distributional parameters associated with
comparison arms of the trial. For example, a log rank test could be used to infer a difference in
median survival between the treatment arm and control arm. Because the statistical test involves
observational data from different nodes in the experimental process model for a particular outcome
variable, this uniquely refers to a cell in the data grid of the representation. After the user selects
a statistical test, an observational cell and the context for that cell (e.g., population profile, N per
arm, etc.) can be recovered by the backtracking algorithm (see Section 4.4.3). Thus, the
representation provides a direct link from the details of statistical methodology to the raw data

involved.
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Chapter 5 - Evaluation

5.1 Description of the representation

To evaluate the dissertation framework, two experiments were performed to assess the following
outcome measures: 1) ability to improve speed and accuracy to answer modified CONSORT
questions; 2) ability to improve speed and accuracy to answers targeted questions posed by a
biostatistician and clinical researcher when the representation is used as a supplemental resource

in addition to the status quo paper printout of the trial report.

In Experiment 1 of this evaluation, | evaluate the effectiveness of the representation for clinical
trial literature for the purpose of answering standardized and general CONSORT-type questions.
| determine: 1) how well the representation can assist users with understanding the published
report’s content, and 2) whether its presentation is intuitive to navigate and comprehend. Results
of the usability study are based on a comparison of interpreting information using the status quo
versus using the dissertation representation. In Experiment 2, | investigate the system from these
aspects: 1) ability of users to answer commonly asked questions generated by biostatisticians and
domain experts; 2) quantitative results from a Likert scale survey on preferences; and 3) qualitative
results based on user’s comments about the evaluation design and the representation. My results
suggest an instrumental role of computer understandable representations to not only reduce manual

effort and save time, but also to assist with synthesis of information and knowledge discovery.
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5.2 Experiment 1: Alternative Systems Evaluation

The hypothesis tested in this experiment is as follows: given the representation, participants can
answer paper-specific query questions with higher accuracy (and faster time) as compared with
the status quo. Paper-specific query questions targeted comprehension and information retrieval

type questions and were modified from accepted standards.

5.2.1 Study Design

A two-arm randomized trial design (Figure 5-1) was used to compare user task performance using
the alternative methods of the status quo (i.e., paper version) versus the dissertation intervention
(i.e., visualization). Eleven participants were recruited drawn from graduate students in medical

informatics, bioengineering, participants with medical school education, and medical researchers.

Usability Session

Clinical Trial
papers (n=3)

For each paper
Completed ~ s/

Pre-test Received YRR Post-test
i i Tutorial Questionnaire
UEsTa e Status Quo Study Arm

g Each participant

Participant Poo
(n=11)

—— e e == Dependent Measures:
1. Time Spent 2. Accuracy

Figure 5-1. Study design consisting of a 2-arm randomized design

5.2.2 Paper Test Cohort

Clinical trials in the domain of non-small cell lung cancer (NSCLC) were chosen to narrow the

variability of clinical trials used. A PubMed search was conducted using the keywords "EGFR",
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"lung cancer", "non-small cell lung cancer”, "clinical trial", and "phase 11". The search yielded 261
published reports.  For the initial scope of this initial pilot study, three papers were randomly
selected that met the criteria of being a clinical trial about NSCLC involving EGFR mutations to
assess time spent and accuracy while answering the questionnaire. The paper selection is

diagramed in Figure 5-2 and paper characteristics are summarized in Table 5-2 below.

Paper Cohort Selection

Perform Randomly Select T — Clinical Trial
PubMed Search 3 Reports P papers (n=3)
Keywords: “EGFR” “non-

small cell lung cancer”
“clinical trial”

Figure 5-2. Methods for Paper Cohort Selection

Sample  Total

Paper Title of Report Outcome variable o Events Date
1 Randomized Phase Il Trial Response Rate (RR) 99 33 2005
Comparing Bevacizumab Plus
Carboplatin and Paclitaxel With
Carboplatin and Paclitaxel Alone
in Previously Untreated Locally
Advanced or Metastatic Non-
Small-Cell Lung Cancer®?
2 First-Line Gefitinib in Patients Objective Response 98 15 2008
with Advanced Non-Small-Cell Rate (ORR) = sum of
Lung Cancer Harboring Somatic patients with confirmed
EGFR Mutations* complete and partial

responses / number of
patients treated
3 EGFR expression as a predictor of  Overall Survival (OS) 1125 24 2011
survival for first-line
chemotherapy plus cetuximab in
patients with advanced non-small-
cell lung cancer: analysis of data
from the phase 3 FLEX study?®®

Table 5-1. Summary of clinical trial papers used in Experiment 1
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5.2.3 Study Execution

Each participant reviewed Clinical Trial Papers 1, 2 and 3 (Table 5-2). For each clinical trial
report, participants were randomized into the representation study arm or the status quo study arm.

In either study arm, the flow of the study is as follows (Figure 5-1):

(1) Participants filled out paperwork (consent form, pre-test questionnaire) and received a
tutorial on how to interpret the representation based on two example questions. Each
participant was asked to sign a study participation consent form. A pre-test questionnaire
was administered to each participant to characterize their familiarity with cancer, biology,
and statistical methods. The pre-questionnaire relates to their level of understanding of

cancer, biology, statistical methods, and clinical trial designs (Appendix C).

(2) Participants completed the usability sessions either with the status quo or representation

(Appendix A).

(3) Participants answered a post-questionnaire about the visualization of the representation.
The post-questionnaire consists of Likert scale survey asking participants to rate the
effectiveness of the visualization and the preferences of the user towards the

representation and the status quo (Appendix C).

5.2.4 Generation of Test Questions

User tasks for Experiment 1 were divided into two types:
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(1) Comprehension task to assess whether the individual is able to synthesize evidence from the

published report,

(2) Information retrieval (IR) task to focus on locating specific pieces of evidence in the report.

Comprehension questions were developed based on the CONSORT reporting guideline
requirements, and specifically focusing on the test subject’s ability to interpret the objective and
claims made in the published report. For example, one comprehension question asked: The trial
states, 'This large prospective biomarker study found that patients with activating EGFR mutations
derive the greatest PFS benefit from erlotinib maintenance therapy.' Describe the method,
numerical data, and analyses for this statement.” IR tasks focused on the ability of a test subject
to locate key information as again adapted from applicable CONSORT requirements. IR questions
include reporting the eligibility criteria, locating the experimental arms, summarizing the

methodology, and identifying the results of statistical tests.

Questions of both types were presented using multiple choice, fill-in-the-blank, and short answer.
All questions were reviewed by a biostatistician who was not involved in the development of the
system to reduce bias in word-choice and to ensure conformance to standard guidelines and
terminology. The gold standard was created by a domain expert who was given an open amount
of time. Tasks were timed and graded for accuracy by determining the percentage of questions

answered correctly.
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5.2.5 Dependent Measures and Statistical Analyses

The participants used the status quo or the representation to answer questions demonstrating their
comprehension of the clinical trial and recorded the time required to answer the questions. The
dependent measures of this usability study included time spent, measured in minutes; and
accuracy, calculated as the percentage of questions answered correctly. The accuracy was
calculated by tallying the number of questions answered corrected, and dividing by the total

number of questions.

Overall time spent and accuracy was determined by averaging over all values in each condition.
Groups were conditioned on having either the status quo paper or the representation. A pilot study
was used to estimate the amount of time and accuracy for each task that was considered reasonable.
A power calculation was performed to determine the appropriate sample size for the combination
of participants and clinical trials needed. With an estimated time difference of 10 minutes (30
minutes vs. 40 minutes) and standard deviation of 8 minutes, a sample size of 12 per group would
yield an 83% power with 5% significance level. With an estimated accuracy difference of 15%
(70% vs. 85%) and standard deviation 17%, a sample size of 12 per group would yield an 80%
power with 5% significance level. Hence, a sample size of at least 24 is needed, meaning at least
8 participants each reading 3 clinical trial reports. This is satisfied by the number of participants
enrolled. A 2-sided student’s t-test was used to compare accuracy and time spent using the

representation versus using the status quo method.
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5.2.6 Participants Characteristics

Eleven participants were involved in the study. All participants have read a clinical trial report
before and took on average 80 minutes to read it completely. Participants expressed confidence
in their understanding of the knowledge presented within clinical trial reports (average 6.0 £ 1.9).
While most participants were confident in their understanding of statistical methods (average 6.3
+ 1.5), participants were less confidence their assessment of the quality of statistical tests (average
4.4 £ 1.9). General participant characteristics are presented in Table 5-2. For confidence
measures, scale values are 1 = not confident to 10 = very confident. For courses, values indicate

number of college-level undergraduate or graduate level courses.

Characteristic Mean SD
Confidence with understanding of cancer mechanisms 5.0 1.8
Confidence with knowledge on NSCLC 4.3 1.9
Confidence in understanding knowledge within reports 6.0 1.9
Confidence in understanding statistical methods 6.3 15
Confidence in assessing the quality of statistical tests 4.4 1.9
Courses on biology-undergraduate 3.1 2.6
Courses on biology-graduate 3.0 5.6
Courses on statistics-undergraduate 1.2 0.7
Courses on statistics-graduate 2.2 1.1

Table 5-2. Characteristics of participants in Experiment 1.

5.2.7 Results

Overall accuracy was similar between the representation and status quo, however, participants with
the representation had on average a quicker overall time than participants with the status quo
(representation 26 + 10 minutes vs. status quo 36 + 10 minutes; p=0.008) (Table 5-3). This

suggests that information is easier to locate in a visualization of the representation than in the status
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quo. In an exploratory analysis, the decrease in time taken to answer comprehension questions
contributed more to the significant difference than the time taken to answer IR questions
(comprehension questions p=0.012 vs IR questions p=0.047) (Table 5-4). Accuracy was
maintained in both the representation and status quo despite stratifying by question type. While
the representation provided similar accuracy, the tradeoff is a significant times savings when

compared to the status quo alone.

Accuracy Time

System % SD . SD
Representation 73.70% 13.30% 26 10
Status Quo 67.00%  15.90% 36 10
P-value 0.207 0.008

Table 5-3. Measures of performance as a function of overall accuracy and overall time

Task Type System Ac?éj:; )a cy
Representation 68.20% 16.20% 18
Comprehension  Status Quo 60.10%  19.70% 24
P-value 0.209 0.012
_ Representation 80.00% 13.90% 8 4
'S”efaorrcnga“o” Status Quo 75.40%  15.40% 12
P-value 0.462 0.047

Table 5-4. Measures of performance as a function of overall accuracy and overall time stratified
by question type

When stratifying by clinical trial study, non-significant differences were found in both time and
accuracy between the representation arm and the status quo arm for each clinical trial study (Table
5-5). The point estimate of Report #2 was shown to have decreased accuracy as compared with

Report #1 and #2. The accuracy can be affected due to an increase in complexity of the study
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design and greater amount of content for both the representation and status quo method. This trend
was explored in Experiment 2. The accuracy for comprehension questions and for IR questions
were separated for exploratory analyses (Table 5-6 and Table 5-7). The mean accuracy for
comprehension questions within one report suggests a difference between the representation
condition and the status quo condition, favoring the representation (83.3%, 69.6%, 51.3% vs.
76.4%, 58.8%, 44.8%). This suggests that using the visualization can increase comprehension.
This trend within reports is currently being studied in an attempt to significantly increase accuracy

in the visualization of the representation and in the representation itself.

In summary, the results of the usability study were consistent with my intuition. Having the
representation required on average 27.8% less time than having the status quo (representation 26
min vs. status quo 36 min; p=0.008) while maintaining similar accuracy. These findings did not
appear to be affected by participants’ varying levels of familiarity with the statistics, clinical
domain (i.e., non-small cell lung cancer) and clinical trial procedures. This suggests that having
essential information placed in context of the entire experiment helps users cognitively critique
and apply contributions of clinical trials on a deeper level in a timelier fashion. This enables
informatics tools to query information to be used for meta-analysis and probabilistic disease

modeling and assist with the difficult task of assessing the quality and usefulness of each trial.

While all participants favored the representation over the current method, questionnaires revealed
that much work is needed to improve the satisfaction and usability of the representation. One
solution to avoid bias of a less completely documented clinical trial study is to use the
representation to supplement an individual’s understanding gained from reading the status quo

published report (see Experiment 2). While the study design proposed in Experiment 1 assigns
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participants to either the status quo or the representation condition, in actuality, the two conditions
are not mutually exclusive. This suggests that the combination of having the representation to
reference while reading the status quo published report can further help to save time and increase

accuracy. In an unstructured interview with potential users, one biostatistics professor anecdotally

Representation Status Quo
. Accuracy Time Accuracy Time
Trial (%) SD (min) SD (%) SD (min) SD
1 77.3% 534% 273 10.73 68.9% 10.01% 345 10.63
2 585% 11.67% 25.0 8.86 53.8% 14.80% 343 9.63
3 84.5% 6.10%  24.6 12.42 78.8%  10.23% 38.2 11.20

Table 5-5. Measures of performance as a function of overall accuracy and overall time stratified
by trial number

Representation Status Quo
Trial Accuracy sD Tir_ne sD Acc(l)Jracy sD Tir_ne sD
min Yo min
1 69.6% 8.7% 19.3 6.4 58.8% 118%  23.0 4.2
2 51.3% 10.3% 17.8 6.5 44.8% 195% 235 8.8
3 83.3% 11.8% 152 8.1 76.4% 12.3% 265 10.2
Combined 68.2% 16.2%  17.6 6.7 60.1% 19.7% 244 8.0

Table 5-6. Measures of performance as a function of accuracy and time for comprehension
questions stratified by trial number

Representation Status Quo
. Accurac Time Accurac Time
Trial (0%) Y 5D (min) (%) Y sp (min)
1 85.4% 10.2% 8.0 4.4 76.6% 148%  12.3 6.3
2 70.0% 18.7% 7.2 4.3 68.3% 9.8% 10.8 5.8
3 86.0% 5.5% 9.4 4.6 81.7% 19.4%  11.7 3.2
Combined 80.8% 13.9% 8.2 4.2 75.4% 15.4% 115 4.8

Table 5-7. Measures of performance as a function of accuracy and time for IR questions
stratified by trial number
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noted that she liked the hybrid process model-spreadsheet for contextualizing observations and

statistics.

5.3 Experiment 2: Added Value Evaluation

The hypothesis tested in this experiment is as follows: given the representation and status quo,
participants can answer paper-specific query questions with higher accuracy (and faster time)
compared with the status quo, alone. Query questions are generated by biostatisticians and

clinicians.

5.3.1 Study Design

A two-arm, modified cross-over randomized design was used to test the “value-added” effect of
the intervention (Figure 5-3). Thus, a one-sided hypothesis was tested. The intuition is that in
practice (i.e., in a mature real-world implementation) the system would be used as follows: Users
would read a research paper; however, questions would come up as needed sometime later during
clinical practice (for the EBM clinician) or during a research endeavor (for the disease modeler).
In this case, the user would revisit the previously read paper to search for a specific answer to a
question. Experiment 2 was designed to test whether answering such questions upon re-visiting
the paper is more accurate and timely using the status quo (i.e., the paper copy) as compared to the

dissertation work intervention.

Twelve research participants were recruited from a graduate level bioengineering class at UCLA
(Bioengineering 226 — Medical Knowledge Representation). This population of students served

as proxy subjects for the ultimate users of the system, which is envisioned to be biostatisticians,
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clinical practitioners, and clinical researchers. Three papers from the pool of 21 test papers were
randomly assigned to each participant, and stratified with each participant receiving one paper
from each complexity level (i.e., one low complexity, one medium complexity, and one high

complexity paper).

Study Design

Clinical Trial
papers (n=3)

For each paper

Completed
Pre-test

Read paper

\ i )
| | |
Score } } o Scored }
iven
Using Answers _.\r Received Representation NS Wers I Post-test
Status Quo E— Tutorial A  &Status Quo P—— Questionnaire
Participant Pool ol sadicleLl ‘ } }
| |
| N
’

|
Dependent Measures: J
_ _ 1.Time Spent 2. Accuracy _ _

Figure 5-3. Study design consisting of a 2-arm randomized modified cross-over design

5.3.2 Paper Test Cohort

Clinical trials in the domain of non-small cell lung cancer (NSCLC) were chosen following the

same procedure as Section 5.2.2.

It was noted that the “comprehensibility” of research papers can vary widely. Comprehensibility
entails aspects related to language, organization, level of detail, and experiment complexity which
can affect a reader’s ability to recall details of a study for question answering. Thus, from the pool
of retrieve papers, a study coordinator (MT) randomly selected a paper and assessed its level of
difficulty, roughly categorizing a sampled paper as either: a) low complexity; b) medium
complexity; or c) high complexity. The level of complexity was assigned based on a number of
factors including the number information elements in tables and figures, the page length of the

report, and the time taken to read the paper as determined by domain expert annotators. The intent
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was to have a stratified sample of papers with equal amounts in each category (Figure 5-4). This
stratification was performed to test the intuition that the system would be most beneficial for papers
that were deemed “difficult” with high complexity. Within each participant, even distributions
were maintained with respect to level of complexity. In other words, each participant received one
paper from low complexity papers, one of medium complexity and one of high complexity. Due
to time constraints, seven papers from each category were identified for a total of 21 unique papers

to be used for testing.

Paper Cohort Selection

Select 7 high
—» complexity
Clinical Trial

Clinical Trials
Perform
PubMed Search i F -
Clinical Trials
Keywords: “EGFR” “non-
small cell lung cancer” Select 7 low
“clinical trial” L complexity
Clinical Trials -

Figure 5-4. Categorizing sampled trial reports according to level of complexity

Select 7 med
complexity Structure Reports

5.3.3 Study Execution

The flow of the study is summarized as follows (Figure 5-3):

(1) Each participant filled out paperwork including a study consent form and a pre-test
questionnaire. The questionnaire is shown in Appendix C and relates to their level of

understanding of cancer, biology, statistical methods and clinical trial designs.
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(2)

3)

(4)

()

(6)

Each participant received a 2-hour tutorial on how to interpret the questions created by the
experts (see Section 5.4.2). The tutorial reviewed an example paper and example questions

with expert provided answers.

Participants were given the status quo paper copy of their assigned clinical trial papers. Each
participate was instructed to read all 3 assigned papers at their leisure but within 24 hours
prior to their scheduled usability sessions. The participants were asked to read these papers
as if they were normally inquiring about a particular line of research. No restrictions related

to note-taking, highlighting, etc. were imposed.

Participants completed Part | of the usability session, which involved using the previously
distributed paper copy to answer the questions generated by the biostatistician and domain
experts for their given papers. There answers were recorded on a standard form. Time to
complete each question was self-reported. See Appendix B for samples of the forms used

and details sample questions for a given paper.

A washout period was imposed (at least one week). The assumption is that during the
washout period, users would forget most of the questions and their answers provided in the

status quo arm.

After the washout period, each subject, for each assigned paper (same set as in Part 1), were
subsequently placed in the intervention arm. After a second tutorial on how to interpret the

representation based on an example representation, lasting 1 hour; participants completed Part
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Il of the usability session with the representation for all three papers. Answers were recorded

on a standard form. Time to complete each question was self-reported.

(7) Participants answered a post-questionnaire to gather impressions on the adequacy of its
content and to provide feedback on design, interface, and suggestions for additional
functionalities. The post-questionnaire is shown in Appendix C and included responses
related to the effectiveness of the representation for characterizing various aspects of a trial

study (e.g., purpose, interventions, study design, observational data, and statistical methods).

(8) Finally, 8 out of the 12 participants were interviewed by a study coordinator to gather

feedback for general preferences, concerns, and thoughts about the study.

5.3.4 Generation of Test Questions

The query question set and the gold standard answer are divided into two categories: (1) Clinical
and (2) Biostatistics. Two domain experts in the clinical setting created the query questions for
the clinical category and one biostatistician in the research setting created the query questions for
the biostatistics category. Domain experts were given an open amount of time to create the query
questions and gold standard for each of the 21 test papers (Figure 5-5). To address biases with
question wording, the two domain experts worked together to eliminate ambiguities and
differences in response. A second biostatistician was asked to proofread the questions generated

by the main biostatistician.
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Figure 5-5. Process to create clinical and biostatistical test questions
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A sample of clinical questions are as follows:

1. What is/are the study’s objective(s)? What is the clinical reasoning as to why this study
was created? By the end of the paper, does the paper answer this/these objectives?

2. What is the medication name, dosing strength, and frequency? Does the treatment regimen
account for dose interruption or reduction during the study?

3. Describe the target population (i.e., total sample population) and the control/comparator
group.

4. Listall Grade 3 and above adverse events (or side effects) for the control and/or comparator
group(s) and the experimental group?

5. What are the causes of death (if any) in the control/comparator group(s) and experimental
arms? Are the causes of death the same?

6. What is the proportion and number of patients that dropped out in the control/comparator
group(s) and experimental arms? Are the proportions the same?

7. List the outcome measures that help determine the intervention’s clinical relevance (i.e.

quality of life markers, survival metrics, etc.)?
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8. If this is a survival study, how many more months/days does the intervention prolong life?

A sample of biostatistical questions are as follows:

1. What is the proportion of patients with tumor stage I11B in each group (by gene expression,
treatment) and overall?

2. The following questions relate to study design: What is the objective of the study? How
many experimental arms are there? What is the phase of the clinical trial? What types of
analyses are performed?

3. What is the median survival or progression free survival (PFS) and hazard ratio in each
group (of gene expression, treatment group and overall?

4. What is the response rate of treatment groups? List the time points for all response rates of
treatment groups given.

5. What is the top 3 adverse events in the treatment groups? For each adverse event, how
many patients experienced that adverse event?

6. What is the context for the most significant statistical result (i.e., p-value)? Describe (a)
the age, demographic of population, (b) interventions details, of each population.

7. Describe how the most significant statistical test was calculated? Describe (a) variables,

(b) test statistics used, (c) sample size.

See Appendix B for a more comprehensive sample of actual questions posed to the test subjects.
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5.3.5 Dependent Measures and Statistical Analyses

During usability sessions part | and part Il, participants were instructed to answer the query
questions for clinical trial reports demonstrating their comprehension of the clinical trial study
using the status quo without the representation for Part | and with the representation for Part II,
and to record the time required to answer each question. The dependent variables were: (1) self-
reported completion time, and (2) graded score as determined by a domain expert. Answers to
query questions for Part | and Part 1l were collected as free-text responses and graded for

correctness on a scale from 1-3, where 1 is incorrect, 2 is partially incorrect, and 3 is correct.

Grading scores were assigned by two domain experts and one biostatistician, in one of two
methods. For clinical questions, the two domain experts each graded the participant answers for
Part | and Part Il while being blinded from each other. Discrepancies were resolved jointly. For
biostatistics questions, an answer key was generated by a domain expert. An experienced grader

obtained the answer key and graded all participant answers.

Following the usability sessions, a post-questionnaire was prepared to assess the affinity and
usefulness of the representation, to gather impressions on the adequacy of its contents, and to
provide feedback on design, interface, and additional functionalities (Appendix C). Finally, I
conducted a 30-minute long semi-structured interview with a group of participants. Throughout
the interview process, | documented meeting notes and partially transcribed these notes. Following
interviews, despite possible misunderstandings that arise in the initial survey answering, no

participants were allowed to re-submit survey scores.
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The participants used the status quo (Part 1) first, then the status quo with the representation (part
I1) afterwards to answer questions demonstrating their comprehension of the clinical trial. Time
required to answer the questions was self-reported. Summary statistics for time spent and accuracy
were calculated for Part | and Part 1l overall, and stratified for each complexity level. A one-sided
student’s t-test was used to compare accuracy and time spent using the status quo vs. using the
status quo method with the representation. In addition, summary statistics were calculated for

participant characteristics, and the Likert scale survey.

5.3.6 Participant Characteristics

Twelve participants were involved in the study. Participants ranged in experience from one to five
years. 50% of the participants (6 out of 12) had read a clinical trial report before and took on
average 27 + 8.4 minutes to read it completely. General participant characteristics are presented
in Table 5-8. For confidence measures, scale values are 1 = not confident to 10 = very confident.

For courses, values indicate number of college-level undergraduate or graduate level courses.

Characteristic Mean SD
Confidence with understanding of cancer mechanisms 4.0 2.4
Confidence with knowledge on NSCLC 3.3 2.3
Confidence in understanding knowledge within reports 6.6 2.2
Confidence in understanding statistical methods 6.7 25
Confidence in assessing the quality of statistical tests 6.3 2.6
Courses on biology 6.1 5.9
Courses on statistics 4.8 4.6

Table 5-8. Characteristics of participants in Experiment 2.
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5.3.7 Results

Similar to Experiment 1, in Experiment 2, non-significant differences were again found in
accuracy between the representation condition and the status quo condition for each clinical trial
study (Table 5-9). When stratifying by complexity level, it was observed that the point estimate
of the medium complexity report had decreased accuracy as compared with reports of low and
high complexity. In Part I, the mean accuracy for low complexity reports is higher than medium
and high complexity reports (low 94.4% and 100%, vs medium 75.0% and 66.7% and high 80.0%
and 80.0%) (Table 5-10). Level of complexity within reports suggests a difference between the
representation and the status quo, favoring the representation. In particular, the representation of

the medium level of difficulty papers seemed to bring about the largest benefit.

The accuracy can be affected due to an increase in complexity of the study design and greater
amount of content for both the representation and status quo method. Future evaluations can
investigate this trend in an attempt to significantly increase the results for accuracy in the
representation over the status quo. In summary, given the representation and status quo,
participants can answer query questions with faster time and similar accuracy as compared with
the status quo, alone. My results suggest an instrumental role of representations in assisting

biostatisticians and clinicians in their assessment of quality and evidence-based medicine.

Accuracy Time

System ) SD (min) SD
Paper Only 69.5%  29.6% 54 32
Paper +
Representation 75.5% 21.3% 34 17
P-value 0.15 0.000003

Table 5-9. Measures of performance as a function of overall accuracy and overall time

122



Accuracy Time

Complexit System % SD min SD

Paper Only 70.9% 47.7% 40 17

Low Paper + Representation 100.0% 0.0% 31 16
p-value 0.211 0.016

Paper Only 75.0% 15.4% 61 29

Medium  Paper + Representation 68.8% 13.9% 37 16
p-value 0.252 0.001

Paper Only 62.4% 33.3% 62 43

High Paper + Representation 72.2% 27.2% 36 20
p-value 0.5 0.005

Table 5-10. Measures of performance as a function of overall accuracy and overall time
stratified by complexity level

5.4 User Preferences

The previous section discussed the utility of the system to answer task-related queries, and this
section discusses participants’ preferences and usefulness of the representation to the participant.
My evaluation results are divided into two parts: (1) the results from a Likert scale survey about
the usability and satisfaction, preferences, and likelihood of using the representation again; and (2)

the open free-text comments about the study design organized by themes.

5.4.1 Questionnaire Results

75% participants (9 out of 12) preferred the representation to the status quo. Participants rated the
usefulness of the representation with an average of 7.0 = 1.5 (where 10 is completely essential, 5
is neutral and 1 is useless), and the satisfaction of the visualization of the representation at the
current state with an average of 7.0 + 1.5 (where 10 is completely satisfied, 5 is neutral, and 1 is
unsatisfied). The likelihood of participants using the representation again is reported on average

as 7.6 £ 2.1 (with 10 being will use the representation again, 5 is neutral, 1 being will not use the
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presentation again). Among the participants that preferred the representation over the status quo,
participants rated the usefulness of the representation with a median of 8, and the satisfaction of
the visualization at the current state with a 7. The likelihood of participants using the
representation again is reported with a median of 5. Among the participants that preferred the
status quo over the representation, participants rated the usefulness of the representation with a
median of 8, and the satisfaction of the visualization at the current state with a 5. The likelihood

of participants using the representation again is reported with a median of 5.

5.4.2 Free Comments

In general, participants appreciated the representation as a way to provide an overview for
complicated information, including viewing participant flow, and quickly identifying data points
and statistical methods. All participants agreed that the representation contained advantages, such
as increasing speed in retrieving information. When information is immediately clear, it was fast

to answer the task. Selected free-text comments are reviewed below by theme:

Washout period: Two participants provided comments regarding their recollection of the paper
during Part 1l of the evaluation. Both participants recalled specific details about the question task
when using on the status quo method, and preferred using their method of arriving at the answers
they recalled with the status quo method. If information was not presented in the representation,

participants sometimes remembered that it did exist in the paper. Participants stated:

“I was able to recall how I answered the multiple choice questions, like ‘Was statistical

significance achieved?’”
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“Anything I struggled to identify the first time, | recalled [using my notes from when | read

the paper].”

“Some of the more ambiguous questions (e.g., future directions) or questions for which
the answers were not listed in the paper, | arrived at more quickly because | remembered

how I had previously resolved these ambiguities [using the paper].”

While remembering specific facts may be considered a disadvantage with respect to a washout
period; overall, this may be considered advantageous with respect to recalling information within

previously read papers. Another participant stated:

“The representation confirmed that I was right [the first time [ answered the question].”

Poor and inaccurate instantiations: Two participants addressed issues with poor and inaccurate
annotated-populated instantiations. If the answer was not adequately answered using the
representation, participants were skeptical of whether or not it was absent in the representation

because it was missed by the annotator but present in the paper, or not present in the paper at all.

Learning curves from expert and novice readers: Despite expertise in interpreting clinical
trials, there was a learning curve in comprehending the representation. For one participant who
self-rated him/herself as very familiar with reading clinical trials, the addition of a new system had
an unnecessary learning curve, when he/she was already fluent in reading clinical trials in the status
quo form. Another participant who was not as familiar with reading clinical trials, found
information was not presented clearly in the representation, without realizing that it is usually
ambiguous in the paper report. For example, he/she was confused why participant flow

information was not presented more clearly in the paper, and was quick to point out sample size
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numbers did not add up in the representation. Another point of confusion for the participant
unfamiliar with reading clinical trials was the lack of consistency of presenting concrete time

points for observed events.
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Chapter 6 - Summary

This chapter summarizes the results of this study (section 6.1), compares study results to other
work in the field (section 6.2), identifies limitations with this work (section 6.3), and discusses

future directions (section 6.4)
6.1 Summary of the Dissertation

This dissertation describes a representation that models clinical trial summaries within the context
of experimental design steps. The approach introduced a novel hybrid representation that utilizes
the process model and data grid, in an effort to describe the collection and/or constraints of a data
variable. Once the representation was created, it was implemented into prototype applications to
answer queries drawn from users who are interested in evidence-based medicine. Specifically, the
representation is intended to support queries related to understanding the context of reported
observations and analysis methods based on the details of the experimental design. The novel
representation could then be visualized in a consistent manner across a diverse sample of clinical
trial reports. A standard representation would lead to a familiarity in navigating and querying

important details related to understanding statistical significance of scientific discoveries.
The specific contributions of this dissertation are summarized as follows:

e A representation with the ability to express detailed context for reported observations (e.g.,
quantitative descriptions). A backtracking algorithm transverses the nodes in the process

model following the semantics of the linkages. Each node in the pathway from the first
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node to the node of interest provides a different part of the context. The query results in a
compilation of context aggregated from each node, which is returned to the user.

A representation that is generalizable beyond the studied domain of non-small cell lung
cancer (NSCLC) trial reports. The process model can be built to accommodate any level
of detail, and the data grid is adaptable and assembled from familiar ontologies for a given
application. The representation developed in this dissertation is based off a situational
ontology for NSCLC, however, the methods provided can be used to generate a situational
ontology for a different disease domain. The rationale is that clinical trials within specific
trial designs follow similar steps, regardless of disease domain.

A representation that is intuitive and easy-to-understand. The usability of the
representation and its impact on time-savings was demonstrated via the evaluation in
Experiment 1 and 2. The results of Experiment 1 showed that users with the representation
maintained similar accuracy, and required on average less time when answering
CONSORT-like questions than users with the status quo method. The results of
Experiment 2 confirmed the results of Experiment 1 for a set of typical query questions.
It showed that users with the representation and status quo method answered query

questions faster and with similar accuracy as compared with the status quo alone.

6.2 Contributions to the Field

The need for formalizing information contained within clinical trials research papers has been
previously recognized and is motivated by a number of driving applications: 1) the need for editors,
peer reviewers, and readers to understand how the trial was performed and to judge whether the

findings are likely to be reliable; 2) the need for decision support for evidence-based medicine; 3)

128



the need to create comprehensive disease models; and 4) the need for more sophisticated (accurate)
retrieval systems. The specification for defining a good representation is evolving from many
complementary efforts. This work accompanies a number of existing efforts to characterize

clinical trial studies including the following major efforts.

ClinicalTrials.gov — the ClinicalTrials.gov registry includes a large breadth of studies, containing
over 100,000 records and meta-tags for describing clinical trials studies [Zarin 2005 and Laine
2007]. The database is motivated by issues related to patient recruitment, and thus, includes meta-
data related to the trials purpose, intervention, recruitment criteria, research arms, primary outcome
measures, locations and contacts. Similar to this dissertation, one application is a web based
interface to identify a particular clinical trial study. However, metadata tags are less descriptive
than the system developed in this dissertation and the application focus is mainly directed towards
patient recruitment and/or matching patient cases to trial studies. The quality of the study is not
characterized in the clinicalTrails.gov effort and quantitative information is not present, or in an

unusable form.

CDISC — The Clinical Data Interchange Standards Consortium is a nonprofit organization
committed to the development of industry standards to support the electronic exchange of clinical
trials data and metadata [Kush 2012]. The organization provides one overarching standard model
for the data interchange of healthcare information and clinical trial/research data at the individual
patient level. The standard is motivated by the need to integrate data sets from different institutions
and to get improved estimates of the probabilities of expanded state spaces. This dissertation can
aid this effort by improving the richness of the representation used to characterize patient data

participating in a clinical trial. In particular, the representation allows patient observations to be
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completely specified for each stage of a clinical trial, including how/why patients were recruited,
the arm in which they participated, the exact specification of the intervention (e.g., drug
administration details) and how observations were made. It has been commented by Professor
Hyun J. Grace Kim that the representation studied in this dissertation could be a powerful rich

approach to gather and collect measurements during the data collection stage of a clinical trial.

CONSORT - the CONSORT (Consolidated Standard for Reporting Trials) statement, discussed
in Chapter 2, defines a set of guidelines and suggestions to aid RCT authors in deciding what to
report [Hopewell 2008, Moher 2010, Altman 2001]. It is motivated by issues related to improving
the critical appraisal and interpretation of RCT reports. It includes a flow diagram and a 21-point
checklist of required items necessary to inform the reader about what the researchers did during
the trial and what they learned from it—their methods, results, and analysis [www.consort-
statement.org]. CONSORT has received powerful backing from journal editors including JAMA,
Annals of Internal Medicine, the British Medical Journal and at least 70 other leading journals.
The efforts of this dissertation could provide extensions to the CONSORT specification including
the integration of the hybrid process model into the checklist item for experimental design

procedure.

Global Trial Bank Project / Human Studies Database Project — The Global Trial Bank (GTB)
is a nonprofit organization formed under the auspices of the American Medical Informatics
Association whose goal is to speed the dissemination, understanding, synthesis, and translation of
clinical trials to improve healthcare for humans [Sim 2007, Sim 2010]. The project has attempted
to further refine the representation of information specified generally in the CONSORT statement.

A comprehensive schema (ontology) of RCT concepts has been defined which standardizes the
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representation such that improved computations can be performed (querying, deduction,
inferencing, etc.). In this dissertation, the characterization and contextualization of quantitative
information could add to the functionality of this effort, especially in regard to assessing the quality

and transportability of a study between populations.

NeuroScholar / Research Maps — NeuroScholar [Khan 2006, Burn 2006], an open source
software platform, provides a way to extract knowledge from various sources (i.e., images, lab
notes) and create links (associative, causal, etc.) between the pieces of knowledge to show how
the extracted knowledge fragments relate to one another. The goal is to synthesize the
experimental and observational evidence for a given disease target of investigation. The resulting
text fragments, or “knowledge statements,” are then saved and synthesized in order to obtain a
holistic view of the domain. Similarly, Research Maps, discussed in Chapter 2, attempts to
synthesize causal statements discussed in the scientific literature [Silva 2015]. While both
NeuroScholar and Research Maps provide a synthesized summary for fragments of information,
however, they do not characterize the strength of associations between causal hypotheses. This
dissertation can complement these efforts by providing details of the statistical methods used in a

study and clarify exactly the context for reported observational frequencies.

These efforts attempt to improve the sharing of data and knowledge, to enforce consistent
information coverage required to assess and interpret RCT studies, and to improve the
documentation of how various pieces of data are related. These and other efforts are important
and complementary efforts toward the goal of improving the utility of information currently stored

in free-text research papers.

131



6.3 Limitations of this Dissertation

This is an exploratory dissertation on establishing the specifications for a representation on clinical
trial studies reported in the scientific literature, specifically to support details related to the context
for observational data and statistical calculations. There were a number of limitations however in
the study that require further consideration before large scale application of the methods can be

executed. These limitations are summarized as follows:

Situational Ontology Completeness: The system requires a comprehensive situational ontology
for the application domain. In this dissertation, many elements of the ontology were borrowed
from existing knowledge sources. However, a large number of entries related to drugs, properties,
property states, intervention methods, etc. had to be manually included in the ontology.
Additionally, organizing the concepts into a logical semantic model for the domain is challenging,
requiring the development of definitions for semantic frames and relations between frames, in
general. Future directions for this research could employ knowledge acquisition methods based
on natural language processing to expedite identification of unique concepts within a large corpus
of research papers from a selected domain. As various aspects of the ontology are generic to all
domains (e.g., study design and statistical methods), it is likely that ontology development will be

incrementally more scalable as a greater number of domains are covered.

Instantiation Tools: In this dissertation, the annotation tools to instantiate the representation for
a given PDF research paper were not being tested or evaluated for large-scale deployment. While
instantiating a single research paper was time and energy intensive and could benefit from a well-

developed tool, it was not the main purpose of this dissertation to develop tools. Future directions
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could employ a number of improvements in this area including: 1) the development of text
classifiers to localize the text within a clinical trial report to specific aspects of the representation
(e.g., hypothesis, study design, intervention details, analysis methods, etc.); 2) natural language
processing methods to automatically annotate quantitative and other observational details; and 3)
a helper program interface along with a systematic line of questioning to progress the annotator
user through each and every aspect of the representation without knowledge about the underlying
semantics, storage details, and underlying structure. Inventories of common process models could
be provided in the annotation program to serve as a starting point for instantiating the process

model for a given paper.

User Interface: In this dissertation, the user interface to the representation could be significantly
improved through providing custom views and templates of different ontological class objects and
their values. To avoid visually disorganized interface, a hierarchical tree could be employed to
collapse attributes for larger frame objects (e.g., Demographic Class of properties). An example
of a custom template can include a worksheet to drag-and-drop data for immediate appraisal. For
example, graphing of multiple survival curves from different arms of the study should be provided
as a standard function to facilitate comparison of outcomes. Another limitation of this current
work is the ability to view only one clinical trial report at a time. Operations for comparison
between studies cannot be performed. An effort to develop an integrated visualization for multiple
clinical trial reports is underway. With the integration of data, issues arise pertaining to appropriate

ways for dealing with conflicting data and assigning relative weights to data.

Generalizability: While this dissertation concentrated mainly on randomized clinical trial studies

from lung cancer studies, an informal evaluation on generalizability was conducted on students
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from BE 226 (academic years 2013 and 2014). Students instantiated representations for their own
chosen domain outside lung cancer studies. Most students stayed in the domain of cancer, ranging
to brain cancer to skin cancer. In general, efforts were quite successful in characterizing their own
selected research paper. However, the representation needs to be formally tested on a much larger
and a more diverse sample of research papers, including the many variations in research designs

and scientific areas of investigation.

Several limitations relate to Experiment 1 and 2 of the evaluation methods. Figure 6-1 labels the

biases at various parts of the study design.
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Figure 6-1. Biases associated with Experiment 2 of the evaluation
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Evaluation Subject Pool: Test subjects were drawn mainly from student pools in either medical
informatics or bioengineering. Students were assumed to be a proxy for clinical investigators

and/or evidence-based medicine practitioners.

Bias in Cross-over specific to Experiment 2 design: A modified-crossover design was used for
Experiment 2 that involves the collection of data from a sample at two time points. The purpose
of the modified crossover design was to document the changes in the dependent variable due to
the addition of an intervention, and not the changes over time. | assumed that baseline in the
sample population just prior to assessment at both time points was equivalent. However, there is
a chance that the washout period was not adequate and the results exhibited a carryover effect, or
recollection of the task. In the case of a carryover effect, participants can perform better simply
by repeating the task a second time. The carryover effect was assessed anecdotally when
participants were surveyed afterwards about the extent of what they remembered during Part II.
Most participants answered saying they did not remember much from Part | of the modified
crossover design. Within participants that remembered, the trend showed participants recalled
answers to the questions they struggled with and devoted a large amount of time to. While
crossover designs provide a way to control for confounding factors by providing a more efficient
comparison of treatments, a crossover design contains inherent design flaws related to whether

improvement in performance can be attributed to the intervention or recollection of the tasks.

Authoring and Grading of Test Questions: Another limitation stems from the design of the task
questions for Experiments 1 and 2; and the grading of answers. The goal of the task questionnaires
and common query questions was to accurately measure comprehension in a sample population.

Because no standard list of questions exists to test comprehension of clinical trials, questions were
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modified from standard reporting guidelines to determine the types of information necessary for
comprehension. To protect from further bias during modifications, the final list of questions was
confirmed by domain experts to determine if answering questions display understanding for
Experiment 1. For Experiment 2, common clinical queries were generated individually and
answered by each domain expert, and common biostatistical queries were double-checked by an
outside biostatistician. In addition to limitations in generating task questionnaires, there is no
standard metric to grade the answers from participants, and responses can vary greatly. For
Experiment 2, participant responses were manually coded by a grader, and similar responses were
grouped together into several categories. To address the lack of a standard metric to grade answers,
a rubric was generated for each category and answers was randomly checked by at least 2 graders
to assure a level of agreement between the codes given to a response. Extra precautions were taken
to ensure that questions were designed in a systematic way and answers were reproducible and

valid.

6.4 Future Direction

There are several possible areas of expansion for this dissertation work.

Other types of clinical studies: Given the many varieties of clinical trial designs possible, the
representation should be revised to extend its applicability to include other types of investigations,
such as natural observational studies. | believe that any type of observation that can be linked to
a process model can be adapted to the representation. Incorporating new studies would entail
additional entries in the situation ontology, and methods described in this dissertation may be used

to develop a supplemental ontology for each different trial design.
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Functionality: There are several comments noted from expert users (i.e., biostatisticians)
regarding how the representation could be ideal for facilitating comparison of trials. This might
be particularly relevant for various meta-analysis efforts. One common task in meta-analyses is
to assess the bias within a study. To support queries related to how known confounders were
addressed (e.g., controlled for) within a particular research study, the representation can provide
links from the ontology to causal models to reveal specific variables to further investigate. Another
task includes an assessment of similarity of selected trials. The representation can be used to
display and compare the global variable list, and similarities between variables can be gauged.

Queries can be built on the representation to assist with and automate the process.

Application Areas: Recommendations from various individuals introduced to the representation
have suggested experimenting with the representation to present journal club research articles, for
teaching experimental study design and analysis, and for providing evidence for a management

approach during clinical tumor boards.

6.5 Concluding Remarks

Numerical data is the key to assessing the contributions of the clinical trial. However, these
contributions are locked within published reports that are unstructured and often require extensive
manual review to gain a deeper understanding of the study itself. A significant amount of effort
is needed to identify and organize information scattered throughout published reports, requiring
clinicians and researchers to organize this information mentally. A representation is necessary to

help summarize essential elements and connect relevant elements together.
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The contribution of this dissertation is a representation that characterizes and places numerical
data in precise context of how it was generated. This study demonstrated that the representation
is intuitive, and provides significant time savings when answering common queries asked by
clinician and biostaticians. While an immediate goal is quality assessment, the eventual goal is to
create a disease model for inferring diagnosis or the best therapeutic strategies, and/or predicting
prognosis.  These disease models require a sufficiently rich bridge representation to
unambiguously extract the information from clinical trial studies. The representation can be

considered a step towards creating a unifying bridge representation.
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Appendix

Appendix A. Example Task Questions and Answers

Task questions Johnson et al.
Comprehension about scientific claims
Please time responses to the nearest minute. Please record a start time, and end times to each question.
Start Time :
1. What is the objective or hypothesis of this trial and primary and secondary outcome measure?
Objective:

Primary Outcome:

Secondary Outcome:

Time :
2. The abstract states: " Bevacizumab in combination with carboplatin and paclitaxel improved
overall response and time to progression in patients with advanced or recurrent non-small cell
lung cancer." To what degree did this treatment improve overall response?

Name the Statistical Test:

List the number of participants in the experimental arm:
List the number of participants in the control arm:

Name the method(s) of assessment (imaging, biomarkers, etc.):

Time points assessments were taken: Circle.
a. 1 hour after each cycle
b. after cycles 3,6,10,14,18
c. every 3 weeks
d. greater than 4 weeks after initial documentation
e. every 2 months until death or loss to follow-up
f. other:

Results of Statistical test:

What is the significance of this stat test result?

Time :

3. From the experimental arm, how many patients discontinued treatment and why?
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Time :
4. How many patient experience positive/negative outcomes in this trial? Example of positive
outcome: efficacy of drug, stable disease; example of negative outcomes: disease progression,
death.

Time :
5. Fillin. Ex: "better" or "worst." The results for patients with non-squamous cell histology had
outcome than patients without.
End Time :
Break time!
Information Retrieval
Please time responses to the nearest minute. Please record a start time, and end times to each question.
Start Time :
6. List the control, and experimental arm(s) under Group Name, write down the number of
participants and drug dosage for each group.

Group Name Number of Participants Dosage

Time :

7. What is the eligibility criteria, regarding cancer status stage?

Time :
8. How and when was primary outcome assessed? List method of assessment (imaging, ,
biomarkers, etc) and time point and frequency of assessment.

Method of Assessment Time point/Frequency

Time :
149



9.

Time :

Is there a difference in median TTP between high-dose and control? Was statistical significance

achieved?

10. Is there a difference between survival for high dose and control? Was statistical significance

achieved?

End Time :

Task answers Johnson et al.

Comprehension about scientific claims

Please time responses to the nearest minute. Please record a start time, and end times to each question.
Start Time :

1.

Time :

What is the objective or hypothesis of this trial and primary and secondary outcome measure?

Obijective: Safety and Efficacy

Primary Outcome Tumor response rate and TTP using Kaplan Meier Curves

Secondary Outcome: overall survival and duration of response

The abstract states: " Bevacizumab in combination with carboplatin and paclitaxel improved
overall response and time to progression in patients with advanced or recurrent non-small cell
lung cancer." To what degree did this treatment improve overall response?

Name the Statistical Test: 2 sided chi squared test

List the number of participants in the experimental arm: 67
List the number of participants in the control arm: 32

Name the method(s) of assessment (imaging, biomarkers, etc.): Tumor Status OR Imaging

Time points assessments were taken: Circle.

a. 1 hour after each cycle

b. after cycles 3,6,10,14,18

c. every 3 weeks

d. greater than 4 weeks after initial documentation
every 2 months until death or loss to follow-up

f. other:
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Results of Statistical test: None

What is the significance of this stat test result? Overall response improved

Time :

3. From the experimental arm, how many patients discontinued treatment and why?

Eleven patients discontinued treatment as a result of a nonfatal AE. Discontinuations occurred as
a result of: hemorrhagic event (three patients) in the low-dose bevacizumab arm; a hemorrhagic
event (one patient); Aspergillus lung abscess (one patient); aspiration pneumonia (one patient);
thrombotic stroke (one patient); vertebral fracture (one patient); and peripheral neuropathy
(paclitaxel-related; one patient) in the high-dose arm. In two cases, bevacizumab was
discontinued following initiation of anticoagulant therapy. Bevacizumab was withheld from one
patient with subclavian vein thrombosis.

Time :

4. How many patient experience positive/negative outcomes in this trial? Example of positive
outcome: efficacy of drug, stable disease; example of negative outcomes: disease progression,
death.

Based on investigator, 85 experience disease progression, 19 control patients crossed over to
single-agent bevacizumab, 9 patients died as a result of AE
Time :

5. Fillin. Ex: "better" or "worst." The results for patients with non-squamous cell histology had

better outcome than patients without.
End Time :
Break time!

Information Retrieval

Please time responses to the nearest minute. Please record a start time, and end times to each question.
Start Time :

6.

Time :

List the control, and experimental arm(s) under Group Name, write down the number of

participants and drug dosage for each group.

Group Name Number of Participants Dosage
Control 32 0

Low dose Bevacizumab 32 7.5 mg/mL
High dose Bevacizumab 35 15 mg/mL
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7. What is the eligibility criteria, regarding cancer status stage? stage 111B, stage IV, recurrent
NSCLC
Time :
8. How and when was primary outcome assessed? List method of assessment (imaging, ,
biomarkers, etc) and time point and frequency of assessment.
Method of Assessment Time point/Frequency
ECOG Tumor Response/Imaging After cycles 3,6,10, 14, 18
TTP Every 2 months
Time :
9. Isthere a difference in median TTP between high-dose and control? Was statistical significance
achieved?
Yes. Using the log-ranked test, Investigator: 7.4 vs 5.9, p=0.023. Independent Research
Faciility:7.0 vs 5.9, p=0.185.
Time :
10. Is there a difference between survival for high dose and control? Was statistical significance
achieved?
Possibly. Using the log-ranked test, 17.7 vs 14.9, p=0.63
End Time :
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Appendix B. Common Query Questions
Start Time:
Clinical Trial Objectives and Study Design — 3 questions

1. What is/are the study’s objective(s)? What is the clinical reasoning as to why this study

was created? (Clinical Question)

Start Time:
End Time:

2. By the end of the paper, does the paper answer this/these objectives? If no, describe
which objective(s) was/were not answered. (Clinical Question)
Yes No

Start Time:
End Time:

3. The following questions relate to study design: (Biostat Question)
a. How many experimental arms are there?

Please note if control is included. Ex: “3 total (includes 1 control am)”

b. What is the phase of the clinical trial?
c. What types of statistical analyses are performed?

Start Time:
End Time:

Interventions — 1 question
4. The following questions relate to the interventions: (Clinical Question)

a. What is the medication name dosing strength and frequency?
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i. Medication Name:
ii. Dosing Strength:
iii. Frequency:

b. What is the protocol for the experimental group(s)?

c. Does the treatment regimen account for dose interruption or reduction during the

study? If yes, what was changed?
Yes No

Start Time:
End Time:

Recruited Population — 3 questions

5. Describe the target population (i.e., total population) in terms of: (Clinical Question)
a. Age - Median Age and Range:

b. Age - % < 65 years and % > 65 years

c. Gender - % Male and % Female:

d. Ethnicity - % White, % Black, % Hispanic, % Asian %Native Hawaiian Pacific
Islander % Other:

e. Geographic location(s)/Institution(s):

Start Time:
End Time:
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6. What is the proportion of patients with tumor stage I11B in each group (by gene
expression, treatment) and overall? (Biostat Question)
Group Name % with tumor stage I11B

Start Time:
End Time:

7. List each control/comparator group and characterize each control/comparator group
mentioned as: (a) standard care control, (b) placebo control, (c) no medication control, or
(d) other control. If other, describe. (Clinical Question)

Group Name Characterization

Start Time:
End Time:

155



Results — 5 questions
8. What is the response rate of treatment groups? If given, list the time points for each
response rate for the treatment groups. (Biostat Question)
Group Name Response Rate Time point, if any

Start Time:
End Time:

9. If applicable, what is the median survival or progression free survival (PFS) and hazard
ratio in each experimental group? (Biostat Question)

Group Name Median Survival or PFS Hazard Ratio

End Time:
Start Time:

10. List all Grade 3 and above adverse events (or side effects) for a) the control and/or

comparator group(s) and b) the experimental group? (Clinical Question)

Start Time:
End Time:
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11. What are the causes of death (if any) in the control/comparator group(s) and experimental

arms? For example, this can be seen in the participant flow decision nodes on the right of

the process model. (Clinical Question)

Causes of death in control/comparator group:

Causes of death in experimental group:

Causes of death in group:

Start Time:
End Time:

12. What are the top 3 adverse events in the treatment group(s)? For each adverse event,

how many patients experienced that adverse event? (Biostat Question)

Top 3 Adverse Event No. of patients
1)
2)
3)
Start Time:
End Time:
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13. What is the proportion and number of patients that dropped out (a) in the treatment

arm(s) and (b) in the control arm? (Clinical Question)

Group Name No. and % drop outs

a)

Reasons:

a)

Reasons:

b)

Reasons:

Start Time:
End Time:
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Statistical Effect — 2 questions

14. For the most significant statistical test, describe how the test statistic (hazard ratio, t-test,

chi-squared, etc.) was calculated? Describe (a) variables (i.e., overall response, time to

progression), (b) test statistics used, (c) sample size, d) any multiple comparison

adjustments. (Biostat Question)

a.

Start Time:
End Time:

Variables tested:

Name the statistical test:

List number of participants in experimental arm:

List number of participants in comparison/control arm:
Was statistical significance achieved?

Yes No

Were there any multiple comparison adjustments?
Yes No Not mentioned Other:

15. What is the context for the most significant statistical result (i.e, p-value)? Describe the

analyzed population (not the total population in Q5) in terms of (a) the age, demographic

of population, sample size; (b) interventions; (c) methodology used to collect data; (d)

time point and frequency of assessment. (Biostat Question)

a. Age:

b. Gender and Ethnicity:

c. Sample size:
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d. Intervention:

Method of Assessment Time point/Frequency

Start Time:
End Time:

Clinical Effect — 1 question
16. The following questions relate to clinical effect:
a. List the outcome measures that help determine the intervention’s clinical

relevance (i.e., quality of life markers, survival metrics, etc.)? (Clinical Question)

b. If quality of life is addressed, describe method used to measure quality of

life? (Clinical Question)

c. If thisis a survival study, how many more months/days does the intervention

prolong life? Please list how many more months/day for each measure (i.e., PFS,

OS, TTP, etc.) (Clinical Question)

Start Time:
End Time:
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Appendix C. Pre- and Post-questionnaires

Pre-questionnaire Form

Department:

Level:
Undergrad Student
Graduate Student Year
Post-doc
Faculty

Experience with lung cancer disease and therapy

1. Onascale of 1-10, 1 being completely clueless and 10 being a domain expert, what is your
understanding of the mechanisms of cancer?

2. How many classes on biology have you taken and have understood the material?
Undergraduate courses: Graduate courses:___

3. On ascale of 1-10, 1 being completely uncomfortable and 10 being very comfortable, how

comfortable are you with your knowledge on non-small cell lung cancer (NSCLC)?

Experience with clinical trial reports

1. Have you read a clinical trial report before? Y /N

2. If yes, how long on average does it take you to read a clinical trial report? minutes

3. Please rank how well you understand clinical trial papers on a scale of 1-10, 1 being completely

confused and 10 being ready to apply the knowledge.

Experience with statistics

1. Onascale of 1-10, 1 being completely uncomfortable and 10 being very comfortable, how
comfortable are you with understanding statistical methods and results?

2. How many courses on statistics have you taken and understood the material?

Undergraduate courses: Graduate courses:

3. On ascale of 1 to 10, 1 being completely uncomfortable and 10 being ready to design statistical
experiments, how confident are you at assessing the quality of a statistical test or developing your own
statistical tests?

Please comment on any additional experiences not mentioned in this questionnaire:
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Post-Questionnaire
Preferences
. Does the visualization show the purpose of the trials?  Y/N
. Does the visualization show the recruitment? Y/N
. Does the visualization show the interventions, including details of dosage, if applicable? Y/N

1

2

3

3. Does the visualization show the data?  Y/N

4. Does the visualization show the results, including statistical methods? Y/N

5. Does the visualization show the conclusions? Y/N

6. On ascale of 1-10, 1 being completely useless and 10 being completely essential, how useful was the
visualization in helping you understand clinical trials?

7. What is your preference?  Paper Report "Status quo"/Visualization

8. On ascale of 1-10, 1 being not using the visualization again and 10 being will use the visualization
again, what is the likelihood that you will use this visualization?

9. On ascale of 1-10, 1 being totally unsatisfied and 10 being highly satisfied, how satisfied are you with
the visualization in its current state?

10. Comments:
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