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Abstract

This chapter provides an overview of considerations for the development of outcome measures

for observational comparative effectiveness research (CER) studies, describes implications of the
proposed outcomes for study design, and enumerates issues of bias that may arise in incorporating the
ascertainment of outcomes into observational research, and means of evaluating, preventing and/or
reducing these biases. Development of clear and objective outcome definitions that correspond to the
nature of the hypothesized treatment effect and address the research questions of interest, along with
validation of outcomes or use of standardized patient reported outcome (PRO) instruments validated

for the population of interest, contribute to the internal validity of observational CER studies. Attention
to collection of outcome data in an equivalent manner across treatment comparison groups is also
required. Use of appropriate analytic methods suitable to the outcome measure and sensitivity analysis to
address varying definitions of at least the primary study outcomes are needed to draw robust and reliable
inferences. The chapter concludes with a checklist of guidance and key considerations for outcome
determination and definitions for observational CER protocols.

Introduction

The selection of outcomes to include in observational
comparative effectiveness research (CER) studies
involves the consideration of multiple stakeholder
viewpoints (provider, patient, payer, regulatory,
industry, academic and societal) and the intended
use for decisionmaking of resulting evidence. It is
also dependent on the level of funding and scope
of the study. These studies may focus on clinical
outcomes, such as recurrence-free survival from
cancer or coronary heart disease mortality; general
health-related quality of life measures, such as the
EQ-5D and the SF-36; or disease-specific scales,
like the uterine fibroid symptom and quality of

life questionnaire (UFS-QOL); and/or health
resource utilization or cost measures. As with other
experimental and observational research studies,
the hypotheses or study questions of interest must
be translated to one or more specific outcomes with
clear definitions.

The choice of outcomes to include in a CER

study will in turn drive other important design
considerations such as the data source(s) from which
the required information can be obtained (see chapter
8), the frequency and length of followup assessments
to be included in the study following initial treatment,
and the sample size, which is influenced by the
expected frequency of the outcome in addition to the
magnitude of relative treatment effects and scale of
measurement.

In this chapter, we provide an overview of types of
outcomes (with emphasis on those most relevant
to observational CER studies); considerations

in defining outcomes; the process of outcome
ascertainment, measurement and validation; design
and analysis considerations; and means to evaluate
and address bias that may arise.
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Conceptual Models of Health
Outcomes

In considering the range of health outcomes

that may be of interest to patients, health care
providers, and other decisionmakers, key areas of
focus are medical conditions, impact on health-
related or general quality of life, and resource
utilization. To address the interrelationships of
these outcomes, some conceptual models have
been put forth by researchers with a particular
focus on health outcomes studies. Two such
models are described here.

Wilson and Cleary proposed a conceptual model
or taxonomy integrating concepts of biomedical
patient outcomes and measures of health-related
quality of life. The taxonomy is divided into

five levels: biological and physiological factors,
symptoms, functioning, general health perceptions,
and overall quality of life.! The authors discuss
causal relationships between traditional clinical
variables and measures of quality of life that
address the complex interactions of biological and
societal factors on health status, as summarized in
Table 6.1.

quality of life outcomes

Table 6.1. Wilson and Cleary’s taxonomy of biomedical and health-related

Health Concepts

Level Represented

Relationship With Preceding Level(s)

Genetic and molecular
factors

Biological and
physiological factors

Symptoms Physical, psychosocial,
emotional, and psychological

symptoms

Relationships are complex. Symptoms may or may not
be associated with biological or physiological factors
(and vice versa).

Functional status Physical, social, role,
psychological, and other

domains of functioning

Symptoms and biological and physiological factors
are correlated with functional status, but may not
completely explain variations. Other patient-specific
factors (e.g., personality, social environment) are also
important determinants.

General health Subjective rating of general

Integrates all health concepts in the preceding levels;

of life

perceptions health one of the best predictors of use of general medical and
mental health services.
Overall quality of life Summary measure of quality | Although all preceding levels contribute to overall

quality of life, general measures may not be strongly
correlated with objective life circumstances, as
individuals may adjust expectations/goals with
changing circumstances.

An alternative model, the ECHO (Economic,
Clinical, Humanistic Outcomes) Model, was
developed for planning health outcomes and
pharmacoeconomic studies, and goes a step
further than the Wilson and Cleary model in
incorporating costs and economic outcomes and

their interrelationships with clinical and humanistic
outcomes (Figure 6.1).2 The ECHO model does

not explicitly incorporate characteristics of the
patient as an individual or psychosocial factors to
the extent that the Wilson and Cleary model does,
however.
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Figure 6.1. The ECHO model
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See Kozma CM, Reeder CE, Schultz RM. Economic, clinical, and humanistic outcomes: a planning model for
pharmacoeconomic research. Clin Ther. 1993;15(6):1121-32. This figure is copyrighted by Elsevier Inc. and reprinted

with permission.

As suggested by the complex interrelationships
between different levels and types of health
outcomes, different terminology and classifications
may be used, and there are areas of overlap between
the major categories of outcomes important to
patients. In this chapter, we will discuss outcomes
according to the broad categories of clinical,
humanistic, and economic and utilization outcome
measures.

Outcome Measurement
Properties

The properties of outcome measures that are an
integral part of an investigator’s evaluation and
selection of appropriate measures include reliability,
validity, and variability. Reliability is the degree to
which a score or other measure remains unchanged
upon test and retest (when no change is expected),
or across different interviewers or assessors. It is
measured by statistics including kappa, and the
inter- or intra-class correlation coefficient. Validity,

broadly speaking, is the degree to which a measure
assesses what it is intended to measure, and types
of validity include face validity (the degree to
which users or experts perceive that a measure

is assessing what it is intended to measure),
content validity (the extent to which a measure
accurately and comprehensively measures what

it is intended to measure), and construct validity
(the degree to which an instrument accurately
measures a nonphysical attribute or construct such
as depression or anxiety, which is itself a means of
summarizing or explaining different aspects of the
entity being measured).? Variability usually refers
to the distribution of values associated with an
outcome measure in the population of interest, with
a broader distribution or range of values said to
show more variability.

Responsiveness is another property usually
discussed in the context of patient-reported
outcomes (PROs) but extendable to other measures,
representing the ability of a measure to detect
change in an individual over time.
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These measurement properties may affect the
degree of measurement error or misclassification
that an outcome measure is subject to, with the
consideration that the properties themselves are
specific to the population and setting in which the
measures are used. Issues of misclassification and
considerations in reducing this type of error are
discussed further in the section on “avoidance of
bias in study design.”

Clinical Outcomes

Clinical outcomes are perhaps the most common
category of outcome to be considered in CER
studies. Medical treatments are developed and
must demonstrate efficacy in preapproval clinical
trials to prevent the occurrence of undesirable
outcomes such as coronary events, osteoporosis,
or death; to delay disease progression such as in
rheumatoid arthritis; to hasten recovery or improve
survival from disease, such as in cancer or H5N1
influenza; or to manage or reduce the burden of
chronic diseases including diabetes, psoriasis,
Parkinson’s disease, and depression. Postapproval
observational CER studies are often needed to
compare newer treatments against the standard
of care; to obtain real-world data on effectiveness
as treatments are used in different medical care
settings and broader patient populations than
those studied in clinical trials; and to increase
understanding of the relative benefits and risks of
treatments by weighing quality of life, cost, and
safety outcomes alongside clinical benefits. For
observational studies, this category of outcome
generally focuses on clinically meaningful
outcomes such as time between disease flares;
number of swollen, inflamed joints; or myocardial
infarction. Feasibility considerations sometimes
dictate the use of intermediate endpoints, which
are discussed in further detail later in the chapter.

Definitions of Clinical Outcomes
Temporal Aspects

The nature of the disease state to be treated,

the mechanism, and the intended effect of the
treatment under study determine whether the
clinical outcomes to be identified are incident (a
first or new diagnosis of the condition of interest),
prevalent (existing disease), or recurrent (new
occurrence or exacerbation of disease in a patient

who has a previous diagnosis of that condition).
The disease of interest may be chronic (a long-
term or permanent condition), acute (a condition
with a clearly identifiable and rapid onset),
transient (a condition that comes and goes), or
episodic (a condition that comes and goes in
episodes), or have more than one of these aspects.

Subjective Versus Objective Assessments

Most clinical outcomes involve a diagnosis or
assessment by a health care provider. These may
be recorded in a patient’s medical record as part of
routine care, coded as part of an electronic health
record (EHR) or administrative billing system
using coding systems such as ICD-9 or ICD-10, or
collected specifically for a given study.

While there are varying degrees of subjectivity
involved in most assessments by health care
providers, objective measures are those that

are not subject to a large degree of individual
interpretation, and are likely to be reliably
measured across patients in a study, by different
health care providers, and over time. Laboratory
tests may be considered objective measures in
most cases and can be incorporated as part of a
standard outcome definition to be used for a study
when appropriate. Some clinical outcomes, such
as all-cause mortality, can be ascertained directly
and may be more reliable than measures that are
subject to interpretation by individual health care
providers, such as angina or depression.

Instruments have been developed to help
standardize the assessment of some conditions

for which a subjective clinical assessment might
introduce unwanted variability. Consider the
example of a study of a new psoriasis treatment.
Psoriasis is a chronic skin condition that causes
lesions affecting varying amounts of body surface
area, with varying degrees of severity. While a
physician may be able to assess improvement
within an individual patient, a quantifiable
measure that would be reproducible across patients
and raters improves the information value of
comparative trials and observational studies of
psoriasis treatment effectiveness. An outcome
assessment that relies on purely subjective
assessments of improvement such as, “Has the
patient’s condition improved a lot, a little, or not at
all?” is vulnerable to measurement error that arises
from subjective judgments or disagreement among
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clinicians about what comprises the individual
categories and how to rate them, often resulting in
low reproducibility or inter-rater reliability of the
measure. In the psoriasis example, an improved
measure of the outcome would be a standardized
assessment of the severity and extent of disease
expressed as percentage of affected body surface
area, such as the Psoriasis Area Severity Index

or PASI Score.* The PASI score requires rating
the severity of target symptoms [erythema (E),
infiltration (I), and desquamation (D)] and area of
psoriatic involvement (A) for each of four main
body areas [head (h), trunk (t), upper extremities
(e), lower extremities (1)]. Target symptom
severity is rated on a 0—4 scale; area of psoriatic
involvement is rated on a 0—6 scale, with each
numerical value representing a percentage of area
involvement.* The final calculated score ranges
from 0 (no disease) to 72 (severe disease), with
the score contribution of each body area weighted
by its percentage of total body area (10, 20, 30,
and 40% of body area for head, upper extremities,
trunk, and lower extremities, respectively).
Compared with subjective clinician assessment of
overall performance, using changes in the PASI
score increases reproducibility and comparability
across studies that use the score.

Relatedly, the U.S. Food and Drug Administration
(FDA) has provided input on types of Clinical
Outcome Assessments (COAs) that may be
considered for qualification for use in clinical
trials, with the goals of increasing the reliability
of such assessments within a specific context

of use in drug development and regulatory
decisionmaking to measure a specific concept with
a specific interpretation. Contextual considerations
include the specific disease of interest, target
population, clinical trial design and objectives,
regionality, and mode of administration. The types
of COAs described are:?

Patient-reported outcome (PRO) assessment:
A measurement based on a report that

comes directly from the patient (i.e., the
study subject) about the status of particular
aspects of or events related to a patient’s
health condition. PROs are recorded without
amendment or interpretation of the patient’s
response by a clinician or other observer. A
PRO measurement can be recorded by the
patient directly, or recorded by an interviewer,

provided that the interviewer records the
patient’s response exactly.

Observer-reported outcome (ObsRO)
assessment: An assessment that is determined
by an observer who does not have a
background of professional training that is
relevant to the measurement being made, i.e.,
a nonclinician observer such as a teacher or
caregiver. This type of assessment is often
used when the patient is unable to self-report
(e.g., infants, young children). An ObsRO
assessment should only be used in the
reporting of observable concepts (e.g., signs or
behaviors); ObsROs cannot be validly used to
directly assess symptoms (e.g., pain) or other
unobservable concepts.

Clinician-reported outcome (ClinRO)
assessment: An assessment that is determined
by an observer with some recognized
professional training that is relevant to the
measurement being made.

Other considerations related to use of PROs for
measurement of health-related quality of life
and other concepts are addressed later on in this
chapter.

Composite Endpoints

Some clinical outcomes are composed of a
series of items, and are referred to as composite
endpoints. A composite endpoint is often used
when the individual events included in the
score are rare, and/or when it makes biological
and clinical sense to group them. The study
power for a given sample size may be increased
when such composite measures are used as
compared with individual outcomes, since by
grouping numerous types of events into a larger
category, the composite endpoint will occur more
frequently than any of the individual components.
As desirable as this can be from a statistical
point of view, challenges include interpretation
of composite outcomes that incorporate both
safety and effectiveness, and broader adoption
of reproducible definitions that will enhance
cross-study comparisons. For example, Kip and
colleagues® point out that there is no standard
definition for MACE (major adverse cardiac
events), a commonly used outcome in clinical
cardiology research. They conducted analyses
to demonstrate that varying definitions of
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composite endpoints, such as MACE, can lead

to substantially different results and conclusions.
The investigators utilized the DEScover registry
patient population, a prospective observational
registry of drug-eluting stent (DES) users, to
evaluate differences in 1-year risk for three
definitions of MACE in comparisons of patients
with and without myocardial infarction (MI), and
patients with multi-lesion stenting versus single-
lesion stenting (also referred to as percutaneous
coronary intervention or PCI). The varying
definitions of MACE included one related to
safety only [composite of death, MI, and stent
thrombosis (ST)], and two relating to both safety
and effectiveness [composite of death, MI, ST,
and either (1) target vessel revascularization
(TVR) or (2) any repeat vascularization]. When
comparing patients with and without acute MI, the
three definitions of MACE yielded very different
hazard ratios. The safety-only definition of MACE
yielded a hazard ratio of 1.75 (p<0.05), indicating
that patients with acute MI were at greater risk
of 1-year MACE. However, for the composite

of safety and effectiveness endpoints, the risk

of 1-year MACE was greatly attenuated and no
longer statistically significant. Additionally, when
comparing patients with single versus multiple
lesions treated with PCI, the three definitions
also yielded different results; while the safety-
only composite endpoint demonstrated that

there was no difference in 1-year MACE, adding
TVR to the composite endpoint definition led to
a hazard ratio of 1.4 (p<0.05) for multi-lesion
PCI versus single-lesion PCI. This research
serves as a cautionary tale for the creation

and use of composite endpoints. Not only can
varying definitions of composite endpoints such
as MACE lead to substantially different results
and conclusions; results must also be carefully
interpreted, especially in the case where safety and
effectiveness endpoints are combined.

Intermediate Endpoints

The use of an intermediate or surrogate endpoint
is more common in clinical trials than in
observational studies. This type of endpoint is
often a biological marker for the condition of
interest, and may be used to reduce the followup
period required to obtain results from a study of

treatment effectiveness. An example would be the
use of measures of serum lipids as endpoints in
randomized trials of the effectiveness of statins,
for which the major disease outcomes of interest
to patients and physicians are a reduction in
coronary heart disease incidence and mortality.
The main advantages of intermediate endpoints
are that the followup time required to observe
possible effects of treatment on these outcomes
may be substantially shorter than for the clinical
outcome(s) of primary interest, and if they

are measured on all patients, the number of
outcomes for analysis may be larger. Much as with
composite endpoints, using intermediate endpoints
will increase study power for a given sample size
as compared with outcomes that may be relatively
rare, such as primary myocardial infarction.
Surrogate or intermediate outcomes, however, may
provide an incomplete picture of the benefits or
risk. Treatment comparisons based on intermediate
endpoints may differ in magnitude or direction
from those based on major disease endpoints, as
evidenced in a clinical trial of nifedipine versus
placebo’- 8 as well as other clinical trials of
antihypertensive therapy.® On one hand, nifedipine,
a calcium channel blocker, was superior to placebo
in reduction of onset of new coronary lesions;

on the other hand, mortality was sixfold greater
among patients who received nifedipine versus
placebo.”

Freedman and colleagues have provided
recommendations regarding the use of
intermediate endpoints.!0 Investigators should
consider the degree to which the intermediate
endpoint is reflective of the main outcome, as well
as the degree to which effects of the intervention
may be mediated through the intermediate
endpoint. Psaty and colleagues have cautioned that
because drugs have multiple effects, to the extent
that a surrogate endpoint is likely to measure

only a subset of those effects, results of studies
based on surrogate endpoints may be a misleading
substitute for major disease outcomes as a basis
for choosing one therapy over another.”
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Table 6.2. Clinical outcome definitions and objective measures

Conceptual Temporal Aspects Objective Measure

Incident invasive breast cancer Incident SEER or state cancer registry data

Myocardial infarction Acute, transient (in regard to Review of laboratory test results for
elevated Troponin-I) troponin and other cardiac enzymes

for correspondence with a standard
clinical definition

Psoriasis Chronic, prevalent Psoriasis Area Severity Index (PASI
score) or percent body surface area
assessment

Systematic lupus erythematosus | Chronic condition with recurrent Systemic Lupus Erythematosus

(SLE) flares (Episodes may have acute Disease Activity Index (SLEDAI)

onset)

Selection of Clinical Outcome Measures  of the clinician and patient. For example, in
evaluating treatments or other interventions that
may prolong the time between flares of systematic
lupus erythematosus (SLE), researchers may use an
index such as the Systemic Lupus Erythematosus
Disease Activity Index (SLEDAI) which measures
changes in disease activity. Or they may use

the SLICC/ACR damage index, an instrument

Identification of a suitable measure of a clinical
outcome for an observational CER study is a
process in which various aspects of the nature of
the disease or condition under study should be
considered along with sources of information by
which the required information may be feasibly and

reliably obtained. designed to assess accumulated damage since the
The choice of outcome measure may follow onset of the disease.!2-14 This measure of disease
directly from the expected biological mechanism activity has been tested in different populations
of action of the intervention(s) under study and and has demonstrated high reliability, evidence
its impact on specific medical conditions. For for validity, and responsiveness to change.!5 Yet,
example, the medications tamoxifen and raloxifene  multiple clinical outcomes in addition to disease
are selective estrogen receptor modulators that activity may be of interest in studying treatment
act through binding to estrogen receptors to block effectiveness in SLE, such as reduction or increase
the proliferative effect of estrogen on mammary in time to flare, reduction in corticosteroid use,
tissue and reduce the long-term risk of primary or occurrence of serious acute manifestations
and recurrent invasive and non-invasive breast (e.g., acute confusional state or acute transverse

cancer.!! Broader or narrower outcome definitions  myelitis). 16

may be appropriate to specific research questions or

designs. In some situations, however, the putative Interactions With the Health Care
biologic mechanism may not be well understood. System

Nonetheless, studies addressing the clinical
question of comparative effectiveness of treatment
alternatives may still inform decisionmaking,

and advances in understanding of the biological
mechanism may follow discovery of an association
through an observational CER study.

For any medical condition, one should first
determine the source of reporting or detection
that may lead to initial contact with the medical
system. The manner in which the patient presents
for medical attention may provide insights as

to data source(s) that may be useful in studying
The selection of clinical outcome measures may be  the condition. The decision whether to collect
challenging when there are many clinical aspects information directly from the physician, through
that may be of interest, and a single measure or medical record abstraction, directly from patients,
scale may not adequately capture the perspective and/or through use of electronic health records
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(EHRs) and/or administrative claims data will
follow from this. For example, general hospital
medical records are unlikely to provide the key
components of an outcome such as respiratory
failure, which requires information about use

of mechanical ventilation. In contrast, hospital
medical records are useful for the study of
myocardial infarction, which must be assessed and
treated in a hospital setting and are nearly always
accompanied by an overnight stay. General practice
physician office records and emergency department
records may be useful in studying the incidence

of influenza A or urticaria, with selection of
which of these sources depending on the severity
of the condition. A prospective study may be
required to collect clinical assessments of disease
severity using a standard instrument, as these

are not consistently recorded in medical practice
and are not coded in administrative data sources.
The chapter on data sources (chapter 8) provides
additional information on selection of appropriate
sources of data for an observational CER study.

Humanistic Outcomes

While outcomes of interest to patients generally
include those of interest to physicians, payers,
regulators, and others, they are often differentiated
by two characteristics: (1) they are clinically
meaningful with practical implications for disease
recognition and management (i.e., patients
generally have less interest in intermediate
pathways with no clear clinical impact); and

(2) they include reporting of outcomes based

on a patient’s unique perspective, e.g., patient-
reported scales that indicate pain level, degree of
functioning, etc. This section deals with measures
of health-related quality of life (HRQoL) and the
range of measures collectively described as patient-
reported outcomes (PROs), which include measures
of HRQoL. Other humanistic perspectives relevant
to patients (e.g., economics, utilization of health
services, etc.) are covered elsewhere.

Health-Related Quality of Life

Health-related quality of life (HRQoL) measures
the impact of disease and treatment on the lives
of patients and is defined as “the capacity to
perform the usual daily activities for a person’s
age and major social role.”!” HRQoL commonly

includes physical functioning, psychological well-
being, and social role functioning. This construct
comprises outcomes from the patient perspective
and are measured by asking the patient or surrogate
reporters about them.

HRQoL is an outcome increasingly used in
randomized and non-randomized studies of
health interventions, and as such FDA has
provided clarifying definitions of HRQoL and
of improvements in HRQoL. The FDA defines
HRQoL as follows:

HRQL is a multidomain concept that represents
the patient’s general perception of the effect of
illness and treatment on physical, psychological,
and social aspects of life. Claiming a statistical
and meaningful improvement in HRQL implies:
(1) that all HRQL domains that are important

to interpreting change in how the clinical trial’s
population feels or functions as a result of the
targeted disease and its treatment were measured,
(2) that a general improvement was demonstrated;
and (3) that no decrement was demonstrated in any
domain.!8

Patient-Reported Outcomes

Patient-reported outcomes (PROs) include any
outcomes that are based on data provided by
patients or by people who can report on their behalf
(proxies), as opposed to data from other sources.!?
PROs refer to patient ratings and reports about

any of several outcomes, including health status,
health-related quality of life, quality of life defined
more broadly, symptoms, functioning, satisfaction
with care, and satisfaction with treatment. Patients
can also report about their health behaviors,
including adherence and health habits. Patients
may be asked to directly report information about
clinical outcomes or health care utilization and out-
of-pocket costs when these are difficult to measure
through other sources. The FDA defines a PRO

as “a measurement based on a report that comes
directly from the patient (i.e., study subject) about
the status of a patient’s health condition without
amendment or interpretation of the patient’s
response by a clinician or anyone else. A PRO

can be measured by self-report or by interview
provided that the interviewer records only the
patient’s response.”!8
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In this section we focus mainly on the use of
standard instruments for measurement of PROs, in
domains including specific disease areas, health-
related quality of life, and functioning. PRO
measures may be designed to measure the current
state of health of an individual or to measure a
change in health state. PROs have similarities to
other outcome variables measured in observational
studies. They are measured with components

of both random and systematic error (bias). To

be most useful, it is important to have evidence
about the reliability, validity, responsiveness, and
interpretation of PRO measures, discussed further
later in this section.

Types of Humanistic Outcome
Measures

Generic Measures

Generic PRO questionnaires are measurement
instruments designed to be used across different
subgroups of individuals, and contain common
domains that are relevant to almost all populations.
They can be used to compare one population

with another, or to compare scores in a specific
population with normative scores. Many have been
used for years, and have well established and well
understood measurement properties.

Generic PRO questionnaires can focus on a
comprehensive set of domains, or on a narrow
range of domains such as symptoms or aspects
of physical, mental, or social functioning.

An example of a generic PRO measure is the
Sickness Impact Profile (SIP), one of the oldest
and most rigorously developed questionnaires,
which measures 12 domains that are affected by
illness.2% The SIP produces two subscale scores,
one for physical and one for mental health, and
an overall score. Another questionnaire, the SF-
36, measures eight domains including general
health perceptions, pain, physical functioning,
role functioning (as limited by physical health),
social functioning, mental health, and vitality.2!
The SF-36 produces a Physical Component Score
and a Mental Component Score.22 The EQ-5D is
another generic measure of health-related quality
of life, intended for self-completion, that generates
a single index score. This scale defines health in
terms of 5 dimensions: mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression.

Each dimension has three response categories
corresponding to no problem/some problem/
extreme problem. Taken as a whole, the EQ-5D
defines a total of 243 possible states, to which
two further states (dead and unconscious) have
been added.?3 Another broadly used indicator of
quality of life relates to the ability to work. The
Work Productivity Index (WPAI) was created

as a patient-reported quantitative assessment of
the amount of absenteeism, presenteeism, and
daily activity impairment attributable to general
health (WPAI:GH) or to a specific health problem
(WPAIL:SHP) (see below), in an effort to develop
a quantitative approach to measuring the ability to
work.24

Examples of generic measures that assess a more
restricted set of domains include the SCL-90

to measure symptoms,2> the Index of Activities

of Daily Living to measure independence in
performing basic functioning,2¢ the Psychological
General Well-Being Index to measure
psychological well-being (PGWBI),%7 and the Beck
Depression Inventory.28

Disease- or Population-Specific Measures

Specific PRO questionnaires are sometimes
referred to as “disease-specific.” While a
questionnaire can be disease- or condition-specific
(e.g., chronic heart failure), it can also be designed
for use in a specific population (e.g., pediatric,
geriatric), or for use to evaluate a specific treatment
(e.g., renal dialysis). Specific questionnaires may
be more sensitive to symptoms that are experienced
by a particular group of patients. Thus, they are
thought to detect differences and changes in scores
when they occur in response to interventions.

Some specific measurement instruments assess
multiple domains that are affected by a condition.
For example, the Arthritis Impact Measurement
Scales (AIMS) includes nine subscales that assess
problems specific to the health-related quality

of life of patients with rheumatoid arthritis and

its treatments.?? The MOS-HIV Health Survey
includes 10 domains that are salient for people with
HIV and its treatments.3°

Some of these measures take a modular
approach, including a core measure that is used
for assessment of a broader set of conditions,
accompanied by modules that are specific to
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disease subtypes. For example, the FACIT and
EORTC families of measures for evaluating cancer
therapies each include a core module that is used
for all cancer patients, and specific modules for
each type of cancer, such as a module pertaining
specifically to breast cancer.3!-33

Other measures focus more narrowly on a few
domains most likely to be affected by a disease,
or most likely to improve with treatment. For
example, the Headache Impact Test includes only
six items.34 In contrast, other popular measures
focus on symptoms that are affected by many
diseases, such as the Brief Pain Inventory and the
M.D. Anderson Symptom Inventory (MDASI),
which measure the severity of pain and other
symptoms and the impact of symptoms on
function, and have been developed, refined, and
validated in many languages and patient subgroups
over three decades.35-36

It is possible, though not always advisable, to
design a new PRO instrument for use in a specific
study. The process of developing and testing a new
PRO measure can be lengthy—generally requiring
at least a year in time—and there is no guarantee
that a new measure will work as well as more
generic but better tested instruments. Nonetheless,
it may be necessary to do so in the case of an
uncommon condition for which there are no
existing PRO measures, for a specific cultural
context that differs from the ones that have been
studied before, and/or to capture effects of new
treatments that may require a different approach
to measurement. However, when possible, in these
cases it is still prudent to include a PRO measure
with evidence for reliability and validity, ideally
in the target patient population, in case the newly
designed instruments fail to work as intended. This
approach will allow comparisons with the new
measure to assess content validity if there is some
overlap of the concepts being measured.

Item Response Theory (IRT) and Computer
Adaptive Testing (CAT)

Item Response Theory (IRT) is a framework

for the development of tests and measurement
tools, and for the assessment of how well the
tools work. Computer Adaptive Testing (CAT)
represents an area of innovation in measuring
PROs. CAT allows items to be selected to be
administered so that questions are relevant to the

respondent and targeted to the specific level of
the individual, with the last response determining
the next question that is asked. Behind the scenes,
items are selected from “item banks,” comprising
collections of dozens to hundreds of questions
that represent the universe of potential levels of
the dimension of interest, along with an indication
of the relative difficulty or dysfunction that they
represent. For example, the Patient-Reported
Outcomes Measurement Information System
(PROMIS) item bank for physical functioning
includes 124 items that range in difficulty from
getting out of bed to running several miles.3” This
individualized administration can both enhance
measurement precision and reduce respondent
burden.3® Computer adaptive testing is based

on IRT methods of scaling items and drawing
subsets of items from a larger item bank.3?
Considerations around adaptive testing involve
balancing the benefit of tailoring the set of items
and measurements to the specific individual with
the risk of inappropriate targeting or classification
if items answered incorrectly early on determine
the later set of items to which a subject is able to
respond. PROMIS# is a major NIH initiative that
leverages these desirable properties for PROs in
clinical research and practice applications.

Descriptive Versus Preference Format

Descriptive questionnaires ask about general or
common domains and complaints, and usually
provide multiple scores. Preference-based
measures, generally referred to as utility measures,
provide a single score, usually on a 0—1 scale, that
represents the aggregate of multiple domains for
an overall estimate of burden.

Most of the questionnaires familiar to clinical
researchers fall into the category of descriptive
measures, including all of those mentioned

in the preceding paragraphs. Patients or other
respondents are asked to indicate the extent to
which descriptions of specific feelings, abilities,
or behaviors apply to them. Utility measures are
discussed further in the following section.

Other Attributes of PROs

Within each of the above options, there are several
attributes of PRO instruments to consider. These
include response format (numeric scales vs. verbal
descriptors or visual analogue scales), the focus
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of what is being assessed (frequency, severity,
impairment, all of the above), and recall period.
Shorter, more recent recall periods more accurately
capture the individual’s actual experience, but

may not provide as good an estimate of their
typical activities or experiences. (For example, not
everyone vacuums or has a headache every day.)

Content Validity

Content validity is the extent to which a PRO
instrument covers the breadth and depth of salient
issues for the intended group of patients. If a

PRO instrument is not valid with respect to its
content, then there is an increased chance that it
may fail to capture adequately the impact of an
intervention. For example, in a study to compare
the impact of different regimens for rheumatoid
arthritis, a PRO that does not assess hand function
could be judged to have poor content validity,

and might fail to capture differences among
therapies. FDA addresses content validity as being
of primary interest in assessing a PRO, with other
measurement properties being secondary. and
defines content validity as follows:

Evidence from qualitative research
demonstrating that the instrument measures
the concept of interest including evidence that
the items and domains of an instrument are
appropriate and comprehensive relative to its
intended measurement concept, population,
and use. Testing other measurement properties
will not replace or rectify problems with
content validity.!8

Content validity is generally assessed qualitatively
rather than statistically. It is important to
understand and consider the population being
studied, including their usual activities and
problems, the condition (especially its impact on
the patient’s functioning), and the interventions
being evaluated (including both their positive and
adverse effects).

Responsiveness and Minimally Important
Difference

Responsiveness is a measure of a PRO
instrument’s sensitivity to changes in health status
or other outcome being measured. If a PRO is

not sufficiently responsive, it may not provide

adequate evidence of effectiveness in observational
studies or clinical trials. Related to responsiveness
is the minimally important difference that a PRO
measure may detect. Both the patient’s and the
health care provider’s perspectives are needed to
determine if the minimally important difference
detectable by an instrument is in fact of relevance
to the patient’s overall health status.*!

Floor and Ceiling Effects

Poor content validity can also lead to a mismatch
between the distribution of responses and the
true distribution of the concept of interest in the
population. For example, if questions in a PRO
to assess ability to perform physical activities
are too “easy” relative to the level of ability in
the population, then the PRO will not reflect the
true distribution. This problem can present as a
“ceiling” effect, where a larger proportion of the
sample reports no disability. Similarly, “floor”
effects are seen when questions regarding a level of
ability are skewed too difficult for the population
and the responses reflect this lack of variability.

Interpretation of PRO Scores

Clinicians and clinical researchers may be
unfamiliar with how to interpret PRO scores.
They may not understand or have reference to

the usual distribution of scores of a particular
PRO in a clinical or general population. Without
knowledge of normal ranges, physicians may

not know what cutpoints of scoring indicate that
action is warranted. Without reference values
from a comparable population, researchers will
not know whether an observed difference between
two groups is meaningful, and whether a given
change within or between groups is important.
The task of understanding the meaning of scores is
made more difficult by the fact that different PRO
measurement tools tend to use different scoring
systems. For most questionnaires, higher scores
imply better health, but for some, a higher score is
worse. Some scales are scored from 0 to 1, where
0=dead and 1=perfect health. Others are scores
on a 0—100 scale, where 0 is simply the lowest
attainable score (i.e., the respondent indicates

the “worst” health state in response to all of the
questions) and 100 is the highest. Still others are
“normalized,” so that, for example, a score of
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50 represents the mean score for the healthy or
nondiseased population, with a standard deviation
of 10 points. It is therefore crucial for researchers
and users of PRO data to understand the scoring
system being used for an instrument and the
expected distribution, including the distributional
properties.

For some PRO instruments, particularly generic
questionnaires that have been applied to large
groups of patients over many years, population
norms have been collected and established. These
can be used as reference points. Scoring also can
be recalculated and “normalized” to a “T-score” so
that a specific score (often 50 or 100) corresponds
to the mean score for the population, and a specific
number of points (often 5 or 10) corresponds to 1
standard deviation unit in that population.

Selection of a PRO Measure

There are a number of practical considerations to
take into account when selecting PRO measures
for use in a CER study. The measurement
properties discussed in the preceding sections also
require evaluation in all instances for the specific
instrument selected, within a given population,
setting, and intended purpose.

Population

It is important to understand the target population
that will be completing the PRO assessment. These
may range from individuals who can self-report,

to individuals requiring the assistance of a proxy

or medical professional (e.g., children, mentally or
cognitively limited individuals, visually impaired
individuals). Some respondents may be ambulatory
individuals living in the community, whereas others
may be inpatients or institutionalized individuals.

If a PRO questionnaire is to be used in non—
English-speaking populations or in multiple
languages, it is necessary to have versions
appropriately adapted to language and culture. One
should have evidence for the reliability and validity
of the translated and culturally adapted version,

as applied to the concerned population. One also
should have data showing the comparability of
performance across different language and cultural
groups. This is of special importance when pooling
data across language versions, as in a multinational
clinical trial or registry study.

Burden

It is important to match the respondent burden
created by a PRO instrument to the requirements
of the population being studied. Patients with
greater levels of illness or disability are less able
to complete lengthy questionnaires. In some cases,
the content or specific questions posed in a PRO
may be upsetting or otherwise unacceptable to
respondents. In other cases, a PRO questionnaire
may be too cognitively demanding or written at

a reading level that is above that of the intended
population. The total burden of study-related data
collection on patients and providers must also be
considered, as an excessive number of forms that
must be completed are likely to reduce compliance.

Cost and Copyright

Another practical consideration is the copyright
status of a PRO being considered for use. Some
PRO questionnaires are entirely in the public
domain and are free for use. Others are copyrighted
and require permission and/or the payment of fees
for use. Some scales, such as the SF-12 and SF-36,
require payment of fees for scoring.

Mode and Format of Administration

As noted above, there are various options for

how a questionnaire should be administered and
how the data should be captured, each method
having both advantages and disadvantages. A PRO
questionnaire can be (1) self-administered at the
time of a clinical encounter, (2) administered by an
interviewer at the time of a clinical encounter, (3)
administered with computer assistance at the time
of a clinical encounter, (4) self-administered by
mail, (5) self-administered on-line, (6) interviewer-
administered by telephone, or (7) computer-
administered by telephone. Self-administration

at the time of a clinical encounter requires little
technology or up-front cost, but requires staff for
supervision and data entry and can be difficult for
respondents with limited literacy or sophistication.
Face-to-face administration engages respondents
and reduces their burden but requires trained
interviewers. Computer-assisted administration
provides an intermediate solution but also requires
capital investment. Mailed surveys afford more
privacy to respondents, but they generate mailing
expenses and do not eliminate problems with
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literacy. Paper-based formats require data entry,
scoring, and archiving and are prone to calculation
errors. Online administration is relatively
inexpensive, especially for large surveys, and
surveys can be completed any time, but not all
individuals have Internet access. Administration
by live telephone interview is engaging and allows
interviewer flexibility but is also expensive. “Cold
calls” to potential study participants may result in
low response rates, given the increased prevalence
of caller ID screening systems and widespread
skepticism about “telemarketing.”

Interactive voice response systems (or [IVRS) can
also be used to conduct telephone interviews, but it
can be tedious to respond using the telephone key
pad, and this format strikes some as impersonal.

Static Versus Dynamic Questionnaires

Static forms are the type of questionnaire that
employs a fixed-format set of questions and
response options. They can be administered

on paper, by interview, or through the Internet.
Dynamic questionnaires select followup questions
to administer based on the responses already
obtained for previous questions. Since they are
more efficient, more domains can be assessed.

Economic and Utilization Outcomes

While clinical outcomes represent the provider
and professional perspective, and humanistic
outcomes represent the patient perspective,
economic outcomes, including measures of
health resource utilization, represent the payer
and societal perspective. In the United States,
measures of cost and cost-effectiveness are often
excluded from government-funded CER studies.
However, these measures are important to a variety
of important stakeholders such as payers and
product manufacturers, and are routinely included
in cost-effectiveness research in countries such as
Australia, the United Kingdom, Canada, France,
and Germany.42

Research questions addressing issues of cost-
effectiveness and resource utilization may be
formulated in a number of ways. Cost identification
studies measure the cost of applying a specified
treatment to a population under a certain set of
conditions. These studies describe the cost incurred
without comparison to alternative interventions.

Some cost identification studies describe the total
costs of care for a particular population, whereas
others isolate costs of care related to a specific
condition; this latter approach requires that each
episode of care be ascribed as having been related
or unrelated to the illness of interest and involves
substantial review.*3 Cost-benefit studies are
typically measured in dollars or other currency.
These studies compare the monetary costs of an
intervention against the standard of care with

the cost savings that result from the benefits of
that treatment. In these studies, mortality is also
assigned a dollar value, although techniques for
assigning value to a human life are controversial.
Cost-effectiveness is a relative concept, and its
analysis compares the costs of treatments and
benefits of treatments in terms of a specified
outcome, such as reduced mortality or morbidity,
years of life saved, or infections averted.

Types of Health Resource Utilization
and Cost Measures

Monetary Costs

Studies most often examine direct costs (i.e.,

the monetary costs of the medical treatments
themselves, potentially including associated costs
of administering treatment or conditions associated
with treatment), but may also include measures of
indirect costs (e.g., the costs of disability or loss

of livelihood, both actual and potential). Multiple
measures of costs are commonly included in any
given study.

Health Resource Utilization

Measures of health resource utilization, such as
number of inpatient or outpatient visits, total days
of hospitalization in a given year, or number of
days treated with IV antibiotics, are often used

as efficient and easily interpretable proxies for
measuring cost, since actual costs are dependent
on numerous factors (e.g., institutional overhead,
volume discounts) and can be difficult to obtain,
since they often may be confidential, since, in part,
they reflect business acumen in price negotiation.
Costs may also vary by institution or location, such
as the cost of a day in the hospital or a medical
procedure. Resource utilization measures may be
preferred when a study is intended to yield results
that may be generalizable to health systems or
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reimbursement systems other than those under
study, as they are not dependent on a particular
reimbursement structure such as Medicare.
Alternatively, a specific cost or reimbursement
structure, such as the amount reimbursed by the
Centers for Medicare and Medicaid Services
(CMYS) for specific treatment items, or average
wholesale drug costs, may be applied to units of
health resource use when conducting studies that
pool data from different health systems.

Utility and Preference-Based Measures

PROs and cost analyses intersect around the
calculation of cost-utility. Utility measures are
derived from economic and decision theory.
The term utility refers to the value placed by the
individual on a particular health state. Utility

is summarized as a score ranging from 0.0
representing death to 1.0 representing perfect
health.

In health economic analyses, utilities are used to
justify devoting resources to a treatment. There are
several widely used preference-based instruments
that are used to estimate utility.

Preference measures are based on the fundamental
concept that individuals or groups have reliable
preferences about different health states. To
evaluate those preferences, individuals rate a series
of health states: for example, a person with specific
levels of physical functioning (able to walk one
block but not climb stairs), mental health (happy
most of the time), and social role functioning

(not able to work due to health). The task for

the individual is to directly assign a degree of
preference to that state. These include the Standard
Gamble and Time Tradeoff methods, 4445 the EQ-
5D, also referred to as the Euroqol,?3 the Health
Utilities Index,*¢-47 and the Quality of Well-Being
Scale.*8

Quality-Adjusted Life Years (QALYs)

Utility scores associated with treatment can be
used to weight the duration of life according to its
quality, and are thereby used to generate QALYs.
Utility scores are generally first ascertained
directly in a sample of people with the condition
in question, either cross-sectionally or over time
with a clinical trial. Utility values are sometimes

estimated indirectly using other sources of
information about the health status of people in a
population. The output produced by an intervention
can be calculated as the area under the cost-utility
curve.

For example, if the mean utility score for patients
receiving antiretroviral treatment for HIV disease is
0.80, then the outcome for a treated group would be
survival time multiplied by 0.80.

Disability-Adjusted Life Years (DALYs)

DALYs are another measure of overall disease
burden expressed as the number of years lost

to poor health, disability, or premature death.4?
As with QALY's, mortality and morbidity are
combined in a single metric. Potential years of
life lost to premature death are supplemented with
years of health life lost due to less than optimal
health. Whereas 1 QALY corresponds to one year
of life in optimal health, 1 DALY corresponds to
one year of healthy life lost.

An important aspect of the calculation of DALY's

is that the value assigned to each year of life
depends on age. Years lived as a young adult are
valued more highly than those spent as a young
child or older adult, reflecting the different capacity
for work productivity during different phases of
life. DALY are therefore estimated for different
chronic illnesses by first calculating the age- and
sex-adjusted incidence of disease. A DALY is
calculated as the sum of the average years of life
lost, and the average years lived with a disability.
For example, to estimate the years of healthy life
lost in a region due to HIV/AIDS, one would first
estimate the prevalence of the disease by age. The
DALY value is calculated by summing the average
of years of life lost and the average number of years
lived with AIDS, discounted based on a universal
set of standard weights based on expert valuations.

Selection of Resource Utilization and
Cost Measures

The selection of measures of resource utilization or
costs should correspond to the primary hypothesis
in terms of the impact of an intervention. For
example, will treatment reduce the need for
hospitalization or result in a shorter length of stay?



Chapter 6. Outcome Definition and Measurement

Or, will treatment or other intervention reduce
complications that require hospitalization? Or, will
a screening method reduce the total number of
diagnostic procedures required per diagnosis?

It is useful to consider what types of costs are

of interest to the investigators and to various
stakeholders. Are total costs of interest, or costs
associated with specific resources (e.g., prescription
drug costs)? Are only direct costs being measured,
or are you also interested in indirect costs such as
those related to days lost from work?

When it is determined that results will be presented
in terms of dollars rather than units of resources,
several different methods can be applied. In

the unusual case that an institution has a cost-
accounting system, cost can be measured directly.
In most cases, resource units are collected, and
costs are assigned based on local or national
average prices for the specific resources being
considered, for example, reimbursement from CMS
for a CT scan, or a hospital day. Application of an
external standard cost system reduces variability

in costs due to region, payer source, and other
variables that might obscure the impact of the
intervention in question.

Study Design and Analysis
Considerations

Study Period and Length of Followup

In designing a study, the required study period and
length of followup are determined by the expected
time frame within which an intervention may be
expected to impact the outcome of interest. A study
comparing traditional with minimally invasive knee
replacement surgery will need to follow subjects at
least for the duration of the expected recovery time
of 3 to 6 months or longer. The optimal duration of
a study can be problematic when studying effects
that may become manifest over a long time period,
such as treatments to prevent or delay the onset

of chronic disease. In these cases, data sources
with a high degree of turnover of patients, such as
administrative claims databases from managed care
organizations, may not be suitable. For example, in
the case of Alzheimer’s disease, a record of health
care is likely to be present in health insurance

claims. However, with the decline in cognitive
function, patients may lose ability to work and may
enter assisted care facilities, where utilization is not
typically captured in large health insurance claims
systems. Some studies may be undertaken for the
purpose of determining how long an intervention
can be expected to impact the outcome of interest.
For example, various measures are used to aid in
reducing obesity and in smoking cessation, and
patients, health care providers, and payers are
interested in knowing how long these interventions
work (if at all), for whom, and in what situations.

Notwithstanding the limitations of intermediate
endpoints (discussed in a preceding section), one
of the main advantages of their use is the potential
truncation of the required study followup period.
Consider, for example, a study of the efficacy of
the human papilloma virus vaccine, for which the
major medical endpoint of interest is prevention of
cervical cancer. The long latency period (more than
2 years, depending on the study population) and
the relative infrequency of cervical cancer raise the
possibility that intermediate endpoints should be
used. Candidates might include new diagnoses of
genital warts, or new diagnoses of the precancerous
conditions cervical intraepithelial neoplasia (CIN)
or vaginal intraepithelial neoplasia (VIN), which
have shorter latency periods of less than 1 year

or 2 years (minimum), respectively. Use of these
endpoints would allow such a study to provide
meaningful evidence informing the use of the HPV
vaccine in a shorter timeframe, during which more
patients might benefit from its use. Alternatively,
if the vaccine is shown to be ineffective, this
information could avoid years of unnecessary
treatment and the associated costs as well as the
costs of running a longer trial.

Avoidance of Bias in Study Design
Misclassification

The role of the researcher is to understand the
extent and sources of misclassification in outcome
measurement, and to try to reduce these as much
as possible. To ensure comparability between
treatment groups with as little misclassification
(also referred to as measurement error) of
outcomes as possible, a clear and objective

(i.e., verifiable and not subject to individual
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interpretation insofar as possible) definition of the
outcome of interest is needed. An unclear outcome
definition can lead to misclassification and bias in
the measure of treatment effectiveness. When the
misclassification is nondifferential, or equivalent
across treatment groups, the estimate of treatment
effectiveness will be biased toward the null,
reducing the apparent effectiveness of treatment,
which may result in an erroneous conclusion

that no effect (or one smaller than the true effect
size) exists. When the misclassification differs
systematically between treatment groups, it may
distort the estimate of treatment effectiveness in
either direction.

For clinical outcomes, incorporation of an
objective measure such as a validated tool that
has been developed for use in clinical practice
settings, or an adjudication panel for review of
outcomes with regard to whether they meet the
predetermined definition of an event, would
both be approaches that increase the likelihood
that outcomes will be measured and classified
accurately and in a manner unlikely to vary
according to who is doing the assessment. For
PROs, measurement error can stem from several
sources, including the way in which a question is
worded and hence understood by a respondent,
how the question is presented, the population
being assessed, the literacy level of respondents,
the language in which the questions are written,
and elements of culture that it represents.

To avoid differential misclassification of
outcomes, care must also be taken to use the same
methods of ascertainment and definitions of study
outcomes whenever possible. For prospective

or retrospective studies with contemporaneous
comparators, this is usually not an issue, since it

is most straightforward to utilize the same data
sources and methods of outcome ascertainment
for each comparison group. A threat to validity
may arise in use of a historical comparison group,
which may be used in certain circumstances. For
example, this occurs when a new treatment largely
displaces use of an older treatment within a given
indication, but further evidence is needed for

the comparative effectiveness of the newer and
older treatments, such as enzyme replacement for
lysosomal storage disorders. In such instances, use

of the same or similar data sources and equivalent
outcome definitions to the extent possible will
reduce the likelihood of bias due to differential
outcome ascertainment.

Other situations that may give rise to issues

of differential misclassification of outcomes
include: when investigators are not blinded to the
hypothesis of the study, and “rule-out” diagnoses
are more common in those with a particular
exposure of interest; when screening or detection
of outcomes is more common or more aggressive
in those with one treatment than another (i.e.,
surveillance bias, e.g., when liver function testing
are preferentially performed in patients using a
new drug compared to other treatments for that
condition); and when loss to followup occurs
that is related to the risk of experiencing the
outcome. For example, once a safety signal has
been identified and publicized, physicians have
been alerted and then look more proactively for
clinical signs and symptoms in treated patients.
This situation is even greater for products that
are subject to controlled distribution or Risk
Evaluation and Mitigation Strategies (REMS).
Consider clozapine, an anti-schizophrenia drug
that is subject to controlled distribution through
a “no blood, no drug” monitoring program. The
blood testing program was implemented to detect
early development of agranulocytemia. When
comparing patients treated with clozapine with
those treated with other antischizophrenics, those
using clozapine may appear to have a worse safety
profile with respect to this outcome.

Sensitivity analyses may be conducted in order

to estimate the impact of different levels of
differential or nondifferential misclassification on
effect estimates from observational CER studies.
These approaches are covered in detail in chapter
11.

Validation and Adjudication

In some instances, additional information must

be collected (usually from medical records)

to validate the occurrence of the outcome of
interest, including to exclude erroneous or “rule-
out” diagnoses. This is particularly important

for medical events identified in administrative
claims databases, for which a diagnosis code
associated with a medical encounter may represent
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a “rule out” diagnosis or a condition that does
not map to a specific diagnosis code. For some
complex diagnoses, such as unstable angina, a
standard clinical definition must be applied by
an adjudication panel that has access to detailed
records inclusive of subjects’ relevant medical
history, symptomatic presentation, diagnostic
work-up, and treatment. Methods of validation
and adjudication of outcomes strengthen the
internal validity and therefore the evidence that
can be drawn from a CER study. However, they are
resource-intensive.

Issues Specific to PROs

PROs are prone to several specific sources of

bias. Self-reports of health status are likely to
differ systematically from reports by surrogates,
who, for example, are likely to report less pain
than the individuals themselves.>? Some biases
may be population-dependent. For example, there
may be a greater tendency of some populations to
succumb to acquiescence bias (agreeing with the
statements in a questionnaire) or social desirability
bias (answering in a way that would cast the
respondent in the best light).>! In some situations,
however, a PRO may be the most useful marker of
disease activity, such as with episodic conditions
that cause short-duration disease flares such as low
back pain and gout, where patients may not present
for health care immediately, if at all.

The goal of the researcher is to understand and
reduce sources of bias, considering those most
likely to apply in the specific population and
topics under study. In the case of well understood
systematic biases, adjustments can be made so
that distributions of responses are more consistent.
In other cases, redesigning items and scales,

for example, by including both positively and
negatively worded items, can reduce specific kinds
of bias.

Missing data, an issue covered in more detail in
chapter 10, pose a particular problem with PROs,
since PRO data are usually not missing at random.
Instead, respondents whose health is poorer are
more likely to fail to complete an assessment.
Another special case of missing data occurs

when a patient dies and is unable to complete an
assessment. If this issue is not taken into account

in the data analysis, and scores are only recorded
for living patients, incorrect conclusions may be
drawn. Strategies for handling this type of missing
data include selection of an instrument that
incorporates a score for death, such as the Sickness
Impact Profile 20-52 or the Quality of Well-Being
Scale,*8 or through an analytic strategy that allows
for some missing values.

Failure to account for missing PRO data that are
related to poor health or death will lead to an
overestimate of the health of the population based
on responses from subjects who do complete

PRO forms. Therefore, in research using PROs,

it is very important to understand the extent and
pattern of missing data, both at the level of the
individual as well as for specific items or scales on
an instrument.>3

A strategy should be put in place to handle missing
data when developing the study protocol and
analysis plans. Such strategies that pertain to use
of PROs in research are discussed in further detail
in publications such as the book by Fairclough and
colleagues.

Analytic Considerations

Form of Outcome Measure and Analysis
Approach

To a large extent, the form of the primary outcome
of interest—that is, whether the outcome is
measured and expressed as a dichotomous or
polytomous categorical variable or a continuous
variable, and whether it is to be measured at a
single time point, measured repeatedly at fixed
intervals, or measured repeatedly at varying time
intervals—determines the appropriate statistical
methods that may be applied in analysis. These
topics are covered in detail in chapter 10.

Sensitivity Analysis

One of the key factors to address in planned
sensitivity analyses for an observational CER study
is how varying definitions of the study outcome

or related outcomes will affect the measures of
association from the study. These investigations
include assessing multiple related outcomes within
a disease area; for example, assessing multiple
measures of respiratory function such as FEV1,
FEV1% predicted, and FVC in studies of asthma
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treatment effectiveness in children; assessing

the effect of different cutoffs for dichotomized
continuous outcome measures; for example, the
use of Systemic Lupus Erythematosus Disease
Activity Index-2000 scores to define active
disease in lupus treatment studies,>* or the use

of different sets of diagnosis codes to capture a
condition such as influenza and related respiratory
conditions, in administrative data. These and other
considerations for sensitivity analyses are covered
in detail in chapter 11.

Conclusion

Future Directions

Increased use of EHRs as a source of data for
observational research, including registries, other
types of observational studies, and specifically

for CER, has prompted initiatives to develop
standardized definitions of key outcomes and
other data elements that would be used across
health systems and different EHR platforms to
facilitate comparisons between studies and pooling
of data. The National Cardiovascular Research
Infrastructure partnership between the American
College of Cardiology and Duke Clinical Research
Institute, which received American Recovery

and Reinvestment Act funding to establish intra-
operable data standards based on the National

Cardiovascular Data Registry, is an example of
such a current activity.>>

Summary

This chapter has provided an overview of
considerations in development of outcome
definitions for observational CER studies; has
described implications of the nature of the
proposed outcomes for the study design; and

has enumerated issues of bias that may arise in
incorporating the ascertainment of outcomes
into observational research. It has also suggested
means of preventing or reducing these biases.

Development of clear and objective outcome
definitions that correspond to the nature of

the hypothesized treatment effect and address

the research questions of interest, along with
validation of outcomes where warranted or use of
standardized PRO instruments validated for the
population of interest, contribute to the internal
validity of observational CER studies. Attention
to collection of outcome data in an equivalent
manner across treatment comparison groups is
also required. Use of appropriate analytic methods
suitable to the outcome measure, and sensitivity
analysis to address varying definitions of at least
the primary study outcomes, are needed to make
inferences drawn from such studies more robust
and reliable.
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Checklist: Guidance and key considerations for outcome selection and
measurement for an observational CER protocol

Guidance

Key Considerations

Check

Propose primary and
secondary outcomes that
directly correspond to
research questions.

— Followup period should be sufficient to observe hypothesized effects

of treatment on primary and secondary outcomes.

Provide clear and objective
definitions of clinical
outcomes.

— Outcomes should reflect the hypothesized mechanism of effect of

treatment, if known.

— Provide justification that the outcome is reliably ascertained without

additional validation, when applicable and feasible, or propose
validation and/or adjudication of endpoints.

— If an intermediate (surrogate) endpoint is proposed, provide

justification why the main disease outcome of interest is not being
used, and that the intermediate endpoint reflects the expected
pathway of the effect of treatment on the main outcome of interest.

Provide clear and relevant
definitions of cost or
health resource utilization
outcomes.

— Outcomes chosen should reflect the hypothesized effect of treatment

on specific components of medical cost and/or resource utilization,
if known.

— Outcomes should be able to be measured directly or via proxy from

data sources proposed for study.

— For costs, consider proposing standard benchmark costs to be

applied to units of resource utilization; especially when multiple
health systems, payment systems, and/or geographic regions are
included in study population or data source.

Describe a plan for use

of a validated, standard
instrument for measurement
of patient-reported
outcomes.

— The instrument chosen should reflect the hypothesized effect of

treatment on specific aspects of disease symptoms or treatment, or
quality of life, if known.

— Propose use of a standard instrument that has been validated for use

in population representative of the study population, when possible.

— Have the instrument validated for use in translation to other specific

languages if it is intended to be used in those languages for study,
when possible.

— Have the instrument validated for the intended mode of

administration, when possible.

Address issues of bias
expected to arise, and
propose means of bias

— Describe potential issues of bias, misclassification, and missing

data that may be expected to occur with the proposed outcomes,
including those specific to PRO data.

minimization. — Provide a plan for minimization of potential bias, misclassification,
and missing data issues identified.
Analysis — Proposed analytic methods should correspond to the nature of the

outcome measure (e.g., continuous, categorical [dichotomous,
polychotomous, or ordinal], repeated measures, time-to-event).

— Plan sensitivity analyses relating to expected questions that arise

around the study outcomes.

— Propose sensitivity analyses that address different relevant

definitions of the study outcome(s) or multiple related outcomes
(e.g., different measures of subclinical and clinical cardiovascular
disease).
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