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Notice

Medicine is an ever-changing science. As new research and clinical experi-
ence broaden our knowledge, changes in treatment and drug therapy are
required. The authors and the publisher of this work have checked with
sources believed to be reliable in their efforts to provide information that is
complete and generally in accord with the standards accepted at the time of
publication. However, in view of the possibility of human error or changes in
medical sciences, neither the authors nor the publisher nor any other party
who has been involved in the preparation or publication of this work
warrants that the information contained herein is in every respect accurate or
complete, and they disclaim all responsibility for any errors or omissions or
for the results obtained from use of the information contained in this work.
Readers are encouraged to confirm the information contained herein with
other sources. For example and in particular, readers are advised to check the
product information sheet included in the package of each drug they plan to
administer to be certain that the information contained in this work is
accurate and that changes have not been made in the recommended dose or
in the contraindications for administration. This recommendation is of
particular importance in connection with new or infrequently used drugs.
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FOREWORD

When I was attending school in wartime Britain, staples of the curriculum, along with
cold baths, mathematics, boiled cabbage, and long cross-country runs, were Latin and
French. It was obvious that Latin was a theoretical exercise—the Romans were dead,
after all. However, although France was clearly visible just across the Channel, for years
it was either occupied or inaccessible, so learning the French language seemed just as
impractical and theoretical an exercise. It was unthinkable to me and my teachers that I
would ever put it to practical use—that French was a language to be spoken.

This is the relationship too many practitioners have with the medical literature—
clearly visible but utterly inaccessible. We recognize that practice should be based on
discoveries announced in the medical journals. But we also recognize that every few
years the literature doubles in size, and every year we seem to have less time to weigh it,!
so every day the task of taming the literature becomes more hopeless. The translation of
those hundreds of thousands of articles into everyday practice appears to be an obscure
task left to others. And as the literature becomes more inaccessible, so does the idea that
the literature has any utility for a particular patient become more fanciful.

This book, now in its second edition, is designed to change all that. It’s designed
to make the clinician fluent in the language of the medical literature in all its forms.
To free the clinician from practicing medicine by rote, by guesswork, and by their
variably-integrated experience. To put a stop to clinicians being ambushed by drug
company representatives, or by their patients, telling them of new therapies the
clinicians are unable to evaluate. To end their dependence on out-of-date author-
ity. To enable the practitioner to work from the patient and use the literature as a
tool to solve the patient’s problems. To provide the clinician access to what is
relevant and the ability to assess its validity and whether it applies to a specific
patient. In other words, to put the clinician in charge of the single most powerful
resource in medicine.

The Users’ Guides Series in JAIMA

I have left it to Gordon Guyatt, MD, MSc, the moving force, principal editor, and
most prolific coauthor of the “Users’ Guides to the Medical Literature” series in
JAMA, to describe the history of this series and of this book in the accompanying
preface. But where did JAMA come into this story?

In the late 1980s, at the invitation of my friend David Sackett, MD, I visited his
department at McMaster University to discuss a venture with JAMA—a series examin-
ing the evidence behind the clinical history and examination. After these discussions, a
series of articles and systematic reviews was developed and, with the enthusiastic
support of then JAMA editor in chief George Lundberg, MD, JAMA began publishing
the Rational Clinical Examination series in 1992.2 By that time, I had formed an
excellent working relationship with the brilliant group at McMaster. Like their leader,
Sackett, they tended to be iconoclastic, expert at working together and forming alliances
with new and talented workers, and intellectually exacting. Like their leader, they
delivered on their promises.

Copyright © 2008 by the American Medical Association. Click here for terms of use.
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So, when I heard that they were thinking of updating the wonderful little series of
Readers’ Guides published in 1981 in the Canadian Medical Association Journal, 1 took
advantage of this working relationship to urge them to update and expand the series for
JAMA. Together with Sackett, and first with Andy Oxman, MD, and then with Gordon
Guyatt taking the lead (when Oxman left to take a position in Oslo), the Users’ Guides
to the Medical Literature series was born. We began publishing articles in the series in
JAMA in 1993.%

At the start, we thought we might have 8 or 10 articles, but the response from
readers was so enthusiastic, and the variety of types of article in the literature so great,
that 7 years later [ still found myself receiving, sending for review, and editing new
articles for the series. Just before the first edition of this book was published, Gordon
Guyatt and I closed this series at 25, appearing as 33 separate journal articles.

The passage of years during the preparation of the original JAMA series and the
publication of the first edition of this book had a particularly useful result. Some subjects
that were scarcely discussed in the major medical journals in the early 1990s, but that had
burgeoned years later, could receive the attention that had become their due. For
instance, in 2000, JAMA published 2 users’ guides‘l’5 on how readers should approach
reports of qualitative research in health care. To take another example, systematic
reviews and meta-analyses, given a huge boost by the activities of the Cochrane
Collaboration, had become prominent features of the literature. An article in the series,®
first published in 1994, discusses how to use such studies. Another example would be the
guide on electronic health information resources,’ first published in 2000. Each of these
users’ guides has been reviewed and thoroughly updated for this second edition.

The Book

From the start, readers kept urging us to put the series together as a book. That had
been our intention right from the start, but each new article delayed its implementa-
tion. How fortunate! When the original Readers’ Guides appeared in the CMAJ in 1981,
Gordon Guyatt’s phrase “evidence-based medicine” had never been coined, and only
a tiny proportion of health care workers possessed computers. The Internet did not
exist and electronic publication was only a dream. In 1992, the Web—for practical
purposes—had scarcely been invented, the dot-com bubble had not appeared, let alone
burst, and the health professions were only beginning to become computer literate. But
at the end of the 1990s, when Guyatt and I approached my colleagues at JAMA with the
idea of publishing not merely the standard printed book but also Web-based and
CD-ROM formats of the book, they were immediately receptive. Putting the latter part
into practice has been the notable achievement of Rob Hayward, MD, of the Centre for
Health Evidence of the University of Alberta.

The science and art of evidence-based medicine, which this book does so much
to reinforce, has developed remarkably during the past 2 decades, and this is
reflected in every page of this book. Encouraged by the immediate success of the
first edition of the Users’” Guides, Gordon Guyatt and the Evidence-Based Medicine
Working Group have once again brought each chapter up to date for this second
edition. They have also added 7 entirely new chapters: Randomized Trials Stopped
Early for Benefit, Making Sense of Variability in Study Results, Composite
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Endpoints, Dealing With Misleading Presentations of Clinical Trial Results, Spec-
trum Bias, Changing Behavior to Apply Best Evidence in Practice, and finally
Teachers’ Guides to the Users’ Guides.

An updated Web version of the Users’ Guides to the Medical Literature will
accompany the new edition, building upon the excellent work completed by Rob
Hayward and his colleagues at the Centre for Health Evidence, University of Alberta,
Edmonton. As part of a new online educational resource entitled JAMAevidence, the
second edition of the Users’ Guides online will be intertwined online with the first
edition of the Rational Clinical Examination: Evidence-Based Clinical Diagnosis.
Together they will serve as the cornerstones of a comprehensive online educational
resource for teaching and learning evidence-based medicine. Interactive calculators
and worksheets will provide practical complements to the content, while download-
able PowerPoint presentations will serve as invaluable resources for instructors.
Finally, podcast presentations will bring the foremost minds behind evidence-based
medicine to medical students, residents, and faculty around the world.

Once again, I thank Gordon Guyatt for being an inspired author, a master
organizer, and a wonderful teacher, colleague, and friend. I know personally and
greatly admire a good number of his colleagues in the Evidence-Based Medicine
Working Group, but it would be invidious to name them, given the huge collective
effort this has entailed. This is an enterprise that came about only because of the
strenuous efforts of many individuals. On the JAMA side, I must thank Annette
Flanagin, RN, MA, a wonderfully efficient, creative, and diplomatic colleague at
JAMA. I also wish to thank Barry Bowlus, Joanne Spatz, Margaret Winker, MD, and
Richard Newman of the JAMA and Archives Journals, who have made important
contributions. In addition, I acknowledge the efforts of our partners at McGraw-Hill
Medical—James Shanahan, Robert Pancotti, Scott Grillo, and Helen Parr.

Finally, I thank Cathy DeAngelis, MD, MPH, editor in chief of the JAMA and
Archives Journals, for her strong backing of me, my colleagues, and this project; for
her tolerance; and for keeping up everyone’s spirits with her dreadful jokes.
Throughout, Cathy has guided the project forward with wisdom, humor, and
understanding, and we are all grateful.

Drummond Rennie, MD
JAMA
University of California, San Francisco
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PREFACE

In fewer than 20 years, evidence-based medicine (EBM) has gone from a tentative name
of a fledgling concept to the fundamental basis for clinical practice that is used
worldwide. The first history of the movement has already appeared in the form of an
authoritative book.! This second edition of Users’ Guides to the Medical Literature
reflects that history and the evolving conceptual and pedagogic basis of the EBM
movement.

In 1981, a group of clinical epidemiologists at McMaster University, led by Dave
Sackett, published the first of a series of articles advising clinicians how to read clinical
journals.> Although a huge step forward, the series had its limitations. After teaching
what they then called “critical appraisal” for a number of years, the group became
increasingly aware of both the necessity and the challenges of going beyond reading the
literature in a browsing mode and using research studies to solve patient management
problems on a day-to-day basis.

In 1990, I assumed the position of residency director of the Internal Medicine
Program at McMaster. Through Dave Sackett’s leadership, critical appraisal had
evolved into a philosophy of medical practice based on knowledge and understanding
of the medical literature (or lack of such knowledge and understanding) supporting
each clinical decision. We believed that this represented a fundamentally different style
of practice and required a term that would capture this difference.

My mission as residency director was to train physicians who would practice this
new approach to medical practice. In the spring of 1990, I presented our plans for
changing the program to the members of the Department of Medicine, many of whom
were not sympathetic. The term suggested to describe the new approach was scientific
medicine. Those already hostile were incensed and disturbed at the implication that they
had previously been “unscientific.” My second try at a name for our philosophy of
medical practice, evidence-based medicine, turned out to be a catchy one.

EBM first appeared in the autumn of 1990 in an information document for
residents entering, or considering application to, the residency program. The
relevant passage follows:

Residents are taught to develop an attitude of “enlightened scepticism” towards the
application of diagnostic, therapeutic, and prognostic technologies in their day-to-day
management of patients. This approach...has been called “evidence-based medicine”....
The goal is to be aware of the evidence on which one’s practice is based, the soundness of
the evidence, and the strength of inference the evidence permits. The strategy employed
requires a clear delineation of the relevant question(s); a thorough search of the literature
relating to the questions; a critical appraisal of the evidence and its applicability to the
clinical situation; a balanced application of the conclusions to the clinical problem.

The first published appearance of the term was in the American College of Physicians’
Journal Club in 1991.3 Meanwhile, our group of enthusiastic evidence-based medical
educators at McMaster, including Brian Haynes, Deborah J. Cook, and Roman
Jaeschke, were refining our practice and teaching of EBM. Believing that we were on to
something big, the McMaster folks linked up with a larger group of academic

Copyright © 2008 by the American Medical Association. Click here for terms of use.
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physicians, largely from the United States, to form the first Evidence-Based Medicine
Working Group and published an article that expanded greatly on the description of
EBM, labeling it as a “paradigm shift.”*

This working group then addressed the task of producing a new set of articles, the
successor to the readers’ guides, to present a more practical approach to applying the
medical literature to clinical practice. Although a large number of people made
important contributions, the non-McMaster folks who provided the greatest input to
the intensive development of educational strategies included Scott Richardson, Mark
Wilson, Rob Hayward, and Virginia Moyer. With the unflagging support and wise
counsel of JAMA deputy editor Drummond Rennie, the Evidence-Based Medicine
Working Group created a 25-part series called the Users’ Guides to the Medical
Literature, published in JAMA between 1993 and 2000.° The first edition of the Users’
Guides was a direct descendant of the JAMA series and this second edition represents its
latest incarnation.

It didn’t take long for people to realize that the principles of EBM were equally
applicable for other health care workers including nurses, dentists, orthodontists,
physiotherapists, occupational therapists, chiropractors, and podiatrists. Thus, terms
such as evidence-based health care or evidence-based practice are appropriate to cover the
full range of clinical applications of the evidence-based approach to patient care.
Because this book is directed primarily to physicians, we have stayed with the term
EBM.

This edition of Users’ Guides to the Medical Literature presents what we have learned
from our students in 25 years of teaching the concepts of EBM. Thanks to the interest,
enthusiasm, and diversity of our students, we are able to present the material with
increasing clarity and identify more compelling examples. For more than 10 years, our
group has hosted a workshop called How to Teach Evidence-Based Practice at
McMaster. At the workshop, more than 100 EBM teachers from around the world, at
various stages of their careers as educators, engage in a week of mutual education. They
share their experiences, communicating EBM concepts to undergraduate and graduate
students, residents and fellows, and colleagues. Invariably, even the most senior of us
come away with new and better ways of helping students to actively learn EBM’s
underlying principles.

We are also blessed with the opportunity to travel the world, helping to teach at
other people’s EBM workshops. Participating in workshops in Thailand, Saudi Arabia,
Egypt, Pakistan, Oman, Singapore, the Philippines, Japan, Peru, Chile, Brazil, Ger-
many, Spain, France, Belgium, Norway, and Switzerland—the list goes on—provides
us with an opportunity to try out and refine our teaching approaches with students who
have a tremendous heterogeneity of backgrounds and perspectives. At each of these
workshops, the local EBM teachers share their own experiences, struggles, accomplish-
ments, and EBM teaching tips that we can add to our repertoire.

We are grateful for the extraordinary privilege of sharing, in the form of the second
edition of Users’ Guides to the Medical Literature, what we have learned.

Gordon Guyatt, MD, MSc
McMaster University
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4 PART A: THE FOUNDATIONS

The objective of this book is to help you make efficient use of the published
literature in guiding your patient care. What does the published literature com-
prise? Our definition is broad. You may find evidence* in a wide variety of sources,
including original journal articles, reviews and synopses of primary studies, practice
guidelines, and traditional and innovative medical textbooks. Increasingly, clini-
cians can most easily access many of these sources through the World Wide Web.
In the future, the Internet may be the only route of access for some resources.

THE STRUCTURE OF THE USERS’ GUIDES:
THE FOUNDATIONS, ESSENTIAL SKILLS,
AND ADVANCED ToPICS

The first part (Part A) of this book introduces the foundations of evidence-based
practice. Chapter 2, The Philosophy of Evidence-Based Medicine, presents the 2
guiding principles of evidence-based medicine (EBM), places EBM in the context of a
humanistic approach to medical practice, and reminds us of some of the current
challenges to evidence-based health care. The subsequent chapters in Part A deal with
defining your clinical question, locating the best evidence to address that question,
and a key principle of critical appraisal: distinguishing bias and random error.

Clinicians are primarily interested in making accurate diagnoses and selecting
optimal treatments for their patients. They must also avoid harmful exposures and
offer patients prognostic information. Parts B through E begin by outlining what
every medical student, every intern and resident, and every practicing physician
will need to know to address these 4 principal issues in providing patient care. The
initial core chapters in Parts B through E provide clinicians the skills necessary to
use the medical literature for these aspects of patient care.

When someone has gone to the trouble of systematically summarizing primary
studies addressing a specific clinical question, clinicians should take advantage of
that summary. Indeed, efficient evidence-based practice dictates bypassing the
critical assessment of primary studies and, if they are available, moving straight to
the evaluation of rigorous systematic reviews. Even more efficient than using a
systematic review is moving directly to an evidence-based recommendation.
Ideally, management recommendations—summarized in practice guidelines or
decision analyses—will incorporate the best evidence and make explicit the value
judgments used in moving from evidence to recommendations for action. Parts F
and G provide clinicians with guides for using literature reviews and recommenda-
tions to optimize their patient care.

We have kept the initial chapters of each part simple and succinct. From an
instructor’s point of view, these core chapters constitute a curriculum for a short

*The italicization, here and in every other chapter, represents the first occurrence in the chapter of a
word that you will find defined in the glossary.
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course in using the literature for medical students or house staff; they are also
appropriate for a continuing education program for practicing physicians.

Moving beyond the Essentials, the advanced topics in this book will interest
clinicians who want to practice EBM at a more sophisticated level. Advanced topics
are collated into a single chapter at the end of each part, and many of the core
chapters provide alerts to specific advanced topics. Thus, if you would like to gain a
deeper understanding of a topic raised in a core chapter, an alert will direct you to
the relevant part, chapter, and discussion.

The presentations of advanced topics will deepen your understanding of study
methodology, of statistical issues, and of how to use the numbers that emerge from
medical research. We wrote the advanced chapters mindful of an additional
audience: those who teach evidence-based practice. Many advanced entries read
like guidelines for an interactive discussion with a group of learners in a tutorial or
on the ward. That is natural enough because the material originated in just such
small-group settings. Indeed, the Evidence-Based Medicine Working Group has
produced materials that specifically discuss the challenges that arise when these
concepts are presented in small-group settings.!3

This book is not like a novel that you read through from beginning to end.
Indeed, the Users” Guides are so designed that each part is largely self-contained.
Thus, we anticipate that clinicians may be selective in their reading of the core
content chapters and will certainly be selective when they move beyond the
essentials. On the first reading, you may choose only a few advanced areas that
interest you. If, as you use the medical literature, you find the need to expand your
understanding of studies of screening tests or of the use of surrogate outcomes, you
can consult the relevant chapters to familiarize or reacquaint yourself with the
issues. You may also find the glossary of terms (all items in the glossary appear in
italics in the text of the chapters) a useful reminder of the formal definitions of
terms used in the book. We rely heavily on examples to make our points: you will
find examples identified by their blue background.

THE APPROACH OF THE USERS’ GUIDES
T0 THE MEDICAL LITERATURE

The structure of this book reflects how we believe you should go about using the
literature to provide optimal patient care. Our approach to addressing diagnosis,
treatment, harm, and prognosis begins when the clinician faces a clinical dilemma
(Figure 1-1). Having identified the problem, the clinician then formulates a
structured clinical question (see Chapter 3, What Is the Question?), and continues
with finding the best relevant evidence (see Chapter 4, Finding the Evidence)
(Figure 1-1).

Most chapters include an example search for the best evidence. These searches
were accurate when they were done, but it is unlikely that you will get exactly the

5
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FIGURE 1-1

USIIIQ t"e He!lcal !lterature to lrow!e Bptlmal !atlent !are

Identify your problem.

Define a structured question.
2

Find the best evidence.
(original primary study or evidence summary)

How valid is the evidence?
d
What are the results?

\

How should | apply the results to patient care?

same results if you replicate the searches now. Reasons include additions to the
literature and occasional structural changes in databases. Thus, you should view the
searches as illustrations of searching principles, rather than as currently definitive
searches addressing the clinical question.

Having identified the best evidence, the clinician proceeds through 3 steps in
evaluating that evidence (Figure 1-1). The first step is asking the question, are the
results of the study valid? This question has to do with the believability of the
results. Another way to state this question is, do these results represent an unbiased
estimate of the truth, or have they been influenced in some systematic fashion to
lead to a false conclusion?

In the second step—What are the results?—we consider the size and precision of
the treatment effect (therapy) (see Chapter 6, Therapy; Chapter 7, Does Treatment
Lower Risk? Understanding the Results; and Chapter 8, Confidence Intervals), the
evidence that helps us generate pretest probabilities and move to posttest probabili-
ties according to test results (diagnosis) (see Chapter 14, The Process of Diagnosis;
Chapter 15, Differential Diagnosis; and Chapter 16, Diagnostic Tests), the size and
precision of our estimate of a harmful effect (harm) (see Chapter 12, Harm
[Observational Studies]), and our best estimate of a patient’s fate (prognosis) (see
Chapter 18, Prognosis).

Once we understand the results, we can ask ourselves the third question, how can
L apply these results to patient care? This question has 2 parts. First, can you generalize
(or, to put it another way, particularize) the results to your patient? For instance, you
should hesitate to institute a treatment if your patient is too dissimilar from those
who participated in the trial or trials. Second, if the results are generalizable to your
patient, what is the significance for your patient? Have the investigators measured all
outcomes of importance to patients? The impact of an intervention depends on both
benefits and risks of alternative management strategies.

To help demonstrate the clinical relevance of this approach, we begin each core
chapter with a clinical scenario, demonstrate a search for relevant literature, and
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present a table that summarizes criteria for assessing the validity, results, and
applicability of the article of interest. We then address the clinical scenario by
applying the validity, results, and applicability criteria to an article from the
medical literature.

Experience on the wards and outpatient clinics, and with the first edition of the
Users’ Guides, has taught us that this approach is well suited to the needs of any
clinician who is eager to achieve an evidence-based practice.
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PART A: THE FOUNDATIONS

Evidence-based medicine (EBM) is about solving clinical problems.! In 1992, we
described EBM as a shift in medical paradigms.! In contrast to the traditional
paradigm of medical practice, EBM places lower value on unsystematic clinical
experience and pathophysiologic rationale, stresses the examination of evidence
from clinical research, suggests that interpreting the results of clinical research
requires a formal set of rules, and places a lower value on authority than the
traditional medical paradigm. Although we continue to find this paradigm shift a
valid way of conceptualizing EBM, the world is often complex enough to invite
more than 1 useful way of thinking about an idea or a phenomenon. In this
chapter, we describe another conceptualization that emphasizes how EBM comple-
ments and enhances the traditional skills of clinical practice.

Two FunpAMENTAL PRINCIPLES OF EBM

As a distinctive approach to patient care, EBM involves 2 fundamental principles.
First, EBM posits a hierarchy of evidence to guide clinical decision making. Second,
evidence alone is never sufficient to make a clinical decision. Decision makers must
always trade off the benefits and risks, inconvenience, and costs associated with
alternative management strategies and, in doing so, consider their patients’ values
and preferences.!

A Hierarchy of Evidence

What is the nature of the evidence in EBM? We suggest a broad definition: any
empirical observation constitutes potential evidence, whether systematically col-
lected or not. Thus, the unsystematic observations of the individual clinician
constitute one source of evidence; physiologic experiments constitute another
source. Unsystematic observations can lead to profound insights, and wise clini-
cians develop a healthy respect for the insights of their senior colleagues in issues of
clinical observation, diagnosis, and relations with patients and colleagues.

At the same time, our personal clinical observations are often limited by small
sample size and by deficiencies in human processes of making inferences.?
Predictions about intervention effects on patient-important outcomes based on
physiologic experiments usually are right but occasionally are disastrously wrong.
Numerous factors can lead clinicians astray as they try to interpret the results of
conventional open trials of therapy. These include natural history, placebo effects,
patient and health worker expectations, and the patient’s desire to please. We
provide a number of examples of just how wrong predictions based on physiologic
rationale can be in Chapter 9.2, Surprising Results of Randomized Trials.

Given the limitations of unsystematic clinical observations and physiologic
rationale, EBM suggests a number of hierarchies of evidence, one of which relates
to issues of prevention and treatment (Table 2-1).
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TABLE 2-1

Hlerarc"y Ol !lreng!" Ol !wﬂence IOl’ Frevenllon an! Irealmenl HGCISIOI'IS

* N-of-1 randomized trial
* Systematic reviews of randomized trials
* Single randomized trial

* Systematic review of observational studies addressing patient-important out-
comes

* Single observational study addressing patient-important outcomes

* Physiologic studies (studies of blood pressure, cardiac output, exercise capac-
ity, bone density, and so forth)

* Unsystematic clinical observations

Issues of diagnosis or prognosis require different hierarchies. For instance,
randomization is not relevant to sorting out how well a test is able to distinguish
individuals with a target condition or disease from those who are healthy or have a
competing condition or disease. For diagnosis, the top of the hierarchy would
include studies that enrolled patients about whom clinicians had diagnostic
uncertainty and that undertook a blind comparison between the candidate test and
a criterion standard (see Chapter 16, Diagnostic Tests).

Clinical research goes beyond unsystematic clinical observation in providing
strategies that avoid or attenuate spurious results. The same strategies that
minimize bias in conventional therapeutic trials involving multiple patients can
guard against misleading results in studies involving single patients.* In the n-of-1
randomized controlled trial (n-of-1 RCT), a patient and clinician are blind to
whether that patient is receiving active or placebo medication. The patient makes
quantitative ratings of troublesome symptoms during each period, and the n-of-1
RCT continues until both the patient and the clinician conclude that the patient is
or is not obtaining benefit from the target intervention. N-of-1 RCTs can provide
definitive evidence of treatment effectiveness in individual patients>® and may lead
to long-term differences in treatment administration (see Chapter 9.5, N-of-1
Randomized Controlled Trials).” Unfortunately, n-of-1 RCTs are restricted to
chronic conditions with treatments that act and cease acting quickly and are subject
to considerable logistic challenges. We must therefore usually rely on studies of
other patients to make inferences regarding the patient before us.

The requirement that clinicians generalize from results in other people to their
patients inevitably weakens inferences about treatment impact and introduces
complex issues of how trial results apply to individual patients. Inferences may
nevertheless be strong if results come from a systermatic review of methodologically
strong RCTs with consistent results. Inferences generally will be somewhat weaker if
only a single RCT is being considered, unless it is large and has enrolled patients
much like the patient under consideration (Table 2-1). Because observational studies
may underestimate or, more typically, overestimate treatment effects in an unpre-
dictable fashion,®° their results are far less trustworthy than those of RCTs.

1
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Physiologic studies and unsystematic clinical observations provide the weakest
inferences about treatment effects.

This hierarchy is not absolute. If treatment effects are sufficiently large and
consistent, carefully conducted observational studies may provide more compel-
ling evidence than poorly conducted RCTs. For example, observational studies
have allowed extremely strong inferences about the efficacy of penicillin in
pneumococcal pneumonia or that of hip replacement in patients with debilitating
hip osteoarthritis. Defining the extent to which clinicians should temper the
strength of their inferences when only observational studies are available remains
one of the important challenges in EBM.

The hierarchy implies a clear course of action for physicians addressing patient
problems. They should look for the highest quality available evidence from the
hierarchy. The hierarchy makes it clear that any claim that there is no evidence for
the effect of a particular treatment is a non sequitur. The evidence may be
extremely weak—it may be the unsystematic observation of a single clinician or
physiologic studies that point to mechanisms of action that are only indirectly
related—but there is always evidence.

Clinical Decision Making: Evidence Is Never Enough

Picture a woman with chronic pain resulting from terminal cancer. She has come
to terms with her condition, resolved her affairs, and said her good-byes, and she
wishes to receive only palliative care. She develops severe pneumococcal pneumo-
nia. Evidence that antibiotic therapy reduces morbidity and mortality from
pneumococcal pneumonia is strong. Even evidence this convincing does not,
however, dictate that this particular patient should receive antibiotics. Her values
are such that she would prefer to forgo treatment.

Now picture a second patient, an 85-year-old man with severe dementia who is
mute and incontinent, is without family or friends, and spends his days in apparent
discomfort. This man develops pneumococcal pneumonia. Although many clinicians
would argue that those responsible for his care should not administer antibiotic
therapy, others would suggest that they should. Again, evidence of treatment
effectiveness does not automatically imply that treatment should be administered.

Finally, picture a third patient, a healthy 30-year-old mother of 2 children who
develops pneumococcal pneumonia. No clinician would doubt the wisdom of
administering antibiotic therapy to this patient. This does not mean, however, that
an underlying value judgment has been unnecessary. Rather, our values are
sufficiently concordant, and the benefits so overwhelm the risks of treatment, that
the underlying value judgment is unapparent.

By values and preferences, we mean the collection of goals, expectations,
predispositions, and beliefs that individuals have for certain decisions and their
potential outcomes. The explicit enumeration and balancing of benefits and risks
that is central to EBM brings the underlying value judgments involved in making
management decisions into bold relief.

Acknowledging that values play a role in every important patient care decision
highlights our limited understanding of how to ensure that decisions are consistent
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with individual and, where appropriate, societal values. Health economists have
played a major role in developing the science of measuring patient preferences.!®11
Some decision aids incorporate patient values indirectly. If patients truly under-
stand the potential risks and benefits, their decisions will reflect their preferences.!?
These developments constitute a promising start. Nevertheless, many unanswered
questions remain concerning how to elicit preferences and how to incorporate
them in clinical encounters already subject to crushing time pressures. We discuss
these issues in more detail in Part G, Moving From Evidence to Action.

Next, we briefly comment on additional skills that clinicians must master for
optimal patient care and the relation of those skills to EBM.

CuinicaAL SkiLs, Humanism, Anp EBM

In summarizing the skills and attributes necessary for evidence-based practice,
Table 2-2 highlights how EBM complements traditional aspects of clinical exper-
tise. One of us, a secondary-care internist, developed a lesion on his lip shortly
before an important presentation. He was concerned and, wondering whether he
should take acyclovir, proceeded to spend the next 30 minutes searching for and
evaluating the highest-quality evidence. When he began to discuss his remaining
uncertainty with his partner, an experienced dentist, she cut short the discussion by
exclaiming, “But, my dear, that isn’t herpes!”

This story illustrates the necessity of obtaining the correct diagnosis before
seeking and applying research evidence regarding optimal treatment. After making
the diagnosis, the clinician relies on experience and background knowledge to
define the relevant management options. Having identified those options, the
clinician can search for, evaluate, and apply the best evidence regarding treatment.

TABLE 2-2

!nowle!ge an! !kllls Necessary |0I’ Upllmal !waence-!ase! Fracllce

Diagnostic expertise

In-depth background knowledge

Effective searching skills

Effective critical appraisal skills

Ability to define and understand benefits and risks of alternatives

In-depth physiologic understanding allowing application of evidence to the
individual

Sensitivity and communication skills required for full understanding of patient
context

Ability to elicit and understand patient values and preferences and apply them
to management decisions

13
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In applying evidence, clinicians rely on their expertise to define features that
affect the applicability of the results to the individual patient. The clinician must
judge the extent to which differences in treatment (local surgical expertise or the
possibility of patient nonadherence, for instance), the availability of monitoring, or
patient characteristics (such as age, comorbidity, or the patient’s personal circum-
stances) may affect estimates of benefit and risk that come from the published
literature.

Understanding the patient’s personal circumstances is of particular importance
and requires compassion, sensitive listening skills, and broad perspectives from the
humanities and social sciences. For some patients, incorporation of patient values for
major decisions will mean a full enumeration of the possible benefits, risks, and
inconvenience associated with alternative management strategies that are relevant to
the particular patient. For some patients and problems, this discussion should involve
the patient’s family. For other problems—the discussion of screening with prostate-
specific antigen with older male patients, for instance—attempts to involve other
family members might violate strong cultural norms.

Some patients are uncomfortable with an explicit discussion of benefits and
risks and object to clinicians placing what they perceive as excessive responsibility
for decision making on their shoulders.!> In such cases, it is the physician’s
responsibility to develop insight to ensure that choices will be consistent with the
patient’s values and preferences. Understanding and implementing the sort of
decision-making process that patients desire and effectively communicating the
information they need require skills in understanding the patient’s narrative and
the person behind that narrative.!41>

12

ADpDITIONAL CHALLENGES FOR EBM

Clinicians will find that time limitations present the biggest challenge to evidence-
based practice. Fortunately, new resources to assist clinicians are available and the
pace of innovation is rapid. One can consider a classification of information
sources that comes with a mnemonic device, 4S: the individual study, the systematic
review of all the available studies on a given problem, a synopsis of both individual
studies and summaries, and systems of information.!® By systems, we mean
summaries that link a number of synopses related to the care of a particular patient
problem (acute upper gastrointestinal bleeding) or type of patient (the diabetic
outpatient) (Table 2-3). Evidence-based selection and summarization is becoming
increasingly available at each level (see Chapter 4, Finding the Evidence).

A second enormous challenge for evidence-based practice is ensuring that man-
agement strategies are consistent with the patient’s values and preferences. In a time-
constrained environment, how can we ensure that patients’ involvement in decision
making has the form and extent that they desire and that the outcome reflects their
needs and desires? Progress in addressing this daunting question will require a major
expenditure of time and intellectual energy from clinician researchers.
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TABLE 2-3

A Hierarchy o! Preprocessed Evidencell

Studies Preprocessing involves selecting only those studies that are both
highly relevant and characterized by study designs that minimize
bias and thus permit a high strength of inference

Systematic Reviews involving the identification, selection, appraisal, and

reviews summary of primary studies addressing a focused clinical ques-
tion using methods to reduce the likelihood of bias

Synopses Brief summaries that encapsulate the key methodologic details
and results of a single study or systematic review

Systems Practice guidelines, clinical pathways, or evidence-based text-

book summaries that integrate evidence-based information about
specific clinical problems and provide regular updates to guide
the care of individual patients

This book deals primarily with decision making at the level of the individual
patient. Evidence-based approaches can also inform health policy making,!” day-
to-day decisions in public health, and systems-level decisions such as those facing
hospital managers. In each of these areas, EBM can support the appropriate goal of
gaining the greatest health benefit from limited resources.

In the policy arena, dealing with differing values poses even more challenges
than in the arena of individual patient care. Should we restrict ourselves to
alternative resource allocation within a fixed pool of health care resources, or
should we be trading off health care services against, for instance, lower tax rates for
individuals or corporations? How should we deal with the large body of observa-
tional studies suggesting that social and economic factors may have a larger
influence on the health of populations than health care delivery? How should we
deal with the tension between what may be best for a person and what may be
optimal for the society of which that person is a member? The debate about such
issues is at the heart of evidence-based health policy making, but, inevitably, it has
implications for decision making at the individual patient level.
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THREE WAYS T0 USE THE MEDICAL LITERATURE

Consider a medical student, early in her training, seeing a patient with newly diagnosed
diabetes mellitus. She will ask questions such as the following: What is type 2 diabetes
mellitus? Why does this patient have polyuria? Why does this patient have numbness
and pain in his legs? What treatment options are available? These questions address
normal human physiology and the pathophysiology associated with a medical condition.

Traditional medical textbooks that describe underlying physiology, pathology,
epidemiology, and general treatment approaches provide an excellent resource for
addressing these background questions. The sorts of questions that seasoned clinicians
usually ask require different resources.

Browsing

A general internist scanning the September/October 2005 ACP Journal Club (http://
www.acponline.org/journals/acpjc/jcmenu.htm) comes across the following arti-
cles: “Intensive Insulin-Glucose Infusion Regimens With Long-Term or Standard
Glucose Control Did Not Differ for Reducing Mortality in Type 2 Diabetes Mellitus
and ML,”! and “Review: Mixed Signals From Trials Concerning Pharmacologic
Prevention of Type 2 Diabetes Mellitus.”?

This internist is in the process of asking a general question—what important new
information should I know to optimally treat my patients? Traditionally, clinicians
address this question by subscribing to a number of target medical journals in which
articles relevant to their practice appear. They keep up to date by skimming the table of
contents and reading relevant articles. This traditional approach to what we might call
the browsing mode of using the medical literature has major limitations of inefficiency
and resulting frustration. Evidence-based medicine offers solutions to this problem.

The most efficient strategy is to restrict your browsing to secondary journals. For
internal and general medicine, ACP Journal Club publishes synopses of articles that
meet criteria of both clinical relevance and methodologic quality. We describe such
secondary journals in more detail in Chapter 4, Finding the Evidence.

Some specialties (primary care, mental health) and subspecialties (cardiology,
gastroenterology) already have their own devoted secondary journals; others do not.
The New York Academy of Medicine keeps a current list of available secondary journals
in many health care disciplines (http://www.ebmny.org/journal.html). If you are not
yet fortunate enough to have your own, you can apply your own relevance and
methodologic screen to articles in your target specialty or subspecialty journals. When
you have learned the skills, you will be surprised at the small proportion of studies to
which you need attend and at the efficiency with which you can identify them.

Problem Solving

Experienced clinicians confronting a patient with diabetes mellitus will ask questions
such as, In patients with new-onset type 2 diabetes mellitus, which clinical features or
test results predict the development of diabetic complications? In patients with type 2
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3: WHAT IS THE QUESTION?

FIGURE 3-1
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diabetes mellitus requiring drug therapy, does starting with metformin treatment
yield improved diabetes control and reduce long-term complications better than
other initial treatments? Here, clinicians are defining specific questions raised in
caring for patients and then consulting the literature to resolve these questions.

Background and Foreground Questions

One can think of the first set of questions, those of the medical student, as
background questions and of the browsing and problem-solving sets as foreground
questions. In most situations, you need to understand the background thoroughly
before it makes sense to address foreground issues.

A seasoned clinician may occasionally require background information, which
is most likely when a new condition or medical syndrome appears (“What is
SARS?”) or when a new diagnostic test (“How does PCR work?”) or treatment
modality (“What are atypical antipsychotic agents?”) appears in the clinical arena.

Figure 3-1 represents the evolution of the questions we ask as we progress from
being novices posing background questions to experts posing foreground ques-
tions. This book explores how clinicians can use the medical literature to solve their
foreground questions.

CLARIFYING YOUR QUESTION

The Structure: Patients, Exposure, Qutcome

Clinical questions often spring to mind in a form that makes finding answers in the
medical literature a challenge. Dissecting the question into its component parts to
facilitate finding the best evidence is a fundamental skill.> One can divide most
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TABLE 3-1
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1. The population. Who are the relevant patients?

2. The interventions or exposures (diagnostic tests, foods, drugs, surgical proce-
dures, time, risk factors, etc). What are the management strategies we are inter-
ested in comparing or the potentially harmful exposures about which we are
concerned? For issues of therapy, prevention, or harm, there will always be
both an experimental intervention or putative harmful exposure and a control,
alternative, or comparison intervention or state to which it is compared.

3. The outcome. What are the patient-relevant consequences of the exposures in
which we are interested? We may also be interested in the consequences to
society, including cost or resource use. It may also be important to specify the
period of interest.

questions into 3 parts: the patients, the intervention or exposure, and the outcome
(Table 3-1).

Five Types of Clinical Questions

In addition to clarifying the population, intervention or exposures, and outcome, it
is productive to label the nature of the question that you are asking. There are 5
fundamental types of clinical questions:

1. Therapy: determining the effect of interventions on patient-important
outcomes (symptoms, function, morbidity, mortality, costs)

2. Harm: ascertaining the effects of potentially harmful agents (including
therapies from the first type of question) on patient-important outcomes

3. Differential diagnosis: in patients with a particular clinical presentation,
establishing the frequency of the underlying disorders

4. Diagnosis: establishing the power of a test to differentiate between those
with and without a target condition or disease

5. Prognosis: estimating a patient’s future course

Finding a Suitably Designed Study for Your Question Type

You need to correctly identify the category of study because, to answer your
question, you must find an appropriately designed study. If you look for a
randomized trial to inform you of the properties of a diagnostic test, you are
unlikely to find the answer you seek. We will now review the study designs
associated with the 5 major types of questions.

To answer questions about a therapeutic issue, we identify studies in which a
process analogous to flipping a coin determines participants’ receipt of an experi-
mental treatment or a control or standard treatment, a randomized controlled trial
(RCT) (see Chapter 6, Therapy [Randomized Trials]). Once investigators allocate
participants to treatment or control groups, they follow them forward in time to



3: WHAT IS THE QUESTION?
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determine whether they have, for instance, a stroke or heart attack—what we call
the outcome of interest (Figure 3-2).

Ideally, we would also look to randomized trials to address issues of harm. For
many potentially harmful exposures, however, randomly allocating patients is
neither practical nor ethical. For instance, one cannot suggest to potential study
participants that an investigator will decide by the flip of a coin whether or not they
smoke during the next 20 years. For exposures like smoking, the best one can do is
identify studies in which personal choice, or happenstance, determines whether
people are exposed or not exposed. These observational studies (often subclassified
as cohort or case-control studies) provide weaker evidence than randomized trials
(see Chapter 12, Harm [Observational Studies]).

Figure 3-3 depicts a common observational study design in which patients with
and without the exposures of interest are followed forward in time to determine
whether they experience the outcome of interest. For smoking, one important
outcome would likely be the development of cancer.

FIGURE 3-3
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FIGURE 3-4
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For sorting out differential diagnosis, we need a different study design (Figure
3-4). Here, investigators collect a group of patients with a similar presentation
(painless jaundice, syncope, headache), conduct an extensive battery of tests, and, if
necessary, follow patients forward in time. Ultimately, for each patient they hope to
establish the underlying cause of the symptoms and signs with which the patient
presented.

Establishing the value of a particular diagnostic test (what we call its
properties or operating characteristics) requires a slightly different design
(Figure 3-5). In diagnostic test studies, investigators identify a group of
patients in whom they suspect a disease or condition of interest exists (such as
tuberculosis, lung cancer, or iron-deficiency anemia), which we call the target
condition. These patients undergo the new diagnostic test and a reference
standard, gold standard, or criterion standard. Investigators evaluate the diag-
nostic test by comparing its classification of patients with that of the reference
standard (Figure 3-5).

A final type of study examines a patient’s prognosis and may identify factors that
modify that prognosis. Here, investigators identify patients who belong to a
particular group (such as pregnant women, patients undergoing surgery, or
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FIGURE 3-6
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patients with cancer) with or without factors that may modify their prognosis (such
as age or comorbidity). The exposure here is time, and investigators follow patients
to determine whether they experience the target outcome, such as a problem birth at
the end of a pregnancy, a myocardial infarction after surgery, or survival in cancer
(Figure 3-6).

Three Examples of Question Clarification

We will now provide examples of the transformation of unstructured clinical
questions into the structured questions that facilitate the use of the medical
literature.

Example 1: Diabetes and Target Blood Pressure

A 55-year-old white woman presents with type 2 diabetes mellitus and
hypertension. Her glycemic control is excellent with metformin, and she has
no history of complications. To manage her hypertension, she takes a small
daily dose of a thiazide diuretic. During a 6-month period, her blood
pressure is near 155/88 mm Hg.

Initial Question: When treating hypertension, at what target blood pressure
should we aim?

Digging Deeper: One limitation of this formulation of the question is that
it fails to specify the population in adequate detail. The benefits of tight
control of blood pressure may differ in diabetic patients vs nondiabetic
patients, in type 1 vs type 2 diabetes, and in patients with and without
diabetic complications.

K]
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The detail in which we specify the patient population is a double-edged
sword. On the one hand, being very specific (middle-aged women with
uncomplicated type 2 diabetes) will ensure that the answer we get is
applicable to our patients. We may, however, fail to find any studies that
restrict themselves to this population. The solution is to start with a specific
patient population but be ready to drop specifications to find a relevant
article. In this case, we may be ready to drop the “female,” “middle-aged,”
“uncomplicated,” and “type 2,” in that order. If we suspect that optimal
target blood pressure may be similar in diabetic and nondiabetic patients,
and it proves absolutely necessary, we might drop the “diabetes.”

We may wish to specify that we are interested in the addition of a specific
antihypertensive agent. Alternatively, the intervention of interest may be
any antihypertensive treatment. Furthermore, a key part of the interven-
tion will be the target for blood pressure control. For instance, we might be
interested in knowing whether it makes any difference if our target diastolic
blood pressure is less than 80 mm Hg vs less than 90 mm Hg. Another
limitation of the initial question formulation is that it fails to specify the
criteria by which we will judge the appropriate target for our hypertensive
treatment.

Improved (Searchable) Question: A question of THERAPY

o Patients: Hypertensive type 2 diabetic patients without diabetic
complications.

o Intervention: Any antihypertensive agent aiming at a target diastolic
blood pressure of 90 mm Hg vs a comparison target of 80 mm Hg.

* Outcomes: Stroke, myocardial infarction, cardiovascular death, total
mortality.

Example 2: Transient Loss of Consciousness

A 55-year-old man, previously well, although a heavy drinker, presents to
the emergency department with an episode of transient loss of conscious-
ness. On the evening of presentation, he had his usual 5 beers and started
to climb the stairs at bedtime. The next thing he remembers is being
woken by his son, who found him lying near the bottom of the stairs. The
patient took about a minute to regain consciousness and remained
confused for another 2 minutes. His son did not witness any shaking, and
there had not been any incontinence. Physical examination result was
unremarkable; the electrocardiogram showed a sinus rhythm with a rate
of 80/min and no abnormalities. Glucose, sodium, and other laboratory
results were normal.

Initial Question: How extensively should I investigate this patient?
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Digging Deeper: The initial question gives us little idea of where to look in the
literature for an answer. As it turns out, there is a host of questions that could be
helpful in choosing an optimal investigational strategy. We could, for instance,
pose a question of differential diagnosis: If we knew the distribution of
ultimate diagnoses in such patients, we could choose to investigate the more
common and omit investigations targeted at remote possibilities.

Other information that would help us would be the properties of individ-
ual diagnostic tests. If an electroencephalogram were extremely accurate for
diagnosing a seizure, or a 24-hour Holter monitor for diagnosing arrhyth-
mia, we would be far more inclined to order the tests than if they missed
patients with the underlying problems or falsely labeled patients without the
problems.

Alternatively, we could ask a question of prognosis. If patients like ours
had a benign prognosis, we might be much less eager to investigate exten-
sively than if patients tended to do badly. Finally, the ultimate answer to how
intensively we should investigate might come from a randomized trial in
which patients similar to this man were allocated to more vs less intensive
investigation.

Improved (Searchable) Questions: A question of DIFFERENTIAL
DIAGNOSIS

e Patients: Middle-aged patients presenting with transient loss of
consciousness.

o Intervention/Exposure: Thorough investigation and follow-up.

* Outcomes: Frequency of underlying disorders such as vasovagal syncope,
seizure, arrhythmia, and transient ischemic attack.

A question of DIAGNOSIS

o Patients: Middle-aged patients presenting with transient loss of con-
sciousness.

* Intervention/Exposure: Electroencephalogram.
¢ Outcomes: Gold standard investigation (probably long-term follow-up).
A question of PROGNOSIS

e Patients: Middle-aged patients presenting with transient loss of
consciousness.

o Intervention/Exposure: Time.

* Outcomes: Morbidity (complicated arrhythmias or seizures, strokes, serious
accidents) and mortality in the year after presentation.

A question of THERAPY

¢ Patients: Middle-aged patients presenting with loss of consciousness.

i1
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* Intervention/Exposure: Comprehensive investigation vs a comparator of
minimal investigation.

¢ Outcomes: Morbidity and mortality in the year after presentation.

Example 3: Squamous Cell Carcinoma

A 60-year-old man with a 40-pack-year smoking history presents with hemopty-
sis. A chest radiograph shows a parenchymal mass with a normal mediastinum,
and a fine-needle aspiration of the mass shows squamous cell carcinoma. Aside
from hemoptysis, the patient is asymptomatic and physical examination
result is entirely normal.

Initial Question: What investigations should we undertake before deciding
whether to offer this patient surgery?

Digging Deeper: The key defining features of this patient are his non—small
cell carcinoma and the fact that his medical history, physical examination,
and chest radiograph show no evidence of intrathoracic or extrathoracic
metastatic disease. Alternative investigational strategies address 2 separate
issues: Does the patient have occult mediastinal disease, and does he have
occult extrathoracic metastatic disease? For this discussion, we will focus on
the former issue. Investigational strategies for addressing the possibility of
occult mediastinal disease include undertaking a mediastinoscopy or per-
forming a computed tomographic (CT) scan of the chest and proceeding
according to the results of this investigation.

What outcomes are we trying to influence in our choice of investigational
approach? We would like to prolong the patient’s life, but the extent of his
underlying tumor is likely to be the major determinant of survival, and our
investigations cannot change that. We wish to detect occult mediastinal
metastases if they are present because, if the cancer has spread to the
mediastinum, resectional surgery is unlikely to benefit the patient. Thus, in
the presence of mediastinal disease, patients will usually receive palliative
approaches and avoid an unnecessary thoracotomy.

We could frame our structured clinical question in 2 ways. One would be
asking about the usefulness of the CT scan for identifying mediastinal
disease. More definitive would be to ask a question of therapy: what
investigational strategy would yield superior clinical outcomes?

Improved (Searchable) Questions: A question of DIAGNOSIS

¢ Patients: Newly diagnosed non—small cell lung cancer with no evidence of
extrapulmonary metastases.

e Intervention: CT scan of the chest.



3: WHAT IS THE QUESTION?

* Outcome: Mediastinal spread at mediastinoscopy.
A question of THERAPY

¢ Patients: Newly diagnosed non—small cell lung cancer with no evidence of
extrapulmonary metastases.

¢ Intervention: Mediastinoscopy for all or restricted to those with suspicious
lesions on CT scan of the thorax.

¢ Outcome: Unnecessary thoracotomy.

DEFINING THE QUESTION: CONCLUSION

Constructing a searchable question that allows you to use the medical literature to
solve problems is no simple matter. It requires a detailed understanding of the
clinical issues involved in patient management. The 3 examples in this chapter
illustrate that each patient encounter may trigger a number of clinical questions
and that you must give careful thought to what you really want to know. Bearing
the structure of the question in mind—patient, intervention or exposure and
control, and outcome—is extremely helpful in arriving at an answerable question.
Identifying the type of questions—therapy, harm, differential diagnosis, diagnosis,
and prognosis—will further ensure that you are looking for a study with an
appropriate design.

Careful definition of the question will provide another benefit: you will be less
likely to be misled by a study that addresses a question related to the one in which
you are interested, but with 1 or more important differences. For instance,
making sure that the study compares experimental treatment to current optimal
care may highlight the limitations of trials that use a placebo control (see Chapter
11.3, Dealing With Misleading Presentations of Clinical Trial Results). Specifying
that you are interested in patient-important outcomes (such as long bone
fractures) makes vivid the limitations of studies that focus on substitute or
surrogate endpoints (such as bone density) (see Chapter 11.4, Surrogate Out-
comes). Specifying that you are primarily interested in avoiding progression to
dialysis will make you appropriately wary of a composite endpoint of progression
to dialysis or doubling of serum creatinine level (see Chapter 10.4, Composite
Endpoints). You will not reject such studies out of hand, but the careful
definition of the question will help you to critically apply the results to your
patient care.

A final crucial benefit from careful consideration of the question is that it sets
the stage for efficient and effective literature searching to identify and retrieve the
best evidence. Chapter 4, Finding the Evidence, uses the components of patient,
intervention, and outcome for the questions in this chapter to provide you with the
searching tools you will need for effective evidence-based practice.

1
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INTRODUCTION

Assessment of knowledge gaps, question formulation, gathering and synthesis
of evidence, and application of that evidence to the care of patients are among
the foundations of informed health care. Clinicians frequently use information
resources such as textbooks, MEDLINE, and consultation with respected
colleagues in gathering evidence. Many information resources exist, and each
discipline and subspecialty of medicine has unique information tools and
resources. Not all resources, however, provide sound information that can be
easily and efficiently accessed. This chapter will help you hone your informa-
tion-seeking skills and guide you in choosing the best resources for your
clinical use.

We begin by describing one way of categorizing resources and then review
some of the most useful resources in detail, concentrating on those that are
evidence based with high potential for clinical impact. We end the chapter by
illustrating searching strategies in several of the databases that can be challeng-
ing to use. Our goal is not to discuss all possible choices, but rather to provide
a representative sample of the most useful resources and a framework for you
to explore different types and classes. Few “best buy” recommendations are in
this chapter. A resource’s usefulness to you is contingent on many factors, such
as your institutional provision of resources, your specialty, your stage of
training, and your familiarity with the specific topic of a search. In addition,
little evidence exists that compares resources. The American Board of Internal
Medicine is studying this issue. They will make their findings public in late
2008. We will address finding information to answer background questions and
foreground questions, as well as searching related to browsing and keeping up to
date.

To start our consideration of external information resources, let us quickly
review the distinction between background questions and foreground questions
described in the previous chapter (see Chapter 3, What Is the Question?).

Background questions can involve a single fact such as the causative microbio-
logic agent of Chagas disease, a recommended dose of a drug, or a list of the
attributes of the CHARGE syndrome (coloboma of the eye, heart defects, atresia of
the choanae, retardation of growth and/or development, genital and/or urinary
abnormalities, and ear abnormalities and deafness). Often, they involve much
more information such as questions of “What is Gerstmann syndrome?” or “How
do T insert a jugular venous central line?”

Foreground questions—targeted questions that provide the evidentiary
basis for specific clinical decisions—are best structured using the framework
of patient, intervention or exposure, a possible comparison intervention,
and outcomes of interest: the PICO format. This chapter, and the Users’
Guides overall, focuses on efficiently finding the best answers to foreground
questions.



4: FINDING THE EVIDENCE

FOUR CATEGORIES OF INFORMATION SOURCES AND How
CuiniciAns USE THEM

Table 4-1 summarizes 4 categories of information resources. A fuller description of
each category with examples of resources follows.

1. Systems: Some information resources provide regularly updated clinical evi-
dence, sometimes integrated with other types of health care information, and
provide guidance or recommendations for patient management. Existing sys-
tems include PIER (http://pier.acponline.org/index.html), UpToDate (http:/
www.uptodate.com/), Clinical Evidence (http://www.clinicalevidence.com/
ceweb/conditions/index.jsp), and EBM Guidelines: Evidence-Based Medicine
(http://www3.interscience.wiley.com/cgi-bin/mrwhome/112605734/HOME).

2. Synopses: Preappraised resource journals and products such as ACP Journal
Club (http://www.acpjc.org/) and InfoPOEMs (http://www.infopoems.com/)
serve 2 functions. Initially, the articles act as an alerting service to keep
physicians current on recent advances. When rigorously and systematically
assembled, the content of such resources becomes, over time, a database of
important articles. The New York Academy of Medicine maintains a list of
preappraised resource journals for various disciplines (http://www.
ebmny.org/journal.html).

3. Summaries: The Cochrane Collaboration (http://www.cochrane.org/
index.htm) provides systematic reviews of health care interventions,
whereas the Campbell Collaboration provides similar reviews in the social,
behavioral, and educational arenas (http://www.campbellcollaboration.org/).
You can also find systematic reviews in MEDLINE and other databases. By
collecting the evidence on a topic, systematic reviews become more useful
than individual or primary studies.

4. Studies: Original or primary studies (eg, those stored in MEDLINE). Many
studies exist but the information they contain needs evaluation before
application to clinical problems.

Clinical practice guidelines illustrate that this classification (like any other)
has its limitations: guidelines have aspects of systems and summaries, and
sometimes of synopses. For instance, DARE (Database of Abstracts of Effects;
http://www.york.ac.uk/inst/crd/crddatabases.htm) not only includes reviews
themselves but also has elements of guidelines in that expert commentators
suggest how clinicians might apply the findings of the reviews.

Clinicians use resources corresponding to all of the above categories to find the
information they need during clinical care.? Not all resources, however, yield useful
answers to clinical questions. Several studies’# show that when clinicians use
information resources to answer clinical questions, the resources they choose
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provide the best evidence only about 50% of the time. Despite this, some evidence

suggests that searching for external information improves patient-care processes
and may improve health outcomes.>

SEARCHING THE MEDICAL LITERATURE IS SOMETIMES FUTILE

Consider the following clinical question: In patients with pulmonary embolism, to
what extent do those with pulmonary infarction have a poorer outcome than those

without pulmonary infarction?

TABLE 4-1

!ategorles Ol !llmcal |n|ormat|on HGSOUI‘GGS

How
Degree of Evidence Many
Category Description Processing Exist Ease of Use
Systems Textbook-like Substantial process-  Few Very easy
resources that sum- ing with the integra-
marize and integrate  tion of evidence and
clinical evidence practice—can direct
with other types of  care (give answers)
information directed or provide evidence
at clinical practice on a clinical action
decisions/directions
Synopses ~ Summaries of stud- Evidence is exter- Several Easy
ies and systematic  nally assessed, with  thousand
reviews thatinclude strengths and weak-
guides or advice for nesses provided for
application by each article/topic
expert clinicians
Summaries Systematic review  Systematic reviews Fewer Use may be
of articles and clini- and high-quality than time consum-
cal practice guide-  guidelines summarize 50000 ing and access
lines—you assess  and present evidence to full text may
the information from primary studies; require some
and make deci- some exemplary searching
sions guidelines can also be
considered synopses
Studies Individual studies No processing of evi- In the Requires the
(eg, MEDLINE arti- dence at all—individ- millions  clinician to crit-

cles)

uals must assess and
apply

ically appraise;
they are hard
to find and
may require
searchinglarge
databases

Derived from Haynes.'
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Before formulating our search strategy and beginning our literature search to answer
this question, we should think about how investigators would differentiate between
those with and without infarction. Because no 100% definitive method, short of autopsy,
makes this differentiation, our literature search is doomed before we even begin.

This example illustrates that the medical literature will not help you when no
feasible study design exists that investigators could use to resolve an issue. Your
search will also be futile if no one has taken the time and effort to conduct and
publish the necessary study. Before embarking on a search, carefully consider
whether the yield is likely to be worth the time expended.

FOUR CRITERIA FOR CHOOSING INFORMATION RESOURCES

Efficient searching involves choosing information sources appropriate for the
clinical question—in much the same way you choose diagnostic tests appropriate
for your patient’s symptoms. The scheme in Table 4-1 offers an initial guideline for
making choices. If a fully integrated and reliable resource (a “system” type
resource) is likely to address your question, you would be wise to consider it.
Depending on the level of detail you need, a practice guideline or systematic review,
or a well-done synopsis of a guideline or systematic review, could be the next best
option. For some questions, you will seek individual studies.

Table 4-2 describes selection criteria that are specific to deciding on an optimal
information source. Although most clinicians would like at least 1 comprehensive

TABLE 4-2

!e'ectwn !rlterla !or !Hoosmg or !va'uatmg Iesources

Criterion Description of Criterion

Soundness of How strong is the commitment to evidence to support inference?

evidence-based — -

approach How well does the resource indicate the strength of the evi-
dence behind the recommendations or other content?
Does the resource provide links for those who wish to view the
evidence?

Comprehensive- Does the resource cover my discipline or content area adequately?

ness and specificity - - -
Does it cover questions of the type | am asking (eg, therapy,

diagnosis, prognosis, harm)?

Does it target my specific area of practice?

Ease of use Does it give me the kind of information | need quickly and
consistently?

Availability Is it readily available in all locations in which | would use it?

Can | easily afford it?
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source of information on which they can rely, the particularities of the question
being asked may demand access to a variety of resources.

Soundness of Evidence-Based Approach

An evidence-based information resource will provide access to a representative
sample of the highest quality of evidence addressing a clinical question. Evidence-
based resources that summarize evidence will explicitly frame their question,
conduct a comprehensive search, assess the validity of the individual studies, and if
appropriate provide a pooled estimate of the impact of the outcomes of interest (see
Chapter 19, Summarizing the Evidence). Evidence-based resources that provide
recommendations will use existing systematic reviews, or conduct their own, to
provide best estimates of benefit and risk of alternative management strategies for
all patient-important outcomes. They then will use an appropriate system to grade
recommendations and will make explicit underlying values and preferences (see
Chapter 21, How to Use a Patient Management Recommendation).

Comprehensiveness and Specificity

An ideal resource will cover most of the questions relevant to your practice—and
that is all. Thus, resources limited to your area of practice, such as collections of
synopses designed to help you keep up on the latest developments (eg, Evidence-
Based Cardiovascular Medicine, Evidence-Based Mental Health, and Evidence-Based
Oncology), may serve your needs most efficiently.

Some resources are specific to particular types of questions. For example,
Clinical Evidence and Cochrane Database of Systematic Reviews currently restrict
themselves to management issues and do not include studies of diagnostic accuracy
(although both plan to soon include this material). The databases of the Cochrane
Library are confined to controlled trials and systematic reviews of such trials.

Ease of Use

Some resources are easy and quick to use. For example, the relatively small size of
the ACP Journal Club database facilitates searching. The database contains a
collection of synopses of the most relevant high-quality studies appearing in
approximately 140 journals related to internal medicine. Its excellent search engine
further ensures an easy search for anything from viniyoga for low back pain
through meta-analyses on cholesterol-lowering drugs or breast cancer associated
with oral contraceptive use.

MEDLINE is much more challenging to use efficiently because of its size:
slightly less than 17 million articles at the start of 2008 (http://www.nlm.nih.gov/
bsd/licensee/2008_stats/baseline_med_filecount.html) and growing at the rate of
700 000 articles per year. PubMed, an interface to MEDLINE, is one of the easier
ways of using MEDLINE. PubMed is designed for clinicians and includes features
such as “Clinical Queries” that limit retrievals to those articles with high probability
of being relevant to clinical decisions.


http://www.nlm.nih.gov/bsd/licensee/2008_stats/baseline_med_filecount.html
http://www.nlm.nih.gov/bsd/licensee/2008_stats/baseline_med_filecount.html
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Clinicians may also find the Cochrane reviews challenging. Although you will
usually be able to find a relevant Cochrane review quickly when it exists, the
reviews are so comprehensive, complex, and variable in the quality of their
presentation that they often require considerable time to digest and apply.

Availability

The most trustworthy and efficient resources are frequently expensive. Academic
physicians characteristically have access to the online information resources of
their medical school or hospital libraries, including the full texts of many journal
articles. Physicians in private practice in high—gross domestic product countries
may have access to some resources through their professional associations but
otherwise may be burdened by the cost of subscriptions. Health professionals in
poorer countries may have institutional access through the World Health Organi-
zation Health InterNetwork Access to Research Initiative (HINARI) project (http://
www.who.int/hinari/en/) or other organizations but otherwise face even greater
financial obstacles. Nevertheless, some resources such as PubMed and certain
journals (eg, Canadian Medical Association Journal and most BioMed Central journals)
are free to everyone (http://www.gfmer.ch/Medical_journals/Free_medical. php).
Many other journals provide free access to content 6 to 12 months after publication
(eg, BMJ, JAMA, and the Mayo Proceedings) or a portion of their contents at the
time of publication. Merck Manual, an often-used online textbook (http://
www.merck.com/mrkshared/mmanual/home.jsp), is also free. However, it largely
fails the criterion of being as evidence based in its approach as some of the fee-
based resources.

INFORMATION SOURCES THAT Do WELL ON AT LEAST
SoME CRITERIA

Tables 4-3 and 4-4 provide brief comparative information concerning examples of
resources in each category (systems, synopses, summaries, and studies). Table 4-3
includes those information resources that synthesize data and provide summaries of
existing knowledge. For these resources, we include explicit discussions of how evidence
is assessed and how this is transmitted to the users of specific information.

Table 4-4 includes those resources that do not synthesize data—they provide access
to individual systematic reviews and original studies. We have included some of the
major players in each table while trying to include some low-cost (or free) resources for
those with limited budgets. The cost of resources is variable, depending on many
factors, including individual vs library subscriptions and nationality. We have used US
dollars rounded to the nearest $50 and late 2007 pricing for individual subscriptions. At
the end of the tables, we offer a narrative description of the individual resources, paying
special attention to their purpose and how they are prepared.
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TABLE 4-3

Eategorization o! Representative Examples o! In!ormation Resources

Readily Available

Soundness Ease of Use and
Category/ of Evidence- Availability/Cost in
Examples of Based US Dollars Rounded
Category Approach Comprehensiveness to the Nearest $50
Textbook-like Resources (Systems)
Clinical Evidence Strong Only therapy; mainly pri-  Easy to use; commer-
mary care cially available; $300 for
online and print version
PIER Strong Mostly therapy; mainly Easy to use; commer-
primary care and internal  cially available; $100
medicine for PDA version
UpToDate Moderate Most clinical areas, espe-  Easy to use, although
cially internal medicine searching somewhat
and primary care lacking; $450 for indi-
viduals for their first
year, then $350 per
year; $10000 plus for
libraries
DynaMed Strong More than 2000 disease Easy to use; $200 but
summaries presented in free if you help in the
standard formats for pri-  development
mary-care physicians
EBM Guidelines  Strong Most areas of primary- Internet versions $100;
care practice mobile (handheld PC,
palm or telephone
based) + Internet ver-
sion $300; print $400;
libraries and groups
priced individually
Merck Manual Weak Covers most clinical areas  Easy to use; free
Preappraised (Synopses)
ACP Journal Club  Strong Recently published inter- Easy to use; $100 for
nal medicine studies; cov-  print version
ers all categories of studies
InfoPOEMs Strong Recently published family Easy to use; $250
medicine studies; covers
all categories of studies
DARE (Database  Strong Covers all disciplines; con-  Easy to use; free
of Reviews of centrates on therapy and
Effects) York, UK prevention; summaries of
systematic reviews of stud-
ies of diagnostic test perfor-
mance may also be found
Bandolier Strong Limited coverage for pri-  Easy to use; $100 for

mary-care physicians in
the UK

print version, online
free, although a lag time
of several months
between the two
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Information Resources That Provide Access to Systematic Reviews and Original
Studies (Weight of the Evidence Applies to Each Study or Review Rather Than to

the Total Resource)

Category/Examples

of Categories

Comprehensiveness

Ease of Use/Availability

Systematic Reviews and Guidelines (Syntheses)

Systematic reviews

Reviews of use in clinical care
are often limited in scope;
therefore, one needs to be able
to quickly identify whether a
relevant article exists

Hard to find and then even
harder to get in full text; also
need some work to apply the
information in the review for
clinical care

US National Guide-
lines Clearinghouse

Comprehensive coverage of
US and many other nations’
guidelines; often several

guidelines on the same topic

Easy to search; one of the
strengths of the site is being
able to “compare” guidelines on
the same topic; free; many full-
text guidelines available

Cochrane Database
of Systematic

Covers broad range of disci-
plines; limited to therapy and

Easy to find a Cochrane review
but sometimes difficult to apply

Reviews prevention because of the depth of cover-
age; $300 but abstracts free;
included in many composite
resources such as Ovid

Primary Studies
MEDLINE Lots of primary studies across Hard to find a specific study

all disciplines and areas of
research

and often difficult to use; free
through PubMed

Cochrane Con-
trolled Trials
Registry (CCTR)

All specialties and all topics
for which a controlled trial is
relevant (therapy and preven-
tion mainly)

The Cochrane Library includes
DARE, Cochrane systematic
reviews, and CCTR; $300 for the
whole library; the fastest way to
determine whether a controlled
trial has been published on the
topic

PubMed Clinical
Queries

Limits searches to those arti-
cles with some possibility of
having direct clinical application

Easier to use than MEDLINE
because the queries turn MED-
LINE into a clinical tool; free

CINAHL Nursing database costs are Similar to MEDLINE in that the
high for those not associated  size introduces problems with
with a teaching facility, hospi- being able to search easily and
tal library efficiently

Others
Google One of the major search Easy to find something, hard to

engines to the Web—almost
everything

find just what you want and to
know the worth and evidence
behind the content; fastest way
to find high-impact articles that
have recently made press and
media headlines

(Continued)
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TABLE 4-4

In!ormation Resources That Provide Access to gystematic Reviews and sriginal

Studies (Weight of the Evidence Applies to Each Study or Review Rather Than to
the Total Resource) (Continued)

Category/Examples
of Categories Comprehensiveness Ease of Use/Availability

SumSearch One search system for many  Easy to use; free access
of the major health data-
bases—one-stop searching;
comprehensive

TRIP A single search system for 150  Easy to use; free access
health databases; one-stop
searching; comprehensive;
also has 27 specialist subsec-
tions (allergy to urology)

MEDLINEPIus Comprehensive, with major Patient information with links
emphasis on patient/con- to Web sites; free
sumer information; some
good background informa-
tion for physicians

Individual Web sites Broad coverage but scattered Almost unlimited and unknow-
able information; free

Often, information resources are available in various packages or formats of
information (eg, the Internet, on PDAs, as standalone electronic or paper-based
resources, and integrated into service packages). The vendor or supplier of the
product or a librarian associated with your institution or professional group can help
you determine your options for access. We end the chapter by providing search hints
for those resources that are potentially useful for a broad range of clinicians but may
be challenging to use efficiently.

Textbook-like Resources (Systems)

Clinical Evidence from the BM]J Publishing Group (http://www.clinicalevidence.com/
ceweb/conditions/index.jsp) covers more than 200 diseases and 2500 treatments and is
regularly updated and extended with new topics. Its content draws on published
systematic reviews or reviews that the staff completes for authors and is presented in
question format (eg, Does regular use of mouthwashes reduce halitosis?). The resource
provides the evidence for benefits and harms for specific treatments and tells you if the
evidence is weak or nonexistent (eg, sugar-free gum for halitosis). Clinical Evidence has
started to begin to address some issues of diagnosis.

PIER is the Physician Information Education and Resource from the American
College of Physicians (http://pier.acponline.org/index.html). Its strengths are the
direction that it provides for the clinician and the strong evidence-based approach.
Authors who are clinical experts receive notification of newly published studies and
systematic review articles that have importance to their chapter. Chapters are


http://www.clinicalevidence.com/ceweb/conditions/index.jsp
http://www.clinicalevidence.com/ceweb/conditions/index.jsp
http://pier.acponline.org/index.html
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carefully built around a consistent structure, and all recommendations are tightly
linked to the evidence behind the recommendation.

In contrast to Clinical Evidence, PIER provides explicit recommendations. Content
and evidence are presented using standard methods across diseases and disciplines. The
authors of each chapter explicitly state their question, are comprehensive in considering
all interventions and patient-important outcomes, assess the validity of individual
studies, use a high-quality grading system, and make their values and preference explicit.
PIER focuses on treatment, although it does include diagnosis and legal and ethical
aspects of health care issues. Its major limitation is lack of comprehensive coverage.

UpToDate is an online textbook that, at least in part because of its ease of use,
comprehensiveness, and inclusion of disease-oriented information, is very popular
with generalists, specialists, and particularly house staff (http://www.uptodate.com/
index.asp). Like PIER, and unlike Clinical Evidence, UpToDate provides recommen-
dations (guidelines) for clinicians. It is pricey for libraries, although costs for
individuals are similar to those of other information products. Although there is
some variation in the extent to which it currently succeeds across topics, UpToDate is
committed to structured formulation of questions, identifying an unbiased selection
of relevant evidence-based literature on a wide-ranging (though not comprehensive)
search, and, in its latest development, using the grades of recommendation, assess-
ment, development, and evaluation (GRADE) system (see Chapter 22.4, Grading
Recommendations) to assess quality of evidence and strength of recommendations.
UpToDate explicitly acknowledges the importance of values and preferences in
decision making and includes value and preference statements.

DynaMed is a service for primary-care physicians with almost 2000 disease
summaries that are updated with information from journal hand-searches and
electronic scans of more than 500 journal titles (http://www.dynamicmedical.com/).
All information has levels of evidence and grades of recommendations. Although
you can obtain DynaMed by subscription or through your library, if you volunteer
to help build the resource, you receive free access to the database.

EBM Guidelines is a series of recommendations covering a wide range of
topics relevant to primary care. It was originally produced by the Finnish Medical
Society with government funding to provide evidence-based guidelines and
recommendations for national use. All guidelines are reviewed annually. Recom-
mendations are linked to the evidence, and both the Cochrane and DARE
systematic reviews are summarized to produce and maintain a comprehensive
collection of treatment and diagnostic guidelines. Recommendations are linked
to almost 1000 clinical guidelines and 2500 graded evidence summaries, with
more than 350 clinical experts as authors. Images and audio files are also
included. Specialists consulting on neighboring specialties may find it of use. It is
available in several languages, including English, Finnish, German, Swedish,
Russian, Estonian, and Hungarian, with more to follow. Subscription informa-
tion is at http://www.ebm-guidelines.com.

Merck Manual is available on the Internet at no cost. Unlike UpToDate or Clinical
Evidence, a systematic consideration of current research does not routinely underlie
its recommendations. Strengths include its comprehensiveness, user friendliness, and
zero cost (http://www.merck.com/mrkshared/mmanual/home.jsp).
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Preappraised Resources (Synopses)

ACP Journal Club, Evidence-Based Medicine, and a number of journals modeled on
ACP Journal Club are available by print subscription or as online publications. The
research staff of ACP Journal Club read 140 core health care and specialty journals to
identify high-quality studies and review articles that have potential for clinical applica-
tion (those that have strong methods, answer a clinical question, and report data on
clinically important outcomes). From this pool of articles, practicing physicians choose
the most clinically important studies with the greatest potential clinical impact. These
are then summarized in structured abstracts. A clinical expert comments on methods
and provides advice on application of the findings. Only 1 in approximately 150 articles
is deemed important enough for abstracting. The online version (current issues and a
searchable database of all content) is available from the American College of Physicians
or through the Ovid Technologies collection of databases. ACP Journal Club is aimed
largely at internal medicine and its subspecialties but also includes limited entries
relevant to other specialties including pediatrics.

InfoPOEMs is similar to ACP Journal Club in that it provides alerting to well-
done and important clinical advances and a searching service of its collected
articles. Its main focus is family medicine. Clinical staff read more than 100
journals for articles of direct application to common and uncommon diseases and
conditions seen by family physicians. The compilation of past issues (searchable
database) is called InfoRETRIEVER (http://www.infopoems.com/). Well struc-
tured and well presented, all articles have a clinical bottom line for primary-care
decisions that users appreciate. Like ACP Journal Club, InfoPOEMs is restricted in
its scope of practice and to recently published articles. Subscription includes
regular e-mail notification of new evidence, as well as downloading to individual
computers and ongoing Web access.

Bandolier provides a summary service for the National Health Service in the United
Kingdom that is also available worldwide (http://www.jr2.ox.ac.uk/bandolier/). It
covers selected clinical topics over a broad range of disciplines and combines a review of
clinical evidence with clinical commentary and recommendations.

The New York Academy of Medicine Web site (http://www.ebmny.org/jour-
nal.html) provides a list of these preappraised resources (synopses) including
specialty-specific journals modeled on ACP Journal Club. Non-English examples of
preappraised resources exist. For example, Medycyna Praktyczna is published in
Polish (http://www.mp.pl). Evidence-Based Medicine, the synoptic journal for
primary-care physicians and internists, published by the BMJ Publishing Group
(http://ebm.bmjjournals.com/), is also translated into French (http://www.
ebm-journal.presse.fr/) and Italian (http://www.infomedica.com/ebm.htm).

Systematic Reviews and Guidelines (Summaries)

Cochrane Database of Systematic Reviews, built and maintained by the Cochrane
Collaboration, contains systematic reviews that cover almost all health care
interventions (therapy and prevention) (http://www3.interscience.wiley.com/cgi-
bin/mrwhome/106568753/HOME). As of the 2008 Issue 1, 3385 reviews had been
completed, with an additional 1786 posted protocols of reviews in progress. Each


http://www.infopoems.com/
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review is extremely comprehensive—to a fault. The Cochrane reviews are available
in many forms and from various vendors (eg, in Ovid and PubMed, as well as
standalone and Web versions from Wiley InterScience). Searching is easy, although
some systems are easier to use than others. Abstracts are free, but the full reviews
require a subscription or institutional source. Some countries such as the United
Kingdom, Australia, New Zealand, and Iceland have country-wide access provided
by government funding, and some lower-GDP countries have been granted free
access (http://www3.interscience.wiley.com/cgi-bin/mrwhome/106568753/
DoYouAlreadyHaveAccess.html). Most academic and large hospital libraries pro-
vide access to the full text of the Cochrane reviews.

DARE (Database of Reviews of Effects) is a free database of critically appraised
summaries of non-Cochrane systematic reviews in a broad range of health topics
and disciplines (http://www.york.ac.uk/inst/crd/crddatabases.htm#DARE). It is a stand-
alone Web-based resource and is also included in the Cochrane Library. DARE
includes more systematic reviews than does Cochrane, but the DARE reviews are
not as comprehensive—more than 600 reviews are added annually. DARE is easy
and fast to search, and the developers pay attention to the strength of the evidence
of each review they summarize. The DARE summaries of others’ reviews may be
particularly useful to clinicians who do not have either the time to appraise or
electronic access to the full text of the original reviews—this feature allows some
people to suggest that DARE can be categorized as a synopses resource.

Clinical practice guidelines that are strongly evidence based provide helpful direc-
tion for decision making by health professionals. The US National Guidelines Clearing-
house database includes the full text of many US and international guidelines on almost
all conceivable topics (http://www.guideline.gov/). The Web site includes thousands of
guidelines and provides systematic summaries of more than 2200. Searching is easy,
although initial retrievals are often relatively large. The site allows comparison of several
guidelines on the computer screen at the same time by checking the guidelines you want,
adding them to your collection, and comparing the checked guidelines. The resulting
information includes a side-by-side comparison of the components of the guideline such
as methods of searching the literature and specification of their making values and
preferences explicit (see Chapter 21, How to Use a Patient Management Recommenda-
tion). Other international guidelines can be found at the UK National Library for Health
(http://libraries.nelh.nhs.uk/guidelinesFinder/default.asp?page=INTER). The Ontario
Medical Association goes one step further in the evaluation process. They provide a
collection of preappraised guidelines that meet strict quality criteria (http://www.
gacguidelines.ca/).

Many systematic reviews are included in MEDLINE and other large databases.
The systematic reviews are often difficult to retrieve from these databases because
of the volume of other citations.

Original/Primary Studies (Studies)

Millions of primary studies exist, and processing of the evidence takes time and
effort. Because systems, synopses, and summaries conduct much of this processing,
we recommend using original studies in clinical care only when you cannot find the
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answers to your questions elsewhere. If you do need to retrieve original studies, you
will likely use the following large bibliographic databases to aid your retrieval.

MEDLINE is the premier database of health care research and practice. Many of
the more traditional methods of access to the MEDLINE articles (eg, Ovid
Technologies; http://www.ovid.com/site/index.jsp?top=1) are designed to facilitate
complex search strategies such as those done by medical librarians. You have many
options for obtaining access to MEDLINE (http://www.diabetesmonitor.com/
database.htm), although most clinicians use Ovid (through their institutions) or
PubMed.

PubMed Clinical Queries (http://www.ncbi.nlm.nih.gov/entrez/query/static/
clinical.shtml) function so that your searching is restricted to a “virtual” database
of the studies in MEDLINE that are likely to have direct clinical application.
PubMed also can search the whole MEDLINE database.

CINAHL (Cumulative Index to Nursing and Allied Health Literature; http://
www.cinahl.com/) database is independent of MEDLINE and is the premier
nursing and allied health database. Clinicians of all backgrounds may find it useful
to search for articles on quality of care and quality improvement. It is also rich in
qualitative research. Emergency physicians may use it as a source for issues relevant
to prehospital emergency care. As with other large databases, multiple access routes
are available (http://www.cinahl.com/prodsvcs/prodsves.htm).

EMBASE (http://www.elsevier.com/wps/find/bibliographicdatabasedescription.
cws_home/523328/description#description) is a large European database (more than 11
million citations) that is similar to MEDLINE in scope and content, with strengths in
drugs and allied health disciplines. Clinicians are unlikely to use EMBASE because of its
limited availability—major research institutions rather than hospitals or smaller orga-
nizations are the most common suppliers of access based on cost considerations. Up to
70% of citations in EMBASE are not included in MEDLINE.

Cochrane Controlled Trials Registry, part of the Cochrane Library (http://
www.cochrane.org/reviews/clibintro.htm), is the largest electronic compilation
of controlled trials in existence (527885 citations as of 2008, Issue 1) and is
available as part of a subscription to the Cochrane Library or several Ovid
Evidence-Based Medicine Review packages of databases (http://www.ovid.com/
site/catalog/DataBase/904.jsp?top=2&mid=3&bottom=7&subsection=10). Their
registry of original trials is a companion database to the Cochrane systematic
reviews database. This registry is built from large databases, including MEDLINE
and EMBASE, as well as other sources used by the review groups within the
Cochrane Collaboration, including hand-searches of most major health care
journals. The trials registry is the fastest, most reliable method of determining
whether a controlled trial has been published on any topic.

Alerting or Updating Services

Electronic communication (ie, e-mail) is an excellent method of keeping clinicians
abreast of evidence in newly published studies and systematic reviews. You can easily
receive the table of contents of journals or newly published articles on a specific
topic or subscribe to a service that notifies you of advances across many journals.
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PubMed, through its My NCBI service (http://www.ncbi.nlm.nih.gov/books/
bv.fcgi?rid=helpPubMed.section.PubMedhelp.My_NCBI), allows you to establish
a search that will automatically e-mail you citations of newly published articles based
on content (eg, asthma in adolescents) or journal titles. The Chinese University of
Hong Kong maintains a Web site with links to sign up for e-mail alerts from all major
journal publishers (http://www.lib.cuhk.edu.hk/information/publisher.htm).

Bmjupdates+ is a free alerting service to newly published studies and systematic
reviews from 140 journals (http://bmjupdates.mcmaster.ca/index.asp). You choose the
frequency with which you want to receive e-mail notifications, choose the disci-
plines in which you are interested, and set the score level on clinical relevance and
newsworthiness as determined by peer raters in multiple disciplines.

InfoPOEMs (http://www.infopoems.com/) also provides e-mail alerts to new
clinical evidence in studies and systematic reviews. Each alert includes a clinical
bottom line on the application of the findings.

Journal Watch Online is another alerting service (http://www.jwatch.org/
issues_by_date.shtml) with a broad coverage of new evidence. The New England
Journal of Medicine produces this service with the aim of keeping clinicians up to
date on the most important research in the general medical literature. Journal
Watch provides nonstructured summaries and commentaries on articles it identi-
fies but does not use a quality filter or structured critical appraisal of the sort
embodied in the resources described above under synopses.

Other Resources

Many search engines exist for the Internet, of which Google (http://www.google.com/)
is the most popular, followed by Ask (formerly Ask Jeeves) (http://www.ask.com/),
MOSN (http://www.msn.com/), and Yahoo (http://www.yahoo.com/). Search engines
either send out electronic “spiders” that “crawl” the Web to index material for later
retrieval or rely on human indexing of sites. Search Engine Watch maintains a list of
important and heavily used services (http://searchenginewatch.com/links/article.php/
2156221) and rates usefulness of each. Almost limitless amounts of information are
available on the Internet. Characteristically, one finds information from unsubstanti-
ated or nonscientifically supervised sources freely interspersed with references to
articles in peer-reviewed biomedical journals.

Internet searchers should understand that they are not searching a defined
database but rather are surfing the constantly shifting seas of electronic communi-
cations. The material that is supported by evidence may not float to the surface at
any particular time. On the other hand, an Internet search may constitute the
fastest way of tracking down an article that has attracted media attention shortly
after its release and during the period in which it has not yet been indexed by
MEDLINE or will not likely be indexed.

Google Scholar (http://scholar.google.com/) is a service that provides Google-like
searching of scholarly information (eg, articles, dissertations, books, abstracts, and
full text from publishers). MEDLINE is included (although it may be up to a year out
of date). You have access to ranked material (most important and not necessarily the
newest information first) and to other documents that cite an important item you

L&
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have identified. Google Scholar has a complex searching system, and the Help feature
is actually quite helpful (http://scholar.google.com/intl/en/scholar/help.html).

Search engines that retrieve and combine results from multiple search engines
(metasearch engines) also exist (http://searchenginewatch.com/links/article.php/
2156241).

» SumSearch is a medical metasearch engine. By using it, you can search
multiple medical databases with 1 entry of search terms (http://
sumsearch.uthscsa.edu/). For example, the entry of 1 word, “bedrest,”
provided grouped links to 27 entries in Wikipedia, 21 guidelines (US
National Guidelines Clearinghouse), 18 broad or narrative reviews (good
to answer background questions), 1 DARE or Cochrane systematic review,
87 other systematic reviews from PubMed, and 59 original studies covering
therapy and etiology studies from PubMed Clinical Queries. In contrast,
Google retrieves approximately 588000 entries on “bedrest” and the items
are not grouped by source or like items for easier access.

« TRIP is similar to SumSearch in that it searches multiple databases and
other strongly evidence-based resources with just 1 entry of your term or
terms (http://www.tripdatabase.com/). TRIP currently searches more than
150 databases and related resources. It is rich in systematic reviews, clinical
practice guidelines (US, UK, Canadian, Australian, and New Zealand
national collections), clinical questions and answers, and medical images.
It also has a substantial collection of patient information resources, as well
as critical appraisal topics (CATs). It harnesses the PubMed Clinical
Queries in its searching and includes links to the bmjupdates+ to enable a
more clinically relevant retrieval set of documents. TRIP was once a fee-
based system but is now free. It has 27 specialist mini-TRIP systems based
on health care content (allergy to urology) early in 2008.

MEDLINEPlus is the premier site for Web links to health information on the
Internet. The US National Library of Medicine provides this free service, which is
designed to provide high-quality and important health information to patients and
families. The staff members provide access to Web sites that meet preestablished
quality criteria. Some information is likely useful to clinicians, especially in areas in
which they are not experts. Many clinicians feel confident sending their patients to
MEDLINEPIus for consumer/patient information (http://medlineplus.gov/).

Format

Information resources are available in many formats: paper, standalone computer
installations (eg, CD-ROM disks), or via the Internet. The handheld computer is
becoming a major player in providing information resources quickly and at the site
of care. We have not included a primer on how to choose handhelds or information
resources for them. Peers, commercial sites, or the handhelds themselves are the
best sources of determining if handheld devices are the vehicle for providing you
with information resources.


http://scholar.google.com/intl/en/scholar/help.html
http://searchenginewatch.com/links/article.php/2156241
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http://www.tripdatabase.com/
http://medlineplus.gov/
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ADDRESSING EXAMPLE QUESTIONS

The rest of this chapter provides searching tips for question types and specific
information resources. We concentrate on resources that are challenging to use
effectively and that are readily available.

Background Questions

Most background questions are often best answered by standard textbooks such
as Harrison’s Principles of Internal Medicine, Nelson Textbook of Pediatrics,
Benson’s Current Obstetric and Gynecological Diagnoses and Treatments, and
Lawrence’s Essentials of General Surgery or innovative electronic texts such as
UpToDate. To provide faster searching for background questions, some compa-
nies also group collections of textbooks together to be searched in tandem. Two
major collections of medical texts are MDConsult (http://www.mdconsult.com/
offers/standard.html) and Stat!Ref (http://www.statref.com/). These collections
often include other resources besides textbooks.

Textbooks and other resources classified as systems are often easy to search.
Most of them rely on entry of a single concept such as a disease or diagnostic test
that leads you to various categories or chapters. The Internet may also be very
useful for background questions.

Foreground Questions
The most efficient sources of information for foreground questions are resources
that are classified in the information categories of systems and synopses.

Searching in Systems and Synopses-Based Resources (Small Resources)

You can search small-sized resources using common words or phrases such as
diseases or conditions and categories such as therapy or prognosis—their size
makes them easy and efficient to search. For example, in ACP Journal Club, all of
the 9 “house dust mite” articles can be found by putting in only “mites” as a
searching word (Ovid MEDLINE and PubMed have approximately 10000 articles
on mites). Usually, some simple experimentation with a new system or a few tips
from fellow users are sufficient for getting started. Continued experience with the
resource usually hones searching skills.

Searching for Synopses and Summaries (Moderately Sized Resources)

As a resource grows, it becomes more difficult to use effectively—single words or
simple phrases retrieve too much information. Synopses and summary resources are
usually resources that are larger than the systems (textbook-like resources) but far
smaller than resources that include studies (eg, MEDLINE). Simple terms and phrases
with some category choices are sufficient for smaller resources, but designing effective
searching strategies with these larger information resources requires more attention.

L]
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The same or similar search strategy may perform differently, depending on the
route of access to a particular database. For example, the standalone version of
Cochrane systematic reviews by the electronic publisher Wiley InterScience has a
search engine that often searches for all occurrences of your search terms across the
full information in the database. This method can retrieve large sets of citations,
many of which are not relevant but are retrieved because of single occurrences of
the search terms.

The Ovid search engine for the same database performs differently. Ovid
Technologies is a major resource in providing information to clinicians. Ovid
provides access to a large selection of databases, including MEDLINE and the
Cochrane Library. Its strength is its comprehensive collection of resources that are
accessed using the same searching mechanisms. The drawback of this approach is
that because of the size of some of the resources, the searching system is complex,
requiring a relatively steep learning curve. Ovid searching is more complex and
often more parsimonious. For example, the search of the Cochrane Database of
Systematic Reviews using the Ovid interface yields 31 reviews, whereas the Wiley
InterScience database yields 42 reviews, even though both systems search for the
phrase “patient adherence.”

Most resources beyond very small products have tutorials and searching tips,
and medical librarians are often available to help you learn how to use a system
individually or in a class session.

Searching for Summaries and Primary Studies Using PubMed

If (and only if) resources similar to the ones described above fail to provide an
answer to your clinical questions, you then can move to one of the large databases
such as MEDLINE. One of the most available systems is PubMed. The US
National Library of Medicine has done substantial work to develop the PubMed
search interface to the MEDLINE database so that PubMed is easy for clinicians
to use effectively. PubMed is free and more than 70 million searches are done
each month (http://www.nlm.nih.gov/pubs/factsheets/PubMed.html). The mak-
ers of PubMed have developed a useful and comprehensive tutorial (http://
www.nlm.nih.gov/bsd/PubMed_tutorial/m2001.html) that can complement trial-
and-error learning.

Because PubMed is a useful resource across disciplines and is readily
available, we will show you some simple tips and techniques. Our demonstra-
tion is designed to equip the reader with a basic orientation. Many clinicians in
search of relatively high-quality studies pertaining to a specific question find it
expedient to bypass most of this system and to go directly to the Clinical
Queries function, which we describe below. To facilitate the effectiveness of
these demonstrations, we recommend that you call up PubMed on your own
browser and “follow along” by performing the steps yourself as we describe
them.

Simple Searching Using Phrases (Natural Language)
Like many other information resources such as Google, PubMed has a single
searching box. Just type in a sentence or series of phrases that represent exactly


http://www.nlm.nih.gov/pubs/factsheets/PubMed.html
http://www.nlm.nih.gov/bsd/PubMed_tutorial/m2001.html
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what you are searching. The choice of terms to use will be easy if you have
developed questions using the PICO format: patients, intervention, comparison,
and outcome. PubMed uses Google spell checker and is programmed to do the
work of finding synonyms for your terms—just put in 1 phrase or word per PICO
concept. Generally, if you use 3 or more concepts, your retrieval will be limited to a
reasonable-sized retrieval. No matter how effective your searching skills, however,
your search retrievals will almost inevitably include some citations that are not on
topic.

One often successful method to enrich your search retrieval is to click on the
Related Articles button to the right of the article in which you are most interested.
PubMed will then search for articles it thinks are related to yours. If your initial
searching finds an article that is an exact match to your topic, the Related Articles
feature is often fruitful to identify more citations.

To show you how these approaches to searching can work, see figures in the text.
We started with a PICO question (Table 4-5) looking at determining the ideal
gestational age for a term twin pregnancy in a 35-year-old woman who wants to
know whether a planned cesarean section or planned vaginal delivery is associated
with improved outcomes, specifically, mortality.

We entered the 4 sets of searching terms in January 2008 (term twin
pregnancy, planned C-section, vaginal delivery, and mortality) in the PubMed
searching box and only found 3 articles (Figure 4-1). The second one, by Smith
et al,” looks like a very good match to our question. This retrieval set is small
and the question of cesarean section or vaginal delivery for twins fairly
common; therefore, many more studies have probably addressed this question.
Rather than selecting another set of terms and trying again, you can click on the
Related Articles link in Figure 4-1. This retrieval is now 1301 articles (Figure 4-
2). These are too many, but the search is still useful because the articles are
listed in rank order of perceived importance—you only need to scan down the
list until you have the information you need or find another citation that you
want to check for related articles. This Related Articles method of searching is
very quick and removes the necessity of finding precise searching terms. If you
do not like your results, just quickly switch to another set of searching phrases
and start the cycle again.

You can also see the related articles as you go through a list of citations. For
example, if you were looking for studies that used children’s drawings in the

TABLE 4-5

!l!’ an! Betermmatlon o! !earchg lerms

PICO Element Search Terms for PubMed
P(atient) Term twin pregnancy Term twin pregnancy
I(ntervention) Planned cesarean section Planned C-section
C(omparison) Planned vaginal delivery Vaginal delivery

O(utcome) Infant mortality Mortality

Ui
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FIGURE 4-1
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diagnosis of migraine headache and retrieved a set of citations that looked
interesting, you can ask for the display format to be “AbstractPlus” (Figure 4-3).
You will obtain the view below. The main article shows that children’s drawings
are useful starting at 4 years of age for helping with the diagnosis of migraine.
The first related article is an update of the study that shows that the same
drawing mechanism can provide data that can plot the success or failure of the
treatment of the children’s migraines.

In PubMed, or other systems, you are not limited to phrases that could be in the
title or abstract alone. The search in the screen below is one that is set to retrieve an
article that we know already exists in CMA]. Belanger studied the timing of infant
cereal feeding and the risk for celiac disease. We used the terms “belanger cmaj
timing” in Figure 4-4. Note the full-text icon—all articles in CMA] are freely
available in full text, and you can get to the whole article directly from a PubMed
citation.

Articles that are available in full text have symbols providing this access either at
the publisher’s site or at PubMed Central. These full-text links are available for
several hundred journal titles, and their numbers are increasing. To add to the
number of full-text articles to which you have access, some hospital and university
libraries have installed links from their collection of full-text journals into PubMed.
To access the version of PubMed that is customized for your library and its

FIGURE 4-3
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collection of online journals, check with your librarian to see if this feature is
available to you and how best to access it.

Limits

You can limit your retrieval in PubMed by using all sorts of aspects of individual articles
(eg, year of publication, sex of participants, English language, and article type such as a
randomized controlled trial [RCT] or meta-analysis). We will look at the function of
the limits button in Figure 4-5, as well as describe the ability of PubMed to “under-
stand” your search terms. In the search, we wanted to identify meta-analyses of nursing
clinics to reduce hospitalizations in elderly patients with congestive heart failure. The

FIGURE 4-5

we nl-u wov

Pub‘m A of e LS. Nt Librcs o Mo

mhmbmmamnm,w B
o [summary | 20 cfsonBy _ zfsendto ]
A2 | Rovow:1 15

Items1-2of2 One page.
M1t Whellan DU, Hasselblad ¥, Petersca E. O'Coanor CM. Schulsan KA, Rulatesd Aricius, Links:
E is and review of heart failure di i led clinical trials.
Am Heart J. 3003 Apr; 143417229, Review.
PMID: 15950759 [PubMed - iadexed for MEDLINE]
M2 Phillips CO. Sisga RM, Rubia HRE. Jsacisa T, Rulatesd Articies, Links.
E Complexity of program and clinical outcomes of heart failure di incorporating specialist nurse-led

hem failure clinics, A meta-regression analysis.
Messt Pl 2003 Mar 167030341,
D 15718173 [PubMed - indexed
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TABLE 4-6
!l!ﬂ an! Belermmallon OI !earc"mg Ierms
PICO Element Search Terms for PubMed

P(atient/opulation) Elderly patients with heart Limit by age to > 65 y heart

failure failure
I(ntervention) Nurse-led clinics Nursing
C(omparison) Any [Nothing—Ileave concept out]
O(utcome) Hospital admission Hospitalization
Other concepts Meta-analysis Limit to meta-analysis

PICO representation of the question follows in Table 4-6. In this case, we are dealing
with a patient population rather than a patient—both fit into the PICO format.

Taking advantage of PubMed’s ability to recognize alternate searching terms, we
limited our typing by entering “heart failure nursing hospitalization” in the search box
and clicking on limits for meta-analysis, human participants, participants who are more
than 65 years of age, English language, and articles with abstracts (a technique to
retrieve more studies and fewer letters and editorials) (Figure 4-5). PubMed automati-
cally translated our search into the strategy in Table 4-7. Note that the concept of
hospitalization is searched using US and UK spellings. Note also that this translation of
terms does not always work, because we not only got the aspect of using nurses to
improve care but also got articles on breast feeding. Because we added the geriatric age
limit, the breast feeding aspect will likely not complicate our retrieval.

Text word means any occurrence of the word or phrase in the title or abstract of
the article; MeSH terms are medical subject headings (controlled vocabulary) that
indexes apply to all MEDLINE articles.

Clinical Queries are available in PubMed, as well as Ovid, and are used by many
clinicians to make their MEDLINE searching faster and more efficient for clinical
topics. The “path” to Clinical Queries is on the left-hand side of the screen within

TABLE 4-7

!u!lﬂe! |ranslallon 0| !oncepls II'IIO !earc“mg |erms an! !lralegles

Heart failure “heart failure” [Text Word] or “heart failure” [MeSH Terms]

Hospitalization  “hospitalization” [Text Word] or “hospitalisation” [Text Word] or
“hospitalization” [MeSH Terms]

Nursing “nursing” [Subheading] or “nursing” [MeSH Terms] or (“breast feed-
ing” [Text Word]) or “breast feeding” [MeSH Terms] or “nursing” [Text
Word]

Geriatrics “aged” [MeSH Terms]

Humans “humans” [MeSH Terms]
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FIGURE 4-6
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Reproduced with permission of the U.S. National Library of Medicine (NLM) and PubMed.

the blue bar (see Figure 4-5). The screen shots in Figures 4-6 to 4-8 show how one
would progress through several screens, looking for high-quality clinical studies
assessing the mortality related to binge drinking. The PICO question (“In adults, is
binge drinking compared with nonbinge drinking associated with an increase in
mortality?”) with search terms is included in Table 4-8.

Figure 4-6 shows a search for binge drinking only: it retrieves more than 1100 articles.
Adding the Clinical Queries limit for etiology with a broad search (sensitive search)
brings the total down to 796—still too high (Figure 4-7). What the clinical queries do in
practice is to take a set of search terms that have proven effective at retrieving high-
quality clinical articles that have the potential to be important to questions related to

TABLE 4-8

PICO Element Search Terms for PubMed
P(atient) Adults [Leave blank]
l(ntervention/exposure) Binge drinking Binge drinking
C(omparison) No binge drinking [Leave blank]

O(utcome) Mortality Mortality
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FIGURE 4-7
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therapy, diagnosis, etc. You then add your content, in this case binge drinking, and
PubMed adds the appropriate methods terms. For a broad etiology search, these terms
are (risk *[Title/Abstract] OR risk *[MeSH:noexp] OR risk *[MeSH:noexp] OR cohort
studies [MeSH Terms] OR group *[Text Word]). (The asterisk [*] denotes truncation—
picking up multiple endings for the term. The noexp indicates that the system is not
picking up terms related but not equivalent to the term in question.) You can see the
start of this search strategy string in the searching box of Figure 4-8. Switching to the
narrow clinical queries search for etiology (specific search) brings the number of
retrieved studies down to approximately 100 citations. Figures 4-9 and 4-10 show you
how to “take control” of the searching process and do some of your own manipulation.

By clicking on the “history” tab, you can get to a list of the search statements that you
have used in your most recent search session (Figure 4-9). For our search, the statement
number 9 is the search that is binge-drinking limited by using the broad clinical
category search for etiology. (If you are following along, your statement number is likely
different.) The retrieval for search statement 9 is substantial, and we have not added the
concept of “mortality.” We could do this in several ways. However, for this example, we
work with our existing search statements. We want to combine our etiology search on
binge drinking with mortality. In the search box at the top of the page, we type in “#9”
and combine it with the term “mortality”—note that you can use “AND” or “and” (#9
AND mortality). ANDing in the term “mortality” brings retrieval down to 83 citations
of mortality associated with binge drinking, using the etiology clinical queries filter.

Searching for Summaries and Primary Studies Using Other Large

Information Resources

The large databases such as MEDLINE, CINAHL, PsycINFO, and EMBASE
provide challenges to clinicians wanting to find information directly applicable to

5
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FIGURE 4-8
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FIGURE 4-10
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clinical care. The size of the database and the relatively few important and relevant
studies that are buried within the large volume of literature make the searching
complex. Although a few initial tips followed by trial-and-error practice should
allow you to become proficient in doing simple searches, comprehensive searches
aiming at high accuracy require the expertise of a research librarian.

Many libraries are equipped with a customized collection of databases and
services from Ovid Technologies. Ovid provides a single front-end search and links
across databases and services to full texts of articles available to that library system.
To show some of the power and complexity of searching using Ovid, we have
entered a search in Ovid format designed to look for studies of using either oral or
intravenous antibiotics in a 28-year-old male intravenous drug user with endocar-
ditis. The PICO format of the question is shown in Table 4-9.

In Ovid searching, one builds searches idea by idea (Figure 4-11). To start this
building process, our first search concept is endocarditis—entering the term and
checking it in the list of preferred terminology MeSH shows that, between 1996 and
2008, 5726 articles include information on endocarditis. We have asked the system
to automatically search for all aspects of a topic—this “explode” feature allows for
gathering together general aspects of endocarditis and bacterial endocarditis. Using
the same approach during the same period, 5679 articles deal with some aspect of
intravenous substance abuse, more than 100000 articles on any antibiotic, almost
40000 on oral administration of drugs, and more than 25000 on parenteral
infusions. The explosion of parenteral infusions picks up the intravenous infusions,
a closer approximation of what we are looking for. We combine the sets and
identify only 1 citation that includes all of our concepts. We will stop here, but for
illustration purposes, we could also limit to adults, humans, and a clinical query—

]
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TABLE 4-9

PICO

Element

Search Terms for PubMed

P(atient)

IV drug user

Substance abuse; intravenous

Endocarditis

Endocarditis

Adult Limit to adults (18-44 y)
I(ntervention) Antibiotics Antibiotics

Oral Administration; oral
C(omparison) Antibiotics [Leave blank]—already have it

Intravenous Infusions, parenteral
O(utcome) Any [Leave blank]

FIGURE 4-11
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sensitive search for high-quality therapy articles. We could have also limited on
other aspects of retrieval such as English language or articles with abstracts. The
retrieved citation is an RCT reported in 1996.10

Miscellaneous Searching Issues
We did not cover many aspects of finding information such as looking for health-
related statistics. The Web pages of the University of Michigan (http://www.lib.
umich.edu/govdocs/stats.html), the Centers for Disease Control and Prevention,
National Center for Health Statistics (http://www.cdc.gov/nchs/), and the National
Library of Medicine (http://www.nlm.nih.gov/services/statistics.html) are good
places to start looking for international, national, and local statistics on mortality,
morbidity, utilization, education, and human resource requirements. We also did not
cover searching for some areas of content (eg, economic evaluation, clinical prediction
rules, disease prevalence, health services, and qualitative studies). If you want to
expand your searching skills in these and other areas, check with the librarians in
your organization for individual or group instruction, as well as the searching tips
and examples that accompany the scenario at the start of each chapter in this book.
You may also want to develop your own customized resources in specific content
areas. Many practitioners find it convenient to compile their own summaries of
evidence on topics of particular interest for easy access in the course of teaching and
patient care. Such resources may take advantage of institutional informatics capabili-
ties or of options such as the Catmaker, developed by the Centre for Evidence-Based
Medicine (http://www.cebm.net/catmaker.asp). The Evidence-Based Emergency
Medicine Working Group at the New York Academy of Medicine offers the Journal
Club Storage Bank (http://ebem.org/jcb/journalclubbank.html) to emergency teach-
ers and practitioners as an online repository of evidence summaries. Individuals may
post their own summaries for easy retrieval. It is password protected to prevent its
contents from being misconstrued as electronic publications for external use.!!

ConcLusion

In this chapter, we looked briefly at many, but by no means all, potential information
resources. We encourage you to consider updating your information tools and develop
effective methods of finding the evidence you need in practice. We urge you to use
strongly evidence-based resources appropriate for your discipline. Most efficient search-
ing involves seeking information from some of the textbook-like systems first, moving to
synopses and summaries of evidence (systematic reviews and clinical practice guidelines)
next, and then going to the large bibliographic databases only if required.
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Our clinical questions have a correct answer that corresponds to an underlying
reality or truth. For instance, there is a true underlying magnitude of the impact of
B-blockers on mortality in patients with heart failure, of the impact of inhaled
steroids on exacerbations in patients with asthma, and of the impact of carotid
endarterectomy on incidence of strokes in patients with transient ischemic attacks.
Research studies attempt to estimate that underlying truth. Unfortunately, how-
ever, we will never know what that true impact really is (Table 5-1). Studies may be
flawed in their design or conduct and introduce systematic error (bias). Even if a
study could be perfectly designed and executed, we would remain uncertain
whether we had arrived at the underlying truth. The next section explains why.

RAnDOM ERROR

Consider a perfectly balanced coin. Every time we flip the coin, the probability
of its landing with head up or tail up is equal-—50%. Assume, however, that we
as investigators do not know that the coin is perfectly balanced—in fact, we
have no idea how well balanced it is, and we would like to find out. We can
state our question formally: What is the true underlying probability of a
resulting head or tail on any given coin flip? Our first experiment addressing
this question is a series of 10 coin flips; the result: 8 heads and 2 tails. What are
we to conclude? Taking our result at face value, we infer that the coin is very
unbalanced (that is, biased in such a way that it yields heads more often than
tails) and that the probability of heads on any given flip is 80%.

Few would be happy with this conclusion. The reason for our discomfort is that
we know that the world is not constructed so that a perfectly balanced coin will
always yield 5 heads and 5 tails in any given set of 10 coin flips. Rather, the result is
subject to the play of chance, otherwise known as random error. Some of the time,
10 flips of a perfectly balanced coin will yield 8 heads. On occasion, 9 of 10 flips will
turn up heads. On rare occasions, we will find heads on all 10 flips. Figure 5-1
shows the actual distribution of heads and tails in repeated series of coin flips.

TABLE 5-1

!!uay Hesu'!s an! !He Unaerlymg Iru!l

Result from a completed study yields an apparent treatment effect
* Technical term: point estimate (of the underlying truth)
* Example: relative risk of death is 75%
* Possible underlying truth 1: reduction in relative risk of death really is 25%

* Possible underlying truth 2: relative risk of death is appreciably less than or
greater than 25%

Possible explanations for inaccuracy of the point estimate
* Random error (synonym: chance)
* Systematic error (synonyms: bias, limitation in validity)
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FIGURE 5-1
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What if the 10 coin flips yield 5 heads and 5 tails? Our awareness of the play
of chance leaves us uncertain that the coin is a true one: a series of 10 coin
flips of a very biased coin (a true probability of heads of .8, for instance)
could, by chance, yield 5 heads and 5 tails.

Let us say that a funding agency, intrigued by the results of our first small
experiment, provides us with resources to conduct a larger study. This time,
we increase the sample size of our experiment markedly, conducting a series
of 1000 coin flips. If we end up with 500 heads and 500 tails, are we ready to
conclude that we are dealing with a true coin? Not quite. We know that, were
the true underlying probability of heads 51%, we would sometimes see 1000
coin flips yield the result we have just observed.

We can apply the above logic to the results of experiments addressing health
care issues in humans. A randomized controlled trial (RCT) shows that 10 of 100
treated patients die in the course of treatment, as do 20 of 100 control patients.
Does treatment really reduce the death rate by 50%? Maybe, but awareness of
chance will leave us with considerable uncertainty about the magnitude of the
treatment effect—and perhaps about whether treatment helps at all.

To use an actual example, in a study of congestive heart failure, 228 of 1320
(17%) patients with moderate to severe heart failure allocated to receive
placebo died, as did 156 of 1327 (12%) allocated to receive bisoprolol.!
Although the true underlying reduction in the relative risk of dying is likely to
be in the vicinity of the 34% suggested by the study, we must acknowledge
that considerable uncertainty remains about the true magnitude of the effect
(see Chapter 8, Confidence Intervals).

Let us remember the question with which we started: Why is it that no matter
how powerful and well designed our experiment, we will never be sure of the true
treatment effect? The answer is: chance.

b1
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Bias

What do we mean when we say that a study is valid or believable? In this book,
we use validity as a technical term that relates to the magnitude of bias. In
contrast to random error, bias leads to systematic deviations (ie, the error has
direction) from the underlying truth. In studies of treatment or harm, bias
leads to either an underestimate or an overestimate of the underlying benefit or
harm (Table 5-2).

Bias may intrude as a result of differences, other than the experimental interven-
tion, between patients in treatment and control groups at the time they enter a study.
At the start of a study, each patient, if left untreated, is destined to do well—or
poorly. To do poorly means to have an adverse event—say, a stroke—during the
course of the study. We often refer to the adverse event that is the focus of a study
as the target outcome or target event. Bias will result if treated and control patients
differ in substantive outcome-associated ways at the start of the study. For instance,
if control-group patients have more severe atherosclerosis or are older than their
counterparts, their destiny will be to have a greater proportion of adverse events
than those in the intervention or treatment group, and the results of the study will
be biased in favor of the treatment group; that is, the study will yield a systemati-
cally greater estimate of the treatment effect than would be obtained were the study
groups alike prognostically.

Even if patients in the intervention and control groups begin the study with the
same prognosis, the result may still be biased. This will occur if, for instance,
effective interventions are differentially administered to treatment and control
groups. For instance, in a study of a novel agent for the prevention of complications
of atherosclerosis, the intervention group might receive more intensive statin
therapy than the control group.

Finally, patients may begin prognostically similar, and stay prognostically
similar, but the study may end with a biased result. This could occur if the study
loses patients to follow-up (see Chapter 6, Therapy [Randomized Trials]), or
because a study is stopped early because of an apparent large treatment effect (see
Chapter 9.3, Randomized Trials Stopped Early for Benefit).

TABLE 5-2

HOW Ean a !luay OI an Inlervenlmn l Irealmen!l !e !lasea l

Intervention and control groups may be different at the start
Example: patients in control group are sicker or older

Intervention and control groups may, independent of the experimental treatment,
become different as the study proceeds

Example: patients in the intervention group receive effective additional medication
Intervention and control groups may differ, independent of treatment, at the end
Example: more sick patients lost to follow-up in the intervention group
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STRATEGIES FOR REDUCING BIAS: THERAPY AND HARM

We have noted that bias arises from differences in prognostic factors in treatment
and control groups at the start of a study, or from differences in prognosis that arise
as a study proceeds. What can investigators do to reduce these biases? Table 5-3
summarizes the available strategies in RCTs of therapy and observational studies
addressing issues of harm.

When studying new treatments, investigators often have a great deal of control.
They can reduce the likelihood of differences in the distribution of prognostic
features in treated and untreated patients at baseline by randomly allocating
patients to the 2 groups. They can markedly reduce placebo effects by administer-
ing identical-appearing but biologically inert treatments—placebos—to control-
group patients. Blinding clinicians to whether patients are receiving active or

TABLE 5-3
Ways o! !e!ucmg Elas in !tulles o’ IHerapy an! Harm
Therapy: Strategy for Harm: Strategy for
Source of Bias Reducing Bias Reducing Bias
Differences Observed at the Start of the Study

Treatment and control Randomization Statistical adjustment for

patients differ in prognostic factors in the

prognosis analysis of data

Randomization with stratifi- Matching
cation
Differences That Arise as the Study Proceeds

Placebo effects Blinding of patients Choice of outcomes (such
as mortality) less subject to
placebo effects

Cointervention Blinding of caregivers Documentation of treat-
ment differences and statis-
tical adjustment

Bias in assessment of Blinding of assessors of Choice of outcomes (such

outcome outcome as mortality) less subject to
observer bias

Differences at the Completion of the Study
Loss to follow-up Ensuring complete follow-up Ensuring complete follow-up
Stopping study early Completing study as ini-

because of large effect tially planned

Omitting patients who Adhering to intention-to-

did not receive assigned treat principle and including

treatment all patients in the arm to
which they are randomized
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placebo therapy can eliminate the risk of important cointerventions, and blinding
outcome assessors minimizes bias in the assessment of event rates.

In general, investigators studying the effect of potentially harmful exposures
have far less control than those investigating the effects of potentially beneficial
treatments. They must be content to compare patients whose exposure is deter-
mined by their choice or circumstances, and they can address potential differences
in patients’ fate only by statistical adjustment for known prognostic factors.
Blinding is impossible, so their best defense against placebo effects and bias in
outcome assessment is to choose endpoints, such as death, that are less subject to
these biases. Investigators addressing both sets of questions can reduce bias by
minimizing loss to follow-up (see Table 5-1).

These general rules do not always apply. Sometimes, investigators studying a
new treatment find it difficult or impossible to randomize patients to treatment
and control groups. Under such circumstances, they choose observational study
designs, and clinicians must apply the validity criteria developed for questions of
harm to such studies.

Similarly, if the potentially harmful exposure is a drug with beneficial effects,
investigators may be able to randomize patients to intervention and control
groups. In this case, clinicians can apply the validity criteria designed for therapy
questions to the study. Whether for issues of therapy or harm, the strength of
inference from RCTs will almost invariably be far greater than the strength of
inference from observational studies.
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\ILH IABIL

A Patient With Coronary Disease and a
Gastrointestinal Bleed: How Can | Best Help Avoid
Vascular Events and Minimize Bleeding Risk?

Youare a general internist following a 62-year-old man with peptic ulcer disease
and stable angina for whom you have been prescribing low-dose aspirin, a statin,
an angiotensin-converting enzyme inhibitor, and as-needed nitrates. Recently, the
patient developed an upper gastrointestinal bleed. Biopsy done at endoscopy was
negative for Helicobacter pylori. In hospital, the gastroenterologist looking after
your patient changed the aspirin to clopidogrel (and supported his action by citing
a systematic review of thienopyridine derivatives, including clopidogrel, in high-
risk vascular patients that found a decrease in the odds of a gastrointestinal bleed
compared with aspirin; odds ratio, 0.71; 95% confidence interval [C/], 0.59-0.86).1

You use ACP Journal Club to browse the medical literature and, reviewing
the patient’s story, you recall a recent article that may be relevant. The patient
is currently stable and you ask him to return in a week for further review of his
medications.

FINDING THE EVIDENCE

Evidence from populations with vascular disease suggests that clopidogrel is likely to be
similar, if not superior, to aspirin in its ability to prevent vascular events in patients with
stable angina,? allowing you to focus on prevention of bleeding. You therefore
formulate the relevant question: in a patient with previous aspirin-associated ulcer, is
clopidogrel effective in preventing recurrent ulcer bleeding? Searching ACP Journal
Club in your medical library’s Ovid system with the terms “clopidogrel” and “gas-
trointestinal bleeding” identifies 3 articles, one of which turns out to be your target:
“Aspirin plus esomeprazole reduced recurrent ulcer bleeding more than clopidogrel in
high-risk patients.”® You print a copy of this and the original full-text article.*

This article describes a randomized, placebo-controlled trial including 320 patients
with endoscopically confirmed ulcer bleeding, either negative test results for H pylori
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or successful eradication of H pylori, and anticipated regular use of antiplatelet
therapy. Participants were randomly allocated to clopidogrel 75 mg daily and placebo
or to aspirin 80 mg and esomeprazole (a potent proton-pump inhibitor) 20 mg twice
daily for 12 months. The primary outcome was recurrent ulcer bleeding, and
secondary outcomes included lower gastrointestinal bleeding and adverse effects.

The Users’ Guides

Table 6-1 presents our usual 3-step approach to using an article from the medical
literature to guide your practice. You will find these criteria useful for a variety of
therapy-related questions, including treating symptomatic illnesses (eg, asthma or
arthritis), preventing distant complications of illness (eg, cardiovascular death after
myocardial infarction), and screening for silent but treatable disease (eg, colon cancer
screening).

If the answer to one key question (Were patients randomized?) is no, some of the
other questions (Was randomization concealed? Were patients analyzed in the groups to
which they were randomized?) will lose their relevance. As you will see, nonrandomized
observational studies yield far weaker inferences than randomized controlled trials (RCTs).
Nevertheless, clinicians must use the best evidence available in managing their patients,
even if the quality of that evidence is limited (see Chapter 2, The Philosophy of Evidence-
Based Medicine). The criteria in Chapter 12 (Harm [Observational Studies]) will help

TABLE 6-1

sers uuides for an ICle Abou erapy

Are the results valid?
* Did intervention and control groups start with the same prognosis?
* Were patients randomized?
* Was randomization concealed?
* Were patients in the study groups similar with respect to known prognostic factors?
* Was prognostic balance maintained as the study progressed?
* To what extent was the study blinded?
* Were the groups prognostically balanced at the study’s completion?
* Was follow-up complete?
* Were patients analyzed in the groups to which they were randomized?
* Was the trial stopped early?
What are the results?
* How large was the treatment effect?
* How precise was the estimate of the treatment effect?
How can | apply the results to patient care?
* Were the study patients similar to my patient?
* Were all patient-important outcomes considered?
* Are the likely treatment benefits worth the potential harm and costs?
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you assess an observational study addressing a potential treatment that has not yet been
evaluated in an RCT.

ARE THE RESULTS VALID?

Did Intervention and Control Groups Start With the Same Prognosis?

Were Patients Randomized?

Consider the question of whether hospital care prolongs life. A study finds
that more sick people die in the hospital than in the community. We would
easily reject the naive conclusion that hospital care kills because we under-
stand that hospitalized patients are sicker than patients in the community.

Although the logic of prognostic balance is clear in comparing hospitalized
patients with those in the community, it may be less obvious in other contexts.
Until recently, clinicians and epidemiologists (and almost everyone else) believed
that hormone replacement therapy (HRT) could decrease the risk of coronary
events (death and myocardial infarction) in postmenopausal women. The belief
arose from the results of many studies that found women taking HRT to have a
decreased risk of coronary events.> Results of the first large randomized trial of
women with established coronary artery disease (CAD) provided a surprise: HRT
failed to reduce the risk of coronary events.® Even more recently, the Women’s
Health Initiative demonstrated that HRT also failed in the primary prevention of
CAD/

Other surprises generated by randomized trials include the demonstration that
antioxidant vitamins fail to reduce gastrointestinal cancer®—and one such agent,
vitamin E, may actually increase all-cause mortality’—and that a variety of
initially promising drugs increase mortality in patients with heart failure.!0-13
Such surprises occur periodically when investigators conduct randomized trials
to test the observations from studies in which patients and physicians determine
which treatment a patient receives (see Chapter 9.2, Surprising Results of
Randomized Trials).

The reason that studies in which patient or physician preference determines whether
a patient receives treatment or control (observational studies) often yield misleading
results is that morbidity and mortality result from many causes, of which treatment is
only one. Treatment studies attempt to determine the impact of an intervention on
such events as stroke, myocardial infarction, and death—occurrences that we call the
trial’s target outcomes. A patient’s age, the underlying severity of illness, the presence of
comorbidity, and a host of other factors typically determine the frequency with which a
trial’s target outcome occurs (prognostic factors or determinants of outcome). If prognos-
tic factors—either those we know about or those we do not know about—prove
unbalanced between a trial’s treatment and control groups, the study’s outcome will be
biased, either underestimating or overestimating the treatment’s effect. Because known
prognostic factors often influence clinicians’ recommendations and patients’ decisions
about taking treatment, observational studies often yield biased results.
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Observational studies can theoretically match patients, either in the selection of
patients for study or in the subsequent statistical analysis, for known prognostic factors
(see Chapter 12, Harm [Observational Studies], and Chapter 5, Why Study Results
Mislead: Bias and Random Error). The power of randomization is that treatment and
control groups are more likely to be balanced with respect to both known and unknown
determinants of outcome.

What was the cause of bias in the HRT observational studies? Evidence
suggests that women who took HRT enjoyed a higher socioeconomic
status.!® Their apparent benefit from HRT was probably due to factors such
as a healthier lifestyle and a greater sense of control over life. Whatever the
explanation, we are now confident that it was their previous prognosis, rather
than the HRT, that led to lower rates of CAD.

Although randomization is a powerful technique, it does not always succeed in
creating groups with similar prognosis. Investigators may make mistakes that compro-
mise randomization, or randomization may fail because of simple bad luck. The next 2
sections address these issues.

Was Randomization Concealed?

Some years ago, a group of Australian investigators undertook a randomized trial
of open vs laparoscopic appendectomy.!” The trial ran smoothly during the day.
At night, however, the attending surgeon’s presence was required for the laparo-
scopic procedure but not the open one, and limited operating room availability
made the longer laparoscopic procedure an annoyance. Reluctant to call in a
consultant, the residents sometimes adopted what they saw as a practical solution.
When an eligible patient appeared, the residents held the semiopaque envelopes
containing the study assignment up to the light. They opened the first envelope
that dictated an open procedure. The first eligible patient in the morning would
then be allocated to the laparoscopic appendectomy group according to the
passed-over envelope (D. Wall, written communication, June 2000). If patients
who presented at night were sicker than those who presented during the day, the
residents’ behavior would bias the results against the open procedure.

When those enrolling patients are unaware and cannot control the arm to which
the patient is allocated, we refer to randomization as concealed. In unconcealed trials,
those responsible for recruitment may systematically enroll sicker—or less sick—
patients to either treatment or control groups. This behavior will defeat the purpose
of randomization and the study will yield a biased result.!3-20 Careful investigators
will ensure that randomization is concealed through strategies such as remote
randomization, in which the individual recruiting the patient makes a call to a
methods center to discover the arm of the study to which the patient is assigned.

Were Patients in the Treatment and Control Groups Similar With Respect to
Known Prognostic Factors?

The purpose of randomization is to create groups whose prognosis, with respect to
the target outcomes, is similar. Sometimes, through bad luck, randomization will

n
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fail to achieve this goal. The smaller the sample size, the more likely the trial will
have prognostic imbalance.

Picture a trial testing a new treatment for heart failure enrolling patients in New
York Heart Association functional class III and class IV. Patients in class IV have a
much worse prognosis than those in class III. The trial is small, with only 8
patients. One would not be surprised if all 4 class III patients were allocated to the
treatment group and all 4 class IV patients were allocated to the control group.
Such a result of the allocation process would seriously bias the study in favor of the
treatment. Were the trial to enroll 800 patients, one would be startled if random-
ization placed all 400 class III patients in the treatment arm. The larger the sample
size, the more likely randomization will achieve its goal of prognostic balance.

You can check how effectively randomization has balanced prognostic factors by
looking for a display of patient characteristics of the treatment and control groups
at the study’s commencement—the baseline or entry prognostic features. Although
we will never know whether similarity exists for the unknown prognostic factors,
we are reassured when the known prognostic factors are well balanced.

Allis not lost if the treatment groups are not similar at baseline. Statistical techniques
permit adjustment of the study result for baseline differences. Adjusted analyses may not
be preferable to unadjusted analyses, but when both analyses generate the same
conclusion, readers gain confidence in the validity of the study result.

Was Prognostic Balance Maintained as the Study Progressed?

To What Extent Was the Study Blinded?

If randomization succeeds, treatment and control groups in a study begin with a
similar prognosis. Randomization, however, provides no guarantees that the 2
groups will remain prognostically balanced. Blinding is, if possible, the optimal
strategy for maintaining prognostic balance.

Table 6-2 describes 5 groups involved in clinical trials that, ideally, will remain
unaware of whether patients are receiving the experimental therapy or control
therapy. You are probably aware that patients who take a treatment that they
believe is effective may feel and perform better than those who do not, even if the
treatment has no biologic activity. Although the magnitude and consistency of this

TABLE 6-2

!IVB EI’OleS "!a! !“oula, II !OSSIHIG, !e !lm! lo Irealmenl !ssmnmenl

Patients To avoid placebo effects

Clinicians To prevent differential administration of therapies that
affect the outcome of interest (cointervention)

Data collectors To prevent bias in data collection

Adjudicators of outcome To prevent bias in decisions about whether or not a

patient has had an outcome of interest
Data analysts To avoid bias in decisions regarding data analysis
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placebo effect remain uncertain,?! 24 investigators interested in determining the
biologic impact of a pharmacologic or nonpharmacologic treatment will ensure
patients are blind to treatment allocation. Similarly, rigorous research designs will
ensure blinding of those collecting, evaluating, and analyzing data (Table 6-2).
Demonstrations of bias introduced by unblinding—such as the results of a trial in
multiple sclerosis in which a treatment benefit judged by unblinded outcome
assessors disappeared when adjudicators of outcome were blinded>>—highlight the
importance of blinding. The more that judgment is involved in determining
whether a patient has had a target outcome (blinding is less crucial in studies in
which the outcome is all-cause mortality, for instance), the more important
blinding becomes.

Finally, differences in patient care other than the intervention under study—
cointervention—can, if they affect study outcomes, bias the results. Effective
blinding eliminates the possibility of either conscious or unconscious differential
administration of effective interventions to treatment and control groups. When
effective blinding is not possible, documentation of potential cointervention
becomes important.

Were the Groups Prognostically Balanced at the Study’s Completion?
Unfortunately, investigators can ensure concealed random allocation and effective
blinding and still fail to achieve an unbiased result.

Was Follow-up Complete?

Ideally, at the conclusion of a trial, you will know the status of each patient with
respect to the target outcome. The greater the number of patients whose outcome
is unknown—patients lost to follow-up—the more a study’s validity is potentially
compromised. The reason is that patients who are lost often have different
prognoses from those who are retained—they may disappear because they have
adverse outcomes or because they are doing well and so did not return for
assessment.?®

When does loss to follow-up seriously threaten validity? Rules of thumb
(you may run across thresholds such as 20%) are misleading. Consider 2
hypothetical randomized trials, each of which enters 1000 patients into both
treatment and control groups, of whom 30 (3%) are lost to follow-up (Table
6-3). In trial A, treated patients die at half the rate of the control group (200
vs 400), a relative risk reduction (RRR) of 50%. To what extent does the loss to
follow-up potentially threaten our inference that treatment reduces the death
rate by half? If we assume the worst (ie, that all treated patients lost to follow-
up died), the number of deaths in the experimental group would be 230
(23%). If there were no deaths among the control patients who were lost to
follow-up, our best estimate of the effect of treatment in reducing the risk of
death drops from 200/400, or 50%, to (400 — 230)/400 or 170/400, or 43%.
Thus, even assuming the worst makes little difference to the best estimate of
the magnitude of the treatment effect. Our inference is therefore secure.

13
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TABLE 6-3

When Does Loss to Follow-up Seriously Threaten Validity?

Trial A Trial B

Treatment Control Treatment Control

Number of patients randomized 1000 1000 1000 1000
Number (%) lost to follow-up 30 (3) 30 (3) 30 (3) 30 (3)
Number (%) of deaths 200 (20) 400 (40) 30 (3) 60 (6)
RRR not counting patients lost to 0.2/0.4 = 0.50 0.03/0.06 = 0.50
follow-up

RRR—worst-case scenario? 0.17/0.4 = 0.43 0.00/0.06 = 0

Abbreviation: RRR, relative risk reduction.

aThe worst-case scenario assumes that all patients allocated to the treatment group and lost to follow-up died and all patients
allocated to the control group and lost to follow-up survived.

Contrast this with trial B. Here, the reduction in the relative risk (RR) of
death is also 50%. In this case, however, the total number of deaths is much
lower; of the treated patients, 30 die, and the number of deaths in control
patients is 60. In trial B, if we make the same worst-case assumption about
the fate of the patients lost to follow-up, the results would change
markedly. If we assume that all patients initially allocated to treatment—
but subsequently lost to follow-up—die, the number of deaths among
treated patients rises from 30 to 60, which is exactly equal to the number of
control group deaths. Let us assume that this assumption is accurate.
Because we would have 60 deaths in both treatment and control groups, the
effect of treatment drops to 0. Because of this dramatic change in the
treatment effect (50% RRR if we ignore those lost to follow-up; 0% RRR if
we assume all patients in the treatment group who were lost to follow-up
died), the 3% loss to follow-up in trial B threatens our inference about the
magnitude of the RRR.

Of course, this worst-case scenario is unlikely. When a worst-case scenario,
were it true, substantially alters the results, you must judge the plausibility of
a markedly different outcome event rate in the treatment and control group
patients lost to follow-up.

In conclusion, loss to follow-up potentially threatens a study’s validity. If
assuming a worst-case scenario does not change the inferences arising from study
results, then loss to follow-up is not a problem. If such an assumption would
significantly alter the results, the extent to which validity is compromised
depends on how likely it is that treatment patients lost to follow-up did badly
while control patients lost to follow-up did well. That decision is a matter of
judgment.
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Was the Trial Stopped Early?

Although it is becoming increasingly popular, stopping trials early when one sees
an apparent large benefit is risky.?” Trials terminated early will compromise
randomization if they stop at a “random high” when prognostic factors tempo-
rarily favor the intervention group. Particularly when sample size and the number
of events are small, trials stopped early run the risk of greatly overestimating the
treatment effect (see Chapter 9.3, Randomized Trials Stopped Early for Benefit).

Were Patients Analyzed in the Groups to Which They Were Randomized?
Investigators can also undermine randomization if they omit from the analysis
patients who do not receive their assigned treatment or, worse yet, count events
that occur in nonadherent patients who were assigned to treatment against the
control group. Such analyses will bias the results if the reasons for nonadherence
are related to prognosis. In a number of randomized trials, patients who did not
adhere to their assigned drug regimens have fared worse than those who took their
medication as instructed, even after taking into account all known prognostic
factors and even when their medications were placebos.?8-33 When adherent
patients are destined to have a better outcome, omitting those who do not receive
assigned treatment undermines the unbiased comparison provided by randomiza-
tion. Investigators prevent this bias when they follow the intention-to-treat princi-
ple and analyze all patients in the group to which they were randomized (see
Chapter 9.4, The Principle of Intention to Treat).

G | |

neturning to our opening clinical scenario, did the experimental and control
groups begin the study with a similar prognosis? The study was randomized
and allocation was concealed; 320 patients participated and 99% were
followed up. The investigators followed the intention-to-treat principle, includ-
ing all patients in the arm to which they were randomized, and stopped when
they reached the planned sample size. There were more patients who smoked
(13% vs 8.2%) and regularly consumed alcohol (8.1% vs 5%) in the clopidogrel
group compared with the aspirin-esomeprazole group. This could bias the
results in favor of the aspirin-esomeprazole, and the investigators do not
provide an adjusted analysis for the baseline differences. Clinicians, patients,
data collectors, outcomes assessors, and data analysts were all blind to
allocation.

The final assessment of validity is never a yes-or-no decision. Rather, think
of validity as a continuum ranging from strong studies that are very likely to
yield an accurate estimate of the treatment effect to weak studies that are very
likely to yield a biased estimate of effect. Inevitably, the judgment as to where
a study lies in this continuum involves some subjectivity. In this case, despite
uncertainty about baseline differences between the groups, we conclude that
the methods were strong.

Ty
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WHAT ARE THE RESULTS?

How Large Was the Treatment Effect?

Most frequently, RCTs carefully monitor how often patients experience some
adverse event or outcome. Examples of these dichotomous outcomes (yes-or-no
outcomes, ones that either happen or do not happen) include cancer recurrence,
myocardial infarction, and death. Patients either have an event or they do not, and
the article reports the proportion of patients who develop such events. Consider,
for example, a study in which 20% of a control group died, but only 15% of those
receiving a new treatment died (Table 6-4). How might one express these results?

One possibility would be the absolute difference (known as the absolute risk
reduction [ARR], or risk difference), between the proportion who died in the control
group (baseline risk or control event rate [ CER]) and the proportion who died in the
treatment group (experimental event rate [EER]), or CER — EER = 0.20 — 0.15 =
0.05. Another way to express the impact of treatment is as an RR: the risk of events
among patients receiving the new treatment relative to that risk among patients in
the control group, or EER/CER = 0.15/0.20 = 0.75.

The most commonly reported measure of dichotomous treatment effects is the
complement of the RR, the RRR. It is expressed as a percentage: 1 — (EER/CER) x 100%
=(1-0.75) X 100% = 25%. An RRR of 25% means that the new treatment reduced the
risk of death by 25% relative to that occurring among control patients; the greater the
RRR, the more effective the therapy. Investigators may compute the RR over a period of
time, as in a survival analysis, and call it a hazard ratio (see Chapter 7, Does Treatment
Lower Risk? Understanding the Results). When people do not specify whether they are
talking about RRR or ARR—for instance, “Drug X was 30% effective in reducing the
risk of death,” or “The efficacy of the vaccine was 92%”—they are almost invariably
talking about RRR (see Chapter 7, Does Treatment Lower Risk? Understanding the
Results, for more detail about how the RRR results in a subjective impression of a larger
treatment effect than do other ways of expressing treatment effects).

TABLE 6-4

Outcome
Exposure Death Survival Total
Treatment 15 85 100
Control 20 80 100

Control event rate (CER): 20/100 = 20%.

Experimental event rate (EER): 15/100 = 15%.

Absolute risk reduction or risk difference: CER - EER, 20% — 15% = 5%.
Relative risk: EER/CER = (15/100)/(20/100) x 100% = 75%.

Relative risk reduction: 1 — (EER/CER) x 100% = 1-75% = 25%.
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How Precise Was the Estimate of the Treatment Effect?
We can never be sure of the true risk reduction; the best estimate of the true
treatment effect is what we observe in a well-designed randomized trial. This
estimate is called a point estimate to remind us that, although the true value lies
somewhere in its neighborhood, it is unlikely to be precisely correct. Investigators
often tell us the neighborhood within which the true effect likely lies by calculating
Cls, a range of values within which one can be confident the true effect lies.34

We usually use the 95% CI (see Chapter 8, Confidence Intervals). You can consider
the 95% CI as defining the range that—assuming the study was well conducted and has
minimal bias—includes the true RRR 95% of the time. The true RRR will generally lie
beyond these extremes only 5% of the time, a property of the CI that relates closely to
the conventional level of statistical significance of P < .05 (see Chapter 10.1, Hypothesis
Testing). We illustrate the use of Cls in the following examples.

Example 1

If a trial randomized 100 patients each to treatment and control groups, and
there were 20 deaths in the control group and 15 deaths in the treatment group,
the authors would calculate a point estimate for the RRR of 25% (CER = 20/100
or 0.20, EER = 15/100 or 0.15, and 1 — EER/CER = (1 — 0.75) X 100 = 25%). You
might guess, however, that the true RRR might be much smaller or much greater
than 25%, based on a difference of only 5 deaths. In fact, you might surmise that
the treatment might provide no benefit (an RRR of 0%) or might even do harm

FIGURE 6-1
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Abbreviations: Cl, confidence interval; RRR, relative risk reduction.

Two studies with the same point estimate, a 25% RRR, but different sample sizes and correspondingly different Cls. The x-axis
represents the different possible RRR, and the y-axis represents the likelihood of the true RRR having that particular value. The solid
line represents the Cl around the first example, in which there were 100 patients per group, and the number of events in active and
control was 15 and 20, respectively. The broken line represents the Cl around the second example in which there were 1000
patients per group, and the number of events in active and control was 150 and 200, respectively.

1
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(a negative RRR). And you would be right; in fact, these results are consistent
with both an RRR of —38% (that is, patients given the new treatment might
be 38% more likely to die than control patients) and an RRR of nearly 59%
(that is, patients subsequently receiving the new treatment might have a risk
of dying almost 60% less than those who are not treated). In other words, the
95% CI on this RRR is —38% to 59%, and the trial really has not helped us
decide whether or not to offer the new treatment.

Example 2

What if the trial enrolled 1000 patients per group rather than 100 patients per
group, and the same event rates were observed as before, so that there were
200 deaths in the control group (CER = 200/1000 = 0.20) and 150 deaths in
the treatment group (EER = 150/1000 = 0.15)? Again, the point estimate of
the RRR is 25% (1 — EER/CER = 1 — (0.15/0.20) X 100 = 25%).

In this larger trial, you might think that our confidence that the true
reduction in risk is close to 25% is much greater, and, again, you would be
right. The 95% CI on the RRR for this set of results is all on the positive side
of zero and runs from 9% to 41%.

What these examples show is that the larger the sample size of a trial, the
larger the number of outcome events and the greater our confidence that the
true RRR (or any other measure of effect) is close to what we have observed.
In the second example, the lowest plausible value for the RRR was 9% and the
highest value was 41%. The point estimate—in this case, 25%—is the one
value most likely to represent the true RRR. As one considers values farther
and farther from the point estimate, they become less and less consistent with
the observed RRR. By the time one crosses the upper or lower boundaries of
the 95% CI, the values are very unlikely to represent the true RRR, given the
point estimate (that is, the observed RRR). All this, of course, assumes the
study has satisfied the validity criteria we discussed earlier.

Figure 6-1 represents the Cls around the point estimate of an RRR of 25%
in these 2 examples, with a risk reduction of 0 representing no treatment
effect. In both scenarios, the point estimate of the RRR is 25%, but the CI is
far narrower in the second scenario.

Not all randomized trials have dichotomous outcomes, nor should they. In
a study of respiratory muscle training for patients with chronic airflow
limitation, one primary outcome measured how far patients could walk in 6
minutes in an enclosed corridor.?®> This 6-minute walk improved from an
average of 406 to 416 m (up 10 m) in the experimental group receiving
respiratory muscle training and from 409 to 429 m (up 20 m) in the control
group. The point estimate for improvement in the 6-minute walk due to
respiratory muscle training therefore was negative, at —10 m (or a 10-m
difference in favor of the control group).

Here, too, you should look for the 95% Cls around this difference in changes
in exercise capacity and consider their implications. The investigators tell us that
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the lower boundary of the 95% CI was —26 (that is, the results are consistent with
a difference of 26 m in favor of the control treatment) and the upper boundary
was +5 m. Even in the best of circumstances, patients are unlikely to perceive
adding 5 m to the 400 recorded at the start of the trial as important, and this
result effectively excludes an important benefit of respiratory muscle training as
applied in this study.

It will not surprise you that the larger the sample size, the narrower the CL If you
want to learn more about CIs, including finding out when the sample size is sufficiently
large, see Chapter 8, Confidence Intervals.

Having determined the magnitude and precision of the treatment effect, clinicians
can turn to the final question of how to apply the article’s results to their patients.

G 1K |

USing the raw numbers provided in the article, 1 of 159 people (0.6%) in
the aspirin-esomeprazole group and 13 of the 161 people (8%) in the
clopidogrel group experienced a recurrence of ulcer. The RRR is 92%, and
the 95% CI extends from 41% to 99%. The very large effect and the small
number of events somewhat reduce your confidence in this result; 4.4% of
the aspirin-esomeprazole group and 9.4% of the clopidogrel group had an
adverse effect (defined as dyspepsia or an allergy). The investigators also
reported that 11 patients in the aspirin-esomeprazole group and 9 patients
in the clopidogrel group experienced recurrent ischemic events

How Can | AppPLY THE RESULTS TO PATIENT CARE?

Were the Study Patients Similar to the Patient in My Practice?

Often, the patient before you has different attributes or characteristics from those
enrolled in the trial. He or she may be older or younger, sicker or less sick, or may
have comorbid disease that would have excluded him or her from participation in
the research study. If the patient qualified for enrollment in the study, you can
apply the results with considerable confidence.

What if that individual does not meet a study’s eligibility criteria? The study result
probably applies even if, for example, he or she was 2 years too old for the study, had
more severe disease, had previously been treated with a competing therapy, or had a
comorbid condition. A better approach than rigidly applying the study’s inclusion
and exclusion criteria is to ask whether there is some compelling reason why the
results do not apply to the patient. You usually will not find a compelling reason, and
most often you can generalize the results to your patient with confidence (see
Chapter 11.1, Applying Results to Individual Patients).

1
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A related issue has to do with the extent to which we can generalize findings from a
study using a particular drug to another closely (or not so closely) related agent. The
issue of drug class effects and how conservative one should be in assuming class effects
remains controversial (see Chapter 22.5, Drug Class Effects). Generalizing findings of
surgical treatment may be even riskier. Randomized trials of carotid endarterectomy,
for instance, demonstrate much lower perioperative rates of stroke and death than one
might expect in one’s own community.3®

A final issue arises when a patient fits the features of a subgroup of patients in the
trial report. We encourage you to be skeptical of subgroup analyses®’ (see Chapter 20.4,
When to Believe a Subgroup Analysis). The treatment is likely to benefit the subgroup
more or less than the other patients only if the difference in the effects of treatment in
the subgroups is large and very unlikely to occur by chance. Even when these conditions
apply, the results may be misleading if investigators did not specify their hypotheses
before the study began, if they had a very large number of hypotheses, or if other studies
fail to replicate the finding.

Were All Patient-Important Outcomes Considered?

Treatments are indicated when they provide important benefits. Demonstrating that a
bronchodilator produces small increments in forced expired volume in patients with
chronic airflow limitation, that a vasodilator improves cardiac output in heart failure
patients, or that a lipid-lowering agent improves lipid profiles does not provide a
sufficient reason for administering these drugs (see Chapter 11.4, Surrogate Outcomes).
Here, investigators have chosen substitute or surrogate outcomes rather than those that
patients would consider important. What clinicians and patients require is evidence
that the treatments improve outcomes that are important to patients (patient-important
outcomes), such as reducing shortness of breath during the activities required for daily
living, avoiding hospitalization for heart failure, or decreasing the risk of myocardial
infarction,’8

Trials of the impact of antiarrhythmic drugs after myocardial infarction
illustrate the danger of using substitute outcomes or endpoints. Because such drugs
had demonstrated a reduction in abnormal ventricular depolarizations (the
substitute endpoints), it made sense that they should reduce the occurrence of
life-threatening arrhythmias. A group of investigators performed randomized
trials on 3 agents (encainide, flecainide, and moricizine) that were previously
shown to be effective in suppressing the substitute endpoint of abnormal
ventricular depolarizations. The investigators had to stop the trials when they
discovered that mortality was substantially higher in patients receiving antiar-
rhythmic treatment than in those receiving placebo.3®? Clinicians relying on the
substitute endpoint of arrhythmia suppression would have continued to admin-
ister the 3 drugs, to the considerable detriment of their patients.

Even when investigators report favorable effects of treatment on one patient-impor-
tant outcome, you must consider whether there may be deleterious effects on other
outcomes. For instance, cancer chemotherapy may lengthen life but decrease its quality
(see Chapter 10.5, Measuring Patients’ Experience). Randomized trials often fail to
adequately document the toxicity or adverse effects of the experimental intervention.*!
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Composite endpoints represent a final dangerous trend in presenting outcomes.
Like surrogate outcomes, composite endpoints are attractive for reducing sample
size and decreasing length of follow-up. Unfortunately, they can mislead. We may
find that a trial that reduced a composite outcome of death, renal failure requiring
dialysis, and doubling of serum creatinine level actually demonstrated a trend
toward increased mortality with the experimental therapy and showed convincing
effects only on doubling of serum creatinine level*? (see Chapter 10.4, Composite
Endpoints).

Another long-neglected outcome is the resource implications of alternative manage-
ment strategies. Health care systems face increasing resource constraints that mandate
careful attention to economic analysis (see Chapter 22.1, Economic Analysis).

Are the Likely Treatment Benefits Worth the Potential Harm and Costs?

If you can apply the study’s results to a patient, and its outcomes are important, the next
question concerns whether the probable treatment benefits are worth the effort that
you and the patient must put into the enterprise. A 25% reduction in the RR of death
may sound quite impressive, but its impact on your patient and practice may neverthe-
less be minimal. This notion is illustrated by using a concept called number needed to
treat (NNT), the number of patients who must receive an intervention of therapy
during a specific period to prevent 1 adverse outcome or produce 1 positive outcome.*?

The impact of a treatment is related not only to its RRR but also to the risk of
the adverse outcome it is designed to prevent. One large trial in myocardial
infarction suggests that tissue plasminogen activator (tPA) administration
reduces the RR of death by approximately 12% in comparison to streptokinase.*4
Table 6-5 considers 2 patients presenting with acute myocardial infarction
associated with elevation of ST segments on their electrocardiograms.

In the first case, a 40-year-old man presents with electrocardiographic
findings suggesting an inferior myocardial infarction. You find no signs

TABLE 6-5

Considerations in the Decision to Treat 2 Patients With Myocardial Infarction
With Tissue Plasminogen Activator or Streptokinase

Number Needed to
Risk of Death Treat (100/ARR When
1 Year After Ml With  Risk With tPA (EER) ARR Is Expressed
Streptokinase (CER) (ARR = CER - EER) as a Percentage)

40-Year-old man 2% 1.86% 417
with small Ml (0.24% or 0.0024)

70-Year-old man 40% 35.2% 21
with large Ml (4.8% or 0.048)

and heart failure

Abbreviations: ARR, absolute risk reduction; CER, control event rate; EER, experimental event rate; tPA, tissue plasminogen acti-
vator; MI, myocardial infarction.

]
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of heart failure, and the patient is in normal sinus rhythm, with a rate of 90/min.
This individual’s risk of death in the first year after infarction may be as low as
2%. In comparison to streptokinase, tPA would reduce this risk by 12% to
1.86%, an ARR of 0.24% (0.0024). The inverse of this ARR (that is, 100 divided
by the ARR expressed as a percentage) is equal to the number of such patients we
would have to treat to prevent 1 event (in this case, to prevent 1 death after a mild
heart attack in a low-risk patient), the NNT. In this case, we would have to treat
approximately 417 such patients to save a single life (100/0.24 = 417). Given the
small increased risk of intracerebral hemorrhage associated with tPA, and its
additional cost, many clinicians might prefer streptokinase in this patient.

In the second case, a 70-year-old man presents with electrocardiographic
signs of anterior myocardial infarction with pulmonary edema. His risk of
dying in the subsequent year is approximately 40%. A 12% RRR of death in
such a high-risk patient generates an ARR of 4.8% (0.048), and we would have
to treat only 21 such individuals to avert a premature death (100/4.8 = 20.8).
Many clinicians would consider tPA the preferable agent for this man.

A key element of the decision to start therapy, therefore, is to consider the
patient’s risk of the adverse event if left untreated.

For any given RRR, the higher the probability that a patient will experience an
adverse outcome if we do not treat, the more likely the patient will benefit from
treatment and the fewer such patients we need to treat to prevent 1 adverse
outcome (see Chapter 7, Does Treatment Lower Risk? Understanding the Results).
Knowing the NNT helps clinicians in the process of weighing the benefits and
downsides associated with the management options (see Chapter 11.1, Applying
Results to Individual Patients). Chapter 11.2 (Example Numbers Needed to Treat)
presents NNTs associated with clearly defined risk groups in a number of common
therapeutic situations.

Tradeoff of benefit and risk also requires an accurate assessment of treatment
adverse effects. Randomized trials, with relatively small sample sizes, are unsuitable
for detecting rare but catastrophic adverse effects of therapy. Clinicians must often
look to other sources of information—often characterized by weaker methodology—
to obtain an estimate of the adverse effects of therapy (see Chapter 12, Harm
[Observational Studies]).

The preferences or values that determine the correct choice when weighing
benefit and risk are those of the individual patient. Great uncertainty about how
best to communicate information to patients and how to incorporate their values
into clinical decision making remains. Vigorous investigation of this frontier of
evidence-based medicine is, however, under way (see Chapter 22.2, Decision
Making and the Patient).

Clinicians may find it tempting to turn to the article’s authors for guidance
about tradeoffs between benefits and risks. Because of the possibility of conflict of
interest, this can be dangerous. If you are nervous about this danger, check out our
strategies to avoid being misled (see Chapter 11.3, Dealing With Misleading
Presentations of Clinical Trial Results).
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TCAL BESULULIUN

The study that we identified showed a decrease in the recurrence of ulcer
bleeding in high-risk patients receiving aspirin-esomeprazole in comparison with
those taking clopidogrel. The authors also found that more people in the
clopidogrel group experienced an adverse effect from the therapy and that there
was no significant difference in the risk of ischemic events, although the small
number of outcomes leaves any inferences from this result extremely weak.

Our patient is at a high risk of a recurrent ulcer, given his recent gastrointes-
tinal bleed secondary to an aspirin-induced ulcer. His case is similar to those of
patients included in this study. You translate the reduction in risk of bleeding
into an NNT of approximately 13 (clopidogrel risk of 8.1% — aspirin/esomepra-
zole of 0.6% = 7.5%; NNT = 100/7.5). Given the very large effect, the NNT
using the more conservative boundary of the Cl of an RRR of approximately
40%—and thus an NNT of approximately 30—may be more realistic. In
combination with the reduction in less-important adverse effects, this seems to
be a clear patient-important benefit.

The patient found his bleeding episode terrifying, and he also believes that
lowering his risk of bleeding by even as little as 3% during a year would be
worthwhile. He gulps, however, when you tell him that esomeprazole costs
$2.20 per pill, and if he takes the drug as administered in the trial, it will cost him
more than $1600 in the next year. You then explain that the investigators’ choice
of medication leaves some doubt about the best drug to use along with aspirin.
Esomeprazole is still under patent, explaining the high cost. The investigators
could have chosen omeprazole, a proton-pump inhibitor with marginal differ-
ences in effectiveness relative to esomeprazole, which the patient can purchase
for approximately half the price. Ultimately, the patient chooses the aspirin/
omeprazole combination.
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When clinicians consider the results of clinical trials, they are interested in the
association between a treatment and an outcome. This chapter will help you to
understand and interpret study results related to outcomes that are either present
or absent (dichotomous) for each patient, such as death, stroke, or myocardial
infarction. A guide for teaching the concepts in this chapter is also available! (see
http://www.cmaj.ca/cgi/data/171/4/353/DC1/1).

THE 2 < 2 TABLE

Table 7-1 depicts a 2 X 2 table that captures the information for a dichotomous
outcome of a clinical trial.

For instance, in the course of a randomized trial comparing mortality rates in
patients with bleeding esophageal varices that were controlled either by endo-
scopic ligation or by endoscopic sclerotherapy,? 18 of 64 participants assigned to
ligation died, as did 29 of 65 patients assigned to sclerotherapy (Table 7-2).

THE RIsSK

The simplest measure of association to understand is the risk (or absolute risk). We
often refer to the risk of the adverse outcome in the control group as the baseline risk
or the control event rate.

TABLE 7-1
Outcome

Exposure Yes No
Yes a b
No c d

... _a/@+h)
Relative risk = c—/(c Y d)
Relative risk reduction = c/(c+d)-a/(@a+h)

c/(c+d)
Risk difference? = £~ _@
I mer c+d a+b
Number needed to treat = 100/(risk difference expressed as %)
_a/b _ ad

Odds ratio == = —
s ratio ~d - b

aAlso known as the absolute risk reduction.
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TABLE 7-2

Hesu"s !rom a HHHHOMIZGH Irlal OI !n!oscoplc !cleromerapy as Eompare!

With Endoscopic Ligation for Bleeding Esophageal Varices?

Outcome
Exposure Death Survival Total
Ligation 18 46 64
Sclerotherapy 29 36 65

Relative risk = (18/64) / (29/65) = 0.63

Relative risk reduction = 1-0.63 = 0.37

Risk difference = 0.446 — 0.281 = 0.165

Number needed to treat = 100/16.5 = 6

Odds ratio = (18/46) / (29/36) = 0.39/0.80 = 0.49

aData from Stiegmann et al.2

The risk of dying in the ligation group is 28% (18/64, or [a/(a + b)]), and
the risk of dying in the sclerotherapy group is 45% (29/65, or [c/(c + d)]).

THE Risk DiFrereNCE (ABSOLUTE Risk RebucTION)

One way of comparing 2 risks is by calculating the absolute difference between them.
We refer to this difference as the absolute risk reduction (ARR) or the risk difference
(RD). Algebraically, the formula for calculating the RD is [c/(c + d)] — [a/(a + b)] (see
Table 7-1). This measure of effect uses absolute rather than relative terms in looking at
the proportion of patients who are spared the adverse outcome.

In our example, the RD is 0.446 — 0.281, or 0.165 (ie, an RD of 16.5%).

THE RELATIVE RISK

Another way to compare the risks in the 2 groups is to take their ratio; this is called
the relative risk or risk ratio (RR). The RR tells us the proportion of the original risk
(in this case, the risk of death with sclerotherapy) that is still present when patients
receive the experimental treatment (in this case, ligation). From our 2 X 2 table, the
formula for this calculation is [a/(a + b)]/[c/(c + d)] (see Table 7-1).

In our example, the RR of dying after receiving initial ligation vs sclero-
therapy is 18/64 (the risk in the ligation group) divided by 29/65 (the risk in
the sclerotherapy group), or 0.63. In everyday English, we would say the risk
of death with ligation is about two-thirds that with sclerotherapy.
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THE RELATIVE RiSK REDUCTION

An alternative relative measure of treatment effectiveness is the relative risk reduction
(RRR), an estimate of the proportion of baseline risk that is removed by the therapy. It
may be calculated as 1 — RR. One can also calculate the RRR by dividing the RD
(amount of risk removed) by the absolute risk in the control group (see Table 7-1).

In our bleeding varices example, where RR was 0.63, the RRR is thus 1 —
0.63 (or 16.5% divided by 44.6%, the risk in the sclerotherapy group)—either
way, it comes to 0.37. In other words, ligation decreases the risk of death by
about a third compared with sclerotherapy.

THE Opps RaTIO

Instead of looking at the risk of an event, we could estimate the odds of having vs
not having an event. When considering the effects of therapy, you usually will not
go far wrong if you interpret the odds ratio (OR) as equivalent to the RR. The
exception is when event rates are very high—more than 40% of control patients
experience myocardial infarction or death, for instance. If you are interested in
learning more about the OR, you can refer to Chapter 10.2, Understanding the
Results: More About Odds Ratios.

RELATIVE RisK vS RiSK DIFFERENCE: WHY THE Fuss?

Failing to distinguish between the OR and the RR when interpreting randomized trial
results will seldom mislead you; you must, however, distinguish between the RR and
the RD. The reason is that the RR is generally far larger than the RD, and presentations
of results in the form of RR (or RRR) can convey a misleading message. Reducing a
patient’s risk by 50% sounds impressive. That may, however, represent a reduction in
risk from 2% to 1%. The corresponding 1% RD sounds considerably less impressive.

As depicted in Figure 7-1, consider a treatment that is administered to 3
different subpopulations of patients and which, in each case, decreases the risk by
1/3 (RRR, 0.33; RR, 0.67). When administered to a subpopulation with a 30% risk
of dying, treatment reduces the risk to 20%. When administered to a population
with a 10% risk of dying, treatment reduces the risk to 6.7%. In the third
population, treatment reduces the risk of dying from 1% to 0.67%.

Although treatment reduces the risk of dying by a third in each population, this
piece of information is not adequate to fully capture the impact of treatment. What if
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FIGURE 7-1
!onstant !elatlve !ISE W|tH Uarylng Ilsk Blﬂerences
407 - Control
- Treatment
Population 1 Population 2 Population 3

the treatment under consideration is a toxic cancer chemotherapy in which 10% of
those treated experience severe adverse effects? Under these circumstances, we would
probably not recommend the treatment to most patients in the lowest risk group in
Figure 7-1, whose RD is only 0.3%. We would certainly explain the benefits and risks
of treatment to the intermediate population, those with an absolute reduction in risk
of death of about 3%. In the highest risk population with an absolute benefit of 10%,
we could confidently recommend the treatment to most patients.

We suggest that you consider the RRR in the light of your patient’s baseline risk.
For instance, you might expect an RRR of approximately 30% in vascular events in
patients with possible cardiovascular disease with administration of statins. You
would view this RRR differently in a 40-year-old female normotensive nondiabetic
nonsmoker with a mildly elevated LDL (low-density lipoprotein) (5-year risk of a
cardiovascular event of approximately 2%, ARR of about 0.7%) and a 70-year-old
hypertensive diabetic smoker (5-year risk of 30%, ARR of 10%). All this assumes a
constant RRR across risk groups; fortunately, a more or less constant RRR is
usually the case, and we suggest you make that assumption unless there is evidence
that suggests it is incorrect.>->

THE NumBer NEEDED TO TREAT

One can also express the impact of treatment by the number of patients one would
need to treat to prevent an adverse event, the number needed to treat (NN’ T).6 Table
7-2 shows that the risk of dying in the ligation group is 28.1%; and in the sclerotherapy
group, it is 44.6%, an RD of 16.5%. If treating 100 patients results in avoiding 16.5

]



i

PART B: THERAPY

events, how many patients do we need to treat to avoid 1 event? The answer, 100
divided by 16.5, or approximately 6, is the NNT.

Given knowledge of the baseline risk and RRR, a nomogram presents
another way of arriving at the NNT (see Figure 7-2).” NNT calculation always

FIGURE 7-2
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implies a given time of follow-up (ie, do we need to treat 50 patients for 1 year
or 5 years to prevent an event?). When trials with long follow-ups are analyzed
by survival methods (see following), there are a variety of ways of calculating
the NNT. The impact of these different methods will, however, almost never
be important.8

Assuming a constant RRR, the NNT is inversely related to the proportion of
patients in the control group who have an adverse event. If the risk of an adverse
event doubles (for example, if we deal with patients at a higher risk of death than
those included in the clinical trial), we need to treat only half as many patients to
prevent an adverse event; if the risk decreases by a factor of 4 (patients are younger,
have less comorbidity than those in the study), we will have to treat 4 times as many
people.

The NNT is also inversely related to the RRR. With the same baseline risk, a
more effective treatment with twice the RRR will reduce the NNT by half. If the
RRR with 1 treatment is only a quarter of that achieved by an alternative strategy,
the NNT will be 4 times greater.

Table 7-3 presents hypothetical data that illustrate these relationships.

THE NumBer NEEDED TO HARM

Clinicians can calculate the number needed to harm (NNH) in a similar way. If you
expect 5 of 100 patients to become fatigued when taking a B-blocker for a year, you
will have to treat 20 patients to cause 1 to become tired; and the NNH is 20.

TABLE 7-3

Helallonsl!lp !mong me !aselme HIS!, me Ielallve HIS! !e!ucllon, an! !“e

Number Needed to Treat?

Number
Control Intervention  Relative  Relative Risk Risk Needed
Event Rate Event Rate Risk, %  Reduction, % Difference to Treat
0.02 0.01 50 50 0.01 100
0.4 0.2 50 50 0.2 5
0.04 0.02 50 50 0.02 50
0.04 0.03 75 25 0.01 100
0.4 0.3 75 25 0.1 10
0.01 0.005 50 50 0.005 200
ARelative risk = intervention event rate/control event rate; relative risk reduction = 1 - relative risk; risk difference = control event

rate — intervention event rate; number needed to treat = 1/risk difference (in decimal).

9
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CONFIDENCE INTERVALS

We have presented all of the measures of association of the treatment with ligation
vs sclerotherapy as if they represented the true effect. The results of any experiment,
however, represent only an estimate of the truth. The true effect of treatment may
be somewhat greater—or less—than what we observed. The confidence interval tells
us, within the bounds of plausibility, how much greater or smaller the true effect is
likely to be (see Chapter 8, Confidence Intervals).

SURVIVAL DATA

Analysis of a 2 X 2 table implies an examination of the data at a specific point in
time. This analysis is satisfactory if we are looking for events that occur within
relatively short periods and if all patients have the same duration of follow-up. In
longer-term studies, however, we are interested not only in the total number of
events but also in their timing. For instance, we may focus on whether therapy for
patients with a uniformly fatal condition (unresectable lung cancer, for example)
delays death.

When the timing of events is important, investigators could present the
results in the form of several 2 X 2 tables constructed at different points of
time after the study began. For example, Table 7-2 represents the situation
after the study was finished. Similar tables could be constructed describing the
fate of all patients available for analysis after their enrollment in the trial for 1
week, 1 month, 3 months, or whatever time we choose to examine. The
analysis of accumulated data that takes into account the timing of events is
called survival analysis. Do not infer from the name, however, that the analysis
is restricted to deaths; in fact, any dichotomous outcome occurring over time
will qualify.

The survival curve of a group of patients describes their status at different times
after a defined starting point.” In Figure 7-3, we show the survival curve from the
bleeding varices trial. Because the investigators followed some patients for a longer
time, the survival curve extends beyond the mean follow-up of about 10 months.
At some point, prediction becomes very imprecise because there are few patients
remaining to estimate the probability of survival. Confidence intervals around the
survival curves capture the precision of the estimate.

Even if the true RR, or RRR, is constant throughout the duration of follow-up,
the play of chance will ensure that the point estimates differ. Ideally then, we
would estimate the overall RR by applying an average, weighted for the number
of patients available, for the entire survival experience. Statistical methods allow
just such an estimate. The weighted RR over the entire study is known as the
hazard ratio.
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WHicH MEeASURE OF ASSOCIATION IS BEST?

As evidence-based practitioners, we must decide which measure of association
deserves our focus. Does it matter? The answer is yes. The same results, when
presented in different ways, may lead to different treatment decisions.!%-'* For
example, Forrow et all® demonstrated that clinicians were less inclined to treat
patients after presentation of trial results as the absolute change in the outcome
compared with the relative change in the outcome. In a similar study, Naylor et al'!
found that clinicians rated the effectiveness of an intervention lower when events
were presented in absolute terms rather than using RRR. Moreover, clinicians
offered lower effectiveness ratings when they viewed results expressed in terms of
NNT than when they saw the same data as RRRs or ARRs. The pharmaceutic
industry’s awareness of this phenomenon may be responsible for their propensity
to present physicians with treatment-associated RRRs.

Patients are as susceptible as clinicians to how results are communicated.”>!3-17
In one study, when researchers presented patients with a hypothetical scenario of

%
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life-threatening illness, the patients were more likely to choose a treatment
described in terms of RRR than in terms of the corresponding ARR.!

Considering how our interpretations differ with data presentations, we are best
advised to consider all the data (either as a 2 X 2 table or as a survival analysis) and
then reflect on both the relative and the absolute figures. As you examine the
results, you will find that if you can estimate your patient’s baseline risk, knowing
how well the treatment works—expressed as an RR or RRR—allows you to
estimate the patient’s risk with treatment. Considering the RD—the difference
between the risk with and without treatment—and its reciprocal, the NNT, in an
individual patient, will be most useful in guiding the treatment decision (see
Chapter 11.1, Applying Results to Individual Patients, and Chapter 11.2, Example
Numbers Needed to Treat).
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Hypothesis testing involves estimating the probability that observed results would
have occurred by chance if a null hypothesis, which most commonly states that
there is no difference between a treatment condition and a control condition, were
true (see Chapter 10.1, Hypothesis Testing). Health researchers and medical
educators have increasingly recognized the limitations of hypothesis testing;
consequently, an alternative approach, estimation, is becoming more popular.
Several authorsl‘s—including ourselves, in an article on which this chapter is
based®—have outlined the concepts that we will introduce here; and you can use
their discussions to supplement our presentation.

How SHouLp WE TReAT PATIENTS WITH HEART FAILURE?
A ProBLEM IN INTERPRETING STUDY RESULTS

In a blinded randomized controlled trial of 804 men with heart failure,
investigators compared treatment with enalapril to that with a combina-
tion of hydralazine and nitrates.” In the follow-up period, which ranged
from 6 months to 5.7 years, 132 of 403 patients (33%) assigned to receive
enalapril died, as did 153 of 401 patients (38%) assigned to receive
hydralazine and nitrates. The P value associated with the difference in
mortality is .11.

Looking at this study as an exercise in hypothesis testing (see Chapter 10.1,
Hypothesis Testing) and adopting the usual 5% risk of obtaining a false-
positive result, we would conclude that chance remains a plausible explana-
tion of the apparent differences between groups. We would classify this as a
negative study; ie, we would conclude that no important difference existed
between the treatment and control groups.

The investigators also conducted an analysis that compared not only the
proportion of patients surviving at the end of the study but also the time
pattern of the deaths occurring in both groups. This survival analysis, which
generally is more sensitive than the test of the difference in proportions (see
Chapter 7, Does Treatment Lower Risk? Understanding the Results), showed
a nonsignificant P value of .08, a result that leads to the same conclusion as
the simpler analysis that focused on relative proportions at the end of the
study. The authors also tell us that the P value associated with differences in
mortality at 2 years (a point predetermined to be a major endpoint of the
trial) was significant at .016.

At this point, one might excuse clinicians who feel a little confused. Ask
yourself, is this a positive trial dictating use of an angiotensin-converting
enzyme (ACE) inhibitor instead of the combination of hydralazine and
nitrates, or is it a negative study, showing no difference between the 2
regimens and leaving the choice of drugs open?
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SOLVING THE PROBLEM:
WHAT ARE CONFIDENCE INTERVALS?

How can clinicians deal with the limitations of hypothesis testing and resolve the
confusion? The solution involves posing 2 questions (1) What is the single value most
likely to represent the true difference between treatment and control?; and (2) Given
the observed difference between treatment and control, what is the plausible range of
differences between them within which the true difference might actually lie? Confidence
intervals provide an answer to this second question. Before applying confidence intervals
to resolve the issue of enalapril vs hydralazine and nitrates in patients with heart failure,
we will illustrate the use of confidence intervals with a thought experiment.

Imagine a series of 5 trials (of equal duration but different sample sizes)
wherein investigators have experimented with treating patients with a partic-
ular condition (elevated low-density-lipoprotein cholesterol) to determine
whether a drug (a novel cholesterol-lowering agent) would work better than
a placebo to prevent strokes (Table 8-1). The smallest trial enrolled only 8
patients, and the largest enrolled 2000 patients.

Now imagine that all the trials showed a relative risk reduction (RRR) for
the treatment group of 50% (meaning that patients in the drug treatment
group were 50% as likely as those in the placebo group to have a stroke). In
each trial, how confident can we be that the true value of the RRR is patient-
important?8 If you were looking at the studies individually, which ones would
lead your patients to use the treatment?

Most clinicians know intuitively that we can be more confident in the results
of a larger vs a smaller trial. Why is this? In the absence of bias or systematic

TABLE 8-1

Relative Risk Reduction Observed in 5 Successively Larger Hypothetical Trials

Control Treatment Relative Relative Risk
Event Rate Event Rate Risk, % Reduction, %?2
2/4 1/4 50 50
10/20 5/20 50 50
20/40 10/40 50 50
50/100 25/100 50 50
500/1000 250/1000 50 50

3Expressing event rates as a fraction, if the control event rate were 3/4 and the treatment event rate were 1/4 or 2/4, the relative
risk reduction would be [(3/4) - (1/4)]/(3/4) = 2/3 or [(3/4) — (2/4)1/(3/4) = 1/3, respectively. Expressing event rates as percentage, if
the control event rate were 75% and the treatment event rate were 25% or 50%, the relative risk reduction would be (75% —
25%)/75% = 67% or (75% — 50%)/75% = 33%, respectively.

Reprinted from Montori et al,8 by permission of the publisher. Copyright © 2005, Canadian Medical Association.
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error, one can interpret the trial as providing an estimate of the true magnitude of
effect that would occur if all possible eligible patients had participated. When only
a few patients participate, chance may lead to a best estimate of the treatment
effect—the point estimate—that is far removed from the true value. Confidence
intervals are a numeric measure of the range within which such variation is likely to
occur. The 95% confidence intervals that we often see in biomedical publications
represent the range in which we can be 95% certain of finding the underlying true
treatment effect.

To gain a better appreciation of confidence intervals, go back to Table 8-1 (do
not look at Table 8-2 yet!) and take a guess at what you think the confidence
intervals might be for the 5 trials presented. In a moment, you will see how your
estimates compare with the actual calculated 95% confidence intervals, but for
now, try figuring out an interval that you think would be intuitive.

Now consider the first trial, in which 2 of 4 patients receiving the control
intervention and 1 of 4 patients receiving the experimental treatment
intervention have a stroke. The risk in the treatment group was thus half of
that in the control group, giving a relative risk (RR) of 50% and an RRR of
50%.

Would you be ready to recommend this treatment to a patient in view of
the substantial RRR? Before you answer this, consider whether it is plausible
that, with so few patients in the study, we could have just been lucky in our
sample and the true treatment effect could really be a 50% increase in RR. In
other words, is it plausible that the true event rate in the group that received
treatment was 3 of 4 instead of 1 of 4? If you accept that this large, harmful
effect may represent the underlying truth, would an RRR of 90% (ie, a large
benefit of treatment) also be consistent with the experimental data in these
few patients? To the extent that these suggestions are plausible, we can
intuitively create a range of plausible truth of —50% to 90% surrounding
the RRR of 50% that we actually observed in the study.

Now do this for each of the other 4 trials. In the trial with 20 patients in the
treatment group and 20 in the control group, 10 of 20 patients in the control
group had a stroke, as did 5 of 20 patients in the treatment group. The RR
and RRR are again 50%. Do you still consider plausible that the true event
rate in the treatment group is really 15 of 20 rather than 5 of 20? If not, what
about 12 of 20? The latter would yield an increase in the RR of 20%. A true
RRR of 90% may still remain plausible, given the observed results and
numbers of patients involved. In short, given this larger number of patients
and lower chance of a bad sample, your range of plausible truth around the
observed RRR of 50% might be narrower, perhaps from —20% (an RR
increase of 20%) to a 90% RRR.

For the larger and larger trials, you could provide similar intuitively
derived confidence intervals. We have done this in Table 8-2, and also
provided the 95% confidence intervals (calculated using a statistical pro-
gram). You can see that, in some instances, we intuitively overestimated or
underestimated the calculated intervals.
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TABLE 8-2

Eon!idence Intervals Around the Relative Risk Reduction !or the

Hypothetical Results of 5 Successively Larger Trials

Relative Calculated 95%
Control Risk Intuitive Confidence
Event Treatment Relative Reduction Confidence Interval Around
Rate Event Rate Risk, % (RRR), % Interval, % the RRR, %
2/4 1/4 50 50 -50 to 90 -174 10 92
10/20 5/20 50 50 -20to 90 -14t0 79.5
20/40 10/40 50 50 0to 90 9.5t0734
50/100 25/100 50 50 20 to 80 26.8 t0 66.4
500/1000  250/1000 50 50 40 to 60 43.5 to 55.9

Reprinted from Montori et al,® by permission of the publisher. Copyright © 2005, Canadian Medical Association.

Confidence intervals inform clinicians about the range within which, given the
trial data, the true treatment effect might plausibly lie. More precision (narrower
confidence intervals) results from larger sample sizes and consequently larger
number of events. Statisticians (and clinician-friendly statistical software) can
calculate 95% confidence intervals around any estimate of treatment effect.

UsiNG CONFIDENCE INTERVALS TO INTERPRET THE
RESULTS OF CLINICAL TRIALS

How do confidence intervals help us understand the results of the trial of
vasodilators in patients with heart failure? Throughout the entire study, the
mortality in the ACE inhibitor arm was 33% and in the hydralazine plus
nitrate group it was 38%, an absolute difference of 5% and an RR of 0.86. The
5% absolute difference and the 14% RRR represent our best single estimate
of the mortality benefit from using an ACE inhibitor. The 95% confidence
interval around the RRR works out to —3.5% to 29% (that is, 3.5% RRR with
hydralazine and nitrates, to a 29% RRR with the ACE inhibitor).

How can we now interpret the study results? We can conclude that patients
offered ACE inhibitors will most likely (but not certainly) die later than
patients offered hydralazine and nitrates—but the magnitude of the differ-
ence may be either trivial or quite large, and there remains the possibility of a
marginally lower mortality with the hydralazine-nitrate regimen.

Using the confidence interval avoids the yes/no dichotomy of hypothesis testing.
It also obviates the need to argue whether the study should be considered positive
or negative. One can conclude that, all else being equal, an ACE inhibitor is the
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appropriate choice for patients with heart failure, but the strength of this inference
is weak. Toxicity, expense, and evidence from other studies would all bear on the
final treatment decision (see Chapter 21, How to Use a Patient Management
Recommendation). Because a number of large randomized trials have now shown
a mortality benefit from ACE inhibitors in patients with heart failure,? one can
confidently recommend this class of agents as the treatment of choice. Another
study has suggested that for black patients, the hydralazine-nitrate combination
offers additional mortality reduction beyond ACE inhibitors.'?

INTERPRETING APPARENTLY “NEGATIVE” TRIALS

Another example of the use of confidence intervals in interpreting study
results comes from a randomized trial of low vs high positive end expiratory
pressure (PEEP) in patients with adult respiratory distress syndrome.!! Of
273 patients in the low-PEEP group, 24.9% died; of 276 in the high-PEEP
group, 27.5% died. The point estimate from these results is a 2.6% absolute
risk increase in deaths in the high-PEEP group.

This trial of more than 500 patients might appear to exclude any possible
benefit from high PEEP. The 95% confidence interval on the absolute
difference of 2.6% in favor of low PEEP, however, is from 10.0% in favor of
low PEEP to 4.7% in favor of high PEEP. Were it true that 4.7% of the
patients who would have died if given low PEEP would survive if treated with
high PEEP, all patients would want to receive the high-PEEP strategy. This
would mean one would need to treat only 21 patients to prevent a premature
death. One can thus conclude that the trial has not excluded a patient-
important benefit and, in that sense, was not large enough.

This example emphasizes that many patients must participate if trials are
to generate precise estimates of treatment effects. In addition, it illustrates
why we recommend that, whenever possible, clinicians turn to systematic
reviews that pool data from the most valid studies.

When you see an apparently negative trial (one with a P value greater than .05
that, using conventional criteria, fails to exclude the null hypothesis that treatment
and control interventions do not differ), you can focus on the upper end of the
confidence interval (that is, the end that suggests the largest benefit from treat-
ment). If the upper boundary of the confidence interval excludes any important
benefit of treatment, you can conclude that the trial is definitively negative. If, on
the other hand, the confidence interval includes an important benefit, the possibil-
ity should not be ruled out that the treatment still might be worthwhile.

This logic of the negative trial is crucial in the interpretation of studies designed to
help determine whether we should substitute a treatment that is less expensive, easier to
administer, or less toxic for an existing treatment. In such noninferiority studies, we will
be ready to make the substitution only if we are sure that the standard treatment does
not have important additional benefits beyond the less expensive or more convenient
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substitute.'?1> We will be confident that we have excluded the possibility of important

additional benefits of the standard treatment if the boundary of the confidence interval
representing the largest plausible treatment effect is below our threshold.

INTERPRETING APPARENTLY “POSITIVE” TRIALS

How can confidence intervals be informative in a positive trial (one that, yielding
a P value less than .05, makes chance an unlikely explanation for observed
differences between treatments)? In a blinded trial in patients with vascular
disease, 19 185 patients were randomized to clopidogrel or aspirin. Patients
receiving clopidogrel experienced a 5.32% annual risk of ischemic stroke, myo-
cardial infarction, or vascular death vs 5.83% with aspirin, an RRR of 8.7% in
favor of clopidogrel (95% confidence interval, 0.3%-16.5%; P =.043). In abso-
lute terms, the difference between treatments is 0.5%, with a 95% confidence
interval of 0.02%—that is, 2 in 10 000—to 0.9%, or just less than 1 in 100.
For the average patient, one could argue whether the point estimate of 0.5%
absolute difference—a number needed to treat (NNT) of 200—represents an
important difference. Few patients are likely to find the lower boundary of the
confidence interval, representing an NNT of 5000, an important difference. This
trial does not establish clopidogrel’s superiority over aspirin. The sample size—
almost 20 000 patients—was insufficient to provide a definitive answer.

WAas THE TRIAL LARGE ENOUGH?

As implied in our discussion to this point, confidence intervals provide a way
of answering the question: was the trial large enough? We illustrate the
approach in Figure 8-1. In this figure, we present the results of 4 randomized
trials. Although most forest plots (visual plots of trial results) focus on RR or
odds ratios, Figure 8-1 presents the results in absolute terms. Thus, the solid
vertical line in the center of the figure represents a risk difference (RD) (or
absolute risk reduction) of zero, when the experimental and control groups
have the same mortality. Values to the left of the vertical line represent results
in which the treated group had a lower mortality than the control group.
Values to the right of the vertical line represent results in which the treated
group fared worse and had a higher mortality rate than the control group.

Assume that the treatment carries sufficient toxicity or risk such that, in
each case, patients would choose treatment only if the RD were 1% or
greater. That is, if the reduction in death rates were greater than 1%, patients
would consider it worth enduring the toxicity and risk of treatment, but if the
reduction in event rates were less than 1%, they would not. The broken line
in Figure 8-1 represents the threshold reduction in death rates of 1%.
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FIGURE 8-1

When Is Trial Sample Size Sufficiently Large? Four Hypothetical Trial Results
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For the medical condition under investigation, a risk difference of -1% (broken line) is the smallest benefit that patients would
consider important enough to warrant undergoing treatment.

Reprinted from Montori et al,® by permission of the publisher. Copyright © 2005, Canadian Medical Association.

Now consider trial A: would you recommend this therapy to your patients if
the point estimate represented the truth? What if the upper boundary of the
confidence interval represented the truth? What about the lower boundary?

For all 3, the answer is yes, given that 1% is the smallest patient-important
difference, and all suggest a benefit of greater than 1%. Thus, the trial is
definitive and provides a strong inference about the treatment decision.

In the case of trial B, would your patients choose to take the treatment if either
the point estimate or the upper boundary of the confidence interval represented
the true effect? The answer is yes, the patients would, for the reduction in death
rate would be greater than the 1% threshold. What about the lower boundary?
The answer here is no, for the effect is less than the smallest difference that
patients would consider large enough to take the treatment. Although trial B
shows a positive result (ie, the confidence interval excludes an effect of zero), the
sample size was inadequate and yielded a result that remains compatible with risk
reductions below the minimal patient-important difference.

For negative studies, those that fail to exclude a true treatment effect of
zero, you should focus on the other end of the confidence interval, that which
represents the largest plausible treatment effect consistent with the trial data.
You should consider whether that upper boundary of the confidence interval
falls below the smallest difference that patients might consider important. If
so, the sample size is adequate and the trial is negative and definitive (Figure
8-1, trial C). If the boundary representing the largest plausible effect exceeds
the smallest patient-important difference, then the trial is not definitive and
more trials with larger sample sizes are needed (Figure 8-1, trial D).

We can state our message as follows: In a positive trial establishing that the effect
of treatment is greater than zero, look to the lower boundary of the confidence
interval to determine whether sample size has been adequate. If this lower
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boundary—the smallest plausible treatment effect compatible with the data—is
greater than the smallest difference that you consider important, the sample size is
adequate and the trial is definitive. If the lower boundary is less than this smallest
important difference, the trial is nondefinitive and further trials are required.

In a negative trial, look to the upper boundary of the confidence interval to
determine whether sample size has been adequate. If this upper boundary, the
largest treatment effect plausibly compatible with the data, is less than the smallest
difference that you consider important, the sample size is adequate and the trial is
definitively negative. If the upper boundary exceeds the smallest important differ-
ence, there may still be an important positive treatment effect, the trial is
nondefinitive, and further trials are required.
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As is true of any area of intellectual endeavor, students of evidence-based
medicine face challenges both in understanding concepts and in becoming
familiar with technical language. When asked to say what makes a study valid,
students often respond, “large sample size.” Small sample size does not produce
bias (and, thus, compromised validity), but it can increase the likelihood of a
misleading result through random error. You may find the following exercise
helpful in clarifying notions of bias—systematic error or deviation from the
truth—vs random error.

Consider a set of studies with identical design and sample size. Each study
recruits from the same patient pool. Will these studies, with exactly the same
type of patients and exactly the same study design, yield identical results? No,
they will not. Just as an experiment of 10 coin flips will not always yield 5
heads and 5 tails, the play of chance will ensure that, despite their identical
design, each study will have a different result.

Consider 4 sets of such studies. Within each set, the design and sample size
of each individual trial are identical. Two of the 4 sets of studies have a small
sample size and 2 have a large sample size.

Two sets of studies include only randomized controlled trials (RCTs) in which
patients, caregivers, and those assessing outcome are all blinded. Design features,
such as blinding and complete follow-up, reduce bias. The remaining sets of
studies use an observational design (eg, patients are in treatment or control groups
according to their choice or their clinician’s choice), which is far more vulnerable
to bias. In this exercise, we are in the unique position of knowing the true
treatment effect. In Figure 9.1-1, each of the bull’s-eyes in the center of the 4
components of the figure represents the truth. Each smaller dot represents not a
single patient but the results of 1 repetition of the study. The farther a smaller dot
lies from the central bull’s-eye, the larger the difference between the study result
and the underlying true treatment effect.

Each set of studies represents the results of RCTs or observational studies
and of studies of large or small sample size. Before reading further, examine

FIGURE 9.1-1

Four Sets of Identically Conducted Studies Demonstrating Various Degrees
of Bias and Random Error

A B Cc D

Parts A, B, C, and D all represent a group of randomized trials. In each part, the trials are of identical sample size and identical
design.



9.1: AN ILLUSTRATION OF BIAS AND RANDOM ERROR

Figure 9.1-1 and draw your own conclusions about the study designs and
number of patients in each of the 4 (A through D) components.

Figure 9.1-1A represents the results of a series of randomized trials with
large sample size. The results are valid and are thus uniformly distributed
around the true effect, represented by the central bull’s-eye, resulting from
the strong study design. The results also do not fall exactly on target because
of chance or random error. Nevertheless, the large sample size, which
minimizes random error, ensures that the result of any individual study is
relatively close to the truth.

Contrast this set of results with those depicted in Figure 9.1-1B. Again, the
strong study design results in the individual study results being distributed
uniformly around the truth. Because the sample size is small and random
error is large, however, the results of individual studies may be far from the
truth.

Thinking back to the coin flip experiments from Chapter 5 (Why Study
Results Mislead: Bias and Random Error) clarifies the difference between the
studies in Figure 9.1-1A and 9.1-1B. In a series of experiments in which each
study involves 10 flips of a true coin, individual results may fall far from the
truth. Findings of 7 to 3, 70%—or even 8 to 2, 80%—heads (or tails) will not
be unusual. This situation is analogous to Figure 9.1-1B. If our experiments
each involve 1000 coin flips, analogous to Figure 9.1-1A, we will seldom see
distributions more extreme than, say, 540 to 460, or a 54% probability of
heads or tails. With the smaller sample size, individual results are far from the
truth; with the larger sample size, they are all close to the truth.

Figure 9.1-1A and 9.1-1B illustrates the rationale for pooling results of
different studies, a process called meta-analysis. We can assume that the
available evidence about therapeutic effectiveness comes from a series of small
RCTs. There is a problem, however: chance will ensure that the study results
vary widely, and we will not know which one to believe. However, because of a
strong study design, the distribution of the results is centered on the truth. As a
result of this favorable situation, we can, by pooling the results of the studies,
decrease random error and increase the strength of our inferences from the
uncertainty of Figure 9.1-1B to the confidence of Figure 9.1-1A.

In Figure 9.1-1C, the center of the set of dots is far from the truth because
studies with observational designs, even large ones, are vulnerable to bias.
Because the studies share an identical design, each one will be subject to the
same magnitude and direction of bias. The results are precise, with minimal
random error; however, they are wrong.

One example of this phenomenon is the apparent benefit of vitamin E on
reducing mortality from coronary artery disease, suggested by the results of a
number of large observational studies. By contrast, a subsequent, very large,
well-conducted RCT and a meta-analysis of all available randomized trials
failed to demonstrate any beneficial effect of vitamin E on coronary deaths or
all-cause mortality. There are many additional examples of this phenomenon
(see Chapter 9.2, Surprising Results of Randomized Trials).

11
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The situation depicted in Figure 9.1-1C is a particularly dangerous one
because the large size of the studies instills confidence in clinicians that their
results are accurate. For example, some clinicians, fed by the consistent
results of very large observational studies, still believe the discredited dogma
of the beneficial effect of hormone replacement therapy on coronary artery
disease mortality.

Like Figure 9.1-1C, Figure 9.1-1D depicts a series of observational studies
leading to biased results that are far from the truth. However, because the
sample sizes are all small, the results vary widely from study to study. One
might be tempted to conduct a meta-analysis of these data. This is dangerous
because we risk converting imprecise estimates with large random error to
precise estimates with small random error; both, however, are biased and will
therefore yield misleading estimates of the true effect.
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Most MAJOR BASIC SCIENCE AND PRECLINICAL
PROMISES FOR EFFECTIVE INTERVENTIONS
DisAPPOINT IN CLINICAL TRIALS

Ideally, evidence for the effectiveness of diagnostic, preventive, or therapeutic
interventions will come from rigorous randomized controlled trials (RCTs)
measuring effects on patient-important outcomes such as stroke, myocardial
infarction, and death. Historically, however, clinicians have often relied on
weaker evidence. Whenever an intervention is tested to see whether it is effective
or not for patient-important outcomes, typically some other evidence of variable
quantity and quality already exists. This evidence includes combinations of basic
science findings, preclinical results, observational studies, and earlier phase I or 11
clinical trials.

Sometimes, clinicians adopt interventions even though randomized trials have
never been performed to test their effect on patient-important outcomes. This is
very common for acute surgical interventions, common for elective surgical
interventions and mental health interventions, and somewhat less common for
medical interventions.! Nevertheless, even for medical interventions, random-
ized evidence is usually absent when it comes to interventions that need to be
applied for specialized decisions after some major first decision has been made.?
For these interventions, their adoption and continued use in clinical practice has
been based on various combinations of basic science, preclinical, and observa-
tional evidence.

Moreover, there is a strong undercurrent in many scientific circles supporting
the use of surrogate endpoints for adopting interventions for common diseases.
Trials using surrogate endpoints require smaller sample sizes and shorter follow-up
periods than trials of patient-important endpoints. Thus, drugs and other interven-
tions can be rapidly tested and approved for clinical use.?

Given this patchy and uneven availability of evidence, surprises often occur when
interventions that seem promising or have even been established according to
relatively strong evidence prove disappointing in randomized trials. Typically, fewer
and fewer promising interventions retain their postulated claims to effectiveness as
we move from basic science experimentation to RCTs with objective outcomes. An
empirical evaluation* examined 101 major findings published in the top basic science
journals between 1979 and 1983 in which the investigators made a clear promise that
their work will be translated to a major therapeutic or preventive intervention. Of
those, only 27 eventually materialized to have a randomized trial, and only 19 had
positive results in at least 1 randomized trial with any kind of endpoint by 2002. At
that time, only 5 interventions were approved for clinical use, and only 1 of them has
had a major effect in therapeutics, the other 4 having uncommon or questionable
clinical indications. The credibility of basic science and preclinical claims or observa-
tional discoveries, fascinating as they may be, is often low.>



9.2: SURPRISING RESULTS OF RANDOMIZED TRIALS

TvPES OF WEAK EVIDENCE

Evidence may be weak in 3 ways. First, the methodology may be pristine—as is
the case in rigorous RCTs—but the participants may be very different from those
of interest. For instance, demonstrating that a type of therapy hastens the
resolution of experimentally induced renal failure in rats is provocative, but it
provides weak evidence for administration of that therapy to human beings.

Second, the outcomes may be interesting but not important to patients. For
example, demonstrating the effect of an intervention on cardiac output or pulmo-
nary capillary wedge pressure may herald the introduction of a beneficial drug for
patients with heart failure, but trials examining the frequency of hospitalization
and mortality are essential before clinicians can confidently offer the medication to
patients.

Third, examining the apparent effect of a drug, device, procedure, or
program on patient-important outcomes such as stroke, myocardial infarc-
tion, or death may choose the right population and outcome but a weak study
design (eg, observational studies) that leads to a biased estimate of the
treatment effect.

Evidence may have combinations of these limitations. For example, investiga-
tors have may used observational study designs to test the effects of interventions
using surrogate outcomes on other species.

Our message is not to dismiss weaker forms of evidence. Studies of weaker
design may occasionally provide such compelling results that they strongly support
clinical use of an intervention. They may even dissuade patients, clinicians, and
researchers from performing large clinical trials with patient-important outcomes
because of perceived ethical constraints. Evidence-based decision making demands
reliance on the best available evidence, even if that evidence is weak. Moreover,
sometimes RCTs with patient-important outcomes may still be heavily biased,
whereas “weaker” forms of evidence on the same question may be more rigorous
and their results closer to the truth.

Allowing for these caveats, we suggest that when clinicians rely on weak
evidence, they acknowledge the risk of administering useless or even harmful
interventions.® Our concern is empirically strengthened by examples of conclu-
sions clinicians have drawn based on nonhuman, surrogate endpoint, or observa-
tional studies subsequently refuted by RCTs. In the majority of cases, the weaker
evidence suggested that a therapy should be used but this proved misleading. In a
few cases, the opposite was seen: an intervention deemed useless or harmful
according to weak evidence was eventually found to be effective with higher quality
evidence.

In the following sections, we present examples of instances in which RCT results
on patient-important endpoints contradicted those of previous studies. We have
categorized the examples according to the type of weak previous evidence. All these
examples suggest the same message: clinician, beware!

115



] ]ﬂ PART B: THERAPY

WHEN RANDOMIZED CONTROLLED TRIAL RESULTS HAVE
ConNTRADICTED NONHUMAN STUDIES

Table 9.2-1 provides examples in which animal or tissue studies gave misleading
inferences. In the typical scenario, an attractive promise in nonhuman research is not
validated when tested in humans. It is uncommon to see negative results in
nonhuman experiments being followed by proof of effectiveness on human studies,
probably because interventions that do not show promise at the basic science and
animal experimentation level are unlikely to move toward human experimentation.

TABLE 9.2-1

Refuted Evidence From Nonhuman Studies!

Question

Evidence From
Nonhuman Studies

RCT Evidence in Humans

What effect does
atrial natriuretic
peptide (anaritide)
have on renal
function?

An experiment evaluated o-
human atrial natriuretic pep-
tide in experimental ischemic
renal failure, induced by renal
artery occlusion in renally
intact rats. After ischemia, a
4-h intrarenal infusion restored
14C-inulin clearances (P <
.001). There was progressive
decrease in medullary hyper-
emia and prevention of intratu-
bular cell shedding and
granulocyte margination; at
24-48 h, tissue histology was
essentially normal.”

A multicenter RCT studied
administration of anaritide in
504 critically ill patients with
acute tubular necrosis.
Among 120 patients with oli-
guria, dialysis-free survival
was 8% in the placebo group
and 27% in the anaritide
group (P = .008). However,
among the 378 patients with-
out oliguria, dialysis-free sur-
vival was 59% in the placebo
group and 48% in the anari-
tide group (P = .03).8

Does acetylcys-
teine prevent doxo-
rubicin-induced
acute myocardial
morphologic
damage?

An experiment investigated
the effect of acetylcysteine
administration on the toxic-
ity of doxorubicin in mice.
Results suggested that pre-
treatment with acetylcys-
teine 1 h before doxorubicin
significantly decreased lethal-
ity, long-term mortality, and
loss in total body weight and
heart weight. Acetylcysteine
pretreatment also ablated
electron microscopic evi-
dence of doxorubicin cardio-
myopathy.®

Twenty patients with normal
cardiovascular function were
randomized to 2 groups.
Group | received placebo and
group |l received acetylcys-
teine (Nac), both 1 h before
doxorubicin. Endomyocardial
biopsies were performed and
were viewed by electron
microscopy and stereoscopic
techniques. The change of the
tubular area and mitochondrial
swelling were similar in the 2
groups and were proportion-
ate throughout the cell. This
study demonstrated that the
acute doxorubicin-induced
damage was diffuse and not
prevented by Nac.10

(Continued)
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Refuted Evidence From Nonhuman Studies? (Continued)

Question

Evidence From
Nonhuman Studies

RCT Evidence in Humans

Does treatment with
naloxone (opiate
antagonist) improve
neurologic out-
comes in patients
with spinal cord
injury?

The opiate antagonist nalox-
one has been used to treat
cats subjected to cervical spi-
nal trauma. In contrast to
saline-treated controls,
naloxone treatment signifi-
cantly improved the hypoten-
sion observed after cervical
spinal injury. More critically,
naloxone therapy signifi-
cantly improved neurologic
recovery.

A multicenter, randomized,
blinded trial evaluated the effi-
cacy and safety of naloxone
(and other drugs) in patients
with acute spinal cord injury.
Naloxone was given to 154
patients and placebo to 171
patients. Motor and sensory
functions were assessed by
systematic neurologic examina-
tion. Results show that patients
treated with naloxone did not
differ in their neurologic out-
comes from those given pla-
cebo. Mortality and major
morbidity were also similar
between groups. Investigators
concluded that treatment with
naloxone in the dose used in
this study does not improve
neurologic recovery after acute
spinal cord injury.’

What is the efficacy
of recombinant
human relaxin
(rhRIx) as a cervical
ripening agent?

Relaxin, a peptide hormone
synthesized in the corpora
lutea of ovaries during preg-
nancy, is released into the
bloodstream before parturi-
tion. Synthetic relaxin exhib-
ited relaxin-like bioactivity
assessed by the standard
uterine contraction bioassay.
Results suggested “synthetic
human relaxin... may lead to
the development of clinical
treatments to alleviate some
of the problems encountered
at childbirth.”13

A multicenter, blinded, placebo-
controlled trial evaluated the
efficacy and safety of rhRIx as a
cervical ripening agent in
women with an unfavorable
cervix before induction of labor.
Ninety-six women at 37 to 42
wk of gestation were treated
with 0, 1, 2, or 4 mg of rhRIx.
Results showed no significant
differences in the change in
modified Bishop score between
the 4 treatment groups, and the
lengths of the first and second
stages of labor were similar in
all 4 groups. Investigators con-
clude that rhRIx 1 to 4 mg has
no effect as a cervical ripening
agent before induction of labor
at term.'4

(Continued)
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TABLE 9.2-1

Refuted Evidence From Nonhuman Studies! (Continued)

Question

Evidence From
Nonhuman Studies

RCT Evidence in Humans

What is the thera-
peutic effect of vita-
min D3 metabolite
in patients with
leukemia?

HL-60 cells from patients with
promyelocytic leukemia
respond to near physiologic
levels of vitamin D3 by rapidly
acquiring a number of mono-
cyte-like features. These phe-
notypic changes are preceded
by a marked decrement in the
expression of the c-myc onco-
gene (a gene related to the
process of development of
cancer). In addition, removal of
vitamin D3, after the onset of
maturational change, resulted
in the reappearance of ele-
vated myc mRNA levels. The
authors conclude that “this is
the first demonstration of a
sequential relationship
between the application of an
exogenous inducing agent, a
reduction in myc mRNA levels
and the development of char-
acteristics associated with nor-
mal cell maturation.”1®

An RCT evaluated 63 patients
with myelodysplastic syn-
dromes (MDS) and 15 with
acute myelogenous leukemia
(AML). Patients were random-
ized between low-dose
cytosine arabinoside (ara-C)
(arm A) and low-dose ara-C
in combination with 13-c/s-
retinoic acid (13-CRA) and
vitamin D3 (arm B). Results
suggested the addition of 13-
CRA and vitamin D3 had no
positive influence on survival
of the patients, remission
rates, or duration of remis-
sions.16

What is the efficacy
of treatment with
cytosine arabino-
side (CA) in patients
with herpes zoster?

Several investigations of the
in vitro antiviral action of CA
showed that CA had antiviral
activity in cell cultures
against DNA viruses, includ-
ing herpes. Results also sug-
gested that the presence of
CA in the medium feeding
actively growing cells inhib-
ited some cellular function
necessary for replication.43

A randomized, blinded, con-
trolled study investigating the
treatment of disseminated her-
pes zoster with CA found that
the duration of the dissemina-
tion was greater in the treated
than placebo group (P = .03).
The authors concluded that CA
ata dose of 100 mg/m?/24 h has
no beneficial effects on the dis-
ease. ¥

Abbreviations: 1-0-D3, 1 a-hydroxy-vitamin D3; ara-C, cytarabine; CA, cytosine arabinoside; 13-CRA, 13-cis-retinoic acid; mRNA,
messenger ribonucleic acid; Nac, acetylcysteine; RCT, randomized controlled trial; rhRIx, recombinant human relaxin.

3Data are expressed here as reported in the original literature.
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WHEN RANDOMIZED CONTROLLED TRIALS
HAvE ConTRADICTED HUMAN STUDIES
OF SURROGATE ENDPOINTS

Table 9.2-2 shows examples in which RCTs of patient-important outcomes refuted
results of studies using physiologic or surrogate endpoints. Surrogate endpoint studies
were either observational or randomized. Whereas in most cases the surrogate studies
were overly optimistic, in some, surrogates did not suggest any benefit (or even
suggested harm), but patient-important outcomes demonstrated benefit.

Surrogates can give misleading inferences both for the efficacy and the harms of an
intervention. Surrogates that capture adequately both the eventual clinical benefits and
the clinical harms of an intervention are difficult to develop, let alone validate. >%17 In
some of the examples below, both study design and reliance on a surrogate were
problematic (the RCT failed to demonstrate the apparent effect on the surrogate
demonstrated in a study of weaker design).

TABLE 9.2-2

Ie!utea !w!ence !rom !tuales o! !Hysmloglc or !urrogate !n!pomts

Question

Evidence From
Surrogate Endpoints

RCT Evidence of Patient-
Important Endpoints

In patients with
chronic heart failure,
what impact does f3-
adrenergic blockade
have on mortality?

In a before-after study, intrave-
nous propranolol demon-
strated declines in ejection
fraction (range, 0.05-0.22) and
increases in end-diastolic vol-
ume (range, 30-135 mL) in 4
patients with advanced coro-
nary disease and previous
myocardial infarction. Abnor-
malities of wall motion after
propranolol developed in 2
patients. Investigators sug-
gested that “results are consis-
tent with the thesis that -
adrenergic blocking drugs
may inhibit compensatory

sympathetic mechanisms.”18

A meta-analysis of 18 RCTs
of B-blockers in patients with
heart failure found a 32%
reduction in the RR of death
(95% Cl, 12%-47%; P = .003)
and a 41% reduction in the
RR of hospitalization for heart
failure (95% Cl, 26%-52%; P
< .001) with B-blockers. Sig-
nificant improvements were
also seen in New York Heart
Association status.®

(Continued)
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TABLE 9.2-2

I
Refuted Evidence From Studies of Physiologic or Surrogate Endpoints (Continued)

Question

Evidence From
Surrogate Endpoints

RCT Evidence of Patient-
Important Endpoints

What effect does
clofibrate have on
mortality in men
without clinically
evident ischemic
heart disease?

A before-after study of the
effects of clofibrate on total
and B-cholesterol found, after
a 4-wk treatment regimen with
750-1500 mg of clofibrate, a
significant reduction in total
cholesterol level in 86% of
patients (30/35) and a signifi-
cant decrease in -cholesterol
in 91% of patients (21/23). Fur-
thermore, in every case, the
tolerance to clofibrate was
excellent and no adverse
effects could be observed.20

An RCT of men without clini-
cal ischemic heart disease
randomized participants in the
upper third of the cholesterol
distribution to clofibrate ther-
apy or placebo. After a mean
observation of 9.6 y, there
were 20% fewer incidents of
ischemic heart disease (P <
.05), but 25% more deaths
(P < .01) in the clofibrate
group compared with those
in the high-cholesterol con-
trol group (P < .05).21

What impact do the
antiarrhythmic
drugs encainide and
flecainide have on
mortality from ven-
tricular arrhythmias
in patients after
myocardial
infarction?

A before-after study of patients
with symptomatic, recurrent,
previously drug-refractory
ventricular tachycardia found
that encainide completely
eliminated recurrence of ven-
tricular tachycardia in 54% of
patients after 6 mo of therapy
and in 29% of patients after 18-
30 mo of therapy. Investigators
concluded that “encainide is a
safe, well-tolerated antiarrhyth-
mic agent.”22

An RCT evaluating the effect of
encainide and flecainide in sur-
vivors of acute myocardial
infarction with ventricular
ectopy found an RR of 2.64
(95% Cl, 1.60-4.36) for cardiac
deaths and cardiac arrests
among patients receiving
active drug vs those receiving
placebo.23

In patients with
chronic heart failure,
does treatment with
milrinone alter
mortality?

A before-after study in 12
patients with congestive heart
failure found that milrinone
treatment produced an
improvement in left ventricu-
lar function during exercise,
with significant changes in car-
diac index, stroke volume
index, and pulmonary capillary
wedge pressure (P < .001).
Systemic oxygen consump-
tion increased (P < .05), as did
maximum exercise capacity
(P < .001). Beneficial effects on
exercise hemodynamics and
tolerance were sustained
throughout the 4-wk treat-
ment period. No drug-related
adverse effects occurred.2

In an RCT of 1088 patients with
severe chronic heart failure
and advanced left ventricular
dysfunction, milrinone (com-
pared with placebo) was asso-
ciated with a 28% relative
increase in overall mortality
(95% Cl, 1%-61%; P = .04)
and 34% increase in cardio-
vascular mortality (95% ClI,
6%-69%; P = .02). The effect
of milrinone was adverse in all
predefined subgroups, defined
by left ventricular fraction,
cause of heart failure, func-
tional class, serum sodium and
creatinine levels, age, sex,
angina, cardiothoracic ratio,
and ventricular tachycardia.25

(Continued)
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I
Refuted Evidence From Studies of Physiologic or Surrogate Endpoints (Continued)

Question

Evidence From
Surrogate Endpoints

RCT Evidence of Patient-
Important Endpoints

In patients with
chronic heartfailure,
does treatment with
ibopamine alter
mortality?

The effects of ibopamine were
studied in 8 patients with idio-
pathic dilatative cardiomyopa-
thy. After 2 h, ibopamine
increased cardiac output
(+16%; P < .05), stroke vol-
ume (+12%; P < .05), and
ejection fraction (+10%;

P < .01). Patients were then
randomly treated with placebo
or ibopamine according to a
blinded crossover design for 2
periods of 15 d each. Cardiac
output and stroke volume were
higher after ibopamine than
after placebo (P < .05). Treat-
ment was well tolerated.26

Investigators conducted an
RCT to assess the effect of
ibopamine vs placebo on sur-
vival in patients with
advanced heart failure and
evidence of severe left ven-
tricular disease, who were
already receiving optimum
treatment for heart failure.
After 1906 patients had been
recruited, the trial was
stopped early because of an
excess of deaths among
patients in the ibopamine
group (RR, 1.26; 95% ClI,
1.04-1.53; P = .02).27

In patients with heart
failure, what is the
effect of treatment
with vesnarinone on
morbidity and
mortality?

A before-after study of 11
patients with moderate con-
gestive heart failure receiving
OPC-8212 found, after 8 h,
that cardiac and stroke work
indexes increased by 11%

(P < .01) and 20% (P < .005),
respectively, with concomi-
tant decreases in diastolic
pulmonary-artery (25%;

P < .005) and right atrial pres-
sures (33%; P < .01). Inotro-
pic effects were confirmed by
a shifting function curve.
Researchers claimed that
“OPC-8212 clearly improves
rest hemodynamics... and
may be particularly useful for
the treatment of mild to mod-
erate cardiac failure.”28

An RCT evaluated the effects of
daily doses of 60 mg or 30 mg
of vesnarinone, as compared
with placebo, on mortality and
morbidity. Results demon-
strated 18.9%, 21.0%, and
22.9% death rates in the pla-
cebo, 30-mg, and 60-mg
vesnarinone groups, respec-
tively. The hazard ratio for sud-
den death was 1.35 (95% ClI,
1.08-1.69) in the 60-mg group
and 1.15 (95% Cl, 0.91-1.17) in
the 30-mg group compared
with the placebo group. The
increase in mortality with
vesnarinone was attributed to
an increase in sudden death,
presumably from arrhythmia.2®

In patients with
heart failure, what is
the effect of xamot-
erol on mortality?

A single-blind trial assessed
the efficacy of xamoterol in
14 patients with mild to mod-
erate heart failure during 18
mo. At both 1 mo and 18 mo,
xamoterol, compared with
placebo, produced a signifi-
cant increase in endurance
(P < .005) and the amount of
work achieved (P < .05), plus
a decrease in maximum exer-
cise heart rate (P < .005).30

Investigators randomized 516
patients with heart failure to
xamoterol vs placebo for 13
wk; 9.2% of patients in the
xamoterol group vs 3.7% in the
placebo group died within 100
days of randomization (P = .02,
hazard ratio 2.54 [95% ClI, 1.04-
6.18]).3"

(Continued)



PART B: THERAPY

TABLE 9.2-2

I
Refuted Evidence From Studies of Physiologic or Surrogate Endpoints (Continued)

Question

Evidence From
Surrogate Endpoints

RCT Evidence of Patient-
Important Endpoints

In cardiac arrest
patients, what is the
effect of active com-
pression-decom-
pression (ACD)
cardiopulmonary
resuscitation (CPR)
vs standard CPR on
mortality?

Patients in cardiac arrest were
randomized to receive 2 min
of either standard CPR or ACD
CPR followed by 2 min of the
alternate technique. The mean
end-tidal carbon dioxide was
4.3+3.8 mm Hg vs 9.0+0.9
mm Hg, respectively (P <
.001). Systolic arterial pressure
was 52.5+14.0 mm Hg vs
88.9+24.7 mm Hg, respec-
tively (P < .003). The velocity
time integral increased from
7.3x2.6cmto 17.5+5.6 cm
(P < .001), and diastolic filling
times increased from
0.23+0.09 s t0 0.37+0.12 s,
respectively (P < .004).32

An RCT allocated 1784 adults in
cardiac arrest to receive either
standard CPR or ACD CPR
throughout resuscitation and
found, in patients who arrested
in the hospital, no significant
difference between the stan-
dard and ACD CPR groups in
survival for 1 h (35.1% vs
34.6%; P = .89) or until hospital
discharge (11.4% vs 10.4%;

P = .64). For patients who col-
lapsed outside of the hospital,
there were no significant differ-
ences in survival between the
standard and ACD CPR groups
for 1h (16.5% vs 18.2%; P =
.48) or until hospital discharge
(3.7% vs 4.6%; P = .49).33

In patients with
myocarditis, what is
the effect of immu-
nosuppressive ther-
apy on mortality?

Authors of a before-after study
of 16 patients with myocardi-
tis receiving azathioprine and
prednisolone in addition to
standard measures found a
significant decrease in cardio-
thoracic ratio (62.3+4.7% to
50.6+1.5%; P < .001), mean
pulmonary-artery pressure
(34.3+13.05t0 20.0£2.75 mm;
P < .01) and mean pulmonary
wedge pressure (26.0+9.1 to
13.2+4.6 mm; P < .001) after 6
mo of therapy. Left ventricular
ejection fraction improved
from 24.3+8.4% to
49.8+18.2% (P < .001).34

An RCT assigned 111 patients
with myocarditis to receive
conventional therapy either
alone or combined with a 24-
wk regimen of immunosup-
pressive therapy (predniso-
lone plus closporine or
azathioprine). A change in the
left ventricular ejection frac-
tion at 28 wk did not differ sig-
nificantly between the
compared groups. There was
no significant difference in
survival between the 2 groups
(RR, 0.98; 95% Cl, 0.52-1.87;
P = .96).35

(Continued)
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Question

Evidence From
Surrogate Endpoints

RCT Evidence of Patient-
Important Endpoints

In ventilated pre-
term neonates, is
morphine safe and
effective?

26 Preterm infants with hya-
line membrane disease requir-
ing ventilatory assistance were
randomized to morphine or
placebo. Results showed that
morphine-treated infants
spent a significantly greater
percentage of total ventilated
time breathing in synchrony
with their ventilators (median
[1Q] = 72% [58%-87%] vs
31% [17%-51%]; P = .001).
Heart rate and respiratory rate
were reduced in morphine-
treated infants. Duration of
oxygen therapy was reduced
(median [IQ] = 4.5d [3-7 d] vs
8d [4.75-12.5 d]; P = .046).36

Ventilated preterm neonates
were randomly assigned
masked placebo (n = 449) or
morphine (n = 449). Open-label
morphine could be given on
clinical judgment. The placebo
and morphine groups had simi-
lar rates of neonatal death (11%
vs 13%), severe intraventricular
hemorrhage (11% vs 13%),
and periventricular leukomala-
cia (9% vs 7%).37

In patients with
advanced colorectal
cancer, what is the
effect of fluorouracil
(5-FU) plus leuco-
vorin (LV) on
survival?

A total of 343 patients with
previously untreated meta-
static measurable colorectal
carcinoma were studied to
evaluate the effect on toxicity,
response and survival of LV-
modulated 5-FU. A maximally
tolerated intravenous bolus
loading-course regimen of 5-
FU alone was compared with
a high-dose LV regimen and
with a similar low-dose LV reg-
imen. Significant improve-
ments in response rates were
observed, with a response
rate of 30.3% on the high-
dose LV regimen (P < .01 vs
control), 12.1% on the 5-FU
control, and 18.8% on the
low-dose LV regimen. Authors
concluded that “leucovorin
was shown to significantly
enhance the therapeutic effect
of 5-FU in metastatic colorec-
tal carcinoma.”38

A meta-analysis was performed
on 9 RCTs that compared 5-FU
with 5-FU plus intravenous LV
for the treatment of advanced
colorectal cancer. The end-
points of interest were tumor
response and overall survival.
Results showed that therapy
with 5-FU plus LV had a highly
significant benefit over single-
agent 5-FU in terms of tumor
response rate (23% vs 11%;
response OR, 0.45; P < .001).
This increase in response did
not result in a discernable
improvement of overall survival
(survival OR, 0.97; P = .57).
Authors concluded that “... in
planning future trials, tumor
response should not be consid-
ered a valid surrogate endpoint
for survival in patients with
advanced colorectal cancer.”39

(Continued)
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Question

Evidence From
Surrogate Endpoints

RCT Evidence of Patient-
Important Endpoints

In patients with
breast cancer, what
is the effect of neo-
adjuvant therapy on
mortality?

An RCT in 196 premeno-
pausal and postmenopausal
patients with operable breast
cancer compared neoadju-
vant and adjuvant regimens
of chemotherapy with radio-
therapy with or without sur-
gery. Results showed that
tumor response, evaluated
after 2 cycles of neoadjuvant
chemotherapy, was signifi-
cantly associated with dose
(P = .003).40

Clinical endpoints of patients
with breast cancer treated pre-
operatively with systemic ther-
apy (neoadjuvant therapy) and
of those treated postoperatively
with the same regimen (adju-
vant therapy) were compared in
a meta-analysis of RCTs. Nine
randomized studies compared
neoadjuvant therapy with adju-
vant. No statistically or clinically
significant difference was found
between neoadjuvant therapy
and adjuvant therapy arms
associated with death (RR =
1.00; 95% Cl, 0.90-1.12), dis-
ease progression (RR, 0.99;
95% Cl, 0.91-1.07), or distant
disease recurrence (RR, 0.94;
95% Cl, 0.83-1.06). However,
neoadjuvant therapy was statis-
tically significantly associated
with an increased risk of locore-
gional disease recurrences (RR,
1.22; 95% Cl, 1.04-1.43) com-
pared with adjuvant therapy,
especially in trials in which more
patients in the neoadjuvant than
the adjuvant arm received radia-
tion therapy without surgery
(RR, 1.53; 95% Cl, 1.11-2.10).4"

In patients with
chronic granuloma-
tous disease, what is
the effect of inter-
feron-ytreatment on
infection?

A blinded study randomized
128 patients with chronic
granulomatous disease to
receive interferon-y or pla-
cebo subcutaneously 3 times
a week for up to a year. As a
secondary measure, phago-
cyte function was monitored.
Results showed no signifi-
cant changes in the mea-
sures of superoxide
production by phagocytes.4?

The same randomized, double-
blind, placebo-controlled study
in 128 patients with chronic
granulomatous disease consid-
ered time to the first serious
infection, defined as an event
requiring hospitalization and
parenteral antibiotics as a pri-
mary outcome. Results showed
a clear benefit from interferon-y
as compared with placebo in
time to the first serious infection
(P = .001). Of the 63 patients
assigned to interferon-y, 14 had
serious infections compared
with 30 of the 65 patients
assigned to placebo (P = .002).
There was also a reduction in
the total number of serious
infections—20 with interferon-y
compared with 56 with placebo
(P < .001).42

(Continued)
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In adult victims of
cardiac arrest, what
is the effect of treat-
ment with high-dose
epinephrine on
mortality?

The effect of standard and
high doses of epinephrine on
coronary perfusion pressure
was studied in 32 patients.
Patients remaining in cardiac
arrest after multiple 1-mg
doses of epinephrine
received a high dose of 0.2
mg/kg. The increase in the
coronary perfusion pres-
sures after a standard dose
was not statistically signifi-
cant. The increase after a
high dose was both statisti-
cally different from before
administration and larger
than after a standard dose.
High-dose epinephrine was
more likely to raise the coro-
nary perfusion pressure
above the previously demon-
strated critical value of 15
mm Hg. Authors concluded
that because coronary perfu-
sion pressure is a good pre-
dictor of outcome in cardiac
arrest, the increase after
high-dose epinephrine may
improve rates of return of
spontaneous circulation.4®

An RCT randomly assigned
650 cardiac arrest patients to
receive up to 5 doses of high-
dose (7 mg) or standard-dose
(1 mg) epinephrine at 5-min
intervals according to stan-
dard protocols for advanced
cardiac life support. Results
showed no significant differ-
ence between the high-dose
group and the standard-dose
group in the proportions of
patients who survived for 1 h
(18% vs 23%, respectively) or
who survived until hospital
discharge (3% vs 5%). Among
the survivors, there was no
significant difference in the
proportions that remained in
the best category of cerebral
performance (90% vs 94%)
and no significant difference
in the median Mini-Mental
State score (36 vs 37). The
exploration of subgroups,
including those with out-of-
hospital arrest and those with
in-hospital arrest, failed to
identify any patients who
appeared to benefit from
high-dose epinephrine and
suggested that some patients
may have worse outcomes
after high-dose epinephrine.4®

(Continued)
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Question

Evidence From
Surrogate Endpoints

RCT Evidence of Patient-
Important Endpoints

In patients with
acute lung injury or
acute respiratory
distress syndrome,
what is the effect of
inhaled nitric oxide
(NO) on mortality?

9 Of 10 consecutive patients
with severe adult respiratory
distress syndrome were made
to inhale NO in 2 concentra-
tions for 40 min each to inves-
tigate whether inhaling NO
gas would cause selective
vasodilation of ventilated lung
regions, thereby reducing pul-
monary hypertension and
improving gas exchange.
Results showed that inhalation
of NO in a concentration of 18
ppm reduced the mean pul-
monary-artery pressure (P =
.008) and decreased intrapul-
monary shunting (P = .03).
The ratio of the partial pres-
sure of arterial oxygen to the
fraction of inspired oxygen
(PaO,/FiO,) increased during
NO administration (P = .03).
Authors concluded inhalation
of NO by patients with severe
adult respiratory distress syn-
drome reduces the pulmo-
nary-artery pressure and
increases arterial oxygenation
by improving the matching of
ventilation with perfusion,
without producing systemic
vasodilation.4’

To evaluate the clinical efficacy
of low-dose inhaled NO in
patients with acute lung injury,
a multicenter, randomized,
placebo-controlled study was
conducted in the intensive
care units of 46 hospitals in
the United States. Patients

(n = 385) were randomly
assigned to placebo (nitrogen
gas) or inhaled NO at 5 ppm
until 28 d, discontinuation of
assisted breathing, or death.
An intention-to-treat analysis
revealed that inhaled NO at 5
ppm did not increase the num-
ber of days patients were alive
and not receiving assisted
breathing (P = .97). Mortality
was similar between groups
(20% placebo vs 23% NO; P =
.54). Days patients were alive
after a successful 2-h unas-
sisted ventilation trial were a
mean (SD) of 11.9 (9.9) for pla-
cebo and 11.4 (9.8) for NO
patients (P = .54).48

(Continued)
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What are the effi-
cacy and safety of
moxonidine in
patients with heart
failure?

An RCT designed to evaluate
the effects of central sympa-
thetic inhibition on clinical and
neurohumoral status in
patients with congestive heart
failure evaluated 25 patients
with symptomatic heart failure,
stabilized while receiving stan-
dard therapy. Patients were
titrated in a blinded fashion to
11 wk of oral therapy with pla-
cebo (n = 9) or sustained-
release (SR) moxonidine (n =
16). Plasma norepinephrine
(PNE) was substantially
reduced after 6 wk at the maxi-
mum dose by 50% vs placebo
(P < .001). A reduction in

24-h mean heart rate (P < .01)
was correlated to the reduc-
tion in PNE (r = 0.70; P < .05).
Abrupt cessation of chronic
therapy resulted in substantial
increases in PNE, blood pres-
sure, and heart rate.4®

An RCT of SR moxonidine or
matching placebo found an
early increase in death rate
and adverse events in the
moxonidine SR group. This
led to the premature termina-
tion of the trial because of
safety concerns after 1934
patients were entered. Final
analysis revealed 54 deaths
(5.5%) in the moxonidine SR
group and 32 deaths (3.4%)
in the placebo group during
the active treatment phase.
Survival curves revealed a
significantly worse outcome
(P =.012) in the moxonidine
SR group. Hospitalization for
heart failure, acute myocar-
dial infarction, and adverse
events was also more fre-
quent in the moxonidine SR
group.20

(Continued)
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In patients with
hypoxemic acute
respiratory failure
(ARF), what is the
effect of prone posi-
tioning on mortality?

A clinical follow-up study in
an intensive care setting
examined 13 patients with
severe acute lung insuffi-
ciency caused by trauma,
septicemia, aspiration, and
burn injury. Patients were
treated in the prone position,
without changing of other
ventilatory settings other
than FiO, when saturation
increased. Results showed
that 12 of the 13 patients
responded to treatment in
the prone position. No
patient needed extracorpo-
real membrane oxygen-
ation. In the prone position,
the oxygenation index
increased (P < .001) and the
alveolar-arterial oxygen gradi-
ent, P(A-a)0,, decreased dra-
matically (P < .001). The
authors concluded that the
prone position significantly
improves impaired gas
exchange caused by severe
acute lung insufficiency and
suggested that this treatment
be used before more com-
plex modalities.?1

A multicenter RCT of 791 ARF
patients investigated whether
prone positioning improves
mortality in ARF patients.
Patients were randomly
assigned to prone position
placement (n = 413), applied
as early as possible for at
least 8 h/d on standard beds,
or to supine position place-
ment (n = 378). The 28-d
mortality rate was 31.5% in
the supine group and 32.4%
in the prone group (RR, 0.97;
95% Cl, 0.79-1.19; P = .77).
Ninety-day mortality for the
supine group was 42.2% vs
43.3% for the prone group
(RR, 0.98; 95% Cl, 0.84-1.13;
P = .74). Authors concluded
that this trial demonstrated no
beneficial outcomes and
some safety concerns associ-
ated with prone positioning.52

(Continued)
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In patients with
severe emphy-
sema, what is the
effect of lung vol-
ume reduction sur-
gery (LVRS) on
mortality?

Eighty-nine consecutive
patients with severe emphy-
sema who underwent bilateral
LVRS were prospectively fol-
lowed up for up to 3 y. Patients
underwent preoperative pul-
monary function testing, 6-min
walk, and chest computed
tomography (CT) and
answered a baseline dyspnea
questionnaire. CT scans in 65
patients were analyzed for
emphysema extent and distri-
bution using the percentage of
emphysema in the lung, per-
centage of normal lower lung,
and the CT emphysema ratio.
Results showed that, com-
pared with baseline, FEV, was
significantly increased up to 36
mo after surgery (P < .008).
The 6-min walk distance
increased from 871 feet (base-
line) to 1326 feet (12 mo), 1342
feet (18 mo), 1371 feet (24 mo),
and 1390 feet (36 mo) after
surgery. Despite a decline in
FEV, over time, 6-min walk
distance was preserved. Dysp-
nea improved at 3, 6, 12, 18,
24, and 36 mo after surgery.
Authors concluded that LVRS
improves pulmonary function,
decreases dyspnea, and
enhances exercise capacity in
many patients with severe
emphysema.53

A multicenter RCT randomly
assigned 1033 patients to
undergo LVRS or receive med-
ical treatment. Results showed
that for 69 patients who had an
FEV, that was no more than
20% of their predicted value
and either a homogeneous
distribution of emphysema on
CT or a carbon monoxide—
diffusing capacity that was no
more than 20% of their pre-
dicted value, the 30-d mortality
rate after surgery was 16%
(95% Cl, 8.2%-26.7%) com-
pared with a rate of 0% among
70 medically treated patients
(P < .001). Among these high-
risk patients, the overall mor-
tality rate was higher in surgi-
cal patients than medical
patients (0.43 deaths per per-
son-year vs 0.11 deaths per
person-year; RR, 3.9; 95% Cl,
1.9-9.0). Authors cautioned
that the use of LVRS in patients
with emphysema who have a
low FEV, and either homoge-
neous emphysema or a very
low carbon monoxide—diffus-
ing capacity comes with a high
risk for death after surgery
and that such patients are
unlikely to benefit from the
surgery.®4

(Continued)
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What is the efficacy
of indomethacin
therapy in low-birth-
weight infants?

Thirty-seven infants with
symptomatic patent ductus
arteriosus (PDA) were in the
historical comparison group,
and 39 infants were given
low-dose indomethacin con-
tinuously from 6 to 12 post-
natal hours until the
recognition of closing PDA.
Low-dose continuous
indomethacin significantly
decreased the incidence of
symptomatic PDA at 5 d of
age (P < .01) compared with
the historical comparison
group. There was no episode
of decreasing urinary output
and necrotizing enterocolitis
in the indomethacin group.
Authors concluded that the
low-dose continuous
indomethacin therapy results
in a decrease in the inci-
dence of symptomatic PDA,
without significant adverse
reactions.®®

An RCT randomly assigned
1202 infants with birth weights
of 500-999 g to receive either
indomethacin or placebo once
daily for 3 d. Results showed
that, of the 574 infants with data
on the primary outcome who
were assigned to indometha-
cin, 271 (47%) died or survived
with impairments compared
with 261 of the 569 infants
(46%) assigned to placebo (OR,
1.1, 95% Cl, 0.8-1.4; P = .61).
Indomethacin reduced the inci-
dence of PDA (24% vs 50% in
the placebo group; OR, 0.3; P
< .001) and of severe periven-
tricular and intraventricular
hemorrhage (9% vs 13% in the
placebo group; OR, 0.6; P =
.02). Authors concluded that in
extremely-low-birth-weight
infants, prophylaxis with
indomethacin does not
improve the rate of survival
without neurosensory impair-
ment at 18 mo, despite a reduc-
tion in the frequency of PDA
and severe periventricular and
intraventricular hemorrhage.%®

Abbreviations: ACD, active compression-decompression; ARF, acute respiratory failure; CA, cytosine arabinoside; Cl, confi-
dence interval; CPR, cardiopulmonary resuscitation; CT, computed tomography; 5-FU, fluorouracil; FEV,, forced expiratory vol-
ume in 1 second; IQR, interquartile range; LV, leucovorin; LVRS, lung volume reduction surgery; NO, nitric oxide; OR, odds
ratio; PDA, patent ductus arteriosus; PNE, plasma norepinephrine; RCT, randomized controlled trial; RR, relative risk; SD, stan-
dard deviation; SR, sustained release.

WHEN RAnDOMIZED CONTROLLED TRIAL RESULTS
HAVE CONTRADICTED OBSERVATIONAL STUDIES OF
PATIENT-IMPORTANT ENDPOINTS

Table 9.2-3 demonstrates that the results of observational studies are often an
inadequate guide for therapeutic decisions, even if they pertain to patient-impor-
tant outcomes. Some investigators have suggested that usually randomized and
observational evidence agree with similar evidence.”’>* An empirical evaluation,
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however, examined 45 topics for which both RCTs and observational studies were
available on the same clinical question and used the same outcome. Observational
studies showed, on average, larger benefits, and in 7 of these questions, the 2
designs gave results that were different beyond chance.®® Overall, observational
studies may be subject to more noise in their estimates compared with randomized
trials after accounting for differences in sample size.®! Some observational studies
may use very large sample sizes (much larger than what randomized trials can
achieve), and therefore they produce spuriously tight confidence intervals, whereas
the true uncertainty associated with their findings is much larger.

Most of the evidence that we have on the comparison of randomized and
observational studies comes from comparisons pertaining to the efficacy of interven-
tions. There are more limited data on harms (adverse effects of interventions).
Traditionally, harms (especially serious but uncommon ones) have been studied with
observational study designs, but there is an increasing recognition that randomized
evidence on harms may offer useful information and its quality and quantity should
be improved.®? An empirical evaluation®® of 15 topics for which large-scale evidence
was available from both randomized and observational studies on the same harm
suggested that the estimated relative risk may be higher either in randomized or in
observational studies. However, the absolute risk is often smaller in observational
studies compared with what is seen in randomized trials, which suggests that if an
adverse effect is suggested in observational studies, it may be even more common in
reality. This may be because many observational studies collect data passively and
may therefore record only a portion of the adverse events. Lack of documentation of
harm in observational studies may not necessarily exclude the presence of harm.

TABLE 9.2-3
efuted Evidence From Observational Studies
Evidence From
Question Same Endpoints RCT Evidence

In patients with cerebral
malaria, what is the effect

A case report of a 40-y-
old man with cerebral

A blinded placebo-con-
trolled trial of 100 coma-

of dexamethasone on
morbidity and mortality?

malaria in a coma for 24 h
suggested dexametha-
sone had a dramatic life-
saving effect and thus
“dexamethasone should
be given routinely,
together with antimalar-
ial therapy, to patients
with cerebral malaria.”84

tose patients demonstrated
no significant difference in
total deaths between the
dexamethasone and pla-
cebo groups, but dexa-
methasone prolonged
coma among survivors

(P = .02). Complications,
including pneumonia and
gastrointestinal bleeding,
occurred in 52% of patients
given dexamethasone vs
22% given placebo (P =
.004).85

(Continued)
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Question

Evidence From
Same Endpoints

RCT Evidence

Does extracranial to intra-
cranial (EC/IC) bypass sur-
gery alter the risk of
ischemic stroke?

A before-after study exam-
ined 110 patients with cere-
brovascular disease
undergoing EC/IC arterial
bypass. Stroke rate was
4.3% in 70 patients with
transient ischemic attacks
(TIAs) compared with liter-
ature-cited rates of 13%-
62% in TIA patients who
have not undergone sur-
gery. Stroke rate was 5%
across all 110 patients fol-
lowed for more than 3y.
Researchers claimed a
“dramatic improvement in
the symptomatology of vir-
tually all patients” under-
going this bypass
procedure.®6

An RCT of 1377 patients,
studying whether bypass
surgery benefits patients
with symptomatic athero-
sclerotic disease of the
internal carotid artery, found
a 14% increase in the RR of
fatal and nonfatal stroke
throughout the entire trial
for the group receiving sur-
gery over those treated with
best medical care (95% Cl,
3%-34%).67

In patients in need of a
pacemaker to correct
symptomatic bradycardia,
what effect does physio-
logic (AAIl) and ventricular
(VVI) pacing have on risks
of cardiovascular morbid-
ity and death?

A cohort study of the effect
of AAl vs VVI pacing with
respect to cardiovascular
morbidity and mortality
found, after an average fol-
low-up of 4y in 168
patients, significantly
higher incidence of perma-
nent physiologic fibrillation
in patients treated with VVI
pacing (47%) compared
with AAl pacing (6.7%) (RR,
7.0; P < .001). Congestive
heart failure occurred sig-
nificantly more often in the
VVI group than in the AAI
group (37% vs 15%; RR,
2.5; P < .005). Analysis of
survival data showed a
higher overall mortality rate
inthe VVI group (23%) than
in the AAI group (8%) (RR,
2.9; P < .05).68

Investigators randomized
2568 patients to an AAl or
VVI pacemaker and found
that the type of pacemaker
had virtually no effect on the
annual rate of death (6.3% in
the AAIl group vs 6.6% in the
VVI group; RRR, 4%; 95%
Cl, —29% to 29%). There was
no significant difference in
the incidence of hospitaliza-
tion for congestive heart fail-
ure between the 2 groups
(3.1% vs 3.5%; RRR, 12%;
95% Cl, -35% to 42%). The
annual stroke rate was 1.0 vs
1.1%, respectively. There
were significantly more peri-
operative complications with
AAl pacing than with VVI
pacing (9.0% vs 3.8%,
respectively; P < .001).89

(Continued)
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What effect does plasma
exchange have in patents
with dermatomyositis and
polymyositis?

Authors of a before-after
study of 38 patients who
had undergone plasma
exchanges between 1980
and 1986 found that,
according to changes in
muscle force, 24 patients
(63%) improved (10
appreciably and 14 mod-
erately) and 14 remained
unchanged. Plasma
exchange was well toler-
ated in 23 patients.”?

An RCT of 39 patients with
definite polymyositis or der-
matomyositis assigned to
receive plasma exchange,
leukapheresis, or sham aph-
eresis found no significant
differences among the 3
treatment groups in final
muscle strength or functional
capacity; investigators con-
cluded that leukapheresis
and plasma exchange are no
more effective than sham
apheresis.”’

What is the effect of
sodium fluoride on
vertebral fractures?

In a before-after study
using quantitative com-
puted tomography to
measure trabecular verte-
bral body density (TVBD)
in the lumbar spine of 18
female patients with osteo-
porosis, TVBD was signifi-
cantly greater in the
experimental group than
mean TVBD for an age-
matched group of
untreated female patients
with osteoporosis (P <
.001). Only 1 of the 18 fluo-
ride-treated patients had
spinal fractures during
therapy. Incidence (4 frac-
tures per 87.2 patient-
years of observation) was
significantly lower than the
published incidence of 76
fractures per 91 patient-
years for untreated
patients (P < .001).72

An RCT studied patients
receiving either sodium flu-
oride or placebo, in addition
to daily supplements of cal-
cium. Compared with the
placebo group, the treat-
ment group had increases
in median bone mineral
density of 35% (P < .001)
in the lumbar spine, 12%
(P < .001) in the femoral
neck, and 10% (P < .001)
in the femoral trochanter.
However, the number of
new vertebral fractures was
similar in the 2 groups (163
and 136, respectively; P =
.32), whereas the fluoride-
treated patients had nonver-
tebral fractures 3.2 times
more often than patients
given placebo (95% ClI, 1.8-
5.6; P < .01).73

(Continued)
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Does estrogen replace-
ment therapy (ERT) alter
the risk for coronary heart
disease (CHD) events in
postmenopausal women
with established coronary
disease?

A meta-analysis of 16
cohort studies with internal
controls and 3 cross-sec-
tional angiography studies
(including studies of
women with established
CHD) demonstrated an RR
of 0.50 (95% Cl, 0.44-0.57)
for CHD among estrogen
users. Investigators con-
cluded that “... the prepon-
derance of the evidence
strongly suggests women
taking postmenopausal
estrogen therapy are at a
decreased risk for CHD."74

A randomized, blinded, pla-
cebo-controlled trial of 4.1-y
duration (Response to Heart
and Estrogen-Progestin
Replacement Study) ran-
domly assigned patients to
receive conjugated estro-
gens and medroxyprogester-
one acetate or placebo.
Results showed a hazard
ratio (HR) for CHD of 0.99
(95% Cl, 0.81-1.22).75
Another larger trial in women
without underlying coronary
artery disease suggested a
significantly increased risk of
coronary events.’®

Does ERT alter the risk for
stroke in postmenopausal
women?

A national sample of 1910
(of 2371 eligible) white
postmenopausal women
who were b5 to 74 y old
and who did not report a
history of stroke at that time
were examined. Results
showed that there were 250
incident cases of stroke
identified, including 64
deaths with stroke listed as
the underlying cause. The
age-adjusted incidence rate
of stroke among postmeno-
pausal hormone ever-users
was 82 per 10000 woman-
years of follow-up com-
pared with 124 per 10000
among never-users. Post-
menopausal hormone use
remained a protective fac-
tor against stroke incidence
(RR, 0.69; 95% Cl, 0.47-
1.00) and stroke mortality
(RR, 0.37; 95% Cl, 0.14-
0.92) after adjustment for
the baseline risk factors.””

A multicenter, blinded, pla-
cebo-controlled RCT involv-
ing 16 608 women aged 50
through 79 y assigned
patients to receive conju-
gated equine estrogen plus
medroxyprogesterone ace-
tate (n = 8506) or placebo
(n = 8102). Results showed
that 1.8% of patients in the
estrogen plus progestin and
1.3% in the placebo groups
had strokes. For combined
ischemic and hemorrhagic
strokes, the intention-to-
treat HR for estrogen plus
progestin vs placebo was
1.31(95% Cl, 1.02-1.68).
The HR for ischemic stroke
was 1.44 (95% ClI, 1.09-
1.90), and for hemorrhagic
stroke, it was 0.82 (95% Cl,
0.43-1.56).78

(Continued)
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Refuted Evidence From Observational Studies? (Continued)

Question

Evidence From
Same Endpoints

RCT Evidence

Does ERT alter the risk for
dementia in postmeno-
pausal women?

A prospective, longitudinal
study of 472 postmeno-
pausal or perimenopausal
women, followed for up to
16 vy, found that approxi-
mately 45% of the women
in the cohort had used ERT
and diagnosed 34 incident
cases of Alzheimer disease
(AD) (National Institute of
Neurological and Commu-
nicative Disorders and
Stroke and the Alzheimer's
Disease and Related Disor-
ders Association criteria)
during follow-up, including
9 estrogen users. After
adjusting for education, the
RR for AD in ERT users
compared with nonusers
was 0.46 (95% Cl, 0.21-
1.00), suggesting a reduced
risk of AD for women who
had reported the use of
estrogen.’”

4532 Eligible postmeno-
pausal women aged 65 y
or older and free of proba-
ble dementia at baseline
were enrolled in a ran-
domized, blinded, pla-
cebo-controlled clinical
trial. Participants received
either conjugated equine
estrogen with medroxy-
progesterone acetate (n =
2145) or matching placebo
(n = 2236). More women
in the estrogen plus pro-
gestin group had a sub-
stantial and clinically
important decline (> 2
SDs) in Modified Mini-
Mental State Examination
total score (6.7%) com-
pared with the placebo
group (4.8%) (P = .008).78

In patients with diabetes
who have isolated systolic
hypertension (ISH), what is
the effect of diuretic-based
antihypertensive treatment
on mortality?

In a cohort analytic study
of 759 participants aged 35
to 69 y with normal serum
creatinine levels, cardio-
vascular mortality in indi-
viduals with diabetes, after
adjusting for differences in
risk factors, was 3.8 times
higher in patients treated
with diuretics alone than in
patients with untreated
hypertension (P < .001).
Investigators concluded
that “there is an urgent
need to reconsider its con-
tinued usage in this popu-
lation.” 79

Authors of an RCT of
diuretic treatment vs pla-
cebo in 4736 patients aged
> 60 y with ISH found an
RRR in 5-y major cardiovas-
cular death rate of 34% for
active treatment compared
with placebo for patients
with diabetes (95% Cl, 6%-
54%) and for those without
diabetes (95% Cl, 21%-
45%). Absolute risk reduc-
tion with active treatment
compared with placebo
was twice as great for
patients with vs without dia-
betes (101/1000 vs 51/1000,
respectively, at 5 y).80

(Continued)
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Refuted Evidence From Observational Studies? (Continued)

Question

Evidence From
Same Endpoints

RCT Evidence

Does a diet low in fat and
high in fiber alter the risk
of colorectal adenomas?

Authors of a cohort study
prospectively examining
the risk of colorectal ade-
noma of 7284 male health
professionals according
to quintiles of nutrient
intake found that dietary
fiber was inversely asso-
ciated with the risk of
adenoma (P < .001); RR
for men in the highest vs
the lowest quintile was
0.36 (95% Cl, 0.22-0.60).
Furthermore, for subjects
receiving a high-satu-
rated-fat, low-fiber diet,
the RR was 3.7 (95% ClI,
1.5-8.8) compared with
those receiving a low-sat-
urated-fat, high-fiber
diet.8?

Investigators randomly allo-
cated 2079 subjects who
had 1 or more histologically
confirmed colorectal adeno-
mas removed within 6 mo to
one of 2 groups: an inter-
vention group (given inten-
sive counseling and
assigned to follow a low-fat,
high-fiber diet) and a control
group (given a standard bro-
chure on healthy eating and
assigned to follow their
usual diet). Results showed
that 39.7% of participants in
the intervention group and
39.5% in the control group
had at least 1 recurrent ade-
noma (RR, 1.00; 95% ClI,
0.90-1.12). Moreover,among
subjects with recurrent ade-
nomas, the mean number of
such lesions was 1.85+0.08
and 1.84+0.07 in the inter-
vention and control groups,
respectively (P = .93).82

Does supplementation
with beta carotene alter
the risk of major coronary
events?

An analysis of a cohort
from the Lipid Research
Clinics Coronary Primary
Prevention Trial and Fol-
low-up Study found that,
after adjustment for
known CHD risk factors,
including smoking, serum
carotenoid levels were
inversely related to CHD
events. Men in the high-
est quartile of serum
carotenoid levels had an
adjusted RR of 0.64 (95%
Cl, 0.44-0.92) compared
with the lowest quartile
for CHD. For men who
never smoked, this RR
was 0.28 (95% ClI, 0.11-
0.73).83 Authors of
approximately 8 other
observational studies
found similar results.

An RCT, the Physicians’
Health Study, involving

22 071 male physicians,
showed no statistically sig-
nificant benefit or harm from
beta carotene with respect
to the number of myocardial
infarctions (RR, 0.96; 95%
Cl, 0.84-1.09), strokes (RR
0.96; 95% Cl, 0.83-1.11),
deaths from cardiovascular
causes (RR, 1.09; 95% ClI,
0.93-1.27), all important
cardiovascular events (RR,
1.00; 95% Cl, 0.91-1.09), or
deaths from all causes (RR,
1.02; 95% Cl, 0.93-1.11).
Moreover, there was no sig-
nificant trend toward greater
benefit or harm with an
increasing duration of treat-
ment, even 5 or more years
after randomization.84

(Continued)
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Refuted Evidence From Observational Studies? (Continued)

Question

Evidence From
Same Endpoints

RCT Evidence

Does dietary supplementa-
tion with vitamin E alter
the risk of major coronary
events?

A cohort of 5133 Finnish
men and women showed
an inverse association
between dietary vitamin

E intake and coronary mor-
tality in both men and
women with RRs of 0.68
(P for trend = .01) and 0.35
(P for trend < .01), respec-
tively, between the high-
est and lowest tertiles of
intake.8® Approximately 12
other observational or
experimental studies have
shown similar results.

Authors of an RCT of 2545
women and 6996 men at
high risk for cardiovascular
events found an RR of 1.05
(95% Cl, 0.95-1.16) for myo-
cardial infarction, stroke, and
death among patients
assigned to vitamin E vs pla-
cebo. There were no signifi-
cant differences in the
numbers of deaths from car-
diovascular causes (RR, 1.05;
95% Cl, 0.90-1.22), myocar-
dial infarction (RR, 1.02; 95%
Cl, 0.90-1.15), or stroke (RR,
1.17; 95% Cl, 0.95-1.42).86

In critically ill patients,
what is the effect of treat-
ment with growth hor-
mone on mortality?

A before-after study of 53
patients who had failed
standard ventilator weaning
protocols and who were
subsequently treated with
human growth hormone
(HGH) found that 81% of
the previously unweanable
patients were eventually
weaned from mechanical
ventilation, with overall sur-
vival of 76%. Predicted
mortality of the study group
was significantly greater
than the actual mortality
rate (P < .05). Researchers
concluded that “this study
presents clinical evidence
supporting the safety and
efficacy of HGH in promot-
ing respiratory indepen-
dence in a selected group
of surgical ICU patients.”87

Two multicenter RCTs were
carried out in patients in
intensive care units (ICUs).
The patients received
either HGH or placebo until
discharge from intensive
care or for a maximum of
21 d. The in-hospital mor-
tality rate was higher in the
HGH arms (P < .001 for
both studies). The RR of
death was 1.9 (95% Cl,
1.3-2.9) in the Finnish study
and 2.4 (95% Cl, 1.6-3.5) in
the multinational study.
Among survivors, the
length of stay in ICU and in
the hospital and the dura-
tion of mechanical ventila-
tion were prolonged in the
HGH group.88

(Continued)
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Refuted Evidence From Observational Studies? (Continued)

Question

Evidence From
Same Endpoints

RCT Evidence

In patients with deep
venous thrombosis (DVT),
what is the effect of vena
cava filters (vs no filter) on
pulmonary embolism and
recurrent DVT?

A before-after study fol-
lowed the insertion of 61
vena cava filters (47 per-
manent and 14 temporary)
in patients with DVT and
recorded no deaths or clin-
ically evident pulmonary
embolism in any patient in
whom a vena cava filter
was inserted. Researchers
concluded that “vena cava
filters represent an effec-
tive prevention of pulmo-
nary embolism together
with medical and surgical
treatment.”89

Investigators randomized
400 patients with proximal
DVT who were at risk for
pulmonary embolism to
receive a vena caval filter
or no filter. Results
showed an odds ratio (OR)
of 0.22 (95% ClI, 0.05-0.90)
for pulmonary embolism
at 12 d. However, this ben-
efit was counterbalanced
by an excess of recurrent
DVT (OR, 1.87; 95% Cl,
1.10-3.20) at 2 y, without
any significant differ-
ences in mortality.90

Is low-dose aspirin as
effective as high-dose
aspirin for reducing stroke,
myocardial infarction, and
death?

An observational investiga-
tion resulting from a secon-
dary analysis of data from
an RCT of low-dose and
high-dose aspirin for
patients undergoing carotid
endarterectomy found an
association between peri-
operative stoke and death
and the amount of aspirin
taken before surgery. The
risk of perioperative stroke
and death was 1.8% for
patients taking 650-1300
mg daily compared with
6.9% for patients taking
0-325 mg daily.9"

An RCT allocated 4 differ-
ent doses of aspirin to
2849 patients scheduled
for carotid endartectomy.
Results demonstrated the
combined RR of stoke,
myocardial infarction, and
death at 3 mo was 1.34
(95% Cl, 1.03-1.75; P =
.03) with high-dose aspi-
rin. Efficacy analysis
(excluding patients receiv-
ing aspirin before random-
ization) showed even
more prominent superior-
ity of low-dose aspirin.9!

Do educational and com-
munity interventions mod-
ify the risk of adolescent
pregnancy?

A meta-analysis of observa-
tional studies demonstrated
a statistically significant
delay in initiation of sexual
intercourse (OR, 0.64; 95%
Cl, 0.44-0.93) and a reduc-
tion in pregnancy (OR, 0.74;
95% Cl, 0.56-0.98) with edu-
cational and community
interventions.92

A meta-analysis of ran-
domized trials provided
no support for the effect
of educational or commu-
nity interventions on initia-
tion of sexual intercourse
(OR, 1.09; 95% Cl, 0.90-
1.32) or pregnancy (OR,
1.08; 95% Cl, 0.91-1.27).92

(Continued)
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Refuted Evidence From Observational Studies? (Continued)

Question

Evidence From
Same Endpoints

RCT Evidence

What is the efficacy of
arthroscopic surgery of
the knee in relieving pain
and improving function?

A retrospective review of
medical records and opera-
tive videotapes, along with
follow-up evaluation, was
undertaken for 43 knees in
40 patients with degenera-
tive joint disease. Average
follow-up was 24 months;
72.1% of patients had good
results at follow-up, 16.3%
had fair results, and 11.6%
had treatment failures. Pre-
operative clinical status,
severity of degenerative
changes, and number of
pathologic entities encoun-
tered at surgery correlated
with the results of treat-
ment. The authors con-
cluded that arthroscopic
debridement is an effective
means of treatment for mild
to moderate degenerative
joint disease after failure of
conservative measures.93

A randomized, blinded, pla-
cebo-controlled trial of 180
patients with osteoarthritis
of the knee randomly
assigned patients to receive
arthroscopic debridement,
arthroscopic lavage, or pla-
cebo surgery. Patients in the
placebo group received skin
incisions and underwent a
simulated debridement with-
out insertion of the arthro-
scope. Results showed that
at no point did either of the
intervention groups report
less pain or better function
than the placebo group. The
95% Cls for the differences
between the placebo group
and intervention groups
exclude any patient-impor-
tant differences.%*

Is long-term survival
improved in patients
undergoing coronary
artery revascularization
(CR) before elective major
vascular surgery?

A cohort of patients sched-
uled for vascular surgery
underwent preoperative
thallium scanning (PTS).
Seventy-four of 136
patients with moderate to
severe reversible ischemia
underwent CR. Results by
multivariate analysis
showed preoperative CR
was associated with
improved survival (OR,
0.52; P = .02). Authors
concluded that long-term
survival after major vascu-
lar surgery is significantly
improved if patients with
moderate-severe ischemia,
who are receiving PTS,
undergo selective CR.95

An RCT assigned 5859
patients at increased risk for
perioperative cardiac com-
plications and clinically sig-
nificant coronary artery
disease to undergo either
CR before surgery or no
revascularization before
surgery. At 2.7 y after ran-
domization, mortality in the
revascularization group was
22%, and in the no-revascu-
larization group, it was 23%
(RR, 0.98; 95% Cl, 0.70-
1.37; P = .92). Authors con-
cluded that “coronary artery
revascularization before
elective vascular surgery
does not significantly alter
the long-term outcome and,
on the basis of these data, a
strategy of coronary artery
revascularization before
elective vascular surgery
among patients with stable
cardiac symptoms cannot
be recommended.”%

(Continued)
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Refuted Evidence From Observational Studies? (Continued)

Question

Evidence From
Same Endpoints

RCT Evidence

Is coronary artery bypass
grafting (CABG) equiva-
lent to percutaneous trans-
luminal coronary
angioplasty (PTCA) for
reducing death?

Mortality rates for Medi-
care patients who under-
went coronary artery
bypass surgery were com-
pared with those who had
angioplasty or angioplasty
and bypass surgery. From
a national data set, 30-d
and 1-y mortality rates
were 3.8% and 8.2% for
25423 angioplasty patients
and 6.4% and 11.8% for
71243 bypass surgery
patients (P < .001 for both
periods). The risk-adjusted
RR of mortality for bypass
surgery vs angioplasty was
1.72 (P = .001).97

A multinational, multi-
center RCT randomized
1054 patients to CABG

(n =513) or PTCA (n = 541).
Results showed that, after 1
y of follow-up, 14 (2.7%) of
those randomized to CABG
and 21 (3.9%) of those ran-
domized to PTCA had died.
The PTCA group’s RR of
death was 1.42 (95% ClI,
0.73-2.76).%8

What effect do statins
have on cancer incidence
and mortality?

Using administrative health
databases, a nested case-
control study was per-
formed on a cohort of 6721
beneficiaries of the health
care plan of Quebec who
were free of cancer for at
least 1y at cohort entry, 65
y and older, and treated

with lipid-modifying agents.

From the cohort, 542 cases
of first malignant neoplasm
were identified, and 5420
controls were randomly
selected. Users of HMG-
CoA reductase inhibitors
were compared with users
of bile acid-binding resins
as to their risk of cancer.
Specific cancer sites were
also considered. Results:
Users of HMG-CoA reduc-
tase inhibitors were found
to be 28% less likely than
users of bile acid-binding
resins to be diagnosed as
having any cancer (RR,
0.72; 95% Cl, 0.57-0.92). All
specific cancer sites under
study were found to be not

or inversely associated with
the use of HMG-CoA reduc-

tase inhibitors.99

A meta-analysis of 26
RCTs investigated the
effect of statin therapy on
cancer incidence and can-
cer death. Analyses
including 6662 incident
cancers and 2407 cancer
deaths showed that
statins did not reduce the
incidence of cancer (OR,
1.02; 95% Cl, 0.97-1.07) or
cancer deaths (OR, 1.01;
95% Cl, 0.93-1.09). No
reductions were noted for
any individual cancer
type. Authors concluded
that statins have a neutral
effect on cancer and can-
cer death risk in random-
ized controlled trials. They
found that no type of can-
cer was affected by statin
use and no subtype of
statin affected the risk of
cancer.100

(Continued)



TABLE 9.2-3

Refuted Evidence From Observational Studies! (Continued)

Question

9.2: SURPRISING RESULTS OF RANDOMIZED TRIALS

Evidence From
Same Endpoints
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What effect does gastric
freezing have on duode-
nal ulcers?

Clinical observations in
24 patients with duodenal
ulcers demonstrated that
short periods of gastric
freezing, with inflowing
coolant temperatures of
-17°C to —20°C, were well
tolerated. Patients had
subjective relief of symp-
toms, disappearance of
duodenal ulcer craters,
and significant decreases
in gastric secretory
responses. 101

A blinded, randomized trial
of gastric freezing in the
treatment of duodenal ulcer
allocated patients to either a
true freeze with coolant at
—10°C or a sham procedure
with coolant at 37°C. The
results showed no signifi-
cant difference in the relief of
pain, secretory suppression,
the number and severity of
recurrences, development
of perforation, hospitaliza-
tion, obstruction, hemor-
rhage, surgery, repeated
hypothermia, or radiograph
therapy to the stomach in
the 2 groups.102

Do occlusive hydrocolloid
wound dressings heal
venous leg ulcers quicker
than simple nonadherent
(NA) dressings?

Eighteen patients with a
total of 24 dermal ulcers
of varying causes and
unresponsive to other
conservative treatments
were treated with a new
hydrocolloid dressing.
The case report showed
that all lesions healed in
less time than with other
modalities. Authors con-
cluded that the hydrocol-
loid dressing is more
effective than others
presently available for the
treatment of noninfected
dermal ulcers.103

An RCT of 56 patients with
chronic venous ulcers,
present for a mean of 2.4
y, randomized the patients
to either a new occlusive
hydrocolloid dressing or a
porous NA dressing. In all
patients, dressings were
applied beneath a stan-
dard graduated compres-
sion bandage. There was
no difference between the
2 groups, with complete
healing in 21 of 28 (75%)
occlusive dressing
patients and 22 of 28
(78%) with NA dressings
by 12 wk. Careful gradu-
ated compression ban-
daging achieves healing
even in the majority of so-
called resistant chronic
venous ulcers; there was
no additional benefit from
applying occlusive dress-
ings, which tend to be
expensive.

Abbreviations: AAl, atrial pacing; AD, Alzheimer disease; CABG, coronary artery bypass grafting; CHD, coronary heart disease; Cl,
confidence interval; CR, chemoradiotherapy; DVT, deep venous thrombosis; EC/IC, extracranial to intracranial; ERT, estrogen
replacement therapy; HGH, human growth hormone; HMG-CoA, 3-hydroxy-3-methylglutaryl coenzyme A; HR, hazard ratio; ICU,
intensive care unit; ISH, isolated systolic hypertension; NA, nonadherent; OR, odds ratio; PTCA, percutaneous transluminal coro-
nary angioplasty; PTS, preoperative thallium scanning; RCT, randomized controlled trial; RR, relative risk; RRR, relative risk reduc-
tion; TIA, transient ischemic attack; TVBD, trabecular vertebral body density; VVI, ventricular pacing; 13-CRA, 13-cis-retinoic acid.

AData are expressed as reported in the original literature.
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RANDOMIZED CONTROLLED TRIALS MaY ALS0
ContrADICT OTHER PREVIOUS RANDOMIZED
ConTROLLED TRIALS

Although well-designed RCTs with patient-important outcomes (and their meta-analy-
ses) represent the reference standard for therapeutic decisions, even this reference
standard is not always perfect. There are an accumulating number of examples in which
such trials have been refuted by subsequent trials that were larger and even better
designed, more carefully protected from bias, or more generalizable.’ Even large,
confirmatory, randomized trials with little or no obvious bias and statistically significant
results (P <.05) may ultimately prove misleading. For small, underpowered randomized
trials with considerable bias, a statistically significant result is likely to be misleading
more often that it is accurate.>%° The interplay of small sample sizes, small or negligible
true effects, bias, and significance-chasing can generate a spurious literature even for
trials with patient-important outcomes. A number of small trials in early human
immunodeficiency virus research before the advent of truly effective treatments showed
major differences in survival that seemed unexplained, implausible, and probably
false!% based on subsequent evidence.

Although small and poorly designed and reported trials are most likely to be refuted,
even the most prominent, highly cited randomized trials are sometimes refuted.!?”
Among the 39 randomized trials published between 1990 and 2003 that received more
than 1000 citations each, 9 had been entirely contradicted or found to have had
potentially exaggerated results by 2004, according to subsequent better and larger
evidence bases. A typical example of an initially widely cited RCT, the results of which
ultimately proved misleading, is an RCT of monoclonal antibody to endotoxin for the
treatment of gram-negative sepsis. A trial of 200 patients found that mortality could be
halved with this intervention.19 However, a 10-fold larger triall®® found that this
antibody actually tended to increase mortality in these patients.

Also, in the previous chapter, we discussed the example of observational studies
claiming that vitamin E decreases cardiovascular mortality and subsequent randomized
evidence suggesting this was a false claim. In fact, not only observational studies but also
a relatively large randomized trial of 2002 patients!!” randomized to vitamin E vs
placebo found a significant 47% relative risk reduction in cardiovascular death and
nonfatal myocardial infarction with vitamin E supplementation. This was refuted by the
much larger Heart Outcomes Prevention Evaluation trial.3® A subsequent meta-analysis
and meta-regression'!! actually suggests that vitamin E not only does not reduce
mortality but also may increase mortality when given in high doses.

EvOLUTION OF EVIDENCE

Clinicians should view evidence on any therapeutic question as a continuum that
evolves across time and research designs. The composite evidence may change little
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or a lot over time as more results become available. Surprises, as those described
above, comprise the end of the spectrum in these continuous fluctuations. Ideally,
one would like to be able to know that once a certain amount of evidence of a
certain quality has been reached, then results are not going to change in any
important manner even if more studies are conducted. Unfortunately, this point is
not reached in practice for many important medical questions.!1%113

ConcLusion

Physiologic and pathophysiologic rationale—or an observational study—often accu-
rately predicts the results of RCTs. However, this is not always the case. The problem is,
one never knows in advance if the particular instance is one in which the preliminary
data reflect the truth or whether they are misleading. Some hints may help occasionally,
but confident clinical action must generally await the results of RCTs. Even then,
evidence may not be final. Clinicians should see evidence as an evolving continuum in
which even the best classics of old may not stand the test of time.
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RANDOMIZED CONTROLLED TRIALS STOPPED EARLY
FOR BENEFIT PLAY A PROMINENT ROLE IN THE
MEDICAL LITERATURE

Investigators may stop randomized controlled trials (RCTs) earlier than planned
because of perceived harm of the experimental intervention, because they lose
hope in achieving a positive result, or because the sponsor wishes to save money.!
The most common reason for early stopping, however, is that investigators note
treatment effects that appear to be unlikely by chance (and that are often large)
and that persuade them that the experimental intervention is beneficial. Trials
stopped early for apparent benefit—which we will refer to as truncated RCTs—
often receive considerable attention. They enjoy extraordinary success in appear-
ing in the most prominent journals and in the popular press,”> markedly
increasing their likelihood of widespread dissemination and subsequent citation.
They may, with remarkable rapidity, form the basis of practice guidelines and
criteria for quality of medical care. Such has been the fate of stopped-early RCTs
documenting the effect of tight glucose control with insulin in patients in the
intensive care unit® and B-blockers in patients undergoing vascular surgery.*
Moreover, the frequency of their appearance in the medical literature is growing
rapidly; more than 1% of the RCTs published in 15 leading medical journals from
2000 to 2004 were stopped early for benefit, a 100% increase in 1 decade.?
Because authors may not always report that their trial was stopped early,
however, the true frequency may be much greater.”

TRUNCATED RANDOMIZED CONTROLLED TRIALS ARE AT
RisK OF OVERESTIMATING TREATMENT EFFECTS

Taking the point estimate of the treatment effect at face value will mislead if the decision
to stop the trial resulted from catching the apparent benefit of treatment at a random
high. Consider a hypothetical set of RCTs testing a treatment with a true, but modest,
underlying benefit. Even early in their conduct, results will cluster around the true effect
(Figure 9.3-1). Even so, half these trials will, by chance, overestimate the true effect and
half will underestimate the true effect (Figure 9.3-1). In some, the overestimates and
underestimates will be large. The smaller the number of events, the greater the risk that
the play of chance will result in apparent effects far from the truth (Figure 9.3-1).

Let us assume that investigators repeatedly check the results as patients complete
the study, in search of a large treatment effect that, to them, presents an ethical
mandate to stop early and offer treatment to all subsequent patients. Chance will
ensure that an appreciable number of such trials will stop early, creating a false
impression of a very large treatment effect (Figure 9.3-1). When this occurs, data
from future trials that refrain from early stopping will yield a smaller estimate of
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FIGURE 9.3-1

e
Theoretical Distribution of Randomized Controlled Trial Results as Data Accumulate
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the treatment effect, the so-called regression to the truth effect.® If investigators
wait long enough for a large number of events to accumulate, the risk of
overestimation is far lower (Figure 9.3-1).

Although statistical simulation can readily demonstrate how truncated RCTs
will overestimate treatment effects,” trials in which investigators have looked at
the data as it accumulated, but refrained from early stopping, also provide
compelling evidence. Investigators conducted a trial comparing 5 vs 4 courses
of chemotherapy for acute myeloid leukemia. They observed an extremely
large treatment effect early on in their RCT (Figure 9.3-2).8 Their results
crossed their prespecified stopping boundary. Nevertheless, because they
correctly concluded that the effect was too good to be true, they continued
recruiting and following patients. Ultimately, the apparent beneficial effect
disappeared, and the final result showed a weak trend toward harm. Had the
investigators adhered to their initial plan to stop early if they saw a sufficiently
large effect and published this erroneous result, subsequent leukemia patients
would have undergone additional toxic chemotherapy without benefit.

In a multicenter trial of tifacogin, a tissue-factor pathway inhibitor for
treatment of critically ill patients with severe sepsis, an interim analysis
conducted after 722 patients were enrolled showed a 10% absolute risk
difference in 28-day mortality in favor of treated patients. This effect would
have occurred by chance fewer than 6 times in 1000 (Figure 9.3-3A).° The
investigators continued to recruit, the treatment effect vanished, and the
trial ultimately showed a weak trend toward harm with treatment (Figure
9.3-3B). Had the trial stopped early, the manufacturers would have
ensured that a toxic and expensive therapy was widely disseminated (as
occurred for another agent with immune-modulating properties as a
result of a stopped-early RCT in severely septic patients!?).
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FIGURE 9.3-2
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Abbreviations: Cl, confidence interval; HR, hazard ratio; P, patients; SD, standard deviation.

Reproduced from Wheatley and Clayton.8 Copyright © 2003, with permission from Elsevier.

TRUNCATED RANDOMIZED CONTROLLED TRIALS
FREQUENTLY SHOW TREATMENT EFFECTS THAT
ARE Too Goop 10 BE TRUE

A systematic review of 143 truncated RCTs found that the majority evaluated cardio-
vascular or cancer interventions (Table 9.3-1).2 On average, these RCTs stopped after
recruiting approximately 64% of the planned sample and after a median of 13 months
of follow-up and 1 interim analysis, documenting a median of 68 patients experiencing
the endpoints driving termination. The RCT's had limited reporting of critical features
specific to the decision to stop the trial: only 67 (47%) of the 143 trials reported their
planned sample size, the interim analysis after which they decided to stop the RCT, and
the stopping rule used to inform this decision (Table 9.3-2).

The median relative risk (RR) in these 143 RCT's was 0.53. That is, almost half of
the stopped-early trials showed relative risk reductions (RRRs) of 50%, and more
than a quarter showed RRRs of greater than 70%. Considering what we know about
human biology, and our experience with treatment of human disease rarely
achieving effects of this size, the magnitude of these average effects observed in
truncated RCT's is not credible.
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TABLE 9.3-1

!Haractenstlcs o! !an!omlze! !ontro"e! |r|a|s !toppe! !arly !or !ene!lt

Truncated RCTs/RCTs Truncated RCTs/RCTs

Year of Publication Indexed in MEDLINE (%) in Top Impact Journals
1975-1979 1/6574 (0.01) 0/620 (0)
1980-1984 1/12653 (0.008) 1/1175 (0.1)
1985-1989 10/21807 (0.05) 9/1938 (0.5)
1990-1994 19/38712 (0.05) 15/3106 (0.5)
1995-1999 41/52060 (0.08) 35/3594 (1.0)
2000-2004 71/58537 (0.12) 47/3859 (1.2)
Characteristic n = 143

Area of Study

Cardiology 36
Cancer (hematology/oncology) 30
HIV/AIDS 17
Critical care 10
Other areas 50
Type of Comparisons
Active medication vs placebo 76
Active medication vs active medication 31
Nonpharmacologic therapeutic interventions 23
(eg, invasive procedures, rehabilitation)
Drug vs nonpharmacologic therapeutic intervention 12
Nontherapeutic interventions (eg, education) 1
Type of Endpoint Driving the Decision to Stop the Trial
Dichotomous single endpoints 95
Dichotomous composite endpoints 32
Continuous 16
Quality of Reporting of Safeguards Against Bias
Adequate randomization method 84
Adequate allocation concealment 76
Blinding of
Participants 77
Health care providers 61
Data collectors 39
Data analysts 7
Judicial assessors of outcomes 58
Reported planned sample size 115
Section Reporting RCT Stopped Early
Title 2
Abstract 95
Introduction 25

(Continued)
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TABLE 9.3-1
Characteristic n = 143

Section Reporting RCT Stopped Early (Continued)

Methods
Not statistical section 16
Statistical section 38
Results
First paragraph 57
Elsewhere in the results section 38
Discussion section 57
Funding
For-profit agency (eg, pharmaceutical industry) 64
Only source reported 36
Along with not-for-profit/government agency only 28
Not-for-profit organization/government agency only 53
Not reported 26
Reports of Competing Interest
No report of competing interests 100
Reported employment with funding agency 24
Reported potential conflict other than employment 16
Reported no competing interests 3

Abbreviations: HIV, human immunodeficiency virus; RCT, randomized controlled trial.

Reproduced from Montori et al,? with permission from JAMA.

TABLE 9.3-2
Characteristics n = 143

Type of Stop

Stopped recruitment 104
Continue follow-up 51
Stopped follow-up 53

Stopped follow-up after completing recruitment 30

Could not be determined 9

Interim Analyses—Definition of Interval

After enrolling a set number of participants 51

After a calendar period after date of trial start 32

After a set number of endpoints accrue 6

After a set follow-up (eg, patient-years of observation) 8

Ad hoc 6

Did not report 40

(Continued)
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TABLE 9.3-2

!toppmg !Haracterlstlcs o! Ian!omlze! !ontro“e! |r|a|s !toppe! !arly

for Benefit (Continued)

Characteristics n = 143

Monitoring Methods/Stopping Boundaries

No method or o spending function used 28
Method specified
O’Brien-Fleming boundary 38
With Lan-DeMets a spending function 15
Haybittle-Peto boundary 16
Pocock boundary 10
Triangular boundaries 3
Prespecified P value (o spending function not reported) 15
Other boundaries/a spending functions 13
Monitoring methods not specified 20
Role of Monitoring Method/Stopping Boundary in Trial Termination
Results exceeded stopping boundary 90
Unrelated to stopping boundary/no stopping boundaries/rules 46
in place
Trial continued despite results exceeding stopping boundary 3
Unclear reasons 7
Adjustments for Early Stop/Interim Analyses
None reported 129
Adjustment reported 14
On point estimate, confidence interval, and P value 5
On confidence interval or P value only 9
Adjusted estimates reported in the abstract 11
Who Made Decision to Stop
Executive committee 109
Following recommendation from data safety and monitoring board 84
Data safety and monitoring board
Not-for-profit sponsor 2
Not reported 24

Reproduced from Montori et al,2 with permission from JAMA.

TRUNCATED RAnDOMIZED CONTROLLED TRIALS
MAY PREVENT A COMPREHENSIVE ASSESSMENT
OF TREATMENT IMPACT

In 22% of the 143 trials reviewed, the decision to stop was based on a composite
endpoint. Use of a composite endpoint compounds the risk of misleading results:
the least patient-important outcome that makes up the composite endpoint (eg,
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angina in a composite of death, myocardial infarction, and angina) (see Chapter
10.4, Composite Endpoints) may drive the decision to stop early. Consequently,
few events that are most important to patients may accrue.

Even when investigators do not use composite endpoints, few events will accrue
in the endpoints not driving the decision to stop early for benefit. These endpoints
may include patient-important beneficial events (eg, overall survival rather than
progression-free survival'l) or adverse events. Lack of adequate safety data as a
result of stopping the trial early may in turn affect the perceived and actual risk-
benefit ratios (ie, overestimating the benefit, underestimating the risk) of imple-
menting the intervention in clinical practice.!?

ETHICAL RESPONSIBILITIES TO PATIENTS
RELYING ON TRIAL RESULTS

Readers may, at this point, experience a dilemma. Even if investigators are aware of
the dangers of stopping early—overestimating treatment effects and failing to
provide precise estimates of effect on all patient-important benefits and risks!3>—
how can they continue to ethically enroll patients who have a 50% chance of
receiving placebo when results show an apparent large benefit of treatment? The
answer to the question lies in ethical responsibilities toward the many patients who
are at risk of basing their subsequent treatment decisions on false information.!?
The prospect of, for instance, leukemic patients undergoing toxic chemotherapy
without benefit is not ethically attractive. Patients deserve robust, accurate esti-
mates of the effects of treatments they are considering.

USERS’ GUIDES

Was There a Preplanned Stopping Rule?

If investigators check their data periodically and stop as soon as they observe an
apparent large treatment effect, the risk of overestimation of the treatment effect is
enormous (Figure 9.3-1). A previous plan to look at the data only periodically (eg,
at 250, 500, and 750 completed patients of a trial planning to enroll 1000 patients)
and stop only if the results meet certain criteria (eg, P < .001) reduces considerably
the chances of stopping early.

There are, however, 3 serious limitations of formal stopping rules. First, investigators
sometimes choose unsatisfactory criteria for termination. In one trial, after finding an
apparent trend in favor of treatment after 28 patients, investigators decided to review the
data after every subsequent 5 patients and to stop as soon as their P value reached .001
(which it did after another 25 patients, for a total of 53 enrolled, of whom 28 had died).!4

Second, trials that stop early without formal stopping rules fail to inform you
that their trial was indeed stopped early. This is one reason to be skeptical of small
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trials with very large effects—they may represent instances of stopping in response
to a large treatment effect discovered because of repeated looks at the data (see
Chapter 11.3, Dealing With Misleading Presentations of Clinical Trial Results).

Sydes et all® reported that the problem of unreported early stopping may be
appreciable. In an examination of statistical methods in 662 trials, they found that 156
reported either a stopping rule or a data monitoring committee (DMC). Of these 156
trials, 41 reported a DMC without a formal stopping rule (a somewhat anomalous
situation).!> These data suggest that reviews of stopped-early trials based on explicit
reports of the decision to stop will underestimate the magnitude of the problem.

Third, trials that hit preplanned stopping boundaries early, after few events, are
still likely to represent large overestimates of the treatment effect.

Did the Rule Involve Few Interim Looks and a Stringent P Value?
Trials with stopping rules that involve multiple looks at short intervals—such as
the every-5-patients criterion described above—provide little protection against
the play of chance and the risk of a biased estimate of treatment effect. Somewhat
more rigorous criteria with excessively lenient P value (for instance, .02) are also
problematic.'®!7 More rigorous criteria that demand a P value of .001 or less
provide increasing protection.

Stringent P value, however, still leave a major danger: although they will decrease
the likelihood of stopping early, the instances in which the boundary is crossed may
still represent a chance finding and a substantially inflated treatment effect.

Take, for example, an RCT evaluating the efficacy of bisoprolol in patients with
a positive dobutamine echocardiography result undergoing elective vascular
surgery.* When the trial was stopped, investigators had enrolled 112 patients (the
authors had planned to recruit 266 patients, expecting an RR of 0.50), and the
results had exceeded the P < .001 O’Brien-Fleming boundary for benefit. The RR
for the primary endpoint (cardiac death or nonfatal myocardial infarction) was
0.09 (nominal 95% confidence interval [CI], 0.02-0.37) or a 91% RRR.

This very large treatment effect is far too good to be true. It is inconsistent with
the researchers’ expectations, with the magnitude of effect (ie, RRs, 0.65-0.85) of
[B-blockers in tens of thousands of patients with acute myocardial infarction or
chronic management of congestive heart failure, and with results in day-to-day
clinical practice.!® Further, the very large treatment effect in the stopped-early
trial* contrasts with the results of 2 recently reported RCTs.!%20 Both much
larger than the stopped-early trial that suggests a large benefit from -blockers
(491 patients'® and 921 patients??), neither suggest an important benefit from
the peri-operative administration of B-blockers.

Thus, you must maintain your skepticism even in the face of apparently
conservative stopping rules. The risk of a false-positive trial decreases if the trialist
or the DMC chooses to enroll further and have another look after the stopping
criteria are met. Even so, the remaining risk of an inflated treatment effect suggests
the need for yet an additional criterion.
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Were There a Large Number of Events?

As events accumulate, the likelihood of chance producing a substantially inflated
effect decreases (Figure 9.3-1). The smaller trials among the 143 truncated RCT's in
the systematic review showed, on average, a far greater magnitude of effect than the
larger trials. Trials that included fewer than the median number of events (66) were
far more likely (odds ratio, 28; 95% CI, 11%-73%) to show a large treatment effect
(greater than the median RRR of 47%) than trials with more events. Thus, if
investigators and DMCs refrain from peeking at their data until a large number of
patients have experienced events, and also choose a stringent P value, their risk of
spurious results decreases appreciably.

How many events is enough? In a look at 143 trials stopped early for benefit, no
RCT with greater than 200 events showed an RRR of more than 50%. The more
conservative among us would suggest that more than 300 events are required
before the risk of an inflated treatment effect becomes minimal, and the most
conservative, that we must vary the threshold depending on the event rate.
Although future research may well provide further insight into the optimal
threshold, we can confidently suggest that you should not believe RRRs of more
than 50% generated in truncated trials with fewer than 100 events. The larger the
number of events and the more plausible the RRRs (on the order of 20%-35%), the
less skeptical you need to be about the result.

ConcLusioN—~GUIDANCE FOR THE CLINICIAN

How should a clinician respond to a trial stopped early? If all the validity criteria we
have presented are met, the trial may well represent an accurate estimate of the true
patient benefit, and the clinician can proceed with confidence. If not, the clinician
faces a situation not dissimilar to acting on the basis of trials with limited validity or
inadequate sample size: the results are likely to represent an overestimate of the
effect, and the degree of the overestimate may be large. In such situations, patients’
underlying values and preferences (how they feel about receiving treatment with
uncertain benefit, and some inconvenience, risk, and possibly cost) become
particularly salient in decision making.
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How SHouLb Ranpomizep TRIALS DEAL
WiTH TREATMENT-ARM PATIENTS WHO
Do Not RECEIVE TREATMENT?

If patients do not take their medication, they are not going to get any benefit.
Furthermore, we do not need randomized trials—or studies of any kind—to
demonstrate this lack of benefit. One might therefore reason that, in a randomized
trial, investigators should compare patients in the experimental group who received
treatment with patients in the control group who did not. As it turns out, however,
doing so is a mistake. We need to know about all the patients in a trial, including
those in the experimental group who do not adhere to or complete therapy.

One argument for incorporating all patients in the final analysis, including those
who did not adhere to treatment, has to do with the effect of the treatment on
members of the community. If one is interested in knowing the effect of a drug on a
given population, one must include all members of that population. When patients
do not adhere to a regimen, particularly if adverse effects have caused nonadherence,
reservations will arise about the effect on a community of a medication.

As clinicians, however, we are more interested in the effect of our interventions on
individual patients than on populations. Consider the viewpoint of a patient who is
determined to adhere to a treatment regimen and is destined to succeed. Let us
assume that 50% of treated patients in a trial did not comply with the treatment
regimen. Does the motivated patient wish to know the average effect of the treatment
in a group of people of whom 50% did not comply? No; he or she wants the best
estimate of the effect the medication will have when taken, which would come from a
population of other patients who succeeded in adhering to the treatment regimen.

A HYPOTHETICAL SURGICAL
RANDOMIZED CONTROLLED TRIAL

Imagine a randomized trial studying patients with cerebrovascular disease.
The trial compares administration of aspirin alone with that of aspirin along
with an experimental surgical procedure. Assume that, although the investi-
gators conducting the trial do not know it, the underlying true effect of the
surgical procedure is zero; patients in the surgical arm of the study do neither
better nor worse than those in the aspirin-only arm.

Of 100 patients randomized to surgery, 10 experience the primary outcome
of the trial, a stroke, during the 1-month preoperative period, and their surgery
is cancelled. Of the 90 patients who go to surgery, 10 have a stroke in the
subsequent year (Figure 9.4-1). What will happen to the patients in the control
group? Because randomization will, on average, create groups with the same
fate or destiny and because we have already established that the surgical
procedure has no effect on outcome, we predict that 10 control group patients
will have a stroke in the month after randomization and another 10 will have a
stroke in the subsequent year.
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FIGURE 9.4-1

Results of a Hypothetical Trial of Surgical Therapy in Patients With
Cerebrovascular Disease
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Abbreviations: ASA, acetylsalicylic acid; R, randomization; RRR, relative risk reduction.

Reprinted from Montori and Guyatt,' by permission of the publisher. Copyright © 2001, Canadian Medical Association.

The principle that dictates that we count events in all randomized patients,
regardless of whether they received the intended intervention, is the intention-to-
treat principle. When we apply the intention-to-treat principle in our study of
cerebrovascular surgery for stroke, we find 20 events in each group and,
therefore, no evidence of a positive treatment effect. If we use the logic that we
should not count events in patients in the surgical group who did not receive
surgery, however, the event rate in the experimental groups would be 10/90 (or
11%), in comparison to the 20% event rate in the control group—a reduction in
relative risk of 45% instead of the true relative risk reduction (RRR) of 0. These
data show how analyses restricted to patients who adhered to assigned treatment
(sometimes referred to per-protocol, efficacy, or explanatory analyses) can pro-
vide a misleading estimate of surgical therapy’s effect.

A Seconp HYPOTHETICAL SURGICAL RANDOMIZED TRIAL

Consider a second surgical example made more complex by the fact that not only
do some patients allocated to surgery not undergo surgery but also some of the
patients allocated to the medical arm receive surgery not dictated by the protocol.
Once again, we specify that the true underlying effect of the surgical procedure is
zero, and the overall event rate of adverse outcomes—that is, strokes—is 20%.
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In this example, of 100 patients randomized to surgery, 20 did not get surgery,
and of 100 patients randomized to medical treatment alone, 20 underwent
surgery (groups 5 and 7 in Figure 9.4-2, respectively). This situation can occur,
for example, when investigators can identify patients at different risk levels for
stroke and tend to favor surgery for patients at low risk.

Because they are a prognostically lower-risk group, the event rate will be
lower for patients who underwent surgery in the medical treatment arm (say,
10%). The remaining higher-risk medical patients have a higher stroke rate.
At the same time, the event rate will be higher for the high-risk patients in the
surgery arm who do not receive surgery (say, 30%) and lower for the patients
who do undergo surgery, again considered prognostically a lower-risk group
(Figure 9.4-2).

Of 100 patients randomized to surgery, 20 experience the primary outcome
(among whom 6 did not receive surgery [group a] and 14 did [group b]). Of
100 patients randomized to medical treatment, 20 experience the primary
outcome (among whom 2 received surgery [group c| and 2 received the
medical treatment [group d] [Figure 9.4-2]). Applying the intention-to-treat
principle, we find no evidence of a positive treatment effect (RRR = 0, the

FIGURE 9.4-2

Results o! a gecond Hypothetical Trial o! gurgical Therapy in Patients

With Cerebrovascular Disease
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accurate result) (Figure 9.4-2). If we count only patients who adhered to the
assigned arm (per-protocol analysis), the results are in favor of surgery (RRR
= 0.28). The results are even more in favor of surgery if we compare all
patients who received surgery (80 in the surgical arm, group f; and 20 in the
medical arm, group g) with all patients who received the medical treatment
(80 in the medical arm, group h; 20 in the surgical arm, group e) (RRR =
0.33%) (Figure 9.4-2). This “as-treated” analysis is the most misleading.

A HypoTHETICAL RANDOMIZED TRIAL OF DRUG THERAPY

Now consider a trial of a new drug in which 20 of 100 patients are
nonadherent (Figure 9.4-3). Under what circumstances would a compari-
son of the 80 patients who took their active medication with the control
group yield an unbiased comparison? This would be true only if the
underlying prognosis in the 80 adherent patients were identical to that of the 20

FIGURE 9.4-3

esults of a Hypothetical Trial of Drug Therapy in Patients
With Cerebrovascular Disease
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Reproduced with permission of Victor Montori.
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nonadherent patients. If the 20 nonadherent patients were destined to do
better than the other members of their group, the per-protocol analysis
would provide a misleading underestimate of the true treatment effect. If, as
is more often the case, the nonadherent group were more likely to have an
adverse outcome, their omission would lead to a spurious overestimate of
treatment benefit.

To make our demonstration more vivid, we can illustrate with additional
hypothetical data. Let us assume that the treatment is once again ineffective
and that the true underlying event rate in both treatment and control
patients is 20%. Again, the 20 nonadherent patients are sicker, but their
event rate (60%) is now much higher. Under these circumstances, the
nonadherent patients will experience 12 of the 20 events destined to occur
in the treated patients. If one compares only the adherent patients (with an
event rate of 8/80, or 10%) with the control group (event rate 20/100, or
20%), one will mistakenly conclude that treatment cuts the event rate in
half (Figure 9.4-3).

Our hypothetical examples have included 2 surgical trials and a trial of a
medication.! The intention-to-treat principle applies regardless of the intervention
(surgery, medication, or a behavioral therapy) and regardless of the outcome
(mortality, morbidity, or a behavioral outcome such as smoking cessation).
Removing patients after randomization always risks introducing bias by creating
noncomparable groups.

A ReAL-WORLD EXAMPLE

Perhaps the most dramatic example of how misleading a per-protocol
analysis can be occurred many years ago in a trial testing the effect of
clofibrate, a lipid-lowering agent, in reducing mortality in men between ages
30 and 64 years who had experienced a myocardial infarction.? After 5 years
of follow-up, slightly fewer (20.0% of 1103) patients randomized to clofi-
brate had died than those randomized to placebo (20.9% of 2789; P value on
the difference, .55). However, the mortality rate in 357 patients treated with
clofibrate who took less than 80% of their prescribed treatment was 24.6%,
whereas among those who had taken more than 80% of the medication, it
was 15.0% (P value on the difference < .001). The study found parallel results
among placebo-treated patients: the mortality rate in low-adherent patients
was 28.2%, and in high-adherent patients it was 15.1% (P < .001). Patients
with high adherence both in the experimental group and in the control group
clearly represent a prognostically better group. Any inferences about treat-
ment effects based on a selective focus on adherent patients would be
extremely misleading.
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ADHERING TO THE INTENTION-TO-TREAT PRINCIPLE
Does Not Mean THAT ALL PATIENTS RANDOMIZED
MusTt BE INCLUDED IN THE ANALYSIS

The goal of the intention-to-treat principle is to prevent bias introduced by prognostic
differences between patients in the treatment and control groups included in the
analysis. There are circumstances in which one can achieve efficiencies by excluding
randomized patients and still avoid prognostic imbalance.® This requires meeting 2
conditions: (1) allocation to treatment or control could not possibly influence whether
a particular randomized patient met criteria for postrandomization exclusion; and
(2) the decision about postrandomization exclusion is made without possible bias
(usually achieved by a review that is blinded to allocation).

For instance, in a recently completed randomized trial of different ways of
nailing tibial fractures, because the nailing approach is unlikely to be an
important determinant of outcome among patients with previous osteomy-
elitis in the affected limb, the investigators planned to exclude such individu-
als. However, when study personnel fail to identify this exclusion criterion,
they will occasionally enroll such a patient in error. For these patients, study
investigators planned for postrandomization exclusion. A team of reviewers
blinded to allocation routinely reviewed information available at randomiza-
tion and, if there was evidence of osteomyelitis in the affected limb, made the
decision to exclude patients from the analysis.

INTENTION TO TREAT AND TOXICITY

Investigators sometimes adhere to the intention-to-treat principle in terms of
assessing endpoints that reflect potential treatment benefit but not for toxicity
outcomes. Considering only those exposed to an intervention is appropriate if the
adverse outcomes occur exclusively in this population (wound dehiscence can only
occur in those who have undergone a surgical procedure).

In other instances, unbiased assessment of intervention toxicity requires as strict an
adherence to the intention-to-treat principle as does assessment of benefit. The reason
is that noncompliers in the experimental and control groups may have a different risk
of adverse effects or toxicity than compliers in the same way that they may have a
differential risk of the adverse outcomes that treatment is designed to prevent.

LIMITATIONS OF THE INTENTION-TO-TREAT PRINCIPLE

Even after understanding the logic of the intention-to-treat principle, clinicians may
find it unpalatable to count target adverse events in large numbers of patients who did
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not receive an experimental treatment against the treatment group. After all, the patient
we considered at the beginning of this chapter was interested in the effect the
medication would have if he or she were to take it. The best estimate of this effect would
come from a group of patients who all received the experimental intervention, rather
than from a group in which some did and some did not receive that intervention.
Regrettably, following the intention-to-treat principle does not produce this best
estimate, and the higher the level of nonadherence, the farther an analysis that adheres
to the intention-to-treat principle will be from that best estimate. Unfortunately, as we
have pointed out, possible solutions (per-protocol analyses, as-treated analysis, findings
from observational studies) are extremely vulnerable to bias.

Differential nonadherence can produce potentially misleading results even in an
appropriate analysis. Let us say, for instance, that surgery reduces the relative risk of
stroke in patients with cerebrovascular disease by 40%, but 50% of the patients assigned
to the no-surgery group receive surgery shortly after randomization. The intention-to-
treat analysis will show an apparent treatment effect that is only 50% of what investiga-
tors would have observed if all medical patients had adhered to their assigned therapy.
The apparent RRR with surgery will be even less if the patients allocated to medical
treatment who nevertheless receive surgery are those at the highest risk of adverse events.

Unfortunately, the per-protocol analysis cannot solve the problem because we cannot
distinguish between treatment effects and bias introduced by baseline differences in
prognosis. When substantial noncompliance exists, our choice is between a biased
estimate of the treatment effect from a per-protocol analysis and an unbiased estimate of
the effect of the treatment as administered (rather than as intended) from the analysis
that attributes events in all patients to the arm to which they were allocated. Statistical
methods to “correct” for nonadherent methods are available, but they are either limited
in their applicability or complex and not widely used.* The result from applying the
intention-to-treat principle may have limited applicability to adherent patients. The best
solution to this dilemma is for investigators to design their trials to ensure the highest
possible level of adherence and for clinicians to understand the many pitfalls of studies
that fail to follow an intention-to-treat approach to the analysis of their results.

The safest action for the clinician when faced with a trial that demonstrates an
apparent effect of treatment, but in which nonadherence was substantial, is to treat
the apparent treatment effect as a likely underestimate of the true treatment effect.
For instance, in the Heart Protection Study, the overall compliance with simva-
statin was approximately 85%, and the overall use of statins in the control group
was approximately 17%.> Thus, one can consider the apparent 17% RRR in
vascular deaths with simvastatin a likely underestimate of the benefit a fully
compliant patient might expect from taking the drug vs not taking it.

MisLEADING USE OF “INTENTION T0 TREAT”

We have been careful to talk about the “intention-to-treat principle” rather than
the commonly used “intention-to-treat analysis.” The reason is that there is



9.4: THE PRINCIPLE OF INTENTION TO TREAT

considerable ambiguity in the term “intention-to-treat analysis,” and its use can be
very misleading.

For instance, picture a trial in which 20% of treated patients and 20% of control
patients stop taking medication, and investigators elect to terminate their follow-
up at that point. At the end of the trial, the investigators count events in all patients
whose status they are aware of in the groups to which they are allocated.
Technically, they could say they had conducted an intention-to-treat analysis in
that they counted all events of which they were aware against the group to which
the patient was allocated. Of course, the intention-to-treat analysis has in no way
avoided the possible bias introduced by omission of outcome events in patients
who discontinued treatment. The investigators could have avoided this problem
had they chosen to follow all patients, irrespective of adherence to treatment.

Clinicians evaluating a randomized trial need to know whether the researchers
followed the intention-to-treat principle. A quick approach is to scan the methods
section of the randomized controlled trial (RCT), looking for the phrase “intention-
to-treat analysis.” Two surveys of RCTs published in major medical journals
during 1993-1995° and 19977 found that half of the RCTs used the term “inten-
tion-to-treat analysis.” Unfortunately, the term was not always used appropriately.
Thus, readers must look carefully at what was actually done, rather than look only
for the “intention-to-treat” term.

In particular, a large loss to follow-up may introduce the same bias as a per-
protocol analysis. This is particularly so because patients lost to follow-up tend to
have poorer outcomes than patients whom investigators successfully follow.?

For instance, Silverstein et al® reported the results of an RCT of 8843
patients taking nonsteroidal anti-inflammatory agents for rheumatoid
arthritis, randomized to receive misoprostol (4404 patients) or placebo (4439
patients) to prevent gastroduodenal complications as judged by outcome
assessors blinded to treatment allocation. The authors described their analy-
sis as intention to treat. However, they included patients lost to follow-up in
the denominator of event rates used for this analysis. Inclusion of these
patients in the denominator without including their outcomes in the numer-
ator assumed that no patient lost to follow-up had gastroduodenal ulcer-
ations. The size of the groups lost (1851 patients in the misoprostol arm and
1617 in the placebo arm) eclipsed the number of patients that experienced
the primary endpoint in each group (25 in the misoprostol group and 42 in
the placebo group), leaving the reader uncertain about the true magnitude of
the treatment effect. Again, the investigators could have avoided the problem
by rigorously following all patients.

In another example, Harris et al'” reported the results of an RCT of
secondary prevention of vertebral fractures in 1628 postmenopausal women
randomized to receive risedronate (813 patients) or placebo (815 patients) to
prevent another vertebral fracture as judged by a radiologist blinded to
treatment allocation. The authors described their analysis as intention to
treat. After 3 years, 324 of 813 patients in the risedronate arm and 365 of 815
patients in the placebo arm were lost to follow-up. The authors reported
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outcomes up to the point of last follow-up (using survival analysis), including
93 patients with new vertebral fractures in the placebo group and 61 in the
risedronate group, for an RRR of 41% in favor of risedronate. Those lost to
follow-up from the placebo group were at a higher risk (had more vertebral
fractures) at baseline than those lost from the risedronate arm, suggesting
that the placebo group remaining in the study had, on average, a better
prognosis than the remaining risedronate group, thus biasing the results in
favor of placebo. Because the risedronate group experienced fewer vertebral
fractures than the placebo group, in this case the large loss to follow-up does
not weaken the inference that risedronate results in a large reduction in
relative risk.

SUMMARY

For RCTs to provide unbiased assessments of treatment efficacy, investigators
should apply the intention-to-treat principle. To improve the applicability of the
study results to the individual patient, investigators should improve the design of
the trial to ensure protocol adherence with minimal loss to follow-up. Finally, loss
to follow-up can result in the same sort of bias as a per-protocol analysis. Thus, in
the presence of significant loss to follow-up, statements that investigators con-
ducted an “intention-to-treat analysis” generally provide little reassurance.
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INTRODUCTION

Clinicians should use the results of randomized controlled trials (RCTs) of groups of
patients to guide their clinical practice. When deciding which management approach
will be best for an individual patient, however, clinicians cannot always rely on the
results of RCTs. An RCT addressing the particular issue may not be available; for
example, some conditions are so rare that randomized trials are not feasible. Further-
more, even when a relevant RCT generates a clear answer, its result may not apply to an
individual patient. First, if the patient is very different from trial participants, the trial
results may not be applicable to that patient (see Chapter 11.1, Applying Results to
Individual Patients). Second, regardless of the overall trial results, some similar patients
may benefit from a given therapy, whereas others receive no benefit. Clinicians may
have particularly strong reservations about applying RCT results to individuals when
results have shown small treatment effects of questionable importance.

These considerations lead clinicians to conduct trials of therapy, in which the
patient begins treatment and the subsequent clinical course determines whether
treatment is continued. Many factors may, however, mislead physicians conduct-
ing conventional trials of therapy. The patient may have improved anyway, even
without any medication. Physicians’ and patients’ optimism may result in misin-
terpretation of the therapeutic trial results. Finally, people often feel better when
they are taking a new medication even when it does not have any specific activity
against their illness (the placebo effect); this may also lead to a misleading
interpretation of the value of the new treatment.

To avoid these pitfalls, clinicians must conduct trials of therapy with safeguards
that minimize these biases. Potential safeguards include repeatedly administering
and withdrawing the target treatment, performing quantitative measurements of
the target outcomes, and keeping both patients and clinicians blind to the treatment
being administered. Investigators routinely use such safeguards in RCTs involving
large numbers of patients.

To determine the best care for an individual patient, clinicians can conduct
RCTs in individual patients (n-of-1 RCTs). In contrast to most of this book, which
provides a guide to using the medical literature, this chaper provides an approach
to applying the principles of evidence-based medicine to conduct an n-of-1 RCT in
your own practice.

N-or-1 RANDOMIZED CONTROLLED TRIALS:
Stupy DESIGN

Although there are many ways of conducting n-of-1 RCTs, the method we have
found to be most widely applicable can be summarized as follows:
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. A clinician and patient agree to test a therapy (the experimental therapy) for

its ability to improve or control the symptoms, signs, or other manifesta-
tions (the treatment targets) of the patient’s ailment.

. The patient then undergoes pairs of treatment periods organized so

that one period of each pair applies the experimental therapy and the
other period applies either an alternative treatment or placebo (Figure
9.5-1). The order of these 2 periods within each pair is randomized by a
coin toss or any other method that ensures that the patient is equally
likely to receive the experimental or control therapy during any
treatment period.

. Whenever possible, a pharmacist independently prepares medication to

ensure that both the clinician and the patient are blind to when the patient
is receiving the treatment and alternative therapies (see the section below
entitled “Is There a Pharmacist Who Can Help?”).

. The clinician monitors the treatment targets, often through a patient diary,

to document the effect of the treatment currently being applied.

. Pairs of treatment periods are replicated until the clinician and patient are

convinced that the experimental therapy is effective, causes harm, or has
no effect on the treatment targets. This usually requires a minimum of 3
pairs of treatment periods.

We will now describe an n-of-1 RCT in detail. To facilitate its illustration, each

step will address a question that must be answered before proceeding to the next
step, as summarized in Table 9.5-1.

FIGURE 9.5-1

Individual
patient

SIC Uesign Tor n-01-1 hanaomized vontrolied Iria

As needed

. Placebo . Placebo
Active Active
or or
treatment . treatment .
alternative alternative

L

Regular Monitoring of Treatment Target

Circled R indicates that the order of placebo and active periods in each pair is determined by random allocation. Bracketed pair with
"As needed" indicates that, beyond the first pair of treatment periods, as many additional pairs of treatment periods as necessary
are conducted until patient and physician are convinced of the efficacy—or lack of efficacy—of the trial medication.

Reproduced from Carruthers et al." Copyright © 2000, with permission from the McGraw-Hill Companies.
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TABLE 9.5-1

uidelines Tor n-01-1 hanaomized Lontrolied Iriais

Is an n-of-1 RCT indicated for this patient?
Is the effectiveness of the treatment really in doubt?
If effective, will the treatment be continued long term?
Is an n-of-1 RCT feasible in this patient?
Is the patient eager to collaborate in designing and carrying out an n-of-1 RCT?
Does the treatment have rapid onset and termination of action?
Is an optimal duration of treatment feasible?
Are there patient-important targets of treatment amenable to measurement?
Can you identify criteria to end the n-of-1 RCT?
Is there a pharmacist who can help?
Are strategies in place for the interpretation of the data?

Abbreviation: RCT, randomized controlled trial.

Reproduced from Carruthers et al." Copyright © 2000, with permission from the McGraw-Hill Companies.

Is an n-of-1 Randomized Controlled Trial Indicated for This Patient?

Because n-of-1 RCTs are unnecessary for some ailments (such as self-limited
illnesses) and unsuited for some treatments (such as acute or rapidly evolving illness,
surgical procedures, or the prevention of distant adverse outcomes such as death,
stroke, or myocardial infarction), at the outset it is important to determine whether
an n-of-1 RCT really is indicated for the patient and treatment in question. If an n-of-
1 RCT is appropriate, the answer to each of the following questions should be yes.

Is the Effectiveness of the Treatment Really in Doubt?

One or several RCTs may have shown that the treatment in question is highly
effective. If, however, 50% or more of patients in such trials have proved unrespon-
sive, an n-of-1 RCT may still be appropriate. Calculations of numbers needed to treat
suggest that this will almost always be the case, regardless of whether the treatments
are designed to prevent major adverse events or to improve health-related quality of
life.> Numbers needed to treat of 2 or less are extremely uncommon.

For example, in a randomized trial of selective serotonin reuptake inhibitors
(SSRIs) to reduce the frequency of hot flashes in women experiencing postmeno-
pausal symptoms, more than 60% of the women in the study experienced a 50%
reduction in symptoms.> Although these results are impressive, the treatment
still leaves a large percentage of women to experience significant symptoms
despite effective therapy. In a woman with an equivocal response to SSRIs, an n-
of-1 trial may be appropriate to definitively sort out treatment effectiveness.

On the other hand, a patient may have exhibited such a dramatic response to the
treatment that both clinician and patient are convinced that it works. N-of-1 RCTs
are best reserved for the situations presented in Table 9.5-2.
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TABLE 9.5-2

en to Londuct an n-01-1 hanaomized Lontrolied Iria

1. The clinician is uncertain whether a treatment that has not yet been started will
work in a particular patient.

2. The patient has started taking a medication, but neither patient nor clinician is
confident that a treatment is really providing benefit.

3. Neither the clinician nor the patient is confident of the optimal dose of a medi-
cation the patient is receiving or should receive.

4. A patient has symptoms that both the clinician and the patient suspect—but are
not certain—are caused by the adverse effects of the medications.

5. The patient has so far insisted on taking a treatment that the clinician believes is
useless or harmful, and although logically constructed arguments have not per-
suaded a patient, a negative result of an n-of-1 RCT might.

Abbreviation: RCT, randomized controlled trial.

Reproduced from Carruthers et al.! Copyright © 2000, with permission from the McGraw-Hill Companies.

If Effective, Will the Treatment Be Continued on a Long-Term Basis?

If the underlying condition is self-limited and treatment will be continued only during
the short term, an n-of-1 RCT may not be worthwhile. N-of-1 RCTs are most useful
when conditions are chronic and maintenance therapy is likely to be prolonged.

Is an n-of-1 Randomized Controlled Trial Feasible in This Patient?

The clinician may wish to determine the efficacy of treatment in an individual
patient, but the patient, the ailment, or the treatment may not lend itself to the
n-of-1 approach.

Is the Patient Eager to Collaborate in Designing and Carrying Out an n-of-1
Randomized Controlled Trial?

N-of-1 RCTs are indicated only when patients can fully understand the nature of
the experiment and are enthusiastic about participating. The n-of-1 RCT is a
cooperative venture between clinician and patient.

Does the Treatment Have Rapid Onset and Termination of Action?

N-of-1 RCTs are much easier to carry out when positive treatment effects, if they are
indeed present, manifest themselves within a few days. Although it may be possible to
conduct n-of-1 RCTs with drugs that have a longer latency for the development of signs
of efficacy (such as disease-remitting therapy in patients with rheumatoid arthritis, or
use of antidepressants in patients with depression), the requirement for very long
treatment periods before the effect can be evaluated may prove prohibitive.

Similarly, treatments whose effects cease abruptly when they are withdrawn are
most suitable for n-of-1 RCTs. If the treatment continues to act long after it is
stopped, a prolonged washout period may be necessary. If this washout period lasts
longer than a few days, the feasibility of the trial is compromised. Similarly,
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treatments that have the potential to cure the underlying condition—or to lead to a
permanent change in the treatment target—are not suitable for n-of-1 RCTs.

Is an Optimal Duration of Treatment Feasible?

Although short periods of treatment boost the feasibility of n-of-1 RCTs, the trials
may need to be long to be valid. For example, if active therapy takes a few days to
reach full effect and a few days to cease acting once it is stopped, avoiding distortion
from these delayed peak effects and washout periods requires relatively long treat-
ment periods. Thus, our n-of-1 RCTs of theophylline in patients with asthma use
treatment periods of at least 10 days: 3 days to allow the drug to reach steady state or
washout and 7 days thereafter to monitor the patient’s response to treatment.

In addition, because many n-of-1 RCTs test a treatment’s ability to prevent or
mitigate attacks or exacerbations (such as migraines or seizures), each treatment
period must be long enough to include an attack or exacerbation. A rough rule of
thumb, called the inverse rule of 3s, tells us the following: If an event occurs, on
average, once every x days, we need to observe 3x days to be 95% confident of
observing at least 1 event. For example, applying this rule in a patient with familial
Mediterranean fever with attacks that occur, on average, once every 2 weeks, we
choose treatment periods of at least 6 weeks.

Are There Patient-Important Targets of Treatment Amenable

to Measurement?

The targets of treatment, or outcome measures, usually go beyond a set of physical
signs (eg, the rigidity and tremor of parkinsonism or the jugular venous distention
and the S3, $4, and pulmonary crackles of congestive heart failure), a laboratory test
(eg, serum erythrocyte sedimentation rate or serum blood sugar, uric acid, and
creatinine levels), or a measure of patient performance (eg, recordings of respiratory
peak flow or results of a 6-minute walk test). Each of these is only an indirect measure
of the patient’s quality of life.

In most situations, it is not only possible but also preferable to assess the
patient’s symptoms and feelings of well-being (or lack of well-being). Clinicians
can, in a simple fashion, apply principles of measurement of quality of life to n-of-
1 RCTs (see Chapter 10.5, Measuring Patients’ Experience). To begin with, ask the
patient to identify the most troubling symptoms or problems he or she is
experiencing and then decide which of them is likely to respond to the experimen-
tal treatment. This responsive subset of symptoms or problems forms the basis of a
self-administered patient diary or questionnaire.

For example, a patient with chronic airflow limitation identified the problem as
shortness of breath while walking up stairs, bending, or vacuuming.* A patient with
fibromyalgia identified fatigue, aches and pains, morning stiffness, and sleep
disturbance as problems that became the treatment targets for the illness.”

You can use a number of formats for the questionnaire to record the patient’s
symptoms. Figure 9.5-2 shows a data sheet from an n-of-1 RCT examining the
effectiveness of ketanserin in Raynaud phenomenon. For some patients, a daily
symptom rating may work best; for others, a weekly summary may be better. The
best way of presenting response options to patients is as graded descriptions of
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FIGURE 9.5-2

-0f-1 Randomized Controlled Trial—Sample Data Sheet

Physician:
Patient:
Sex: Male Female Date of birth
Diagnosis:
Occupation:
Present medications:
Trial medication: Ketanserin Dose:
Duration of study periods: 2 Weeks
Outcomes: Symptom ratings

Informed consent obtained (please sign):
Answers to symptom questions, pair 1, period 1:

1. How many episodes of Raynaud phenomenon did you have in the last week?
First week (to be completed on )
Second week (to be completed on )

2. On average, in comparison with your usual episodes, how long were the
attacks?
1. Very long; as long as or longer than they have ever been
2. Very long; almost as long as they have ever been
3. Longer than usual
4. As long as usual
5. Not as long as usual
6. Not nearly as long as usual
7.Very short; as brief as or briefer than they have ever been

Write in the number that best describes your experience for each week.
First week (to be completed on )
Second week (to be completed on )

3. On average, in comparison with your usual episodes, how severe were the
attacks?
1. Very bad; as severe as or more severe than they have ever been
2. Very bad; almost as severe as they have ever been
3. More severe than usual
4. About as severe as usual
5. Not as severe as usual
6. Not nearly as severe as usual
7. Very mild; as mild as or milder than they have ever been

Write in the number that best describes your experience for each week.
First week (to be completed on )
Second week (to be completed on )

Reproduced from Carruthers et al." Copyright © 2000, with permission from the McGraw-Hill Companies.

symptoms ranging from none to severe. One example of such graded descriptions
might be “no shortness of breath,” “a little shortness of breath,” “moderate
shortness of breath,” and “extreme shortness of breath.” Constructing simple
symptom questionnaires allows the patient and the clinician to collaborate in
quantifying the patient’s symptoms, on which the analysis of the n-of-1 RCT relies.
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You can use a patient diary or questionnaire to measure nausea, gastrointestinal
disturbances, dizziness, or other common adverse effects, along with symptoms of
the primary condition. In n-of-1 RCT's designed to determine whether medication
adverse effects are responsible for a patient’s symptoms (for example, whether a
patient’s fatigue is caused by an antihypertensive agent), adverse effects become the
primary treatment targets.

Can You Identify Criteria to End the n-of-1 Randomized Controlled Trial?
If the clinician and patient decide not to specify the number of pairs of treatment
periods in advance, they can stop anytime they are convinced that the experimental
treatment ought to be stopped or continued indefinitely. Thus, if they find a
dramatic improvement in the treatment target between the 2 periods of the first
pair, both clinician and patient may want to stop the trial immediately and unblind
the sequence of medications. On the other hand, if patient and clinician perceive
no or only a minimal difference between the 2 periods of each pair, both the
clinician and the patient may need 3, 4, or even 5 pairs before confidently
concluding that the treatment is or is not effective.

If, however, one wishes to conduct a formal statistical analysis of data from the
n-of-1 RCT, specifying in advance the number of pairs will strengthen the analysis.
Regardless of whether they specify number of treatment periods in advance, we
recommend that clinicians resist the temptation and refrain from breaking the
code until they are certain they are ready to terminate the study.

Is There a Pharmacist Who Can Help?

In most instances, conducting an n-of-1 RCT that incorporates all the aforemen-
tioned safeguards against bias and misinterpretation requires collaboration between
the clinician and a pharmacist who can prepare placebos identical to the active
medication in appearance, taste, and texture. Occasionally, pharmaceutical firms can
supply such placebos. More often, however, you will want your local pharmacist to
repackage the active medication. If it comes in tablet form, the pharmacist can crush
and repackage it in capsule form—unless the medication is a modified-release
preparation whose absorption characteristics will be altered. Thus, a clinician who is
interested in the effect of a modified-release preparation may have to forgo blinding
if the duration of action of the medication is a crucial issue.

If you need a placebo, the pharmacist can fill identical-appearing placebo
capsules with lactose. Although it is time consuming, preparation of placebos is not
technically difficult. Our average cost for preparing medication for n-of-1 studies
in which placebos have not been available from a pharmaceutical company has
been $200 (Canadian dollars). In considering the cost, the large savings that follow
from abandoning a useless or harmful treatment that might otherwise be contin-
ued indefinitely, along with the reassurance of knowing that long-term treatment
really works, emphasize the relatively trivial medication cost of the n-of-1 RCT.

The pharmacist is also charged with preparing the randomization schedule
(which requires nothing more than a coin toss for each pair of treatment periods).
This allows the clinician, along with the patient, to remain blind to allocation. The
pharmacist also may be helpful in planning the design of the trial by providing
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information regarding the anticipated time to onset of action and the washout
period, thus helping with decisions about the duration of study periods.

Are Strategies for the Interpretation of the Trial Data in Place?

Once you carefully gather data on the treatment targets in your n-of-1 trial, how
will you interpret them? One approach is to simply plot the data and visually
inspect the results. Evaluation of results by visual inspection has a long and
distinguished record in the psychology literature concerning single-subject
designs.®” Visual inspection is simple and easy. Its major disadvantage is that it is
vulnerable to viewer or observer bias.

An alternative approach to analysis of data from n-of-1 RCTs is to use a test of
statistical significance. The simplest test would be based on the likelihood of a
patient’s preferring active treatment in each pair of treatment periods. This
situation is analogous to the likelihood of heads coming up repeatedly on a series of
coin tosses. For example, the likelihood of a patient’s preferring active treatment to
placebo during 3 consecutive pairs if the treatment were ineffective would be (1/2)
X (1/2) x (1/2) = 1/8, or 0.125. The disadvantage of this approach (which is called
the sign test) is that it lacks power; 5 pairs must be conducted before there is any
chance of reaching conventional levels of statistical significance.

A second statistical strategy is to use Student t test. The t test offers increased
power because not only the direction but also the strength of the treatment effect in
each pair is taken into account.

To avoid misleading results based on random highs or lows, if you plan a
statistical test, you should ideally specify the number of treatment periods before
the study begins.

To conduct a paired ¢ test, derive a single score for each pair by subtracting the
mean score of the placebo period from the mean score of the active period. These
differences in scores constitute the data for the paired #; the number of degrees of
freedom is simply the number of pairs minus 1. Statistical software programs that
will facilitate quick calculation of the P value are available.

Table 9.5-3 presents the results of an n-of-1 RCT. In this trial, we tested the
effectiveness of amitriptyline in a dose of 10 mg at bedtime for a patient with
fibromyalgia.” Each week, the patient separately rated the severity of a number of
symptoms, including fatigue, aches and pains, and sleep disturbance, on a 7-point
scale in which a higher score represented better function. The treatment periods
were 4 weeks long, and 3 pairs were undertaken. Table 9.5-3 presents the mean
scores for each of the 24 weeks of the study.

The first step in analyzing the results of the study is to calculate the mean score
for each period (presented in the far right-hand column of Table 9.5-3). In each
pair, the score favored the active treatment. The sign test tells us that the probability
of this result occurring by chance if the treatment was ineffective is (1/2) x (1/2) x
1/2 =1/8 (or 0.125).

This analysis, however, ignores the magnitude and consistency of the difference
between the active and placebo treatments. A paired t test in which data from the
same patient during different periods are paired takes these factors into account.
We did our ¢ test by entering the data from the pairs of results into a simple
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TABLE 9.5-3
esults of an n-of-1 Randomized Controlled Trial in a Patient With Fibrositis

Severity Score

Mean
Treatment Week 1 Week 2 Week 3 Week 4 Score
Pair 1
Active 4.43 4.86 4.71 4.71 4.68
Placebo 4.43 4.00 4.14 4.29 4.22
Pair 2
Active 457 4.89 5.29 5.29 5.01
Placebo 3.86 4.00 4.29 4.14 4.07
Pair 3
Active 4.29 5.00 5.43 5.43 5.04
Placebo 3.71 4.14 4.43 4.43 4.18

aThe active drug was amitriptyline hydrochloride. Higher scores represent better function.

Reproduced from Carruthers et al." Copyright © 2000, with permission from the McGraw-Hill Companies.

statistical program: 4.68 and 4.22; 5.01 and 4.07; 5.04 and 4.18. The program tells
us that the ¢ value is 5.07 and there are 2 degrees of freedom; the associated P
value is .04. This analysis makes us considerably more confident that the
consistent difference in favor of the active drug is unlikely to have occurred by
chance.

The use of n-of-1 RCT's to improve patient care does not depend on statistical
analysis of the results. Even if statistical analysis is not used in the interpretation of
the trial, the strategies of randomization, blinding, replication, and quantifying
outcomes, when accompanied by careful visual inspection of the data, still allow a
much more rigorous assessment of effectiveness of treatment than is possible in
conventional clinical practice.

ETHICS OF N-OF-1 RANDOMIZED CONTROLLED TRIALS

Is conducting an n-of-1 RCT a clinical task or a research undertaking? If the
former, is it the sort of clinical procedure, analogous to an invasive diagnostic test,
that requires written informed consent? We would argue that the n-of-1 RCT can
be—and should be—a part of routine clinical practice.

Nevertheless, there are a number of important ethical issues to consider. Patients
should be fully aware of the nature of the study in which they are participating, and there
should be no element of deception in the use of placebos as part of the study. Clinicians
should obtain written informed consent; see Figure 9.5-3 for an example of a consent
form. Patients should be aware that they can terminate the trial at any time without
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FIGURE 9.5-3

onsent Form for n-of-1 Randomized Tria

We think that it would help you to take part in one of these therapeutic trials of
[NAME OF DRUG]. We will conduct a number of pairs of periods. Each period will
be [DURATION OF PERIOD]. During one period of each pair, you will be taking
the active treatment, and during the other you will be using the placebo. The
placebo is a pill that looks exactly like the medication but does not contain

the active ingredients. If at any time during the study you are feeling worse, we can
consider that treatment period at an end and can go on to the next treatment.
Therefore, if you begin to feel worse, just call my office at [INSERT NUMBER)], and
| will get in touch with you.

If you don't think this new way of conducting a therapeutic trial is a good idea for
you, we will try the new drug in the usual way. Your decision will not interfere with
your treatment in any way. You can decide to stop the trial at any time and this will
not interfere with your treatment. All information we collect during the trial will remain
confidential.

PATIENT SIGNATURE

WITNESS SIGNATURE

PHYSICIAN SIGNATURE

DATE

Reproduced from Carruthers et al.? Copyright © 2000, with permission from the McGraw-Hill Companies.

jeopardizing their care or their relationship with their physician. Finally, follow-up
should be soon enough to prevent any important deleterious consequences of institution
or withdrawal of therapy. Discussing the rationale for, and value of, n-of-1 RCTs with an
institutional review board representative can help to clarify local policies.

THE IMPACT OF N-0F-1 RANDOMIZED CONTROLLED
TRIALS ON CLINICAL PRACTICE

We have reported a series of more than 50 n-of-1 RCTs, each one designed to
improve the care being delivered to an individual patient.? Patients had a wide variety
of conditions, including chronic airflow limitation, asthma, fibrositis, arthritis,
syncope, anxiety, insomnia, and angina pectoris. In general, these trials were success-
ful in sorting out whether the treatment was effective. In approximately a third of the
trials, the ultimate treatment differed from that which would have been given had the
trial not been conducted. In most of the trials in which treatment differed from that
which would have been given had the trial not been conducted, medication that
would otherwise have been given during the long term was discontinued. Other
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clinical groups have reported their experience with n-of-1 RCTs, generally confirm-
ing the feasibility and usefulness of the approach.>!! Table 9.5-4 presents a set of
conditions and therapeutic options that are excellent candidates for n-of-1 RCTs.

These reports do not definitively answer the question about whether patients
who undergo n-of-1 RCTs are better off than those whose treatment regimen is
determined by conventional methods. The most rigorous test of the usefulness of
n-of-1 RCTs would be a randomized trial. Three such trials, in which investigators
randomized patients to conventional care or to n-of-1 RCTs, have addressed the
effect of n-of-1 RCTs.

The same group of investigators conducted 2 of these studies!>!3; both exam-
ined the use of theophylline in patients with chronic airflow limitation. The
investigators found that, although using n-of-1 RCT's did not affect quality of life or
functional status of patients initially receiving theophylline, fewer patients in the n-
of-1 RCT groups ended up receiving the drug in the long term. Thus, n-of-1 RCTs
saved patients the expense, inconvenience, and potential toxicity of long-term
theophylline therapy of no use to them.

The third trial randomized 27 patients with osteoarthritis who were uncertain as
to whether adding nonsteroidal anti-inflammatory drugs to conventional manage-
ment reduced their pain, and another 24 similar patients to an n-of-1 randomized

TABLE 9.5-4

!xamples OI Il-0|-| Han!omlze! EOI‘ItI’O"G! |r|a|s

Type of Condition

Possible Outcome
Measures

Example of
Intervention

Chronic headache

Duration, severity, and
frequency of headache

Tricyclic antidepressant or
B-blockers

Low back pain

Pain or function

Cyclobenzaprine or
acupuncture?

Recurrent syncope

Syncopal episodes

B-Blockers

Chronic airway obstruction

Dyspnea, peak flow rates

Aerosolized -agonists,
ipratropium, steroids

Fibromyalgia Aches and pains, fatigue, Low-dose tricyclic antide-
sleep disruption pressant

Fatigue Fatigue Ginseng tablets?

Insomnia Sleep disruption, Low-dose tricyclic
satisfaction antidepressant

Anxiety Anxiety, formal anxiety Black cohosh?

questionnaire such as Beck

Hot flashes of menopause

Frequency and severity of
hot flashes

Clonidine or soy milk?@

3Alternative therapies with limited evidence to support efficacy but frequently used by patients, sometimes with substantial costs.

Reproduced from Carruthers et al." Copyright © 2000, with permission from the McGraw-Hill Companies.
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trial comparing diclofenac and misoprostol (the latter agent to avoid gastrointesti-
nal adverse effects) to placebo.'* The results showed few differences between
groups (similar proportion of patients ended up taking diclofenac, similar quality
of life), though all quality-of-life measures showed trends in favor of the n-of-1
arm. Costs were higher in the n-of-1 arm. These results suggest that n-of-1 RCTs
are unlikely to be uniformly superior to conventional trials. Understanding when
n-of-1 RCTs will benefit patients will require further study.

In summary, the n-of-1 approach clearly has potential for improving the quality
of medical care and the judicious use of medication in patients with chronic
disease. Using the guidelines offered here, clinicians will find conducting n-of-1
RCTs feasible, highly informative, and stimulating.
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Clinical Resolution

Can Clinical Decision Support Systems Change Prescribing Behavior?

As director of a hospital-based pediatric outpatient clinic, you oversee the
care delivered by 45 pediatric residents and 5 nurse practitioners. Last year,
the hospital infection control audit of charts in your clinic revealed that
antibiotic use was inappropriate for 47% of children presenting with
respiratory symptoms most likely of viral origin. They urged you to decrease
the inappropriate use of antibiotics in your clinic and set a target of a 50%
reduction throughout the next 12 months. Your response included educa-
tion of trainees on appropriate evidence-based antibiotic prescribing during
4 lunches throughout the year, insistence that trainees complete a relevant
test administered in an online scenario-based format, and reminders to
attending physicians to carefully oversee resident prescribing, emphasizing
the need to decrease inappropriate antibiotic use. You just received the
results of this year’s audit, and it shows only a 2% decrease in the overall
rate of inappropriate antibiotic prescribing. In thinking about further strate-
gies that you need, you remember that all the residents now have a
handheld personal digital assistant (PDA) in preparation for a computer-
based order entry system. Could you use this tool to more effectively decrease
inappropriate antibiotic prescribing?

FINDING THE EVIDENCE

When you return home that night, you use PubMed (http://www.ncbi.nlm.nih.gov)
to search for information regarding use of computers for decision support in
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antibiotic prescribing. You click on “Clinical Queries” on the left side of the
page under “PubMed Services.” You are taken to the “Search by Clinical
Category” section, where you click on “therapy” and “broad, sensitive search.”
You type in “decision support antibiotics computer” (without the quotes).
One citation impresses you because its title suggests that it represents a
directly relevant randomized trial: “Clinical Decision Support and Appropri-
ateness of Antimicrobial Prescribing: A Randomized Trial.” The abstract of
this article concludes that “...CDSSs [clinical decision support systems] imple-
mented in rural primary care settings reduced overall antimicrobial use and
improved appropriateness of antimicrobial selection for acute respiratory
tract infections.”!

The green bar on the icon to the left of the citation indicates that the full text
of the article is freely available. You left click on the icon, click the red “JAMA” in
the upper right-hand corner of the screen, and follow instructions to obtain your
free download. In this study,! 12 rural communities in 2 US states (2 larger and 4
smaller communities in each state) were randomly allocated to a community
intervention plus CDSS or to the same community intervention alone. The
intervention was complex, with each community receiving 2 waves of education
directed at community leaders, parents, media, physician offices, and pharmacies
during the first year, followed by patient self-management tips for respiratory
infections and key questions to ask clinicians. In addition, all the participating
primary-care clinicians in the 6 communities randomized to CDSS received 3
types of CDSS, 2 paper based and 1 PDA based (Table 9.6-1). The rationale for
providing more than 1 type of CDSS was to increase the number of choices and,
therefore, the willingness of clinicians to participate. Each intervention was
aimed at reducing inappropriate prescribing of antimicrobial drugs for acute
respiratory tract infections. As an extra precaution, another control group of 6
additional eligible but nonselected communities served as a randomly chosen
nonstudy reference group using retail pharmacy data.

TABLE 9.6-1

escription of the Community-Based Intervention and the Clinical Decision
Support System (CDSS) Intervention

1. Community intervention alone: Multifaceted education and media regarding
antimicrobial resistance, self-management of common respiratory infections,
and questions for patients to ask their clinicians

2. CDSS intervention: Community intervention (described above) plus 3 CDSS acute
respiratory tract management tools (described below) to be used with individual
patients to guide diagnosis and therapy, plus feedback on performance and tips on
patient management. Clinicians could choose to use any or all of the tools:

i. PDA-based diagnostic and therapeutic recommendations based on patient-
specific information plus a pneumonia severity index score

ii. Paper-based chart documentation tool leading to appropriate treatment recom-
mendations

iii. Paper-based graphic flowchart guiding diagnosis and treatment options
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WHAT ARE CLInICAL DEcISION SUPPORT SYSTEMS?

Clinicians depend on computers. Laboratory data management software, phar-
macy information management systems, applications for tracking patient location
through admission and discharge, and advanced life support technologies such as
mechanical ventilators and dialysis machines are among the many types of
computerized systems that have become integral to the modern hospital. These
devices and systems capture, transform, display, or analyze data for use in clinical
decision making. The term clinical decision support systems (CDSSs) is defined by
the MEDLINE Medical Subject Headings (MeSH) scope notes as “computer-based
information systems used to integrate clinical and patient information and provide
support for decision-making in patient care.”

In CDSSs that are computer based, detailed individual patient data are entered
into a computer program that sorts and matches data to algorithms, ultimately
generating patient-specific assessments or recommendations for clinicians.? Table
9.6-2 describes the general types of CDSSs according to their function.?

As an example of one type of CDSS, the Antibiotic Assistant!? is a CDSS that
implements guidelines to assist physicians in ordering antibiotic agents. This
system recommends the most cost-effective antibiotic regimen while taking into
account the site of infection, the epidemiology of organisms in patients with this
infection at the particular hospital, the efficacy of the chosen antibiotic regimen,
the patient’s renal function and drug allergies, and the cost of therapy.

The primary reason to invest in computer support is to improve quality of care and,
ultimately, health outcomes. If a computer system purports to aid clinical decisions,
enhance patient care, and improve outcomes, then it should be subject to the same rules
of testing as any other health care intervention. In this chapter, we describe how to use
articles that evaluate the influence of a CDSS. We will limit our discussion to CDSSs
that are designed to alter clinician behavior and thereby patient outcomes and in which
initial evaluation has been completed and implementation has begun.

TABLE 9.6-2

Function Example

Alerting? Highlighting out-of-range (either too high or too low) labora-
tory values

Reminding* Reminding the clinician to schedule a mammogram

Critiquing3® Rejecting an inappropriate electronic order for a new drug

Interpreting® Analyzing an electrocardiogram

Predicting’ Calculating risk of mortality from a severity of illness score

Diagnosing8-° Listing a differential diagnosis for a patient with chest pain

Assisting0 Tailoring antibiotics for liver transplant and renal failure patients

Suggesting’ Generating suggestions for adjusting a mechanical ventilator
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ARE THE RESULTS VALID?

In keeping with the approach of other chapters of this book, we will consider 3 primary
questions related to the validity of research methods, the results, and clinical application
of the results (Table 9.6-3). We will periodically refer to the article by Samore et al!
evaluating the effect of clinical decision support on antibiotic prescribing.

When clinicians examine the effect of a CDSS on patient management or outcome,
they should use the usual criteria for assessing an intervention. Thus, you will find that
Table 9.6-3, which summarizes our approach to evaluating an article evaluating the
influence of a CDSS, includes some of the criteria from our guide to therapy (see
Chapter 6, Therapy) and some criteria from our guide to articles concerning harm (see
Chapter 12, Harm) because randomization and other strategies used to reduce bias in
randomized controlled trials (RCTs) may not be feasible in a CDSS evaluation. Our
discussion includes only issues of particular importance in the evaluation of a CDSS.

Were Study Participants Randomized?

If Not, Did the Investigators Demonstrate Similarity in All Known
Determinants of Prognosis or Adjust for Differences in the Analysis?

The validity of observational studies often used to evaluate a CDSS is limited (see
Chapter 5, Why Study Results Mislead: Bias and Random Error). One observa-

TABLE 9.6-3

Usmg !chles Hescrlﬂmg Ellmcal Heclsmn !uppo" !yslems |!B!!|

Are the Results Valid?
Were study participants randomized?

If not, did the investigators demonstrate similarity in all known determinants of
prognosis or adjust for differences in the analysis?

If the intervention primarily targeted clinicians, was the clinician or clinician group
the unit of analysis?

Were study participants analyzed in the groups to which they were randomized?
Was the control group unaffected by the CDSS?
Was follow-up complete?
Aside from the experimental intervention(s), were the groups treated equally?
Was outcome assessed uniformly between the experimental and control groups?
What Are the Results?
How large was the treatment effect?
How precise was the estimate of the treatment effect?
How Can | Apply the Results to Patient Care?
Were all clinically important outcomes considered?
What elements of the CDSS are required?
Is the CDSS exportable to a new site?
Is the CDSS likely to be accepted by clinicians in your setting?
Do the benefits of the CDSS justify the potential risks and costs?
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tional design, the before-after design, compares outcomes before a technology is
implemented with those after the system is implemented. The validity of this
approach is threatened by the possibility that changes over time (called secular
trends) in patient mix or in other aspects of health care delivery are responsible for
changes that investigators may be tempted to attribute to the CDSS.

Consider a CDSS assisting physicians with the ordering of antibiotic drugs!®
implemented in the late 1980s that was associated with improvements in the cost-
effectiveness of antibiotic ordering throughout the subsequent 5 years. Although
this before-after study may appear compelling, changes in the health care system,
including the advent of managed care, were occurring simultaneously during the
study period. To control for secular trends, study investigators!® compared
antibiotic-prescribing practices to those of other US acute-care hospitals for the
duration of the study. Of course, these other hospitals differed in many ways aside
from the CDSS, limiting the validity of the comparison. Nevertheless, the addition
of a concurrent control group strengthens the study design.

Investigators may also strengthen the before-after design by turning the inter-
vention on and off multiple times, a type of time series design. Durieux et al'? used
such a design to evaluate whether a CDSS that provided recommendations for
venous thromboembolism prevention for surgical patients improved prophylaxis
use. There were three 10-week intervention periods alternating with four 10-week
control periods, with a 4-week washout between each period. During each
intervention period, compliance with practice guidelines improved significantly and
then reverted to baseline during each control period.

Although alternating intervention and control periods strengthen a before-after
design, random allocation of patients to a concurrent control group remains the
strongest study design for evaluating therapeutic or preventive interventions. Of more
than 100 CDSS studies considered in a recent review, 88% were randomized.!3

If the Intervention Primarily Targeted Clinicians, Was the Clinician or
Clinician Group the Unit of Analysis?
The unit of analysis is a special issue for CDSS evaluation. For most RCTs, the unit
of allocation is the patient. Most CDSS evaluations target clinician behavior. Hence,
investigators may randomize individual clinicians or clinician clusters such as
health care teams, hospital wards, or outpatient practices.14 Unfortunately, investi-
gators using such designs often analyze their data as if they had randomized
patients.!>16 This mistake, the unit of analysis error, occurs frequently and can
generate artificially low P values. Suspect a unit of analysis error if an article does
not describe the number and characteristics (eg, level of clinical experience, sex,
clinical specialties) of clinicians in each arm of a trial.1>16

To deepen your understanding of the problem, we will use an extreme example.
Consider a study in which an investigator randomizes 2 teams of clinicians to a
CDSS and randomizes another 2 teams to standard practice. During the course of
the study, each team sees 10000 patients. If the investigator analyzes the data as if
patients were individually randomized, the sample size appears huge. However, it is
plausible, perhaps even likely, that the teams’ performance differed at baseline and
those differences persisted throughout the study, independent of the CDSS. The



9.6: CLINICAL DECISION SUPPORT SYSTEMS

actual sample size in this study is somewhere between 2 per group (the 4 teams; this
would be the case if the teams were inherently different) and 10000 per group
(which would be the case if the teams’ performance were identical aside from the
intervention).

A statistic called the intraclass correlation tells us about the strength of the
relation between team and outcome (the more the teams are inherently different,
the higher the correlation) and thus where in this spectrum the particular situation
lies. If the intraclass correlation is high, then the sample size is closer to 2 (in this
case) or the number of teams (in general). If it is low, the effective sample size is
closer to the number of patients.

Obtaining a sufficient sample size can be difficult when randomizing physicians
and health care teams. If only a few health care teams are available, investigators
can pair them according to their similarities on numerous factors, and they can
randomly allocate the intervention within each matched pair and use optimal
techniques available for RCTs that use cluster randomization.!”-20 A systematic
review of 88 RCTs evaluating the effect of CDSSs found that 43 of 88 used cluster
randomization and 35 of 88 used cluster as the unit of analysis or adjusted for
clustering in the analysis (cluster analysis).!?

Were Participants Analyzed in the Groups to Which They Were Randomized?
Clinicians should attend to one other issue regarding randomization. Computer
competency varies, and it is common for some clinicians to not use a CDSS, even
when they are assigned to do so. Consider the following: If some clinicians assigned
to CDSS fail or refuse to receive the intervention, should these clinicians be
included in the analysis? The answer, counterintuitive to some, is yes (see Chapter
9.4, The Principle of Intention to Treat).

Randomization can accomplish the goal of balancing groups with respect to
both known and unknown determinants of outcome only if patients (or clinicians)
are analyzed according to the groups to which they are randomized, the intention-
to-treat principle. Deleting or moving patients after randomization compromises or
destroys the balance that randomization is designed to achieve (see Chapter 9.4,
The Principle of Intention to Treat).

Was the Control Group Unaffected by the Clinical Decision Support System?
The extent to which physicians in the control group have access to all or part of the
CDSS intervention threatens the validity of randomized trials. CDSS evaluations
are particularly vulnerable to this problem of contamination. When the control
group is influenced by the intervention, the effect of the CDSS may be diluted.
Contamination may decrease or even eliminate a true intervention effect.

For example, Strickland and Hasson?! randomly allocated patients to have
changes in their level of mechanical ventilator support directed by a computer
protocol or according to clinical judgment. Because the same physicians and
respiratory therapists using the computer protocol were also managing the care of
patients not assigned to the protocol, the apparent effect on weaning duration that
the investigators observed might have been even larger had clinicians managing
control-group patients been unaware of the computer protocol.
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One method of preventing exposure of the control group to the CDSS—
contamination—is to assign individual clinicians to use or not use the CDSS, which
is often problematic because of cross-coverage of patients. Comparing the perfor-
mance of wards or hospitals that do or do not use the CDSS is another possibility.
Unfortunately, it is not always feasible to enroll a sufficient number of hospitals to
avoid the unit of analysis problem that we described earlier: When sample size is
small, randomization may fail to ensure prognostically similar groups.

Imaginative study designs can deal with this problem. For instance, in one study,
one group of physicians received computerized guidelines for the management of
asthma, whereas the other group received guidelines for the management of
angina.?? The 2 groups serve as a control for each other.

Aside From the Experimental Intervention, Were the

Groups Treated Equally?

The results of studies evaluating interventions aimed at therapy or prevention are
more believable if patients, their caregivers, and study personnel are blind to the
treatment (see Chapter 6, Therapy). Blinding also diminishes the placebo effect,
which in the case of CDSS may be the tendency of practitioners and patients to
ascribe positive attributes to the use of a computer workstation. Although blinding
the clinicians, patients, and study personnel to the presence of the computer-based
CDSS may prevent this type of bias, blinding is usually not possible.

Lack of blinding can result in bias if interventions other than the treatment are
differentially applied to the treatment and control groups, particularly if the use of
effective nonstudy treatments is permitted at the physicians’ discretion. Investiga-
tors can ameliorate concerns regarding lack of blinding if they describe permissible
cointerventions and their differential use, standardize cointerventions,?? or both to
ensure that their application was similar in the treatment group and in the control
group.

There are many elements of a CDSS unrelated to the computer. The CDSS may
have a positive influence for unintended reasons, such as use of structured data
collection forms and performance evaluations (respectively called the checklist effect
and the feedback effect).»** A related issue is the possible effect of observation on
the CDSS group but not on the control group. Human performance may improve
when participants are aware that their behavior is being observed (the Hawthorne
effect)? or evaluated (the sentinel effect). The same behavior may not be exhibited
when the monitoring of outcomes has stopped. Clinicians should consider the
possibility of these effects in a study evaluating a CDSS and determine whether
investigators have instituted strategies to minimize their effect. One such strategy is
the uniform assessment of outcome that we describe in the next section.

Was Outcome Assessed Uniformly in the Experimental

and Control Groups?

Unblinded study personnel who measure outcomes may provide different inter-
pretations of marginal findings or differential encouragement during performance
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tests.>* In some studies, the computer system may be used as a data collection tool
to evaluate the outcome in the CDSS group. Using the information system to log
episodes in the treatment group and using a manual system in the non-CDSS group
can create a data completeness bias.* If the computer logs more episodes than the
manual system, then it may appear that the CDSS group had more events, which
could bias the outcome for or against the CDSS group. To prevent this bias,
investigators should log outcomes similarly in both groups.

G | |

neturning to our opening scenario, the investigation of a CDSS to improve
antimicrobial prescribing,’ communities (and their indwelling patients and
clinicians) were randomized, a cluster randomized study. Because the trial
tests a multifaceted educational intervention aimed at the population as a
whole, this seems sensible. The authors describe how communities were
selected according to population size and the presence of at least 1 primary-
care clinic and inpatient facility. The randomization was stratified by state and
population size at a cutoff of 25000. Baseline characteristics of the 3 sets of
communities (CDSS plus community intervention, community intervention
alone, and control nonstudy communities) were similar.

To address their primary outcome, antibiotic use, the investigators chose an
analysis plan (called hierarchical regression) that accounted for the design and
avoided the unit of allocation problem we described earlier. Charts of ran-
domly selected patients who had an acute respiratory illness and presented to
any clinician in each of the 2 intervention communities were selected and
reviewed for diagnoses and antibiotic appropriateness. Case-specific use of
CDSS tools was not identifiable by the chart reviewers. The actual prescribing
of antibiotics, derived from retail pharmacy volume of new prescriptions per
month per community, was obtained from an international pharmacy data
supplier. Although the movement of clinicians and patients between the study
communities is not described, substantial relocation would be unlikely in a 21-
month intervention period. All communities were followed for the study’s
duration.

In terms of cointerventions, it would be difficult in a large, multicenter RCT
with hundreds of clinicians to be sure that other factors that might influence
antibiotic prescribing were not at play. Pharmaceutic sales representative
detailing, for example, might have changed. The presence of 2 control
groups—one a less intensive intervention and the second a concurrent,
nonstudy group—revealed a secular trend of increasing antibiotic prescribing
during the monitoring period. The outcome, antimicrobial prescribing, was
ascertained equally for the 2 intervention groups by using retail pharmacy
volume and chart review, but only retail pharmacy prescribing could be
ascertained for the nonstudy control group.
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WHAT ARE THE RESULTS?

What Is the Effect of the Clinical Decision Support System?

The Users” Guide (see Chapter 6, Therapy) provides a discussion of relative risk
(RR) and relative risk reduction (RRR), risk difference (RD), and absolute risk
reduction (ARR), which we use to provide a sense of the magnitude of a treatment
effect. As we have discussed, for patients to benefit, a CDSS must change physician
behavior, and that behavior change should positively affect the outcomes of
patients. A CDSS could change physician behavior but have no influence on patient
health outcomes. If implementation of a CDSS leads to improved patient health
outcomes, it is more convincing that the outcome change is due to the CDSS if
there is also proof that the CDSS altered the clinician behavior it was targeted to
change (eg, if rates of deep venous thrombosis were reduced, this is more likely due
to a CDSS if the targeted rates of effective thromboprophylaxis were increased).

How Precise Is the Estimate of the Effect?

Given a study of high validity, the confidence interval reflects the range in which the
true effect of a CDSS might actually lie (see Chapter 6, Therapy; and Chapter 8,
Confidence Intervals).

G | |

neturning to our opening clinical scenario, the investigators in the antimicro-
bial-prescribing CDSS study’ report that the overall antimicrobial-prescribing
rate decreased from 84.1 to 75.3 per 100 person-years in the CDSS arm vs
84.3 to 85.2 in community intervention alone and remained stable in the
other communities (P = .03). In addition, antimicrobial prescribing for visits
in the antibiotics “never-indicated” category during the postintervention
period decreased from 35% to 24% (32% RRR) in CDSS communities and
from 40% to 38% (5% RRR) in community intervention—alone communities
(P = .03). A concomitant significant decrease in use of macrolides in CDSS
communities but not in community intervention—alone communities was also
reported.

How CaAn | ApPLY THE RESULTS T0 PATIENT CARE?

Many of the issues specific to a CDSS arise in its application. Implementing the
CDSS within your own environment may be challenging.
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What Elements of the Clinical Decision Support System Are Required?
There are 2 major elements composing a CDSS: the logic that has been incorporated
and the interface used to present the logic. Generally, RCTs of CDSSs cannot tell us
the extent to which the logic of the system contributed to a difference in outcomes or
whether the computer application was critical. To test whether the computer is
needed requires that one group apply the protocol logic as written on paper and the
other group use the same logic implemented in the computer. However, sometimes
the logic is so complex that a computer is required for implementation. In addition,
the CDSS intervention itself may be administered by research personnel or paid
clinical staff receiving scant mention in the published report but without whom the
effect of the system is seriously undermined.

Is the Clinical Decision Support System Exportable to a New Site?

For a CDSS to be exported to a new site, it must have the ability to be integrated with
existing information systems and software. In addition, users at the new site must be
able to maintain the system, and they must accept the system and ensure that it is
kept up to date. Double charting occurs when systems require staff (usually nurses) to
enter the data once into the computer and once again on a flow sheet. Systems that
require double charting increase staff time devoted to documentation, frustrate users,
and divert time that could be devoted to patient care. In general, experience suggests
that systems that require double entry of data fail in clinical use.

Successful systems are easily integrated into the workflow and are time saving or
time neutral for the clinician. Therefore, it is important to assess how the information
necessary to run the decision support gets into the system—ideally, through automatic
electronic interfaces to existing data-producing systems. Unfortunately, building inter-
faces to diverse computer systems is often challenging and sometimes impossible.

Many successful CDSS applications are built on top of proprietary custom-built
computer systems that provide an electronic medical record system and usually a
physician order entry system. Although it may be possible to take the knowledge built
into the system and use it in a health care environment in which the patients are
similar to those enrolled in the study, the inference engine used to compare the rules
against the order entered into the database is usually not easily exported to other
locations. If, after critically appraising a study describing the effect of a CDSS, you are
convinced that a system for implementing clinical decision support would be useful,
you would need sufficient resources to either rebuild the system at your own site or to
purchase an off-the-shelf system that you believe could be customized to perform the
same functions and that could maintain your customizations with each system
upgrade. To accomplish this, you may need a local champion, someone who is
willing and able to introduce the system, arrange for it to be customized for local use,
troubleshoot its problems, and educate and encourage others to use the system.

Are Clinicians in Your Setting Likely to Accept the Clinical Decision
Support System?

Clinicians who differ in important ways from those in the study may not accept the
CDSS. The choice of the evaluative group may limit the generalizability of the
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conclusions if recruitment is based on a zest for new technology. Innovators in a
new setting may be surprised when their colleagues do not use a CDSS with the
same enthusiasm as the original participants.

The user interface is an important component of the effectiveness of a CDSS.
The CDSS interface should be developed according to potential users’ capabilities
and limitations, the users’ tasks, and the environment in which those tasks are
performed.?® One of the main difficulties with alerting systems is getting the
information that there is a potential problem (such as an abnormal laboratory
value) as rapidly as possible to the individual with the decision-making capability.
A group of investigators tried a number of different alerting methods, from a
highlighted icon on the computer screen to a flashing yellow light placed on the top
of the computer.?” These investigators later gave the nurses pagers to alert them
about abnormal laboratory values.”® The nurses could then decide how to act on
the information and when to alert the physician.

To ensure acceptance, users must believe that they can count on the system to be
available whenever they need it. The amount of downtime needed for data backup,
troubleshooting, and upgrading should be minimal. The response time must be
fast, data integrity maintained, data redundancy minimized, and system downtime
minimized. It is also important to provide training required for users to feel
comfortable with the system. If users become frustrated with the system, system
performance will be suboptimal.

Many computer programs may function well at the site where the program was
developed. Unfortunately, the staff at your institution may have objections to the
approaches taken elsewhere. For example, an expert system for managing patients with
ventilators who have adult respiratory distress syndrome may use continuous positive-
airway-pressure trials to wean patients from the ventilator, whereas clinicians at your
institution may prefer pressure-support weaning. Syntax, laboratory coding, and
phrasing of diagnoses and therapeutic interventions can vary markedly across institu-
tions. Customizing the application to the environment may not be feasible, and
additional expense may be required when vocabulary is mapped to synonyms, unless a
mechanism to do so has already been incorporated. To ensure user acceptance, users
should participate in the decision-making and implementation stages.

Another issue is whether the logic that the system is based on is evidence based.
Use of strong evidence from the literature could enhance clinician acceptance by
convincing physicians that the rules positively affect patient outcomes. However,
evidence-based practices do not ensure acceptance, so you would be advised to
develop local consensus and endorsement in your setting. Additionally, any evidence-
based system must be updated as important new evidence becomes available.

Do the Benefits of the Clinical Decision Support System Justify the

Risks and Costs?

The real cost of the CDSS is usually much higher than the initial hardware,
software, interface, training, maintenance fees, and upgrade costs. Often the CDSS
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is designed and maintained by staff whose actions are critical to the success of the
intervention. Your institution might not want to pay for the time of such people in
addition to the cost of the computer software and hardware. Indeed, it can be
difficult to estimate the costs of purchasing or building and implementing an
integrated CDSS. On the other hand, investing in employees to create or manage a
CDSS is usually a wise institutional investment because current trends toward
more efficient information management are likely to continue as health care
catches up with the business world.

A computer-based CDSS evaluation involves the interplay between 3 complex
elements:

¢ one or more human intermediaries;
* an integrated computerized system and its interface; and
* the knowledge in the decision support.

This makes evaluation of a computer-based CDSS a complex undertaking.
Taking into account the influence of a study environment, a published systematic
review of studies assessing CDSSs used in inpatient and outpatient clinical
settings by physicians and other health care providers? was recently updated.!?
Of the 97 controlled trials assessing practitioner performance, the majority
(64%) improved processes of care: 4 (40%) of 10 diagnostic systems, 16 (76%) of
21 reminder systems, 23 (62%) of 37 disease management systems, and 19 (66%)
of 29 drug-dosing or prescribing systems. The effects of these systems on patient
health, however, remain understudied and inconsistent when studied. In the
recent review, 52 of 100 trials assessed patient outcomes, often in a limited
capacity without adequate statistical power to detect important differences. Only
7 trials reported improved patient outcomes with the CDSS, and no study
reported benefits for major outcomes such as mortality. Surrogate outcomes
such as blood pressure and glycosylated hemoglobin did not show important
improvements in most studies.

The best reason for evaluating processes of care is if RCTs have previously
shown that those processes improve patient outcomes. Interventions that
increase the proportion of patients receiving aspirin or a statin after a myocardial
infarction,?? an inhaled steroid in the presence of uncontrolled asthma, or
thromboprophylaxis after a hip fracture provide indisputable benefit.

A less attractive reason for evaluating health care processes rather than
health outcomes is that failures of process occur more frequently than major
adverse health outcomes. For example, an RCT designed to show a 25% RRR
in failure to follow a process criterion (from 50% to 32.5%) would need to
enroll 246 patients per group. An RCT designed to show that this intervention
reduces mortality in relative terms by 25% (from 5% to 3.75%) would need to
enroll 4177 patients per group. Furthermore, demonstrating that preventive
interventions improve patient health outcomes demands long follow-up
periods.
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TCAL BESULULIUN

As program director, you now face 2 separate but related questions: In an ideal
world, should you implement this type of CDSS, and in reality, could you
implement this type of CDSS? You are impressed at the RRR in inappropriate
prescribing of 32% but wonder whether your 45 pediatric residents with their
high rate (47%) of inappropriate prescribing will respond similarly. Not only is
the study intervention very complex but also the authors did not present its cost
and it is likely expensive. Although reducing the rate of inappropriate antibiotic
prescribing is of some importance in itself (reduced adverse effects and cost), a
decrease in return visits or antibiotic resistance would be even more compelling.

As is typical of CDSS trial reports, the authors are not able to identify the
specific facets of the intervention that had the most effect. Because all your
residents have PDAs, you are especially interested in whether the PDA-based
CDSS worked better than the paper-based interventions; the study design did
not, however, address this issue. Likewise, you observe that the study popula-
tion was approximately 70% adults, whereas your patients are children, and you
wonder whether the community-based clinicians in the study were more or less
amenable to change compared with your colleagues. Finally, the details of the
algorithms themselves, particularly the evidence base of the logic behind the
adjudication of a prescription as inappropriate or not, are missing.

In the end, you decide that the goal of decreasing inappropriate antibiotic
prescribing in the clinic is important enough to form a more focused quality
improvement (Ql) initiative. You gather a group of residents interested in
carrying out a Ql project, along with some of their attending physicians. They are
particularly keen to try the PDA intervention in the study, so they agree to begin
a formal chart abstraction process on respiratory tract infection prescribing. The
clinical pharmacists offer to develop an algorithm that considers the marked
differences in costs among antibiotics. You contact the authors of the CDSS
study about further details of the antibiotic-prescribing algorithm and ask them
whether they are willing to discuss in more detail the algorithms, the PDA
component, and the factors that seemed to contribute to the study’s success.
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For every treatment, there is a true, underlying effect that any individual experi-
ment can only estimate (see Chapter 5, Why Study Results Mislead: Bias and
Random Error). Investigators use statistical methods to advance their understand-
ing of this true effect. One approach to statistical exploration is to begin with what
is called a null hypothesis and try to disprove that hypothesis. Typically, the null
hypothesis suggests there is no difference between treatments being compared.

For instance, in a comparison of vasodilator treatment in 804 men with heart
failure, investigators compared the proportion of enalapril-treated survivors with
the proportion of survivors receiving a combination of hydralazine and nitrates.!
We start with the assumption that the treatments are equally effective, and we
adhere to this position unless the results make it untenable. One could state the
null hypothesis in the vasodilator trial more formally as follows: The true
difference in the proportion of patients surviving between those treated with
enalapril and those treated with hydralazine and nitrates is zero.

In this hypothesis-testing framework, the statistical analysis addresses the question
of whether the observed data are consistent with the null hypothesis. Even if the
treatment truly has no positive or negative effect on the outcome (that is, the effect size is
zero), the results observed will seldom show exact equivalence. For instance, even if
there is actually no difference between treatments, seldom will we see exactly the same
proportion of deaths in treatment and control groups. As the results diverge farther and
farther from the finding of “no difference,” however, the null hypothesis that there is no
true difference between the treatments becomes progressively less credible. If the
difference between results of the treatment and control groups becomes large enough,
clinicians abandon belief in the null hypothesis. We will further develop the underlying
logic by describing the role of chance in clinical research.

THE ROLE OF CHANCE

In Chapter 5, Why Study Results Mislead: Bias and Random Error, we considered a
balanced coin with which the true probability of obtaining either heads or tails in any
individual coin toss is 0.5. We noted that if we tossed such a coin 10 times, we would not
be surprised if we did not see exactly 5 heads and 5 tails. Occasionally, we would get
results quite divergent from the 5:5 split, such as 8:2, or even 9:1. Furthermore, very
infrequently, the 10 coin tosses would result in 10 consecutive heads or tails.

Chance is responsible for this variability in results. Certain recreational games
illustrate the way chance operates. On occasion, the roll of 2 unbiased dice (dice
with an equal probability of rolling any number between 1 and 6) will yield 2
ones or 2 sixes. On occasion (much to the delight of the recipient), the dealer at a
poker game will dispense a hand consisting of 5 cards of a single suit. Even less
frequently, the 5 cards will not only belong to a single suit but also have
consecutive face values.
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Chance is not restricted to the world of coin tosses, dice, and card games. If we take
a sample of patients from a community, chance may result in unusual and potentially
misleading distributions of chronic disease such as hypertension or diabetes. Chance
also may be responsible for substantial imbalance in event rates in 2 groups of patients
given different treatments that are, in fact, equally effective. Much statistical inquiry is
geared toward determining the extent to which unbalanced distributions could be
attributed to chance and the extent to which one should invoke other explanations
(differential treatment effects, for instance). As we demonstrate here, the size of the study
to a large extent determines the conclusions of its statistical inquiry.

THE P VALUE

One way that an investigator can err is to conclude that there is a difference
between a treatment group and a control group when, in fact, no such difference
exists. In statistical terminology, making the mistake of concluding that treatment
and control differ when, in truth, they do not is called a type I error and the
probability of making such an error is referred to as o level.

Imagine a situation in which we are uncertain whether a coin is biased. One
could construct a null hypothesis that the true proportions of heads and tails are
equal (that is, the coin is unbiased). With this scenario, the probability of any
given toss landing heads is 50%, as is the probability of any given toss landing
tails. We could test this hypothesis by an experiment in which we conduct a series
of coin tosses. Statistical analysis of the results of the experiment would address
the question of whether the results observed were consistent with chance.

Let us conduct a hypothetical experiment in which the suspected coin is
tossed 10 times, and on all 10 occasions, the result is heads. How likely is this
to have occurred if the coin were indeed unbiased? Most people would
conclude that it is highly unlikely that chance could explain this extreme
result. We would therefore be ready to reject the hypothesis that the coin is
unbiased (the null hypothesis) and conclude that the coin is biased.

Statistical methods allow us to be more precise by ascertaining just how
unlikely the result is to have occurred simply as a result of chance if the null
hypothesis is true. The law of multiplicative probabilities for independent
events (in which one event in no way influences the other) tells us that the
probability of 10 consecutive heads can be found by multiplying the proba-
bility of a single head (1/2) 10 times over; that is, (1/2) X (1/2) X (1/2), and so
on, which, it turns out, yields a value of slightly less than 1 in a 1000.

In a journal article, one would likely see this probability expressed as a P
value, P < .001. What is the precise meaning of this P value? If the coin were
unbiased (that is, if the null hypothesis were true) and one were to repeat the
experiment of the 10 coin tosses many times, 10 consecutive heads would be
expected to occur by chance in less than 1 in 1000 of these repetitions.

m
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The framework of hypothesis testing involves a yes-no decision. Are we willing
to reject the null hypothesis? This choice involves a decision about how much risk
or chance of making a type I error we are willing to accept. The reasoning implies a
threshold value that demarcates a boundary. On one side of this boundary, we are
unwilling to reject the null hypothesis; on the other side, we are ready to conclude
that chance is no longer a plausible explanation for the results.

To return to the example of 10 consecutive heads, most people would be
ready to reject the null hypothesis when the results observed would be
expected to occur by chance alone less than 1 in a 1000 times. What if we
repeat the thought experiment? This time we obtain 9 tails and 1 head. Once
again, it is unlikely that the result is because of the play of chance alone. This
time, as shown in Figure 10.1-1 (which you will recognize from Chapter 5;
the theoretical distribution of the distribution of results on an infinite
number of repetitions of the 10-coin flip experiment when the coin is
unbiased), the P value is .02, or 2 in 100. That is, if the coin were unbiased
and the null hypothesis were true, we would expect results as extreme as—or
more extreme than—those observed (that is, 10 heads or 10 tails, 9 heads and
1 tail, or 9 tails and 1 head) to occur by chance alone 2 times per 100
repetitions of the experiment.

Where we set this threshold or boundary is arbitrary and is a matter of
judgment. Statistical convention suggests a threshold that demarcates the plausible
from the implausible at 5 times per 100, which is represented by a P value of .05. We
call results that fall beyond this boundary (that is, P < .05) statistically significant. The
meaning of statistically significant, therefore, is “sufficiently unlikely to be due to
chance alone that we are ready to reject the null hypothesis.”

Let us repeat our experiment twice more, both times with a new coin. On the
first repetition, we obtain 8 heads and 2 tails. Calculation of the P value associated
with an 8/2 split tells us that, if the coin were unbiased, results as extreme as
or more extreme than 8/2 (or 2/8) would occur solely as a result of the play of
chance 11 times per 100 (P = .11) (Figure 10.1-1). We have crossed to the
other side of the conventional boundary between what is plausible and what
is implausible. If we accept the convention, the results are not statistically
significant and we will not reject the null hypothesis.

On our final repetition of the experiment, we obtain 7 tails and 3 heads.
Experience tells us that such a result, although not the most common, would
not be unusual even if the coin were unbiased. The P value confirms our
intuition: Results as extreme as, or more extreme than, this 7/3 split would
occur under the null hypothesis 34 times per 100 (P = .34) (Figure 10.1-1).
Again, we will not reject the null hypothesis.

When investigators compare 2 treatments, the question they ask is, how likely is
it that the observed difference is due to chance alone? If we accept the conventional
boundary or threshold (P < .05), we will reject the null hypothesis and conclude
that the treatment has some effect when the answer to this question is that
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repetitions of the experiment would yield differences as extreme as or more
extreme than those we have observed less than 5% of the time. Generally, the 5%
refers to both tails of the distribution of possible results (analogous to 0 or 1 head or
0 or 1 tail), though investigators sometimes conduct I-sided significance tests.

Let us return to the example of the randomized trial in which investigators
compared enalapril to the combination of hydralazine and nitrates in 804 men
with heart failure. The results of this study illustrate hypothesis testing using a
dichotomous (yes/no) outcome; in this case, mortality.! During the follow-up
period, which ranged from 6 months to 5.7 years, 132 of 403 patients (33%)
assigned to enalapril died, as did 153 of 401 (38%) of those assigned to hydralazine
and nitrates. Application of a statistical test that compares proportions (the y? test)
reveals that if there were actually no difference in mortality between the 2 groups,
differences as large as or larger than those actually observed would be expected 11
times per 100 (P = .11). Using the hypothesis-testing framework and the conven-
tional threshold of P < .05, we would conclude that we cannot reject the null
hypothesis and that the difference observed is compatible with chance.

Readers interested in how to teach the concepts we have reviewed in this chapter to
clinical learners may be interested in an interactive script we have developed for this

purpose.?

Tvpe | AnD TyPe 11 ERRORS

Consider a woman who suspects she is pregnant and is undertaking a pregnancy test.
The test has possible errors associated with its result. Figure 10.1-2 represents the 4
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FIGURE 10.1-2
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possible results: the woman is either pregnant or not pregnant, and the test result is
either positive or negative. If the woman is pregnant, the test may be positive (true
positive, cell a) or negative (false negative, cell b). If the woman is not pregnant, the
test may be positive (false positive, cell ¢) or negative (true negative, cell d).

We can apply the same logic to the result of an experiment testing the effect of a
treatment. The treatment either has an effect or it does not; the experiment is either
positive (P < .05) or negative (P > .05) (Figure 10.1-3). Here, a true positive occurs
when there is a real treatment effect and the study results yield a P <.05 (cell a), and a
true negative occurs when treatment has no effect and the study P value is greater than
.05. We refer to a false positive (no true treatment effect, P < .05, cell b) as a type I or o
error. When we set our threshold P at .05, the likelihood of a type I error when the null
hypothesis is true is 5%. We refer to a false negative (treatment truly effective, P > .05,
cell ¢) as a type IT or B error. We expand on this logic in the following discussion.

THE RisK OF A FALSE-NEGATIVE RESULT

A clinician might comment on the results of the comparison of treatment
with enalapril with that of a combination of hydralazine and nitrates as
follows: “Although I accept the 5% threshold and therefore agree that we

FIGURE 10.1-3
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cannot reject the null hypothesis, I am nevertheless still suspicious that
enalapril results in a lower mortality than does the combination of hydrala-
zine and nitrates. The experiment still leaves me in a state of uncertainty.” In
making these statements, the clinician is recognizing the possibility of a
second type of error in hypothesis testing.

The second type of error that an investigator can make is falsely concluding that
an effective treatment is useless. A type II error occurs when one erroneously
dismisses an actual treatment effect—and a potentially useful treatment.

In the comparison of enalapril with hydralazine and nitrates, the possibility
of erroneously concluding that there is no difference between the 2 treatments
is great. The investigators found that 5% fewer patients receiving enalapril died
than those receiving the alternative vasodilator regimen. If the true difference
in mortality really were 5%, we would readily conclude that patients will
receive an important benefit if we prescribe enalapril. Despite this, we were
unable to reject the null hypothesis. Why is it that the investigators observed an
important difference between the mortality rates and yet were unable to
conclude that enalapril is superior to hydralazine and nitrates?

Whenever one observes a large difference between treatment and control groups
and yet cannot reject the null hypothesis, one should consider the possibility that
the problem is failure to enroll enough patients. The likelihood of missing an
important difference (and, therefore, of making a type II error) decreases as the
sample size and thus the number of events gets larger. When a study is at high risk
of making a type Il error, we say it has inadequate power. The larger the sample size,
the lower the risk of type II error and the greater the power.

Although the 804 patients recruited by the investigators conducting the
vasodilator trial may sound like a substantial number, for dichotomous
outcomes such as mortality, even larger sample sizes are often required to
detect small treatment effects. For example, researchers conducting the trials
that established the optimal treatment of acute myocardial infarction with
thrombolytic agents both anticipated and found absolute differences between
treatment and control mortalities of less than 5%. Because of these small
absolute differences between treatment and control, they required—and
recruited—thousands of patients to ensure adequate power.

Whenever a trial has failed to reject the null hypothesis (ie, when P > .05), the
investigators may have missed a true treatment effect, and you should then
consider whether the power of the trial was adequate. In these negative studies, the
stronger the nonsignificant trend in favor of the experimental treatment, the more
likely it is that the investigators missed a true treatment effect.> Another chapter in
this book describes how to decide whether a study is large enough (see Chapter 8,
Confidence Intervals).
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NONINFERIORITY TRIALS

Some studies are not designed to determine whether a new treatment is better than the
current one, but rather, whether a treatment that is less expensive, easier to administer, or
less toxic yields more or less the same treatment effect as standard therapy. Such studies
are often referred to as equivalence trials or, more commonly, noninferiority trials.*

In noninferiority studies, considering whether investigators have recruited an
adequate sample size to make sure they will not miss small but important treatment
effects is even more important. If the sample size of a noninferiority study is inadequate,
the investigator runs the risk of a § error: concluding that the treatments are equivalent
when, in fact, patients given standard therapy derive important benefits in comparison
to the easier, less expensive, or less toxic alternative.

ConTinuous MEASURES OF OUTCOME

To this point, all of our examples have used outcomes such as yes/no, heads or tails, or
dying or not dying, all of which we can express as a proportion. Often, investigators
compare the effects of 2 or more treatments using a variable such as spirometric
measurements, cardiac output, creatinine clearance, or score on a quality-of-life
questionnaire. We call such variables, in which results can take a large number of values
with small differences between those values, continuous variables. When one compares
differences between groups using continuous outcomes, one typically asks the question
whether one can exclude chance as the explanation of a difference in means.

The study of enalapril vs hydralazine and nitrates in patients with heart failure
described above! provides an example of the use of a continuous variable as an
outcome in a hypothesis test. The investigators compared the effect of the 2
regimens on exercise capacity. In contrast to the effect on mortality, which
favored enalapril, exercise capacity improved with hydralazine and nitrates but
not with enalapril. Using a test (the 7 test) appropriate for continuous variables,
the investigators compared the changes in exercise capacity from baseline to 6
months in the patients receiving hydralazine and nitrates to those changes in the
enalapril group during the same period. Exercise capacity in the hydralazine
group improved more, and the differences between the 2 groups are unlikely to
have occurred by chance (P =.02).

MuLTiPLE TESTS

Picture a medical school in which 2 instructors with differing approaches
teach an introductory course on medical statistics. The instructors wish to see
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whether the 2 approaches lead to different results on a final common
examination. To do so, they assign the 200 medical students in the first-year
class to one instructor or the other by a process of random allocation, through
which each student has an equal chance (50%) of being allocated to either of
the 2 instructors.

The instructors decide to take advantage of this process to illustrate some
important principles of medical statistics. They therefore ask the question,
are there characteristics of the 2 groups of students that differ beyond a level
that could be explained by the play of chance? The characteristics they choose
include sex distribution, eye color, height, grade point average in the last year
of college before entering medical school, socioeconomic status, and favorite
type of music.

The instructors formulate null hypotheses for each of their tests. For
instance, the null hypothesis associated with sex distribution is as follows:
The students are drawn from the same group of people and, therefore, the
true proportion of females in the 2 groups is identical. You will note that the
students were drawn from the same underlying population and were
assigned to the 2 groups by random allocation. The null hypothesis in each
case is true; therefore, anytime in this experiment in which the hypothesis is
rejected will represent a false-positive result (a type I error).

The instructors survey their students to determine their status on each of
the 6 variables of interest. For 5 of these variables, they find that the
distributions are similar in the 2 groups; and all of the P values associated
with formal tests of the differences between groups are greater than .10. The
instructors find that for eye color, however, 25 of 100 students in one group
have blue eyes, whereas 38 of 100 in the other group have blue eyes. A formal
statistical analysis reveals that if the null hypothesis were true (which it is),
then differences in the proportion of people with blue eyes in the 2 groups as
large as or larger than the difference observed would occur slightly less than 5
times per 100 repetitions of the experiment. Using the conventional bound-
ary, the instructors would reject the null hypothesis, even though it is in fact
true. The example shows, among other things, the potential for error in
testing for differences between groups that have been allocated through well-
conducted randomization.

The assumptions underlying hypothesis testing break down if we are simulta-
neously considering more than 1 hypothesis. For instance, consider how likely it is
that in testing 6 independent hypotheses, one would find at least 1 that crossed the
threshold of .05 by chance alone. By independent, we mean that the result of a test of
one hypothesis does not depend in any way on the results of tests of any of the other
hypotheses. Because our likelihood of crossing the significance threshold for any one
characteristic is .05, the likelihood of not crossing the threshold for that same
characteristic is 1.0 — .05, or .95. When 2 hypotheses are tested, the probability that
neither one would cross the threshold would be .95 multiplied by .95 (or the square of
.95); when 6 hypotheses are tested, the probability that not a single one would cross

n



AL

PART B: THERAPY

the 5% threshold is .95 to the sixth power, or 74%. When 6 independent hypotheses
are tested, the probability that at least 1 result is statistically significant is therefore
26% (100% — 74%), or approximately 1 in 4, rather than 1 in 20. If we wished to
maintain our overall standard of .05, we would have to divide the threshold P value
by 6, so that each of the 6 tests would use a boundary value of approximately .0085.

The message here is 2-fold. First, rare findings do occasionally happen by
chance. Even with a single test, a finding with a P value of .01 will happen 1% of the
time. Second, one should be aware of multiple hypotheses testing that may yield
misleading results. Examples of this phenomenon abound in the clinical literature.
For example, in a survey of 45 trials from 3 leading medical journals, Pocock et al’
found that the median number of endpoints mentioned was 6, and most were tested
for statistical significance.

We find an example of the dangers of using multiple endpoints in a
randomized trial of the effect of rehabilitation on quality of life after
myocardial infarction in which investigators randomized patients to receive
standard care, an exercise program, or a counseling program. They obtained
patient reports of work, leisure, quality of work and leisure, sexual activity,
compliance with advice, cardiac symptoms, psychiatric symptoms, general
health, and satisfaction with outcome.® For almost all of these variables, there
was no difference between the 3 groups. However, at follow-up after 18
months, patients were more satisfied with the exercise regimen than with the
other 2 regimens, families in the counseling group were less protective than
in the other groups, and patients participating in the counseling group
worked more hours and had sexual intercourse more frequently.

Does this mean that both exercise and rehabilitation programs should be
implemented because of the small number of outcomes that changed in their
favor or that they should be rejected because most of the outcomes showed
no difference? The authors themselves concluded that their results did not
support the effectiveness of rehabilitation in improving quality of life.
However, a program’s advocate might argue that if even some of the ratings
favored treatment, the intervention is worthwhile. The use of multiple
instruments opens the door to such potential controversy.

A number of statistical strategies exist for dealing with the issue of multiple
hypotheses testing on the same data set. We have illustrated one of these in a
previous example: dividing the P value by the number of tests. One can also specity,
before the study is undertaken, a single primary outcome on which the major
conclusions of the study will hinge. A third approach is to derive a single global test
statistic (a pooled effect size, for instance) that effectively combines the multiple
outcomes into a single measure.

Finally, one might argue that in some situations, one can carry out several
hypothesis tests without making a multiple comparisons adjustment. When the
hypotheses being tested represent distinct scientific questions, each of interest in its
own right, it may be that interpretation of each hypothesis should not be
influenced by the number of other hypotheses being tested.!
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A full discussion of strategies for dealing with multiple outcomes is beyond the

scope of this book, but the interested reader can find a cogent discussion
elsewhere.”

LimiTATIONS OF HYPOTHESIS TESTING

At this point, you may be entertaining a number of questions that leave you uneasy.
Why use a single cut point for rejecting the null hypothesis when the choice of a cut
point is so arbitrary? Why dichotomize the question of whether a treatment is
effective into a yes/no issue when it may be viewed more appropriately as a
continuum (from, for instance, “very unlikely to be effective” to “almost certainly
effective”)? We direct these clinicians to another part of this book (see Chapter 8,
Confidence Intervals) for an explanation of why we consider an alternative to
hypothesis testing a superior approach.
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0bDS IN ORDINARY LIFE

You might be most familiar with odds in the context of sporting events, when
bookmakers or newspaper commentators quote the odds for and against a horse, a
boxer, or a tennis player winning a particular event.

In the context of games, suppose you have a die that has 6 faces. What is the
likelihood of getting the face that has 4 dots vs getting some other face on a single
throw? What are the odds of that particular event occurring vs not occurring? Is it 1:5
or 1:6? The correct answer to this question is 1:5, representing the ratio of probability
that the event (having the face of 4 dots) will happen relative to the probability that it
will not happen (ie, having one of the other possible 5 faces). The corresponding
probability of rolling a 4 is 1/6, and of rolling some face other than the 4 is 5/6.

THE 2 x 2 TABLE

As clinicians, we are interested less in rolling dice than in treating patients. So, in
terms of odds, we are interested in the odds of experiencing an adverse outcome vs
avoiding that outcome. Further, we are interested in those odds in patients exposed
to treatment vs those not exposed. When we compare odds from treated and
untreated groups, we will end up with the ratio of 2 odds, not surprisingly called
odds ratio (OR). In Chapter 7, Does Treatment Lower Risk? Understanding the
Results, in which we discussed ways of presenting the magnitude of a treatment
effect, we introduced the concept of the OR. To help understand it, we present once
again the 2 x 2 table (Table 10.2-1) and the results from ligation vs sclerotherapy of
bleeding esophageal varices (Table 10.2-2).! In this and other examples in this
chapter, we look at situations in which a treatment may reduce the probability of an
adverse event, and thus an OR less than 1.0 represents a benefit of treatment (OR > 1
is associated with increased odds of that event happening, whereas OR of 1
describes no effect).

0bDS VS RISKS

In Chapter 7, Does Treatment Lower Risk? Understanding the Results, we
expressed the results in terms of risks and then in terms of risk reduction, either
relative or absolute. The OR represents an alternative: instead of looking at the risk
of an event, we could estimate the odds of having vs not having an event.

When used in medicine, the odds represent the number of patients in a given
group with an event divided by number of patients in the same group without it.
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TABLE 10.2-1
Outcome
Exposure? Yes No
Yes a
No c d
. a/b _ ad

Odds ratio = o/d _ ¢h

. ., _a/(@a+b)
Relative risk = c/crd)

c/(c+d)-a/(a+b)
c/(c+d)

Relative risk reduction = 1 - RR =
c a

Risk difference (RD) = cid _a+b
Number needed to treat = 100/(RD x 100%)

aThe exposure may be a putatively beneficial therapy or a possibly harmful agent.

The ratio of odds in one group to the odds in the other group is the OR. You will
find that sometimes authors calculate the OR and then report the results as relative
risks (RRs). In most instances in medical investigation, when odds and risks are
approximately equal, this is not a problem. On the relatively infrequent occasions
when odds and risks are widely divergent, this practice will be misleading.

You may sometimes be in the position in which you would like to convert odds
to risk. To do so, you divide the odds by (1 plus those odds). For instance, if the
odds of a poor surgical outcome is 0.5 (or 1:2), the risk is [0.5/(0.5 + 1)], or 0.33. To

TABLE 10.2-2

Endoscopic Ligation for Bleeding Esophageal Varices?

Outcome
Exposure Death Survival Total
Ligation 18 46 64
Sclerotherapy 29 36 65

Odds ratio = (18/46)/(29/36) = 0.39/0.81 = 0.49
Relative risk = (18/64)/(29/65) = 0.63

Relative risk reduction = 1-0.63 = 0.37

Risk difference = 0.455 - 0.28 = 0.165

Number needed to treat = 100%/16.5% = 6

aData from Stiegmann et al.!
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TABLE 10.2-3

Risks and Odds®
Risk Odds

0.05 0.05/0.95 = 0.053
0.1 0.1/0.9 = 0.11

0.2 0.2/0.8 = 0.25
0.25 0.25/0.75 = 0.33
0.33 0.33/0.66 = 0.5
0.4 0.4/0.6 = 0.67
0.5 0.5/0.5 = 1.0

0.6 0.6/0.4 =15

0.8 0.8/0.2 = 4.0

3Risks are equal to [odds/(1 + odds)]. Odds are equal to [risks/(1 - risk)].

convert from risks to odds, divide risk by (1 — risk). Table 10.2-3 presents the
relationship between risk and odds. Note that the greater the magnitude of the risk,
the greater the numeric difference between the risk and odds.

THE MERITS OF THE ODDS RATIO

One can create a measure of association or effect by creating a ratio of odds. The
OR, then, is the ratio of the odds of having the event in one (exposed or
experimental) group relative to the odds of having the event in another group
(unexposed or control group). In our example, the odds of dying in the ligation
group are 18 (death) vs 46 (survival), or 18 to 46, or 18/46 (a/b), and the odds of
dying in the sclerotherapy group are 29 to 36 (c/d). The formula for the ratio of
these odds is (a/c)/(b/d) (Table 10.2-1); in our example, this yields (18/46)/(29/36),
or 0.49. If one were formulating a terminology parallel to risk (in which we call a
ratio of risks an RR), one would call the ratio of odds a relative odds. Epidemiolo-
gists have chosen RR as the preferred term for a ratio of risks and OR for a ratio of
odds.

Historically, the OR, which has a number of points (Table 10.2-4) in its favor,
has been the predominant measure of association? because the OR has a statistical
advantage in that it is essentially independent of the arbitrary choice between a
comparison of the risks of an event (such as death) or the corresponding
“nonevent” (such as survival), which is not necessarily true of the RR.3
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TABLE 10.2-4

erits or the S hatio

1. Apparent prevalence in case-control studies depends on the ratio of sampling
cases to controls, which is determined by the investigator. Effect measure that is
unaltered by prevalence (a + b) required—OR only appropriate measure

2. May be desirable if we are performing a meta-analysis in trials with greatly dif-
ferent event rates

3. If we reverse the outcomes in the analysis and look at good outcome (survival)
rather than bad outcome (mortality), the latter relationship will have a recipro-
cal OR (not true of relative risk [RR])

4. OR appropriate whatever the baseline event rate (RR becomes problematic if
high event rates; for example, if risk > 0.5, we cannot have RR > 2)

5. OR is the measure of association or effect that we use in /ogistic regression
(see Chapter 13, Correlation and Regression)

SuBsTITUTION OF RELATIVE RiSK FOR OppS RATIO

As clinicians, we would like to be able to substitute the RR, which we intuitively
understand, for the OR, which we do not understand. Looking back at our 2 x 2
table (see Table 10.2-1), we see that the validity of this substitution requires
that the RR, [a/(a + b)]/[c/(c + d)], be more or less equal to the OR, (a/b)/(c/d).
For this to be the case, a must be much less than b, and ¢ much less than d (look
at denominators in the formula); in other words, the outcome must occur
infrequently in both the treatment and the control groups.

For low event rates, common in most randomized trials, the OR and RR are
numerically very close. The RR and OR will also be closer together when the
magnitude of the treatment effect is small (that is, OR and RR are close to 1.0)
than when the treatment effect is large. With both low event rates (in which OR is
numerically close to RR) and with higher event rates (in which they may be
farther apart), the OR will always make a treatment appear more effective than
RR (ie, for the same results, the OR will be farther from 1.0 than the RR). With
low event rates, this tendency is minimal; with higher event rates, it is more
pronounced (Table 10.2-5).

When event rates are high and effect sizes are large, there are ways of converting
the OR to RR.®7 Fortunately, clinicians will rarely need to consult such tables. To
see why, consider a meta-analysis of ligation vs sclerotherapy for esophageal
varices® that demonstrated a rebleeding rate of 0.47 with sclerotherapy, as high an
event rate as one is likely to find in most trials. The OR associated with treatment
with ligation was 0.52, a large effect. Despite the high event rate and large effect, the
RR (0.67) is not practically very different from the OR. The 2 are close enough—
and this is the crucial point—so that choosing one relative measure or the other is
unlikely to have an important influence on treatment decisions.

%
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TABLE 10.2-5
Risk Exposure, Odds Odds Relative Odds
Risk Control, % % Control Exposure Risk Ratio

Undesirable Event

4 3 0.042 0.031 0.75 0.74
40 30 0.67 0.43 0.75 0.64

Desirable Event

10 15 0.1 0.18 1.5 1.59
30 45 0.43 0.82 1.5 1.91

The calculation of number needed to treat (NNT) and number needed to
harm (NNH) provides another problem when investigators report ORs instead
of RRs. As we stated before, the best way of dealing with this situation when
event rates are low is to assume that the RR will be very close to the OR. The
higher the risk, the less secure the assumption. Tables 10.2-6 and 10.2-7
provide a guide for making an accurate estimate of the NNT and NNH when
you estimate the patient’s baseline risk and the investigator has provided only
an OR.

TABLE 10.2-6

Deriving the NNT From the Odds Ratio OR)

Therapeutic Intervention (OR)

Control

Event

Rate 05 055 0.6 0.65 0.7 075 0.8 08 0.9
0.05 41 46 52 59 69 83 104 139 209
0.1 21 24 27 31 36 43 54 73 110
0.2 1 13 14 17 20 24 30 40 61
0.3 8 9 10 12 14 18 22 30 46
0.4 7 8 9 10 12 15 19 26 40
0.5 6 7 8 9 1 14 18 25 38
0.7 6 7 9 10 13 16 20 28 44
0.9 12 15 18 22 27 34 46 64 101

1_CER(1-OR)

The formula for determining the NNT: CER(T - CER(1-0R)

Abbreviations: CER, control event rate; NNT, number needed to treat; OR, odds ratio.

Adapted from Hux et al.?
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TABLE 10.2-7
W
Control Therapeutic Intervention (OR)

Event

Rate 1.1 1.2 1.3 1.4 1.5 2 25 3 35
0.05 212 106 71 54 43 22 15 12 9
0.1 112 57 38 29 23 12 9 7 6
0.2 64 33 22 17 14 8 5 4 4
0.3 49 25 17 13 11 6 5 4 3
0.4 43 23 16 12 10 6 4 4 3
0.5 42 22 15 12 10 6 5 4 4
0.7 51 27 19 15 13 8 7 6 5
0.9 121 66 47 38 32 21 17 16 14

CER(OR-1)+1
CER(OR-1)(1-CER)

The formula for determining the NNH:

Abbreviations: CER, control event rate; NNH, number needed to harm; OR, odds ratio.

Adapted from Hux et al.®

CASE-CONTROL STUDIES

Up to now, our examples have come from prospective randomized controlled trials.
In these trials, we start with a group of patients who are randomly allocated to an
intervention and a group of patients who are allocated to a control intervention.
The investigators follow the patients over time and record the frequency of events.
The process is similar in observational studies termed “prospective cohort studies,”
although in this study, the investigators do not control the exposure or treatment.
For randomized trials and prospective cohort studies, we can calculate risks, odds,
risk difference, RRs, ORs, and even odds reductions.

In case-control studies, investigators choose or sample participants not accord-
ing to whether they have been exposed to the treatment or risk factor, but according
to whether they have experienced a target outcome. Participants start the study with
or without the event, rather than with or without the exposure or intervention.
Investigators compare patients with the adverse outcome, be it stroke, myocardial
infarction, or cancer, with controls who have not had the outcome. The usual
question asked is whether there are any factors that seem to be more commonly
present in one of these groups than in the other group.

In one case-control study, investigators examined the question of whether
sunbeds or sunlamps increase the risk of skin melanoma.!? The control patients
and the cases had similar distributions of age, sex, and residence. Table 10.2-8
presents some of the findings from this study.
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TABLE 10.2-8

Hesults !rom a Ease-!ontrol !tu!y !xammmg t"e !SSOCIatIOH 0| Eutaneous

Melanoma and the Use of Sunbeds and Sunlamps?®

Exposure Cases Controls
Yes 67 41
No 210 242

aData from Walter et al,'® men only.

If the information in Table 10.2-8 had come from a prospective cohort study or
a randomized controlled trial, we could have begun by calculating the risk of an
event in the exposed and control groups. This would not make sense in the case-
control study because the number of patients who did or did not have melanoma
was chosen by the investigators. The OR provides the only sensible measure of
association in a case-control study. One can ask whether the odds of having been
exposed to sunbeds or sunlamps among people with melanoma were the same as
the odds of exposure among the control patients. In the study, the odds of exposure
(in men) were 67 of 210 in the melanoma patients and 41 of 242 in the control
patients. The OR is therefore (67/210)/(41/242), or 1.88 (95% confidence interval,
1.20-2.98), suggesting an association between using sunbeds or sunlamps and
developing melanoma. The fact that the confidence interval does not overlap or
include 1.0 suggests that the association is unlikely to have resulted from chance.

Even if the association were not chance related, it does not necessarily mean that
the sunbeds or sunlamps were the cause of melanoma. Potential explanations could
include greater recollection of using these devices among people with melanoma
(recall bias), longer sun exposure among these people, and different skin color; of
these explanations, the investigators addressed many. To be confident that expo-
sure to sunbeds or sunlamps was the cause of melanoma would require additional
confirmatory studies.
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SAMPLE SiZE DoES NoT DETERMINE THE
WiDTH oF THE CONFIDENCE INTERVAL

Clinicians sometimes equate the size of a randomized trial or the number of participants
in a trial of therapy with its precision, and thus the width of the confidence interval (CI).
This chapter deals with issues of precision and the resulting confidence in estimates of
treatment effects in studies in which the outcomes are dichotomous (yes/no) events such
as death, stroke, or myocardial infarction. As it turns out, the number of patients is a
secondary determinant of our confidence in estimates of reduction in adverse out-
comes associated with an experimental intervention.

SmALL SAMPLE SizeS CAN GIVE MoRE PRECISE
RESULTS THAN LARGE SAMPLE SIZES

Consider 2 studies. Both show a relative risk reduction (RRR) of 33%—a reduction
in adverse events of 1/3—with intervention A vs control. Study 1 has enrolled 100
patients in each of the experimental and control groups, and study 2 has enrolled
1000 patients in each group. Which of the 2 studies will generate a more precise
estimate of treatment effect, represented by a narrower CI? The apparently obvious
answer is study 2, with its sample size an order of magnitude larger than that of
study 1.

Suppose, however, that study 2—the study with the larger sample size—
generated its RRR of 33% on the basis of 2 of 1000 people receiving intervention A
vs 3 0of 1000 in the control group having an adverse outcome. Study 1 demonstrated
its RRR of 33% on the basis of 20 of 100 people receiving intervention A having an
adverse outcome vs 30 of 100 people in the control group.

Which RRR of 33% do you trust more? Which one is more precise? Which has
the narrower associated CI? As shown in Table 10.3-1, study 1 is the more reliable

TABLE 10.3-1
!amp'e !lze, !vent Hate, an! tHe M!tﬁ o! tHe Eon!lﬂence Interval
No. of Total No. of
Eventsin No. in Events in Total No. in 95% CI
Control Control Experimental Experimental Around
Study  Group Group Group Group RRR RRR
1 30 100 20 100 33% -8to59
2 3 1000 2 1000 33% 2331087

Abbreviations: Cl, confidence interval; RRR, relative risk reduction.
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because it is not the number of participants, but rather the number of outcome
events that matters most.

PRECISION INCREASES AS THE
NumBER OF EVENTS INCREASES

In the following figures, we explore the relationship between sample size, number
of events, and the precision of the study results by calculating CIs around the RRR
from a set of hypothetical studies. The starting point is 100 patients per group, with
12 patients having an event in the control group and 8 patients in the group
receiving treatment A. The RRR is 33%, with a corresponding 95% CI of -52% to
71%. This CI tells us that it is extremely likely that, compared with control,
treatment A reduces the risk of an event by no more than 71% and that it increases
the risk of an event by no more than 52% (not very useful information). We then
explore the effects of increasing the sample size while leaving the event rates
constant (Figure 10.3-1) and the effects of increasing the event rate while keeping
the sample size constant (Figure 10.3-2). Investigators may achieve the former by
enrolling more patients and the latter by extending the study duration or enrolling
patients at higher risk of the outcome.

Figure 10.3-1 shows that as one increases the sample size while holding the event
rate in both groups constant, the width of the CI decreases, eventually becoming
narrow enough to be statistically significant, and then even narrower, providing a
very precise estimate of the true RRR (assuming optimal validity).

Figure 10.3-2 shows an example of what would happen if we hold the sample
size constant at 100 patients per group and increased the event rate.

FIGURE 10.3-1

!ample !IZB an! !"e Wl!!" OI !"e !onlllence "I!erval '!ssumlng !onsgnl !ven! Ia!e'

Control Experimental Sample size  RRR (95% Cl)

multiplied by Favors Favors
Events/total no. Events/total no. control treatment
12 100 8 100 1 33% (-52% to 71%) + L
24 200 16 200 2 33% (—20% to 63%) k L J
36 300 24 300 3 33% (—8% to 59%) H4+—-
48 400 32 400 4 33% (—2% to 56%) s
60 500 40 500 5 33% (2% to 54%) -—*—-
! ! ! ! ! ! !
120 1000 80 1000 10 33% (13% to 49%) ,_;_,
240 2000 160 2000 20 33% (19% to 45%) 4
|

—100% 0 +100%

Abbreviations: Cl, confidence interval; RRR, relative risk reduction.
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FIGURE 10.3-2

Vel ate an e VI o1 the Lontidence Interva a Lons ampie oize
Control Experimental ~ Event rate RRR (95% Cl)
multiplied by Favors Favors
control treatment

Events/total no. Events/total no.

12 100 8 100 1 33% (-52% to 71%)

24 100 16 100 2 33% (—16% to 62%) L

36 100 24 100 3 33% (2% to 57%) [
48 100 32 100 4 33% (6% to 53%)

—100% 0 +100%

Abbreviations: Cl, confidence interval; RRR, relative risk reduction.

Closer inspection of these figures allows 2 more observations. First, the width of
the CI does not narrow linearly with the increase in sample size or event rate. In
fact, it narrows proportionally to their square root. So, for instance, increasing the
sample size from 100 to 200 has more effect than increasing it from 200 to 300, and
from 200 to 300 more than increasing from 300 to 400, etc. Second, doubling the
number of events by increasing the event rate while holding sample size constant
decreases the width of the CI more than doubling the number of events by
increasing the number of participants. Another way to state this phenomenon is
this: for a constant number of events, the CI is narrower when the denominator
(the number of patients) is small than when it is large.

For example, one recent report from the Women’s Health Study,1 arandomized
placebo-controlled trial in primary prevention of cardiovascular disease, which
enrolled almost 20000 women per group, showed a barely significant benefit in
stroke reduction with low-dose aspirin compared with placebo after 10 years of
observation (RRR, 17%; 95% CI, 1%-31%). Despite the substantial sample size, the
estimate of the effect was imprecise—a wide CI allowing for an RRR of as much as
31% or as little as 1%. This lack of precision was due to the low stroke event rate of
266 of 19942 (1.3%) in the placebo group vs the even (though slightly) lower event
rate of 221 of 19934 (1.1%) in the aspirin group.

In contrast, a much smaller trial of mechanical ventilation that compared low vs
high tidal volume in patients with the acute respiratory distress syndrome? and
which enrolled approximately 430 patients per group (40 times fewer than in
Women’s Health Study) showed an RRR of death of 22% (95% CI, 7%-35%)
during 180 days. The width of the CI is almost the same as in the previous example
because, despite a much smaller sample size, the risk of death in this population
was high: 40% in the high-tidal-volume ventilated patients vs 31% in the lower-
tidal-volume group.
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BEWARE OF RANDOMIZED CONTROLLED
TriALS WiTH Too Few EVENTS

The fundamental implication of this discussion is that estimates of treatment
effects derived from randomized trials become more exact not as their sample size
increases, but rather as the number of events increases. Over and over again in this
book, we caution you against trials with too few events and suggest you demand
large numbers of events before you make strong inferences about treatment effects
in the management of your patients (see Chapter 9.3, Randomized Trials Stopped
Early for Benefit, and Chapter 11.3, Dealing with Misleading Presentations of
Clinical Trial Results).
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An Elderly Patient With Angina Considering
Angiography and Possible Revascularization

You are an internist seeing a 76-year-old man who, despite taking carefully
titrated B-blockers, nitrates, aspirin, an angiotensin-converting enzyme inhibi-
tor, and a statin, has angina that significantly restricts his activities. Throughout
the last year, his symptoms have worsened and now significantly limit his
quality of life. You suggest to him the possibility of referral to a cardiologist for
cardiac catheterization and possible revascularization. The patient expresses
reluctance to undergo invasive management and wonders how much benefit
he might expect from an invasive approach.

FINDING THE EVIDENCE

You wonder what recent evidence might bear on the patient’s dilemma. You ask the
patient to join you in front of your computer and go straight to your favorite source
of information, ACP Journal Club, which you can review from your library’s Ovid
Evidence-Based Medicine Reviews system. To guide your search, you quickly jot
down your question in PICO (patient, intervention, comparison, outcome) format
(see Chapter 3, What Is the Question?). Your clinical question in PICO format is,
In elderly patients with coronary artery disease, will invasive treatment with
revascularization improve quality of life? You enter the search term “coronary
artery disease” and restrict to “therapy” (146 citations) and combine this with
“elderly” (272 citations). The search yields 20 citations, the first of which is a
randomized controlled trial (RCT) of invasive vs noninvasive management of
coronary artery disease in the elderly, with the acronym TIME that looks applica-
ble.! You tell the patient you will review this study carefully and discuss the results
with him in a week.

In the TIME study, you find that 301 patients 75 years or older who had
Canadian Cardiac Society Class 2 or worse angina despite receiving at least 2
antianginal medications were randomized to optimized medical therapy or cardiac
catheterization and, if appropriate, revascularization. The authors report their
primary endpoints as quality of life, which showed equivalence at 12 months, and a
composite endpoint (CEP) of death, nonfatal myocardial infarction (MI), and
hospitalization for acute coronary syndrome (ACS). The frequency of this CEP was
much lower in the revascularization (25.5%) than in the medical management arm
(64.2%) (hazard ratio 0.31; 95% confidence interval [CI], 0.21-0.45; P < .001).

How should you interpret these results to best inform your patient’s decision?
Should you assume that the effect of treatment on the CEP accurately captures the
effect on its components (death, nonfatal MI, and hospitalization for ACS)? Or,
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rather, should you abjure assumptions about the effect of treatment on component
endpoints based on the effect of treatment on the CEP?

In this chapter, we offer clinicians a strategy to interpret the results of clinical
trials when investigators measure the effect of treatment on an aggregate of
endpoints of varying importance, as was the case with the TIME trial.

ComPOSITE ENDPOINTS

In the last 2 decades, as medical care has improved, the frequency with which
patients with common conditions such as MI have subsequent adverse events,
including death, recurrent MI, or stroke, has decreased. Although welcome for
patients, low event rates provide challenges for clinical investigators who conse-
quently require very large sample sizes and longer follow-up to test the incremental
benefits of new therapies.

Clinical trialists have increasingly responded to these challenges by using CEPs
that capture the number of patients experiencing any one of several adverse events—
death, MI, or hospitalization, for example—as a primary study endpoint.? Investiga-
tors interested in decreasing the necessary sample size and duration of follow-up may
assemble a CEP with a group of events that are important to patients and on which
one anticipates treatment will have a similar effect. This justification—a paucity of
events in any single category and a presumption that treatment will act in more or less
the same way across categories of adverse events—provides the most compelling
rationale for CEPs in contemporary clinical trials.?

INTERPRETATIONS OF COMPOSITE ENDPOINTS—
WHAT ARE THE CLINICIAN'S OPTIONS?

Potentially, clinicians can base clinical decisions on the effect of treatment on a
CEP. One might be safe in taking this approach if the reduction in risk were the
same (in absolute and relative terms) on all components of the CEP. In the TIME
trial, this would mean that the invasive strategy reduces the risk of each—death,
nonfatal MI, and hospitalization for ACS—to the same extent. Table 10.4-1, which
summarizes the results of the TIME trial, shows that in the invasive arm, 5 more
patients died, and there were 6 fewer MIs and 78 fewer hospitalizations. This
variation makes the assumption of similar reductions in absolute risk untenable.
This result—appreciable variability in absolute reductions in component end-
points—is the rule in most trials including CEPs.

Alternatively, clinicians might legitimately maintain their focus on the CEP by
considering the effect of treatment on the combination of death, MI, and hospitaliza-
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TABLE 10.4-1
Results From the TIME TriaI!

Invasive Medical Absolute Risk Hazard Ratio
Endpoints (n = 153) (n = 148) Difference (95% CI) (95% ClI)

Patients with a com- 39 (25.5%) 95 (64.2%) 38.7(27.91t048.,5) 0.31

posite endpoint? (0.21 to 0.45)
Deaths 17 (11.1%) 12 (8.1%) -3.0 (-9.9 to 3.8) 1.51

(0.72 to 3.16)
Nonfatal myocardial 14 20 0.75
infarctionsP (0.36 to 1.55)
Number of hospital- 28 106 0.19
izations for ACSP (0.12 to 0.30)

Abbreviations: ACS, acute coronary syndrome; Cl, confidence interval.

aThe composite endpoint included mortality, nonfatal myocardial infarction, and hospitalization for ACS.
bAuthors report the number of events, rather than patients, so we cannot provide percentages of patients who had the event.

BMJ. 2005;330(7491):594-596. Reproduced with permission of the BMJ Publishing Group.

tion for ACS as just that, a combination, and eschew any inferences about the effect of
treatment on each of the component endpoints. Adopting this interpretation, the
clinician would answer the patient’s question about the benefits of the invasive strategy
by stating that “it will decrease your risk of serious cardiac events by, in relative terms,
about 70%.”

For the clinicians and patients who want specific information about the magnitude
of the relative risk reduction (RRR) and absolute risk reduction (ARR) on endpoints of
differing importance, this interpretation is of limited utility. For instance, the patient in
the scenario might ask, “Doctor, what serious cardiac events are you talking about?”
and subsequently, “Given that I am much more interested in avoiding death than MI
and serious MI than a brief hospitalization without cardiac damage, can you please tell
me the specific effect of surgery on death, on MI, and on hospitalization?”

Adhering to the interpretation that the data allow no statements about treatment
effect on components of the CEP, the clinician can provide no guarantee that the 70%
reduction in hazard applies to the most serious component, death, and can say nothing
about the absolute reduction in likelihood of dying that the patient can anticipate. This
limitation argues for abandoning the effect of treatment on the CEP as the basis for
clinical decision making and focusing instead on its effects on each component endpoint.

Both investigators and pharmaceutical companies would often prefer that
clinicians focus on CEPs. After all, a statement that treatment reduces the risk of a
CEP of death, MI, and hospitalization is compelling because it gives us a sense of an
important impact on all 3 endpoints. On the other hand, stating that we can be
confident that treatment reduces the risk of hospitalizations but are uncertain
about its effects on death and MI carries appreciably less force.

Table 10.4-2 presents a set of 3 questions to guide clinicians pondering whether
to base a clinical decision on the effect of treatment on a CEP or on the component
endpoints. The following is a description of how to apply these criteria.
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TABLE 10.4-2

Users EI.IIHBS IO In!erprelmg EomPOSlle !I‘IHPOIIIIS

1. Are the component endpoints of the composite endpoint of similar importance
to patients?

2. Did the more and less important endpoints occur with similar frequencies?

3. Can one be confident that the component endpoints share similar relative risk
reductions?

*|s the underlying biology of the component endpoints similar enough such
that one would expect similar relative risk reductions?

*Are the point estimates of the relative risk reductions similar, and are the con-
fidence intervals sufficiently narrow?

To the extent that one can answer yes to these questions, one can feel confident about
using the effect of treatment on the combined endpoint as the basis for decision making.

To the extent that one answers no to these questions, one should look separately at
the effect of treatment on the component endpoints as the basis for decision making.

BMJ. 2005;330(7491):594-596. Reproduced with permission of the BMJ Publishing Group.

ARE THE COMPONENT ENDPOINTS OF THE COMPOSITE
ENDPOINT OF SIMILAR IMPORTANCE TO PATIENTS?

Consider a situation in which all components of a CEP are of equal importance to the
patient. Were this true, making the assumption that the effect of the intervention on
each component endpoint is similar in both relative and absolute terms will not be
misleading. If patients consider death, stroke, and MI to be of equal importance, it does
not much matter how a 5% ARR in the CEP is distributed across a CEP including these
3 components. Assuming similar effects across components will not adversely affect
decision making, even if treatment effects differ substantially.

Patients almost invariably, however, assign varying importance to different health
outcomes. As a result, ignoring possible difference of treatment effect on component
endpoints on the grounds that they share identical patient-importance will seldom be
justified. The magnitude of the gradient in importance between endpoints therefore
becomes the issue.

Consider an RCT of corticosteroids in patients with an acute exacerbation of
chronic obstructive lung disease. The investigators chose a CEP of death from
any cause, need for intubation and mechanical ventilation, and administration of
open-label corticosteroids.® Patients are likely to consider the need for short-
term steroids of trivial importance in comparison to the requirement for
mechanical ventilation, and particularly in relation to death. The large gradient in
importance increases our skepticism about the combined endpoint.

On the other hand, consider a trial of 4 doses of perioperative aspirin
in patients undergoing carotid endarterectomy in which one of the CEPs
comprised death and stroke.* Many patients would consider a severe stroke
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with permanent residual deficits as having a low value approaching that of
death. The relatively small gradient in importance between the components
increases the usefulness of the CEP in clinical decision making.

Dip THE ComPoNENT ENDPOINTS OCCUR
WIiTH SIMILAR FREQUENCIES?

Consider the following statement: In patients with in-stent stenosis of
coronary artery bypass grafts, y-radiation reduced the CEP of death from
cardiac causes, Q-wave MI, and revascularization of the target vessel. This
result seems impressive because it suggests that y-radiation reduces the
incidence of death and MI, as well as the need for revascularization. The
trial from which we draw this result randomized 120 patients with in-stent
stenosis of a saphenous vein graft to y-radiation (iridium 192) or placebo.’
Of those in the iridium 192 arm, 32% experienced the primary CEP of
death from cardiac causes, Q-wave MIs, or revascularization of the target
vessel at 12 months, as did 63% in the placebo arm (RRR 50%; 95% ClI,
25%-68%).

Although this result appears compelling, only 2 patients in the placebo arm
(3.3%) and 1 patient in the iridium 192 arm (1.7%) sustained an MI (risk
difference [RD], 1.7%; 95% CI, —=5.9% to 9.9%). The story is similar for
cardiac death, which occurred in 4 patients (7%) in each arm (RD, 0%;
95% CI, —10.3% to 10.3%). Revascularizations constituted the majority of the
events: 32 of 38 patients who experienced events in the placebo arm experienced
only revascularization; the same was true of 14 of 19 who experienced events
in the radiated group. Because of the very large discrepancy in the frequency
of the more important and less important endpoints in this trial, the most
reasonable conclusion is that the intervention reduced the relative risk (RR)
of revascularization of the target vessel by 54% (95% CI, 29%-71%), an RD
of 33% (95% CI, 16%-49%). The trial provides, however, essentially no
information about the effect of the intervention on MI or death.

Contrast this result with that of the Heart Outcomes Prevention Evalua-
tion (HOPE) trial,® which randomized 9297 patients at high risk of cardiac
events to ramipril or placebo. Ramipril reduced cardiovascular deaths from
8.1% to 6.1% (RRR, 26%; 95% CI, 13%-36%), MI from 12.3% to 9.9%
(RRR, 20%; 95% CI, 10%-30%), and stroke from 4.9 to 3.4% (RRR, 32%;
95% CI, 16%-44%). Here, the gradient in rates of death, MI, and stroke in
the control group (8.1%, 12.3%, and 4.9%) is relatively small. The difference
in events between treatment and control (2.0% for deaths, 2.4% for MI, and
1.5% for stroke) is even more similar. This similar frequency of occurrence of
the more and less important endpoints provides support for relying on the
CEP in clinical decision making.
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If the more patient-important components occur with far less frequency than
the less patient-important components of a CEP, the CEP becomes uninformative,
if not frankly misleading. Clinicians must look carefully at the results of each
component to interpret the results for their patients.

CAn ONE BE CONFIDENT THAT THE COMPONENT
ENDPOINTS SHARE SIMILAR RELATIVE RisK REDUCTIONS?

Is the Underlying Biology of the Component Endpoints Similar Enough That
One Would Expect Similar Relative Risk Reductions?

Comfort with using a CEP as the basis of clinical decision making rests in part on
confidence that similar RRRs apply to the more and the less important compo-
nents. Investigators should therefore construct CEPs in which the biology would
lead us to expect similar effects across components.

The Irbesartan Diabetic Nephropathy Trial’ randomized 1715 hypertensive
patients with nephropathy and type 2 diabetes to irbesartan, amlodipine, or
placebo. The primary endpoint was the composite of a doubling of the baseline
serum creatinine concentration, the onset of end-stage renal disease (serum
creatinine level > 6.0 mg/dL, initiation of dialysis, or transplantation), or death
from any cause. It is extremely plausible that, for 2 of these 3 components,
doubling of creatinine level and crossing the creatinine-level threshold of 6.0 mg/
dL, any treatment effects would be similar—indeed, one would be surprised if
results showed otherwise. On the other hand, there are many contributors to all-
cause mortality aside from renal failure (including, for instance, cardiac disease),
and it might well be that treatments have different effects on these contributors.
Thus, the biological rationale that the treatments would have similar effects on all
3 components is weak. The relatively weak biological rationale increases our
reluctance to base treatment decisions on the composite, as opposed to its
components. Indeed, in this instance, irbesartan lowered the incidence of both,
doubling of creatinine level and end-stage renal disease, but without apparent
effect on all-cause mortality (Figure 10.4-1).

In contrast, the authors of the Clopidogrel Versus Aspirin in Patients at Risk of
Ischaemic Events (CAPRIE) study, an RCT of aspirin vs clopidogrel in patients
with a variety of manifestations of atherosclerosis, argued explicitly for the
biological sense of their CEP.8 Citing results of previous trials of antiplatelet agents
vs placebo, they note the similar biological determinants of ischemic stroke, MI,
and vascular death: “A meta-analysis of 142 trials...shows clearly that antiplatelet
drugs reduce the incidence of a CEP of ischemic stroke, MI, and vascular death,
the odds reduction being 27%, which is consistent over a wide range of clinical
manifestations.”® Their argument strengthens the case for assuming, until evi-
dence suggests otherwise, that RRRs are consistent across components of the
authors’ CEP.
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FIGURE 10.4-1

Irbesartan vs Amlodipine in Diabetic Nephropathy Study’

Risk reduction
with irbesartan

Doubling of creatinine concentration ——
End-stage renal disease L
All-cause mortality L

Composite endpoint —a—

40 24 -8 8 24 40 56
RRR (95% CI)

Abbreviations: Cl, confidence interval; RRR, relative risk reduction.

BMJ. 2005;330(7491):594-596. Reproduced with permission of the BMJ Publishing Group.

Are the Point Estimates of the Relative Risk Reductions Similar and
Confidence Intervals Sufficiently Narrow?

No matter how compelling the authors’ biological rationale, only the demonstra-
tion of similar RRRs can strongly increase our comfort with a CEP.

The LIFE trial® investigators randomized 9193 patients older than 55 years, with
hypertension and left ventricular hypertrophy, to receive either a losartan-based
or an atenolol-based antihypertensive treatment and followed them for a median
of 4.8 years. They used exactly the same rationale as the CAPRIE investigators to
choose a primary CEP of cardiovascular mortality, M1, and stroke. Figure 10.4-2
depicts the results showing that patients allocated to losartan had 2.38 CEP events
per 100 patient-years and those allocated to atenolol had 2.79 CEP events per 100
patient-years, an RRR for the CEP of 13% (95% CI, 2%-23%). The point
estimates (RRR) for the components, however, show important differences: —7%
for M1, 25% for stroke, and 11% for cardiovascular death. This variability suggests
that clinicians should focus on individual endpoints. The LIFE trial suggests that a
losartan-based regimen, compared with one based on atenolol, may reduce the
risk for strokes but has uncertain effects on cardiovascular mortality and MI in
patients with hypertension and left ventricular hypertrophy.

The UK Prospective Diabetes Study (UKPDS) trial of intensive glycemic
control vs conventional control in patients with type 2 diabetes provides another
example. This study reported that the primary endpoint of the trial was time to
first “diabetes-related endpoint” (sudden death, death from hyperglycemia or
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FIGURE 10.4-2

Randomized Trial of Losartan vs Atenololu

Benefit with losartan-based
treatment (vs atenolol)

Composite endpoint —u—
Cardiovascular mortality —
Myocardial
. . i
infarction
Strokes —a—
| L L L L L |
-40 -20 0 20 40

RRR (95% Cl)

Abbreviations: Cl, confidence interval; RRR, relative risk reduction.

hypoglycemia, fatal or nonfatal MI, angina, heart failure, stroke, renal failure,
amputation [of at least 1 digit], vitreous hemorrhage, retinal photocoagulation,
blindness in 1 eye, or cataract extraction), “diabetes-related death” (death from
M], stroke, peripheral vascular disease, renal disease, hyperglycemia or hypogly-
cemia, and sudden death), or all-cause mortality.!0 Although the investigators
reported a significant 12% reduction in the RR in the CEP (95% CI, 1%-21%),
the results do not exclude a harmful effect on diabetes-related deaths (RRR, 0.90;
95% CI, 0.73-1.11) and all-cause mortality (RR, 0.94; 95% CI, 0.80-1.10).1°
Moreover, they identify that most of the apparent effect was a reduction (2.7% of
the 3.2%, or 80% of the absolute reduction in risk of microvascular complica-
tions) in retinal photocoagulation.!%!! Reviewers typically summarize the results
as showing a reduction in any of 21 diabetes-related endpoints with intensive
glycemic control, and only 1 in 35 reviews of the UKPDS results highlighted the
dominance of the overall effect of the reduction in the risk of photocoagulation.!2

These results contrast with those of the HOPE trial of ramipril vs placebo in
patients at high risk of vascular events we described earlier.® Here, the RRRs in the
same 3 endpoints were 26% (95% CI, 13%-36%) for cardiovascular death, 20%
(95% CI, 10%-30%) for MI, and 32% (95% ClI, 16%-44%) for stroke. Although
one might challenge these Cls on the basis that reporting 3 separate endpoints
mandates adjustment for multiple statistical tests, the observation that the lower
boundary—the boundary closest to no effect—of all 3 ClIs is well above 0% is
reassuring. For each of the 3 components of the CEP, then, the clinician can
be confident that treatment effect is favorable.
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Finally, consider the results of the Clopidogrel in Unstable Angina to Prevent
Recurrent Events (CURE) trial, in which investigators randomized 12 562
patients with ACS to clopidogrel or placebo and examined the effect on the
same CEP: cardiovascular death, ML, or stroke.!> Here, although one could
interpret the point estimates of the RRR as consistent (23%, 7%, and 14% for
M, cardiovascular death, and stroke, respectively), the range of the CIs should
give us pause. Although the point estimate and 95% CI on the RRR leave us
reasonably confident of an important treatment effect on MI (23%; 95% CI,
11%-33%), the same is not true of either cardiovascular death (7%j; 95% CI,
—8% to 21%) or stroke (14%; 95% CI, —18% to 37%). As a result, the statement
that clopidogrel reduced a CEP of cardiovascular death, stroke, and MI by 20%
(the RRR associated with the CEP) is potentially misleading, and using the CEP
as a basis for clinical decision making is problematic.

Many of the examples we have presented highlight the typical situation. Here, the
RRR associated with components that represent the most patient-important outcomes
may or may not be similar to that for the less important components, but the low event
rate of the former precludes confident inferences about the true treatment effect.
Sometimes, however, when data accumulate from many trials, it becomes clear that
skepticism about treatment effect on the most important outcomes, even in the presence
of convincing evidence of effect on outcomes of lesser seriousness, was well warranted.

Consider that, for example, trials comparing drug-eluting stents vs bare-metal
stents show conclusively that the former type of stent reduces the CEP “MACE”
(“major adverse cardiac events”) compared with the latter type of stent. How-
ever, meta-analyses of several RCTs show that drug-eluting stents show no
benefit in survival or Q-wave MI (in fact there is an unfavorable trend for Q-wave
MI), whereas there is a large benefit in reducing the need for revasculariza-
tion."415 Similarly, percutaneous coronary intervention in patients with stable
coronary artery disease decreases the risk of recurrent angina'® but has no effect
on death or MI risk.!”

VIE L RIF il )|\

ILet us return to the scenario with which our discussion began, that of the patient
reluctant to undergo invasive interventions to control his angina. Is it reasonable to
use the CEP from the TIME trial—death, MI, and hospitalization for ACS—to guide
the decision, or should we focus on individual results of the 3 components?

To address this issue, we can ask the 3 questions in our Users’ Guides (Table
10.4-2). Most patients will find death and large MI with subsequent disability far
more important than a short hospital admission for ACS with rapid return to
previous function. Hospitalization occurred far more frequently than the 2 more
important events (Table 10.4-2). Biological rationale fails to support a presumption
that the invasive strategy will have similar effects on all 3 endpoints, particularly
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during the short term. Indeed, the investigators explicitly state that they might
anticipate an increase in short-term deaths with surgery while achieving benefits in
terms of decreased angina and associated hospital admissions. Although Cls are
wide, the data provide support for this hypothesis, with a trend toward increased
deaths but with a large reduction in admissions, with the invasive strategy. In the
TIME trial, the CEP fails all 3 criteria and thus provides little useful information for
clinical decision making. Your patient’s decision will be best informed by discus-
sion of the treatment'’s effect on each component endpoint.

ConcLusion

The widespread use of CEPs reflects their utility as a solution to the problem of
declining event rates and the resultant need for very large RCT's with long duration
of follow-up to reliably detect small treatment effects. Unfortunately, use of CEPs
as major endpoints makes the interpretation of the results of RCT's challenging.

At one extreme, one may find trials in which (1) the component endpoints are of
similar but not identical importance, (2) the endpoints that are more important
occur with a frequency similar to those that are less important, and (3) strong
biological rationale supports results that, across component endpoints, show similar
RRRs with CIs excluding minimal effects. Under such circumstances, clinicians can,
with confidence, use the CEP as the primary basis for decision making.

At the other extreme, (1) the component endpoints have very different patient
importance, (2) the more important endpoints occur far less often than the less
important endpoints, and (3) biological rationale is weak, RRRs differ widely, and CIs
for the more important endpoints include the possibility of harm. Under these
circumstances, the point estimates and ClIs for individual component endpoints should
provide the basis for clinical decisions. Although situations between these extremes may
leave reasonable people disagreeing about the most appropriate interpretation of the
results, these Users” Guides will help clinicians navigate the treacherous waters of CEPs.
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Clinical Resolution

Conclusion

1L IABIL
Which Drug Is Best for a Patient With Chronic Schizophrenia?

Youarea psychiatrist following a 49-year-old man who has had schizophrenia for
more than 20 years. He had an acute psychotic episode in his mid-20s and was
admitted to a psychiatric hospital for 3 weeks. He made good recovery and has
managed to continue work in a small factory. He has been taking chlorpromazine
200 mg/d for many years, still hears occasional hallucinations, and has no close
friends except for his sister’s family, who live a block away. Half a year ago, work
stress increased, the patient began to take medication only irregularly, and he
experienced a mild exacerbation, becoming fearful, developing insomnia, and
hearing more voices. You increased his chlorpromazine dosage to 300 mg/d, and
the patient became less agitated but is still moderately symptomatic. Taking 300
mg/d of chlorpromazine, the patient has hand tremors that trouble him, and his
movements are stiff. He does not mind the stiffness, but his family worries
because “he looks odd, aloof, and ill.” He and his family now wonder whether he
should try a new antipsychotic drug that had been publicized at schizophrenia
support group meetings they have attended.

You are impressed with the recent report of a government-funded large
pragmatic trial comparing 4 newer antipsychotic drugs and 1 old-generation drug
(chlorpromazine belongs to this latter class) among 1500 patients with chronic
schizophrenia. The authors concluded that, although the majority of the patients
in each group discontinued their medication, olanzapine proved the most effective
in terms of the rates of overall discontinuation and symptom reduction. Patients
did not, however, tolerate olanzapine as well, and the drug can produce weight
gain and elevations in blood glucose and lipid levels.

After hearing about the treatment options, the patient comments, “Doctor, tell
me how much better | will actually feel while taking these medications and also
what side effects | might get. | care more about these than being able to stay on
one medication longer than the others.” Skimming the article in question, you feel
you are incompetent to answer this patient’s questions. You promise him and his
family that you will get back with more information in understandable terms in a
week and advise him to continue taking chlorpromazine until then.

TYPES OF INSTRUMENTS AND TESTS IN MEDICINE

Why do we offer treatment to patients? There are 3 reasons. We believe that our
interventions increase longevity, decrease symptoms, or prevent future morbidity.
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Decreasing symptoms or feeling better includes avoiding discomfort (pain, nausea,
breathlessness, and so forth), distress (emotional suffering), and disability (loss of
function).?

At least in part because of the difficulty in measurement, for many years,
clinicians were willing to substitute physiologic or laboratory tests for the direct
measurement of these endpoints, or tended even to ignore them altogether. During
the past 20 years, however, the growing prevalence of chronic diseases has led
clinicians to recognize the importance of direct measurement of how people are
feeling and the extent to which they are functioning in daily activities. Investigators
have developed sophisticated methods to measure people’s experience. Because, as
clinicians, we are most interested in aspects of life that are directly related to health
rather than issues such as financial solvency or the quality of the environment, we
frequently refer to measurements of how people are feeling as health-related quality
of life (HRQL). In this chapter, we use the generic term HRQL to refer to all self-
reported or observer-rated assessments of patients’ discomfort, distress, and
disability.

Before launching into the details, it is useful to review what we loosely call
“measures,” “assessments,” “instruments,” “indexes,” “scales,” or “tests” in medi-
cine. When we practice medicine, we are constantly assessing and measuring
patients’ status. One can categorize these clinical assessments or tests depending on
their purpose and their format (Table 10.5-1). A test may aim to screen for disease,
to diagnose disease, to measure disease severity, or to evaluate change in severity. In
terms of format, clinicians can rely on self-report, rate patient status themselves, or
carry out physiologic measurements.

This chapter focuses on the instruments shown in italics in Table 10.5-1: those
that either measure severity (in this instance, degree of patients’ discomfort,
distress, and disability) or assess change in severity, according to patients’ self-
report or clinicians’ assessments. (For a critical appraisal of screening tests, see
Chapter 22.3, Moving From Evidence to Action: Recommendations About Screen-
ing; and for a critical appraisal of diagnostic tests, see Chapter 17, Advanced Topics
in Diagnosis and related sections 17.1 to 17.4.) Investigators typically measure
HRQL by using self-report questionnaires asking patients how they are feeling or
what they are experiencing. Such questionnaires may use dichotomous response
options such as yes/no, or 5-point (or any other number) Likert scales (feeling great,
good, OK, bad, or terrible), or visual analog scales. Investigators aggregate responses
to these questions into domains or dimensions that yield a single score for aspects
of HRQL (for example, 5 individual questions may yield a single measure of
physical function, and 7 different questions may yield a measure of emotional
function).

Physicians often have limited familiarity with methods of measuring patients’
experience. At the same time, they read articles that recommend administering or
withholding treatment on the basis of its effect on patients’ well-being. This chapter
is designed for clinicians asking the question, Will this treatment make the patient
feel better? As in other chapters of this book, we will use the framework of assessing
the validity of the methods, interpreting the results, and applying the results to
patients (Table 10.5-2). In this case, however, we have added a preliminary
question regarding whether you should or should not be concerned with measure-

» «

21



21

PART B: THERAPY

TABLE 10.5-1

X u

Format and Purpose?

Purpose

Format

Self-report

Clinician Rated Physiologic

Screening test

Beck Depression
Inventory3

Mini-Mental State
Examination?

Urine glucose

Six-ltem Screener® Blood pressure

Mammography

Fecal occult
blood test

Diagnostic test

History taking OGTT

Physical examination  Blood pressure

Biopsy

Severity Measure (Discriminative Instrument)

Chronic Respira-

NYHA functional HbA1c

tory Questionnaire®  classification

Asthma Quality of  ECOG performance Blood pressure
Life Questionnaire’  status
Short Form-368 Hamilton Rating Scale

for Depression’?

Sickness Impact
Profile?

Positive and Negative
Syndrome Scale’’

Beck Depression
Inventory3

Clinical Global
Impression-Severity’?

Change Measure (Evaluative Instrument)

Serial assessments
with severity
measure

Chronic Respira-
tory Questionnaire

(NYHA is apparently HbA1c

unsuitable here)

Asthma Quality of
Life Questionnaire

Hamilton Rating Scale
for Depression’0

Blood pressure

Short Form-36
(Sickness Impact
Profile is not good)

Positive and Negative
Syndrome Scale'’

Transition measure®

Patient-specific
measure of change

Transition Dyspnea
Index'3

Clinical Global
Impression-
Improvement’?

Abbreviations: ECOG, Eastern Cooperative Oncology Group; HbA1c, glycosylated hemoglobin; NYHA, New York Heart Associa-
tion; OGTT, oral glucose tolerance test.

Altalicized text corresponds to instruments that are examples of measures of patients’ experience that are subjects of this chapter.
bTransition measures ask the patients how much better or worse they are feeling or functioning, or ask the clinicians to assess

how much better or worse the patients are feeling or functioning.
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TABLE 10.5-2

uiaelines 1or using ICles About fealth-helated Quality or LiTe

Is measurement of HRQL important?
Are the results valid?
Primary guides

* Have the investigators measured aspects of patients’ lives that patients consider
important?

* Is the instrument reliable (when measuring severity) or responsive (when mea-
suring change)?

* Does the instrument relate to other measurements in the way it should?
Secondary guides

* Have the investigators omitted important aspects of patients’ HRQL?
What are the results?

* How can we interpret the scores?
How can | apply the results to patient care?

* Has the information from the study addressed aspects of life that your patient
considers important?

ment of how patients feel. We hope that this chapter will help you improve your
clinical care by emphasizing certain aspects of patients’ experience, including
functional, emotional, and social limitations that may sometimes be less salient
than you and your patients would consider ideal.

IS MEASUREMENT OF HEALTH-RELATED
QuALITY OF LIFE IMPORTANT?

Most patients will agree that, under most circumstances, prolonging their lives is a
sufficient reason to accept a course of treatment. Under these circumstances,
measurement of HRQL may be of little relevance.

For instance, some years ago, investigators showed that 24-hour oxygen
administration in patients with severe chronic airflow limitation reduced
mortality.'* The omission of HRQL data from the original article ultimately
was not an important one. Because the intervention prolongs life, our
enthusiasm for continuous oxygen administration is not diminished by a
subsequent report suggesting that more intensive oxygen therapy had little or
no impact on HRQL.!>

Measurement of HRQL becomes important in 3 circumstances. First, although
many of our life-prolonging treatments have a negligible impact on HRQL, when they
do lead to a deterioration in HRQL, patients may be concerned that small gains in life
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expectancy come at too high a cost. For instance, patients may not accept toxic cancer
chemotherapy that will provide marginal gains in longevity. In the extreme, an
intervention such as mechanical ventilation may prolong the life of a patient in a
vegetative state, but the patient’s family may wonder whether their loved one would
really want it. Unfortunately, underdevelopment of appropriate measures may have
hindered clinicians from paying due attention to patients’ symptoms, such as fatigue
and dyspnea in cancer patients.!®1”

When the goal of treatment is to improve how people are feeling (rather than to
prolong their lives) and physiologic correlates of patients’ experience are lacking,
HRQL measurement is imperative. For example, we would pay little attention to
studies of antidepressant medications that failed to measure patients’ mood or to trials
of migraine medication that failed to measure pain.

The more difficult decisions occur when the relationship between physiologic or
laboratory measures and HRQL outcomes is uncertain. Practitioners tended to rely
on substitute endpoints not because they were uninterested in making patients feel
better, but because they assumed a strong link between physiologic measurements
and patients’ well-being. As we argue in another chapter of this book (see Chapter
11.4, Surrogate Outcomes), substitute endpoints or surrogate outcomes such as bone
density for fractures, cholesterol level for coronary artery disease deaths, and
laboratory exercise capacity for ability to undertake day-to-day activities have often
proved misleading. Changes in conventional measures of clinical status often show
only weak to moderate correlations with changes in HRQL!® and fail to detect
patient-important changes in HRQL.'® Randomized trials that measure both
physiologic endpoints and HRQL may show effects on one but not on the other.
For example, trials in patients with chronic lung disease have shown treatment
effects on peak flow rate without improvement in HRQL.!® We therefore advocate
great caution when relying on surrogate outcomes.

ING THE GUIDE

neferring to our opening scenario, in this landmark study of antipsychotics,
1493 adults with chronic schizophrenia at 57 US clinical sites were randomly
assigned to one of the following agents: olanzapine, quetiapine, risperidone,
ziprasidone (all newer or second-generation or atypical antipsychotics), or
perphenazine (a first-generation antipsychotic). Patients had a mean age of 41
years and had had the disease for a mean of 24 years.

Patients with tardive dyskinesia at baseline were allocated to newer antipsy-
chotics only. Despite this, the rates of discontinuation because of intolerable
extrapyramidal adverse effects were greater among those receiving perphena-
zine than among those receiving newer antipsychotics (P = .002). You therefore
decide to focus your inquiry on comparisons of newer antipsychotics, and
especially on olanzapine and risperidone, because the other 2 newer antipsychot-
ics (quetiapine and ziprasidone) proved no better than the other 2 in any respect.




10.5: MEASURING PATIENTS’ EXPERIENCE

Half of the patients assigned to olanzapine kept receiving that medication for 3
months, whereas half of those assigned to risperidone had discontinued the
medication after only 1 month. By 18 months, 64% of those assigned to
olanzapine and 74% of those assigned to risperidone discontinued the study
medication (P = .002).

Olanzapine led to a 5- to 7-point improvement in the Positive and Negative
Sydrome Scale (PANSS), a standard measure to assess schizophrenia symptoms,
with a possible score range of 30 to 210,'! through 1 to 3 months, whereas
risperidone resulted in improvements of about 3 or 4 points (P = .002). You
wonder whether this represents an important difference in the degree of improve-
ment in the patient’s psychiatric symptoms and, if so, whether adverse effects
might outweigh the difference. The article itself provides no clue to the first
question, and you set out to find the answers.

FINDING THE EVIDENCE

Definitively establishing a measurement instrument’s usefulness requires several
studies. As a result, critically appraising an HRQL measure requires a review of several
articles. A good first step is to identify the original report of the instrument, where you
will usually find a detailed description of the instrument and initial data about its
measurement properties. You enter “PANSS” in PubMed, hit 858 articles, jump to the
last page of the retrieved studies, and identify the first reports of the PANSS.11:20 For
some well-established instruments, you may sometimes wish to purchase a published
manual, if the instrument is very important for many of your patients. The manual for
PANSS is available from Multi-Health Systems, Inc. (https://www.mhs.com/ecom/
(ck2jpcndlciyioafxle32a55)/product.aspx?RptGrpID=PAN).

Sometimes, initial studies may provide sufficient data for your critical appraisal.
When they do not (as in the case of PANSS, whose responsiveness—which we explain
shortly—was not evident in the first reports), we need to look for additional studies. To
identify an article that deals with responsiveness or sensitivity to change, you enter
“response OR sensitivity” as free text words and “PANSS” in the title field, and the
search yields 8 citations. The title of one article (“What Does the PANSS Mean?”)?!
promises it will provide the data you need.

ARE THE ReSULTS VALID?

Have the Investigators Measured Aspects of Patients’ Lives That Patients
Consider Important?

We have described how investigators often substitute endpoints that make intuitive sense
to them for those that patients value. Clinicians can recognize these situations by asking
themselves the following question: if the endpoints measured by the investigators were

2%
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the only thing that changed, would patients be willing to take the treatment? In addition
to changes in clinical or physiologic variables, patients would require that they feel better
or live longer. For instance, if a treatment for osteoporosis increased bone density without
preventing back pain, loss of height, or fractures, patients would not be interested in
risking the adverse effects—or incurring the costs and inconvenience—of treatment.

How can clinicians be sure that investigators have measured aspects of life that
patients value? Investigators may show that the outcomes they have measured are
important to patients by asking them directly.

For example, in a study examining HRQL in patients with chronic airflow
limitation who were recruited from a secondary-care respiratory care clinic, the
investigators used a literature review and interviews with clinicians and patients
to identify 123 items reflecting possible ways that patients’ illness might affect
their quality of life.% They then asked 100 patients to identify the items that were
problems for them and to indicate how important those items were. They found
that the most important problem areas for patients were their dyspnea during
day-to-day activities and their chronic fatigue. An additional area of difficulty
was emotional function, including having feelings of frustration and impatience.

If the authors do not present direct evidence that their outcome measures are
important to patients, they may cite previous work. For example, researchers conduct-
ing a randomized trial of respiratory rehabilitation in patients with chronic lung disease
used an HRQL measure based on the responses of patients in the study described just
above, and they referred to that study.?? Ideally, the report will include enough
information about the questionnaire to obviate the need to review previous reports.

Another alternative is to describe the content of the outcome measures in detail. An
adequate description of the content of a questionnaire allows clinicians to use their own
experience to decide whether what is being measured is important to patients.

For instance, the authors of an article describing a randomized trial of surgery
vs watchful waiting for benign prostatic hyperplasia assessed the degree to which
urinary difficulties bothered the patients or interfered with their activities of daily
living, sexual function, social activities, and general well—being.23 Few would
doubt the importance of these items and—because patients in primary care often
are untroubled by minor symptoms of benign prostatic hyperplasia—the impor-
tance of including them in the results of the trial.

G | T |

The PANSS, used in the study of antipsychotics for chronic schizophrenia,
covers a wide range of psychopathologic symptoms that patients with
schizophrenia may experience, including the so-called positive symptoms (7
items for delusions, hallucinations, etc), the so-called negative symptoms (7
items for blunted affect, withdrawal, etc), and the general psychopathology (16
items for anxiety, depression, etc).'l These items can capture the overall
picture of the patient’s symptoms well but may miss more general aspects of
HRQL such as a sense of well-being or satisfaction with life.
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Is the Instrument Reliable (When Measuring Severity) or Responsive
(When Measuring Change)?

There are 2 distinct ways in which investigators use HRQL instruments. They may wish
to help clinicians distinguish between people who have a better or worse level of HRQL
or to measure whether people are feeling better or worse over time?* (see Table 10.5-1).

For instance, suppose a trial of a new drug for patients with heart failure
shows that it works best in patients with the New York Heart Association
(NYHA) functional classification class III and IV symptoms. We could use
the NYHA classification for 2 purposes. First, for treatment decisions, we
might use it as a tool by which to discriminate between patients who do and
do not warrant therapy. Indeed, a single trial has suggested that spironolac-
tone reduces mortality in NYHA class III and IV patients. One might choose
to restrict therapy to this group, in which the intervention has been tested
directly.?> We might also want to determine whether the drug was effective in
improving an individual patient’s functional status and, in so doing, monitor
changes in the patient’s NYHA functional class. However, in this instance,
the NYHA classification, which has only 4 levels, would likely not perform
very well in assessing the important changes in the patients.

When Measuring Severity

If, when we are trying to discriminate among people at a single point in time,
everyone gets the same score, we will not be able to tell who is better and who is
worse than others—in this case, who should receive therapy and who should not.
The key differences we are trying to detect—the signal—come from cross-sectional
differences in scores among patients. The bigger these differences are, the better off
we will be.

At the same time, if stable patients’ scores on repeated measurements fluctuate
wildly—we call this fluctuation the noise—we will not be able to say much about
their relative well-being.?® The greater the noise, which comes from variability
within patients, the more difficulty we will have detecting the signal.

The technical term usually used to describe the ratio of variability between
patients—the signal—to the total variability—the signal plus the noise—is
reliability. If patients’ scores change little over time (when in fact the patients’
statuses are not changing) but are very different from patient to patient,
reliability will be high. If the changes in score within patients are high in relation
to differences among patients, reliability will be low.

The mathematical expression of reliability is the variance (or variability) among
patients divided by the variance among patients and the variance within patients. One
index of reliability measures homogeneity or internal consistency of items, constituting
a scale expressed by Cronbach a coefficient. Cronbach o ranges between 0 and 1, and
values of at least .7 are desirable. A more useful measure, expressed as test-retest
reliability, refers to reproducibility of measurements when the same instrument is
applied to stable patients. Preferred mathematical expressions of this type of reliability
are K, when the scale is dichotomous, and intraclass correlation coefficient (ICC), when
the scale is continuous. For an explanation of k, please refer to Chapter 17.3, Measuring
Agreement Beyond Chance. Both measures vary between —1 and 1. As a very rough rule
of thumb, values of ¥ or ICC should exceed .7.
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When Measuring Change

Returning to our chronic heart failure example, we might now want to determine
whether a drug such as spironolactone was effective in improving an individual
patient’s functional status and, in so doing, monitor changes in patient’s NYHA
functional class. When we use instruments to evaluate change over time, they must
be able to detect any important changes in the way patients are feeling, even if those
changes are small. Thus, the signal comes from the difference in score in patients
whose status has improved or deteriorated, and the noise comes from the
variability in score in patients whose status has not changed. The term we use for
the ability to detect change (signal-to-noise ratio over time) is “responsiveness.” It is
sometimes also referred to as sensitivity to change.

An unresponsive instrument can result in false-negative results, in which the
intervention improves how patients feel, yet the instrument fails to detect the
improvement. This problem may be particularly salient for questionnaires that
have the advantage of covering all relevant areas of HRQL but the disadvantage
of covering each area superficially. With only 4 categories, a crude instrument
such as the NYHA functional classification may work well for stratifying
patients, but it may not be able to detect small but important improvements
resulting from treatment.

There is no generally agreed-on mathematical expression for responsiveness.
Some studies judge a scale to be responsive when it can find a statistically
significant change after an intervention of known efficacy. For example, the
Chronic Respiratory Disease Questionnaire (CRQ) was found to be responsive
when all of their subscale scores improved substantially after initiation or
modification of treatment, despite only small improvements in spirometric
values.® Despite this high responsiveness, one of the CRQ subscales was
subsequently found to have a modest reliability (internal consistency reliability
= 0.53; test-retest reliability = 0.73).27

In studies that show no difference in change in HRQL when patients receive
a treatment vs a control intervention, clinicians should look for evidence that
the instruments have been able to detect small- or medium-sized effects in
previous investigations. In the absence of this evidence, instrument unrespon-
siveness becomes a plausible reason for the failure to detect differences in
HRQL.

For example, researchers who conducted a randomized trial of a diabetes
education program reported no changes in 2 measures of well-being,
attributing the result to, among other factors, lack of integration of the
program with standard therapy.?® However, those involved in the educa-
tional program, in comparison to a control group that did not experience it,
showed an improvement in knowledge and self-care, along with a decrease
in feelings of dependence on physicians. Given these changes, another
explanation for the negative result—no difference between treatments in
well-being—is inadequate responsiveness of the 2 well-being measures the
investigators used.
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In the trial of antipsychotics for chronic schizophrenia, the report does not
examine the responsiveness of the PANSS. A comparison of the PANSS with
an independent global assessment of change, however, persuasively demon-
strated its responsiveness.?2!

Does the Instrument Relate to Other Measurements in the Way It Should?
Validity has to do with whether the instrument is measuring what it is intended
to measure. The absence of a reference standard for HRQL creates a challenge for
anyone hoping to measure patients’ experience. We can be more confident that
an instrument is doing its job if the items appear to measure what is intended
(the instrument’s face validity), although face validity alone is of limited help.
Empirical evidence that it measures the domains of interest allows stronger
inferences.

To provide such evidence, investigators have borrowed validation strategies
from psychologists, who for many years have struggled with determining whether
questionnaires assessing intelligence and attitudes really measure what is intended.

Establishing validity involves examining the logical relationships that should
exist between assessment measures. For example, we would expect that patients
with a lower treadmill exercise capacity generally will have more dyspnea in daily
life than those with a higher exercise capacity, and we would expect to see
substantial correlations between a new measure of emotional function and
existing emotional function questionnaires.

When we are interested in evaluating change over time, we examine correla-
tions of change scores. For example, patients who deteriorate in their treadmill
exercise capacity should, in general, show increases in dyspnea, whereas those
whose exercise capacity improves should experience less dyspnea; a new emo-
tional function measure should show improvement in patients who improve on
existing measures of emotional function. The technical term for this process is
testing an instrument’s “construct validity.”

Clinicians should look for evidence of the validity of HRQL measures used in
clinical studies. Reports of randomized trials using HRQL measures seldom
review evidence of the validity of the instruments they use, but clinicians can gain
some reassurance from statements (backed by citations) that the questionnaires
have been validated previously. In the absence of evident face validity or
empirical evidence of construct validity, clinicians are entitled to skepticism about
the study’s measurement of HRQL.

A final concern about validity arises if the measurement instrument is used
in a culturally and linguistically different environment than the one in which it
was developed—typically, use of a non-English version of an English-language
questionnaire. Ideally, these non—English-language versions have undergone a
translation process that ensures that the new version of the questionnaire
reflects the idiom and the attitudes of the local population, a process called
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linguistic and cultural validation.?? At the very least, the translation of the
instrument should follow a procedure known as back-translation, whereby one
group of researchers translates the original into a new language, another group
blindly back-translates it into English, and a third group ascertains the
equivalence of the original and the back-translated versions and resolves any
discrepancies. If investigators provide no reassurance of appropriate linguistic
validation, the clinician has another reason for caution regarding the results.

G T |

In the antipsychotics study, the investigators provide no citation to support
the validity of the PANSS. As noted above, a quick search of PubMed (entering
“PANSS” with no restriction) identified 854 articles, showing that it is a widely
used measure in psychiatry. The first 2 reports describe extensive validation of
the instrument.11.20

Are There Important Aspects of Health-Related Quality of Life That Have
Been Omitted?

Although investigators may have addressed HRQL issues, they may not have done
so comprehensively. When measuring patients’ discomfort, distress, and disability,
one can think of a hierarchy that begins with symptoms, moves on to the functional
consequences of the symptoms, and ends with more complex elements such as
emotional function. Exhaustive measurement may be more or less important in a
particular context.

If, as a clinician, you believe your patients’ sole interest is in whether a treatment
relieves the primary symptoms and most important functional limitations, you will
be satisfied with a limited range of assessments. Randomized trials in patients with
migraine®® and postherpetic neuralgia®! restricted themselves primarily to the
measurement of pain; studies of patients with rheumatoid arthritis>?> and back
pain®3 measured pain and physical function, but not emotional or social function.
Depending on the magnitude of effect on pain, the adverse effects of the medica-
tion, and the circumstances of the patient (degree of pain, concern about toxicity,
degree of impairment of function, or emotional distress), lack of comprehensive-
ness of outcome measurement may or may not be important.

Thus, as a clinician, you can judge whether or not these omissions are important
to you or, more to the point, to your patients. You should consider that although
the omissions are unimportant to some patients, they may be critical to others (see
Chapter 22.2, Decision Making and the Patient). We therefore encourage you to
bear in mind the broader effect of disease on patients’ lives.

Disease-specific HRQL measures that explore the full range of patients’ problems
and experience remind us of domains we might otherwise forget. We can trust
these measures to be comprehensive if the developers have conducted a detailed
survey of patients with the illness or condition.
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For example, the American College of Rheumatology developed the 7-item
core set of disease activity measures for rheumatoid arthritis, 3 of which
represent patients’ own reports of pain, global disease activity, and physical
function.?* Despite the extensive and intensive development process of the 7
core items, the data set, when presented to patients, failed to include one
important aspect of disease activity: fatigue.>

If you are interested in going beyond the specific illness and comparing the effect of
treatments on HRQL across diseases or conditions, you will look for a more compre-
hensive assessment. These comparisons require generic HRQL measures, covering all
relevant areas of HRQL, that are designed for administration to people with any kind of
underlying health problems (or no problem at all).

One type of generic measure, a health profile, yields scores for all domains of
HRQL (including, for example, mobility, self-care, and physical, emotional, and
social function). The most popular health profiles are short forms of the instru-
ments used in the Medical Outcomes Study.>®37 Inevitably, such instruments
cover each area superficially. This may limit their responsiveness. Indeed, generic
instruments are less powerful in detecting treatment effects than specific instru-
ments.>8 Tronically, generic instruments also may not be sufficiently comprehen-
sive; in certain cases, they may completely omit patients’ primary symptoms.

Even when investigators use both disease-specific and generic measures of HRQL,
these may still fail to adequately address adverse effects or toxicity of therapy.

For example, in a study of methotrexate for patients with inflammatory bowel
disease,® patients completed the Inflammatory Bowel Disease Questionnaire
(IBDQ), which addresses patients’ bowel function, emotional function, systemic
symptoms, and social function. Coincidentally, it measures some adverse effects
of methotrexate, including nausea and lethargy, because they also afflict patients
with inflammatory bowel disease who are not taking methotrexate, but it fails to
measure others such as rash or mouth ulcers. The investigators could have
administered a generic instrument to tap into non—inflammatory-bowel-disease-
related aspects of HRQL, but once again, such instruments would also fail to
directly address issues such as rash or mouth ulcers. The investigators chose a
checklist approach to adverse effects and documented the frequency of occur-
rence of adverse events that were both severe enough and not severe enough to
warrant discontinuation of treatment, but such an approach provides limited
information about the influence of adverse effects on patients’ lives.

| I |

In the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) trial
the investigators not only administered the PANSS but also monitored adverse
events through systematic query, administered 3 rating scales of extrapyrami-
dal signs, and measured changes in weight, electrocardiogram, and laboratory
analyses.! The assessment appears adequately comprehensive.
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WHAT ARE THE RESULTS?

How Can We Interpret the Scores?

Understanding the results of a trial involving HRQL involves special challenges.
Patients who had acute back pain and were prescribed bed rest had mean scores on
the Owestry Back-Disability Index, a measure that focuses on disease-specific
functional status, that were 3.9 points worse than those of control patients.??
Patients with severe rheumatoid arthritis allocated to treatment with cyclosporine
had a mean disability score that was 0.28 units better than that of control
patients.®0 Are these differences trivial, are they small but important, are they of
moderate magnitude, or do they reflect large and extremely important differences
in efficacy among treatments?

These examples show that the interpretability of most HRQL measures is not
self-evident. When trying to interpret HRQL results, we must consider that,
depending on the patient, a different value will be placed on the same change in
function or capacity. The result is a series of tradeoffs that are often assessed
informally in the interaction between physicians and patients. For example,
one patient may be desperate for small improvements in a particular domain of
HRQL and will be willing to take drugs with severe adverse effects to achieve
that improvement. Another patient, by contrast, may be indifferent to small
improvements and unwilling to tolerate even mild toxicity. Eliciting these
preferences is an integral part of practicing evidence-based medicine effectively
and sensitively (see Chapter 1, How to Use the Medical Literature—and This
Book—to Improve Your Patient Care; see also Chapter 2, The Philosophy of
Evidence-Based Medicine, and Chapter 22.2, Decision Making and the
Patient).

When reading the literature and advising patients before beginning the
treatment, however, clinicians must still arrive at some estimates of how well,
on average, a given therapy performs with regard to effecting improvements in
HRQL. One can classify ways to establish the interpretability of HRQL
measures as anchor based or distribution based. These strategies lead to
estimates of change in HRQL measures that, either for individual patients or
for a group of patients, constitute trivial, small, medium, and large differences.
No approach is without its limitations, but they all contribute important
information.

Anchor-Based Approaches to Establishing Interpretability

Anchor-based methods require an independent standard, or anchor, that is itself
interpretable and at least moderately correlated with the instrument being
explored. The anchor is usually so designed as to establish a minimum important
difference (MID) in change. The MID is the smallest difference in score in the
domain of interest that patients perceive as beneficial and that would mandate, in
the absence of troublesome adverse effects and excessive cost, a change in the
patient’s health care management.*! The typical single anchor used in this
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approach is a global assessment of change corresponding to “no change,” “small
but important change,” “moderate change,” and “large change.”

For instance, investigators asked patients with chronic respiratory disease or
heart failure about the extent to which their dyspnea, fatigue, and emotional
function had changed over time. To establish the MID, they focused on patients
whose global rating suggested they had experienced a small but important change.
They discovered, for all 3 domains, that the MID was approximately 0.5 on a scale
of 1 to 7, in which 1 denoted extremely disabled/distressed/symptomatic and 7
denoted no disability/distress/symptoms. Other studies in chronic airflow limita-
tion, asthma, and rhinoconjunctivitis have suggested that the MID is often
approximately 0.5 per question.*!"#> A moderate difference may correspond to a
change of approximately 1.0 per question, and changes greater than 1.5 can be
considered to be large.**

G | T |

Leucht et al?! gained insight into the interpretation of the PANSS by
comparing it against the Clinical Global Impression of Improvement, which is a
global transition rating that classifies patients into 7 grades, from 1 (very much
improved) to 7 (very much worse). They found that, to be rated as minimally
improved, the PANSS scores needed to be reduced by about 19% to 28%.
Because the baseline PANSS score in the data set was 94, this translates to
about 18 to 26. Because the PANSS consists of 30 items for schizophrenic
psychopathology, each rated on a 7-point Likert scale, ranging from 1 (no
symptoms) to 7 (extreme), this MID roughly corresponds with the 0.5-per-
question guideline mentioned above.

Distribution-Based Approaches to Establishing Interpretability

Distribution-based methods interpret results in terms of the relation between the
magnitude of effect and some measure of variability in results. The magnitude of
effect may be the difference in patients’ scores before and after treatment or the
difference in score between treatment and control groups. As a measure of
variability, investigators may choose between-patient variability (for example, the
standard deviation [SD] of patients at baseline) or within-patient variability (for
example, the SD of change that patients experienced during a study).

The most frequently used of the distribution-based index is Cohen d, also often
referred to as effect size, which is the difference in mean scores between the
treatment and control groups divided by the SD of the scores in the control group
(or the pooled SD of the treatment and control groups).

Consider a hypothetical trial in which the intervention group had a mean score
of 50 (SD = 15) and the control group had a mean score of 40 (SD = 15) at the end
of the trial. Cohen d will be (50 — 40)/15 = 0.67.
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Cohen provided a rough rule of thumb to interpret the magnitude of the effect
sizes. Changes in the range of 0.2 represent small changes, those in the range of
0.5 moderate changes, and those in the range of 0.8 large changes.*> Thus,
clinicians could anticipate moderate to large improvements in HRQL with this
hypothetical intervention. Some recent empirical studies suggest that Cohen’s
guideline may in fact be generally applicable,*¢ but other studies suggest that the
MID as determined by the anchor-based approach roughly corresponds to an
effect size of 0.5.47:48

Using the Number Needed to Treat to Enhance Interpretability

Using the strategies we have reviewed, we may, for instance, establish that a 4.0-
point change on the Owestry Back-Disability Index signifies, on average, small but
important differences for individuals. This still leaves problems in the interpreta-
tion of results from clinical trials. Presentation of mean changes in HRQL (for
instance, the treatment group improved by 2.0 points more than the control group
on the Owestry Back-Disability Index) can be misleading. Can we infer from the
mean difference of 2.0 that the treatment is unimportant to patients? Because not
everyone in the trial experiences the mean effect, this is not necessarily so. Although
some patients may have experienced no benefit from treatment, treatment may
have resulted in important improvement for others.

Investigators have gained insight into this issue by examining the distribu-
tion of change in HRQL in individual patients and by calculating the propor-
tion of patients who achieved small, medium, and large gains from treatment.**
The proportion of patients achieving a particular degree of benefit and the
corresponding number needed to treat (NNT) to ensure that a single person
obtains that benefit provide a more informative way of presenting results. For
instance, trials of asthma medication have yielded NNTs of 2.8, 3.3, 4.5, and 21,
corresponding to mean differences between treatments of 0.9, 0.5, 0.3, and 0.2,
respectively, on a 1 to 7 scale whose MID is 0.5.%4 Note that the latter 2 mean
differences are appreciably less than the MID, yet the NNT is appreciable.

What if, while adopting the anchor-based approach, the investigators fail to
report the proportions of patients who got better, remained about the same,
and got worse? For example, the investigators who conducted the trial of
methotrexate for Crohn disease did not help clinicians interpret the magnitude
of difference in HRQL.3® The mean difference in IBDQ scores between the
treatment and control groups at 16 weeks was 0.56 (P < .002). Thus, the mean
difference between treated and control patients in the methotrexate study is
likely to fall within the category of small but important change in HRQL.

Is there more we can do to enhance the interpretability of the results? One
approach would be to calculate Cohen d. In this instance, the mean difference of
0.56 translates into an effect size of 0.43 (= 0.56/1.3, which is the SD of the control
group).

Another approach is to further transform an effect size into NNT.#° Table 10.5-3
presents the conversion from effect size into NNT for approximate effect sizes
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TABLE 10.5-3

rom Effect Size nto Number Needed to Treat

Response Rate, %

Control Group 10 20 30 40 50 60 70 80 90
Or Treatment 90 80 70 60 50 40 30 20 10
Group
ES =0.2 252 165 137 127 126 134 152 195 325
ES = 0.5 85 6.0 53 5.1 52 57 6.8 9.1 16.0
ES = 0.8 46 35 32 33 35 39 48 6.7 12.3
ES =1.0 356 28 26 27 29 34 42 6.0 1.3

and event rates in the control group or treatment group. In the case of the
methotrexate trial, if we assume that an incidence of important improvement in
HRQL was about the same as the reported remission rates in terms of disease
activity and was 20% in the placebo group, the mean difference of 0.43 SDs
translates approximately into an NNT between 6.0 (corresponding to the
intersection for control group response rate = 20% and effect size = 0.5) and 16.5
(corresponding to the same for control group response rate = 20% and effect size
=0.2).

An Excel spreadsheet to calculate NNT from effect size and response rate is
available on the Users’ Guides Web site (http://www.jamaevidence.com/). In the
methotrexate case, you enter 0.20 in the response rate and 0.43 in the effect size,
and the spreadsheet will give you an NNT of 16. Other methods for estimating
NNT from continuous data and MID#’ provide similar results.

ING THE GUIDE

The CATIE trial showed that, by 3 months, olanzapine produced a
reduction of about 7 points on the PANSS, whereas risperidone resulted in
smaller reductions of around 3 points only (no table is given, and these
numbers are derived from graphs, where the overall difference is statisti-
cally significant at P = .002)." Because the MID of the PANSS is approxi-
mately 18 to 26, we are tempted to conclude that no antipsychotic could
produce tangible changes, but, as we discussed above, this can be a
misleading conclusion.
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The trial report provides no indication of the proportion of patients who got
better, remained unchanged, or deteriorated, and we therefore use the distribution-
based interpretation. The difference in the PANSS scores between olanzapine and
risperidone is, on average, about 1 point at 1 month and 4 points at 3 months, and
the SD of the PANSS at baseline is 18, which would then give a between-group
effect size between 1/18 = 0.06 and 4/18 = 0.22. These between-group effect sizes
can be characterized as small to very small, according to Cohen’s guideline.
Because the absolute percentage of patients achieving important improvement
must be small, in the range of 10% to 20% (the average improvement was 7 for
olanzapine, when the MID was around 20), cells in Table 10.5-3 corresponding with
an effect size of 0.2 at 3 months and percentage improving in treatment group of
10% or 20% indicate an NNT of olanzapine over risperidone in the range of 20 to 30
to produce an additional patient with a small but important change. Or you can
enter effect size = 0.06 at 1 month and response rates = 10% or 20% in the
corresponding Excel calculator, available on the Users” Guides Web site (http://
www.JAMAevidence.com), and obtain an NNT of approximately 60 to 100.

How CAn | ApPLY THE RESULTS TO PATIENT CARE?

Has the Information From the Study Addressed Aspects of Life That Your
Patient Considers Important?

Before answering the question about how the treatment would affect patients’ lives,
the clinician must be cognizant of the problems patients are experiencing, the
importance they attach to those problems, and the value they might attach to
having the problems ameliorated (see Chapter 22.2, Decision Making and the
Patient). HRQL instruments that focus on specific aspects of patients’ function and
their symptoms may be of more use than global measures or measures that tell us
simply about patients’ satisfaction or well-being.

For instance, patients with chronic lung disease may find it more informative to
know that their compatriots who accepted treatment became less dyspneic and
fatigued in daily activity, rather than simply that they judged their quality of life to
be improved. HRQL measures will be most useful when results facilitate their
practical use by you and the patients in your practice.

e

The patient asked you 2 specific questions: what is the nature of the adverse
effects he might experience, and how much better he will feel while taking
alternative medications. Aside from his tremor, the patient is not terribly
concerned about his current extrapyramidal adverse effects, but his family is.


http://www.JAMAevidence.com
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The CATIE study showed that the neurologic effects of olanzapine and
risperidone were very similar, with approximately 8% experiencing some
extrapyramidal signs. The study also tells us about additional adverse
effects—olanzapine will result in additional weight gain (body weight gain
greater than 7% was observed in 30% who were taking olanzapine vs 14%
taking risperidone; P < .001) and increase in glycosylated hemoglobin—but
it does not tell us whether there were any patient-important consequences
of the increased blood glucose level. The study also reported that there was
a greater increase in plasma prolactin for patients taking risperidone than
those taking other medications (P < .001), but again it does not tell us if it led
to any patient-important consequences. The patient is concerned about his
current symptoms of insomnia, fearfulness, and hearing voices. The study
does not report changes in those particular symptoms separately but, given
changes in the PANSS, one would anticipate small average effects and a low
(but nonzero) likelihood of important improvement with olanzapine vs
risperidone.

AL KhESU |

neturning to our opening clinical scenario, in light of the available information,
you inform the patient that he is less likely to experience intolerable extrapyra-
midal adverse effects with newer antipsychotics, and given his concern about
tremor and his family’s concern about his looking ill, you strongly recommend
a switch to one of the newer agents. The patient concurs. Among the newer
antipsychotics, olanzapine produced greater a reduction in symptoms, but the
probability that your patient will benefit is small: 1 in 20 to 100 patients
experienced a small but important change in symptoms when taking olanza-
pine that he or she would not have experienced if taking risperidone.
Therefore, considering the tradeoff between a small likelihood of benefit in
terms of decreased symptoms with olanzapine and the probability of increased
weight gain and an increase in blood glucose of uncertain significance, the
patient decides to try olanzapine first while being ready to switch to risperi-
done soon if significant adverse effects (such as substantial weight gain or
polydipsia or polyuria as a result of hyperglycemia) occur.

ConcLusion

We encourage clinicians to consider the effect of their treatments on patients’
HRQL and to look for information regarding this influence in clinical trials.
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Responsive, valid, and interpretable instruments measuring experiences of impor-
tance to most patients should increasingly help guide our clinical decisions.
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For Which Myocardial Infarction Patients Is
Thrombolytic Therapy Indicated in the Philippines?

You are the attending internist on duty when a 40-year-old history professor
presents to the emergency department of a general hospital in the Philippines.
He has experienced severe chest pain for 2 hours, associated with clammy
perspiration. The pain is now settling, and the patient is not feeling dyspneic or
otherwise in distress. Physical examination reveals a blood pressure of 110/70
mm Hg, a heart rate of 92/min, a normal first heart sound, and clear lungs. An
electrocardiogram discloses 3-mm ST-segment elevation in leads Il, Il, and
aVF, suggesting an acute inferior wall myocardial infarction (Ml). As nurses
place intravenous lines and prepare the patient for admission to the coronary
care unit, you consider the possible benefits and risks of administering
thrombolytic therapy. Because, to be fully prepared to advise just this sort of
patient, you have recently examined the literature, you move quickly and
confidently to the bedside.

FINDING THE EVIDENCE

Streptokinase is the only thrombolytic agent that most of your patients might
afford. In your recent review of the evidence, you therefore confined your search to
this drug, trying to locate the best evidence from an appropriate randomized trial
or, if available, a meta-analysis of many trials. Launching PubMed from the Web
site of the National Library of Medicine, you selected “myocardial infarction” from
the list of Medical Subject Headings used to index articles. On the second subject
line, you used the Medical Subject Headings term “streptokinase.” Using the limit
function, you restricted the publication type to “meta-analysis.” You retrieved a
meta-analysis that deals with effectiveness! but not with safety. Therefore, you also
review a single randomized controlled trial (RCT), the Second International Study
of Infarct Survival (ISIS-2),% which you choose on the basis of its size (17000
patients), strong design (which includes blinding), and the wide variety of centers
that participated. The articles meet the validity criteria for systematic reviews and
trials. You observe that, in the meta—analysis,1 treatment reduced the event rate
from 17.4% to 12.8%. For the average participant in these trials, this clearly
outweighs the potential harm of bleeding requiring transfusion, which occurred in
0.5% of streptokinase-treated patients compared with 0.2% in the placebo group in
the ISIS-2 trial.?

As you consider how to treat your patient, you notice that Asians compose only
a minority of the patients in the trial and in the meta-analysis.
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INTRODUCTION

Clinicians looking at RCTs to guide medical decisions must decide how to apply
results to individual patients. Chapter 6, Therapy, suggested 2 criteria for deciding
on applicability: (1) Can you apply the results of the study to the patient before
you? (2) Are the benefits worth the risks and costs? In this chapter, we discuss these
guides in greater detail.

Clinical trialists typically spend a lot of effort ensuring comparability of
treatment and control groups (internal validity) through strategies such as random-
ization, blinding, and intention-to-treat analyses. They spend much less effort on
ensuring comparability of trial patients to actual patients (external validity)
through strategies such as population sampling® because the main focus of trials
has been to answer the question, can the drug work at all, rather than the question,
will it actually work in real life?

Nevertheless, published trials provide information that helps clinicians decide
on the applicability of the results to individual patients. Inclusion and exclusion
criteria, for example, help us decide whether our patients would have been
eligible to participate. Similarly, subgroup analyses may elucidate the effects of
treatment on specific populations that may be of interest as we try to apply the
results (see Chapter 20.4, When to Believe a Subgroup Analysis). Unfortunately,
in real life, we face myriad patient subtypes, but trials typically are underpowered
to address more than a few subgroup hypotheses. Therefore, physicians need to
become skilled in applying trial results to individual patients. Table 11.1-1
summarizes criteria that will help you compromise between hasty generalizations
and imprudent hesitation in the application of trial results. Sometimes, the
guides may lead to clear decisions about whether to apply the results. At other
times, they will at least increase or decrease your level of confidence in using a
treatment.

The relative risk reductions (RRRs) estimated in trials reflect the average response
of a population to a treatment. Because biologic and socioeconomic characteristics of
individual patients sometimes modulate the treatment effect, the average response
may not always be the same in different patient subgroups. Here, we review these
biologic and socioeconomic characteristics that may modify treatment response.

TABLE 11.1-1

mers uides for Applying Study Results to Individual Patients

A. Can | apply the results to my patients?
1. Have biologic factors that might modify the treatment response been excluded?
2. Can the patients comply with treatment requirements?
3. Can the health care providers comply with treatment requirements?

B. Are the benefits worth the risks and costs?

Reproduced with permission from Ridker et al.# Copyright © 2005 Massachusetts Medical Society. All rights reserved.
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Have Biologic Factors That Might Modify the Treatment

Response Been Excluded?

Table 11.1-2 lists 5 biologic factors that sometimes lead us to reject the idea of
applying results to a particular patient. “SCRAP” is a mnemonic to remember these
5 factors, which include a patient’s sex, presence of comorbidity, race or ethnicity,
age, and pathology of the disease. The following examples illustrate how these
factors may modify treatment effects in individual patients.

Sex
Cardiovascular disease prevention provides a setting in which treatment
responses have differed between men and women.” For example, a meta-analysis
of the use of aspirin in primary prevention detected significant differences in the
treatment effect between men and women.# As Figure 11.1-1 shows, administra-
tion of aspirin to healthy women did not decrease the incidence of MI as it did in
men. In contrast, aspirin reduced the incidence of stroke in women while
seeming to increase it in men. Contrary to expectations, these findings suggest
that, overall, women derive more benefit from treatment.

Another example of sex differences involves the use of stents after percutaneous
transluminal coronary angioplasty for acute MI. Stent insertion in women has a

TABLE 11.1-2
Biologic Factors That May Modulate an Individual’'s Response to Therapy

Biologic Factor Examples

Sex Aspirin for prevention of atherosclerosis: the relative risk reduction
for stroke and coronary disease is greater in women than in men#

Use of stents after angioplasty: the risk reduction for bypass sur-
gery is smaller among women®7

Comorbidities Measles vaccination: the degree of antibody response to vaccines
has been observed to be lower in the presence of malnutrition8?2

Treatment of hypertension: a target diastolic pressure of 80 mm
Hg or less reduces events in diabetic patients but not in the gen-
eral population©

Race Diuretics for hypertension: better response in blacks compared with
whites1

Proton-pump inhibitors for peptic ulcer disease: more effective in
Asians compared with non-Asians'2

Age Influenza vaccine for flu prevention: lower immune response in
elderly patients'3

Dual therapy for peptic ulcer disease: higher Helicobacter pylori
eradication rates in the elderly’4

Pathology Influenza vaccine for flu prevention: effectiveness depends on viral
strain used®

Breast cancer chemotherapy: response dependent on certain gene
expressions'6
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FIGURE 11.1-1

Meta-analysis of Aspirin in the Primary Prevention of Myocardial Infarction and
Stroke in Men and Women

Trial Relative Risk of Myocardial Infarction Trial Relative Risk of Stroke Among Men
Among Men
| ,
BDT, 1988 ¢—# BDT, 1988 =i
i
PHS, 1989 . PHS, 1989 «.—
TPT, 1998 B TPT, 1998 |
HOT, 1998 —B— HOT, 1998
PPP, 2001 | ——&8—+— PPP, 2001 —_—
RR = 0.68 (95%!Cl, 054-0.86) RR = 1.13 (95% Cl, 0.96-1.33)
P =.001 ! P=.15 !
Combined . : . , Combined | . . ,
0.2 0.5 1.0 2.0 5.0 0.2 0.5 1.0 2.0 5.0
Aspirin Better Placebo Better Aspirin Better Placebo Better
Trial Relative Risk of Myocardial Infarction Trial Relative Risk of Stroke Among Women
Among Women
\
HOT, 1998 HOT, 1998 —.T
|
PPP, 2001 8 PPP, 2001 8 :
1
WHS, 2005 WHS, 2005
|
RR = 0.99 (95% Cl, 0.83-1.19) RR = 0.81 (95% Cl, 0.69-D.96)
P=.95 P=.01 1
Combined : 8 : . Combined : : } : .
0.2 0.5 1.0 2.0 5.0 0.2 0.5 1.0 2.0 5.0
Aspirin Better Placebo Better Aspirin Better Placebo Better

Abbreviations: BDT, British Doctor’s Trial; Cl, confidence interval; HOT, Hypertension Optimal Treatment study; PHS, Physician’s
Health Study; PPP, Primary Prevention Project; RR, relative risk; TPT, Thrombosis Prevention Trial; WHS, Women'’s Health Study.

Reprinted from Ridker et al.* Copyright © 2005 Massachusetts Medical Society. All rights reserved.

lower RRR for coronary bypass grafting compared with that for men.

Although such observations on outcome differences are partially explained
by body size and clinical risk factors, sex itself may be an important
determinant of response to therapy.”

Comorbidity

Comorbidities can modify therapeutic effectiveness when, for instance,
comorbidities render the administration of therapy dangerous (eg, one
would ordinarily not consider warfarin in a patient with a recent gastrointes-
tinal bleed). Comorbidity can also decrease or increase the magnitude of
treatment effects.

In measles prevention, for example, malnutrition can reduce treatment
response as measured by immunogenicity.®° Table 11.1-3 summarizes
the results of the Hypertension Optimal Treatment (HOT) study that
showed that target diastolic blood pressures below 80 mm Hg reduced
cardiovascular events in diabetic patients but not in the general popula-
tion. Here, the presence of comorbidity (diabetes) enhanced treatment
effectiveness (additional lowering of blood pressure reduced adverse
outcomes in diabetic patients but not in nondiabetic patients). Because of these

m
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TABLE 11.1-3

Effect of Various Levels of Target Blood Pressure on the Incidence of Major
Cardiovascular Events, Comparing Diabetic Patients and the General Population'?

Target DBP No.of Events/1000 P for
(mm Hg) Events Patient-years Trend Comparison RR (95% CI)

Diabetic Patients

<90 45 24.4 <90vs <85 1.32 (0.84-2.06)
<85 34 18.6 <8bvs<80 1.56 (0.91-2.67)
<80 22 11.9 0.005 <90vs <80 2.06 (1.24-3.44)

General Population

<90 232 9.9 <90vs <85 0.99 (0.83-1.19)
<85 234 10.0 <85vs<80 1.08 (0.89-1.29)
<80 217 9.3 0.5 <90vs<80 1.07 (0.89-1.28)

Abbreviations: Cl, confidence interval; DBP, diastolic blood pressure; RR, relative risk.

findings, most hypertension guidelines recommend lower target blood pres-
sures for diabetic patients.!?

Race

Racial or ethnic differences may sometimes modify an expected treatment
response. In the treatment of hypertension, for example, blacks or black non-
Americans have proved more responsive to diuretics and less responsive to
B-blockers than whites.!!

This selective response reflects a state of relative volume excess that
investigators theorize may have served protective functions in hot and arid
ancestral environments.!”

In peptic ulcer disease, a recent meta-analysis of patients with acute
gastrointestinal bleeding suggests that proton-pump inhibitors (PPIs) are
more effective among Asians than whites in reducing mortality and prevent-
ing rebleeding and surgical intervention (Table 11.1-4).12 This differential
response may be the result of a lower parietal cell mass, a higher Helicobacter
pylori infection rate, or a slower metabolism rate for PPIs among Asians.

Age

Age is a commonly recognized factor that affects the response to treatment.
For example, after influenza vaccination, older patients show lower RRRs in
the incidence of flu,!3 perhaps because of a diminished immune response to
the antigenic stimulus (Table 11.1-5). Sometimes, age increases the therapeu-
tic response. A recent study showed that the H pylori eradication rate with
PPI and antibiotics was about 2.5 times higher among patients older than 50
years.!* The mechanism for this difference is unclear, but investigators have
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TABLE 11.1-4
-analy ing, i
on Asians and Non-Asians
Rate With Rate With
PPI (%) Control (%) OR (95% CI)  NNT (95% CI)
Mortality
Asian 1.5 4.7 0.35(0.16-0.74) 31 (20-100)
Non-Asian 4.8 3.6 1.36 (0.94-1.96) Incalculable
Rebleeding
Asian 6.8 225 0.24 (0.16-0.36) 6 (5-8)
Non-Asian 11.9 15.5 0.72 (0.58-0.89) 27 (17-100)
Surgery
Asian 2.9 9.2 0.29 (0.16-0.53) 16 (11-33)
Non-Asian 7.5 9.8 0.74 (0.56-0.97) 43 (20-100)

Abbreviations: Cl, confidence interval; NNT, number needed to treat; OR, odds ratio; PPI, proton-pump inhibitor; RCT, random-
ized controlled trial.

Reproduced from Leontiadis et al,’2 with permission from Wiley-Blackwell. Copyright © 2005.

theorized that, because H pylori infection has persisted longer in older
patients, time-related alterations in the function or structure of the gastric
mucosa might contribute to a more effective local drug action.

Pathology

Finally, diseases we refer to by the same name sometimes differ in the
underlying pathology and, consequently, in response to treatment. In influ-
enza vaccination, for example, effectiveness depends on whether the
influenza strains in the coming year are the same as those contained in

TABLE 11.1-5

Vaccination in Preventing Influenza in Healthy Adults

. Clinically Confirmed Cases Laboratory Confirmed Cases
Median Age of
Patients, y No. of Trials RR (95% CI)? No. of Trials RR (95% CI)2
<33 15 0.54 (0.44-0.67) 5 0.22 (0.13-0.37)
>33 23 0.89 (0.85-0.94) 16 0.43 (0.33-0.57)

Abbreviations: Cl, confidence interval; RR, relative risk.
3RR pooled estimate (random effects model and DerSimonian and Laird method).

Reproduced with permission from Belshe.'®
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the vaccine.!> Another example of differences in disease pathology that can
modify a treatment effect is breast cancer. Here, response to chemotherapy
depends on certain gene expressions.!©

A Caution Against Overcaution

You can sometimes find information regarding biologic factors affecting treatment
response in reports of trials and systematic reviews, especially when investigators
have explored subgroup differences. When such analyses are not available, clini-
cians must rely on biologic rationale as gleaned from in vitro and animal
experiments, as well as pathologic studies on humans.

Although our examples illustrate instances in which treatment effect is modified
by biologic factors, readers must be cautious in becoming overly restrictive in
applying results of trials or systematic reviews that evaluate therapy. There are
many instances in which treatments have been withheld unnecessarily because of
perceived biologic problems that affect applicability.

Women, for example, have generally received inferior care in the treatment
and prevention of cardiovascular disease.” Although recent findings do
suggest sex differences in response to treatments, most of these differences do
not warrant withholding therapy. As we have mentioned, in the case of stroke
prevention, women seem to benefit even more than men from use of aspirin.

Another example of unjustified withholding of therapy was the use of diuretics
for hypertension in diabetic patients. Because diuretics increased blood sugar,
many specialty societies did not recommend them as first-line therapy for diabetic
patients, despite convincing evidence that diuretics reduce cardiovascular events in
the general population.'® A long-term study has shown that despite the metabolic
effects, diuretics reduced serious morbid and mortal events in diabetic patients..19

Similarly, because of peculiarities in their lipid profiles, statins were initially not
recommended as first-line therapy for dyslipidemic diabetic patients despite
overwhelming proof of reductions in cardiovascular events in the general popu-
lation. Fibrates were recommended as the drug of choice until a systematic
review showed that statins work as well in diabetic patients as in others.2?

Deciding when to apply results to an individual patient can be tricky. In general, we
would suggest you apply results to individuals unless there is strong evidence that
biologic differences will significantly attenuate treatment response or cause harm. Such
evidence sometimes comes from subgroups in a randomized trial (see Chapter 20.4,
When to Believe a Subgroup Analysis). At other times, they will come from epidemio-
logic studies that support theories on the influence of sex, comorbidity, race, age, and
pathology, as well as studies on patient and provider adherence.

G | T

Searching through your local database of medical literature, you retrieve a case
series of autopsies performed on Filipino patients with MI.2! This study showed
that pathologic changes in the coronary arteries and myocardium were similar to
those observed among North American patients. Nonatherosclerotic causes of
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coronary disease occurred rarely.22 Furthermore, the subsequent INTER-
HEART study showed that the effect of risk factors on the incidence of
coronary artery disease was similar across countries around the world.23
Finally, local postmarketing studies show that Filipinos experience the same
reperfusion arrhythmias and bleeding complications as North Americans
when given streptokinase at the same dose.?* These studies provide some
assurance that the biologic response to treatment will be similar among
Filipino patients.

Can the Patients Comply With Treatment Requirements?
When satisfied that biologic differences do not compromise treatment applicabil-
ity, clinicians must examine constraints related to the social environment that may
modify the effectiveness and safety of treatment. This issue is important not just in
disadvantaged populations but also in settings in which patients are privileged.

Because trials normally recruit patients with unusually high levels of adherence,
trial patients tend to be systematically different from those in the general popula-
tion. Investigators have documented these differences in situations such as man-
agement of hypertension®> and asthma.?® To the extent that groups of people
exhibit different levels of adherence to treatment, clinicians may expect variation in
treatment effectiveness.

Variability in adherence between populations may stem from obvious resource
limitations or from less obvious attitudinal or behavioral characteristics.

As an example, both types of problems may affect the safety of outpatient
administration of anticoagulant agents. Because of resource constraints,
neither indigent patients nor their society may be able to afford repeated
clinic visits and tests for prothrombin time monitoring that are essential for
treatment safety. Similarly, persons with alcohol or drug addiction, regard-
less of their financial situation, may be less likely to comply with monitoring.
Inadequate monitoring, whatever the reason, increases bleeding risk from
overanticoagulation and may shift the balance between benefit and harm.

Although clinicians are often unable to predict patient adherence, a systematic
examination of adherence in individual patients—or groups of patients—is likely
to aid in identifying varying adherence patterns. Community studies give us a
general idea of how different adherence may be from that reported in clinical trial
settings.>>2% Clinicians may also refer to more general sources of evidence, such as
sociologic descriptions of attitudes of specific groups of people (see Chapter 11.5,
Qualitative Research).

In the Philippines, for example, an attitude called bahala na connotes a
lack of capacity or will to control one’s fate.?” In English, a near-equivalent
statement would be “Let’s just wait and see; there’s really nothing much we
can do about the situation.” This external locus of control*® may have an
adverse effect on patient adherence.

i
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Ik

Streptokinase is administered intravenously as a single dose. Thus, in our
scenario, if the patient can afford the drug, patient adherence will not be a problem.

Can the Health Care Providers Comply With Treatment Requirements?

The term “provider adherence” or “compliance” refers to a host of diagnostic tests,
monitoring equipment, interventional capabilities, skills, and other technical
specifications needed to administer a treatment safely and effectively. The ability of
health care providers to comply with these requirements may influence treatment
effectiveness, which is especially true in trials of invasive interventions in which
clinicians’ skill becomes an important criterion for involvement in the clinical trial.
When clinicians in the general population are not as skilled as those in a study, you
should seriously question applicability of that study.

For example, in a meta-analysis of randomized trials of carotid endarterec-
tomy for asymptomatic carotid stenosis patients at relatively low risk of
stroke nevertheless showed benefit from surgery.”’ However, the surgery-
associated stroke rate was low, probably because of the high level of
experience and expertise of the surgical centers that participated in the trial.
The net effect in other centers in the community may be an increase in
adverse outcomes,?® particularly worrisome because surgical teams with
complication rates and operative volumes that would have rendered them
ineligible for the trial do most endarterectomies.?!

Even noninvasive interventions can pose challenges to provider adherence. For
example, although rheumatic atrial fibrillation remains a common problem in Asian
countries and some patients may be willing and able to comply with monitoring, few
laboratories in rural areas perform the tests necessary for titration of warfarin dose.
Like constraints in patient adherence that we just described, limitation in provider
adherence is likely to influence the critical balance between effectiveness and safety,
possibly leading to nonapplication of the results of an otherwise valid trial.

G | |

Administration of streptokinase carries potential hazards, foremost of which is
catastrophic bleeding. Facilities for emergency administration of cryoprecipitate,
fresh frozen plasma, or whole blood must be available.32 In hospitals without
efficient blood banking systems, coping with bleeding emergencies may be
difficult. This increases the potential hazards of treatment and may tip the balance
between benefit and harm. Fortunately, after reviewing hospital facilities and
competence of medical and paramedical personnel, the tertiary hospital in the
scenario was found to have sufficient safeguards for use of streptokinase.
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ARE THE LIKELY BENEFITS WORTH THE
PoTenTIAL RISKS AND CoSTS?

When you are satisfied that biologic and socioeconomic differences do not
compromise applicability of the risks and benefits estimated in a trial, the next step
in applying results is to estimate the patient-specific benefit. This is reflected, for
instance, in the number needed to treat (NNT). Using the example of hypothetical
drug A that reduces the incidence of stroke by 25% (RRR), Table 11.1-6 shows 5
steps in making the calculation. Given varying baseline risks, the resulting risk
difference or absolute risk reduction (ARR) and thus the NNT may vary.

Clinicians can derive estimates of the patient’s baseline risk from various
sources. First, they can use their intuition, which may sometimes be accurate—at
least in terms of the extent to which risk is increased or decreased relative to the
typical patient in a trial.3* Second, if the randomized trials or meta-analyses report
risks in patient subgroups, clinicians can choose the subgroup that best applies to
the patient. Atrial fibrillation investigators pooled the individual patient data from
all the randomized trials testing antithrombotic therapy in nonvalvular atrial
fibrillation and were able to provide estimates of prognosis for patients in clinically
important subgroups.>* Unfortunately, most trials and meta-analyses fail to report
estimates of baseline risk in all patient subgroups.

Third, clinicians can find information about baseline risks in subgroups of
patients in studies on prognosis (see Chapter 18, Prognosis). For example, analysis
of the Malmo Stroke Registry demonstrated that during the 3 years after a stroke,
patients have a 6% risk of recurrent nonfatal stroke. These risks were higher in
older patients and in those with diabetes mellitus or cardiac disease.>

TABLE 11.1-6

ect of Baseline Risk of Stroke on the and the , Using Hypothetica
Treatment A That Can Reduce Events by 25%2
Baseline Risk of Risk of Stroke
Stroke Without With Treatment
Treatment (Rc), % RRR, % (Rt), % ARR, % NNT
20 25 15 5 20
16 25 12 4 25
12 25 9 3 33
8 25 6 2 50
4 25 3 1 100

Abbreviations: ARR, absolute risk reduction; NNT, number needed to treat; RRR, relative risk reduction.

aEstimating NNT takes 5 easy steps: (1) estimate the baseline risk of your patient for the event (Rc); (2) estimate the RRR using the
trial results; (3) calculate the new risk of an event with treatment (Rt) by reducing Rc by 25% (the RRR for treatment); (4) calculate
the ARR by getting the difference between Rc and Rt; and (5) divide 100 by the ARR (expressed as a percentage) to estimate the
patient-specific NNT.

283
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Sometimes, investigators use data from prognostic studies to construct models that
incorporate a large number of variables to create clinically helpful risk strata (see
Chapter 17.4, Clinical Prediction Rules). When prospectively validated in new popula-
tions, these risk stratification systems can provide accurate patient-specific estimates of
prognosis. A popular example is the Framingham risk calculator that estimates the risk
of a coronary event for an individual according to age, sex, serum lipid levels, blood
pressure, body mass index, use of tobacco, and blood glucose level.36

Epidemiologic Studies of the Incidence of Disease

May Elucidate Baseline Risk

Keys®” compared the 20-year incidence of deaths from coronary heart disease in
the United States, 5 European countries, and Japan and found an extremely low
incidence of death from coronary heart disease in the Japanese cohort, despite
correction for differences in baseline characteristics representing recognized risk
factors. The Multinational Monitoring of Cardiovascular Disease and Their
Determinants project’® has reported similar results. In this study involving 39
centers from 26 countries, east Asians showed a much lower incidence of death
from coronary heart disease than their western counterparts. Age-standardized
mortality rates for coronary heart disease were lowest in Japan (40/100000) and
highest in north Ireland (414/100000).

Estimating Patient-Specific Number Needed to Treat: An Example

Let us now consider as an example the decision about whether to recommend
carotid endarterectomy for a 65-year-old diabetic patient from Sweden with a
previous mild ischemic stroke and high-grade carotid stenosis. To estimate the
baseline risk of stroke (step 1), we use the Malmo Stroke Registry study, which
tells us that such a patient faces an 8.4% probability of recurrent stroke within the
next 3 years.>> To estimate RRR (step 2), we use the results from a carotid
endarterectomy study>? that shows that the procedure will reduce the relative risk
(RR) of stroke by approximately 44% (assuming we can find a surgical team that
achieves the same low risk of perioperative stroke as did trial participants). The
risk of stroke with treatment (step 3) will therefore decrease to approximately
5.4% (obtained by reducing the baseline 8.4% risk by 44%). In step 4, we
calculate the difference between baseline risk and the risk with treatment to get an
ARR of 3% (8.4% baseline risk minus the new risk of 5.4% with treatment).
Finally, in step 5, we divide 100 by the ARR to estimate the patient-specific NNT
of 100/3, or 33. Whether this is unacceptably high or suitably low will depend
largely on the outcomes avoided, the risks involved, and the cost of treating each
of these 33 individuals.

For those who prefer to avoid the arithmetic of the final step, a nomogram
allows the clinician armed only with a ruler (or any other straightedge) to
proceed from the patient’s baseline risk, through the RRR (or RR increase), to
the NNT or number needed to harm (NNH)? (see Figure 7-2 from Chapter 7,
Does Treatment Lower Risk? Understanding the Results).
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Whatever strategy one chooses, varying patient risk will affect benefit regardless
of the environment in which you practice. Even if you work in a western tertiary-
care environment in which investigators conducted their original studies, you will
still face high- and low-risk patients. The critical tradeoff between risk and benefit
may vary in these patient groups, mandating different treatment decisions (see
Chapter 21, How to Use a Patient Management Recommendation).

ING THE GUIDE

neturning to our decision about the administration of thrombolytic agents to a
patient in the Philippines, we use the same 5 steps to generate a patient-specific
NNT.

Step 1: Estimating baseline risk. To estimate baseline risk for our patient, we
use a cohort study conducted in 9 centers in metropolitan Manila. This study
evaluated 424 Filipinos with Ml who were eligible for streptokinase but for
whom the drug was not administered. Cardiac death rates in patients younger
than 60 years and with an inferior Ml were 2%.41

Step 2: Estimating the treatment effect. According to the ISIS study, if streptoki-
nase had been given, it would have reduced the risk of death by 25% (RRR).

Step 3: Calculating the posttreatment risk. Reducing the baseline risk of 2%
(step 1) by 25% (step 2) would result in an event rate of 1.5% if streptokinase
were administered.

Step 4: Calculating the ARR. Subtracting posttreatment risk from the
baseline risk (2% — 1.5%) gives us an ARR of 0.5%. This means 0.5% of those
otherwise destined to have events would have avoided it.

Step 5: Calculating the patient-specific NNT for this scenario. The NNT would be
the mathematical inverse of ARR in percent (ie, 100/0.5, or approximately 200).

SUMMARY

Although the inspiration for these guides came from a predicament in developing
countries, the guides are relevant to all situations in which clinicians must make
decisions regarding applicability. By breaking down the problem into specific
questions, we have provided guides for clinicians’ daily attempts to strike a balance
between making unjustifiably broad decisions about generalizability and being too
conservative in their conclusions.*?

To summarize (see Table 11.1-1), guide Al (biologic factors) helps us answer
the question, can the drug work at all under ideal conditions? Guides A2-3 (patient
and provider adherence) help us consider whether the drug will actually work.
Finally, guide B (risks and costs) helps us answer how efficiently this drug will work
in particular patients. Guides Al-3 examine whether the RRR is the same in your
patient as in the trial. At the very least, these guides allow us room for considering

i3
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whether we may be overestimating or underestimating effectiveness. Guide B, on
the other hand, helps us generate patient-specific ARRs and NNTs.

You should not consider these guides as absolute rules on whether to apply the
results of a trial to a particular patient. In instances in which there is overwhelming
proof of benefits in the general population, clinicians should insist on strong
evidence of diminished response before deciding not to apply. When the evidence
of benefit is less certain, however, doubt raised by considering these biologic factors
may be enough to dissuade clinicians from recommending treatment.

When clinicians suspect limited applicability, what can they do? This will depend on
whether the anticipated differences are important and, if they are important, whether
they are remediable. Biologic differences (guide A1) can often be addressed by altering
administration of a treatment (such as adjusting the dose of a drug). Patient and
provider adherence problems (guides A2-3), on the other hand, can be remedied by
strategies such as education, training, and provision of necessary equipment. Finally, as
we have shown, differences in event rates (guide B) can be calculated to generate
patient-specific estimates of NNT and NNH. This may then be used to provide patients
with a reasonable estimate of the tradeoff between benefits, risks, and costs.

LINICAL RESOLUTION

What should we recommend regarding use of thrombolytic agents for the
Filipino patient admitted to the hospital with acute MI? In summary, there is no
reason to believe that Filipinos will have a different response to treatment with
thrombolytic agents under ideal conditions. Patient adherence will not be an
important issue because the drug is given intravenously as a single dose. The
technical requirements for administration are often (but not always) available, and
when they are not, the risks of thrombolytic administration may outweigh the
benefits. Fortunately, in this hospital, minimum technical requirements were met.

The baseline risk of cardiac death in Filipinos in general is 11.1%, and, using
streptokinase, we can reduce this by 25%, resulting in an NNT of 36 for the
overall population. For subgroups of patients, however, the NNT will range
from 16 to 179, depending on the age and the size of the infarct. The 40-year-
old man with an inferior Ml has an expected mortality of only 2% during the
course of the next 30 days, suggesting an NNT of 200.

Should we recommend streptokinase for this patient? Although we have
confirmed the applicability of the thrombolytic data on the effectiveness of
streptokinase for centers with adequate blood-banking facilities, we must also
consider cost. The cost of the drug is approximately US $150 per treatment in
a country in which the average annual per capita income is $1000.43

In the end, you approach the patient and explain that you could offer him a
treatment that will reduce his risk of dying, which is already quite low, to
slightly less. There will be a small bleeding risk and a charge of $150. The
patient consults with his wife, and with some regret, they decline the
intervention. You leave them looking slightly troubled, rationalizing their
decision with each other. You reflect on how much more comfortable you
would be if your country offered universal health care.
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How Can WE SUMMARIZE
BENEFITS AND RISKS?

Evidence-based practice requires that clinicians summarize the benefits and risks of
treatment of patients. Furthermore, when called on, clinicians must incorporate
patient values and preferences with benefit/risk evidence to determine which
management strategies are in patients’ best interests (see Chapter 22.2, Decision
Making and the Patient).

These activities require clear and vivid summaries of the magnitude of
treatment effect. The relative risk reduction (RRR; the control event rate minus the
experimental event rate divided by the control event rate), the absolute risk
reduction (ARR; the control event rate minus the experimental event rate), and
the number needed to treat (NNT) represent alternative ways of summarizing the
effect of treatment (see Chapter 7, Does Treatment Lower Risk? Understanding
the Results). In this chapter, we provide a number of examples of the last of these,
the NNT.

THE NumBer NEEDED TO TREAT IN
WEIGHING BENEFIT AND HARM

The NNT, the number of patients the clinician must treat for a particular period to
prevent 1 adverse target event (such as a stroke) or to create a positive outcome
(such as a patient free of dyspepsia), may be the most attractive single measure.
Arithmetically, the NNT is the inverse of the ARR. Clinicians could therefore
simply take the ARR from a randomized controlled trial (RCT), calculate its inverse,
and derive an NNT for their patients. Such an approach, however, can be
profoundly misleading.

Consider, for instance, the Global Utilization of Streptokinase and Tissue
Plasminogen Activator for Occluded Coronary Arteries trial, which reported the
mortality in the 30 days after hospital admission of approximately 20000
patients who received streptokinase and approximately 10000 who received
tissue plasminogen activator (TPA).! In the patients receiving TPA, the risk of
dying was 6.3%; in those receiving streptokinase, the risk was 7.3%. The relative
risk of dying of TPA is therefore 6.3 (86%) of 7.3; RRR, 100 — 86 (14%); ARR,
7.3 - 6.3 (1%); and NNT, 1/0.01 (100). When deciding about whether a patient
required TPA, we could assume that we might treat 100 patients to prevent a
single death.

Such an approach ignores the fact that in the acute phase of ST-elevation
myocardial infarction, patients have very different risks of dying. The first row
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of the Table 11.2-1 tells us that in the next month after ST-elevation myocardial
infarction, no more than 4.4% of patients aged 76 years with noncomplicated
Killip 1 inferior-wall myocardial infarction and absence of other adverse
prognostic factors will die. On the other hand, 36% of those aged 76 years and
with anterior-wall myocardial infarction Killip III to IV will die.?

THE NumBer NEeDep T0 TREAT IN WEIGHING
BENEFIT AND HARM—OTHER EXAMPLES

The TPA/streptokinase example also illustrates the usefulness of the NNT in helping
clinicians judge the degree of benefit and the degree of harm patients can expect from
therapy. One of the examples in Table 11.2-1 further illustrates this point.

As a result of taking aspirin, patients with hypertension without known
coronary artery disease can expect a reduction of approximately 15% in their
relative risk of cardiovascular-related events during the subsequent 4 years.® For an
otherwise low-risk woman with hypertension and a baseline risk of cardiovascular-
related events of between 2.5% and 5%,%? this translates into an NNT of approxi-
mately 200 during a 5-year period. However, as presented in Table 11.2-1, for every
476 patients treated with aspirin each year, 1 would experience a major hemor-
rhage. Thus, in 1000 patients treated during 5 years, aspirin would be responsible
for preventing 5 cardiovascular events, but it would also be responsible for causing
approximately 10 serious bleeding episodes. Recommending aspirin to such low-
risk patients would be questionable at best. For a patient at high risk for
cardiovascular events (eg, a man with hypertension and diabetes who is older than
70 years), the NNT of approximately 44 (in 1000 patients, 22 cardiovascular events
prevented by aspirin and 10 bleeding episodes caused by aspirin) suggests that
recommending aspirin may be much more appropriate.

Another example from Table 11.2-1 emphasizes the importance of considering
the time frame in evaluating the NNT. During a 1-year period, the NNT for
prevention of stroke or myocardial infarction with angiotensin-converting enzyme
inhibitors in low- and high-risk hypertensive patients is 303 and 151, respectively.
However, if a period of 20 years is considered, the corresponding NNTs are 27 and
13. These figures help demonstrate that how one presents NNT data can determine
the effect of the information on clinicians and patients.

A final point is that clinicians can also apply the NNT concept to adverse
effects of interventions; it then becomes a number needed to harm (NNH).
Clinicians can use the data from Table 11.2-1 in making treatment decisions
with patients. More important, the results illustrate the importance of
considering individual patients’ baseline risk and the RRR associated with
treatment before advising patients about the optimal management of their
health problems.

293



TABLE 11.2-1

Example Number Needed to Treat

Condition or

Intervention

Outcome

Disorder vs Control During 1 Year? Risk Groups, %2 RRR (95% CI)2 ARR, % NNT

Acute phase of ST- Thrombolysis with  Total mortality at1  Low = 0.8-4.4b 14 (5.9-21.3)! 0.1-0.6 1000-166

elevation myocar-  TPA vs streptoki- mo -

dial infarction nase Medium = 4.5-16 0.6-2.25 166-44
High = 16.1-36 2.25-5 44-20

Survivors of ACE inhibitors Total mortality Low = 4d 17 (3-29)3 0.68 147

myocardial therapy vs placebo -

infarction® Medium = 19.8 3.3 30
High = 28.8 4.8 20

Persons without Statin therapy vs Major cardiovascu- Low < 29 10 (4-15)4 0.2 500

diagnosed cardio- placebo lar eventf

vascular disease® Moderate = 6.5 0.65 154
High = 12.5 1.25 80
Very high = 20 2 50

Persons without Aspirin vs placebo  Any important vas- Low < 29 15 (0-28)° 0.3 333

diagnosed cardio- cular event during

vascular disease® 5 yearsh Moderate = 6.5 1 100
High = 12.5 1.9 53
Very high = 20 2.25 44

Persons without Aspirin vs placebo  Major bleeding epi- Not available RR increase = 75 0.21 NNH =

diagnosed cardio- sodes (fatal and (31-130)6 476

vascular disease®

nonfatal)
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Congestive heart Spironolactone vs  Total mortality Low = 8i 30 (18-40)7 2.40 42
failure placebo -
Medium = 21 6.30 16
High = 33 9.90 10
Congestive heart ACE inhibitor vs Total mortality Low = 8i 23 (12-33)8 1.84 b4
failure placebo -
Medium = 21 4.83 21
High = 33 7.59 13
Congestive heart  B-Blocker therapy  Total mortality Low = 8i 35 (20-47)° 2.8 36
failure vs placebo -
Medium = 21 7.35 14
High = 33 11.55 9
People with his- Implantation Risk of sudden Low = 5i 53 (48-74)10 2.65 38
tory of coronary cardioverter cardiac death -
event defibrillator Medium = 20 10.6 9
High = 27 14.3 7
Very high = 35 18.5 5
Nonvalvular atrial ~ Warfarin vs pla- Stroke Low = 1.9 62 (48-72)"1 1.1 85
fibrillation cebo -
Low-medium = 2.8 1.7 58
Medium = 3.6 2.2 45
Medium-high = 6.4 4 25
High = 8 5 20
Very high = 44 27 4
(Continued)
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TABLE 11.2-1

Condition or Intervention Outcome
Disorder vs Control During 1 Year? Risk Groups, %2 RRR (95% CI)2 ARR, % NNT
Nonvalvular atrial ~ Oral anticoagulant ~ Stroke Low = 1.9% 45 (29-57)12 0.85 117
fibrillation therapy vs aspirin -
therapy Low-medium = 2.8 1.26 79
Medium = 3.6 1.62 62
Medium-high = 6.4 2.9 35
High = 8 3.6 28
Very high = 44 19.8 5
Hypertension ACE inhibitors vs Fatal or nonfatal Low risk < 1.5! 22 (17-27)13 0.33 303
placebo stroke or fatal or —
nonfatal myocardial ~ High risk > 3 0.66 151
infarction
Hypertension Calcium antago- Fatal or nonfatal Low risk < 1.5! 18 (5-29)13 0.27 370
nist vs placebo stroke or fatal or —
nonfatal myocardial ~ High risk > 3 0.54 185
infarction
HIV infection Ritonavir vs pla- AIDS-defining ill- Low = 0.7™m 42 (29-52)14 0.29 340
cebo ness -
High = 2.1 0.9 113
HIV infection Triple antiretroviral ~ AIDS-defining ill- Low = 0.7M 25 (19-48)1° 0.17 571
regimen vs dual ness -
regimen High = 2.1 0.52 190
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Survivors of cura-  Intensive follow-up  Total mortality Low = 2N 19 (6-30)16
tive resection for  vs usual care 0.38 263
colorectal cancer Medium = 6 11 88
High = 11 2.1 48
Symptomatic Carotid endarterec- Stroke Low = 3.5° RR increaseP = 20 ARI = 3.7 NNH =
carotid stenosis tomy vs optimal (range, 0-44) 27
medical care, -
including antiplate- High =6 RRR = 27 (range, ARR = 1.6 NNT =
let therapy 5-44) 62
RRR = 48 (range, ARR = 2.9 NNT =
27-73) 35
Rheumatoid arthri- Concurrent miso- Development of Low = 0.89 40 (1.8-64)17 0.32 312
tis treated with prostol vs placebo  serious upper -
nonsteroidal anti- gastrointestinal Medium = 2.0 0.30 125
inflammatory drugs complications High = 18 7.20 14
One or more Immediate treat- Recurrent seizures  Low = 13.57 60 (40-70)18 8.1 12
unprovoked ment with antiepi- -
seizures leptic drugs vs Medium = 30 18.3 6
treatment only after High = 34 21 a
seizure recurrence
Breast cancer Radiotherapy plus  Any recurrence Low = 4.3% 22 (13-29)1° 4.75 22
tamoxifen vs -
tamoxifen alone High = 7.8 8.6
(Continued)
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Abbreviations: ACE, angiotensin converting enzyme; ARI, absolute risk increase; ARR, absolute risk reduction; NNH, number needed to harm; NNT, number needed to treat; RRI, relative risk increase; RRR, relative risk
reduction; TPA, tissue plasminogen activator.

2Unless otherwise specified, all calculations performed have been standardized over 1 year, assuming both a constant baseline risk and a constant risk reduction through the period of the corresponding study.

bRisk according to the Thrombolysis In Myocardial Infarction (TIMI) risk scale for the ST-elevation myocardial infarction. Strata risk have been defined as a follows: low risk, lower than 4 points; medium risk, 4 to 6 points;
high risk, more than 6 points, where each point corresponds to the presence of any of the following 30-day mortality predictors in the acute phase of the event: age (<65 years = 1 point; 65-74 years = 2 points; >74 years
= 3 points); systolic blood pressure (SBP) lower than 100 mm Hg (3 points); heart rate greater than 100/min (2 points); Killip ll-IV (2 points); anterior ST-elevation or left bundle-branch block (1 point); diabetes (1 point);
weight lower than 67 kg (1 point); time to treatment less than 4 hours (1 point).2

CAfter 1 week of the index episode.

dLow, 1 to 10 premature ventricular beats (PVBs) per hour and no congestive heart failure (CHF); medium, 1 to 10 PVBs/h and CHF; high, more than 10 PVBs/h and CHF. PVBs were analyzed from Holter recordings performed
between the first week and the first month after the index episode.20

©More than 90% of study patients did not have diagnosed cardiovascular disease.
fMajor cardiovascular event is defined as major coronary event (nonfatal myocardial infarction or death related to coronary artery disease), nonfatal or fatal stroke, or coronary revascularization.

90ne-year risk of fatal cardiovascular disease. Risk varies according to a patient’s sex, cholesterol levels, smoking status, and age. For example, low risk represents patients aged 40 to 49 years with SBP between 120 and 140
mm Hg, who do not smoke and with total cholesterol levels below 200 mg/dL; moderate risk, patients aged 50 years and older with SBP 140 to 160 mm Hg, who may have total cholesterol levels of more than 300 mg/dL and
who do not smoke; high risk, patients aged 60 years and older with SBP 160 to 180 mm Hg, who may have total cholesterol levels of more than 250 mg/dL and who do not smoke; very high risk, patients aged 70 years and
older with SBP 180 mm Hg, who may have total cholesterol level of more than 300 mg/dL and who do not smoke. Modified from Conroy et al.2! Refer to Conroy et al?" to identify the various combinations of factors that
determine a patient’s risk category.

hAny important vascular event is the composite of vascular death, nonfatal myocardial infarction, or nonfatal stroke.®
iLow risk, New York Heart Association (NYHA) functional class Il; medium risk, NYHA functional class Ill; high risk, NYHA functional class IV.22

iRisk of sudden cardiac death according to the following risk groups: low risk group, history of coronary event; medium risk subgroup, history of coronary event and ejection fraction of less than 30%; high-risk subgroup,
out-of-hospital cardiac arrest survivor secondary to acute coronary event; very-high-risk subgroup, sustained ventricular tachycardia or ventricular fibrillation episodes in the convalescent phase after a coronary event (usu-
ally after the first 48 hours of the index episode). Modified from Myerburg and Castellanos.2®

kAdjusted stroke rate. Every risk stratum is defined from a score scale risk, in which each of the following adds 1 point: recent CHF, hypertension, age at least 75 years, or diabetes mellitus. Previous stroke or transient ischemic
attack adds 2 points. The score defines each stratum of risk as follows: low risk (0 points), low-medium risk (1 point), medium risk (2 points), medium-high risk (3 points), high risk (4 points), very high risk (6 points).24

ILow risk: SBP 140 to 159 mm Hg or diastolic blood pressure (DBP) 90 to 99 mm Hg without any other cardiovascular risk factor. Medium risk: SBP 140 to 159 mm Hg or DBP 90 to 99 mm Hg with 1 to 2 additional risks fac-
tors; SBP 160 to 179 mm Hg or DBP 100 to 109 mm Hg with 0, 1, or 2 additional risk factors. High risk: SBP 140 to 159 mm Hg or DBP 90 to 99 mm Hg with 3 or more risk factors; SBP 160 to 179 mm Hg or DBP 100 to 109
mm Hg with 3 or more risk factors; SBP higher than 180 mm Hg or DBP higher than 110 mm Hg. Modified from Whitworth.25

MBaseline HIV-1 RNA level (copies/mL): low, 501 to 3000; medium, 3001 to 10 000; high, 10 001 to 30 000; very high, more than 30 000.26
N1.5 Years’ mortality of colorectal cancer according to Duke stages.

9Low, lower than 50% stenosis; medium, 50% to 69% stenosis; high, more than 70%.27

PBecause the effects of carotid endarterectomy vary with the degree of stenosis, 3 benefits or risks of surgery are presented.

9Low risk, patients with none of the following risk factors: 75 years or older, history of peptic ulcer, history of gastrointestinal bleeding, or history of cardiovascular disease; medium risk, patients with any single factor; high
risk, patients with all 4 factors.'?

"Low risk, first seizure; medium risk, second seizure; high risk, third seizure.®

sLow, no nodes affected; medium, 1 to 3 affected nodes; high, more than 3 nodes affected.'®
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Beware Uneven Emphasis on Benefits and Harms
Wait for the Overall Results to Emerge; Do Not Rush

Conclusion

INTRODUCTION

Science is often not objective.! The choice of research questions, the methods to
collect and analyze data, and the interpretation of results all reflect the Weltan-
schauung, or worldview of the investigator.? Investigators’ emotional investment in
their own ideas, and their personal interest in academic success and advancement,
may further compromise scientific objectivity. Investigators often overemphasize
the importance of their findings and the quality of their work and choose
interpretations that will enhance chances of success in obtaining funds from
granting bodies. Scrutiny of the work of the current authors will demonstrate we
are not immune to these lapses.

Other serious conflicts of interest arise when for-profit organizations, such as
device, biotechnology, and pharmaceutical companies, provide funds for conduct
of research, consulting, and attending scientific meetings. In the past 20 years, there
has been an 8-fold increase in the number of trials for which authors declare
industry affiliation.? Investigators accepting funds risk conflicts of interest. Even
more problematic, they may cede their right to directly supervise data collection,
participate in or supervise data analysis, and write the research reports to which
their name is attached.*-® Finally, recent experience has shown that some authors
deliberately engage in duplicate publication and distort the data, analysis, and
presentation of reports to please their sponsors.

Extensive publicity highlighting these problems has caught the attention of
many clinicians who are therefore well aware of their vulnerability to biased and
potentially misleading presentations of randomized controlled trial (RCT) results.
This book describes, in some detail, guides to help recognize methodologic
weaknesses that may introduce bias. These criteria, however, do not protect
readers against misleading interpretations of apparently methodologically sound
studies. Indeed, all the studies we use as examples in this chapter satisfy minimal
validity criteria, and most were exceptionally strong. In this chapter, we go
beyond issues of validity to present a set of users’ guides to biased presentation
and interpretation of data that can aid clinicians in optimally applying research
findings (Table 11.3-1). We illustrate our guides with actual examples, not to
embarrass or adversely criticize individual publications, but to help raise aware-
ness of the dangers that the medical literature currently presents to unwary
clinicians.

There are some guides to avoid being misled that are at least as important as those
we present here, so important that we have allocated them their own chapters (see
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TABLE 11.3-1

Users EI.IIHBS IO lVOIH !emg Iu|lS|EH Ey !lasea Fresenlallon

and Interpretation of Data

. Read methods and results; bypass the discussion section

. Read the abstract reported in evidence-based secondary publications
. Beware large effects in trials with only a few events

. Beware faulty comparators

Beware misleading claims of equivalence

Beware small treatment effects and extrapolation to low-risk patients
. Beware uneven emphasis on benefits and harms

0 N OO WN =

. Wait for the overall results to emerge; do not rush

BMJ. 2004;329(7474):1093-1096. Amended with permission from the BMJ Publishing Group.

Chapter 9.3, Randomized Trials Stopped Early for Benefit; Chapter 10.4, Composite
Endpoints; Chapter 19, Summarizing the Evidence; Chapter 20.1, Reporting Bias;
and Chapter 20.4, When to Believe a Subgroup Analysis). Attention to those issues,
and the 8 guides below, will help you negotiate the minefield of sophisticated clinical
trial reports with presentations that serve interests other than those of your patients.

EIGHT GUIDES T0 AvoiD BEING MISLED

Read Only Methods and Results; Bypass the Discussion Section

The discussion (and to some extent the abstracts, introduction, and the conclusion
section of structured abstracts) often offers inferences that differ from those a
dispassionate reader would draw from the methods and results.”

Consider, for example, 2 systematic reviews published in 2001 summarizing
randomized trials assessing the effect of albumin use for fluid resuscitation. One
review, funded by the Plasma Proteins Therapeutic Association, pooled 42 short-
term trials reporting mortality and found no significant difference in mortality
with albumin vs crystalloid solutions across all groups of patients (relative risk
[RR], 1.115 95% confidence interval [CI], 0.95-1.28) and in patients with burns
(RR, 1.76; 95% CI, 0.97-3.17).8 The other review, funded by the UK National
Health Service, pooled 31 short-term trials reporting mortality and found a
significantly higher mortality with albumin in all patient groups (RR, 1.52; 95%
CIL, 1.17-1.99) and in patients with burns (RR, 2.40; 95% CI, 1.1 1-5.19).°

Although these 2 reviews included a slightly different set of trials (eg, the
former included an additional trial in patients with burns), both yield point
estimates suggesting that albumin may increase mortality and Cls that include
the possibility of a considerable increase in mortality. The trials were small, many
were methodologically weak, and the results were heterogeneous. The authors of
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the first review concluded, in their discussion, that their results “should serve
to allay concerns regarding the safety of albumin.” In contrast, the discussion
section of the second review recommended banning the use of albumin
outside the context of a rigorously conducted RCT.

Authors of an editorial accompanying the first review!? suggested that the
funding source may have been, at least in part, responsible for the different
interpretations. On one hand, the Plasma Proteins Therapeutic Association
promotes access to and reimbursement for the use of albumin, an expensive
intervention; on the other hand, the National Health Service pays for it in the
United Kingdom.

Examples of potential conflict of interest apparently driving conclusions abound.
Systematic examinations of the relationship between funding and conclusions have
found that authors show greater enthusiasm for the experimental treatment when
funded by for-profit than nonprofit interests.! !-14 Even after adjusting for magnitude
of treatment effect and adverse events, for-profit organization funding results in a 5-
fold increase in the odds of recommending an experimental drug as treatment of
choice (odds ratio, 5.3; 95% CI, 2.0-14.4) compared with nonprofit funding.11

To apply this first guide and bypass the discussion, clinicians must be able to
make sense of the methods and results. If you have gained familiarity with the
content of this book, you achieved this happy state.

Read the Abstract Reported in Preappraised Resources

Secondary journals, such as the ACP Journal Club, Evidence-Based Medicine, and
Evidence-Based Mental Health, publish structured abstracts produced by a team of
clinicians and methodologists in collaboration with the authors of the original articles.
These abstracts often include critical information about research conduct (allocation
concealment; blinding of patients, health care providers, data collectors, data analysts,
and outcome adjudicators; complete follow-up) omitted from the original reports.'>
The structured abstracts do not include the introduction or the discussion sections of
the original report or the conclusions of the original study. The title and the conclusions
of this secondary abstract are the product of critical appraisal by individuals for whom
competing financial or personal interests will be minimum or absent in most instances.

Compare, for example, the ACP Journal Club abstract and the full publica-
tion of an important trial'® addressing the prevention of stroke.!” The title of
the original publication describes the study as testing “a perindopril-based
blood pressure lowering regimen” and reports that the perindopril-contain-
ing regimen resulted in a 28% relative risk reduction (RRR) in the risk of
recurrent stroke (95% CI, 17%-38%).

The ACP Journal Club abstract and its commentary identified the publication
as describing 2 parallel but separate randomized placebo-controlled trials includ-
ing approximately 6100 patients with a history of stroke or transient ischemic
attack. In 1 trial, patients were randomized to receive perindopril or placebo;
active treatment had no appreciable effect on stroke (RRR, 5%j3 95% CI, —19% to
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23%). In the second trial, patients were allocated to receive perindopril plus
indapamide or double placebo. Combined treatment resulted in a 43% RRR
(95% CI, 30%-54%) in recurrent stroke. The ACP Journal Club commentary
notes that the authors, in communication with the editors, refused to accept the
interpretation of the publication as reporting 2 separate RCTs (which explains
why it is difficult for even the knowledgeable reader to get a clear picture of the
design from the original publication).

The objectivity and methodologic sophistication of those preparing the inde-
pendent structured abstracts may provide additional value for clinicians. We
suggest checking out the structured abstract of any article that appears in high-
quality secondary publications. We do not claim perfection of this methodologic
review: residual hidden bias or misleading presentation may elude the methodolo-
gists. Nevertheless, the resource is certain, on occasion, to help.

Beware Large Treatment Effects in Trials With Only a Few Events
Although you should be particularly skeptical of large treatment effects from trials
with few events that are stopped early (see Chapter 9.3, Randomized Trials Stopped
Early for Benefit), any time you see an unusually large effect (say, an RRR >50%)
from a study with few events (say, <100) it is wise to be cautious. One reason to be
cautious is that investigators may not have had a formal stopping rule but may have
been taking repeated looks at their data and chose to stop early when they saw a
large effect. If this is the case, neither the nominal P value nor the CI is valid.

Very large effects are implausible because multiple mechanisms underlie most
diseases, and therapies typically address only one or two of those mechanisms. The
complementary success of angiotensin-converting enzyme (ACE) inhibitors, antiplatelet
agents, lipid-lowering agents, and 3-blockers in reducing cardiac events in patients with
myocardial infarction (MI) illustrates this multiplicity of disease mechanisms. Predict-
ably, each agent offers only a modest magnitude of risk reduction (from 1/5 to 1/3).

These considerations should leave us unsurprised when subsequent trials suggest
that initial large positive effects represent overly optimistic or even completely
spurious findings. For example, an otherwise methodologically rigorous RCT ran-
domized 103 patients with an acute MI to receive a 48-hour magnesium or placebo
infusion. The trial reported 1 in-hospital death in the magnesium group and 9 in the
placebo group (ie, an 88% RRR; P < .001).18 However, a subsequent RCT of
approximately 60 000 patients with more than 4300 deaths showed no benefit; in fact,
there was a trend toward excess mortality with magnesium (P = .07).

The implication is clear: wait until a sufficient number of studies showing a
sufficient number of events have been conducted before exposing your patients to
inconvenient, costly, or potentially risky interventions (see Guide 8 in this chapter).

Beware Faulty Comparators

Industry-funded studies typically yield larger treatment effects than nonprofit origi-
nation—funded studies.>!3!%1® One major explanation is choice of comparators.?
Table 11.3-2 lists the types of faulty comparators to which you should be alert.
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TABLE 11.3-2

!aulty Eomparators

Comparison with placebo when effective agents are available

Comparison with less effective agents when more effective comparators are
available

Comparison with more toxic agents when less toxic comparators are available

Comparison with too low a dose (or inadequate dose tritration) of an otherwise
effective comparator, leading to misleading claims of effectiveness

Comparison with a too high (and thus toxic) dose (or inadequate dose titration)
of an otherwise safe comparator, leading to misleading claims of lower toxicity

Although placebos are often appropriate comparators, this is not always the
case. Those invested in a positive trial result may choose a placebo comparator
rather than an alternative agent with demonstrated effectiveness. For instance, in a
study of 136 trials of new treatments for multiple myeloma, 60% of studies funded
by for-profit organizations, but only 21% of trials funded by nonprofit organiza-
tions, compared their new interventions against placebo or no treatment.!”

Three important trials of angiotensin-receptor blockers for patients with
diabetic nephropathy used placebo, rather than drugs of demonstrated effective-
ness, ACE inhibitors, as the control management strategy.>!->> The accompany-
ing editorial suggested that the economic interests of the sponsor dictated that
choice of comparator. The sponsors may have avoided an ACE inhibitor control
group because “...sales of angiotensin-receptor blockers would be lower if the 2
classes of drugs proved equally effective.”*

Choice of dose and administration regimen can also result in misleading
comparisons.?> Typically, sponsors will choose less effective or more toxic agents
than the best ones available or administer the best available agent in excessively
small or excessively large doses.

For example, Safer?> identified 8 trials sponsored by 3 drug companies that
compared newer second-generation neuroleptic agents to a fixed high dose (20
mg/d; optimal dosing < 12 mg/d?®) of haloperidol. Not surprisingly, these
trials showed that patients using the new agents had fewer extrapyramidal
adverse effects.

Safer?” offers another example in which a study compared paroxetine against
amitriptyline, a sedating tricyclic antidepressant. The trial administered amitrip-
tyline twice daily, possibly leading to excessive daytime somnolence.?’ Johansen
and Gotzsche?8 noted the use of an ineffective comparator (nystatin) and the use
of an inadequate and unusual administration route (oral amphotericin B, poorly
absorbed in the gastrointestinal tract) as comparators in RCT' of the efficacy of
antifungals in patients with cancer and neutropenia.

When reading reports of RCTs with active comparators, clinicians should ask

themselves whether the comparator should have been another active agent rather
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than placebo, and if so, whether the dose, formulation, and administration regimen
was optimal.

Beware Misleading Claims of Equivalence

One strategy for getting a new drug on the market is to demonstrate its therapeutic
equivalence to a currently widely used product and then to make the case for some
(often marginal) nontherapeutic benefit (convenience, less frequent dosing, better
adverse effect profile). For the clinician, this strategy involves a number of dangers.

The first problem in such trials is that they are likely to have relatively small
sample sizes and thus have a relatively small number of outcome events. The result
will be imprecise estimates of treatment effect (ie, wide Cls).

The sponsor is likely to make claims of equivalence on the basis of the correct
statement that the difference between drugs was not significant, ignoring the fact
that the wide CIs include the possibility that the new drug is indeed inferior to the
standard therapy. In other words, the trial was not large enough to demonstrate
equivalence. You may want to review the explanation of Cls and in particular the
discussion of how to decide whether a negative trial is large enough in Chapter 8,
Confidence Intervals, for a full understanding of this issue.

Second, the comparison agent, usually an older drug, may have only weak
evidence supporting its benefit over no treatment or placebo. Thus, the underlying
truth may be that the new and old drugs are indeed equivalent—they are both
useless! Demonstration of equivalence under these circumstances results in a
weak—but sadly enough, often marketable—case for the new agent.

Not infrequently, sample size will be small and evidence for the comparison
older drug will be of low quality. Consider antibiotic trials for common mild
infections, such as acute rhinosinusitis. Although antibiotics may benefit some
patients with bacterial acute sinusitis, the majority of infections in the community
are either nonbacterial or self-limited.”” Investigations have failed to show con-
vincingly that antibiotics have any patient-important benefit in this setting,
whereas they will cause adverse events.>0 Nevertheless, there are more than 100
trials comparing antibiotics against each other for this common condition.?!
These trials circulate in medical meetings and medical journals and help maintain,
with varying success in different countries, a large irrational market of antibiotic
use.? This market gradually shifts toward adding big shares for newer agents,
without the old antibiotics losing their absolute sales.>®

A similar situation exists for trials of chemotherapy for some advanced-stage
cancers for which chemotherapy is of limited benefit. For advanced-stage non—
small-cell lung cancer, if chemotherapy offers any benefit at all, it is marginal.>*
Nevertheless, more than 250 RCTs have compared one chemotherapy regimen
against another.?® Over time, investigators have selected patients with progres-
sively better prognosis for inclusion in these trials. The result has been longer
median survival, although the regimens are uniformly ineffective. Investigators
may focus on describing this artificial prolongation of median survival, to the
detriment of patients who subsequently experience treatment toxicity.
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Beware Small Treatment Effects and Extrapolation to Low-Risk Patients
Increasingly, pharmaceutical companies are conducting very large RCT's to be able
to exclude chance as an explanation for small treatment effects. Results are
consistent with small treatment effects when either the point estimate is very close
to no effect (an RRR or absolute risk reduction [ARR] close to 0; an RR or odds
ratio close to 1) or the CI includes values close to no effect.

In one very large trial, investigators randomly allocated more than 6000
subjects to receive antihypertensive therapy based on ACE inhibitor therapy or to
receive therapy based on diuretic agents and concluded “initiation of antihyper-
tensive treatment involving ACE inhibitors in older subjects. ..appears to lead to
better outcomes than treatment with diuretic agents....”36 In absolute terms,
however, the difference between the regimens was small: there were 4.2 events
per 100 patient-years and 4.6 events per 100 patient-years in the ACE inhibitor
and diuretic groups, respectively. The RRR corresponding to this absolute
difference, 11%, had an associated 95% CI of —1% to 21%.

Here, we have 2 reasons to doubt the importance of the apparent difference
between treatment groups. First, the point estimate suggests a small absolute
difference (0.4 events per 100 patient-years), and second, the CI suggests it may

have been even smaller. Indeed, there may have been no true difference at all.

There is a variety of strategies investigators and sponsors use to create a spurious
impression of a large treatment effect (Table 11.3-3). When the absolute risk of
adverse events in untreated patients—the baseline risk—is low, you are likely to see
a presentation that focuses on RRR and deemphasizes or ignores ARR. The focus
on RR conveys a spurious sense of the importance of the result.

TABLE 11.3-3

!lra!egles IOI‘ Iﬂakmg a Irea!men! !'IECl Rppear !arger I"an I! |S

1.

Use relative rather than absolute risk; a 50% relative risk reduction may mean a
decrease in risk from 1% to 0.5%.

. Express risk during a long period; the reduction in risk from 1% to 0.5% may

occur during 10 years.

. For visual presentations, make sure the x-axis intersects the y-axis well above

0; if the x-axis intersects the y-axis at 60%, you can make an improvement from
70% to 75% appear as a 33% increase in survival.

. Include a minority of high-risk patients in a trial of predominantly low-risk

patients; even though most events occur in high-risk individuals, claim impor-
tant benefits for a large number of low-risk patients in the general population.

. Ignore the lower boundary of the confidence interval; when the lower bound-

ary of the confidence interval around the relative risk reduction approaches 0,
declare significance and henceforth focus exclusively on the point estimate.

. Focus on statistical significance; when a result achieves statistical significance

but both relative and absolute effects are small, highlight the statistical signifi-
cance and downplay or ignore the magnitude.
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For instance, the European Trial on the Reduction of Cardiac Events with
Perindopril in Stable Coronary Artery Disease (EUROPA) demonstrated a
reduction in MI with perindopril in patients surviving a previous MI and was
hailed as a breakthrough. The RRR in MI of 22% (95% CI, 10%-33%)
translates into an ARR of 1.4% during 4 years. Thus, clinicians must treat
approximately 70 patients for 4 years to prevent a single MI. In particular,
when one considers that most of these patients may already be ingesting
aspirin or warfarin, a statin, and a 3-blocker to reduce their MI risk, one may
question the characterization of the incremental benefit as a breakthrough.

Other techniques complement the use of RRRs in making treatment effects
appear large. For visual presentations, beware of survival curves in which the x-axis
intersects the y-axis much above the 0 level, giving the visual impression of a large
effect.3” Another technique relates to choice of period for presenting treatment
effect: long periods for effects that investigators or sponsors wish to make appear
large and short ones for those they wish to make appear small.

For instance, McCormack and Greenhalgh?® pointed out that report 33 of the
United Kingdom Prospective Diabetes Study trial®® expressed the risk of severe
hypoglycemia as percentage of participants per year (eg, 2.3% per year for patients
receiving insulin). This contrasts with the expression of the benefits as percentage
of participants during 10 years (eg, 3.2% absolute reduction in the risk of any
diabetes-related endpoints). The presentation obscures the fact that the absolute
increase in frequency of hypoglycemia with intensive glycemic control is approxi-
mately 7 times the absolute reduction in diabetes complications.

A shift of the target study population to include very-low-risk patients means a
potentially major expansion in market size for the agent and a consequent larger
effect on health care costs associated with small and possibly marginal gains in
health. In the past few years, several professional societies have decreased the
threshold for diagnosis and treatment of hypertension, diabetes, and hyperlipid-
emia, which has drastically increased the proportion of people eligible for treat-
ment. Even if RCTs show benefits in populations that include such very-low-risk
patients, the number of events in very-low-risk patients is typically few and the
results of such trials are driven entirely by a minority of very-high-risk patients.*’

Whenever relative or absolute benefits are small or the lower boundary of the CI
approaches no effect, the treatment benefits and the potential harm, inconve-
niences, and costs are likely to be, at best, finely balanced. Judicious rather than
routine administration of new drugs under these circumstances is unlikely to best
serve patient needs or represent prudent allocation of health care resources.

Beware Uneven Emphasis on Benefits and Harms
Clinical decision making requires a balanced interpretation of both benefits and
harms associated with any intervention. Unfortunately, many clinical trials
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neglect even the minimal reporting of harm.*4? In an analysis of trials from 7
areas, investigators found that the space allocated to harms in the results was
slightly less than the space allocated to the names of authors and their affilia-
tions.*! Even when investigators report some information regarding harms,
failure to present event rates in treatment and control groups, omission of severity
of the events, or inappropriate combining of disparate events can compromise
sensible interpretation.

For example, a trial of intravenous immunoglobulin in advanced human
immunodeficiency infection stopped early because of efficacy failed to
mention any adverse events.*> In this trial, omission of harm data com-
pounds problems associated with early stopping (see Chapter 9.3, Random-
ized Trials Stopped Early for Benefit). One placebo-controlled trial of
nabumetone for rheumatoid arthritis stated that “the adverse experience
profiles were similar for both treatment groups,” with no further information
concerning the nature of the adverse effects.*4

Wait for the Overall Results to Emerge; Do Not Rush

Many clinical specialties move at a high speed in terms of introducing new
treatments, diagnostics, and other interventions in the market. Although this is
exciting and may often improve patient outcomes, problems will arise if clinicians
adopt the interventions prematurely. The most common problem is that early
claims of efficacy or efficiency are exaggerated. As clinical studies accumulate, it is
more common for effects to shrink than to increase.*?

A first study may show a huge effect, and when the next study shows a negligible
or even negative effect, the result is controversy. This scenario is most commonly
observed in molecular medicine studies, in which turnaround of information can
be fast and proposed hypotheses can be rejected rapidly. Subsequent studies of the
same question may show intermediate results between these 2 extremes. 647

For example, an article in 1994 reported that a variant of the vitamin D
receptor gene explains most of the population risk for having low bone-
mineral density (ie, weak bones prone to fracture).*8 The finding made the
cover page of Nature that heralded the “osteoporosis gene.” Other subse-
quent studies showed an opposite effect with the same variant predisposing
to stronger bones. A large-scale analysis of 100-fold more participants than
the original Nature study showed that there is no effect at all.*

Another reason to wait is that RCTs do not enroll sufficient patients or follow
them for a long enough period to permit detection of relatively uncommon, serious
adverse events, particularly if those adverse events occur not uncommonly in the
absence of the intervention (such as Mls that occur without exposure to cyclooxy-
genase-2 inhibitors). Within 25 years from licensing, approximately 20% of drugs
that the US Food and Drug Administration licenses are either withdrawn or have
major safety warnings added to the drug labels.>®
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A final reason to wait is that evidence of serious misrepresentation of results
may emerge. For instance, the original published report of a trial investigating the
toxicity of anti-inflammatory drugs contained 6-month data and indicated that
celecoxib caused fewer symptomatic ulcers and ulcer complications than diclofenac
or ibuprofen.51 However, when the Food and Drug Administration reviewed 12-
month data combining both trials, the result was inconclusive: the RR for ulcer
complications in patients receiving celecoxib and in patients receiving ibuprofen or
diclofenac was 0.83 (95% CI, 0.46-1.50).%2 The authors explained their omission on
the basis of large differential loss to follow-up, particularly of high-risk patients in
the diclofenac arm, after 6 months.>® Fortunately, such egregious instances of
misleading presentations of evidence are rare.

Table 11.3-4 provides a number of reasons for caution in adopting new
interventions, some drawn from other chapters of this book. In every case in which
new promising interventions are available, the clinician should balance the risk of
offering potentially suboptimal management by using the established intervention
vs prematurely offering the new intervention that may be less effective than
advertised or may be associated with yet undisclosed or unknown toxicity. The
decision is not easy, particularly because clinicians face both marketing pressures
and peer pressure to be up to date according to what circulates in recent meetings
and medical journals. Indeed, many may perceive themselves as practicing evi-
dence-based medicine when they adopt the newest therapy tested in a recently
published RCT.

TABLE 11.3-4

Heasons IOI’ !emg !aullous mn !!opllng I!ew |nlerven!|ons

1. Initial studies may be biased by inadequacies in concealment, blinding, loss to
follow-up, or stopping early.

2. Initial studies are particularly susceptible to reporting bias.

3. Initial studies are particularly susceptible to dissemination bias; dramatically
positive studies are likely to receive disproportionate attention.

4. Initial studies may overestimate effects by chance (particularly if effects are
large and number of events is small).

5. There is a substantial probability (20%) that serious adverse effects will
emerge subsequently (cyclooxygenase-2 inhibitors provide a dramatic recent
example).

6. On rare occasions, research results will prove to have been misrepresented.

n
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ConcLusion

We have presented 8 guides for users that can help clinicians protect themselves
and their patients from biased and potentially misleading presentations and
interpretations of data in the medical literature. These strategies are unlikely to be
foolproof. Decreasing the dependence of the research endeavor and regulatory
agencies on pharmaceutical industry funding, implementing a requirement for
mandatory registration of planned clinical trials and disclosure of research results,
and instituting more structured approaches to the peer review and reporting of
research®»>> may decrease the magnitude of biased reporting to which clinicians
must be alert. At the same time, potentially misleading reporting will always be
with us, and wise clinicians need to stay armed with critical appraisal tools,
including the 8 guides outlined in this chapter.
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IILF AU

Can We Confidently Offer an Angiotensin-Converting Enzyme
Inhibitor to a Normotensive Woman With Type 2 Diabetes and
Early Nephropathy?

You are an internist treating a 56-year-old woman with type 2 diabetes
diagnosed about 5 years ago. The patient is obese (body mass index, 29.5 kg/m?)
and has difficulties adhering to a recommended diet. Her glycosylated hemoglo-
bin (HbA1c) during the past 2 years has been reasonably well controlled
(between 7.5% and 8.5%). She has repeatedly shown normal low-density
lipoprotein (LDL) cholesterol levels and blood pressure (<135/80 mm Hg), but at
the last 2 visits you found a microalbuminuria level of 200 mg per 24 hours. This
raises your concern about the patient’s risk of developing end-stage renal
disease (ESRD) like her sister with diabetes, who is 8 years older.

You are aware that the newly detected microalbuminuria strengthens the case
for 2 new therapies. Direct evidence from a large, well-designed randomized
controlled trial (RCT) tells you that treatment with an angiotensin-converting
enzyme (ACE) inhibitor will reduce the patient’s risk of myocardial infarction and
stroke' (Figure 11.4-1, column A). Three large, well-designed RCTs provide direct
evidence that an angiotensin |l (AT-Il) receptor blocker will slow progression of
albuminuria and the development of ESRD24 (see Figure 11.4-1, column H).

Now you have a dilemma: Should you offer your patient an AT-Il receptor
blocker to reduce her renal risk, hoping that this will also reduce her cardiac risk?
Although both ACE inhibitors and AT-Il receptor blockers target the renin-
angiotensin-aldosterone system, the 2 drugs act at different sites of the system,®
and their biological activity may well differ. Indeed, available RCTs provide
evidence that AT-Il receptor blockers do not provide the same cardiovascular risk
reduction in patients with type 2 diabetes as do ACE inhibitors.36

What about the other alternative, offering your patient an ACE inhibitor to reduce
her cardiac risk, hoping that this will also slow the progression of her renal
impairment? Ideally, you would like to have the same sort of direct evidence that
ACE inhibitors reduce ESRD in patients with type 2 diabetes that you have for
cardiovascular outcomes. Alternatively, a head-to-head comparison of an ACE
inhibitor and an AT-ll blocker demonstrating similar renal outcomes would be
satisfactory. Unfortunately, neither alternative is available (Figure 11.4-1, column E).

Because ACE inhibitors and AT-Il receptor blockers have a similar mecha-
nism of action, you reason that if they have a similar effect on reducing diabetic
albuminuria, they will have a similar effect on patient-important renal disease.
Does this assumption hold? To give your patient sound information about the
overall treatment benefits, you search for more information regarding the
legitimacy of your assumption.
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FINDING THE EVIDENCE

You connect to the National Library of Medicine’s PubMed site. Using the PubMed
Medical Subject Headings (MeSH) database, you construct a search strategy that
includes the terms “diabetes mellitus type 2,” “diabetic nephropathies,” and
“angiotensin-converting enzyme inhibitors.” You restrict your search by including
only RCTs (from the “publication types” drop-down menu) and retrieve 41 trials.
Browsing through the titles and abstracts, you search for a head-to-head-compari-
son between an ACE inhibitor and an AT-II blocker that assessed an important
outcome such as doubling of creatinine level (which may result in patient-
important outcomes such as initiation of low-protein diet or psychological guid-
ance toward dialysis) or a clearly patient-important outcome such as ESRD. If such
a study existed, you would not have to rely on the substitute of effect on
albuminuria. As you suspect, no such trial exists.

The best available study is a randomized head-to-head comparison of the AT-II
receptor blocker telmisartan and the ACE inhibitor enalapril in 250 patients with
type 2 diabetes and nephropathy that measured change in glomerular filtration rate
as the primary outcome and change in albuminuria as secondary outcome. This
study failed to show any difference in glomerular filtration rate (treatment
difference, —2.6 mL/min/1.73 m?% 95% confidence interval [CI], =7.1 to 2.0 mL/
min/1.73 m?) or albuminuria (urinary albumin excretion ratio between groups,
1.04; 95% CI, 0.71-1.51) between the drugs after 5 years.” So now you confront
your question: Can you use microalbuminuria in patients with type 2 diabetes as a
substitute or surrogate for the long-term outcome of ESRD, allowing the substitu-
tion of the ACE inhibitor for the AT-II receptor blocker for prevention of
progression to renal failure (see Figure 11.4-1, column E)?

WHAT IS A SURROGATE QUTCOME?

Ideally, clinicians making treatment decisions should refer to methodologically
strong RCTs examining the effect of therapy on patient-important outcomes such
as stroke, myocardial infarction, health-related quality of life, and death.® Often,
however, conducting these trials requires such a large sample size or extended
patient follow-up that researchers or drug companies look for alternatives. Substi-
tuting laboratory or physiologic measures (surrogate endpoints) for patient-impor-
tant outcomes permits researchers to conduct shorter and smaller trials, thus
offering an apparent solution to the dilemma.’

Surrogate endpoints—outcomes that substitute for direct measures of how a
patient feels, functions, or survives!>—include physiologic variables (such as urinary
albumin excretion as a surrogate endpoint for ESRD, bone mineral density as a
surrogate for long-bone fractures, blood pressure as a surrogate endpoint for stroke,

319
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FIGURE 11.4-1

Ienal Butcomes Wlt" !ngmtensm-!onvertmg !nzyme |n"|E|tors an! !nglotensm "

Blockers and Evidence Supporting the Use of a Surrogate (Proteinuria) for End-
Stage Renal Failure

A B C D
Type 2 diabetic Type 2 diabetic Type 2 diabetic Type 2 diabetic
nephropathy nephropathy nephropathy nephropathy
increased albuminuria albuminuria
cardiovascular
risk
ACE inhibitors Albuminuria AT-1l blocker ACE inhibitors
Reduction in Reduction Parallel reduction | Inconsistent
cardiovascular of GFR and in progression evidence of
death, progression to of albuminuria, parallel reduction
myocardial ESRD?425 decrease in in albuminuria
infarction, and renal function, level and
stroke’ and development | increases in
of ESRD?3%4 creatinine
level®s0

Abbreviations: ACE, angiotensin-converting enzyme; ACEI, angiotensin-converting enzyme inhibitor; AT-Il, angiotensin Il; ESRD,
end-stage renal disease; GFR, glomerular filtration rate; RCT, randomized controlled trial.

Column A depicts the direct evidence that ACE inhibitors reduce cardiovascular adverse outcomes in patients with type 2 diabetes
and cardiovascular risk. Column H depicts the evidence that AT-Il inhibitors improve renal outcome

and CD4 cell count as a surrogate endpoint for AIDS and AIDS-related mortality) or
measures of subclinical disease (such as degree of atherosclerosis on coronary angiogra-
phy as surrogate endpoints for future myocardial infarction or coronary death). Such
physiologic variables are also sometimes described as biomarkers, an indicator of
normal biologic processes, pathogenic processes, or pharmacologic responses to a
therapeutic intervention. The substitution of surrogate endpoints for patient-impor-
tant outcomes is attractive when the surrogate can be measured earlier, more easily,
more frequently, with higher precision, or with less confounding by competing risks or
other therapies. To be valid, the marker not only has to be statistically correlated with
the patient-important outcome but also must capture to the greatest possible extent the
net effect of the intervention on the patient-important outcome.’
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E F G H
Type 2 diabetic | Type 1 diabetic Nondiabetic Type 2 diabetic
microalbuminuria | albuminuria nephropathy nephropathy
level albuminuria albuminuria
ACEI vs

ATIl blockers ACEI ACEI AT-1l blockers
Ideal: similar Parallel reduction | Parallel reduction | Reduction in
incidence of in albuminuria in albuminuria ESRD?234
ESRD level and level and
Available: similar | progression to progression to
change in GFR ESRD552 ESRD33
and albuminuria,
but wide
confidence
intervals’”

in patients with type 2 diabetes with nephropathy. Column E (in dark blue) depicts the evidence we would like to have (RCT demon-
strating similar apparent influence of ACE inhibitors and AT-Il blockers on ESRD) in patients with type 2 diabetic nephropathy and
albuminuria and the evidence we do have (similar apparent influence on glomerular filtration rate and albuminuria, the surrogate
endpoint).

USE oF SURROGATE OuTtcomeS: Goob, Bap,
OR INDIFFERENT?

The use of surrogate endpoints is indispensable for drug evaluation in phase II trials and
early phase III trials geared to establish or verify a drug’s promise of benefit. In many
countries, companies may obtain a license to market the drug by demonstrating a
positive effect on surrogate endpoints. The use of surrogate endpoints for regulatory
purposes reflects drug-approval decisions that regulators must make in the face of public
health exigencies and business pressures for faster decision making. Nevertheless, the
debate continues about whether and under what circumstances the use of surrogate
endpoints constitutes an appropriate shortcut for practice and for drug licensing.

n
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Reliance on surrogate endpoints may be beneficial or harmful. On the one hand, use
of the surrogate endpoint may lead to a rapid and appropriate access to new treatments.

For example, the decision of the US Food and Drug Administration to
approve new antiretroviral drugs according to information from trials using
surrogate endpoints recognized the enormous continuous need for effective
therapies for patients with human immunodeficiency virus (HIV) infection.
The first generation of protease inhibitors proved effective in RCTs focusing on
patient-important outcomes.!! More recent trials of antiretroviral drugs from
different classes have demonstrated effect on surrogate markers of HIV infec-
tion, whereas results from cohort studies suggest associated reduction of AIDS
and AIDS-related morbidity.!2

On the other hand, reliance on surrogate endpoints can be misleading and thus
result in excess morbidity and mortality. For instance, flosequinan, milrinone, ibopa-
mine, vesnarinone, and xamoterol all improve surrogate outcomes of hemodynamic
function in ambulatory patients with heart failure, but RCTs have demonstrated that
each of these agents leads to excess mortality (see Chapter 9.2, Surprising Results of
Randomized Trials). Given that the underlying motivation for use of a surrogate is
often to decrease the sample size and duration of follow-up that would be necessary if
investigators were to measure a patient-important outcome, surrogates use may result
in poorer estimation of toxicity, which further emphasizes the necessity for a high level
of confidence in the validity of the surrogate.

How are clinicians to distinguish between valid and invalid surrogate markers? In
this section, we present an approach to the critical appraisal of studies using surrogate
endpoints and the application of their results to the management of individual patients.
As our discussion will demonstrate, clinicians need to assess far more than a single
study to decide on the adequacy of a surrogate endpoint. Evaluation may require a
systematic review of observational studies of the relationship between the surrogate
endpoint and the target endpoint, along with a review of some or all of the RCTs that
have evaluated treatment effect on both endpoints. Although most clinicians will not
have the time to conduct such an investigation, our guidelines will allow them to
evaluate experts’ arguments—or those of the pharmaceutical industry—for prescribing
treatments according to their effect on surrogate endpoints.

ARE THE RESULTS VALID?

When we consider the validity of a surrogate endpoint, we must address 2 issues. First, a
surrogate outcome will be consistently reliable only if there is a causal connection
between change in surrogate and change in the patient-important outcome. Thus, the
surrogate must be in the causal pathway of the disease process. For instance, LDL must
be a cause of atherosclerotic cardiac and cerebral events to act as a valid surrogate for
those events. Second, we must be confident that change in the surrogate captures all
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TABLE 11.4-1

Users EUIHE |or a !urroga!e !I'IH[)OIII! Inal

Are the results valid?

* Is there a strong, independent, consistent association between the surrogate
outcome and the patient-important outcome?

* Have randomized trials of different drug classes shown that improvement in the
surrogate endpoint has consistently led to improvement in patient-important
outcome??

* Have randomized trials of the same drug class shown that improvement in the
surrogate endpoint has consistently led to improvement in the patient-important
outcome??

What are the results?
* How large, precise, and lasting was the treatment effect?
How can | apply the results to patient care?
* Are the likely treatment benefits worth the potential risks and costs?

3aAnswers to one or both of these questions should be yes for a surrogate trial to be an adequate guide for clinical action.

critical influences on patient-important outcomes.” For instance, if the treatment affects

either positively or negatively (as turned out to be the case for fibrates!'®) the morbidity

or mortality independent of its effect on LDL, the validity of the surrogate is threatened.
Our guides for validity, as presented in Table 11.4-1, directly affect these 2 issues.

Is There a Strong, Independent, Consistent Association Between the
Surrogate Outcome and the Patient-important Qutcome?
To function as a valid substitute for an important target outcome, the surrogate
endpoint must be associated with that target outcome. Often, researchers choose
surrogate endpoints because they have found a correlation between a surrogate
outcome and a target outcome in observational studies. Their understanding of
biologic characteristics gives them confidence that changes in the surrogate will
invariably lead to changes in the important outcome. The stronger the association,
the more likely the causal link between the surrogate and the target. The strength of
an association is reflected in statistical measures such as the relative risk (RR) or the
odds ratio (see Chapter 7, Does Treatment Lower Risk? Understanding the Results).

Many biologically plausible surrogates are only weakly associated with patient-
important outcomes. For example, measures of respiratory function in patients
with chronic lung disease—or conventional exercise tests in patients with heart and
lung disease—are only weakly associated with capacity to undertake activities of
daily living."»1> When correlations are low, the surrogate is likely to be a poor
substitute for the target outcome.

In addition to the strength of the association, one’s confidence in the validity of
the association depends on whether it is consistent across different studies and after
adjustment for known confounding variables.
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For example, ecologic studies such as the Seven Countries Study'® suggested
a strong correlation between serum cholesterol levels and coronary heart
disease mortality even after adjustment for other predictors such as age,
smoking, and systolic blood pressure. When a surrogate is associated with an
outcome after adjustment for multiple other potential prognostic factors, the
association is an independent association (see Chapter 13, Advanced Topics in
Harm Correlation and Regression). Subsequent large observational studies
have confirmed this association in individuals from all continents.!”

Similarly, cohort studies have consistently revealed that a single measure-
ment of plasma viral load predicts the subsequent risk of AIDS or death in
patients with HIV infection.'8-23 For example, in one study the proportion of
patients that progressed to AIDS after 5 years in the lowest through the highest
quartiles of viral load was 8%, 26%, 49%, and 62%.23 Moreover, this associa-
tion retained its predictive power after adjustment for other potential predic-
tors such as CD4 cell count.!8-22

| I |

Let us return to our patient with type 2 diabetes and your question about
whether you can substitute albuminuria for the actual target outcome ESRD.

Ideally, to establish the association between progression of albuminuria and
progression to ESRD in type 2 diabetes, one would want to have a large cohort
in which patients with type 2 diabetes have been followed from the onset of
diabetes through the different stages of renal involvement up to the develop-
ment of ESRD. Unfortunately, nobody has ever initiated such a comprehensive
long-term study, and given the treatment options available, it is unlikely that
anyone ever will. Therefore, we have to collect the evidence from different
sources to explore the development from one stage to the next. One
prospective cohort study compared 78 patients with type 2 diabetes and initial
microalbuminuria to those without. After 10 years of follow-up, patients with
initial microalbuminuria were 4 times more likely to develop macroalbuminuria
(>300-mg loss of albumin/24 h)24 (see Figure 11.4-1, column B). A recently
published cohort study of 227 patients with type 2 diabetes and a mean follow-
up of 6.5 years found a strong association between macroalbuminuria and
progression to renal failure2® (see Figure 11.4-1, column B). Using a multivari-
able analysis, macroalbuminuria, diabetic retinopathy, age, HbA1c, baseline
glomerular filtration rate (GFR), and systolic blood pressure (listed in the order
of their effect) independently determined the decline in GFR. Macroalbumin-
uria proved the strongest predictor for “time to the composite endpoint of
doubling of baseline creatinine/ESRD” with a hazard ratio (HR) of 7.4 (95% ClI,
3.4-15.7) per log10 increase from baseline aloumin, followed by HbA1c (HR,
1.5; 95% CI, 1.2-1.8) and systolic blood pressure (HR, 1.2; 95% Cl, 1.1-1.4).

We can thus conclude that microalbuminuria is a strong, independent predictor
of ESRD, and it fits our first criterion for an acceptable surrogate endpoint.
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Meeting this first criterion is necessary, but it is not sufficient to support reliance
on a surrogate outcome. Before offering an intervention on the basis of effects on a
surrogate outcome, you should observe a consistent relationship between surrogate
and target outcome in RCTs; the effect of the intervention on the surrogate must be
large, precise, and lasting; and the benefit/risk tradeoff must be clear.

Have Randomized Trials of Different Drug Classes Shown

That Improvement in the Surrogate Endpoint Has Consistently

Led to Improvement in the Target Outcome?

Pathophysiologic studies, ecologic studies, and cohort studies are insufficient to
definitely establish the link between surrogate and patient-important outcomes.

Consider the example of antiarrhythmic drugs. Class I antiarrhythmic
agents?® effectively prevented ventricular ectopic beats that were strongly
associated with adverse prognosis in patients with myocardial infarction?”
and were therefore in widespread use. When finally—with considerable
delay—an RCT was launched to evaluate the effect of the drugs on morbidity
and mortality, the agents actually increased mortality.?8 Injudicious reliance
on the surrogate endpoint of suppression of nonlethal arrhythmias led to the
deaths of tens of thousands of patients.

The treatment of heart failure provides another instructive example. Trials of
ACE inhibitors in patients with heart failure have revealed parallel increases in
exercise capacity?®32 and a decrease in mortality,>> suggesting that clinicians
may be able to rely on exercise capacity as a valid surrogate. Both milrinone, a
phosphodiesterase inhibitor,* and epoprostenol, a prostaglandin,?> have dem-
onstrated improved exercise tolerance in patients with symptomatic heart failure.
However, when these drugs were evaluated in RCTs, both showed an increase in
cardiovascular mortality, which in one instance was statistically significant>® and
which in the second case led to the trial’s stopping early.’” Thus, exercise
tolerance is inconsistent in predicting improved mortality and is therefore an
invalid substitute.

Other suggested surrogate endpoints in patients with heart failure have included
ejection fraction, heart rate variability, and markers of autonomic function.3® The
dopaminergic agent ibopamine positively influences all 3 surrogate endpoints, yet
an RCT found that the drug increases mortality in patients with heart failure,
mainly because of ibopamine-induced tachyarrhythmias.?®

A trial of sodium fluoride as secondary prevention against osteoporosis in
postmenopausal women provides further support for cautious use of surro-
gates. Although sodium fluoride increased bone mineral density at the
lumbar spine by 35% during a 5-year period, more vertebral and nonverte-
bral fractures occurred in the intervention group than in the placebo group
(163 vertebral and 72 nonvertebral fractures occurred in 101 women treated
with sodium fluoride vs 136 vertebral and 24 nonvertebral fractures in 101
women receiving placebo).*? A meta-analysis of 11 RCTs has confirmed that
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sodium fluoride failed to improve fracture rates despite large increases in
bone density.4!

Evidence from multiple trials of multiple agents further indicates that changes
in bone density in RCTs are only weakly associated with reduction in nonverte-
bral fractures.*? These findings attest to the wisdom of demanding that trials of
therapies for osteoporosis be powered to show differences in incidence of
fractures. Thus, for the safe use of zoledronate, a bisphosphonate now being
licensed for the prevention of osteoporotic fractures in patients unable to take
oral bisphosphonates, confident clinical use of the agent required the results from
an RCT reporting fracture data. The Food and Drug Administration’s policy for
licensing drugs for the prevention of osteoporotic fractures also follows this line
of argument.

There are, however, examples of appropriate surrogates. For instance, therapy
trials in HIV patients have consistently shown that modification of CD4 cell
count and complete suppression of HIV-1 RNA plasma viral are associated with
change in important outcomes. Trials comparing different classes of antiretrovi-
ral therapies have demonstrated that patients randomized to more potent drug
regimens had higher CD4 cell counts and higher rates of HIV-1 viral load
suppression and were less likely to progress to AIDS or death.!1#3 Subsequently
conducted large cohort studies investigating different new antiretroviral drugs
have shown substantial reductions in AIDS and AIDS-related morbidity.**

Although there is no guarantee that the next trial using a different class of
drugs will show the same pattern, these results greatly strengthen our
confidence that, for example, a new protease inhibitor such as atazanavir for
HIV infection that increases the CD4 cell count and effectively suppresses
HIV-1 viral load will result in a reduction in AIDS-related morbidity and
mortality. We must bear in mind, however, that convincing evidence of the
validity of the surrogate does not obviate concern about initially inapparent
long-term drug toxicity.

| I |

et us return to our opening clinical scenario. Placebo-controlled trials of AT-II
blockers in patients with type 2 diabetes and microalbuminuria have shown a
decrease in the development of macroalbuminuria.?2 Similar placebo-con-
trolled trials of AT-Il receptor blockers losartan3 and irbesartan in patients with
macroalbuminuria have shown a decrease in the patient-relevant outcomes
“doubling of serum creatinine level” (losartan: RR, 0.75; 95% CI, 0.61-0.92;
irbesartan: RR, 0.71; 95% CI, 0.57-0.90) and “ESRD” (losartan: RR, 0.72; 95%
Cl, 0.58-0.89; irbesartan: RR, 0.79; 95% CI, 0.61-1.04). Thus, improvement in
microalbuminuria in patients with type 2 diabetes shows a consistent relation-
ship with improvement in target outcome (doubling of baseline serum creati-
nine level and ESRD) for AT-Il blockers (see Figure 11.4-1, column C).
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Have Randomized Trials of the Same Drug Class Shown That

Improvement in the Surrogate Endpoint Has Consistently

Led to Improvement in the Target Outcome?

Clinicians are in a stronger position to trust surrogate endpoints if a new drug
belongs to a class of drugs in which RCTs have verified a strong relationship
between surrogate endpoint and target outcome.

For example, several large trials of primary and secondary prevention of
coronary heart disease with statins have consistently observed that these
drugs reduce cardiovascular adverse outcomes.!> We could therefore assume
that a new statin such as rosuvastatin with a similar or even more potent LDL
cholesterol-lowering potency may also reduce patient-important outcomes.
Even so, the recent experience in observational studies of a 10-fold increase
in severe rhabdomyolysis associated with another statin, cerivastatin, that
had been approved solely on the basis of its lipid-lowering activities*
reminds us that reliance on a surrogate for benefit still leaves the issue of
toxicity open to serious question.

We would, for 2 reasons, be reluctant to easily generalize these results to another
class of lipid-lowering agents. First, the biological relation between the surrogate
the patient-important endpoint that exists with one class of agents may not exist
with another. Second, there may be effects of an agent quite unrelated to those
mediated by the surrogate that influence the patient-important outcome.

Consider, for instance, trials of how one class of anticholesterol agents (the
fibrates) has shown a significant reduction of myocardial infarction but an
increased risk of mortality from other causes that counteracted this benefit and led
to no effect on overall mortality.13 As we have pointed out, confidence in a
surrogate outcome depends on the assumption that the surrogate captures the full
relationship between the treatment and the outcome.*47

This assumption can be violated 2 ways. First, treatment may have an additional
beneficial mechanism of effect on the outcome independent of its effect on the
surrogate.

For instance, neither AT-II receptor blockers nor calcium-channel block-
ers appear to have any favorable effect on cardiovascular or cerebrovascular
events in patients with type 2 diabetes and overt nephropathy beyond what
can be achieved by blood pressure control.® AT-II receptor blockers, how-
ever, have demonstrated a superior effect on renal outcome such as ESRD, an
additional biological effect that calcium-channel blockers do not seem to
share.*

Second, treatment may have deleterious effects on the outcome that are not
mediated through the surrogate. Mortality-increasing effects of fibrates, rather
than inability to lower morbidity and mortality through cholesterol reduction,
probably explain the overall lack of effect of fibrates on mortality. That such
additional deleterious effects are less likely to occur across rather than within drug
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classes is another reason to be more confident about within-class evidence from
surrogate outcomes.

This criterion is complicated by various interpretations of the term “drug class.”
A manufacturer will naturally argue for a broad definition of “class” when its drug
fits in a class of agents with a consistent positive association between surrogate and
target endpoint (such as B-blockers in patients who have sustained a myocardial
infarction). If substances are related to drugs with known or suspected adverse
effects on target events (eg, clofibrate or some cyclooxygenase-2 inhibitors),
manufacturers of agents are more likely to argue that the chemical or physiologic
connection is not sufficiently close for the new drug to be relegated to the same
class as the harmful agent (see Chapter 22.5, Drug Class Effects).

G | T |

Returning to the opening scenario, we have established from observational
studies that microalbuminuria holds the characteristics of a potentially reliable
surrogate marker and from RCTs that AT-Il receptor blockers consistently
show a relationship between the decrease in albouminuria and ESRD in type 2
diabetic nephropathy.

For the effect of ACE inhibitors in patients with type 2 diabetes, however, the
data are less clear. A small placebo-controlled RCT including 94 patients found a
strong reduction in the progression from micro- to macroalbuminuria (RR, 0.08;
95% Cl, 0.02-0.34), as well as a reduction in the doubling of serum creatinine level
(RR, 0.15; 95% Cl, 0.04-0.65).#8 In a subgroup analysis of a large RCT comparing
ramipril with placebo for the prevention of cardiovascular diseases in patients at
high risk for the target disease,?? the investigators observed a reduction in the
progression to macroalbuminuria that was independent from blood pressure
reduction (RR, 0.87; 95% CI, 0.69-1.10), but there was no difference in doubling
creatinine level or ESRD.%0 The short follow-up and the low event rate in the
control group limit the inferences from this study. Thus, there is some inconsis-
tency in the apparent relation between reduction in albuminuria and reduction in
progression of renal failure with ACE inhibitors (see Figure 11.4-1, column D).

There is, however, additional evidence of a consistent relationship of improve-
ment in the surrogate (microalbuminuria) and target outcomes in patients with
type 1 diabetes treated with ACE inhibitors. In an individual patient data meta-
analysis of RCTs in patients with type | diabetes, ACE inhibitors were associated
with a strong and consistent reduction in the progression from micro- to
macroalbuminuria (odds ratio, 0.38; 95% Cl, 0.25-0.57)" (Figure 11.4-1, column
F). In another trial of patients with type 1 diabetes and macroalbuminuria, ACE
inhibitors were associated with a reduction in macroalbuminuria and in the
composite endpoint of death, dialysis, or transplantation (RR, 0.50; 95% ClI, 0.30-
0.82)%2 (Figure 11.4-1, column F). Similar effects were observed in an individual
patient data meta-analysis of patients with macroalbuminuria caused by nondia-
betic renal disease (RR for doubling of baseline creatinine level, 0.64; 95% ClI, 0.51-

0.80; RR for ESRD, 0.63; 95% Cl, 0.47-0.85)53 (Figure 11.4-1, column G).
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In summary, there is some evidence from RCTs that ACE inhibitors in type 2
diabetes reduce the development of macroalbuminuria. There is a compelling
body of evidence in type 1 diabetes and nondiabetic renal disease that ACE
inhibitors reduce the development of microalbuminuria and decrease albuminuria
and reduce the development of ESRD.

In Table 11.4-2, we apply our validity criteria to a number of controversial
examples of the use of surrogate endpoints.

TABLE 11.4-2

!e'ectea Eontroversml !xamples o! !pplle! Uallalty Erlterla !or tHe !rltlcal

Evaluation of Studies Using Surrogate Endpoints

Types of Surrogate Target
Intervention Endpoint Endpoint Criterion1  Criterion 2 Criterion 3
Is there a Is there evi- Is there evi-
strong, dence from dence from
indepen- randomized  randomized
dent, con-  trials in other trials in the
sistent drug classes  same drug
association thatimprove- class that
between ment in the improvement
the surro- surrogate in the surro-
gate end- endpoint gate endpoint
point and has consis- has consis-
the clinical tentlyledto  tently led to
endpoint? improvement improvement
inthe target  in the target
outcome? outcome?
Bisphospho- Bone min-  Osteopo-  Yes®® No?#0.41 Yes®6
nate zoledro- eral density rotic frac-
nate@54 tures
Proteinase HIV-1 viral  AIDS or Yes18-22 Yes®8 Yes11:43
inhibitorP plasma load death
atazanavir®’
Proteinase CD4 cell AIDS or Yes18-22 Yes®8 Yes11:43
inhibitor? count death
atazanavir®’
Antilipidemic  Cholesterol- Myocardial Yes!6.61 No'3 Yes'3
drug rosu- level reduc- infarction
vastatin®®60  tion or LDL- or death
cholesterol-  from myo-
level reduc- cardial
tion infarction

Abbreviations: HIV, human immunodeficiency virus; LDL, low density lipoprotein.

aA trial®7 not completed at the time this chapter was written has provided evidence that zoledronate reduces the risk of recurrent
fractures in patients having undergone repair of hip fractures.

bIn combination therapy with 2 reverse-transcription inhibitors.
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WHAT ARE THE RESULTS?

How Large, Precise, and Lasting Was the Treatment Effect?

When considering results, we are interested not only in whether an intervention
alters a surrogate endpoint but also in the magnitude, precision, and duration of
the effect. If an intervention results in large reductions in the surrogate endpoint, if
the 95% CIs around those large reductions are narrow, and if the effect persists
throughout a sufficiently long period, our confidence that the target outcome will
be favorably affected increases. Positive effects that are smaller, with wider CIs and
shorter duration of follow-up, leave us less confident.

We have already cited evidence suggesting that CD4 counts may be an accept-
able surrogate endpoint for mortality in patients with HIV infection. Before the
successful introduction of potent antiretroviral therapy, an RCT of immediate vs
delayed zidovudine therapy in asymptomatic patients with HIV infection reported
a positive result for immediate therapy, largely on the basis of the existence of a
greater proportion of treated patients with CD4 cell counts exceeding 350/mL at a
median follow-up of 1.7 years.? Subsequently, the Concorde study addressed the
same question in an RCT with a median follow-up of 3.3 years.> The Concorde
investigators found a continuous decline in CD4 cells in both the treatment and the
control groups, but the median difference of 30 cells/mL in favor of treated patients at
study termination was statistically significant. Nevertheless, the study showed no effect
of zidovudine in terms of reduced progression to AIDS or death. The median CD4 cell
difference was insufficient to affect patient-important outcomes. The Concorde
authors concluded that the small but highly significant and persistent difference in CD4
count between the groups was not translated into a significant clinical benefit and it
“called into question the uncritical use of CD4 cell counts as a surrogate end point.”?
Had the Concorde analysis that showed significantly shorter times to reach a CD4
count of 350/mL in the control group been regarded as fundamental, the trial might
have been stopped early on the basis of a false-positive result.®* The message here is that
the effect of an intervention on a surrogate endpoint must be large, robust, and of
sufficient duration even if the surrogate fulfilled the criteria we developed. Only then
can inferences about patient-important effects become credible.

G K |

neturning to our scenario and the study we retrieved, the randomized trial of
telmisartan vs enalapril in type 2 diabetic nephropathy? found no difference
between the groups in the primary endpoint, the glomerular filtration rate
(treatment difference, —2.6 mL/min/1.73 mZ; 95% Cl, -7.1 to 2.0 mL/min/1.73 m2).
The similar reduction in albuminuria of AT-Il receptor blockers and ACE inhibitors
suggests that ACE inhibitors may be similarly effective in reducing the patient-
important endpoint of ESRD, but to be certain in our conclusion we would prefer a
much narrower Cl than the one we observed in the study. Overall, there seems to
be reasonable evidence that ACE inhibitors are similarly effective in reducing
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albuminuria in patients with type 2 diabetes compared with AT-Il receptor
blockers, providing an additional piece of evidence to support an inference that
we can rely on the ACE inhibitor to delay progression of renal failure in our
patient.

As we will illustrate when we consider weighing benefits and harms, the
magnitude of the effect on the surrogate endpoint may or may not help us to
estimate the magnitude of possible effect on the target outcome.

Are the Likely Treatment Benefits Worth the Potential Harm and Costs?
The 3 questions clinicians should ask themselves in applying the results are the same
ones we have suggested for any issue of therapy or prevention (see Chapter 6, Therapy):
Were the study patients similar to my patient? Were all patient-important outcomes
considered? Are the likely benefits worth the potential harms and costs? The third
criterion, balancing the benefits against the treatment risks, presents particular chal-
lenges when investigators have focused on surrogate endpoints only. We will therefore
discuss this aspect in some detail.

Before offering a treatment to their patients, clinicians need to know the
magnitude of the likely benefit. Estimating this magnitude becomes a challenging
endeavor when our knowledge of benefit is limited to the effect of the intervention
on a surrogate endpoint. One approach is to look for 1 or more RCTs in a similar
patient population that assess a related intervention using both surrogate and
target endpoints and extrapolate from those data. When this is unavailable, we
must extrapolate from prognostic models that relate the surrogate marker to the
target clinical outcome.

How can we ascertain the risk reduction of ACE inhibitors on ESRD in type 2
diabetes if all we know is the effect on albuminuria? Recognizing the limitations of
this approach, we could use the results of the placebo-controlled trials that include
both the effect on the surrogate albuminuria and the risk reduction on ESRD to
approximate the risk reduction of ACE inhibitors for clinical outcome that has been
assessed only for the surrogate albuminuria. Losartan reduced macroalbuminuria
by 35% compared with baseline, whereas macroalbuminuria slightly increased in
the placebo group (P < .001).3 These changes translated into a 25% relative risk
reduction of doubling serum creatinine level (95% Cl, 8%-39%) and a 28% relative
risk reduction (95% Cl, 11%-42%) of ESRD. We would therefore need to treat 17
patients for 3.4 years to prevent 1 patient from developing ESRD. The similar
reduction in albuminuria observed in the RCT comparing telmisartan with
enalapril” allows us to extrapolate that the ACE inhibitor enalapril might lead to
similar relative reductions of ESRD. Nevertheless, extrapolation and indirect
comparisons of results from different RCTs are known to have inherent problems
and may lead to seriously biased estimates.t®

3
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VICAL hESULU LU

We have found a strong, more or less consistent, independent, and biologi-
cally plausible association between albuminuria and ESRD. Randomized trials
in AT-Il receptor blockers have shown a consistent relationship between
decrease in albuminuria and ESRD in patients with type 2 diabetes. The
evidence that ACE inhibitors reduce albuminuria and ESRD in patients with
type 2 diabetes is less strong, but trials of ACE inhibitors in type 1 diabetes and
nondiabetic renal disease provide additional evidence of the link between
reduction of albuminuria and reduction of ESRD with ACE inhibitors. Although
the case is not as strong as it could be, we might reasonably conclude that
albuminuria is a surrogate marker that sufficiently fulfils our criteria, and we
may therefore use evidence based on the surrogate marker to guide our
decision whether to prescribe an ACE inhibitor in this patient with type 2
diabetes to lower the risk of ESRD. This evidence comes from the RCT that
suggests that ACE inhibitors are not inferior to AT-Il receptor blockers in
reducing albuminuria but is limited by the wide CI.

Clinicians and patients must also consider potential harm and adverse
effects when making treatment decisions. Most patients tolerate both drugs
well. Adverse effects that do occur are primarily related to reduced AT-II
formation and arise in both drugs at a comparable frequency. Troubling cough
represents an additional adverse effect of ACE inhibitors, but the problem is
reversible when the drug is discontinued.

What can we tell our patient? If he or she wishes to minimize risk of stroke or
myocardial infarction, the strong RCT evidence suggests the patient should be
taking an ACE inhibitor. For concern about renal disease, we must convey the
data presented in Figure 11.4-2. The patient’s risk of developing macroalbu-
minuria within the next 2 years is about 15%.2 If that happens, he or she will
have a 30% risk of doubling serum creatinine level and a 7% risk of having
ESRD within the next 6.5 years.?> According to the evidence from the
irbesartan trial,2 treating 14 patients like this one with an AT-Il blocker during 2
years would prevent 1 patient from progressing from microalbuminuria to
macroalbuminuria. In the presence of macroalbuminuria, AT-Il receptor block-
ers would reduce the risk of doubling creatinine level and ESRD, in relative
terms, by 20% to 30% and in absolute terms by approximately 1.3% (number
needed to treat, 76) (Figure 11.4-2).34 Because the patient is at low risk of
developing ESRD (1%), treatment will reduce the absolute risk of ESRD by only
2 in 1000 (humber needed to treat, 500) (Figure 11.4-2).

Will an ACE inhibitor result in a similar reduction in risk? The link between
ACE-inhibitor-induced reduction in albuminuria in patients with type 2 diabetes
and subsequent reduction in ESRD is substantial, but not as strong as we
would like. The same is true for the evidence that ACE inhibitors achieve the
same reduction in albuminuria level as AT-Il inihibitors.”?
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This leaves us with 3 potential treatment options. First, we might suggest
monotherapy with ACE inhibitors because there is good evidence for a
reduction of cardiac risk and substantial but no optimal evidence that the
patient will also benefit for the renal risk. Second, we might recommend
monotherapy with AT-Il receptor blockers. This would minimize renal risk but
may fail to reduce cardiac risk. Third, we could suggest dual therapy with ACE
inhibitors and AT-ll blockers, thereby inhibiting the renin-angiotensin-aldoster-
one pathway at 2 sites, but little is known about the adverse-effects profile of
combined therapy, and dual therapy for microalbuminuria seems to be
inappropriately aggressive.®®

According to the best available evidence, including the patient’s low risk of
developing ESRD in the next decade, you advise the patient to take an ACE
inhibitor. You are more confident in your recommendation because of what,
in discussing the choice with the patient, you find out about the patient’s
values and preferences. As it turns out, the patient is loath (in part because of
cost) to take yet another medication and finds the prospect of the additional
careful monitoring for hyperkalemia that combined therapy would require
unappealing.

ConcLusion

When we use surrogate endpoints to make inferences about expected benefit, we
are making assumptions regarding the link between the surrogate endpoint and
patient-important outcomes. In this section, we have outlined criteria that you can
use to decide when these assumptions might be appropriate. Even if a surrogate
endpoint meets all of these criteria, inferences about a treatment benefit may still
prove to be misleading. Thus, treatment recommendations based on surrogate
outcome effects can never be as strong as the results focused on a patient-important
target outcome.

These considerations emphasize that waiting for results from RCT's investigating
the effect of the intervention on outcomes of unequivocal importance to patients is
the only definitive solution to the surrogate outcome dilemma. The large number
of instances in which reliance on surrogate endpoints has led or might have led
clinicians astray argues for the wisdom of this conservative approach (see Chapter
9.2, Surprising Results of Randomized Trials). On the other hand, when a patient’s
risk of serious morbidity or mortality is high, a wait-and-see strategy may pose
problems for many patients and their physicians.

We encourage clinicians to critically question therapeutic interventions in
which the only proof of efficacy is from surrogate endpoint data. When the
surrogate endpoint meets all of our validity criteria, when the effect of the
intervention on the surrogate endpoint is large, when the patient’s risk of the target

33



334 PART B: THERAPY

FIGURE 11.4-2
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Receptor Blockers) to an Imaginary Cohort of 1000 Patients

Natural history:

1000 patients with type 2 DM
and microalbuminuria

Risk of developing macro-
albuminuria within 2 y: 15%
(control group)?

Y
Macroalbuminuria: 150/1000 patients

Risk of developing double
creatinine level and ESRD
within 6.5 y (inception

y cohort)2®

Double ESRD
creatinine level 7% = 10 patients
30% = 45 patients

Natural history:

45/1000 patients will double their

creatinine level and 10/1000 patients |=========
will develop ESRD after a mean
period of 8.5 y.

outcome is high, when the patient places a high value on avoiding the target
outcome, and when there are no satisfactory alternative therapies, clinicians may
choose to recommend therapy on the basis of RCTs evaluating only surrogate
endpoints. In all situations, clinicians must carefully consider the known and
potential adverse effects and the costs of therapy before recommending an
intervention based solely on surrogate endpoints.
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Applying the RRR of the ARB = RCTs to the cohort:

1000 patients with type 2 DM and microalbuminuria

RRR by irbesartan: 64%
(2y FU)?

v
Macroalbuminuria: 54/1000 patients

Risk reduction by ARBs

A
Double creatinine level: »— ~ ESRD:

* RRR: 28% — Outcome * RRR: 28% — ESRD
prevented in 13/45 patients prevented in 3/10
(FU, 2.6 y);*4 patients*

* RRR: 25% — Outcome * RRR: 20% — ESRD
prevented in 11/45 patients prevented in 2/10
(FU, 3.4 )3 patients®

— Therapy with ARBs:

-------- > 32/1000 patients will double their creatinine level and
8/1000 patients will develop ESRD.

Abbreviations: ARB, angiotensin Il receptor blocker; DM, diabetes mellitus; ESRD, end-stage renal disease; FU, follow-up; RCT,
randomized controlled trial; RRR, relative risk ratio.
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