
Fundamentals of Clinical Trials



 



Lawrence M. Friedman • Curt D. Furberg 
David L. DeMets

Fundamentals of  
Clinical Trials

Fourth Edition



 

Lawrence M. Friedman Curt D. Furberg
Bethesda, MD Wake Forest University 
USA School of Medicine
l.m.friedman@verizon.net Winston-Salem, NC

USA
cfurberg@wfubmc.edu

David L. DeMets
Department of Biostatistics &  
Medical Informatics
University of Wisconsin
Madison, WI
USA
demets@biostat.wisc.edu

ISBN 978-1-4419-1585-6 e-ISBN 978-1-4419-1586-3
DOI 10.1007/978-1-4419-1586-3
Springer New York Dordrecht Heidelberg London

Library of Congress Control Number: xxxxxxxxxx

© Springer Science+Business Media, LLC 2010
All rights reserved. This work may not be translated or copied in whole or in part without the written
permission of the publisher (Springer Science+Business Media, LLC, 233 Spring Street, New York, NY
10013, USA), except for brief excerpts in connection with reviews or scholarly analysis. Use in connec-
tion with any form of information storage and retrieval, electronic adaptation, computer software, or by
similar or dissimilar methodology now known or hereafter developed is forbidden.
The use in this publication of trade names, trademarks, service marks, and similar terms, even if they are
not identified as such, is not to be taken as an expression of opinion as to whether or not they are subject
to proprietary rights.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



v

The clinical trial is “the most definitive tool for evaluation of the applicability of
clinical research.” It represents “a key research activity with the potential to
improve the quality of health care and control costs through careful comparison of
alternative treatments” [1]. It has been called on many occasions, “the gold stan-
dard” against which all other clinical research is measured.

Although many clinical trials are of high quality, a careful reader of the medical
literature will notice that a large number have deficiencies in design, conduct,
analysis, presentation, and/or interpretation of results. Improvements have occurred
over the past few decades, but too many trials are still conducted without adequate
attention to its fundamental principles. Certainly, numerous studies could have been
upgraded if the authors had had a better understanding of the fundamentals.

Since the publication of the first edition of this book, a large number of other
texts on clinical trials have appeared, most of which are indicated here [2–21].
Several of them, however, discuss only specific issues involved in clinical trials.
Additionally, many are no longer current. The purpose of this fourth edition is
to update areas in which major progress has been made since the publication of
the third edition. We have revised most chapters considerably and added one on
ethical issues.

In this book, we hope to assist investigators in improving the quality of clinical
trials by discussing fundamental concepts with examples from our experience and
the literature. The book is intended both for investigators with some clinical trial
experience and for those who plan to conduct a trial for the first time. It is also
intended to be used in the teaching of clinical trial methodology and to assist mem-
bers of the scientific and medical community who wish to evaluate and interpret
published reports of trials. Although not a technically oriented book, it may be used
as a reference for graduate courses in clinical trials. Those readers who wish to
consult more technical books and articles are provided with the relevant literature.

Because of the considerable differences in background and objectives of the
intended readership, we have not attempted to provide exercises at the end of
each chapter. We have, however, found two exercises to be quite useful and that
apply most of the fundamental principles of this text. First, ask students to cri-
tique a clinical trial article from the current literature. Second, require students to
develop a protocol on a medically relevant research question that is of interest to
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the student. These draft protocols often can be turned into protocols that are
implemented. This book is also not meant to serve as guide to regulatory require-
ments. Those differ among countries and frequently change. Rather, as the title
indicates, we hope to provide the fundamentals of clinical trials design, conduct,
analysis, and reporting.

The first chapter describes the rationale and phases of clinical trials. Chapter 2
is an addition and it covers selected ethical issues. Chapter 3 describes the questions
that clinical trials seek to answer and Chap.4 discusses the populations from which
the study samples are derived. The strengths and weaknesses of various kinds of
study designs, including noninferiority trials, are reviewed in Chap. 5. The process
of randomization is covered in Chap. 6. In Chap. 7, we discuss the importance of
and difficulties in maintaining blindness. How the sample size is estimated is cov-
ered in Chap. 8. Chapter 9 describes what constitutes the baseline measures.
Chapter 10 reviews recruitment techniques and may be of special interest to inves-
tigators not having ready access to trial participants. Methods for collecting high
quality data and some common problems in data collection are included in Chap. 11.
Chapters 12 and 13 focus on the important areas of assessment of adverse events
and quality of life. Measures to enhance and monitor participant adherence are
presented in Chap. 14. Chapter 15 reviews techniques of survival analysis. Chapter
16 covers data and safety monitoring. Which data should be analyzed? The authors
develop this question in Chap. 17 by discussing reasons for not withdrawing partici-
pants from analysis. Topics such as subgroup analysis and meta-analysis are also
addressed. Chapter 18 deals with phasing out clinical trials, and Chap.19 with
reporting and interpretation of results. Finally, in Chap. 20 we present information
about multicenter, including multinational, studies, which have features requiring
special attention. Several points covered in the final chapter may also be of value
to investigators conducting single center studies.

This book is a collaborative effort and is based on knowledge gained over almost
4 decades in developing, conducting, overseeing, and analyzing data from a number
of clinical trials. This experience is chiefly, but not exclusively, in trials of heart and
lung diseases, AIDS, and cancer. As a consequence, many of the examples cited are
based on work done in these fields. However, the principles are applicable to clini-
cal trials in general. The reader will note that although the book contains examples
that are relatively recent, others are quite old. The fundamentals of clinical trials
were developed in those older studies, and we cite them because, despite important
advances, many of the basic features remain unchanged.

In the first edition, the authors had read or were familiar with much of the rele-
vant literature on the design, conduct, and analysis of clinical trials. Today, that task
would be nearly impossible as the literature over the past 3 decades has expanded
enormously. The references used in this text are not meant to be exhaustive but
rather to include the older literature that established the fundamentals and newer
publications that support those fundamentals.

The views expressed in this book are those of the authors and do not necessarily
represent the views of the institutions with which the authors have been or are
affiliated.
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