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Preface

For over 50 years, interest has been expressed in optimizing drug therapy through
delivery system design. For many years this revolved around incorporating drugs
into erodible or inert polymers, which then acted as platforms for controlled re-
lease, an approach that has been well reviewed in the literature. In more recent
times there has been a move away from simply formulating drugs into erodible
or inert polymers toward the design and development of more advanced drug
delivery systems that utilize sophisticated designs and manufacturing techniques
and rely on novel means for controlling the release of drug from the delivery
system. Over the last few decades, rapid developments have occurred in this area
and we have witnessed the evolution of commercially successful companies that
specialize in the design, development, and commercialization of specific (in-
house) modified-release drug delivery systems.

This is an exciting and growing area of pharmaceutical research. However,
to date no single volume provides detailed and specific information on even a
handful of individual modified-release drug delivery systems. Therefore, we de-
cided to edit a book comprised of chapters that collectively address this void
and provide an insight into the various approaches currently adopted to achieve
modified-release drug delivery.

The book is divided into parts, each of which addresses a particular route
for drug delivery. Although it is assumed that the reader is already familiar with
fundamental controlled-release theories, each part opens with an overview of
the anatomical, physiological, and pharmaceutical challenges in formulating a
modified-release drug delivery technology for each route for drug delivery. The
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vi Preface

chapters in each part provide examples of the different approaches that have been
taken to design and develop an innovative modified-release drug delivery system.
Each chapter presents a detailed account of a specific modified-release drug deliv-
ery technology, written by experts on that technology.

Our challenge in editing this book was that no single volume could be
expected to describe every modified-release drug delivery technology currently
marketed or under development. This is because of the vast and evolving nature
of the area, and the lack of availability of the innovators to write a monograph
on their particular technology, due to either time constraints or the proprietary
nature of their work. Instead of using this as an excuse to reject the challenge,
we set ourselves the aim to provide in the book as many examples of modified-
release drug delivery technologies as possible.

Susan Charman and Bill Charman were the leaders of the first part of the
book, which is devoted to the oral route. The Charmans provide an excellent
overview of the challenges of this popular route for modified-release durg deliv-
ery. Their introduction is followed by 15 chapters that provide an insight into
the novel and innovative approaches that have been taken for this route for drug
delivery. These range from novel manipulations of tableting technologies (in-
cluding geometric designs and osmotically driven technologies) through three-
dimensional printing to the use of lipids. The second part, led by Professor Clive
Wilson, discusses several diverse approaches that may be used to deliver com-
pounds to the colon. Chapters demonstrating the innovativeness of workers in this
field complement an incisive introduction that highlights the unique challenges
associated with this site of absorption. The leader of Part III, Bernard Plazonnet,
includes in his introduction a thorough review of currently available and emerg-
ing modified-release ophthalmic drug delivery systems. Since most of these sys-
tems are in the developmental stage and have not yet reached the commercial
stage, this part contains only three chapters on specific technologies. Part IV
focuses on the oral cavity as a site of drug delivery. The part leader, Professor
Ian Kellaway, together with invited coauthors, provides an overview of the issues
relating to the development of modified-release drug delivery systems for this
route. The associated chapters highlight technologies developed for specific re-
gions of the oral cavity, including sublingual, buccal cavity, gingiva, and peri-
odontal pocket.

A diverse range of technology approaches are associated with the dermal
and transdermal route. Part leader Professor Jonathan Hadgraft not only has writ-
ten a thorough overview but has also organized a series of chapters that cover a
wide range of diverse technologies from wound dressings to sprays, to propulsion
of solid drug particles into the skin by means of a high-speed gas flow, to paiches
that deliver drugs via diffusion, iontophoresis, sonophoresis, or microprojections.
The sixth part of this book addresses implant and injection technologies. In their
introduction, part leaders Franklin Okumu and Jeffrey Cleland offer a comprehen-
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sive overview of this evolving and challenging area of drug delivery. They com-
plement their efforts with chapters that cover a diverse range of technologies.
Part VII, compiled by leaders Daniel Wermeling and Jodi Miller, offers a reveal-
ing look into the nasal route of drug delivery. Professor David Woolfson, leader
of Part VIII, presents a comprehensive account of the biological and pharmaceuti-
cal challenges to the vaginal route of drug delivery, which is restricted to 50%
of the population and is limited by cultural and societal constraints. The chapters
dealing with this route provide an insight into the different approaches that can
be employed to deliver drugs via the vaginal passage.

In Part IX Igor Gonda provides an informative overivew of the unique
challenges in delivering via the pulmonary tract. This part contains chapters de-
scribing various systems, devices, formulations, and methods of delivery of drugs
to the lung. It differs somewhat from other parts in the book in that the focus of
pulmonary drug delivery systems is not on the control of release of the medica-
ments once they are deposited within the respiratory tract (although some chap-
ters in this part do describe such approaches) but on the ability of inhalation
systems to deliver drugs practically instantaneously to the target organ that is the
“release” part of therapeutic activity for many of the currently approved products
for inhalation. Numerous technological approaches are described in the chapters
in this part, each of which provides descriptive comments on the complexity of
this route for drug delivery. In the final part of this book the regulatory issues
pertaining to these diverse and often complex drug delivery systems are addressed
by Patrick Marroum of the United States Food and Drug Administration, who
provides a regulatory overview for one of the most highly legalistic markets.

We would like to express our thanks to each of the part leaders, who spent
so much time identifying technologies, communicating with contributors, writing
informative overviews, and editing the chapters. We also thank all the chapter
authors. Their individual innovative research activities have contributed greatly
to the current modified-release drug delivery technology portfolio that exists to-
day within the pharmaceutical industry. We are grateful to them for taking the
time to share their experiences and work. Finally, we wish to express our sincere
thanks to Dr. Colin Ogle. We are indebted to Colin for giving up so much of his
spare time to proofread final drafts and offer many constructive suggestions for
improvement of this volume.

Michael J. Rathbone
Jonathan Hadgraft
Michael S. Roberts



Contributors

Donald E. Ackley* Redeon, Inc., Burlington, Massachusetts, U.S.A.
Akwete L. Adjei Kos Pharmaceuticals, Inc., Edison, New Jersey, U.S.A.
Syed A. Altaf, Ph.D. Gilead Sciences, Foster City, California, U.S.A.
Hemant H. Alur, Ph.D.¥ Division of Pharmaceutical Sciences, School of Phar-
macy, University of Missouri—Kansas City, Kansas City, Missouri, U.S.A.
Gordon L. Amidon College of Pharmacy, The University of Michigan, Ann
Arbor, Michigan, U.S.A.

Ian C. Ashurst, B.Sc., M.R.Pharm.S., M.Sc., Ph.D. GlaxoSmithKline, Ware,
Hertfordshire, England

Anand R. Baichwal Penwest Pharm Company, Patterson, New York, U.S.A.
Roy Bannister, Ph.D., D.A.B.T. ALZA Corporation, Mountain View, Califor-
nia, U.S.A.

Daniel Bar-Shalom Egalet A/S, Vaerlose, Denmark

Richard Batycky Alkermes, Inc., Cambridge, Massachusetts, U.S.A.

Brian John Bellhouse, M.A., D.Phil. Department of Engineering Science,
PowderJect Centre for Gene and Drug Delivery Research, University of Oxford,
Oxford, England

Jorg Breitenbach, Ph.D. Abbott GmbH & Co. KG, Soligs drug delivery busi-
ness, Ludwigshafen, Germany

* Current affiliation: VSK Photonics, Irvine, California, U.S.A.
+ Current affiliation: Murty Pharmaceuticals, Inc., Lexington, Kentucky, U.S.A.

Xvii



xviii Contributors

Lev Bromberg Department of Chemical Engineering, Massachusetts Institute
of Technology, Cambridge, Massachusetts, U.S.A. |

Jackie Butler Elan Drug Delivery, Athlone, Ireland

Gregor Ceve, Ph.D. IDEA AG, Munich, Germany

Hak-Kim Chan, Ph.D. Faculty of Pharmacy, University of Sydney, Sydney,
New South Wales, Australia

Susan A. Charman, Ph.D. Department of Pharmaceutics, Victorian College of
Pharmacy, Monash University (Parkville Campus), Parkville, Victoria, Australia
William N. Charman Department of Pharmaceutics, Victorian College of
Pharmacy, Monash University (Parkville Campus), Parkville, Victoria, Australia
Guohua Chen, Ph.D. ALZA Corporation, Mountain View, California, U.S.A.
Anne E. Chester, Ph.D. ALZA Corporation, Mountain View, California,
US.A.

Sham K. Chopra Savit Consulting Inc., Brampton, Ontario, Canada

S.S. Chrai* Delsys Pharmaceutical, A Division of Elan Operations, Inc., Mon-
mouth Junction, New Jersey, U.S.A.

Andy R. Clark Inhale Therapeutic Systems, San Carlos, California, U.S.A.
Kenneth E. Cleaver, Ph.D. Flemington Pharmaceutical Corporation, Flem-
ington, New Jersey, U.S.A.

Jeffrey L. Cleland, Ph.D.¥ Genentech, Inc., South San Francisco, California,
US.A.

Ewart T. Cole, Ph.D. Department of Research and Development, CAPSU-
GEL, A Division of Pfizer Inc., Arlesheim, Switzerland

Alyson L. Connor, Ph.D. Pharmaceutical Profiles Ltd, Nottingham, England
Michel Cormier, Ph.D. Biological Sciences, ALZA Corporation, Mountain
View, California, U.S.A.

Rita Cortesi, Ph.D. Department of Pharmaceutical Sciences, University of Fer-
rara, Ferrara, Italy

George Costigan, B.Sc., M.Phil,, D.Phil. Department of Engineering Science,
University of Oxford, Oxford, England

Donald P. Cox, Ph.D. Flemington Pharmaceutical Corporation, Flemington,
New Jersey, U.S.A.

John R. Crison Port Systems LLC, Ann Arbor, Michigan, U.S.A.

Peter E. Daddona Biological Sciences, ALZA Corporation, Mountain View,
California, U.S.A.

Diana Davidson Elan Drug Delivery, King of Prussia, Pennsylvania, U.S.A.
Daniel Deaver Alkermes, Inc., Cambridge, Massachusetts, U.S.A.

David A. Dickason Alkermes, Inc., Cincinnati, Ohio, U.S.A.

* Current affiliation: Chrai Associates, Cranbury, New Jersey, U.S.A.
1 Current affiliarion: Research & Development, Targesome, Inc., Palo Alto, California, U.S.A.



Contributors Xix

D. Duchéne UMR, CNRS 8612 and University of Paris XI, Chitenay-Malabry,
France

Harry A. Dugger 111, Ph.D. Flemington Pharmaceutical Corporation, Flem-
ington, New Jersey, U.S.A.

Richard L. Dunn, Ph.D. Atrix Laboratories, Fort Collins, Colorado, U.S.A.
Sarvajna Dwivedi, Ph.D. Alkermes, Inc., Cambridge, Massachusetts, U.S.A.
David Edwards Division of Engineering and Applied Sciences, Harvard Uni-
versity, Cambridge, Massachusetts, U.S.A.

Joachim Eicher, Ph.D. Steag Microparts, Dortmund, Germany

Elisabetta Esposito Department of Pharmaceutical Sciences, University of
Ferrara, Ferrara, Italy

S. J. Farr Aradigm Corporation, Hayward, California, U.S.A.

Olivia Felt-Baeyens, Ph.D. School of Pharmacy, University of Geneva, Ge-
neva, Switzerland

Warren H. Finlay, Ph.D. Department of Mechanical Engineering, University
of Alberta, Edmonton, Alberta, Canada

Barrie C. Finnin Department of Pharmaceutics, Victorian College of Phar-
macy, Monash University (Parkville Campus), Parkville, Victoria, Australia

T. Francis Elan Drug Delivery, Athlone, Ireland

David R. Friend, Ph.D. Delsys Pharmaceutical, A Division of Elan Opera-
tions, Inc., Monmouth Junction, New Jersey, U.S.A.

Robert M. Gale ALZA Corporation, Mountain View, California, U.S.A.
Igor Gonda Aradigm Corporation, Hayward, California, U.S.A.

George P. Grandolfi, Ph.D. Alkermes, Inc., Cincinnati, Ohio, U.S.A.
Pol-Henri Guivarc’h SkyePharma Canada Inc., Montreal, Quebec, Canada
Suneel K. Gupta, Ph.D. ALZA Corporation, Mountain View, California,
US.A.

R. Gurny, Ph.D. School of Pharmacy, University of Geneva, Geneva, Switzer-
land

J. Richard Gyory* Redeon, Inc., Burlington, Massachusetts, U.S.A.
Jonathan Hadgraft, D.Sc., F.R.S.C. Medway Sciences, NRI, University of
Greenwich, Chatham, England

John Hayes aForte, Chanhassen, Minnesota, U.S.A.

Paul Herbert Alkermes Incorporated, Cambridge, Massachusetts, U.S.A.
Anthony J. Hickey, Ph.D. University of North Carolina, Chapel Hill, North
Carolina, U.S.A.

Jeffrey Hrkach, Ph.D. Alkermes, Inc., Cambridge, Massachusetts, U.S.A.
Tony Huang ALZA Corporation, Mountain View, California, U.S.A.
Katsumi Iga, Ph.D. Takeda Chemical Industry Ltd., Osaka, Japan

* Current affiliation: Transform Pharmaceuticals, Inc., Waltham, Massachusetts, U.S.A.



