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Medical disclaimer

The contents of this work are intended to further general scientific
research, understanding, and discussion only and are not intended
and should not be relied upon as recommending or promoting a
specific method, diagnosis, or treatment by medical care providers
for any particular patient. The publisher and the author make no
representations or warranties with respect to the accuracy or
completeness of the contents of this work and specifically disclaim
all warranties, including without limitation, any implied
warranties of fitness for a particular purpose. In view of ongoing
research, equipment modifications, changes in governmental
regulations, and the constant flow of information relating to the use
of medicines, equipment, and devices, the reader is urged to review
and evaluate the information provided in the package insert or
instructions for each medicine, equipment, or device for, among
other things, any changes in the instructions or indication of usage
and for added warnings and precautions. Readers should consult
with a specialist where appropriate. The fact that an organization
or Website is referred to in this work as a citation and/or a potential
source of further information does not mean that the author or the
publisher endorses the information the organization or Website
may provide or recommendations it may make. Further, readers
should be aware that Internet Websites listed in this work may have
changed or disappeared between when this work was written and
when it is read. No warranty may be created or extended by any
promotional statements of this work. Neither the publisher nor the
author shall be liable for any damages arising herefrom.
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Preface to Third Edition

What started out over ten years ago as being a book focused
on protein manufacturing, in the meantime has evolved into a
broad introduction of many different aspects of pharmaceutical
operations. All but two sections – technology and regulatory – can
be applied to any pharma production, which also gives testimony
to the maturity and standardization that pharmaceutical protein
manufacturing has achieved by now. The third edition of this book
has been amended by two new chapters about plant organization
and digitalization, broadly applicable to pharma. The general, con-
ceptual, and simplifying approach makes the book a valuable source
also for those working on transferring advanced pharmaceutical
technologies like cell and gene therapies into economically feasible,
large-scale solutions.

The original concept of the book – keep it simple and speak
through pictures and examples – has been kept alive. The concept
of strong simplification has been well received by many readers over
the last years. Dipping into specific chapters of interest and quickly
getting familiar with basic concepts and terminology has obviously
addressed the needs of readers both in industry and academia. So,
I am very happy to present the third edition of this book now and
thank my editor Wiley-VCH for the ongoing support.

Berlin, 23 May 2021 Stefan Behme





xix

Preface to First Edition

This book introduces the basic knowledge of industrial manufac-
turing of biopharmaceuticals. It is written for those wanting to
understand the landscape, interfaces, and interactions between
the different disciplines relevant for production as such; aspects of
technology and analytics, pharmacy, quality assurance, regulatory
affairs, facility technology, and economic efficiency are illustrated.
The work shall serve as a textbook and reference at the same time,
and is directed toward students as well as industry-experienced
engineers, pharmacists, scientists, or economists wanting to
acquire a basic knowledge of biotechnological production.

My daily industrial practice has inspired this book. Manu-
facturing advanced drugs under good manufacturing practice
conditions can indeed be a critical factor for drug development
and marketing. Being part of multidisciplinary teams, it became
obvious to me that the technological and economic challenges
of biopharmaceutical manufacturing and its interdependencies
with adjacent disciplines are not understood everywhere. Decision
making in interdisciplinary teams requires communication and
appreciation of the constraints on the various counterparts in order
to address them efficiently in the overall program. In contrast to
this, particular disciplines become more and more specialized,
using their language on a level difficult to understand for the
counterparts foreign to the field, sometimes flavoring modern
project work with a taste of the tale of the Tower of Babel.

Facilitating communication about manufacturing issues is the
goal of this book. It does so by using numerous illustrations and
simplifications, making the book easy to read. Correlations between
disciplines are highlighted by cross-references, and a detailed key-
word index facilitates the search for special topics. After having
read this book, the reader should have a high-level understanding
of the roles, correlations between terminologies of the differ-
ent disciplines engaged in the production of biopharmaceutical



xx Preface to First Edition

proteins. For those wanting to dig deeper into the topics, literature
recommendations and web links are provided for further reading.

I would like to thank Andrea Rothmaler and Andreas Janssen for
their valuable input into the manuscript, my students at the Techni-
cal University of Dortmund for their instructive questions, and my
company Bayer Schering Pharma AG for providing the opportunity
to participate in exciting biotechnological projects.

I hope that my readers will enjoy reading this book as much as I
have enjoyed writing it.

Berlin, October 2008 Stefan Behme
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