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Preface

Successful sterile product development of modern parenteral biopharma-
ceutical therapeutic agents demands the close interaction of interdisci-
plinary sciences encompassing molecular biology, fermentation, process
development, protein chemistry, analytical biochemistry, pharmacology,
toxicology, preformulation, formulation, clinical development, quality as-
surance, bulk manufacturing, packaging, sterile manufacturing, regulatory
affairs, and marketing.

The physicochemical properties of proteins constitute the building
blocks for preformulations and formulations development. Elucidation of
these properties facilitates educated selection of compatible excipients to
extend the shelf life of protein drugs.

The obijective of formulation scientists is to make biopharmaceutical
parenteral products that are safe, effective, pure, stable, suitable for pro-
duction, cost effective, and marketable, and elegant. We cover liquid par-
enteral formulations of biopharmaceuticals. Lyophilized formulation de-
velopment of similar biopharmaceuticals are more properly the focus and
interest of other pharmaceutical scientists.

This book describes fundamentals and essential pathways for various
formulation techniques, their purpose and function, and how each method
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iv Preface

is fundamentally related to and integrates with the other approaches to
successful product development.

The book covers six key areas of the development of biopharmaceu-
ticals for human use, and each chapter is written by one or more industrial
scientists involved with the state-of-the-art techniques. Building on the key
areas allows the formulator to incorporate specific tasks into biopharma-
ceutical design in order to reach the next plateau of development. The re-
sult is an understanding of the product development formulation process.

Following the introductory Chapter 1, Chapter 2 covers biopharma-
ceuticals currently licensed or in clinical development, including genetically
engineered cells and engineered vectors. The fermentation process, the
first key step in product development, is a key scientific and economic
model. Once the goals of this process are defined, fermentation and harvest
can begin. Quality must be designed into each step of the process to ensure
success.

Chapter 3 discusses the purification and characterization techniques
employed to produce a highly purified, economically focused, flexible proc-
ess that can be transferred, scaled up for manufacturing, and validated to
current regulatory standards. Several types of unit operations for isolation,
purification, and characterization are also discussed. These are essential for
the formulator to understand the biochemical structure of the active drug
substance and to ensure quality of the final product.

The fourth and fifth chapters cover key phases of successful product
development. Considerations are reviewed for drug delivery, formulation,
stability studies programs, routes of deactivation and denaturation, aggre-
gations, protein stabilizers, excipients, requirements of preservatives, and
physicochemical properties of therapeutics. Attention is paid to how each
is accomplished by the pharmaceutical scientists in order to enhance the
success of the formulation.

The sixth chapter addresses basic concepts in analytical techniques,
methods development, separation methods employing chromatographic
and electrophoretic techniques, bioactivity methods covering bioassays,
and immunoassays. The methods selected will show how to measure stabil-
ity of biological activity.

Chapter 7 covers basic filtration theories, filter classifications and
characteristics, filter performance criteria, validation and regulatory re-
quirements, filtration systems, filter separation specific for recombinant
protein and peptide processing, and future trends in filtration technology.
This chapter will inform the formulator how to select the proper filters for
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each drug substance to maximize compatibility and minimize adsorption
and inactivation.

The eighth chapter explains the physical, chemical, and toxicological
properties of closures for parenteral products; protein adsorption on vari-
ous elastomeric surfaces; strategies to reduce or eliminate adsorption; and
specialized containers for biotechnological applications. The formulator is
given a menu from which to select the most compatible elastomeric closure
for a specific drug substance.

Our approach informs students, molecular biologists, protein chem-
ists, process engineers, purification scientists, pharmaceutical formulators
and manufacturing personnel, and those involved in QA/QC and regulatory
affairs how to perform appropriate, systematic, sequential steps of formula-
tion development.
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2 Bontempo

. INTRODUCTION

Successful sterile product development of modern parenteral biopharma-
ceutical therapeutic agents demands close interactions of interdisciplinary
sciences encompassing molecular biology, fermentation, process develop-
ment, protein chemistry, analytical biochemistry, pharmacology, toxicol-
ogy, preformulation, formulation, clinical development, quality assurance,
bulk manufacturing, packaging, sterile manufacturing, regulatory affairs,
marketing, and others.

The objectives of formulation scientists are to make biopharmaceuti-
cal parenteral products for human and veterinary use which are safe,
effective, pure, stable, elegant, suitable for production, cost effective, and
marketable.

Our goals in this book are to describe fundamentals and essential
pathways for each scientific section, its purpose, function, and how each
section is fundamentally related and how it integrates with the next section
in the successful product development efforts.

This book covers six key areas with several chapters. Each of these are
addressed by one or more industrial scientists involved with the “state-of-
the-art” development of biopharmaceuticals for human use. Dividing the
scientific contents into key areas allows the formulators to incorporate spe-
cific tasks into the biopharmaceutical design and allows them to reach the
next plateau of development. When incorporated sequentially, this will re-
sult in the scientific understanding of the product development formulation
process.

Chapter 2, Fermentation Process Events Affecting Biopharmaceuti-
cal Quality, covers in detail biopharmaceuticals currently licensed or in
clinical development that include genetically engineered cell and engi-
neered vectors. The fermentation process, the first key step in product de-
velopment, is a key scientific and economic model. Once this target is de-
fined, the fermentation and harvest system can begin. Quality is designed
into each step of the process to ensure success.

Chapter 3, Development of Recovery Processes for Recombinant Pro-
teins and Peptides, covers in detail the purification and characterization
techniques and approaches to produce a highly purified, economically fo-
cused, flexible process that can be transferred, scaled up to manufacturing,
and validated to current regulatory standards. Several types of unit opera-
tions, for isolation and purifications and characterization, are discussed which
are essential for the formulator in the understanding of the biochemical



