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Axel Böhnke and Michael Wenger

71 Tocilizumab (Actemra®) 2023
Graeme Jones and Changhai Ding

72 Trastuzumab (Herceptin®) and Ado-Trastuzumab Emtansine
(Kadcyla®): Treatments for HER2-Positive Breast Cancer 2041
Ruhe Chowdhury and Paul Ellis

73 Ustekinumab (Stelara®) 2069
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17 Non-Antibody Scaffolds as Alternative Therapeutic Agents 435
Markus Fiedler and Arne Skerra

18 Antibody-Directed Enzyme Prodrug Therapy (ADEPT) 475
Surinder K. Sharma, Kerry A. Chester and Kenneth D. Bagshawe



Volume 2 VII

19 Engineered Antibody Domains as Candidate Therapeutics 487
Weizao Chen, Ponraj Prabakaran, and Dimiter S. Dimitrov

20 Chimeric Antigen Receptors –‘‘CARs’’ 519
Ulf Petrausch and Thomas Schirrmann

21 Emerging Alternative Production Systems 561
Benjamin Sommer, Holger Laux, Andre Frenzel, and Thomas Jostock

Volume II: Clinical Development of Antibodies

Quick Reference List of Antibodies by International Nonproprietary
Name XXIII
Quick Reference List of Antibodies by Brand Name XXV
A Greeting by the Editors XXVII
Foreword to the First Edition XXIX
Foreword to the Second Edition XXXI
List of Contributors XXXIII
Abbreviations LI
Appendix: Marketed Monoclonal Antibodies Compendium LXXXIII

Part IV: The Way into the Clinic 601

22 Process Development and Manufacturing of Therapeutic
Antibodies 603
Alexander Jacobi, Barbara Enenkel, Patrick Garidel, Christian
Eckermann, Mathias Knappenberger, Ingo Presser, and Hitto Kaufmann

22.1 Introduction 603
22.2 Upstream Processing 604
22.2.1 Expression Systems 605
22.2.2 Cell Culture Media 614
22.2.3 Cell Culture Process Design 614
22.2.4 Cell Culture Process Optimization 617
22.3 Downstream Processing 618
22.3.1 Platform Technologies for Downstream Processing of Monoclonal

Antibodies 620
22.3.2 Primary Recovery 622
22.3.2.1 Ultra/Diafiltration (UF/DF) 622
22.3.2.2 Affinity Chromatography 622
22.3.3 Purification and Polishing 623
22.3.3.1 Hydrophobic Interaction Chromatography 623
22.3.3.2 Ion-Exchange Chromatography 623
22.3.3.3 Cation-Exchange Chromatography 624
22.3.3.4 Anion-Exchange Chromatography 624
22.3.4 Validation of DNA Removal and Virus Clearance 624


