
Contents        | ix 

Contents 

Preface   …(v) 
Acknowledgements   …(vii) 

Chapter 1: Introduction to Quality by Design 1 

Chapter 2: Elements of Quality by Design    6 
2.1  Quality Target Product Profile (QTPP) ................................................ 6 
2.2  Critical Quality Attributes (CQAs) ...................................................... 8 
2.3  Critical Material Attributes (CMAs) .................................................. 12 
2.4  Critical Process Parameters (CPP) ..................................................... 19 
2.5  Design Space ...................................................................................... 22 
2.6  Control Strategy ................................................................................. 24 
2.7 Continuous Improvement ................................................................... 25 

Chapter 3:  Quality Risk Management         26 
3.1 Risk Assessment ................................................................................. 27 
3.2 Risk Control ....................................................................................... 29 
3.3 Risk Communication .......................................................................... 31 
3.4 Risk Reviews ...................................................................................... 31 
3.5 Risk Management Methodology ........................................................ 32 

Chapter 4: Factors Affecting Generic Product Design 43 
4.1 Innovator Product Design ................................................................... 43 
4.2 Patents on Active Pharmaceutical Ingredient (API) ........................... 46 
4.3 Patents on Formulation, Process and others ....................................... 48 
4.4 Regulatory Requirements ................................................................... 50 
4.5 Differentiated Products or 505B2 Products ........................................ 54 

4.6 Company Strategy and Facilities ........................................................ 57 



x Contents 

Chapter 5: Design of Experiments for 
Formula and Process Optimization      58 

5.1 Objective of Experiments ................................................................... 59 

Chapter 6: Design Space 84 
6.1 Design Space ...................................................................................... 84 
6.2 Initiation of Pharmaceutical 

Product Development using QbD....................................................... 85 

Chapter 7: Process Analytical Technology (PAT) 103 
7.1 Introduction to Process Analytical Technology (PAT) .................... 103 
7.2 Tools and Techniques ....................................................................... 104 
7.3 Real Time Monitoring and Controls ................................................ 109 
7.4 Enhanced Process Understanding .................................................... 110 
7.5 Regulatory Framework ..................................................................... 111 

Chapter 8: Scale Up of Manufacturing Process 116 

Chapter 9: Control Strategy     132 

Chapter 10:  Process Capability and 
Continuous Improvement    136 

Chapter 11: Quality by Design – Analytical Methods 139 


