
Proceedings of ICAD2011 
The Sixth International Conference on Axiomatic Design 

Daejeon – March 30-31, 2011 

ICAD-2011-23 
 

 

 

ABSTRACT 

This paper outlines an innovative approach to 
pharmaceutical process development using advanced Design 
for Six Sigma (DFSS) supported by a knowledge management 
system. DFSS has been the toolkit of  choice for many 
pharmaceutical companies when implementing the 
requirements of  ICH Q8 Quality by Design. Here we will 
show how the Independence and Information Axioms and a 
Design Knowledge Matrix can be used to optimize the use of  
Design Of  Experiments (DOE) and minimize risk, merging 
some of  most innovative tools of  the Design For Six Sigma 
toolbox to ensure patient safety while maintaining maximum 
flexibility for continuous process optimization.  

Keywords: Quality by Design, Design for Six Sigma, Design 
Of  Experiments, non-square Design Matrix, Axiomatic 
Design 

1 INTRODUCTION 

This paper aims to show how the use of  an advanced 
Design Matrix and the application of  Axiomatic Design [Suh, 
1990] can increase effectiveness and speed of  knowledge 
creation in pharmaceutical process development.  

Traditionally regulatory bodies required pharma 
manufacturers to keep their processes fixed once a drug had 
been approved. In recent years this mindset started to change 
fundamentally, inspired by insights delivered by a growing 
Lean Six Sigma community. Risk management and statistical 
process control are now accepted as elements of  Good 
Manufacturing Practice (GMP) [International Conference on 
Harmonisation of  Technical Requirements for Registration of  
Pharmaceuticals for Human Use, 2009]. “Quality by Design” 
(Figure 1) is defined as "a systematic approach to 
development that begins with predefined objectives and 
emphasizes product and process understanding and process 
control, based on sound science and quality risk management" 
[International Conference on Harmonisation of  Technical 
Requirements for Registration of  Pharmaceuticals for Human 
Use, 2009]. 

Quality by Design employs a six step process of  
requirements management, knowledge management, and risk 
management, leading to a strategy for process control and 

continuous improvement. The framework of  ICH Q8 (Table 
1) outlines what needs to be done, not how. Many industry 
users have adopted elements of  DFSS and Lean Six Sigma to 
implement ICH Q8 requirements.  

Table 1. Quality by Design process steps. 

Process Step ICH Q8 Requirements

Target Product Profile Definition of  Product 
Intended Use and of  
Quality targets 

Knowledge Mapping Summary of  prior 
scientific knowledge (drug 
substance, similar 
formulations and 
processes). Initial Risk 
Assessment 

Development Overview of  Quality by 
Design key actions and 
decisions taken to develop 
New Scientific Knowledge, 
e.g., DoE, PAT, Risk 
Assessment and Risk 
Control 

Design Space Summary of  Scientific 
Understanding of  Product 
and Process. Justification 
and description of  Multi-
dimensional Space that 
Assures Quality 
(interrelation-ships and 
boundaries of  Clinical 
Relevance). 

Control Strategy Definition of  Control 
Strategy based on design 
space leading to Control of  
Quality and  
Quality Risk Management 
(Process Robustness) 

Continuous Improvement Proposal of  Regulatory 
Flexibility based on 
Product and Process 
Scientific Knowledge and 
Quality Risk Mgmt. 
(Materials, Site, Scale, etc). 
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