
 

 

Pharmaceutical Quality by Design 

Quality-by-design (QbD) is a systematic approach to designing and developing a 
product/service based on sound science and quality risk management. It is frequently 
applied in the pharmaceutical industry, mainly in developing pharmaceutical products 
and analytical methods. Still, it needs to be better established in setting up facilities like 
a quality control laboratory (QC lab). ¹ 

Elements of Quality by Design: ² 

1. Quality Target Product Profile (QTPP): defines the desired characteristics of the 

drug product and identifies its critical quality attributes (CQAs). 
2. Product Design and Understanding: involves identifying the critical material 

attributes (CMAs) that affect the product's quality. 
3. Process Design and Understanding: identifying critical process parameters (CPPs) 

and linking them with CMAs and CQAs to ensure product quality. 
4. Control Strategy: includes setting specifications for the drug substance, excipients, 

and the final product, along with controls for each manufacturing step. 
5. Process Capability and Continuous Improvement:  evaluating the process 

performance and making ongoing enhancements to maintain quality. 

PHARMACEUTICAL QUALITY BY DESIGN OBJECTIVES 
Pharmaceutical Quality by Design is an advanced and systematic approach to 

development that prioritizes predefined objectives. It emphasizes comprehensive 
understanding and control of the product and the process based on rigorous science and 
quality risk management. The key objectives of pharmaceutical QbD include: 1  

1. Establish meaningful product quality specifications rooted in clinical 
performance.  

2. Enhance process capability while reducing product variability and defects by 
optimizing product and process design, understanding, and control.  

3. Improve product development and manufacturing efficiencies. 
4. Strengthening root cause analysis and post-approval change management. 
 
Under Quality-by-Design, achieving quality goals often involves connecting 

product quality to the desired clinical performance and designing a robust formulation 
and manufacturing process to meet this quality consistently. Since introducing 
pharmaceutical QbD, the FDA has made notable progress toward establishing 
performance-based quality specifications. For instance, FDA policies now address tablet 



 

scoring and the size of beads in capsules labeled for sprinkles. Recent FDA discussions 
have also focused on assayed potency limits for narrow therapeutic index drugs and the 
physical attributes of generic drug products. However, while ICH guidelines did not 
explicitly recognize clinical performance-based specifications as a QbD objective, this has 
been acknowledged in recent scientific literature. 3-4 

The second goal of pharmaceutical QbD is to enhance process capability and 
minimize product variability, which often leads to defects, rejections, and recalls. 
Achieving this requires robust product and process design, alongside a deeper 
understanding of the factors influencing drug product quality. Post-regulatory approval, 
ongoing efforts should focus on process improvement to further reduce variability and 
defects. 5-7 
  

Table 1- Beckman Coulter Life Sciences Products with Unique Feature 

 

QbD's systematic approach to product design and development enhances 
development capabilities, speeds up formulation design, and shifts resources from a 
reactive, corrective stance to a proactive one. This approach improves the manufacturer's 



 

ability to pinpoint the root causes of manufacturing failures, thus increasing product 
development and manufacturing efficiency.6-7 

The main goal of Quality by Design is to enhance the process of identifying the 
underlying cause of issues and managing changes after a product has been approved. 
Scaling up production efficiently and conducting root cause analysis becomes difficult 
without a deep understanding of the scientific tools involved in the production and 
process. This may necessitate additional data for larger-scale operations. The FDA's 
guidance on post-approval changes provides a framework for managing such changes, 
with recent updates designed to reduce regulatory filing requirements for specific low-
risk chemistry, manufacturing, and control (CMC) post-approval changes. Beckman 
Coulter Life Sciences' product lines are integral to ensuring accurate data and monitoring 
production for security and functionality (Table 1).  
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