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ABSTRACT 

A new approach to drug development could increase efficiencies, provide regulatory relief, flexibility, and offer 
important business benefits throughout the product’s life cycle. Quality by design is a systemic approach and 
essential part of the modern approach for quality and pharmaceutical development. 
 It includes defining target product quality profile, designing product, developing formulations, manufacturing 
processes , identifying critical quality attributes,  process parameters, sources of variability and controlling 
manufacturing processes to ensure consistent  product quality over time . 
Pharmaceutical quality can be assured by understanding, controlling formulation and manufacturing variables 
using Quality by design. Product quality can be confirmed by product testing. Pharmaceutical industry have to  
work hard to develop, manufacture, to bring  new drugs to market, to comply with regulatory requirements to 
ensure  that the drugs are safe and effective. Implementation of Quality by design leads to transformation of the 
chemistry, manufacturing, and controls (CMC) review of abbreviated new drug applications (ANDAs) into a 
science-based pharmaceutical quality assessment. 
 
Keywords: Quality by design, chemistry manufacturing and controls (CMC), ANDAs 
 
INTRODUCTION [1-5] 
“Quality by design means designing and developing 
manufacturing processes during the product 
development stage to consistently ensure a 
predefined quality at the end of the manufacturing 
process.”  

 

Fig.1: Quality by Design [2] 
 
The concept of QbD was mentioned in the ICH 
Q8guideline, which states that “quality cannot be 
tested into products i.e., quality should be built in by 
design.” According to ICH Q8 QbD 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.         
 
Quality by Design (QbD) has become a new concept 
for development of quality pharmaceutical products, 

It is an essential part of the modern 
approach to pharmaceutical quality, 
QbD is a best solution to build a 
quality in all pharmaceutical products 
but it is also a major challenge to the 
Pharmaceutical industry whose 
processes are fixed in time, despite 
inherent process and material 
variability, Under this concept of QbD 
throughout designing and 
development of a product, it is 
essential to define desire product 

performance profile [Target product Profile (TPP), 
Target Product Quality Profile (TPQP)] and identify 
critical quality attributed (CQA). On the basis of this 
we can design the product formulation and process 
to meet the product attributes. This leads to 
recognize the impact of raw materials [critical 
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material attributes (CMA), critical process 
parameters (CPP) on the CQAs and identification and 
control sources of variability. QbD is an emerging 
idea which offers pharmaceutical manufacturer with 
increased self-regulated flexibility while maintaining 
tight quality standards and real time release of the 
drug product. 
 
 ICH  [2,3,6,7] 

ICH Q8, Q9, Q10 & Q11are designed as separate but 
linked in a series of documents exploring 
pharmaceutical products lifecycle  
ICH Q8 Pharmaceutical Development  
ICH Q9 Quality Risk Management  
ICH Q10 Pharmaceutical Quality System  
ICH Q11 - Development and Manufacture of Drug 
Substance.

 
           Quality by design concept                                                                             Quality by design system 
 
 
 
 
 
 
 
 
 
 
 
 
 
                    Fig.2: Concept of QbD [3]                                                                                     Fig.3: QbD system [7] 
 
STEPS [8,9,10] 
a. Development of new molecular entity 
• Preclinical study. 
• Nonclinical study. 
• Clinical Study. 
• Scale up. 
• Submission for market Approval 
 
b. Manufacturing 
• Design Space. 
• Process Analytical Technology. 
• Real time Quality Control.   
 
c. Control strategy 
• Risk based decision. 
• Continuous Improvement. 
• Product performance 
  
Benefits of QbD  [1,3,5,6] 

1. QbD is good Business. 
2. Eliminate batch failures. 
3. Minimize deviations and costly 

investigations. 

4. Avoid regulatory compliance problems. 
5. Organizational learning is an investment in 

the future. 
6. QbD is good Science. 
7. Better development decisions. 
8. Empowerment of technical staff. 

 
 Opportunities  [8,9] 

1. Efficient, agile, flexible system. 
2. Increase manufacturing efficiency; reduce 

costs and project rejections and waste. 
3. Build scientific knowledge base for all 

products. 
4. Better interact with industry on science 

issues. 
5. Ensure consistent information 
6. Incorporate risk management.  

 
Process  [11, 12, 13] 
Quality by Design is a scientific risk based holistic and 
proactive approach to pharmaceutical development. 
It involves the designing and planning of a drug 
product and process before actual experiment. Over 
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the past several years, pharmaceutical scientists 
have provided several more specific definitions of 
the elements of quality by design and a draft of an 
annexure to ICH Q8 has been released. 
 

 
Fig.4: Process  [11] 

 
Elements  

 Identifying Target Product Quality Profile 
(TPQP). 

 Identifying CQA’s. 

 Design product and defining product design 
space. 

 Process design and defining process design 
space. 

 Defining control strategy. 

 Process validation. 

 Regulatory filings.  

 Process monitoring, life cycle management 
and continuous improvement. 

 
QUALITY BY DESIGN TOOLS 
1. Target product profile (TPP). [14, 15] 
The role of target product profile (TPP) is to serve as 
a tool for “quality planning” for the drug product 
with “the end in mind” i.e. a summary of the drug 
development program described in the context of 
prescribing information goals. A quality target 
product profile (QTPP) is a term which is a natural 
extension of TPP for product quality .A QTPP relates 
to the quality of a drug substance or the drugs 
products that is necessary to deliver a desired 
therapeutic effect .QTPP is a predetermined 
summary of the characteristics of the drug product 
that will ideally be essential to ensure the desired 
quality with respect to safety and efficacy of the 
product. These predetermined QTPP evolve over 

time during drug development and may be modified 
to incorporate new knowledge, as is warranted by 
ongoing clinical studies such a dose effect and 
toxicology data. 
 
2. Critical quality attributes (CQA). 
  Critical quality attributes are defined as physical, 
chemical, biological or microbiological properties or 
characteristics that need to be controlled to ensure 
product quality.( According to ICH Q8) CQAs as 
physical, chemical, biological or microbiological 
properties or characteristics that should be within an 
appropriate limit, range, or distribution to ensure the 
desired product quality. CQA has been used by some 
to describe elements of the TPQP while others have 
used CQA to describe mechanistic factors that 
determine product performance. Thus CQA is used 
to describe both aspects of product performance 
and determinants of product performance. 
 
3. Risk assessment  [16, 17, 18] 

A key objective of risk assessment in pharmaceutical 
development is to identify which material attributes 
and process parameters affect the drug product 
CQAs, that is, to understand and predict sources of 
variability in the manufacturing process so that an 
appropriate control strategy can be implemented to 
ensure that the CQAs are within the desired 
requirements. 
The identification of critical process parameters 
(CPP) and critical material attributes is an iterative 
process and occurs throughout development. During 
the initial phases of development, prior knowledge 
serves as the primary basis for the designation as 
there is not sufficient process / product 
understanding on the product under development. 
Therefore, the risks identified at the initial phases 
are perceived risks and as further process / product 
understanding is gained, the actual risks become 
clearer and a control strategy can be better defined. 
The risk assessment tools used in earlier phases of 
development therefore tend to be more qualitative 
and serve as a means to prioritize the 
experimentation. 
 
4.  Design space  
ICH Q8 defines design space as, the multidimensional 
combination and interaction of input variables 
(material attributes) and process parameters that 
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have been demonstrated to provide assurance of 
quality. Moving out of the design space is considered 
to be a change and would normally initiate a 
regulatory post-approval change process. The design 
space is proposed by the applicant and is subject to 
regulatory assessment and approval. Design space is 
potentially scale and equipment dependent, the 
design space determined on the laboratory scale 
may not be relevant to the process at the 
commercial scale. Therefore, design-space 
verification at the commercial scale becomes 
essential unless it is confirmed that the design space 
is scale-independent. Currently, generic drug 
sponsors obtain information about acceptable 
ranges for individual CPPs and CMAs at laboratory or 
pilot scales. 
Multidimensional combination of and interaction of 

input variables and process parameters that have 
been demonstrated to provide Quality Assurance 

 

 
Fig.5: Design space [17] 

 
5. Control Strategy  [19, 20] 
A planned set of controls, derived from current 
product and process understanding that ensures 
process performance and product quality…..” ICH Q8 
(R2) & Q10 
Control Strategy includes following elements (but 
not limited to):  

 Input material attributes (e.g. drug 
substance, excipients, container closure). 

 Equipment operating conditions (process 
parameters). 

 In-process controls.  

 Finished product specifications. 

 Controls for each unit operations. 

 Methods and frequency of monitoring and 
control.  

6. Life cycle Management and Continuous 
improvement 20-23 

After approval, CQAs are monitored to ensure that 
the process is performing within the defined 
acceptable variability that served as the basis for the 
filed process design space. The primary benefit of an 
expanded process design space would be a more 
flexible approach by regulatory agencies. In the QbD 
paradigm, process changes within the design space 
will not require review or approval. Therefore, 
process improvements during the product life cycle 
with regard to process consistency and throughput 
could take place with fewer post approval 
submissions. In addition to regulatory flexibility, the 
enhanced understanding of the manufacturing 
process would allow more informed risk assessment 
as per ICH Q9 regarding the affects of process 
changes and manufacturing deviations on product 
quality. Manufacturing, the experience grows and 
opportunities for process improvement identified 
are operating space could be revised within the 
design space without the need for post-approval 
submission. Over the lifetime of a product, process 
changes may be required to be made and may 
require process characterization, validation and filing 
of the changes to the approved process design 
space. The quality system needs to provide adequate 
oversight during QbD implementation of changes 
that will not go through regulatory approval. 
Robustness of the quality system would need to be 
demonstrated with respect to the following four 
elements: process performance/product quality 
monitoring; preventative/corrective action, change 
management and management review of process 
performance and product quality. 
 
PROBLEMS IN IMPLEMENTING QbD 
 1. Internal misalignment. 
2. Lack of belief in business case. 
3. Lack of technology to execute. 
4. Alignment with third parties. 
5. Inconsistency of treatment of QbD across FDA. 
6. Lack of tangible guidance for industry. 
7. Regulators not prepared to handle QbD 
application. 
8. The way promised regulatory benefits are 
currently being shared dose not inspire confidence. 
9. Misalignment of international regulatory bodies. 
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10. Current interaction with companies is not 
conducive to QbD. 
 
CONCLUSION  
The goal of QbD is to reduce product variability and 
defects, thereby enhancing patient efficacy and 
safety. Furthermore, it also helps in enhancing the 
product and process development depth and 
understanding which then directly improves the 

efficiency and helps to effectively manage the post 
approval changes. The elements QbD-QTPP, CQA, 
CMA and CPP enhance the product development 
process leading to a thorough product and process 
understanding, successful scale-up, control strategy 
and continual improvement.  Finally, product and 
process capability is continually reviewed and 
improved post approval during product lifecycle 
management. 
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