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INTRODUCTION 

Quality 

Quality refers to a product's "suitability or standard for 

intended use," and includes characteristics like potency, 

purity, and identity.
[1] 

 

Raise in the governing hurdles for the accordance of new 

molecular objects, patent terminations and enlarged 

healthcare costs have lead to in more focus in the charges 

connected with the manufacturing and development of 

pharmaceuticals. It has been valued that several 

pharmaceutical processes operate at 2.5 – 4.5 sigma 

quality levels, but source intensive pharmaceutical 

concern quality systems achieve 5 sigma quality levels 

by arrangement, alternative, and so on to prevent faulty 

product leaving the workshop. During the heydays of the 

pharmaceutical business, there was minor focus on the 

yields, number of faults, etc., and the quality 

administrations of the companies were more focused on 

obedience based on inspection of the final products. 

Most of the invention development tended to be iterative 

and empirically designed. Thus, changes were 

determined by the need to modify the process during 

scale-up or due to the formulation deteriorating to meet 

the desired shelf life of the product. During phase 3, 

changes were kept to a lowest to avoid the need for 

exclusive bioequivalence studies to bridge between the 

CTM and the viable product. Thus, manufacturing 

processes were fixed and the excellence of the product 

was measured by end product testing. In this case, 

quality is not made in to the product and is accomplished 

by end product testing. This approach is ineffective and 

does not facilitate constant improvement. In the past, 

there also existed a notion that the regulatory processes 

and requirements barred manufacturing developments, 

which in turn prevented the renewal of the 

pharmaceutical industry. The initiation of the cGMPs for 

the 21st Century Creativity. and the publication of the 

PAT guidance
[3]

 in 2004 by the FDA paved the way for 

the innovation of the pharmaceutical industry. In July 

2003, experts from the three regional groups working on 

quality issues within ICH developed a structure for a 

future pharmaceutical quality system. This description 

recognises that this initiative will support regulatory 

activities by allowing them to better prioritise and 

distribute resources, and patients will benefit from 

increased access to drugs and improved quality as a 

result of this initiative.
[2]
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ABSTRACT 

Quality by design (QbD) is a critical component of today's pharmaceutical quality advancements. QbD is the most 

effective way to ensure that all pharmaceutical products are of high quality. This paper discusses Pharmaceutical 

Quality by Design (QbD) and how it can be used to ensure the quality of pharmaceutical analysis. It is critical to 

define desired product output report under this definition of being in the design and growth of the product. Identify 

important quality attributes and establish a target product profile (TPP) and a quality target product profile (QTPP). 

To understand how raw material critical material attributes (CAM) and critical process parameters (CPP) affect 

CQAs, as well as to identify and monitor sources of changeability. The ICH Guidelines are the cornerstone of 

Quality by Design. It is based on the International Conference on Harmonization (ICH) Guidelines Q8 for 

pharmaceutical production, Q9 for quality risk management, and Q10 for pharmaceutical quality systems. 
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Figure 1: ICH vision for the future pharmaceutical quality system. 

 

“Quality by design (QbD),” although a new idea to the 

pharmaceutical industry, is a annoyed and tested concept 

that has been in survival for quite a few years and has 

been broadly applied in the automotive, the 

semiconductor, and the petrochemical industry. Juran 

and Deming extensively documented the idea of building 

quality into goods. The popular theme running across all 

of the interventions is "scheduling for quality," or 

"building quality into the product" as opposed to the 

conventional paradigm of "checking for quality." Quality 

planning, quality management, and quality growth are 

three important aspects of quality planning according to 

the Juran trilogy definition. Quality planning is the 

process of identifying a customer's needs and designing a 

product and process to satisfy those needs.
[3] 

 

ENABLERS OF QUALITY BY DESIGN  
The main enablers of QbD are information management 

and quality risk management. They play an important 

role in the growth and implementation of QbD. They aid 

in the realisation of a product, its launch and 

maintenance of control, and, finally, continuous 

improvement. 

 

Quality Risk Management  

For the growth and application of QbD, QRM is a critical 

enabler. It allows capitals to be focused on the perceived 

serious areas that affect invention and method during 

growth. It's one of the tools that enables you to be 

proactive in identifying, measuring, and managing 

potential quality risks.
[4] 

 

ELEMENTS OF QUALITY BY DESIGN ICH 

Q8(R2)  

The fundamentals of quality by design are covered in 

Pharmaceutical Growth. These, along with the enablers, 

form the foundation for the QbD development approach. 

In pictographic form, Figure 2 depicts the typical 

elements of QbD. This segment delves into each of the 

components in depth and shows how they're used 

inmanaged release items. 

 

 
Figure 2: Elements of quality by design. 
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Quality Target Product Profile (QTPP) 

Essential Elements  

 Quality characteristics: sterility, purity etc. 

(including specific safety-related impurities where 

necessary) 

 Pharmacokinetic characteristics: dissolution etc.  

 Therapeutic effect  

 Target patient population: neonate, adult etc., 

clinical diagnosis  

 Shelf life: temperature, light conditions etc. 

 

Desired Elements  

 Dosage form: liquid for injection, solid tablet etc. 

 Route of administration: oral, IV, IM, SC 

 Clinical setting: self or clinic administration  

 Primary/secondary packaging: glass or plastic 

vial/syringe; blister packaging etc.  

 

Identification of Critical Quality Attributes 

Critical Quality Attributes (CQA) 
Method characteristics and method parameters are 

included in CQA for analytical methods. Different 

critical quality characteristics apply to each analytical 

approach. Diluent, Mobile phase buffer, pH, column 

choice, organic modifier, and elution method are all key 

quality characteristics in high performance liquid 

chromatography. oven temperature, Gas flow and 

programme, injection temperature, sample diluent, and 

concentration are all important quality characteristics in 

gas chromatography processes. polarity, boiling point, 

Solubility, charged functional groups, pH value and 

solution stability are all essential quality characteristics 

for analytical method growth that can be defined by the 

nature of impurities and DS. 

 

Risk Assessment  

Risk evaluation is a science-based technique that can 

understand material properties and process parameters 

and is used in quality risk management. Risk assessment 

may be done at any point in the method creation process, 

from the beginning to the end. Analytical quality by 

design includes defining threats early on in the process, 

then designing adequate mitigation plans in accordance 

with regulator strategies. The Ishikawa fishbone diagram 

can be used to define and measure risks in general.
[5]

 

 

 
Figure 3: Fishbone diagram. 

 

Design of Experiments (DoE)  

Design of experiments may be used to sanction and 

modify important process variables based on statistical 

significance. 
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Figure 4: analytical QbD relation with synthetic development. 

 

It can be measured per-unit-phase or as a combination of 

multiple system variables, their interactions, and 

responses. This method is an excellent way to test a large 

number of scenarios with a small number of trials. Then, 

based on the results, identify extreme method variables 

as well as the required optimal ranges for method 

variables where a robust region for the crucial method 

attributes can be obtained using statistical methods. 

Robustness is described by the ICH Q8 as a process' 

ability to withstand material variability, as well as 

changes in the process and equipment, without 

sacrificing performance. The drug constituent artificial 

process robustness, impurity profile, physicochemical 

properties, process ability, and stability will be 

influenced by the initial materials properties. By 

analysing various operating conditions, weights, and 

equipment, process comprehension can provide 

appropriate information for evaluating robustness 

parameters.
[6] 

 

 
Figure 5: Method requirements for impurity profile. 
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Analytical quality by design Method Validation
[7-19]

 

The validation of analytical methods through a variety of 

API sets is referred to as analytical consistency by design 

method validation
.[7]

 It creates process validity for all 

forms of API manufacturing changes without 

revalidation by combining design of experiments and 

MODR specifics.
[8]

 The approach includes details on 

relations, measurement uncertainty, and control 

technique, as well as the ICH validation fundamentals.
[9]

 

This method necessitates more resources than the 

conventional validation method while retaining high 

quality.
[10] 

 

There are a number of approaches and options for 

method construction, according to Reid et al, including 

the use of different types of software, stationary stages, 

columns, and so on.
[11]  

No single approach, they say, is 

―correct,‖ but a more efficient approach will have a 

better understanding of the separation space and process 

robustness faster than less organised approaches.
[12]  

The 

most important factor to consider is that the 

implementation method must be suitable for the 

proposed purpose, as demonstrated by method creation, 

and that method performance must be checked as 

required. The system specifications must be defined in 

detail, and these parameters are used to create a method 

that satisfies the program's requirements. As seen in the 

diagram below, they proposed a work flow for analytical 

consistency by design.
[13]

 

 

 
Figure 6: AQbD workflow by George L. Reid (Pfizer USP). 

 

In an AQbD setting, the following 5 steps are used to 

establish analytical methods: 

 First step- It defines ATP by displaying the method 

requirements and performance criteria. A suitable 

instrument technique may be chosen based on the 

method's basics, allowing the method to achieve the 

desired results.
[14]

 

 Second step- Following the selection of an 

appropriate analytical tool, a standardised procedure 

for sample preparation and analysis will be 

developed through a series of trials. The aim of an 

activity trial is to get a rough understanding of 

robustness and set the method condition.
[15]

 

 Third step- Risk evaluation can make use of the 

information gained during method creation. Risk 

evaluation is used to classify risk factors that should 

be investigated further in a DOE.
[16] 

 Fourth step- The machine operable architecture 

region (MODR) and a control strategy are created 

using the design of experiments. The definition of 

Reid et al's method operable design region is the 

same as Design Space. At any point during the 

MODR, the method's Normal Operating Condition 

(NOC) will be considered, and the method's 

operable architecture region and NOC will be tested 

and validated. 

 Fifth but continuous step: Analytical quality by 

design entails knowledge management, which means 

that knowledge gained through process optimization, 

creation, verification, and use should be gathered, 

applied, and shifted across the method's life cycle.
[17] 

 

Applications of QbD in analytical method 

development 
Pharmaceutical companies are embracing the definition 

of QbD because it helps to advance a rugged and 

robust/strong system that helps to comply with ICH 

guidelines. This approach assists in method development 

over time.
[18] 

 

1. For Chromatographic technique 

 for UHPLC 

 for the detection of impurities 

 for the purpose of stability checks 
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 for the purpose of chromatography column 

screening 

 for the production of an HPLC system  

 for the content of drug products 

 for capillary electrophoresis  

 

2. For hyphenated technique  

 for LC-MS method development  

 

3. for bioanalytical method development  

 

4. for dissolution studies  

 

5. spectroscopic measurement  

 for IR spectroscopy 

 for mass spectroscopy 

 for handling complex spectroscopic data 

 

6. for modified release products 

7. for tableting process  

8. Nanosuspension preparation  

9. for analysis of API and Excipients  

10.for Biopharmaceuticals 

Advantages of QbD for industry  

In the event of a change of circumstances, the proven 

approach would be more stable, providing a higher 

degree of assurance.
[19] 

 It leads to a deeper understanding of the process. 

 When moving a process from the examination stage 

to the quality control department, this technique has 

a higher success rate.  

 The design space concept avoids post-approval 

modifications, which could result in a high fee for 

any firm. 

 It offers a space for the advancement of cutting-edge 

techniques by continuous improvement over the life 

cycle. 

 

For Food and Drug Administration  

 Promote greater flexibility in decision-making. 

 Strengthen the conceptual foundation for research 

 Confirms conclusions based on research rather than 

observational evidence 

 Have superior quality 

 

 

 

Pharmaceutical aspects: Traditional vs. QbD Approach
[20-21] 

Table 1: Traditional vs. QbD Approach. 

Traditional Analytical Method Development QbD (Lifecycle) Analytical Method Development 

As specified in the ICH Q2 guidance, Validation of 

Analytical Procedure: Text and Methodology, 

methods are validated as a check-box tool. 

Suitability of a system is demonstrated against an analytical 

target profile, which determines the process management 

strategy's basic characteristics and parameters. 

Differences in method parameters have a less well-

understood impact on method efficiency. 

A systematic methodology focused on science for detecting 

and investigating method variables and their effects. 

Method transfer is seen as a different operation from 

validation. 

System-transfer practises are called change management 

exercises and are seen as components of the life cycle 

approach. Effective method implementation and verification 

actions are decided through assessment. 

In a conventional approach, concepts like process 

verification, method, method validation, and 

revalidation can be confusing. 

More specific concepts associated with method validation and 

equipment certification terminology are used in the lifecycle 

approach. 

Method validation was once a one-time event that 

took place after the method construction was 

completed. 

During the entire life cycle of a system, method life cycle 

validation was used to conduct all activities that ensure the 

method produces fit-for-purpose results. 

Method transfer refers to the events that occur when a 

method is transferred from a transmitting unit to a 

receiving unit, demonstrating that the two units are 

equivalent. 

The tasks conducted to ensure successful system setup in the 

routine operating environment, as well as information transfer 

from the sending device, are included in method installation. 

Method testing ensures that pharmacopeial methods 

work in real-world situations; revalidation is done 

after adjustments to validation characteristics that are 

likely to be affected. 

Demonstrating that a system works as expected after a change 

in the method's operating conditions or operating environment 

is called method output verification. 

 

CONCLUSION  

This paper discusses the idea of QbD and describes how 

it varies from traditional approaches. After reading this 

document, you should have enough knowledge to 

determine how and when to incorporate QbD in your 

business.  

 

Using QbD correctly can have a range of advantages in 

terms of growth and manufacturing: 

 More cost-effective usage of production time and 

resources 

 Willingness to comply with FDA submission criteria 

and standards 

 FDA approval times are shorter, and there are fewer 

questions. 
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 Immediate reaction to any manufacturing flaws. 

 

Bad production that spirals out of control can have 

disastrous consequences for the advertised product. 

Fortunately, using QbD, a more modern, scientific 

method that formalises product design and production 

and removes trial-and-error troubleshooting, these costs 

and delays can be prevented. 

 

Despite the many tangible benefits of QbD, most 

businesses are unaware of the definition, its meaning, or 

how to effectively execute it. QbD implementation 

requires a committed, disciplined, and long-term 

commitment. 

 

Additionally, a sense of urgency now exists as the FDA 

began strongly encouraging all drug product applicants 

to use QbD. Deficiency letters will now explicitly cite 

the lack of QbD.  
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