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Advance toward a scientific, risk-based, holistic, and protective approach for 

pharmaceutical product development, it acts as a bridge between industry and drug 

regulatory authorities. This project's goal is to discuss pharmaceutical quality by 

outlining how it can be used to ensure the contemporary method for ensuring 

pharmaceutical quality is quality by design. In order to pharmaceutical quality. Prior to 

the FDA implementing the present Good Manufacturing Practice, quality by test was 

the sole method to ensure the quality of pharmaceutical products. To fully comprehend 

the manufacturing procedures, the FDA broad Quality by Design (QbD) in pharmacy, 

which is founded on a thorough comprehension of how process variables and materials 

impact final product quality profiles. QbD is required to adopt innovative concepts and 

to comply with regulatory requirements. ICH guidelines for such a design space for 

example, FDA's Process analytical technology (PAT), Q8 pharmaceutical development, 

and Q9 quality risk management. 
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INTRODUCTION 

Quality is the principle that necessity has to be 

realized as long as the product has not been 

distributed and only then should the funding of the 

project be allowed.1 It is an interesting 

phenomenon indeed, to me, that business people 

will first simply declare what type of quality they 

want to produce and then only develop those 

features in their items which will help them 

produce the carefully chosen product lines and 

which production lines will always produce the 

similar products, i.e., in other words, only through 

the use of supplier warranties.2 The present 

situation is such that the QbD concept, the 

invincible mode of quality by design (QbD) and 

the one that will replace it, the "Quality by Design 

(QbD)," designs [no-combinator hypo]Quality by 

Design is the scientific, proactive, statistical, risk-

based approach that keeps pace with new 

https://www.ijpsjournal.com/
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technologies or capability improvement and 

allows the development of inventions and 

introduction of them to market, which is called 

QbD (fig. 1), and it refers to the use of a particular 

method and process control in the one that is 

mentioned, and the goods and/or services are the 

only ones that are of good quality] 3. The QbD 

methods are displayed in Figure 1. "In line with the 

FDA's current drug quality system ideology 

'quality cannot be tested into products; it should be 

built-in or should be by design,' the ICH Q8 

guideline describes Quality by Design as a 

scientific method that is a system-driven 

development that allowing predetermined goals 

and process understanding and process control not 

only based on sound science but also quality risk 

management'.4 How formulation and process 

characteristics affect product quality and maintain 

it in the desired state for the entire shelf life will be 

discussed, quality-by-design (QbD). The initial 

procession is to figure out the approved 

requirements for both matrices since QbD 

commences with the definition of the necessary 

product attributes. The quality attributes, which 

ensure product labelling that matches TPP on the 

technology side, are the centre of QTPP.5 After the 

QTTP has been defined, the next step is to find the 

factors that influence the QTPP and to discover 

those that make the QTPP possible. These are the 

product's critical quality attributes or CQAs. 

1.1 Advantages of QbD 

➢ It provides an increased level of trust about the 

genuineness of medicine production that helps    

thus the quality of pharmaceutical products. 

➢ Through This, the pharma industry gets end-

to-end optimization of costs and benefits. 

➢ The use of the strategy by the sponsors is the 

one that assures the approval of the drug 

product to be commercialized and by 

submitting on the market.6 

➢ This is by explaining that the sponsor knows 

and is confident in the control strategy for the 

product to be approved and marketed later. 

➢ A better understanding of the subject matter 

and the process itself. 

➢ Experiments that make use of the different 

variables. 

➢ It assists the validation, commercialization, 

and scale of processing to be transparent, 

rational, and predictable.  

➢ Feeding innovation with new drugs for non-

communicable conditions. 

➢ The design flexibility in the process.7 

2. STEPS IN QUALITY BY DESIGN 8,12 

➢ Quality target product profile (QTPP) 

➢ Target product profile 

➢ Critical quality attributes (CQA) 

➢ Risk assessment  

➢ Development of experimental design 

➢ Design Space (DS) 

➢ control Strategy 

2.1 Quality target product profile (QTPP) 

To get top-notch products, the patients' good 

health and safety of drugs should be specified by 

following the production requirements. Quality of 

a target product profile (QTPP) is a possible 

representation of a drug product's attributes and 

also is its key determinant of drug product 

quality.13 A decision has previously been 

established for the practical application of the 

methodology QbD. It is the QBD mechanism's 

central point of IT. The efficacy, impurities, 

stability, methods, and other parameters are 

regulated.14 A QTPP, a producer, can design a 

dosage form with the therapeutic action of the 

drug, drug release time, and reliability being the 

most important purposes. For example, the drug 

product's QTPP is made of a semi-solid dosage 

form.15 
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➢ Stability 

➢ Solubility 

➢ Consistency  

➢ Emulsifying and suspending properties 

➢ Assay  

➢ Solvent properties 

➢ Dose strength  

➢ Administration route 

The process of patient report submission is for 

QTPP purposes exclusively. E.g.: 1) Quality 

Target Product Profile (QTPP) includes tablet 

hardness and friability validations.16 However, 

these are not "QTPP" operations. Although the 

particle size of a resulting suspension is mostly 

dependent on these [the solid/liquid volume ratio 

and the syntax of operation], the QTPP here 

includes particle size as these properties.17 

2.2 Target product profile 

The target quality is communicated through the 

desired "profile" of the drug that is to be used in 

treating a specific ailment or disease in a target 

product profile (TPP). TPPs are areas that include 

information such as the target populations, the 

medicine's intended use, trademarks, and other 

qualities like safety and efficacy.18 The 

development of new products is supported by 

profiles. TTP (or the Target Product Profile), a 

vital document, is the one that the F and D 

administration receives to get more details on the 

drug development process. A TPP is designed to 

make sure that the manufacturer's development of 

the drug is efficient and that all the necessary data 

is available for evaluating the medicine's 

economic potential.19 Explaining the general 

purpose of the drug along with the current stage of 

progress at the time is the purpose of this 

paragraph The TPP for communication between 

the FDA and the manufacturer. The TPP in 

previous years had been a vehicle for interaction 

between the FDA and the drug maker. The TPP is 

communication between the FDA and the 

manufacturer.20 The TPP consists of drug labels' 

portions that form connections between particular 

concepts and drug development activities. A TPP 

should continuously be up to date with the latest 

facts and developments concerning the phase of 

the drug's clinical development as it is a dynamic 

document. The document must also be updated 

frequently.21 

2.3 Critical Quality Attributes [CQA] 

A Critical Quality Attribute is a set of quality 

criteria that need to be fulfilled so that the product 

would have good quality. They also include some 

of the QTPP characteristics. Chemical, Physical, 

Microbiological, Biological properties can be 

assessed as being CQA.22 The three validation 

procedures are the processing design, the process 

validation, and the ongoing process validation. 

The CQA is identified in the process design stage 

are discussed here. The associated topics listed 

above are not sufficient in assuming the 

importance of CQAs.23 

The following elements are essential to identifying 

CQAs.  

1) Depends on the attributes of the final product. 

2) Pharmacopeia and regulatory quality standards. 

3) Criticality degree of each of the identified 

quality attributes.   

But some can be less critical (or not critical at all), 

and some can be more critical.24 That is why it is 

required to determine the Critical Quality 

Attributes and then the Quality Risk Management 

process will be used to evaluate them. Employees 

with experience in such a field as well as previous 

knowledge are required for the risk grading 

evaluation. 
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Fig1. ICH guideline and QbD

2.4 Risk assessment 

Risk assessment is the activity of recognizing 

dangers and evaluating of risks associated with 

these dangers. To help officials arrive at the best 

solution during the risk management process, its 

risk will sort data. The basic pillar of the risk 

management concept is the analysis of risks: 

others are the control and review.25 Risk control is 

both the use of control and the making of the best 

decisions. It can be used to reduce the threat to a 

level that is possible to control. Risk management 

is thus the best strategy for redeeming risks in the 

future.26 Risk communication is an activity that is 

conducted between concerned parties like the 

industry, the patient, the company, the supporting 

regulatory body, etc. to use it as an important 

component of risk management. Risk 

communication at any stage of risk management is 

important to maintain. Its termination might be 

buried in complexities.27 The content, among other 

quality criteria, incorporates the nature of risk, i.e., 

what has been, what is the risk, if any, and what is 

the situation now, the treatment, and control. Risk 

identification, risk analysis, and risk evaluation are 

the three components of risk management.28 

Hedging facts with historical data, theoretical 

analysis, overall performance, etc. are among the 

methodologies used to identify risk. 

The ICH Q9 however, suggests the risk assessment 

tools: 29  

➢ Risk ranking and filtering Initial hazard 

analysis [IHA] 

➢ Critical control point and hazard analysis. 

➢ Failure mode effect analysis [FMEA] 

➢ Hazard probability analysis. 

➢ Failure mode, effects, and criticality analysis 

[FMECA] 

2.5 Design of experiment (DoE) 

Risk assessment should be performed before the 

design of the experiment is committed. In the 

context of "design of experiments," or DoE, we are 

talking about the use of a step-by-step structured 

methodology to figure out where each element 

affecting a procedure stands in the scheme of 

things.30 Pharmaceutical scientists can also 

systematically manipulate the system inputs that 

DoE software offers using DoE which is a great 

procedure. The basic ingredients to a perfect 

design are an elaborate plan and the production 

process in an efficient way. Mechanistic-based 

research and DoE studies are working together to 

advance our knowledge of products and how they 
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are produced.31 Performing DoE is an effective 

way of visualizing how the inputs and outputs of 

processes are related. It can also help define the 

Design Space, CMAs, CPPs, and the best possible 

conditions. It is logical to utilize DoE to develop a 

Design Space for multivariate studies. The term 

Design Space as used here by ICH Q8 Quality 

System Development refers to the whole 

combination of inputs (e.g. material quality) and 

process parameters (pp). These were the factors 

that we used in our study that indicated that the 

final product was of good quality as per what ICH 

Q8 has characterized the Design of Space   Reports 

indicates that confirming changes are within 

acceptable Design Space will not require 

companies to file supplements with the FDA to 

expand (e.g. increase) the acceptance criteria. 

Since the QbD project was made public, many 

studies have been carried out on drug delivery 

systems as presented in Table 1. The near future 

broader use of DoE will result in highly efficient 

research accompanied by improved quality of the 

products. DoE is effective even in the research and 

development of other dosage formulations and unit 

operations, besides injectables. 32-37 

2.6 Design Space (DS)  

Under ICH Q8(R2), the term design space is 

defined as "the multidimensional amalgamation 

and interrelation of input variables and process 

parameters that have been substantiated to 

guarantee quality assurance. One time the CQAs, 

CMAs, and CPPs are all arranged, a design space 

can be occupied. The design space is a collection 

of CQA, CMA, and CPP variables that the product 

can be among to meet the QTPP's prescribed 

requirements.38 In some cases, several criteria or 

many different parameters of one can be run to find 

the design space. The design space is a part of the 

repertoire or the described space that the output 

cancels the requirements or the acceptance criteria. 

Therefore, making a design space means assuring 

quality which proves that the product is all safety, 

identity, purity, and strength requirements 

compliant. The CMAs and CPPs cannot be treated 

as changes if they generate CQAs, which are 

within the limits of the design space. 39 The 

generation of the design space would make it 

possible for the engineers to specify the range of 

experimental input variations to be used in the 

development of a process that is dependable and 

robust. The design space may encompass the 

operational area or control space so that the output 

will remain within the internal target range. The 

need for PCC that is assumed for the post-approval 

change process results in the situation when one 

has to work outside the design space.40 However, 

the aftermath clarity enhancement is not perceived 

as a change, if the work happens within the design 

space after the FDA clearance. 

2.7 Control Strategy 

A control strategy is the fundamental concept of 

the control strategy which is laid out by the 

different parameters that were reviewed in the 

design development process. It has three levels: 

➢ Level 1: The automatic engineering control 

monitors the CQAs. This high-compliant level is 

labour saving, and the automatic adjustment of the 

product quality standards is guaranteed. Class III 

prioritizes real-time release testing over end-

product testing as it enhances the quality assurance 

of the goods. For real-time release testing, a 

process analytical approach is used.41 

➢ Level 2: This activity will not only reduce the 

number of tests done on the final product but also 

allow an understanding of how variation affects 

the products. This minimizes product testing. It 

comprises significant process parameters and 

quality qualities.42 
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➢ Level 3: The usual level of control is the 

medicine development area, which is typical in 

pharmaceutical sectors. This stage is mainly about 

performing the test on the result. Even a minor 

alteration is disclosed under the regulatory process 

because of the restricted categorization of 

variables, lack of information, stringent CMAs and 

CPPs, and incomprehensive understanding of their 

relationships with CQAs. A composite of level 1 

and level 2 is the current practice being followed 

at this moment. For example, a plan for a 

microbiologically, manufacturing, quality, and 

contamination control strategy must be 

implemented to produce a sterility product. 

 The control plan includes the following points: 

➢ The required process parameters and the 

material properties are regulated. 

➢ Real-time release testing and end-product 

testing. 

➢ The main focus for utilizing this software is 

tracking alternations in the code throughout               

the project.                        

➢ The management of vital unit functions is 

done according to risk (evaluation level).43 

 3. Application of QBD 44 

➢ To check whether the final product meets the 

expected standards. 

➢ To give space for creative ideas. 

➢ To support ongoing development. 

3.1 Benefits of implementing QBD for FDA 45-47 

Enriches information in regulatory submissions - 

➢ Supports greater consistency. 

➢ More coherent. 

➢ Enriches the quality of the review (applying a 

QMS for CMC) 

➢ Enhances the aspect of making decisions 

beyond the norm. 

➢ Affirms that decisions are rooted in research 

rather than in your common knowledge. 

➢ Combines various specializations in making a 

decision. 

3.2 Benefits to industry 

➢ Guarantees perfect product design with fewer 

contingent problems during manufacturing.48 

➢ Enables the use of new technologies to 

increase manufacturing without the need for 

regulatory actors; it is dependent on process 

and risk understanding and risk mitigation to 

shorten the number of manufacturing 

supplements that are required for post-market 

adjustments to be made.49 

➢ Means less hassle during the review - less 

flaws - quicker turnaround - also enables 

potential cost savings in production - less 

wastage.50 

CONCLUSION 

Quality by design (QbD) is a key instrument of the 

pharmaceutical field which has a long-standing 

broad usage in the business environment of today. 

Due to this fact, ICH has invented rules for how 

QbD has to be applied to the everyday practice of 

the business. Not enough papers have been 

produced to deal with the pros and cons of 

applying QbD to each use case. So here, an attempt 

is made to join QBD models down with clear and 

specific experimental methods of the topic. The 

principal objective of a well-defined method, 

development is to be able to establish a reliable 

technique that is capable of consistently producing 

data that meets the set of demanded criteria and 

runs within the set of clients with a high degree of 

confidence. It is not only employed to develop the 

method but also to assess the capability of the 

analytical process. If we are trying to recognize the 

dependencies, we need to look at the potential 

components (inputs) and main analytical reactions 
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investigated throughout the method development 

process. A method akin to the one in ICH Q8 and 

Q9 for process development, which is also focused 

on finding critical analytical variables, is 

employed. A corporate knowledge repository 

should be set up to support the collection, review, 

and addition of the most important information in 

the future so that the process can be improved by 

using the learned lessons. (Here, reference to) a 

particular technology being considered as well as 

other similar techniques being applied to different 

products are needed. The repository, which is 

based on the principles laid down in the ICH Q10 

draft, will satisfy the need for method change 

control as well as its improvement during its 

lifecycle. A QbD approach supported by a risk-

assessed change control system took over so that 

instead of just applying ICH validation and 

analytical technology transfer, one could check if 

a proposed technology could perform well via risk 

assessment hence the need for continuous 

improvement. An in-depth risk assessment is 

needed each time the technique is switched. In the 

event of change discovery, a method assessment is 

performed. Such as by making it have the ability 

to drive the method's identified design space 

expansion. 
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