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ABSTRACT

Quality by Design (QbD) is a systematic
approach used to develop, produce, and control
high-quality products. The review article aims to
provide a concise overview of the QbD approach
employed in the formulation, development, and
evaluation of Fixed-Dose Combination (FDC)
tablets. This will buttress on the essence of the
usage of this approach by pharmaceutical
companies and healthcare providers to plan and
achieve desired products for effective treatment
and meet patients’ needs. In view of this, the
review paper highlights the general concepts of
QbD and discusses some approaches that are
employed to formulate fixed-dose combination/
ilayer tablets. The current review also highlights
some challenges that might impede the
patronage of QbD approach. It is established that
the utilization of QbD methodology has proven to
have impacted positively and helped in the
optimization of the quality of fixed-dose
combination/bilayer tablets. QbD is a regulatory
requirement for product development in all
regulated markets, and its implementation leads
to an improvement in product safety, quality,
and patient compliance. Despite the challenges
associated with its implementation, the benefits
are numerous, and it is an essential tool for
producing high-quality pharmaceutical produ-
cts.
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l. - INTRODUCTION

The concept of quality by design was succinctly
summarized by the quality expert, Joseph Moses
Juran in his trilogy published in 1992 [1]. He
believes that a product's quality can be carefully
planned in advance, and any issues with the
product's quality can be traced back to the
planning process. In other words, if a product is
planned out effectively, it is more likely to turn
out as originally intended, with high quality
standards [2][3]. The Quality by Design (QbD)
methodology is a systematic approach to
development that is based on scientific evidence
and quality risk management. It involves setting
predefined objectives and takes into consideration
the understanding and control of both the product
and manufacturing process. The QbD approach
emphasizes the importance of designing a design
space that allows for adjustments to be made
during the production process [4]. During the 21st
century, the FDA introduced Quality by Design
(QbD) and Process Analytical Technology (PAT)
principles in 2003 with the goal of improving the
quality of drug products from the very beginning
of the development process. These principles are
outlined in the International Council for
Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use (ICH) Q8, Qo,
and Q10 guidance documents[5]. A decade ago,
the traditional Quality by testing (QbT) approach
was used to ensure the quality of drug products by
checking them against regulatory specifications. It
has been realized that quality must be built into
the drug from the beginning rather than tested
after it is manufactured [6]. In the pharmaceutical
industry, two approaches for ensuring product
quality are Quality by Testing (QbT) and Quality
by Design (QbD). QbT involves testing finished
products to ensure they meet preestablished
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standards. On the other hand, QbD involves
focusing on the critical quality attributes of the
product and manufacturing process from the
outset of development and production to ensure
the product meets its intended quality and
performance standards. The key principle of QbD
is that quality should be integrated into the
product from the beginning, rather than being
tested at the end[7].

QbD can be applied in developing fixed-dose
combination drugs to achieve the desired quality
and therapeutic effect on patients [8]. Studies
have shown that fixed-dose combination drugs
can have drug interactions as well as issues with
how the drug moves through the body and how
the drug affects the body [9]. Despite these
challenges, fixed-dose combination drugs offer
several benefits, such as reducing the number of
pills patients need to take, lowering the risk of
adverse reactions when compared to higher doses
of monotherapy, and also being more effective
[10]. When developing a drug, various factors
such as drug substance, excipients, container
closure system, production processes, and quality
control tests all play important roles in
determining the quality of the final product. To
ensure that the quality is up to standards, critical
formulation attributes and process parameters are
typically defined and regulated. This is an
important responsibility in the drug development
process [3]. The aim of this review is to provide a
comprehensive and in-depth overview of the
Quality by Design (QbD) approach for the
formulation, development, and evaluation of
Fixed-Dose Combination (FDC) tablets. This
review is unique in that it specifically focuses on

fixed-dose combination/bilayer tablets. It is
intended to assist pharmaceutical companies and
health service providers in planning FDCs to
achieve their desired products, ensure efficient
treatment, and meet patients' demands.

Il OVERVIEW OF THE QUALITY BY
DESIGN METHODOLOGY

The Quality by Design (QbD) methodology is a
structured approach used in pharmaceutical
research and development to improve the quality
of new drugs. It achieves this by integrating

analytical and risk management methods
throughout the design, development, and
manufacturing stages [11]. QbD enables

pharmaceutical manufacturers to accumulate
knowledge throughout the drug substance or
product's lifecycle, which allows them to
proactively mitigate potential errors and
manufacturing issues. This method enables them
to take proactive measures in identifying and
fixing potential errors and manufacturing issues.
[12][13]. Quality by Design (QbD) is a versatile
approach that can be applied to optimize most of
the pharmaceutical unit operations [14]. QbD and
QbT are two important concepts in pharmace-
utical development and manufacturing. While
they share the common goal of ensuring the
quality of pharmaceutical products, they differ in
their approach to achieving this goal.
Understanding the differences between these two
concepts can help pharmaceutical companies
choose the most appropriate approach for
ensuring the quality of their products. Table 1
highlights some of the key distinctions between
quality by testing and quality by design.

Table 1: Differences between Quality by Testing and Quality by Design [15]

Quality by Testing (QbT)
Based on trial, error and understanding
approach

Performance is guaranteed by product
testing and validation

The method is based on batch trial and
validation report

The method is frozen and discourages
changes.

A rigid process that avoids changes:
causing a burden to the FDA.

Qua]ﬁy I:'ly'Design (QBD)

Based on a systemalic approach

Quality is constructed in the robustness and reproducibility
of the method buili-in method development stage

Based on method performance to ATP criteria

The method is flexible and allows continuous
III'IIIJI'U vement.

A flexible process that accepts changes within the design
space: not required to add supplements to FDA.
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Although a promising approach for producing desired products, QbD has also got shortcoming which

are summarized in Table 2.

Table 2: Advantages and Disadvantages of QbD

Advantages of QbD

It offers a higher level of assurance regarding the quality of the medication
product

Implementing it can be costly, as it requires additional resources, such as
trained personnel, specialized software, and equipment

It gives the pharmaceutical business cost savings and efficiency

QBD is a detailed and time-consuming process that involves identifying key
factors that affect quality, verifying that the design meets the standards, and
monitoring and controlling the quality of the final product or process

It creates transparency, reason, and predictability in the scale-up,
validation, and commercialization processes

It is a structured and systematic approach, which can Iimit flexibility and
creativity in product development. This can be a disadvantage when dealing
with new or innovative products.

It makes the pharmaceutical manufacturing process more efficient and
lowers production costs and product rejects

It is not suitable for every product or process. It is mainly applied to products
or processes that are relatively stable, consistent, and well-understood

It also gets rid of batch failures

It requires a lot of data collection and analysis to assess the impact of
changes. This can be difficult when dealing with complex processes or
systems.

It lowers the CMC supplement and encourages continual improvement

It relies heavily on data to make decisions and identify areas for
improvement. If the data is inaccurate or incomplete, it can lead to incorrect
conclusions and ineffective solutions

It improves chances for approval during the first cycle

It requires a lot of documentation, which can be time-consuming and
difficult to maintain. This can lead to delays and errors

The fundamental components of QbD encompass several crucial elements, namely, the Quality target
product profile (QTPP), Critical quality attributes (CQAs), Risk assessment, Design of experiments

(DOE), Process analytical technology (PAT), and

Quality Target

Attributes (CQA)

ELEMENTS OF QUALITY BY DESIGN

Profile (QTTP)
That identifies the

[ Critical Quality

Control strategy as summarized in Figure 1 [14].

Product

]

Risk Assessment

(RA)
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Figure 1: Flowchart Showing the key Elements of QbD and How they Relate

safety and efficacy[16]. To ensure high-quality

The quality target product profile (QTPP) is a
prospective summary of the quality attributes of a
drug product that should be taken into
consideration to assure the intended quality,

drugs, the qualities are established based on
feedback from pharmacists, physicians, and
patients. This approach takes into consideration
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both the pharmaceutical equivalent and
bio-equivalent factors[17]. Additionally, the drug's
quality target product profile aligns with the
QTPP template outlined in the USFDA guidance
document for fixed-dose combination tablets[18].

The identification of Critical Quality Attributes
(CQAs) is done through risk assessment as per the
ICH guidance Q9. CQAs are generally associated
with the drug substance, excipients, intermediates
(in-process materials), and finished drug
products. They are summarized on the basis of
quality attributes identified as a target along with
the justification for being so. The identification
and understanding of Critical Quality Attributes
(CQAs) is crucial in drug development. For drug
products, CQAs include physical attributes, assay,
content uniformity, drug release/dissolution,
degradation products, and impurities, while
critical material attributes of drug substances are
based on physical, chemical, and biological
characterization[19]. Excipient functionality and
material qualities such as salt, solid forms,
particle size, and morphology can also influence
CQAs. Raw materials, starting materials, reagents,
solvents,  processing aids, intermediates,
packaging, and labeling materials are used.
Material qualities can be quantified and fixed, but
they may also change throughout processing,

including impurity profile, porosity, specific

volume, and sterility[20].

In quality by design, refers to a range of operating
conditions where a process or product can
perform as intended and meet quality standards
[21]. It is defined by input variables such as
temperature, pressure, and composition, which
produce consistent product quality.

Understanding the underlying processes,
experimentation, and risk assessment help
identify key process parameters (KPPs) and
critical quality attributes (CQAs) to define the
design space. Systematic exploration of the design
space optimizes the process of product design,
reducing variability and increasing quality.
Knowledge of the design space enables the
implementation of appropriate process controls to
ensure product performance within the defined
limits [22].

V. TOOLS USED IN THE QBD

APPROACH

There are several tools and techniques used to
ensure that the final product or process meets the
desired quality standards. Some of the most
commonly used tools include. This is summarized
in Table 3.

Table 3: Tools used in the QbD Approach

Purpose

Determine critical elements that
influence a process/product’s quality

Key Features

Systematic varying of inputs to assess their influence
on output, exploration of design space to find elements
with the biggest influence on product quality

Incorporate existing knowledge about
process/product into design process

Includes information about materials, equipment, and
manufacturing processes, as well as data from previous
studies or experiments, used for risk management

Systematic identification and
. assessment of potential risks related to
a product/procedure

Hazard identification and risk characterization to
assess the likelihood and seriousness of hazards,
implementation of risk mitigation strategies such as
process/product design changes or testing

Mathematical representation of a
process/system that details underlying
physical and chemical processes

Used to enhance understanding of underlying
processes and to optimize the design of the process or
product, can simulate behavior and identify important
process parameters and relationships

Collection of tools and techniques for
understanding, controlling, and
optimizing manufacturing processes in
real time

Enables continuous monitoring and control of
manufacturing process, real-time monitoring of critical
quality attributes, identification of key process
parameters and relationships, definition of design
space

A Review on the Application of Quality by Design Methodology in the Formulation, Development, and Evaluation of Fixed-Dose Combination
Tablets

Volume 23 | Issue 12 | Compilation 1.0

(© 2023 Great Britain Journals Press



V. FIXED DOSE COMBINATION (FDC) biological product [23]. They are also known as
DRUGS single-pill combinations [24]. FDCs can be

o ) ] grouped into three (3) types based on the number
The Food and Drug Administration, USA definesa ¢ drugs present in the product. However, there

combination product as a product composed of .0 1)5th therapeutic and non-therapeutic benefits

any C(?mbination of a drug .and a device or a  yplo £ and drawbacks to the FDC drugs [25]
biological product and a device or a drug and a

biological product or a drug, device, and a

Table 4: Types of FDC Drugs Based on the Number of Constituent Drugs Present

Type of FDC drugs Examples

Two dose combination Augmentin = Amoxicillin (250 mg) + Clavulanic acid (125 mg)

Co-trimoxazole = Sulphamethoxazole (800 mg) + Trimethoprim (160

mg)

Three dose combination Rinizide = [soniazed (100 mg) + Pyrazinamide (375 mg) + Rifampicin
(150 mg)

Four dose Combination Sinarest = Paracetamol (500 mg) + Phenylephrine hydrochloride (10

mg) + Chlorpheniramine maleate (2 mg) + Caffeine (30 mg)

Table 5: Therapeutic and Non-Therapeutic Benefits of FDCs

Therapeutic advantages of FDC products

Advantage Description
Combining two or more drugs in a single FDC product can provide a synergistic
therapeutic effect that is more effective than the individual drugs administered
Synergistic effect separately.
Certain drugs can be more effective when combined with other agents, leading to
Enhanced effectiveness enhanced therapeutic outcomes.

Mitigating drug abuse FDC products can help mitigate drug abuse and prevent the development of drug-

London Journal of Medical & Health Research

and resistance resistant bacteria.

Improved patient FDC products can improve patient compliance by reducing the number of dosing
compliance units and simplifying medication regimens.

Enhanced safety and  Certain FDC products can improve safety and tolerance by reducing side effects and
tolerance adverse reactions.

Non-therapeutic advantages of FDC products:

Advantage Description
Improved patient FDC products can improve patient compliance, especially in third-world
compliance countries, due to decreased dosing burden and lower costs.
Lower FDC products have lower manufacturing costs compared to producing separate

manufacturing costs items.

FDC products provide pharmaceutical companies with an opportunity to
Maintaining product maintain their product pipeline when the market for blockbuster medications
pipeline slows.

A Review on the Application of Quality by Design Methodology in the Formulation, Development, and Evaluation of Fixed-Dose Combination
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VI.  QBD DESIGN APPROACH IN THE
DEVELOPMENT OF SELECTED
FDC/BILAYER TABLETS

Since its inception, Quality by Design (QbD) has
been used to develop fixed-dose combination
tablets, including bilayer tablets [26].

A bilayer tablet with a high-dose sustained release
layer of metformin HCl and a low-dose immediate
release layer of evogliptin tartrate was developed
using a QbD approach [27]. The Design of
Experiment (DOE) methodology was employed to
optimize the high-risk bilayer tableting process
parameters, which were identified through risk
analysis, in order to implement the QbD
approach. The DOE allowed for optimization of
the tableting conditions for pharmaceutical
products to meet the predetermined Quality
Target Product Profiles (QTPP). To confirm the
uniformity of the low-dose evogliptin tartrate
content in the optimized bilayer tablet produced
on a large scale, at-line transmittance Raman
spectroscopy was used as a process analytical tool.
In vitro drug release and in vivo pharmacokinetic
studies established the bioequivalence of
metformin HCl and evogliptin tartrate in the
bilayer tablet to that of the corresponding
reference drugs. The tablet's physicochemical
stability was also confirmed during storage under
extended and accelerated conditions. The study
concluded that implementing the QbD approach
is an effective strategy for developing a new FDC
bilayer tablet that is easy to scale up for successful
commercialization.

Additionally, to improve patient compliance,
Kanwal and his colleagues[28] created a
differential release fixed dose matrix tablet of
amlodipine besylate (AML-B) and simvastatin
(SIM) using the wet granulation method. To
ensure quality, a risk assessment approach using
failure mode and effect analysis (FMEA) was
adopted instead of traditional quality control
methods. The tablet's quality target product
profiles (QTPPs) and critical quality attributes
(CQAs) were selected based on the desired
characteristics. Potential risk factors that could
affect tablet quality were identified using the
FMEA method and ranked according to their Risk

Point Number (RPN) score. Those with an RPN
score above 15 underwent further evaluation. The
formulation factors of the FDC were chosen based
on the preliminary study. However, the study
revealed that while AML-B exhibited continuous
release, SIM did not achieve the desired
eight-hour  release  profile after FDC
administration. This implies the approach help
improved the release time.

Moreover, in a study conducted by Lee et al. [29],
a bilayer tablet called Telmiduo® was developed
through a Quality by Design (QbD) approach
using a high shear wet granulation method. The
researchers used primary knowledge and target
values of a control tablet called Twynsta® to
determine control and response factors. The
bilayer tablet was optimized using a numeric
optimization technique and then evaluated
against the control tablet through various physical
evaluations and in vivo pharmacokinetic
parameters. The results demonstrated that the
bilayer tablet containing telmisartan and
amlodipine besylate can be produced in a more
cost-effective and simpler manner than
Twynsta®. Based on their findings, the
researchers concluded that QbD is a suitable
approach for effective pharmaceutical product
development.

VII.  RISK ASSESSMENT AND ANALYSIS
IN THE QBD METHODOLOGY

In Quality by Design (QbD), risk assessment is
essential to identify and evaluate potential risks
associated with a product or procedure. The goal
is to ensure that the product meets quality
requirements and is safe for its intended use. Risk
assessment also helps in implementing
appropriate risk mitigation strategies, such as
process or product design changes, testing, or
monitoring, and establishing the design space for
optimal performance. According to a research
conducted by Prajapati and colleagues [30], risk
assessment and analysis begins with the
identification of method risk parameters. They
identified about 20 method risk parameters, listed
and grouped them into method, materials,
instrumental,  environment, analyst, and
measurement using the cause-effect diagram. The
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risk assessment was then done using the Risk
Priority Number (RPN) ranking and filtering as
indicated in ICH Q9 guidelines for QRM [31]. Risk
assessment is vital and widely used for
formulation development of tablets. It was used
for the development of a chromatographic method

for the analysis of FDC products of anti-diabetic
drugs[32]. The study demonstrated a quadratic
correlation between CMPs and CMAs, and the
developed method was highly accurate, precise,
and specific. The assay results were found to be in
good agreement with the labeled claim.

(©2023 Great Britain Journals Press
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Figure 2: A new FDC bilayer tablet consisting of 1000 mg metformin HCI in a SR layer and 6.87 mg
evogliptin tartrate in an IR layer was developed based on the QbD approach. Won, D. H., Park, H., Ha,
E. S., Kim, H. H., Jang, S. W., & Kim, M. S. (2021). Optimization of bilayer tablet manufacturing
process for fixed dose combination of sustained release high-dose drug and immediate release low-dose
drug based on quality by design (QbD). International Journal of Pharmaceutics, 605, 120838.
https://doi.org/10.1016/J.IJPHARM.2021.120838.
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Figure 3. A bilayer tablet that consisted of telmisartan and amlodipine besylate was formulated based
on the QbD approach. Lee, A. R., Kwon, S. Y., Choi, D. H., & Park, E. S. (2017). Quality by Design
(QbD) approach to optimize the formulation of a bilayer combination tablet (Telmiduo®)
manufactured via high shear wet granulation. International Journal of Pharmaceutics, 534(1—2),
144-158. https://doi.org/10.1016/J.IJPHARM.2017.10.004.
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VI.  CHALLENGES OF THE QBD
APPROACH

Quality by Design (QbD) is a methodology that
has been gaining momentum in the pharmace-
utical industry in recent years. However, despite
its numerous advantages, the implementation of
QDbD is not without challenges.

One of the primary barriers to QbD
implementation is a lack of knowledge about the
pharmaceutical process. Mostly, the end result
has been more important to pharmaceutical
companies than the scientific understanding of
the process involved [33]. Another challenge with
QbD is reaching agreement on how to address it
through collaboration and cooperation between
field inspectors and the FDA review and
compliance sectors[34]. While QbD has been
embraced by the FDA, it can be difficult to apply
in practice, especially when there are differing
opinions on what constitutes quality. Again, many
pharmaceutical companies believe that more
concrete instructions on how to adopt QbD are
necessary. For example, companies have
requested clarification from the FDA on QbD
terminology, approved procedures, criteria for
selecting and deselecting important quality
attributes, standards by which to appraise the
sufficiency of controls, and criteria for analytical
method substitution. Again, for the effective
application of QbD, there is a need for more
collaboration across numerous disciplines inside
the organization, including process development,
production, and quality control. This can be
challenging when each department has its own
priorities and goals. Finally, some pharmaceutical
companies believe that QbD may prolong the time
it takes to submit an application for approval or
may give the regulatory body unneeded
information that could pose a barrier to the
approval process [35].

IX.  CONCLUSION

The implementation of Quality by Design (QbD)
in pharmaceutical development is crucial for
ensuring high-quality products that perform
consistently as expected. Although there are
challenges associated with QbD, its use is required

in all regulated markets such as the United States
and Europe. The implementation of QbD can
improve product safety and quality, as well as
patient compliance. For QbD to be successful, the
necessary infrastructure, training, and resources
must be provided, and it should be viewed as a
continuous process of monitoring, analyzing, and
improving the product and manufacturing
process. A cross-functional approach involving
R&D, manufacturing, regulatory, and quality
teams is essential for effective QbD
implementation. Ultimately, the use of QbD tools
and principles will help ensure that the
pharmaceutical industry continues to produce
safe and effective products that benefit patients.

Author contribution statement

All authors listed have significantly contributed to
the development and the writing of this article.

Data availability statement

No primary data was used for the research
described in the article.

Competing Interests

The authors declare that no competing interests
exist. This review is not funded by any
organization or body.

Funding

This study did not receive any funding in any
form.

REFERENCES

1. C. H. Pérez-Beltran, A. M. Jiménez-Carvelo, A.
Torrente-Lopez, N. A. Navas, and L.
Cuadros-Rodriguez, “QbD/PAT—State of the
Art of Multivariate Methodologies in Food and
Food-Related Biotech Industries,” Food Eng.
Rev., vol. 15, no. 1, pp. 24—40, Mar. 2023, doi:
10.1007/S12393-022-09324-0/METRICS.

2. M. Javaid, A. Haleem, R. Pratap Singh, and R.
Suman, “Significance of Quality 4.0 towards
comprehensive enhancement in manu-
facturing sector,” Sensors Int., vol. 2, p.
100109, Jan. 2021, doi: 10.1016/J.SINTL.
2021.100109.

3. J. N. Sangshetti, M. Deshpande, Z. Zaheer, D.
B. Shinde, and R. Arote, “Quality by design

A Review on the Application of Quality by Design Methodology in the Formulation, Development, and Evaluation of Fixed-Dose Combination
Tablets

Volume 23 | Issue 12 | Compilation 1.0

(© 2023 Great Britain Journals Press



10.

11.

approach: Regulatory need,” Arab. J. Chem.,
vol. 10, pp. S3412—S3425, 2017, doi: 10.1016/
j.arabjc.2014.01.025.

J. P. ter Horst, S. L. Turimella, F. Metsers, and
A. Zwiers, “Implementation of Quality by
Design (QbD) Principles in Regulatory
Dossiers of Medicinal Products in the
European Union (EU) Between 2014 and
2019,” Ther. Innov. Regul. Sci., vol. 55, no. 3,
pp- 583-590, 2021, doi: 10.1007/s43441-
020-00254-9.

R. Dahima, A. Gupta, and D. Rathore, “Quality
by Design (QbD) Approach for Formulation
Development of Hydralazine Hydrochloride
Tablets,” Available online www.jocpr.com J.
Chem. Pharm. Res., vol. 8, no. 5, pp. 336—341,
2016.

J. Liker, O’Reilly for Higher Education (Firm),
and an O. M. C. Safari, Toyota Way: 14
Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill
Education, 2021. Accessed: Apr. 29, 2023.
[Online]. Available: https://www.access-en-
gineeringlibrary.com/content/book/97812604
68510.

International Conference on Harmonisation,
“ICH Guideline Q9 on Quality Risk
Management,” Regul. ICH, vol. 44, no. 1, pp.
1-20, 2005.

U. Kanwal et al.,, “Fixed dose single tablet
formulation with differential release of
amlodipine besylate and simvastatin and its
pharmacokinetic profile: QbD and risk
assessment approach,” Drug Des. Devel.
Ther., vol. 15, pp. 2193—-2210, 2021, doi:
10.2147/DDDT.S240506.

V. Kushwaha, P. Agrawal, T. Azmi, and V.
Shukla, “FIXED DOSE COMBINATION-
RATIONALE, USES, ADVANTAGES ,” vol. 11,
no. 13, pp. 628-638, 2022, doi: 10.20
959/Wjpr202213-25618.

D. W. Kim and K. Y. Weon, “Pharmaceutical
application and development of fixed-dose
combination: dosage form review,” J. Pharm.
Investig. 2021 515, vol. 51, no. 5, pp. 555—570,
Aug. 2021, doi: 10.1007/S40005-021-00543
-X.

T. Verch et al., “Analytical Quality by Design,
Life Cycle Management, and Method Control,”

12.

13.

14.

15.

16.

17.

18.

19.

AAPS J., vol. 24, no. 1, pp. 1—-21, Feb. 2022,
doi: 10.1208/S12248-022-00685-2/FIGURE
S/4.

N. S. Arden, A. C. Fisher, K. Tyner, L. X. Yu, S.
L. Lee, and M. Kopcha, “Industry 4.0 for
pharmaceutical manufacturing: Preparing for
the smart factories of the future,” Int. J.
Pharm., vol. 602, p. 120554, Jun. 2021, doi:
10.1016/J.IJPHARM.2021.120554.

V. Mishra, S. Thakur, A. Patil, and A. Shukla,
“Quality by design (QbD) approaches in
current pharmaceutical set-up,” Expert Opin.
Drug Deliv., vol. 15, no. 8, pp. 737—758, 2018,
doi: 10.1080/17425247.2018.1504768.

L. Zhang and S. Mao, “Application of quality
by design in the current drug development,”
Asian J. Pharm. Sci., vol. 12, no. 1, pp. 1-8,
2017, doi: 10.1016/j.ajps.2016.07.006.

B. Jayagopal, O. Pharma, and M.
Shivashankar, “Analytical Quality by Design —
A Legitimate Paradigm for Pharmaceutical
Analytical Quality by Design — A Legitimate
Paradigm for Pharmaceutical Analytical
Method Development and Balaji Jayagopal,
Murugesh Shivashankar To cite this version :
HAL Id : hal-,” no. April 2017, 2020.

T. Waghule, N. Dabholkar, S. Gorantla, V. K.
Rapalli, R. N. Saha, and G. Singhvi, “Quality
by design (QbD) in the formulation and
optimization of liquid crystalline nano-
particles (LCNPs): A risk based industrial
approach,” Biomed. Pharmacother., vol. 141,
p. 111940, Sep. 2021, doi: 10.1016/J.BIOPHA.
2021.111940.

M. S. Gupta, T. P. Kumar, D. V. Gowda, and J.
M. Rosenholm, “Orodispersible films:
Conception to quality by design,” Adv. Drug
Deliv. Rev., vol. 178, p. 113983, Nov. 2021,
doi: 10.1016/J.ADDR.2021.113983.

M. S. Hasnain et al., “Pharmaceutical product
development: A quality by design (QbD)
approach,” Adv. Challenges Pharm. Technol.
Mater. Process Dev. Drug Deliv. Strateg., pp.
131-146, Jan. 2021, doi: 10.1016/B978-0-
12-820043-8.00017-7.

E. J. Kim, J. H. Kim, M. S. Kim, S. H. Jeong,
and D. H. Choi, “Process Analytical
Technology Tools for Monitoring Pharma-
ceutical Unit Operations: A Control Strategy

A Review on the Application of Quality by Design Methodology in the Formulation, Development, and Evaluation of Fixed-Dose Combination
Tablets

(©2023 Great Britain Journals Press

London Journal of Medical & Health Research

Volume 23 | Issue 12 | Compilation 1.0



20.

21.

22,

London Journal of Medical & Health Research

26.

27.

23.

24.

25.

for Continuous Process Verification,” Pharm.
2021, Vol. 13, Page 919, vol. 13, no. 6, p. 919,
Jun. 2021, doi: 10.3390/PHARMACEUTICS
13060919.

S. S. Mane, S. S. Kasture, and P. Y.
Suryawanshi, “Emerging Trends and Novel
Approaches of Quality by Design,” vol. 10, no.
4, PP- 444454, 2022.

A. Dispas, H. T. Avohou, P. Lebrun, P. Hubert,
and C. Hubert, “Quality by Design’ approach
for the analysis of impurities in pharma-
ceutical drug products and drug substances,”
TrAC - Trends Anal. Chem., vol. 101, pp.
24—33, Apr. 2018, doi: 10.1016/J.TRAC.20
17.10.028.

H. Bhatia, E. Read, C. Agarabi, K. Brorson,
and S. Lute, “A Design Space Exploration for
Control of Critical Quality Attributes of mAb
1,” 2016.

M. Skotnicki al., “Physicochemical
Characterization of a  Co-Amorphous
Atorvastatin-Irbesartan ~ System with a
Potential ~ Application in  Fixed-Dose
Combination Therapy,” Pharm. 2021, Vol. 13,
Page 118, vol. 13, no. 1, p. 118, Jan. 2021, doi:
10.3390/PHARMACEUTICS13010118.

F. Mahfoud et al, “Use of fixed-dose
combination antihypertensives in Germany
between 2016 and 2020: an example of
guideline inertia,” Clin. Res. Cardiol., vol. 112,
no. 2, pp. 197—202, Feb. 2023, doi:
10.1007/S00392-022-01993-5/FIGURES/3.
D. Desai, J. Wang, H. Wen, X. Li, and P.
Timmins, “Formulation design, challenges,
and development considerations for fixed dose
combination ( FDC ) of oral solid dosage
forms,” no. January, pp. 1-12, 2012, doi:
10.3109/10837450.2012.660699.

M. H. Chun, J. Y. Kim, E. S. Park, and D. H.
Choi, “Development of a robust control
strategy for fixed-dose combination bilayer
tablets with integrated quality by design,
statistical, and process analytical technology
approach,” Pharmaceutics, vol. 13, no. 9,
2021, doi: 10.3390/pharmaceutics13091443.
D. H. Won, H. Park, E. S. Ha, H. H. Kim, S. W.
Jang, and M. S. Kim, “Optimization of bilayer
tablet manufacturing process for fixed dose
combination of sustained release high-dose

et

28.

29.

30.

31.

32.

33-

34.

drug and immediate release low-dose drug
based on quality by design (QbD),” Int. J.
Pharm., vol. 605, p. 120838, Aug. 2021, doi:
10.1016/J.IJPHARM.2021.120838.

U. Kanwal et al., “Fixed Dose Single Tablet
Formulation with Differential Release of
Amlodipine Besylate and Simvastatin and Its
Pharmacokinetic Profile: QbD and Risk
Assessment Approach,” 2021, doi: 10.2147/
DDDT.S240506.

A. R. Lee, S. Y. Kwon, D. H. Choi, and E. S.
Park, “Quality by Design (QbD) approach to
optimize the formulation of a bilayer
combination tablet (Telmiduo®) manufac-
tured via high shear wet granulation,” Int. J.
Pharm., vol. 534, no. 1—2, pp. 144—158, Dec.
2017.

P. Prajapati, A. Gami, and S. Shah, “Analytical
quality risk management and DoE based
development of robust chromatographic
method for simultaneous estimation of
tizanidine hydrochloride and nimesulide in
their combined pharmaceutical dosage
forms,” SN Appl. Sci., vol. 2, no. 2, pp. 1-12,
2020.

P. Prajapati, A. Patel, and S. Shah,
“Application of DoE-Based Analytical QRM to
Development of the Multipurpose RP-HPLC
Method for Estimation of Multiple FDC
Products of Telmisartan Using Enhanced
AQbD Approach,” J. Chromatogr. Sci., vol.
60, no. 6, pp. 525—537, Jul. 2022.

P. B. Prajapati, K. Radadiya, and S. A. Shah,
“Quality Risk Management Based: Analytical
Quality by Design Approach to Eco-Friendly
and Versatile Chromatography Method for
Simultaneous  Estimation of  Multiple
Fixed-Dose-Combination Products of Anti-
Diabetic Drugs,” J. Pharm. Innov., vol. 17, no.
1, pp. 111—128, Mar. 2022.

D. M. Zagalo, J. Sousa, and S. Simoes,
“Quality by design (QbD) approach in
marketing authorization procedures of Non-
Biological Complex Drugs: A critical
evaluation,” Eur. J. Pharm. Biopharm., vol.
178, pp. 1-24, Sep. 2022, doi: 10.1016/
J.EJPB.2022.07.014.

R. Kumar, A. Mittal, and M. P. Kulkarni,
“Quality by Design in Pharmaceutical

A Review on the Application of Quality by Design Methodology in the Formulation, Development, and Evaluation of Fixed-Dose Combination
Tablets

m Volume 23 | Issue 12 | Compilation 1.0

(© 2023 Great Britain Journals Press



Development,” Comput. Aided Pharm. Drug
Deliv., pp. 99—127, 2022.

35. B. S. Laxman, V. Shankar, and S. Siddhesh-
war, “QUALITY BY DESIGN BASED
APPROACH FOR ANALYTICAL METHOD
VALIDATION,” Certif. J. | Bornare al. World
J. Pharm. Res. 273 World J. Pharm. Res. SJIF
Impact Factor 8, vol. 11, no. 2, pp. 273—286,
2022.

London Journal of Medical & Health Research

A Review on the Application of Quality by Design Methodology in the Formulation, Development, and Evaluation of Fixed-Dose Combination

Tablets
(©2023 Great Britain Journals Press

Volume 23 | Issue 12 | Compilation 1.0


http://www.tcpdf.org

