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experiments and using statistical tools to determine the acceptable
ranges for CPPs. Operating within the design space ensures consistent
product quality while allowing for exibility in manufacturing.

. Control strategy implementation: A control strategy is
a planned set of controls derived from current product and process
understanding. It includes controls for raw materials, process
parameters, and product testing. e goal of the control strategy is to
maintain product quality within the design space and to ensure that
any deviations are promptly identi ed and corrected [5].

Impact of QbD on manufacturinge ciency

QbD has a signi cant impact on manufacturing e ciency in
Industrial Pharmacy. By designing quality into the process from the
beginning, QbD reduces the likelihood of quality-related issues that
can lead to costly delays, product recalls, or rework. Some of the key
bene ts of QbD in manufacturing include:

. Reduced batch failures: Traditional manufacturing
processes 0 en rely on end-product testing to ensure quality. However,
this approach can result in batch failures if the product does not meet
quality speci cations. QbD, with itsemphasis on process understanding
and control, reduces the risk of batch failures by ensuring that quality is
built into the process [6].

. Increased process robustness: By identifying and controlling
CPPs, QbD enhances the robustness of manufacturing processes.
A robust process is less sensitive to variations in raw materials,
equipment, and environmental conditions, leading to more consistent
product quality.

. Cost savings: Implementing QbD can lead to signi cant
cost savings by reducing waste, minimizing the need for rework, and
decreasing the time required for process validation. Additionally, the

exibility provided by the design space allows manufacturers to make
process adjustments without compromising product quality, further
reducing costs [7].

. Faster time-to-market: QbD facilitates a more e cient
development process, allowing manufacturers to bring new products
to market more quickly. e use of risk-based approaches and process
optimization techniques accelerates the development timeline while
ensuring that the product meets regulatory requirements.

Case studies in QbD implementation

Several pharmaceutical companies have successfully implemented
QbD principles in their manufacturing processes, resulting in improved
product quality and manufacturinge ciency. Two notable case studies
include:

. Case study 1: Development of a new oral solid dosage
form: A pharmaceutical company applied QbD principles in the
development of a new oral solid dosage form. By identifying CQAs
such as dissolution rate and tablet hardness, and controlling CPPs like
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Discussion

Quality by Design (QbD) represents a paradigm shi in how
pharmaceuticals are developed and manufactured, emphasizing a
proactive, science-based approach to ensuring quality. In Industrial
Pharmacy, QbD enhances both drug development and manufacturing
e ciency by focusing on understanding the product and its
manufacturing process from the outset.
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