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Quality by Design (QbD) has emerged as a pivotal framework in the pharmaceutical industry, emphasizing
proactive approaches to ensure product quality. Central to QbD is the identification of a robust design space,
encompassing the range of input variables and process parameters that guarantee pharmaceutical product
quality. In this study, we present a comparative analysis of random walk sampling used in Markov Chain
MCMC and nested sampling methodologies employed in design space identification within the QbD paradigm.
Random walk sampling, a key component of MCMC methods, has been widely used in Bayesian inference
for its simplicity and effectiveness in exploring parameter space. However, the efficacy of random walk sam-
pling can be affected by the presence of high-dimensional and multimodal distributions, which are common
in complex pharmaceutical processes.

Nested sampling offers an alternative approach to sampling from complex probability distributions by focus-
ing on the marginal likelihood. Unlike MCMC, nested sampling systematically improves the estimation of
the evidence, enabling more efficient exploration of the parameter space, particularly in scenarios with a high
number of design factors.

Drawing on insights from the work of Kusumo et al. (2019) on a Bayesian approach to probabilistic design
space characterization using nested sampling strategy, our comparative analysis evaluates the strengths, lim-
itations, and applicability of classical random walk sampling in MCMC and nested sampling in the context of
design space identification. We consider factors such as computational efficiency, accuracy of parameter esti-
mation, scalability to high-dimensional spaces, and robustness to multimodal distributions. Furthermore, we
discuss practical considerations for selecting appropriate methodologies based on the specific characteristics
of the pharmaceutical process under investigation.

Through case studies and theoretical discussions, we illustrate the strengths and limitations of random walk
sampling in MCMC and nested sampling methodologies for design space identification within the QbD frame-
work. As OMARS designs are quite capable of handling the high dimensional problems, we aim to test the
nested sampling method with OMARS designs. Our findings aim to provide insights into the comparative per-
formance of these methodologies and inform researchers, practitioners, and regulatory authorities involved
in pharmaceutical development about their suitability for achieving the goals of QbD.

This study contributes to advancing the understanding of methodologies for design space identification in
QbD and facilitates informed decision-making in pharmaceutical process optimization and quality assurance.
Ref: Kusumo, K. P., Gomoescu, L., Paulen, R., Garcia Mufioz, S., Pantelides, C. C., Shah, N., & Chachuat, B.
(2019). Bayesian approach to probabilistic design space characterization: A nested sampling strategy. Indus-
trial & Engineering Chemistry Research, 59(6), 2396-2408.
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