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ABSTRACT

In the regulated pharmaceutical industry, Quality Control plays a vital role in demonstrating quality, safety and
efficacy of drugs manufactured. The analytical test practices are time consuming, destructive, involves use of
chemical reagents, and is costly. Quality by Design (QbD) and Process Analytical Technology (PAT)
integration aims to overcome these challenges and achieve consistent quality through real-time testing and risk
mitigation. Use of process analyzers such as Near-infrared (NIR) spectroscopy along multivariate statistical
methods are commonly used techniques in PAT environment for both qualitative and quantitative
measurements. Data Fusion approaches and use of advanced machine learning methodologies beyond statistical

methods is can improve model accuracy and robustness,

This research introduces a systematic approach to implementing machine learning models using NIR in
predicting the content uniformity of pharmaceutical tablets, as an alternative method to traditional chemical
testing. The objective is to improve the model predictive performance by fusing the data obtained from NIR
and its relevant manufacturing information. A comparison of Partial Least' Squares regression models and
machine learning Neural Network models is evaluated for the model predictability; followed by life cycle

management of models.

Keywords: Near Infrared Spectroscopy, Data Fusion, Machine Learning, Neural Networks, Partial Least
Squares, Pharmaceutical Manufacturing

Publications:

1. Ali H, et al. Machine Learning-Enabled NIR Spectroscopy. Part 2: Workflow for Selecting a Subset of
Samples from Publicly Accessible Data. AAPS PharmSciTech. 2023; 24(1):34.

2. Ali H;etal. Machine Liearning-Enabled NIR Spectroscopy. Part 3: Hyperparameter by Design (HyD) Based
ANN-MLP Optimization, Model Generalizability, and Model Transferability, AAPS PharmSciTech. 2023;
24(8):254.

3. Mmuthudoss P, Ali H, et al. ML in Drug Delivery — Current Scenario and Future Trends. In Advances in
Drug Delivery Systems for Healtheare, IOP Publishing. 2024 Jan; 9-1 to 9-46. Online ISBN: 978-0-7503-

5613-8.




