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Intelligent transformation of pharmaceutical quality control
laboratories: challenges and future trends
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Abstract: Drug testing involves many analytical instruments and test items, sample pretreatment is tedious,
the industry's intelligence level remains low, making drug testing a labour-intensive job. However, in the era of
Industry 4.0 intelligent manufacturing, intelligent transformation of the quality control (QC) laboratory has become
the focus of industry. At the same time, driven by consistency evaluation of the quality and efficacy of generic
drugs and the centralized procurement policies, pharmaceutical companies have intensified their competition,
further stimulating the intrinsic demand for laboratory intelligence. Based on the current state and future trends of
the pharmaceutical industry, this review discusses the development of a digital and automated QC laboratory. It
points out the necessity of transitioning from the traditional centralized laboratory model to an intelligent,
distributed quality control model to accommodate continuous manufacturing processes. At the same time, it also
analyses the potential challenges in the implementation process and coping strategies, in order to provide relevant
practitioners with ideas for building intelligent QC laboratories.
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Table 1 Common digitization systems in the laboratory
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Type

Feature

Laboratory information

It is mainly responsible for managing the whole process of samples and the final test results, ensuring the efficiency

management system (LIMS) and accuracy of the whole process, and is the core system of the laboratory.

Laboratory execution system Emphasis is placed on compliance and standardization of operations, making it more suitable for QC laboratories.

(LES)
Electronic laboratory
notebook (ELN)

Focusing on the flexibility and diversity of the experimental process, it is more suitable for R&D laboratories.

Chromatography data system Manages and controls chromatography instruments, performs chromatography analysis, and is generally web-based

(CDS) with good data integrity features.
Scientific data management
system (SDMS)
and sharing of such information.
Advanced planning and
scheduling system (APS)
developed.

An integrated data management system that automates the entry of diverse data into a centralized data repository,
provides flexible and efficient backup and recovery operations, and facilitates the searching, reviewing, transferring

Develop a reasonable inspection plan for multi-lot and multi-variety inspection tasks. Currently APS systems are
less mature in the laboratory field, but they have become an urgent need for large laboratories and need to be jointly
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Figure 1 Different levels of laboratory automation
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