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Highlights
· A PAT application for preparative protein chromatography was established.
· Non-parametric statistical models were complemented with parametric mechanistic models.
· Hybrid semi-parametric models show enhanced prediction quality of critical quality attributes.

1. Introduction
Regulatory agencies encourage pharmaceutical industry to implement Quality-by-Design approaches into manufacturing processes. We integrated additional online sensors, namely infrared (ATR-FTIR), fluorescence, refractive index and static light scattering detectors, into a conventional chromatography workstation. Obtained online signals were statistically correlated to offline measured parameters of quantity, purity and potency. Thereby, predictive models were generated. Hybrid semi-parametric models combine such statistical correlations with first-principles expert knowledge [1]. Hybrid models are able to balance strengths and weaknesses of different sources of knowledge considering for example extrapolation power and data availability. This has been shown among others for monitoring of bacterial fermentation processes [2]. We applied this approach to optimize loading and elution of chromatographic steps where monitoring is currently mostly done via UV/Vis absorption only.
2. Methods
Multivariate data analysis enables extraction of unknown or unidentified correlations from large amounts of data sets. Online data obtained from implemented spectroscopic sensors were pre-processed to maximize the information content and reduce unspecific noise. Boosting algorithms allowed automated variable selection. CADET was used for efficient computing of mechanistic models [3].

3. Results and discussion
Different combinations of parametric and non-parametric model parts, i.e. parallel and serial hybrid structures, were compared and the best performing identified for monitoring of product attributes. Prediction accuracy and robustness were compared to solely data-based models and differences analyzed. A major advantage of the hybrid models is that predictions can be provided based on the feed composition while non-parametric model estimates are only available retrospectively with a time delay of up to 10 seconds.
4. Conclusions
The generated hybrid models enable controlled loading and peak cutting based on defined quality settings. Time and labor intense offline analytics can therefore be reduced to a minimum for model training and final product release. The developed approach is fundamental for the implementation of real-time batch release and continuous manufacturing in biopharmaceutical industry.
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