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Figure 1 Advantages and characteristics of organoids-on-a-chip based on microfluidic technology in precision medicine
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Figure 2 Design and fabrication of organoids-on-a-chip devices. (al) Organoids-on-a-chip setup for the injection pump which controls fluid flow in
the channels. (a2) The top layer includes one inlet channel distributed in four small channels and one outlet. (a3) The bottom layer consists of four round
wells of 6 mm in diameter for organoids’ seeding and growing. (a2), (a3) From left to right, it is made of polymethyl methacrylate (PMMA) and
polydimethylsiloxane (PDMS) respectivelym]. (b) Schematic of microfluidic device with seven channels and the cross section figure of three types of
cells co-culture (brain metastases from epithelial cells, astrocytes, NSCLC cells)[m. (c) A microfluidic platform for organoid culture with automatic
dynamic detection. The microfluidic chip (multiplexer device) provides an automated parallel channel for 200 independent 3D culture chambers,
enabling multi-drug combinations of different concentrations and real-time efficacy evaluation, in order to achieve high throughput, scale, and
automation of organoid drug screening[36]
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Table 1 Research progress of organoids-on-a-chip model in precision medicine of lung cancer
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Lung cancer is the most common malignant tumor in the world in terms of morbidity and mortality. There is a pressing need
to improve the overall survival rate through personalized treatment. Specifically, customized drug screening and the
research and development of a new drug are crucial. With the development of in vitro three-dimensional culture
technology, patients-derived organoids (PDOs) can preserve the true genetic heterogeneity of original tumors, which has
been investigated in many fields, such as disease modeling and drug discovery. However, limitations are hindering further
clinical translation and application. Therefore, an active effort has been made to optimize organoid culture technology to
enhance its usability.

Organoids-on-a-chip is an extension of organoids in biotechnology, which can effectively compensate for the
shortcomings of traditional organoid culture technology. Taking microfluidic chip technology as the core, the organoids-
on-a-chip can automatically and accurately mimic the micro-environment that organoid culture needs, such as biochemical
factors, oxygen and shear force through microchannel processing or manipulating small fluid at the microenvironment
level. Furthermore, it simulates the cell-cell and cell-extracellular matrix interactions and reshapes the biochemical and
biomechanical characteristics of the tumor microenvironment, which is expected to better translate the results from basic
cancer research to precision medicine. In this review, we first summarize the advantages of organoids-on-a-chip based on
microfluidics as a personalized drug screening model, including precise control of the physical and chemical environmental
factors, simulating the tumor microenvironment and significantly improving throughput and dynamic and continuous
monitoring of organoids. Then, the latest progress of organoids-on-a-chip based on microfluidic technology in lung cancer
research is summarized. These devices help researchers explore the complex tumor-stromal cell interactions of
angiogenesis and tumor metastasis in TME of lung cancer, which can accelerate the research of related molecular
mechanisms and drug analysis. This can also significantly reduce the quantity requirement of PDOs culture. PDOs can
react quickly in a microfluidic chip, with less reagent consumption and simple manual operation, which significantly
simplifies the complicated drug screening process at an early stage. Additionally, we discuss the application prospects and
development directions of organoids-on-a-chip for lung cancer; it is proposed that the integrated platform based on
microfluidics and sensors can explore the tumorigenesis of lung cancer and discover potential biomarkers, which will
create new opportunities for personalized diagnosis and treatment. Finally, we study the drug screening process of PDOs,
aiming to promote precision medicine by optimizing and improving the drug screening process.

In conclusion, organoids-on-a-chip have the advantage of being controllable, high-throughput and dynamic and can be
continuously monitored, which provides the possibilities of large-scale and automatic standardization of PDOs culture. It is
of great significance to improve the success rate of organoid model construction and the accuracy of drug screening and
expand the application scope of organoids. Although still in the development stage, and there are many challenges to be
overcome, we believe that soon, organoids-on-a-chip will lay the foundation for the widespread application of lung cancer
organoids in the new era of personalized and precision medicine.

lung cancer, patients-derived organoids, drug screening, microfluidic chip, organoids-on-a-chip
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