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11. Summary of the new findings of the thesis:

The dissertation originates from the fact that lung cancer is the leading cause of cancer-
related mortality, in which early detection of metastatic cancer cells plays a decisive role
in treatment effectiveness. The main research subject of the dissertation is the A549 lung
cancer cell line, which is separated and quantified using a multifunctional integrated Lab-
on-a-Chip system, aiming toward point-of-care testing solutions.

The dissertation adopts a multidisciplinary approach combining numerical simulation,
microsystem design and fabrication, and experimental validation to study and develop an
integrated Lab-on-a-Chip system for detecting circulating lung cancer cells in blood. These
methods are implemented in a coordinated manner to address physical, technical, and data-
processing challenges in microfluidic environments characterized by weak signals and high
noise. Numerical simulations are carried out using COMSOL Multiphysics software to
model electromagnetic fields, microfluidic flow dynamics based on the Navier—Stokes

equations, and particle/cell trajectories. Simulation results are used to optimize



microchannel structures, electrode layouts, and operating parameters prior to fabrication
and experimentation.

The microfluidic system is fabricated using standard microfabrication techniques, in which
gold electrodes are patterned by photolithography and wet etching, while PDMS
microchannel structures are fabricated using soft lithography. Functional modules are then
integrated into a complete chip system, ensuring geometric precision and operational
stability. The dissertation successfully addresses key scientific and technical challenges in
rare cancer cell detection by designing, fabricating, and validating a multifunctional
integrated Lab-on-a-Chip platform. The system includes magnetic separation modules in
structured microchannels, inertial flow regulation, oil-in-water droplet encapsulation of
cells, and impedance sensing using microelectrodes, contributing to increased automation
and reduced device size. Experimental results demonstrate high separation and recovery
efficiency for model lung cancer cells. The average purity reaches 99.1% when separating
A549 cells from mixtures with HeLa cells, while capture efficiency ranges from 80% to
100% depending on the size of magnetic beads used, demonstrating the flexibility of the
proposed method.

The dissertation also masters droplet control techniques and successfully proposes and
implements an on-demand droplet separation and routing method based on the combination
of dielectrophoretic force and electrohydrodynamic effects. This technique provides a
foundation for high-precision single-cell analysis and microscale biological applications.
In addition, the application of machine learning models and computer vision enables
automation of cell identification and counting processes. The algorithms achieve accuracy
above 88% in classifying cell signals against background noise and 96.25% in bead
counting within droplets, confirming the effectiveness and reliability of the proposed
system.

On this basis, the dissertation achieves the following new results and contributions:

- Successful integration and fabrication of a complete microfluidic chip system capable of
detecting and counting lung cancer cells, including functional modules for magnetic—
inertial cell separation, droplet encapsulation, impedance-based cell detection and

counting, and machine-learning-based signal classification.



- Proposal and development of novel methods for cell detection, classification, and
separation using electromagnetic techniques and image processing, effectively exploiting
machine learning models to enhance system accuracy and reliability.

12. Practical applicability:

The proposed LoC system provides a non-invasive, low-cost liquid biopsy tool that is easy
to deploy in mobile healthcare facilities. The research results not only address challenges
in rare cell isolation but also open up broad application potential in early cancer diagnosis
and treatment monitoring in Vietnam, contributing to bridging technological innovation
with clinical biomedical applications.

13. Further research directions:

Future research directions include conducting preclinical and clinical trials using real
patient samples to evaluate the accuracy, repeatability, and reliability of the system
compared with current standard methods. In parallel, it is necessary to develop standard
operating procedures, quality evaluation criteria, and standardization requirements as a
basis for technology transfer and practical application.
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