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Part 1: Why we want Cancer on a Chip



Tumour microenvironment and drug delivery barriers

• Solid tumors develop irregular 

microenvironment > disrupts drug 
distribution.

• Physical barriers like compressed 
vessels and dense Extracellular 

Matrix hinder delivery.

• Elevated interstitial fluid pressure 

(IFP) drives drugs away from the 
tumor core.

• These limit the effectiveness of 
systemic therapies, including 

chemotherapy and nanomedicine.



EPR: Making sense of tumour biology for 

Targeted Drug Delivery

• Tumor vasculature is leaky, with gaps 

between endothelial cells → allows 
nanoparticles > 40 kDa to accumulate

• Tumors have poor lymphatic drainage, 
enabling retention of therapeutic agents

• Enhanced Permeability and Retention 
(EPR) enables passive targeting of 

drugs to solid tumors

TLDR: Normal tissue - tight lining / Tumor tissue - fenestrated lining > limited lymphatic drainage > 

nanoparticles accumulate in interstitial fluid > can release drug (smaller) to kill tumor



From Biology to Tumour on Chip Systems

• Experimental and computational models 

help study drug transport across 
tumor barriers

• Traditional models:
➢ In vivo: Physiologically realistic, but not 

human cell
➢ In vitro: Controlled, reproducible, but 

lacks complexity

• Tumor-on-chip and cancer spheroids

mimic 3D tumor architecture, 
pressure, and vasculature

Array based spheroid on chip system and supply channel



Part 2: Mathematical Modelling



Overview of the Modeling Pipeline



Stage 1: Fluid Flow in Tumor Tissue

- Darcy's law

- Mass conservation

- Starling's law



Stage 2: Modeling Drug Movement and Binding

- Magnetic force on the nanoparticles:

- Free drug transport equation:

- How velocity is computed using magnetic force:



Part 3: Simulation Results



Modeling Workflow for Simulating Drug Delivery

• Simulate fluid flow in the tumor to find 

pressure and velocity
• Use those results as the starting point for 

drug delivery

• Apply magnetic field to guide drug particles
• Solve how the drug spreads, binds to cells, 

and gets absorbed
• Final output: how the drug is distributed 

inside the tumor



Stage 3 : Predicting Treatment Effectiveness

● show fast drug enters the cancer 

cells

● how many cells survive based on 

drug inside



Magnetic Targeting Enhances Drug Penetration

● The drug penetrates ~13× deeper

● Treated area increases by ~40%

● Tumor cell death rises from 2.5% 

→ 6.5%

● Magnet pulls drug-carrying 

nanoparticles deeper into the tumor

● Improves how much drug reaches 

hard-to-access tumor regions



Optimizing Magnetic Drug Delivery - size

● Tested different sizes of magnetic 

nanoparticles (MNPs)

● 300–400 nm sizes showed the best 

treatment outcome

● Too-small or too-large particles 

were less effective

● Best result: ~25% of tumor area 

treated, ~25% cell death



● magnet distances:

● Closer magnets (e.g., 3 cm) helped the drug reach deeper into the tumor

● Farther magnets (e.g., 10 cm) had weaker pull → less drug penetration

● magnetic fields 

Higher magnetic force = more drug pulled into the tumor

● Weaker fields led to less effective delivery

Optimizing Magnetic Drug Delivery - other



Part 4: Future of Drug Delivery Systems



Machine Learning for Drug Delivery Modelling

● Experimental + computational models provide key insight

● ML approaches (eg. neural networks) can predict drug behaviour in 3D tumour models

● Trained on imaging and flow data from microfluidic experiments

● Reduce costly experiments, explore high-dimensional parameter spaces
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