Mechanism of Drug Delivery to Tumors

Drug delivery to tumors in cancer therapy primarily involves two main strategies: passive
targeting and active targeting. Passive targeting relies on the unique characteristics of tumor
blood vessels and the tumor microenvironment to accumulate drugs, while active targeting
utilizes specific ligands on drug carriers to bind to cancer cells, enhancing selectivity.

Passive Targeting:

o Enhanced Permeability and Retention (EPR) Effect:

Solid tumors often have leaky blood vessels and poor lymphatic drainage, allowing
nanoparticles to extravasate and accumulate in the tumor tissue more readily than in normal
tissues.

o Diffusion:

Once in the tumor interstitium, drugs can diffuse through the tumor mass, though this
process can be limited by the tumor's architecture and high interstitial fluid pressure.

o Examples:
Liposomes, polymeric nanoparticles, and other nanoparticles can be designed to exploit the
EPR effect for passive accumulation in tumors.

Active Targeting:

e Ligand-Receptor Interactions:

Drugs are modified with ligands that bind to specific receptors overexpressed on cancer
cells, enhancing cellular uptake.

o Examples:

Monoclonal antibodies, aptamers, or peptides can serve as ligands to target specific proteins
on cancer cell surfaces.

e Intracellular Targeting:

Some strategies aim to deliver drugs directly to the nucleus of cancer cells for maximal
efficacy, while minimizing off-target effects.

e Stimuli-Responsive Delivery:

Smart drug delivery systems can be designed to release drugs in response to external
stimuli (e.g., light, temperature, magnetic field) or internal stimuli (e.g., pH, enzyme
activity) within the tumor microenvironment.

Other Important Considerations:

e Drug Formulation:

Encapsulating drugs in carriers (e.g., liposomes, nanoparticles) can improve drug solubility,
stability, and pharmacokinetic properties, and facilitate targeted delivery.

e Combination Therapy:



Combining different treatment modalities, such as chemotherapy with immunotherapy or
radiation therapy, can enhance therapeutic outcomes.

o Metastasis Targeting:

Drug delivery strategies need to be tailored to address metastasis, which can involve
targeting specific organs like the lungs, brain, liver, or bone.

e Overcoming Drug Resistance:

Cancer cells can develop resistance to drugs through various mechanisms. Developing
strategies to overcome resistance, such as nuclear targeting or using stimuli-responsive
systems, is crucial.

By combining these different approaches, researchers are continuously working to improve
the efficacy and safety of cancer therapies by optimizing drug delivery to tumors.



