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Introduction
Cancer metastasis, the spread of malignant cells from the 
primary tumor to distant organs, remains the leading cause 
of cancer-related mortality. While genetic mutations drive 
tumor initiation and progression, the tumor microenvironment 
(TME) plays a crucial role in facilitating metastasis. The TME 
consists of various cellular and non-cellular components, 
including cancer-associated fibroblasts, immune cells, 
extracellular matrix (ECM), and signaling molecules that 
collectively create a pro-metastatic niche [1].

The TME is a dynamic and complex ecosystem that includes 
cancer cells, stromal cells, blood vessels, and extracellular 
components. Stromal cells, such as fibroblasts and immune 
cells, interact with cancer cells to promote tumor growth and 
invasion. The ECM provides structural support while also 
regulating cellular communication, adhesion, and migration. 
This intricate network fosters tumor cell survival and 
progression [2].

Cancer-associated fibroblasts (CAFs) are key players in 
shaping the TME to support metastasis. These fibroblasts 
secrete growth factors, cytokines, and ECM proteins that 
enhance cancer cell motility and invasion. CAFs also promote 
angiogenesis, the formation of new blood vessels, which 
supplies tumors with oxygen and nutrients, aiding metastatic 
dissemination [3].

The immune system plays a paradoxical role in metastasis. 
While immune cells such as cytotoxic T cells and natural 
killer (NK) cells work to eliminate cancer cells, other immune 
components can be hijacked to support tumor progression. 
Tumor-associated macrophages (TAMs) and regulatory 
T cells (Tregs) suppress anti-tumor immunity, allowing 
malignant cells to evade immune detection and facilitating 
their spread to distant sites [4].

Hypoxia, or low oxygen levels, within the TME triggers 
adaptive responses that enhance metastatic potential. Under 
hypoxic conditions, cancer cells upregulate hypoxia-inducible 
factors (HIFs), which activate genes involved in angiogenesis, 
epithelial-to-mesenchymal transition (EMT), and metabolic 
reprogramming. These adaptations help cancer cells survive 
in harsh environments and increase their ability to invade 
surrounding tissues [5].

EMT is a crucial process in metastasis where epithelial cancer 
cells lose their polarity and adhesion properties to acquire 
mesenchymal traits, enhancing their motility. The TME 

regulates EMT through growth factors such as transforming 
growth factor-beta (TGF-β) and fibroblast growth factor 
(FGF), allowing cancer cells to detach from the primary tumor 
and enter circulation [6].

The formation of new blood vessels (angiogenesis) and 
lymphatic vessels (lymphangiogenesis) in the TME enables 
tumor cells to access the circulatory and lymphatic systems, 
promoting metastasis. Pro-angiogenic factors such as vascular 
endothelial growth factor (VEGF) drive this process, creating 
routes for cancer cells to disseminate [7].

ECM remodeling is essential for cancer invasion and 
metastasis. Matrix metalloproteinases (MMPs) degrade ECM 
components, allowing tumor cells to breach tissue barriers 
and enter circulation. This degradation also releases bioactive 
molecules that further stimulate tumor progression and 
immune evasion [8].

Exosomes are small vesicles secreted by cancer cells that 
carry proteins, RNA, and other signaling molecules. These 
exosomes prepare distant organs for metastasis by modifying 
the local microenvironment to become more receptive to 
circulating tumor cells. They contribute to pre-metastatic 
niche formation by recruiting immune cells and altering 
stromal interactions [9].

Given the critical role of the TME in metastasis, targeting its 
components has become a promising therapeutic approach. 
Anti-angiogenic therapies, immune checkpoint inhibitors, and 
ECM-targeting agents aim to disrupt the metastatic process. 
Strategies to normalize the TME, such as reprogramming 
CAFs or enhancing anti-tumor immunity, offer new hope in 
limiting metastatic spread [10].

Conclusion
The tumor microenvironment is a key driver of metastatic 
progression, influencing cancer cell survival, invasion, and 
immune evasion. Understanding the interactions within the 
TME can help identify novel therapeutic targets to prevent 
or limit metastasis. Future research and targeted therapies 
focusing on disrupting the metastatic microenvironment hold 
great promise for improving cancer outcomes and reducing 
mortality associated with metastatic disease.
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