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DESCRIPTION
Hepatocellular Carcinoma (HCC) remains a leading cause of 
cancer-related mortality worldwide, with its clinical management 
often complicated by the heterogeneous nature of the disease. 
Current treatments for advanced liver cancer, including systemic 
therapies, have shown limited potency due to the complex and 
variable Tumor Microenvironment (TME). This complexity arises 
from multiple factors, including context-dependent inflammatory 
responses, the genetic variability of cancer cells, and the dynamic 
role of immune cells within the liver. In particular, the liver-
resident macrophages, including Kupffer Cells (KCs), as well as 
TREM2+ and SPP1+ macrophages, play a crucial role in the 
progression of liver diseases and hepatocarcinogenesis. 
Understanding the evolutionary dynamics of the immune 
landscape in the liver and identifying potential 
immunomodulatory strategies could offer new avenues for 
improving HCC treatment outcomes. This review aims to 
explore the mechanisms of immune modulation in HCC and 
discuss how targeting specific immune cells and pathways could 
enhance therapeutic efficacy.

Hepatocellular carcinoma arises primarily in the context of 
chronic liver diseases, such as Viral Hepatitis (e.g., HBV and 
HCV), Alcohol-Related Liver Disease (ALD), and Non-Alcoholic 
Fatty Liver Disease (NAFLD), with the latter often progressing to 
Metabolic Dysfunction-Associated Steatohepatitis (MASH). 
These etiologies share a common feature: persistent 
inflammation within the liver, which creates a permissive 
microenvironment for tumorigenesis. This inflammation 
promotes a series of genetic alterations, epigenetic changes, and

immune system dysregulation that collectively contribute to the
initiation and progression of HCC.

The liver TME is unique in its complexity, influenced by both
the chronic damage caused by liver diseases and the adaptive
immune responses that develop in response. The liver’s immune
system includes a diverse array of resident immune cells,
including macrophages, dendritic cells, and Natural Killer (NK)
cells. Among these, Kupffer Cells (KCs)-the liver-resident
macrophages are pivotal in maintaining liver homeostasis and
initiating inflammatory responses. However, in the context of
liver disease and tumorigenesis, these cells undergo a functional
shift that may exacerbate disease progression and support cancer
development.

CONCLUSION
The immune landscape of hepatocellular carcinoma is complex
and dynamic, with macrophages—particularly Kupffer cells,
TREM2+, and SPP1+ macrophages-playing a central role in the
progression of liver disease and hepatocarcinogenesis.
Understanding the evolutionary dynamics of these immune cells
offers valuable insights into potential therapeutic strategies
aimed at modulating the immune response in HCC. By
targeting specific macrophage subsets, immune checkpoints, and
key cytokines, it may be possible to develop more effective
treatments for patients with advanced liver cancer. However,
further research is needed to refine these immunomodulatory
strategies and identify biomarkers that can guide treatment
decisions.
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