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Abstract
Cancer cachexia is a debilitating syndrome characterized by weight loss, skeletal muscle wasting, and systemic 

inflammation, affecting a significant number of cancer patients. While the exact mechanisms underlying cancer 
cachexia remain elusive, emerging evidence suggests that neuroinflammation, involving the activation of immune cells 
within the central nervous system, plays a crucial role in its pathogenesis. This review aims to explore the contribution 
of neuroinflammation to the development and progression of cancer cachexia. We discuss the release of cytokines 
and chemokines from tumor cells and immune cells, leading to CNS inflammation. Neuroinflammation disrupts normal 
neurotransmitter signaling, affects the hypothalamus, and induces peripheral nervous system dysfunction, all of which 
contribute to the development and perpetuation of cachexia. Understanding the role of neuroinflammation in cancer 
cachexia offers potential therapeutic targets for intervention and improving patient outcomes.
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Introduction
Cancer cachexia is a complex syndrome characterized by progressive 

weight loss, skeletal muscle wasting, and systemic inflammation. It 
affects a significant number of cancer patients and is associated with 
reduced quality of life, increased morbidity, and mortality. While the 
exact mechanisms underlying cancer cachexia are not fully understood, 
emerging research suggests that neuroinflammation plays a crucial 
role in its pathogenesis. This article explores the contribution of 
neuroinflammation to the development and progression of cancer 
cachexia [1].

Cancer cachexia is a debilitating syndrome characterized by 
progressive weight loss, skeletal muscle wasting, and systemic 
inflammation. It affects a significant number of cancer patients 
and is associated with reduced quality of life, increased morbidity, 
and mortality. While the exact mechanisms underlying cancer 
cachexia are not fully understood, emerging research suggests that 
neuroinflammation, characterized by the activation of immune cells in 
the central nervous system, plays a crucial role in its pathogenesis [2].

Neuroinflammation refers to the inflammatory response within 
the CNS, involving the activation of microglia and astrocytes, as well 
as the release of inflammatory mediators. In the context of cancer 
cachexia, neuroinflammation is triggered by the release of cytokines 
and chemokines from tumor cells and immune cells in response to 
tumor growth. These molecules can cross the blood-brain barrier and 
induce a pro-inflammatory state in the CNS.

Neuroinflammation contributes to the development and 
progression of cancer cachexia through various mechanisms. Firstly, 
the release of pro-inflammatory cytokines, such as tumor necrosis 
factor-alpha, interleukin-1 beta, and interleukin-6 perpetuates the 
neuroinflammatory response. This sustained inflammation affects 
neurotransmitter signaling, leading to symptoms like fatigue, 
anhedonia, and reduced appetite [3].

Moreover, the hypothalamus, a critical brain region responsible 
for appetite regulation and energy homeostasis, is profoundly affected 
by neuroinflammation. Pro-inflammatory cytokines and other 
inflammatory mediators disrupt normal hypothalamic signaling 

pathways, resulting in appetite suppression and metabolic alterations. 
The dysregulation of orexigenic neuropeptides, such as neuropeptide 
Y, and anorexigenic neuropeptides, such as pro-opiomelanocortin, 
further contribute to the development of cachexia.

Additionally, neuroinflammation extends its effects to the 
peripheral nervous system. Local inflammation near the tumor site 
leads to peripheral neuropathy, pain, and muscle dysfunction. These 
peripheral effects exacerbate muscle wasting and reduce physical 
activity, perpetuating the cycle of cachexia [4].

Understanding the contribution of neuroinflammation to the 
pathogenesis of cancer cachexia has significant implications for 
therapeutic interventions. Targeting neuroinflammatory pathways 
may offer potential strategies to mitigate cachexia development and 
progression. Anti-inflammatory agents, modulation of neurotransmitter 
signaling, and nutritional support are among the approaches that could 
be explored to alleviate the devastating effects of cachexia and improve 
the quality of life for cancer patients.

Understanding cancer cachexia

Cancer cachexia is a multifactorial syndrome that arises from the 
complex interplay between the tumor and host factors. It involves 
systemic inflammation, metabolic alterations, and skeletal muscle 
wasting. The loss of skeletal muscle mass is the most characteristic 
feature of cancer cachexia, leading to weakness, fatigue, and functional 
impairment [5].

The role of neuro inflammation

Neuroinflammation, characterized by the activation of immune 
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cells in the central nervous system, has emerged as a critical factor 
in the pathogenesis of cancer cachexia. In response to tumor growth, 
various signaling molecules, including cytokines and chemokines, are 
released and can cross the blood-brain barrier, activating microglia and 
astrocytes within the CNS.

Cytokines and chemokines

Tumor-derived factors such as tumor necrosis factor-alpha, 
interleukin-1 beta, and interleukin-6 promote a pro-inflammatory state 
in the CNS. These cytokines induce the activation of microglia, leading 
to the production of additional inflammatory mediators and the 
perpetuation of neuroinflammation. Chemokines such as monocyte 
chemoattractant protein-1 are also upregulated, attracting monocytes 
to the CNS and promoting further inflammation [6].

Neurotransmitter dysregulation

Neuroinflammation in cancer cachexia disrupts normal 
neurotransmitter signaling within the CNS. For example, elevated 
levels of pro-inflammatory cytokines can impair the production and 
release of neurotransmitters like dopamine and serotonin, contributing 
to fatigue, anhedonia, and reduced appetite often observed in cachectic 
patients.

Hypothalamic dysfunction

The hypothalamus, a key regulator of appetite and energy 
homeostasis, is profoundly affected by neuroinflammation. Pro-
inflammatory cytokines and other inflammatory mediators can 
disrupt normal hypothalamic signaling pathways, leading to appetite 
suppression and metabolic alterations. The dysregulation of orexigenic 
neuropeptides, such as neuropeptide Y, and anorexigenic neuropeptides, 
such as pro-opiomelanocortin, further contribute to the development 
of cachexia [7].

Peripheral nervous system involvement

In addition to CNS-mediated effects, neuroinflammation can 
also impact the peripheral nervous system. Local inflammation near 
the tumor site can lead to peripheral neuropathy, pain, and muscle 
dysfunction. This further exacerbates muscle wasting and reduces 
physical activity, perpetuating the cycle of cachexia .

Therapeutic implications

Understanding the contribution of neuroinflammation to cancer 
cachexia provides opportunities for therapeutic interventions. Targeting 
neuroinflammatory pathways may help mitigate the development and 
progression of cachexia. Some potential strategies include:

Anti-inflammatory agents

Inhibiting the production or action of pro-inflammatory cytokines 
within the CNS may help attenuate Neuroinflammation. Anti-
inflammatory drugs, such as no steroidal anti-inflammatory drugs, 
have shown promise in preclinical studies and could potentially be 
repurposed for cachexia management [8].

Modulation of neurotransmitter signaling

Interventions aimed at restoring normal neurotransmitter function 
could alleviate symptoms associated with cachexia. Selective serotonin 
reuptake inhibitors and dopaminergic agents have been explored in 
animal models and small-scale clinical trials.

Nutritional support

Given the impact of cachexia on appetite and metabolism, 
providing adequate nutritional support is crucial. Targeted nutritional 
interventions, including high-protein and high-calorie diets, may help 
attenuate muscle wasting and promote weight maintenance.

Discussion
The contribution of neuroinflammation to the pathogenesis of 

cancer cachexia is a fascinating area of research that sheds light on 
the complex mechanisms underlying this debilitating syndrome. 
Neuroinflammation, characterized by the activation of immune cells in 
the central nervous system, plays a crucial role in the development and 
progression of cancer cachexia through various mechanisms [9].

One key aspect is the release of cytokines and chemokines by tumor 
cells and immune cells in response to tumor growth. Cytokines such as 
tumor necrosis factor-alpha, interleukin-1 beta, and interleukin-6 are 
known to induce a pro-inflammatory state in the CNS. These cytokines 
can cross the blood-brain barrier and activate microglia and astrocytes, 
leading to the production of additional inflammatory mediators. This 
sustained neuroinflammatory response contributes to the systemic 
inflammation observed in cancer cachexia.

Furthermore, the dysregulation of neurotransmitters is another 
crucial aspect of neuroinflammation in cancer cachexia. Elevated 
levels of pro-inflammatory cytokines can impair the production and 
release of neurotransmitters such as dopamine and serotonin [10]. 
This neurotransmitter dysregulation can lead to symptoms commonly 
associated with cachexia, including fatigue, anhedonia, and reduced 
appetite.

The hypothalamus, a key regulator of appetite and energy 
homeostasis, is significantly affected by neuroinflammation in cancer 
cachexia. Pro-inflammatory cytokines and other inflammatory 
mediators disrupt normal hypothalamic signaling pathways, resulting 
in appetite suppression and metabolic alterations. The dysregulation 
of orexigenic neuropeptides like neuropeptide Y and anorexigenic 
neuropeptides like pro-opiomelanocortin further contributes to the 
development of cachexia.

Peripheral nervous system involvement is also observed in cancer 
cachexia, mediated by neuroinflammation. Local inflammation near 
the tumor site can lead to peripheral neuropathy, pain, and muscle 
dysfunction. These peripheral effects exacerbate muscle wasting and 
reduce physical activity, perpetuating the cycle of cachexia.

Understanding the contribution of Neuroinflammation to 
cancer cachexia has important therapeutic implications. Targeting 
neuroinflammatory pathways may offer potential strategies to mitigate 
the development and progression of cachexia. Anti-inflammatory 
agents, such as no steroidal anti-inflammatory drugs, may help attenuate 
Neuroinflammation by inhibiting the production or action of pro-
inflammatory cytokines within the CNS. Modulating neurotransmitter 
signaling through the use of selective serotonin reuptake inhibitors and 
dopaminergic agents could alleviate cachexia-associated symptoms.

Additionally, nutritional support is crucial in managing cachexia, 
considering its impact on appetite and metabolism. Providing targeted 
nutritional interventions, including high-protein and high-calorie diets, 
may help attenuate muscle wasting and promote weight maintenance in 
cachectic patients.

Conclusion
Neuroinflammation plays a significant role in the pathogenesis 
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of cancer cachexia. The activation of immune cells within the CNS 
leads to the release of inflammatory mediators, neurotransmitter 
dysregulation, hypothalamic dysfunction, and peripheral nerve 
damage. Understanding these mechanisms opens up new avenues 
for therapeutic interventions to mitigate the devastating effects of 
cachexia and improve the quality of life for cancer patients. Further 
research is needed to unravel the intricate connections between 
Neuroinflammation and cancer cachexia, paving the way for more 
targeted and effective treatment strategies in the future.
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