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ABSTRACT 

	Background: Cancer cachexia is a multifactorial syndrome characterized by involuntary weight loss, skeletal muscle wasting, and systemic inflammation. It significantly impairs patient quality of life, reduces tolerance to treatment, and contributes to poor prognosis.
Objective: This review explores the role of chronic inflammation in the pathogenesis and progression of cancer cachexia, highlighting its impact on metabolism, appetite regulation, and acute phase responses.
Methods: A comprehensive literature analysis was conducted to examine inflammatory mediators such as IL-1, IL-6, TNF-α, and CRP, along with acute phase proteins, tumor-host interactions, and therapeutic strategies.
Findings: Inflammation disrupts energy homeostasis and promotes catabolism in muscle and adipose tissues via cytokine signaling and neuroendocrine pathways. Diagnostic tools involving CRP and other inflammatory markers show potential for prognostication. Therapeutic interventions targeting inflammatory pathways, appetite stimulation, and anabolic restoration are under investigation, with combination therapies offering promising results.
Conclusion: Understanding the intricate link between inflammation and metabolic wasting in cancer cachexia is crucial for developing effective diagnostics and interventions. Targeting inflammation may represent a pivotal strategy to improve outcomes in patients with cancer cachexia.
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1. INTRODUCTION

Cachexia is a complex metabolic condition characterized by significant skeletal muscle wasting, loss of adipose tissue, and unintended weight loss, which is frequently accompanied by anorexia. Unlike starvation-induced malnutrition, it is caused by a complex interaction of metabolic anomalies and systemic inflammation, making it resistant to traditional nutritional supplementation (Argilés et al., 2018). It is associated with chronic illnesses such as cancer, chronic heart failure, chronic renal disease, and autoimmune disorders, as well as a loss in skeletal muscle mass (Nishikawa et al., 2021). Cachexia is a prevalent disease in cancer patients, particularly those with pancreatic, esophageal, stomach, lung, head & neck, liver, and bowel malignancies (Zhang et al., 2019). These malignancies account for half of all cancer-related fatalities globally. Cachexia is caused by a variety of mediators derived from cancer cells and cells in the tumor microenvironment, including inflammatory and immune cells (Baracos et al., 2018), and it significantly impairs quality of life, reduces tolerance to cancer therapies, and contributes to poor prognosis, accounting for up to 30% of cancer-related deaths worldwide (Mariean et al., 2023).
Inflammation is a critical feature of cancer cachexia. Pro-inflammatory cytokines including IL-1, IL-6, and TNF-α play a key role in the development of cancer cachexia. These mediators coordinate systemic inflammation, causing metabolic changes that worsen muscle proteolysis and lipolysis while blocking anabolic pathways. Furthermore, the inflammatory environment disrupts appetite control by altering neuropeptide signaling in the hypothalamus, which contributes to anorexia and low food intake (Esper and Harb, 2005). These consequences set off a vicious cycle of inflammation and metabolic dysregulation, accelerating tissue loss.
Cachexia prevalence varies by cancer type, with gastrointestinal and pancreatic malignancies having the greatest incidences (Brown et al., 2022). Despite its extensive impact, the pathophysiological processes behind cancer cachexia are poorly understood due to its diverse etiology, providing obstacles to early identification and appropriate therapy. Current data shows that systemic inflammation not only causes cachexia, but also plays an important role in tumor growth and treatment resistance (Setiawan et al., 2023; Ruan et al., 2024). This highlights the critical need for research into tailored therapies that might modify inflammatory pathways and reduce metabolic abnormalities in cancer cachexia.
This study investigates the complex association between chronic inflammation and cancer cachexia, including pathophysiology, diagnostic criteria, and treatment methods. By knowing how these variables interact, we hope to shed light on potential ways to improve patient outcomes in this severe disorder. 

2. [bookmark: _Toc173186805][bookmark: _Toc173186802]CANCER-RELATED CACHEXIA
According to Fearon et al. (2011), cancer cachexia is "a complex condition characterized by marked muscle tissue loss that is difficult to correct with conventional nutritional support and causes progressive functional impairment with or without the loss of adipose tissue." This term, coupled with the stage categorization, is widely used when discussing cancer cachexia. The mechanism of cancer cachexia development is unknown; however, three phases of cachexia are recognized: pre-cachexia, cachexia, and refractory cachexia (Fearon et al., 2011; Nishikawa et al., 2021). Pre-cachexia is the phase before the development of cachexia, characterized by weight loss of 5% or less, malnutrition, modest weight loss, inflammation, and anorexia (Kasvis et al., 2019). Pre-cachexia is proposed as the ideal treatment window, providing a chance to act before the progression to cachexia. Early therapy during this stage can improve cancer management and patient outcomes. Cachexia is defined as weight loss of 5% or more within 6 months, a body mass index of less than 20kg/m2 and a continuous weight loss of more than 2%, or weight loss of 2% or more with sarcopenia (Fearon et al., 2011, Tisdale, 1997). Cachexia is frequently connected with sarcopenia; however, it is typically regarded as a subsequent illness. Refractory cachexia occurs when the disease becomes clinically resistant owing to preterminal cancer or the existence of a fast advancing malignancy that no longer responds to anticancer treatment. It is characterized by active catabolism and variables that render additional weight loss therapy inefficient or unsuitable. Refractory cachexia is distinguished by significantly impaired physical performance (WHO level 3 or 4) and a life expectancy of fewer than three months. Due to the multifaceted nature of cachexia, research has focused on the possibility of reversing the syndrome, as individuals frequently recover when treated.
Anorexia, combined with digestive and mechanical causes, has been shown to occur in 15%-40% of cancer patients and 80% of patients with end-stage cancer (Fearon et al., 2013). Tumors and chemotherapy produce nausea, dysphagia, dysfunction, mucositis, and malabsorption, which reduces body weight and food intake. Cachexia is commonly defined as a reduction in oral intake caused by anorexia, adverse effects, or gastrointestinal transit disruption following cancer treatment (e.g., radiation therapy, chemotherapy, and surgery) (Blum et al., 2014). There are several reasons of anorexia in cachexia patients. Inflammatory cytokines and tumor-producing substances contribute to anorexia, increased catabolism, and reduced fat and muscle mass. Cachexia mostly affects weight and muscle mass, although in rare situations, it can also be caused by dysphagia or gastrointestinal transit issues (Aapro et al. 2014).
[bookmark: _GoBack]Cancer cachexia is highly influenced by lipid mobilizing factor and proteolysis-inducing factor generated by tumors, as well as inflammatory cytokines (Baracos et al., 2018). “Lymphocytes, mononuclear cells, and macrophages produce high levels of pro-inflammatory cytokines such IL-1β, IL-6, and TNF-α” (Amitani et al., 2013). Inflammatory cytokines act on leptin receptors in the hypothalamus to decrease appetite (Pérez-Pérez et al., 2020). This explains cancer cachexia's reduced food intake as well as metabolic alterations such as increased energy demand and excess catabolism. “Advanced cancer, anticancer therapy, and comorbidities may interfere with anorexia, food intake, and digestive and absorptive function” (Blum et al., 2011). “These can worsen anorexia by interfering with both appetite and food intake. Furthermore, patients with cancer cachexia are less sensitive to radiation, chemotherapy, and anticancer treatment, making them more likely to experience postoperative problems” (Murphy, 2009).
The eating status of cancer patients with cachexia is impacted by the kind of tumor and other treatment-induced symptoms such as anorexia, pain, and exhaustion, known as nutritional impact symptoms (NIS). Stomatitis, dysphagia (difficulty swallowing), nausea, vomiting, constipation, and taste changes are among the NIS related with weight loss in cancer patients (Omlin et al. 2013). Primary anorexia causes people with cancer to eat less, and additional nutritional problems can exacerbate this. Concurrent hypermetabolism, hypercatabolism, and hypoanabolism exacerbate associated weight loss and are produced by systemic inflammation and catabolic processes that operate partially through the central nervous system. Furthermore, cancer treatments such as chemotherapy and radiation might cause cachexia syndrome (Coletti, 2018).

2.1 INCIDENCE OF CANCER-RELATED CACHEXIA
[bookmark: _Toc173186806]Cancer-related cachexia is accompanied by weight loss and specific loss of skeletal muscle and adipose tissue (Fearon et al., 2011; Baracos et al., 2018), resulting in lower muscle strength and decreased overall body function and chemotherapy tolerance in patients (Fearon et al., 2006). Cancer-related cachexia affects between 50 to 80% of cancer patients (Argilés et al., 2023), accounting for around 11% of patients globally and almost 50% of all cancer patients. It is claimed to be responsible for around 20% of cancer-related mortality (Argilés et al., 2014; von Haehling et al., 2014), however, its prevalence varies depending on the kind of tumor. It has been linked to 25-30% weight loss, which commonly leads to cardiac and respiratory failure (Tisdale 2009; Loberg et al., 2007). “Patients with gastric and pancreatic cancers have an incidence of more than 80%, whereas patients with colon, gastroesophageal, and lung cancers have an incidence of approximately 50% and patients with breast and prostate cancers have an incidence of about 20%” (Gaafer and Zimmers, 2021).

2.2 DIAGNOSTIC CRITERIA FOR CANCER CACHEXIA
[bookmark: _Toc173186804]Cachexia is commonly associated with underlying conditions such as cancer, chronic heart failure, COPD, chronic renal failure, chronic inflammation, septicemia, anorexia, inflammation, insulin resistance, sexual dysfunction, and anaemia. Furthermore, tissue breakdown and muscular exhaustion can cause weight loss, weakness, and weariness. Cachexia is diagnosed by having three or more of the following five items: 1) muscular weakness, 2) weariness, 3) decreased appetite, 4) low lean body mass, and 5) aberrant biochemical data [for example, C-reactive protein (CRP), Hb (hemoglobin), and albumin (Alb) levels] (Fujii et al., 2020).

3.0 INFLAMMATION IN CANCER CACHEXIA
Inflammation is recognized to be the host's defensive reaction to infection and tissue injury, preventing pathogen spread and promoting tissue regeneration (Sun, 2017). “Pathogen-associated molecular patterns (PAMPs) are recognized by tissue macrophages or mast cells in the early or acute stages of inflammation, causing the secretion of pro-inflammatory cytokines, chemokines, vasoactive amines, and eicosanoids to increase the immune response” (Medzhitov, 2008). “These pro-inflammatory mediators are known to enhance vascular permeability, resulting in a large inflow of plasma-containing antibodies and other soluble components” (Headland and Norling, 2015). As the inflammatory response continues, monocytes and lymphocytes gather at the inflammation sites to neutralize toxic chemicals. As a result, inflammatory cells die and are removed by macrophages. Furthermore, during inflammation resolution, specialized pro-resolving mediators (SPM) biosynthesis has been shown to prevent neutrophil infiltration, reduce pro-inflammatory mediator secretion, stimulate macrophages to phagocytose apoptotic neutrophils, remove bacteria, and restore tissue homeostasis (Serhan, 2011). At the end of the inflammatory cascade, the tissue repair process takes over, reducing inflammation and restoring tissue homeostasis (Rossi et al., 2006). As a result, the inflammatory process involves a variety of cells and mediators that may precisely control cell chemotaxis, migration, and proliferation.

[bookmark: _Toc173186808]Cachexia is caused by an inflammatory reaction affecting several organs throughout the body. Pro-inflammatory cytokines are significant contributors to cachexia. Cachexia is caused by the activation of inflammatory cytokines such IL1, TNF-α, and IL-6, which contribute to metabolic abnormalities and anorexia. “Inflammatory cytokines not only influence these abnormalities, but they also promote peristaltic dysfunction and edema in the gastrointestinal system, aggravating anorexia and impairing digestive and absorptive activities. It is thought that inflammatory cytokines inhibit the release of corticosteroid-releasing hormone and appetite-stimulating neuropeptide Y, leading to the development of anorexia” (Esper and Harb, 2015).

3.1 PATHOGENESIS OF INFLAMMATORY RESPONSE AND CANCER-RELATED CACHEXIA
[bookmark: _Toc173186809]Systemic inflammation is a major cause of cancer-related cachexia because it disrupts the equilibrium between protein production and degradation (Tan et al., 2011). Tumor cells generating cytokines and other inflammatory mediators, as well as activated immune cells releasing cytokines and chemokines, all contribute to cancer-related systemic inflammation. C-reactive protein (CRP), an acute-phase protein, is one of the most extensively researched systemic inflammatory markers (Fearon et al., 2011). Nasr et al. (2018) found that “hepatocytes manufacture this protein in response to inflammatory cytokines such as IL-1, TNF-α, and IL-6”. “Elevated CRP levels are associated with a poor prognosis in both localized and metastatic CRC” (Kersten et al., 2013), as evidenced by previously reported “prognosis predictive scores such as the lymphocyte-to-CRP ratio (LCR), CRP/albumin ratio (CAR), lymphocyte CRP score (LCS), modified Glasgow prognostic score (mGPS), and modified nutritional geriatric risk index (mGNRI), all of which contain CRP. Preoperative LCS can predict the short- and long-term prognoses of patients with gastric cancer” (Okugawa et al., 2020). “The mGNRI is an effective predictor of long-term survival outcomes in cancer patients. Notably, mGPS, LCR, CAR, and CRP levels were shown to be associated with the prognosis of CRC patients” (Yasui et al., 2021; Zhou et al., 2021; Hua et al., 2021).


3.2 INFLAMMATORY MEDIATORS IN CANCER-RELATED CACHEXIA

Inflammatory reactions are key pathogenic factors in cancer-related cachexia, activating mediators involved in tissue repair. Changes in plasma protein concentrations are part of the acute-phase response (APR), which also includes behavioral, psychological, physiological, and nutritional changes in the body. An acute-phase protein (APP) is a plasma protein whose concentration fluctuates by at least 25% in response to inflammation (Gabay and Kushner, 1999). These proteins are produced in response to inflammation and serve to restore tissue homeostasis and repair by controlling cell proliferation, scar formation, and immune defense activities. Cytokine signaling, specifically IL-6, IL-1, TNF-α, and IFN-γ, initiates APR production. APP concentrations change with cancer and other inflammatory conditions. However, little is known about how these variables affect metabolism, muscle, and fat homeostasis, and the APR-cachexia link is still poorly characterized. Although APR has been proven to raise the patient's resting energy expenditure, which is a sign of increased catabolism (Falconer et al., 1994). This lends credence to the idea that APPs play a molecular role in the advancement of cancer and chronic illness-related cachexia.

During the acute phase response, inflammation stimulates protein creation, which necessitates the presence of IL-6 to create a large amount of APP. Cytokines are the major signaling molecules that regulate acute-phase protein levels. Toll-like receptors stimulate innate immune cells, producing IL-1 and TNF-α. These cytokines stimulate the secretion of IL-6 (Gulhar et al., 2023). IL-6 binds to IL-6 receptor alpha chain, inducing the dimerization of gp130 and activation of its associated Janus kinases (JAKs), which phosphorylate gp130. These activities activate the mitogen-activated protein kinase (MAPK/ERK) cascade and STAT3. STAT3 activation by tyrosine phosphorylation leads to dimerization and nuclear translocation, DNA binding, and modulation of gene expression (Bonetto et al., 2011). IL-6 signaling through STAT3 upregulates acute-phase response protein gene expression in the liver. IL-6 activation of hepatocytes increases positive acute phase reactants such as CRP, serum Amyloid A (SAA), Alpha 1 anti-chymotrypsin, and fibrinogen while decreasing negative acute phase reactants such as albumin, transferrin, and fibronectin (Castell et al., 1989). IL-6 has also been demonstrated to directly produce cachexia via a crosstalk pathway between tumor, muscle, and fat that requires IL-6 signaling (Rupert et al., 2021). Inflammation is the primary cause of cachexia, as the body strives to maintain a balance between host protection and the detrimental effects of immunological responses on the host (Maccio et al., 2021; McGovern et al., 2022). CRP and other surrogate indicators can be used to measure the inflammatory response. CRP has been shown to predict both the degree of cachexia and survival in cancer patients (Silva et al., 2020). It is one of numerous APRs that are caused by inflammation and are associated with cachexia. There are several instances of how APR signaling is regulated in cachexia. The next sections explain APR production in extra-hepatic organs, muscles, and tumors.
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[bookmark: _Toc173186810]
3.3 THE MUTUAL RELATIONSHIP BETWEEN INFLAMMATION AND CANCER
In the mid-nineteenth century, Rudolf Virchow discovered the link between inflammation and cancer, finding that cancer cells are common in sites of chronic inflammation and that inflammatory cells are prevalent in tumor biopsies (Balkwill and Mantovani, 2001). Cancer-related inflammation is now recognized as a major feature of cancer, with a well-established relationship between chronic inflammation and tumor formation (Punt et al., 2016). Chronic, dysregulated, chronic, and unresolved inflammation has been linked to not only an elevated risk of cancer, but also a poor prognosis in most cancer types (Elinav et al., 2013). Furthermore, accumulating data suggests that “the inflammatory tumor microenvironment (TME) is a critical predictor of the therapeutic success of traditional treatment (e.g., radiation and chemotherapy) and immunotherapy” (Vasan et al., 2019). However, “acute inflammation generated by exogenous stimulators has been shown to improve anti-tumor immunity by boosting dendritic cell maturation and activity, as well as the start of effector T cells” (Bray et al., 2018).

Patients suffer greatly when cachexia develops as a result of cancer or other chronic conditions. Cachexia is linked to a decreased capacity to tolerate treatments, slower ambulation, worse quality of life, and higher mortality. Cachexia appears to be closely connected to the activation of the acute phase response and a strain on metabolic resources. Interest is growing in the role of acute phase reactants in the immunogenesis of cachexia. Furthermore, increasing research shows that liver, lung, and skeletal muscle cancers have a role in activating the acute phase (Robinson et al., 2023). Although the acute phase is increasingly recognized as being involved in cachexia, research into the underlying mechanisms of cachexia associated with the acute phase response remains ongoing, with a lack of a comprehensive understanding and a clear causal relationship. Although most studies to far have been correlative, demonstrating a function for various acute phase reactants might assist bridge the existing knowledge gap. 

[bookmark: _Toc173186812]Given the link between inflammation and tumor (Ma et al., 2013), harnessing inflammation looks to be an essential technique for more effective anti-cancer treatment. Numerous clinical investigations have established the potent chemopreventive benefits of nonsteroidal anti-inflammatory medications (NSAIDs), notably aspirin (Cuzick et al. 2015). Statins have also been shown to greatly lower the chance of developing a variety of cancers, including breast cancer, colorectal cancer (CRC), and hepatocellular carcinoma (HCC), through anti-inflammatory actions (Bonovas et al., 2013). Furthermore, boosting the quantity of specialized pro-resolvin lipid mediators (SPM) and their synthesis pathways has been found to greatly suppress tumor development (Wang et al., 2015). Furthermore, boosting tumor immunity with inhibitory checkpoint blockade or chimeric antigen receptor T-cell (CAR-T) immunotherapy has demonstrated promising results in some cancer types (Gun et al., 2019). However, adverse effects including as coagulopathy and "cytokine storm" have hampered their broad applicability to cancer therapy (Bonifant et al., 2016), implying that reducing these undesirable immunotherapy-induced inflammatory processes will benefit cancer patients. In short, tumor-related chronic inflammation has been linked to TME immunosuppression and tumor progression (Ma et al., 2013). Thus, a greater knowledge of the link between dysregulated inflammation and tumor formation would be beneficial to the development of novel tactics for battling malignancies and would improve the efficacy of immunotherapy, chemotherapy, or radiotherapy. 

3.4 THERAPEUTIC IMPLICATIONS 
[bookmark: _Toc173186813]“Systemic inflammation is currently thought to be the leading cause of muscle wasting in cancer-related cachexia. Functional alterations in brain areas that regulate energy homeostasis lead to anorexia, reduced food intake, and increased muscle and adipose tissue loss” (Ekeoke and Morley, 2015). Consequently, inflammatory indicators are routinely employed as predictors of metabolic problems and clinical consequences (Argiles et al., 2014). We investigate developing treatment methods and their potential to reduce the effects of systemic inflammation on cachexia.

3.4.1 TARGETING INFLAMMATION IN CACHEXIA MANAGEMENT
“Several in vitro and in vivo investigations have found that pro-inflammatory cytokines have a role in muscle wasting diseases including cancer-related cachexia. High levels of inflammatory cytokines have been linked to muscle wasting in an animal model employing Walker-256 rats (Cella et al., 2020) and colon cancer 26 (C-26) (Zhuang et al., 2016). “’Administration of creatine or the Zhimu and Huangbai herb pair (ZBHP) reduced muscle” and adipose tissue wasting during cachexia, indicating that modulating inflammatory signaling could be a potential therapeutic target in cancer-related cachexia. A recent study in different mouse models based on the injection of C-26 murine adenocarcinomas or Lewis lung carcinoma (LLC) cells into BALB/c and C57BL/6 or Ager −/− (RAGE-null) mice reported that activation of the receptor for advanced glycation end-products (RAGE) by the S100 calcium-binding protein B (S100B) was able to induce muscle wasting and that the signaling pathway involved was the p38 MAPK/myogenin axis and signal transducer and activator of transcription Furthermore, this study found that muscle atrophy, systemic inflammation, and the release of tumor-derived prokinetic substances were all linked to the persistent activation of RAGE that occurs under cancer circumstances” (Zhao, H., et al., 2021).

C2C12 myotubes treated with TNF-α showed decreased protein production and increased proteolysis. Both treatment of C2C12 myotubes and intraperitoneal injection of TNF-α resulted in upregulation and activation of ERK1/2 and JNK. Inhibiting p38MAPKs lowered the elevation of Atrogin1/MAFbx mRNA, indicating that TNF-α modulates gene expression through p38MAPK signaling (Li et al., 2005). A mouse model of the fatal pediatric illness Duchenne muscular dystrophy (DMD) shown that TNF-mediated JNK activation causes conformational changes in the insulin receptor substrate (IRS)-1, affecting downstream pathways following IGF-1/IGF-1 receptor interaction (Grounds et al., 2008). As previously noted, IGF-1 regulates muscle-mass homeostasis at numerous levels. Yoshida and Delafontaine's 2020 review found that IGF-1 stimulation activates the PI3K/Akt/mTOR and PI3K/Akt/GSK3β pathways, leading to protein synthesis in skeletal muscle. However, PI3K/Akt may also inhibit E3 ubiquitin ligase, which inhibits FOXOs and so reduces protein breakdown. Interestingly, IGF-1 adversely regulates autophagy through mTOR and FOXO signaling, with Akt playing a prominent role. Yoshida and Delafontaione (2020) believe that IGF-1/Akt inhibits the NF-κB and Smad signaling pathways, which may alleviate muscle atrophy by promoting cytokines and myostatin signaling.

[bookmark: _Toc173186814]In vitro and in vivo studies have revealed that another member of the tumor necrosis factor superfamily, tumor necrosis factor-like weak inducer of apoptosis (TWEAK), and the receptor factor-inducible 14 (Fn14), may be involved in skeletal muscle regeneration. Chronic administration and muscle-specific transgenic overexpression of TWEAK in mice showed cachectic effects, including low skeletal muscle weight and increased activity of UPS and NF-κB. However, administration of anti-Fn14 monoclonal antibodies reduced tumor growth rate and progression to cachexia (Webster et al., 2020).

3.5 COMPREHENSIVE MANAGEMENT APPROACHES
Chronic inflammation is thought to be one of the characteristics of tumor initiation and progression (Coussens and Werb, 2002), and therapy-induced chronic inflammation frequently endows residual cancer cells with resistance to subsequent treatments (e.g., chemotherapy resistance and radiotherapy resistance) (Grivennikov et al., 2010). Anti-inflammatory medications have been shown to be effective at both tumor prevention and therapy. However, the side effects of Immune Checkpoint Blockade (ICB) and Chimeric Antigen Receptor (CAR)-T therapies, such as coagulopathy and the "cytokine storm" have limited their full application to cancer therapy (Bonifant et al., 2016), indicating that reduction of these pernicious inflammation reactions accompanying immunotherapy will improve therapeutic efficacy. Several treatment techniques for limiting inflammatory cells and their products have recently been effectively tested in clinical or preclinical tumor models. Statins, for example, dramatically lowered the chance of developing a variety of cancers through anti-inflammatory and other mechanisms (Bonovas et al., 2013). Similarly, neutralization of IL-17A, IL-11, or IL-22 might prevent colonic carcinogenesis in its early stages (Yang et al., 2020), but COXs inhibitors (e.g., celecoxib and aspirin) reduced tumor development and metastasis (Schneider and Pozzi, 2011).

3.5.1 Targeting Pro-Inflammatory Cytokines
Pro-inflammatory cytokines, such as TNF-α, IL-1, and IL-6, contribute significantly to cancer cachexia. Therapies that neutralize these cytokines have showed promise: 

IL-6 Inhibition: Monoclonal antibodies targeting IL-6 or its receptor, such as tocilizumab, have been shown to reduce inflammation and muscle wasting in preclinical experiments (Yi et al., 2024). 

TNF-α Blockade: Infliximab and etanercept have been studied for their ability to reduce muscle breakdown (Sciorati et al., 2020). Clinical investigations indicate that treating TNF-α alone may not be effective in reversing cachexia.

3.5.2 Modulation of The Acute-Phase Response
The acute phase response (APR), which is triggered by systemic inflammation, leads to metabolic dysregulation and increased energy consumption in cachexia. Therapies that regulate the APR include:
C-Reactive Protein (CRP) Modulation: Modulation of C-Reactive Protein (CRP), a surrogate measure for systemic inflammation. CRP-lowering strategies, such as anti-inflammatory medications or lifestyle changes, may improve metabolic outcomes in cachexia patients.
Specialized Pro-Resolving Mediators (SPMs): Lipoxins and resolvins, are lipid-based mediators that promote inflammation resolution and tissue healing (Serhan et al., 2008). Increasing SPM levels has been proven to reduce chronic inflammation in cancer cachexia.
3.5.3 Anabolic and Nutritional Interventions
While inflammation is crucial to cachexia, restoring anabolic pathways and improving nutrition are just as important: 

Anabolic steroids: Anabolic steroids, such as oxandrolone and testosterone, have been used to increase muscular growth and strength (McCullough et al., 2021). However, their effectiveness in cachexia is still being studied.
Nutritional Support: Supplementing with omega-3 fatty acids, which have anti-inflammatory effects, can enhance weight growth and muscular function in cachexia patients (de Castro et al., 2022). Protein-rich meals and amino acid supplements (such as leucine) also aid in muscle protein synthesis (Ely et al., 2023).

3.5.4 Targeting Energy Homeostasis
Hypothalamic pathway dysregulation relates to anorexia and decreased food intake in cachexia. Treatments for restoring appetite and energy balance include:
Appetite Stimulants: Megestrol acetate and dronabinol have been used to enhance hunger and calorie intake, with varying results (Ceolin et al., 2024).
Modulation of neuroinflammatory pathways: Targeting neuropeptide signaling pathways in the hypothalamus may help restore appetite and treat cachexia-related anorexia (Krasnow et al., 2010).
3.5.5 Combination Therapies
Given the multifaceted nature of cancer cachexia, combination therapy that address inflammation, metabolism, and appetite control are likely to be the most successful. Emerging therapies include 
Multimodal Approaches: multimodal approaches, which combine anti-inflammatory medicines with dietary assistance and physical rehabilitation to improve results (Shiaraishi et al., 2024).
Personalized Medicine: Tailoring therapies based on individual patient profiles, including inflammatory markers and genetic predispositions, may enhance treatment efficacy.

4.0 Conclusion

Acute Inflammation is the first reaction to damaging stimuli, with the persistence of inflammatory components possibly producing chronic inflammation. Innate immune cells (endothelial cells, neutrophils, macrophages, mast cells, NK cells, and dendritic cells) and adaptive immune cells (T cells and B cells), as well as proinflammatory factors (vasoactive amines, vasoactive peptides, complement fragments, and some cytokines, such as IL-1, IL-6, IL-15, IL-17, IL-23, TNF-α, and IFN-γ) are important for the initiation of inflammation. In addition, chemokines (CCL2, CXCL12) are required for the recruitment of inflammatory cells in the inflammatory region. Anti-inflammatory cells (M2 macrophages, Th2, Tregs, and MDSCs), cytokines (IL-4, IL-10, IL-13, and TGF-β), and SPMs (LTA4, LXA4, LXB4, lipoxins, RvE, RvD, MaR1, MaR2, DHPA, PCTR1, and protectin D1) play a role in inflammation resolution. The influence of inflammation on most malignancies is two-edged, with cancer affecting the inflammatory response. Typically, the immune system detects and destroys infections and tumor cells, therefore preventing tumor growth. However, during chronic inflammation, inflammatory cells and cytokines may operate as tumor promoters, influencing cell survival, proliferation, invasion, and angiogenesis. Given the tight association between inflammation and tumors, reducing inflammation is a significant strategy to enhance anti-cancer treatment. There are two components to treating inflammation for cancer therapy. Activating anti-cancer immunity cells (such as DCs, NK cells, NKT cells, CTLs, Th1 cells, and B cells) can boost the immune system's ability to destroy cancer. In addition, inhibiting pro-cancer immune cells (e.g., mast cells, TAMs, MDSCs, TANs, eosinophils, Th2 cells, Th17 cells, Treg cells, and Breg cells) or converting their polarization to an anti-tumor type by targeting key signal pathways can impede the immunosuppressive effect and cancer progression. For example, inhibiting the unfolded protein response mediator PERK in MDSC can reverse their pro-tumor function and induce anti-tumor T cells. In summary, the inflammatory response in cancer cachexia can cause muscular and adipose tissue loss, which is increased as cachexia advances. This dual role highlights the intricate relationship between inflammation and the development of cachexia in cancer patients.


[bookmark: _Hlk201835975][bookmark: _Hlk193540946][bookmark: _Hlk180402183][bookmark: _Hlk183680988][bookmark: _Hlk197173371]Disclaimer (Artificial intelligence)
Authors hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, manuscript) were used in the generation of facts presented in this review article. 
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