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Definition
[bookmark: Par1]Cachexia came from the Greek “kakos” and “hexis” meaning “bad conditions.” Cachexia is a complex metabolic syndrome characterized by progressive weight loss with extensive loss of skeletal muscle and adipose tissue, which is secondary to the growing malignancy.
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Characteristics
[bookmark: Par2]Most cancer patients develop cachexia at some point during the course of their disease, and nearly one-half of all cancer patients have weight loss at diagnosis. Cachexia prevents effective treatments for cancer and predicts a poor prognosis because the severity of wasting inversely correlates with survival. The consequences of cachexia are detrimental and cachexia is considered to be the direct cause of about 20 % of cancer deaths. The pathogenesis of cancer cachexia remains to be fully understood, but it is evidently multifactorial.
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Weight Loss
[bookmark: Par3]Clinically, cachexia should be suspected if involuntary weight loss of more than five percent of premorbid weight occurs within a 6-month period. Weight loss is not simply caused by competition for nutrients between tumor and host as the tumor burden may be only 1–2 % of total body weight. The frequency of weight loss varies with the type of malignancy, being more common and severe in patients with cancers of the gastrointestinal tract ( gastrointestinal​ tumors) and lung ( lung cancer). Gastric and pancreatic cancer patients may lose large amounts of weight, up to 25 % of initial body weight. Over 15 % of weight loss in patients is likely to cause significant impairment of respiratory muscle function, which probably contributes to premature death. Weight loss can arise from several metabolic changes that take place during malignancy, for example, reduced food intake, increased energy expenditure, and tissue breakdown.
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Poor Appetite
[bookmark: Par4]Loss of the desire to eat or lack of hunger is common in cancer patients. It can be related to the mechanical effect of the tumor such as obstructions (especially of the upper gastrointestinal tract), side-effects of chemotherapy or radiotherapy ( chemoradiotherap​y), and emotional distress. Some tumors may secrete products which act on the brain to inhibit appetite. Regulation of food intake involves the integration of the peripheral and neural signals in the hypothalamus and other brain regions. In the hypothalamus, the orexigenic signals such as neuropeptide Y (NPY), the most potent appetite stimulant, increase food intake, and the anorexigenic signals including the pro-opiomelanocortin/cocaine and amphetamine regulated transcript (POMC/CART) inhibit appetite. Dysregulation of NPY in the hypothalamic pathway can lead to decreased energy intake but higher metabolic demand for nutrients. It has been demonstrated that NPY-immunoreactive neurons in the hypothalamus are decreased in experimental model of cancer anorexia. In contrast, reduced food consumption can be restored to normal levels by blocking the POMC/CART pathway in tumor-bearing animals. High level of leptin, a hormone primarily secreted by adipocytes, inhibits the release of hypothalamic NPY. In cancer cachexia the leptin feedback loop appears to be deranged, altering the signaling pathway of NPY. Cytokines such as interleukin 1β (IL-1β), interleukin-6 (IL-6), and tumor necrosis factor-α (TNFα) are implicated to be involved in cancer anorexia, possibly by stimulating corticotrophin-releasing factor, a neurotransmitter which suppresses food intake at least in rodents, and/or by inhibiting neurons that produce NPY in the hypothalamus.
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Increased Metabolism and Energy Expenditure
[bookmark: Par5]Maintaining normal body weight requires energy intake to equal energy expenditure. In some patients with cancer cachexia, energy balance becomes negative as reduced food intake is not accompanied by a parallel decrease in energy expenditure. For example, patients with lung and pancreatic cancers generally have higher resting energy expenditure (REE) compared with normal control subjects; however, REE is usually normal in patients with colorectal cancer. The mechanisms of increased energy expenditure are not clear although studies suggest that it might be through the upregulation of uncoupling proteins, a family of mitochondrial membrane proteins, which are proposed to be involved in the control of energy metabolism. Uncoupling protein-1 (UCP-1), which decreases the coupling of respiration to ADP phosphorylation thereby generating heat instead of ATP, is only expressed in brown adipose tissue (BAT). UCP-1 mRNA levels in BAT are increased in mice bearing the MAC16 colon adenocarcinoma. Although BAT is uncommon in adults, the prevalence of BAT has been found to be higher in cancer cachectic patients than the age-matched control subjects. mRNA levels of UCP-2 (expressed ubiquitously) and UCP-3 (expressed in skeletal muscle and BAT) in skeletal muscle are upregulated in rodent models of cancer cachexia. In humans, skeletal muscle UCP-3 mRNA levels are over fivefold higher in cachectic cancer patients compared with patients without weight loss and health controls. Elevated expression of UCP-2 and UCP-3 has been suggested to contribute to lipid utilization rather than whole-body energy expenditure. Cytokines such as TNFα and/or other tumor products may be responsible for the changes in UCP expression at least in rodents. Additional energy consumption could arise from the metabolism of tumor-derived lactate via “futile cycles” between the tumor and the host. The main energy source for many solid tumors is glucose, which is converted to lactate and transferred to the liver to convert back into glucose. This “futile cycle” requires large amount of ATP, resulting in an extra loss of energy in cancer patients.
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Loss of Adipose Tissue
[bookmark: Par6]Fat constitutes 90 % of normal adult fuel reserves, and depletion of adipose tissue together with hyperlipidemia becomes a hallmark of cancer cachexia. Computed tomography (CT) scanning has revealed that cachectic cancer patients with gastrointestinal carcinoma had significantly smaller visceral adipose tissue area than control subjects. Increased lipolysis is implicated in cancer-associated adipose atrophy. The activity of hormone-sensitive lipase, a rate-limiting enzyme of the lipolytic pathway, is increased in cancer cachectic patients, which causes elevated plasma levels of free fatty acids and triglycerides. Meanwhile, there is a fall in lipoprotein lipase (LPL) activity in white adipose tissue, thus inhibiting cleavage of triglycerides from plasma lipoproteins into glycerol and free fatty acids for storage, causing a net flux of lipid into the circulation. Finally, glucose transport and de novo lipogenesis in the tissue are reduced in tumor-bearing state, leading to a decrease in lipid deposition. There is also evidence that loss of adipose tissue in cancer cachexia could be the result of impairment in the formation and development of adipose tissue. The expressions of several key adipogenic transcription factors including CCAAT/enhancer-binding protein alpha, CCAAT/enhancer-binding protein beta, peroxisome proliferator-activated receptor gamma, and sterol regulatory element-binding protein-1c are markedly reduced in adipose tissue of cancer cachectic mice.
[bookmark: Par7]Various factors produced by tumors or the host’s immune cells responding to the tumor can disturb lipid metabolism. TNFα has been shown to affect adipose tissue formation by inhibiting the differentiation of new adipocytes, causing dedifferentiation of mature fat cells and suppressing the expression of genes encoding key lipogenic enzymes. TNFα has also been associated with increased lipolysis probably through suppression of LPL activity in adipocytes. In addition, both TNFα and IL-1 are able to inhibit glucose transport in adipocytes and consequently decrease the availability of substrates for lipogenesis. Certain prostate, gut, and pancreatic tumors secrete a lipid-mobilizing factor (LMF), also produced by a mouse adenocarcinoma model. LMF has been shown to be identical to the plasma protein zinc-α2-glycoprotein (ZAG). It is recently found to be secreted by human adipocytes and upregulated in adipose tissue of mice with cancer cachexia. ZAG causes rapid lipolysis in vitro and in vivo, possibly through activation of intracellular cyclic AMP. ZAG also stimulates expression of UCPs in brown fat of mice, which may contribute to increased energy expenditure as well as lipid catabolism during cachexia. Moreover, ZAG has been shown to reduce glucose metabolic rate in adipose tissue, consistent with a decrease in glucose transportor-4 transcript in white fat of mice bearing a ZAG-producing tumor.
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Loss of Muscle Protein
[bookmark: Par8]Weakness, commonly seen in cancer cachectic patients, is directly related to wasting of muscle that accounts for almost half the body’s total protein and bears the brunt of enhanced protein destruction. Reduced protein synthesis together with enhanced proteolysis has been observed in experimental animal models and in muscle biopsies from cancer patients with cachexia, and whole-body protein turnover can be markedly increased in cachectic cancer patients.
[bookmark: Par9]Some mediators and pathways of excessive protein breakdown have been incriminated in cancer cachexia. TNFα appears to be involved, as treatment with recombinant TNFα enhances proteolysis in rat skeletal muscle and activates the ubiquitin–proteasome system. Ubiquitin, an 8.6 kD peptide, is crucially involved in targeting of proteins undergoing cytosolic ATP-dependent proteolysis. There is an increase in ubiquitin gene expression in rat skeletal muscle after incubation with TNFα in vitro. Tumors also produce cachectic factors such as proteolysis-inducing factor (PIF), a 24 kD glycoprotein initially isolated from a cachexia-inducing tumor (MAC16) and the urine of cachectic cancer patients. PIF induces muscle protein breakdown by stimulation of the ubiquitin–proteasome proteolytic pathway.
[bookmark: Par10]There is increasing evidence that both cytokines and PIF cause protein degradation by activation of nuclear factor kappa B (NFκB), a transcription factor that regulates the expression of a number of proinflammatory cytokines. TNFα and PIF can upregulate components of the ubiquitin–proteasome pathway in an NFκB-dependent manner. Activation of NFκB by TNFα in murine muscle cells suppresses mRNA of the transcription factor MyoD, inhibiting skeletal muscle cell differentiation as well as preventing the repair of damaged skeletal muscle fibers.
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Treatment
[bookmark: Par11]Current treatment designed to ameliorate cancer cachexia has limited benefit. Nutritional supplementation (oral or parenteral) alone has little effect and, critically, does not restore muscle mass and improve quality of life or prognosis in cancer patients. Appetite stimulants such as megestrol acetate and medroxyprogesterone acetate are commonly used at present in the treatment of anorexia and cachexia. These agents are believed to stimulate orexigenic peptide NPY in the hypothalamus and inhibit the synthesis and release of proinflammatory cytokines. Their effects on appetite and well being are short-termed and they do not influence lean body mass and survival. Cannabinoids have also been studied as potential appetite stimulants. However, dronabinol has failed to prevent progressive weight loss in patients with advanced cancer.
[bookmark: Par12]Therapeutic interventions include anticytokines such as thalidomide ( thalidomide and its analogs) with multiple immunomodulatory properties. It suppresses the production of TNFα, IL-1β, IL-12, and cyclooxygenase-2, which is probably through inhibiting NFκB activity. Thalidomide has been shown to attenuate total weight loss and loss of lean body mass in cachectic patients with advanced pancreatic cancer.
[bookmark: Par13]Eicosapentaenoic acid (EPA), a polyunsaturated fatty acid from fish oil, has attracted attention as a potential anticachectic agent. EPA has been shown to attenuate the increased expression of the components of the ubiquitin–proteasome proteolytic pathway in skeletal muscle of mice with cancer cachexia, and EPA can block PIF-induced protein degradation in vitro. In randomized clinical trials, cachectic patients with unresectable pancreatic cancer receiving EPA have shown a stabilization in the rate of weight loss, fat and muscle mass, as well as the REE. Recent data from animal studies suggest that EPA combined with the leucine metabolite beta-hydroxy-beta-methylbutyrate seems to be more effective in the reverse of muscle protein wasting.
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