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Cancer cachexia-anorexia syndrome 
and skeletal muscle wasting

Mihaela Jurdana

College of Health Care Izola, University of Primorska, Izola, Slovenia

Background. Cachexia-anorexia syndrome is a common and important indicator of cancer. It occurs in 30% 
to 80% of cancer patients. Cachexia means “bad condition” and may be present in the early stages of tumor 
growth, before any signs of malignancy. Cancer cachexia is a syndrome of progressive body wasting, charac-
terized by loss of adipose tissue and skeletal muscle mass. In most cancer patients, cachexia is characterized 
by anorexia, which implies a failure of food intake, regulated through a complex system of hormones and 
neuropeptides. A decline in food intake relative to energy expenditure is a fundamental physiologic derange-
ment leading to cancer associated weight loss. The weight loss in patients with cachexia-anorexia syndrome 
differs from that in caloric starvation or anorexia nervosa. The pathophysiology of cancer cachexia is not 
fully understood; however, studies have shown that cytokines are important in the alteration of the carbo-
hydrate, lipid and protein metabolism. Cancer, prolonged bed rest, HIV infection and aging are conditions in 
which muscle wasting is a common feature. An intervention that may potentially attenuate the progression 
of muscle wasting in cancer patients is resistance exercise training, defined as multiple repetitions of static 
or dynamic muscular contractions that increase muscle mass.
Conclusions. The main components of the pathological state of cachexia are anorexia and metabolic ab-
normalities such as fat depletion and muscle protein catabolism. Future developments may concentrate on 
the molecular abnormalities of cachexia and on examination of the functional benefit of resistance exercise 
training for cancer related muscle wasting.
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Introduction

Many patients with chronic or end-stage 

diseases, such as infection, cancer, acquired 

immunodeficiency syndrome (AIDS), con-

gestive heart failure, cystic fibrosis, tuber-

culosis, rheumatoid arthritis, and Crohn’s 

disease, develop cachexia.1

The word “cachexia” is derived from 

Greek “kakos” meaning “bad” and “hexis” 

meaning “condition”. Cachexia is character-

ized by weight loss involving depletion of 

host adipose tissue and skeletal muscle mass. 

Weight loss in cancer patients differs from 

that found in caloric starvation, where body 

fat is lost preferentially (Table 1). Cachexia 

is an important cause of mortality in can-

cer patients, between 10-22% of all cancer 
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deaths, as well as death from other causes 

such as infection.2 An effective therapy for 

cachexia should improve the quality of life of 

cancer patient and it may also be expected to 

extend the survival time. In general, patients 

with solid tumors have a higher frequency of 

cachexia.3 About 80% of patients with upper 

gastrointestinal cancer and 60% of patients 

with lung cancer have had substantial weight 

loss.3 Cachexia is more common in children 

and elderly patients and becomes more pro-

nounced as the disease progresses.

Tumor growth is associated with pro-

found metabolic and neurochemical altera-

tions. About half of all cancer patients show 

a syndrome of cachexia, causing the clinical 

manifestations of anorexia, one of the most 

common symptoms in advanced cancer.4 

Anorexia is defined as the loss of desire to 

eat, which frequently leads to reduced food 

intake. Based on various diagnostic tools, 

anorexia has been detected at the point of 

cancer diagnosis in 13-55% of patients.5 In 

cancer patients, the development of anorexia 

is associated with the presence of cachexia, 

resulting in cancer anorexia-cachexia syn-

drome.6 Symptoms which are usually iden-

tified as part of cachexia-anorexia syndrome 

include weight loss, anorexia, early satiety, 

muscular weakness and anemia.7 Anorexia 

alone is unlikely to be responsible for the 

wasting seen in cancer patients, although it 

may be a contributing factor because the de-

gree of weight loss cannot be ascribed com-

pletely to reduced food intake. Anorexia and 

cachexia can co-exist in cancer patients. The 

muscle wasting observed in cancer patients 

occurs even in the presence of normal food 

intake, and increased muscle proteolysis is 

detectable even before weight loss occurs.8 

The pathogenesis of anorexia is multifacto-

rial and is related to disturbance of the cen-

tral physiological mechanisms controlling 

food intake. The presence of anorexia can 

be characterized by identification of objec-

tive symptoms, including early satiety, taste 

and smell alterations, meat aversion and 

nausea/vomiting.9

The presence of anorexia is an extremely 

distressing syndrome, because appetite and 

the ability to eat have been reported to be 

the most important factors in the physical 

and psychological aspects of a patient’s 

quality of life.10 In anorexic cancer patients, 

early satiety together with a reduced ap-

petite has been postulated to be caused by 

the production of factors by the tumor that 

exert their effects by acting on the hypotha-

lamic sensory cells.11 

Loss of appetite can arise from decreased 

taste and smell of food, as well as from cy-

tokine production.4 An alteration in the 

regulation of feeding, controlled by a com-

plex of hormones and neuropeptides in the 

ventral hypothalamus, are also involved in 

cachexia-anorexia. For instance, neuropep-

Table 1. Characteristics of starvation and cancer cachexia. Cancer associated weight loss arises from the loss of 

equal amounts of muscle and fat and is characterized by increased catabolism of skeletal muscle and decreased 

protein synthesis.

Starvation Cancer cachexia

Mobilization of fat, sparing of skeletal muscle Equal mobilization of fat and skeletal muscle

Decreased basal metabolic rate Normal or increased basal metabolic rate

Liver atrophy Increased liver size

Normal lipoprotein lipase Reduced lipoprotein lipase

Decreased protein breakdown
Increased protein breakadown
Increased synthesis of acute- phase protein 

Reduced glucose turnover Normal or increased glucose turnover
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tide Y (NPY) is considered to be among 

the most potent of the feeding stimulatory 

peptides.12,13 Increased levels of leptin, a 

hormone secreted by adipocytes, can block 

NPY and induce satiety.14 

Cytokines, in particular, appear to play 

a key role in satiety disturbances, and an 

emerging view is that anorexia-cachexia 

syndrome is caused predominantly by cy-

tokines, either produced by cancer cells or 

released by the immune system of the host 

as a response to the presence of cancer.14

The wasting observed in cancer cachexia 

can arise from a decreased energy intake 

and increased energy expenditure (EE - the 

amount of calories required for a 24-hour 

period by the body during an active period) 

or a combination of both. Hypermetabolism 

and weight loss are significant predictors of 

decreased survival and they also indicate 

that weight loss cannot be explained solely 

by diminished dietary intake.15

Patients with cancer have a highly vari-

able change in energy expenditure. Cancer 

associated weight loss arises from the loss 

of equal amounts of muscle and fat and 

is characterized by increased catabolism 

of skeletal muscle and decreased protein 

synthesis.16 Weight loss can occur during 

any phase of the disease, and some tumors 

seem more capable than others of inducing 

the metabolic changes apparent in cancer 

cachexia syndrome. In comparison with 

control groups, patients with malignant 

disease have been reported to have reduced, 

normal or elevated energy expenditure.17-19 

The metabolic abnormalities caused by can-

cer are shown in Figure 1.

Patients with lung and pancreatic cancer 

have an increased resting energy expendi-

ture (REE - the amount of calories required 

for a 24-hour period by the body during a 

non active period) compared with healthy 

control subjects.20,21 However, patients with 

gastric and colorectal cancer  were reported 

to have no elevation of REE.20 Cachexia can 

occur even with a normal EE, which sug-

gests that tumor and host factors play an im-

portant role in depletion of body lipids (FAT) 

and protein during the process of cachexia.

The metabolic profile of cachexia is not 

the same as that of caloric starvation.7 

During the first few days of starvation, 

glucose utilization by the brain and eryth-

rocytes necessitates depletion of liver and 

muscle glycogen and increased glucose 

production by the liver, using gluconeo-

genic amino acids derived from catabolism 

of muscle. This phase is replaced in long-

term starvation by the use of fat as a fuel, 

in which free fatty acids released from adi-

pose tissue are converted into ketone bod-

ies, which are utilized for energy by periph-

eral tissues and, eventually, to some extent 

by the brain. This leads to prolonged con-

servation of muscle mass.6 In contrast, in 

cancer cachexia, there is equal loss of both 

fat and muscle, so that for a given degree of 

weight loss there is more loss of muscle in a 

patient with cancer cachexia than in caloric 

starvation.22 In starving persons, the body 

Figure 1. Metabolic abnormalities caused by cancer, 

resulting in losses of fat and skeletal muscle. Tumors 

produce factors inducing breakdown of adipose tissue 

into fatty acids, and protein degradation (amino acids) 

in skeletal muscle. Cytokines synthesised by tumor or 

host induced anorexia, the most common symptoms in 

advanced cancer.  Progressive weight loss and skeletal 

muscle protein loss, profound anorexia characterized 

Cachexia-Anorexia Syndrome.
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quickly adapts to the lack of nutrients by 

decreasing its EE and by oxidizing store lip-

ids for energy. This metabolic adaptation to 

a decreased food intake is critical for main-

taining a functional muscle mass. Cancer-

bearing hosts, however, fail to develop such 

metabolic adaptation and thus continue 

to deplete their skeletal muscle proteins.6 

Metabolic abnormalities in cancer cachexia 

are described in Figure 1.

The role of cytokines

Cytokines are polypeptides synthesised 

and released primarily by activated mono-

cytes and macrophages. They are also pro-

duced by some types of tumor cells.23 

Skeletal muscle plays an important role 

in the immune system as one of the produc-

ers of cytokines. Cytokines are primarily re-

sponsible for cell-to-cell communication and 

stimulate the arrival of lymphocytes, neu-

trophils, monocytes and other healer cells to 

the injury site to repair the injured tissue.24 

Three important cytokines, tumor necrosis 

factor-α (TNF-α), interleukin 1 (IL-1) and in-

terleukin 6 (IL-6), are responsible for protein 

breakdown in skeletal muscle and increased 

production of prostaglandins. Cytokines are 

also involved in muscle hypertrophy and in 

the muscle regeneration process.25

Numerous cytokines, including (TNF-α), 

(IL-1), (IL-6), interferon γ (IFN- γ) and leuke-

mia-inhibitory factor (LIF), play an impor-

tant role in the etiology of cancer cachexia. 

Such cytokines may be produced by tumor 

or host tissue and are characterized by the 

induction of anorexia and a decrease in the 

clearing enzyme lipoprotein lipase.6

Cytokines are implicated in changes in 

sensory function in the chorda tympani 

(involved in the transduction of taste), lead-

ing to alterations in taste and in specific 

food preferences.4 Patients with end stage 

cancer have altered taste thresholds with 

respect to the bitter modality and these 

changes are most apparent in patients with 

higher concentrations of C-reactive protein, 

ILβ-1, IL-6 and TNF-α. The odor threshold 

was also lower in these patients than in 

healthy subjects.26 The described cytokines 

also sensitize the vagal afferent nerve fib-

ers, resulting in increased activation of the 

mechanisms that mediate sensations of 

fullness and thus contribute to the process 

of satiety.26 Cytokines may inhibit feeding 

by causing nausea and vomiting and also 

by decreasing gastric motility and gastric 

emptying, intestinal motility or by modify-

ing gastric acid secretion. Their effects may 

result from direct action on the gastrointes-

tinal system or indirect effects mediated by 

cytokines (ILβ-1, IL-2, IFN-γ and TNF- α) on 

the central nervous system.12,27-33 Cytokines 

can also interact with prostaglandins (mem-

bers of a group of lipid compounds that are 

derived enzymatically from fatty acids and 

have important functions in the body) and 

corticotrophin-releasing hormone (CRH), a 

polypeptide hormone and neurotransmit-

ter involved in the stress response to inhibit 

gastric emptying.29,30

Cytokine interaction with neuropeptides 

may induce anorexia and can also modify 

serotonin and catecholamine pathways in 

the central and peripheral nervous system. 

Cytokines; TNF-α, IL-1, IL-6 and IFN-γ have 

been implicated in the induction of cancer 

related muscle wasting.34

Interleukin-1 (IL-1)

IL-1 was observed to induce anorexia, 

weight loss and hypoalbuminemia in mice35 

and satiety in rats as a result of activation 

of gluco-sensitive neurons in the ventro-

medial nucleus of the hypothalamus.36,37 

Otterness et al.38 and Mrosovsky et al.39 

observed cachexia-causing effects of IL-

1 when it is administrated to animals. 

Transfection of a cachectic tumor cell line 
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(colon-26) with the gene for IL-1 receptor 

antagonist failed to abolish the capacity 

of the tumor to produce cachexia.40 These 

results confirmed a role of this cytokine in 

the induction of tissue wasting in cancer. 

Tumor necrosis factor alpha (TNF- α)

Many of the metabolic disturbances associ-

ated with IL-1 are similar to those of TNF-α, 

a possible cachectic factor. Administration 

of TNF-α to laboratory animals induces a 

state of cachexia, with anorexia and deple-

tion of adipose tissue and lean body mass. 

Its effects are mediated centrally and in the 

gastrointestinal tract. TNF-α infusions di-

rectly reduce gastric emptying and peristal-

sis,41 they can induce lipolysis and inhibit 

lipid synthesis,42-46 and increase proteolysis 

in peripheral muscle.47 TNF-α has been 

shown in several studies to activate muscle 

protein degradation directly and induces IL-

6 release.48 It has been demonstrated that 

IL-6 can impair TNF-α expression in cardiac 

muscle; one potential role of IL-6 expression 

in contracting skeletal muscle is therefore to 

downregulate TNF-α expression.49

Llovera et al.50 demonstrated that TNF-α 

administration to healthy, cancer free rats 

brought about an enhanced rate of degrada-

tion of skeletal muscle protein, even though 

body weight loss was not apparent in the 

animals.

Hyperexpression of TNF-α has been iden-

tified as one of the key cytokine responses 

involved in cachexia.51 TNF-α appears to in-

fluence several other abnormalities present 

during cancer cachexia: adipose and mus-

cle wasting, insulin resistance, increased 

thermogenesis, and alteration in lipid and 

protein metabolism.52,53

Interleukine - 6 (IL-6)

The role of IL-6 in the development of can-

cer cachexia has mainly been provided from 

animal studies involving the use of murine 

colon-26 adenocarcinoma model. Evidence 

of a causative role of IL-6 in the pathogen-

esis of anorexia and cachexia comes from 

experiments reporting that treatment with 

anti-mouse IL-6 antibody was successful in 

reversing the key parameters of anorexia in 

mice bearing adenocarcinoma.54,55

Elevated serum concentration of IL-

6 has been reported in cancer patients. 

IL-6 increased in lung cancer patients 

and has been identified as a mediator of 

cachexia by the growth of a uterine cervi-

cal carcinoma (Yomoto) in nude mice.56 

An elevated level of serum IL-6 has been 

reported in patients with colon cancer and 

in acute–phase response,57 however, since 

all patients had lost weight, it is difficult to 

associate this elevation with the induction 

of cachexia.

Muscle atrophy has been observed in 

IL-6 transgenic mice, and another study 

reported that administration of IL-6 to rats 

acutely activated both total and myofibrillar 

protein degradation in skeletal muscle.58 It 

has been demonstrated that contracting hu-

man skeletal muscle released IL-6 but not 

TNF-α, because it negatively affects glucose 

uptake in skeletal muscle.59 

Glucocorticoids can prevent the stimula-

tory effects of proinflammatory factors on 

IL-6 secretion, which in general stimulate 

proliferation at the earliest, myoblast stage 

of muscle formation. Prelovsek et al.48 re-

ported that a high dexametasone concen-

tration prevents the stimulatory effects of 

TNF-α and LPS on IL-6 secretion from the 

precursors of human muscle regeneration. 

It results in prevention of myoblast prolif-

eration, leading to a reduced final mass of 

the regenerated muscle.

The results of human and animal stud-

ies strongly implicate IL-6 in the cachectic 

process. IL-6 probably does not act alone 

but may either induce or act in synergy 

with other cachectic factors.
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Interferon gamma (IFN-γ)
In mice bearing Lewis lung tumors, the de-

velopment of tumors is associated with IFN-γ 

production and with progressive weight 

loss. IFN-γ antibodies counteract the wast-

ing syndrome observed in cancer cachexia.60 

In rats that had received transplants of MCG 

101 sarcoma, anti-IFN-γ antibody reduced 

weight loss and anorexia but the treatment 

was partial and short-lived, suggesting that 

IFN-γ may not be the sole mediator.61 Such 

a result should not be interpreted to mean 

that IFN-γ by itself can induce cachexia, 

since both IFN-γ release and the presence of 

tumor cells were found to be required.

Leukemia- inhibitory factor (LIF)

LIF is proposed to be a mediator of cachexia 

through its ability to decrease lipoprotein 

lipase activity. LIF plays an important role 

in the development of cancer cachexia syn-

drome observed in melanoma-bearing nude 

mice. The expression of LIF mRNA was 

examined in four melanoma xenografts, 

SEKI, G361, A375 and MEWO, in nude 

mice. SEKI- and G361-bearing nude mice 

developed cancer cachexia syndrome, and 

their body weights decreased. A375- and 

MEWO-bearing nude mice, however, did 

not develop the syndrome. Northern blot 

analysis revealed that G361 as well as SEKI 

expressed a large amount of LIF mRNA, 

but A375 and MEWO did not, suggesting a 

close relationship between the expression 

of LIF mRNA and the development of the 

syndrome.62

Proteolysis-inducing factor (PIF)

Proteolysis-Inducing Factor, which induces 

muscle wasting, was purified from cachex-

ia-inducing MAC-16, a murine adenocarci-

noma. The exogenous administration of PIF 

to healthy mice resulted in a 50% decrease 

in muscle protein synthesis and a 50% in-

crease in muscle protein degradation.63

A PIF of identical characteristics and mo-

lecular weight was detected in the urine of 

persons losing weight due to pancreatic or 

gastrointestinal cancers but not in the urine 

of weight-stable patients with cancer or 

weight-losing non-cancer patients.64

PIF appears to induce muscle wasting 

via activation of the ubiquitin proteosome 

pathway.65 It seems unlikely that any of 

the cytokines alone are able to explain the 

complex mechanism of wasting seen in 

cancer cachexia, and other factors must be 

involved. 

Effects of cachexia on skeletal muscle

Cancer cachexia is associated with per-

turbations in protein metabolism, leading 

to significant wasting of tissue proteins. 

Muscle wasting results from an imbalance 

between the rates of muscle protein syn-

thesis and degradation. Body composition 

analysis shows that skeletal muscle is the 

major site of protein loss in patients with 

solid (non hematological) tumors.66 There 

are also changes in the concentration of 

plasma amino acids, and most studies re-

port a decrease in gluconeogenic amino ac-

ids, in contrast with severe malnutrition, in 

which the concentration of branched-chain 

amino acids in plasma is normal or even 

increased. Protein degradation of amino 

acid results in the release of amino acids, 

particularly alanine and glutamine. The 

former is channeled to the liver for gluco-

neogenesis and APP (acute phase protein) 

synthesis, whereas glutamine is taken up 

by the tumor to sustain energy and nitro-

gen demands.1

Intracellular protein breakdown can be 

mediated by three pathways; lysosomal, 

Ca2+-dependent and ATP-ubiquitin de-

pendent proteolytic pathways. All three 
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pathways may be involved in cachexia, al-

though the ubiquitin-dependent system is 

considered to be the most important and 

has been most studied.67 Recent evidence 

suggests that PIF and TNF-α, but not other 

cytokines, can induce expression of the key 

regulatory components of this pathway.65,68

TNF-α induces muscle wasting via in-

hibition of pathways involved in muscle 

cell differentiation and regeneration.69 

Exposure of myocites to TNF-α activates the 

transcription factor-nuclear factor kappa B 

(NF-κB), which in turn inhibits muscle cell 

differentiation by suppressing the synthe-

sis of MyoD, a transcriptional factor that is 

essential for muscle cell differentiation and 

for the repair of damaged muscle tissue.69 

The activation of NF-κB is also involved in 

upregulation of cytokine synthesis, which 

can contribute to paracrine effects of cy-

tokines on skeletal muscle tissue, as previ-

ously described. Cytokine-induced skeletal 

muscle wasting is probably a multifactorial 

process, involving increased protein degra-

dation and reduced myocite regeneration 

and repair.70

The consequence of skeletal muscle 

wasting is fatigue. Atrophy of skeletal mus-

cle leads to asthenia and muscle weakness, 

which causes a reduction of physical activ-

ity level in affected persons. This leads to 

more muscle deconditioning and atrophy, 

which in turn aggravates the feeling of fa-

tigue.

Physical exercise training may potential-

ly attenuate muscle wasting and/or reduce 

fatigue in cancer patients. Data obtained 

from healthy humans and from experi-

mental animals demonstrate that regular 

endurance exercise training of submaximal 

intensity (below maximal heartbeat) in-

creases muscle endurance and resistance to 

fatigue.71 Resistance exercise training also 

increases the mass of healthy muscles and 

attenuates muscle wasting associated with 

some catabolic conditions. Resistance ex-

ercise training in cancer patients increases 

muscle mass by accelerating the rate of pro-

tein synthesis and by attenuating muscle 

protein breakdown and/or muscle wasting. 

The effect of resistance exercise training on 

increased muscle mass in cancer has not 

been adequately studied. 

A mouse model of cancer cachexia (mice 

bearing the colon-26 adenocarcinoma) was 

used to test the hypothesis that resistance 

training, performed by electrical stimula-

tion of the motor nerve would attenuate 

cancer-related wasting in the contracting 

muscles.72 The results of the study dem-

onstrate that resistance training attenu-

ates wasting of the extensor digitorum longus 

muscle (EDL) in tumor-bearing mice. This 

attenuation of wasting was paralleled by an 

increase in muscle weight, which was due 

to an increase in the actual mass of muscle 

and not merely due to edema. The findings 

of this study also suggested that the dose of 

training that attenuates wasting of the EDL 

muscle in tumor-bearing mice is not suffi-

cient to induce hypertrophy in the EDL mus-

cle in the control non-tumor-bearing mice. 

These data show that wasted muscles re-

spond differently than non-wasted muscles 

to exercise training. Attenuation of muscle 

wasting may be easier to achieve than the 

induction of hypertrophy of healthy non-

wasted muscles, which suggests that per-

sons with wasted muscle may not need to 

exercise as vigorously in order to attenuate 

wasting of their muscles.

The loss of skeletal muscle mass that ac-

companies cancer cachexia is associated 

with changes in muscle functional prop-

erties, with a shift in muscle fiber type 

distribution or a shift in myosin isoform 

expression. Myosin heavy chain (MHC) 

and myosin light chain (MLC) expres-

sion are characterized by a decrease in the 

phenotypic expression of “slow” myosine 

isoforms (type I MHC and slow forms of 

MLC) and an increase in the phenotypic 
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expression of “fast” myosine isoforms (type 

II MHC and fast MLC isoforms) in the so-

leus muscle.68 These changes are likely to 

have a significant impact on the functional 

properties of muscles during cachexia. The 

exact mechanism of this effect on myosin 

isoform expression is unknown at present. 

Evidence suggests that the problem is a 

multifactorial process mediated by host-re-

leased and tumor-released factors. The ac-

tivation of pro-inflammatory cytokines and 

various proteolytic pathways, particularly 

the ubiquitin proteasome pathway within 

skeletal muscle may be responsible for the 

problem.69 These factors apparently disturb 

the balance between the rates of skeletal 

muscle protein synthesis and muscle pro-

tein degradation, leading to muscle protein 

depletion and muscle wasting. Wasting 

of skeletal muscle contributes to muscle 

weakness, fatigue and to the morbidity and 

mortality of cancer. 

Conclusions

There is a high incidence of cancer cachex-

ia-anorexia syndrome in cancer patients. 

This syndrome is observed in 80% of pa-

tients in advanced stage cancer. Cachexia is 

characterized by wasting of skeletal muscle 

and depletion of host adipose tissue, while 

anorexia is associated with persistent loss 

of appetite and decrease in food intake. 

Both induce weight loss that differs from 

caloric starvation.

The cachectic state is particularly prob-

lematic in cancer. It typifies a poor prognosis 

and often lowers responses to chemother-

apy and radiation treatment.74 Radiation 

damages mitotically active muscle satellite 

cells, prevents compensatory hypertrophy 

of skeletal muscle, and prevents small fiber 

formation.75

Skeletal muscle wasting during cancer 

cachexia is well documented, and resist-

ance exercises should be examined as a po-

tential intervention for attenuating cancer-

induced muscle wasting. Exercise-induced 

changes of skeletal muscle mass should be 

pursued in terms of changes in muscle pro-

tein synthesis and muscle protein degrada-

tion pathways in the exercised versus the 

unexercised muscles, both of which have 

been implicated in cancer induced muscle 

wasting.

Exercise that induces attenuation of 

muscle wasting is a result of an increase in 

muscle protein synthesis or a decrease in 

muscle protein breakdown. Its mechanisms 

need to be explored in future research. It 

would be important to examine the func-

tional benefit of training-induced attenua-

tion of cancer-related muscle wasting.

The intervention of preserving muscle 

mass has an important clinical implication, 

since it improves the prognosis and the 

quality of life of cachetic cancer patients. 
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