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Biology of Cachexia
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fatty acids released from adipose tissue are converted into keton
About half of all cancer patients show a syndrome of cachex- hodies, which are utilized for energy by peripheral tissues and
ia, characterized by loss of adipose tissue and skeletal musclesventually to a great extent by the brain. This leads to conser-
mass. Such patients have a decreased survival time, comvation of muscle mass. In anorexia nervosa, more than three
pared with the survival time among patients without weight quarters of the weight loss arises from fat and only a small
loss, and loss of total body protein leads to substantial im- amount from muscle. In contrast, in cancer cachexia, there is
pairment of respiratory muscle function. These changes can- equal loss of both fat and muscle, so that for a given degree o
not be fully explained by the accompanying anorexia, and weight loss there is more loss of muscle in a patient with ca-
nutritional supplementation alone is unable to reverse the chexia than in a patient with anorexia nervdqda. Thus, al-
wasting process. Despite a falling caloric intake, patients though anorexia is common in cancer patients, with reports of
with cachexia frequently show an elevated resting energy occurrence in 15%—40% of subjects at presentg@ysthe body
expenditure as a result of increases in Cori cycle (i.e., cata- composition changes suggest that anorexia alone is not respor
lytic conversion of lactic acid to glucose) activity, glucose and sible for cachexia. Also, in malnourished cancer patients, the
triglyceride-fatty acid cycling, and gluconeogenesis. A num- measured food intake fails to correspond with the degree of
ber of cytokines, including tumor necrosis factore, inter- malnutrition(3), and loss of both muscle and adipose tissue has
leukins 1 and 6, interferon+y, and leukemia-inhibitory factor, ~been reported to precede the fall in food int&kp In contrast to
have been proposed as mediators of the cachectic processsimple starvation, it is not possible to reverse the body compo-
However, the results of a number of clinical and laboratory Sition changes seen in patients with cancer cachexia by the pro
studies suggest that the action of the cytokines alone is un-Vision of extra calories. Attempts to increase energy intake in
able to explain the complex mechanism of wasting in cancer cancer patients through dietary counseling failed to reverse the
cachexia. In addition, cachexia has been observed in somecachexia5s). Trials of total parenteral nutrition in cachectic can-
xenograft models even without a cytokine involvement, sug- €' patients_also_failed to show ben_efit in terms of increased
gesting that other factors may be involved. These probably Median survival time or long-term weight ga(8). Although a
include catabolic factors, which act directly on skeletal Short-term weight gain was observed, this weight was subse-

muscle and adipose tissue and the presence of which hadiuéntly lost, suggesting the retention of wafe). Analysis of
been associated with the clinical development of cachexia. APCJY composition indicated that patients receiving total paren-

polyunsaturated fatty acid, eicosapentaenoic acid, attenuates €@ nutriti_on temporarily mainFained body fat stores, but there
the action of such catabolic factors and has been shown to/as 0 ewdepce_for preservat|on.ofl lean body mass. Thus, th(
stabilize the process of wasting and resting energy expendi-cause of wasting in cancer cachexia is more complex than that ir

ture in patients with pancreatic cancer. Such a pharmaco- simple starvation.
logic approach may provide new insights into the treatment Anorexia and Cachexia

of cachexia. [J Natl Cancer Inst 1997;89:1763-73] . . ) ]
Although anorexia alone is unlikely to be responsible for the

o . wasting seen in cancer patients, it may be a contributing factor.

The word “cachexia” is derived from the Greek “kakos” | aqdition, its presence is an extremely distressing syndrome

meaning “bad” and “hexis” meaning “condition.” It occurs in pecause appetite and the ability to eat have been reported to k

a number of disease states, including cancer, acquired immugs most important factors in the physical and psychological
deficiency syndrome (AIDS), major trauma, surgery, malabsorgspects of a patient’s quality of lif@). Anorexic cancer patients

tion, and severe sepsis. Cachexia is characterized by weight lgggn report early satiety, which together with a reduced appetite

involving depletion of host adipose tissue and skeletal mus¢gs been postulated to be caused by the production of factors b

mass. Weight loss in cancer patients differs from that found §Re tumor that exert their effects by acting on the hypothalamic
simple starvation. During the first few days of starvation, glu-

cose utilization by the brain and erythrocytes necessitates deple-———

tion of liver and muscle glycogen and an increased glucosecorrespondence toMichael J. Tisdale, Ph.D., D.Sc., Pharmaceutical Sci-
production by the liver, using gluconeogenic amino acids dences Institute, Aston University, Birmingham B4 7ET, U.K.

rived from catabolism of muscle. This early phase is replaced irSee“Note” following “References.”

long-term starvation by the use of fat as a fuel, in which fre Oxford University Press
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sensory cells. Possible candidates for such a factor are the satbjects, whereas patients with gastric or colorectal cancer shov
etins (9). Satietins have been purified from human plasma am elevation in resting energy expendity20). Patients with
found to consist of two proteins that copurify until they ar@ancreatic cancer have also been reported to have an increas
purified from one another by affinity chromatography. Theesting energy expenditure compared with that in control sub-
larger protein has been characterized as an extensively glyjets, and this effect was found to be more pronounced in those
sylated a1-acid-glycoprotein of a molecular mass of 64 kdpatients with an acute-phase respofdg). This may explain
which is probably a vehicle for satietin D, a 41-kd glycoproteirwhy, in a mixed group of cancer patients with gastrointestinal,
When injected into rats, satietin D has been shown to producgymecologic, or genitourinary cancer, 33% were found to be
long-lasting anorectic effect, although its role in the developypometabolic, 41% had average metabolic rates, and 26% wer
ment of anorexia is not known. There may also be some dysspermetaboliq15). It has been calculated that an elevation of
function of the hypothalamic neuropeptide Y feeding system k2% in the metabolic rate could account for the loss of 1-2 kg
the tumor-bearing state, since rats bearing a methylcholanthresiebody weight per montl{17). Brown adipose tissue plays a
induced sarcoma were found to be refractory to the intrahyphrermoregulatory role and has been implicated as an importan
thalamic injection of neuropeptide Y; normal rats, by contrastffector of both body temperature and energy balance in many
increased their food intake by more than 50% in response to sushmmals as well as in humans. Weight loss in a rat model of
an injection(10). cancer cachexia has been attributed to a high metabolic rat:
Increased serotonergic activity within the central nervous sysroduced by the activity of brown adipose tisg@&), although
tem has been proposed as a possible cause of anorexia. Sashlts from sarcoma-bearing mice with weight loss suggestec
activity is secondary to the enhanced availability of tryptophahat brown adipose tissue could not account quantitatively for
to the brain. Thus, a close relationship between elevated plasitie host wasting23). Results in humans are sparse, although an
free tryptophan and anorexia was observed in patients with caxamination of autopsy samples of periadrenal tissue by light
cer and reduced food intaK&1). The uptake into the brain of microscopy revealed brown adipose tissue in 80% of cachectic
tryptophan is competitive with that of branched chain amincancer patients compared with 13% of age-matched control sub
acids. An attempt to reduce tryptophan uptake by increasijegts(24). The reasons for these changes in basal metabolic rate
plasma levels of competitor branched chain amino acids pmnd brown adipose tissue in patients with cancer cachexia ar
duced a decrease in the incidence of anorék2, but it was not unknown, although both tumor and host factors, together with
reported whether such patients also regained body weight. Hahe various aberrations in metabolic processes observed in thi
ever, although the serotonin antagonist cyproheptadine has bgeyup of cancer patients, probably contribute to this condition.
reported to have a weight-enhancing effect in normal SUbjeCtSCgrbohydrate Metabolism
randomized, placebo-controlled, double-blinded trial found it t6
have no effect on progressive weight loss in cachectic cancerMost solid tumors, either because of isoenzyme alterations ol

patients(13). because of their poor vascularization and hence hypoxic nature
) . ) rely almost exclusively on the anaerobic metabolism of glucose
Metabolism in Cancer Cachexia as their main energy source, with most being converted to lactate

(25). Glucose uptake and lactate release by human colon carci
nomas have been found to exceed the peripheral tissue exchang
In chronic starvation, the basal metabolic rate is reduced rage by 30-fold and 43-fold, respective(26). Selective tran-
the body adapts to conserve tissues and energy in a low-protesoriptional regulation of hexokinase isoforms by a tumor may
low-calorie environmen{14). However, when compared with enable it to have a growth advantage over normal cells. Thus, the
control groups, cancer patients have been reported to havetyge Il isoform has been shown to be the dominant form ex-
duced(15), normal(16), or increased17) energy expenditures. pressed in AS-30D hepatoma cells in contrast to the type IV

Because cancer patients typically have a reduced caloric intalkeform in normal hepatocyt€27). The promoter activity of the
even a normal energy expenditure could be classified as beingyipe I hexokinase was found to be resistant to normal hormonal
excess. In one study of cancer patients with solid tumors, tbentrol, thus enabling tumor cells to maintain glycolysis at an
basal metabolic rates of the patients were found to be elevatglimal rate regardless of the metabolic state of neighboring
even before the onset of weight |qd8), thus suggesting that anhealthy cells.
elevated basal metabolic rate may be a contributing factor ratherSince glycolysis is an inefficient method of energy produc-
than a consequence of the condition. The elevated basal métas from glucose compared with oxidative phosphorylation,
bolic rate has been shown to be associated with an increasdigh levels of glucose will be consumed by the tumor. In mice
heart rate, and it has been suggested that it may be due tdaaring transplantable colon tumors, glucose utilization by the
elevated adrenergic staf@8). Certainly, many cancer patientstumor was second only to that by the brg@8). This extra
show elevated plasma concentrations and increased urinary aemand for glucose by the tumor was accompanied by a marke
cretion of adrenergic substancé9), in contrast to malnour- decrease in glucose utilization by host tissues, in particular the
ished patients without cancer who generally show a decreasdiain, which resembles the situation found in starvation. Despite
catecholamine turnover. this weight loss, cancer patients show a 40% increase in hepati
The tumor type appears to play an important role in detegtucose production compared with control subjects, in contrast
mining whether or not an elevation of resting energy expendituieethe reduced level seen in patients with anorexia ner(Z&a
is observed. Thus, patients with lung cancer show an increas@ re increase in glucose production in some cancer patients ca
resting energy expenditure compared with that in healthy conttié accounted for by an increase in Cori cycle acti\i3).

Metabolic Rate in Cancer Cachexia
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Patients with progressive cancer have been shown to haveaarimportant factor contributing to tumor growth. Patients with
increased glucose synthesis not only from lac{8t®, but also ovarian or endometrial tumors were found to have lower con-
from alanine(32) and glycerol(33). The Cori cycle normally centrations of linoleic acid in subcutaneous adipose tissue thal
accounts for 20% of glucose turnover, but it was shown to lsancer-free subjects, suggesting mobilization to supply lipids to
increased to 50% in cachectic cancer patients, accounting for the tumor(43). Linoleic acid has been found to act as a stimu-
disposal of 60% of the lactate producgd). Both glucose pro- lator of tumor growth bothn vitro (44) andin vivo (45). The
duction rates and recycling rates were found to be higher éffect is probably due to formation of prostaglandins or products
malnourished cancer patients than in patients without cancer afidhe lipoxygenase pathways. Rat Walker 256 carcinosarcom
with comparable weight 10os@5). The increased glucose recy-cells transfected with 12-lipoxygenase-specific antisense oligo-
cling equivalent to 40% of the daily glucose intake of the cancaucleotide or antisense oligonucleotides directed to conservec
patient has been estimated to lead to a potential loss of 0.9 kgefions of lipoxygenases underwent time- and dose-depender
body fat per month. apoptosis(46). Also, treatment with lipoxygenase but not with
Hypoglycemia has been reported in a number of animal modsclooxygenase inhibitors induced apoptotic cell death, which
els of cancer, and in humans it is associated with carcinomaaafuld be partially inhibited by exogenous B2 or 15(9)-
the stomach, cecum, or bile ducts, pseudomyxoma, and pdrgdroxyeicosatetraenoic aciqd46). This observation suggests
ganglioma, sometimes occurring before the presence of a turtitat essential fatty acids from adipose tissue may be required fo
is suspected36). It was originally thought that hypoglycemiatumor expansion by preventing cell death by apoptosis.
was due to the high glucose consumption by the tumor, bu%’zriotein Metabolism
recent study(37) suggests that it arises through the ability o
some tumors, other than insulinoma, to produce insulin or insu- Lean body mass and visceral protein depletion are character
lin-like substances. Since insulin levels have been shown toibtcs of patients with cancer cachexia, and the degree of deple
low in cases of tumor-associated hypoglycemia, the productibon may be associated with reduced survi(@r). The major
by the tumor of an insulin-like growth factor has been suggestsite of this protein loss has been observed to be the skelets
as the cause of enhanced peripheral glucose uptake. The mussculatur€48). An increased rate of whole-body protein turn-
likely candidate for the pathogenesis of extrapancreatic tummrer has been reported in cachectic cancer patients. A reduce
hypoglycemia is the production of a high-molecular-mass (1%ate of protein synthesis and an increased rate of degradatio
25 kd) insulin-like growth factor 1l (IGF 1) by the tumo37). were observed in muscle biopsy specimens from 43 newly di-
Thus, patients with cancer have an increased glucose prodagnosed cancer patients with weight 1¢49). An increase in
tion and turnover, which may be enhanced by the production adthepsin D activity was observed in biopsy specimens from the
IGF 1. Such changes contribute to an increased energy expegctus abdominal muscle, an increase that was associated wit
diture by the host. the rate of protein degradation. In another st(5ly), a decrease
in muscle protein synthesis was also observed in weight-losing
cancer patients, with no change in total body synthesis or deg:
Fat constitutes 90% of the adult fuel reserves, and loss rafdation. Muscle protein synthesis accounted for only approxi-
whole-body fat is a feature of cancer cachexia. Cancer patientately 8% of the total body synthesis in these patients comparec
with weight loss have an increased turnover of both glycerol amdth 53% for healthy control subjects. The observed mainte-
fatty acids when compared with patients without weight losgnce of the total protein synthetic rate in these patients may
(38). Fasting plasma glycerol concentrations have been showrtherefore be due to a twofold increase in nonskeletal muscle
be higher in weight-losing cancer patients than in weight-stalpeotein synthesis. This twofold increase in protein synthesis may
cancer patients, thus providing evidence for an increase in e due to increased hepatic synthesis of secretory proteins suc
polysis (39). Increased utilization of fatty acids as a preferreds acute-phase reactants. An elevated whole-body protein turr
energy source has been observed even in the presence of biglr may also be apparent in patients with small tumor burdens
plasma glucose concentrations, suggesting that, in the presgds.
of certain tumors, host tissues may increase their utilization of There are also changes in the plasma amino acid profile in
fatty acids as an energy sour(9). patients with cancer cachexia, and most studies have reporte
Several clinical studies [reviewed {@d1)] have observed an that such patients exhibit decreases in the concentrations of glu
increased mobilization of fatty acids before weight loss occursyneogenic amino acids. This result contrasts with the situatior
suggesting the production of lipid-mobilizing factors either bin subjects with severe malnutrition, in whom the concentrations
the tumor or by host tissues. Although normal individuals supf branched chain amino acids in plasma are normal or in-
press lipid mobilization with administration of glucose, there isreased. Compared with normal colon tissue, human colon tu.
an impaired suppression in patients with malignant diseasesnaws were observed to have a specific requirement for serine an
well as continued oxidation of fatty aciqd2). Increased fatty for the branched chain amino acids valine, leucine, and isoleu-
acid oxidation in the absence of increased dietary fat intakie (52). However, the two tissues had similar retention of total
would result in a depletion of fat stores, while increased trigly@mino acids. Correlations between histidine-induced, enhance
eride fatty acid cycling and gluconeogenesis from glycerol couldrmiminoglutamic acid excretion, elevated basal metabolic
result in an increase in metabolic rate. All of these processeate, and reduced serum albumin levels were observed in a stud
therefore, have the potential to contribute to a net loss of bodfeight weight-losing patients with small-cell carcinoma of the
weight. lung (53). Formiminoglutamic acid excretion was reduced in
Mobilization of fatty acids from host adipose tissue may bpatients who showed a positive response to chemotherapy

Lipid Metabolism
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whereas there was no change in a patient with progressive digeh cells were transplanted intracerebrally, hypophagia anc
ease. weight loss were observed, and the body composition was com
The pathway responsible for breakdown of myafibrillar proparable to that seen in starvation, i.e., a decrease in whole-bod
teins is the adenosine triphosphate (ATP)-ubiquitin-dependdiptd but conservation of proteif62). When the tumor cells were
proteolytic system, which has been shown to be elevatedtiansplanted intramuscularly, profound anorexia did not de-
starvation(54), sepsig55),and metabolic acidos{®6) and after velop; after a long period of tumor burden (50 days), however,
transplantation of certain tumors such as the Yoshida ascitaghexia developed and both protein and lipid were depleted.
hepatoma in rat§57). In this process, proteins for degradation In addition to inhibition of lipoprotein lipasé9), incubation
are first conjugated with ubiquitin, which serves as a signal fof cultured human fat cells with TNk- has been shown to
degradation by a large proteolytic complex, the 26S proteasorimgluce a marked dose-dependent stimulation of lipolysis by up
which requires ATP to function. In skeletal muscle of rats beaie 400% of control values; this stimulation became apparent
ing the Yoshida ascites hepatoma, a 500% increase in expressifter a 6-hour exposure at the earli€¢68). TNF-a has been
of polyubiquitin genes was observed in relation to both pair-festhown in several studi€64—68)to activate muscle protein deg-
(i.e., non-tumor-bearing rats fed the same amount of food m&lation, although not all of the reports agree that TdN&ees
tumor-bearing rats) andd libitumfed animals(57). Treatment activate protein degradation directly. In one of the studés,
with clenbuterol suppressed the elevation of protein breakdowWhF-a administration to healthy (i.e., cancer-free) rats brought
rates toward control values, and this suppression was associateout an enhanced rate of degradation of skeletal muscle proteir
with a decreased expression of polyubiquitin ge(E®. Thus, even though body weight loss was not apparent in the animals
understanding more about this proteolytic system and factdnsanother of the studie§68), administration of anti-murine
involved in its regulation may provide important clues for th& NF-a immunoglobulin to rats bearing the Yoshida AH-130

treatment of muscle wasting in cachexia. ascites hepatoma led to decreases in the rates of protein degr

] . ) dation in the skeletal muscle, heart, and liver tissues, but it hac
Factors Implicated in Production of no effect on weight loss in the animals. However, a direct action
Cancer Cachexia of TNF-a has not been demonstrated by most authors, wher

. . ) . either tyrosine or 3-methylhistidine was used as a measure of the
Numerous cytokines, including tumor necrosis fadior-,qeqytic rate(69). Despite this result, a recent repés) has
(TNF-a), interleukin 1 (IL-1), interleukin 6 (IL-6), interferon gpoyn an increase in ubiquitin gene expression, with no chang
gamma (IFNy), and leukemia-inhibitory factor (LIF), have beeny, e expression of the C8 proteasome subunit after incubatior
postu_lated to play a role in the etiology of cancer c_acheX|a. Sth TNE-a for 180 minutesin vitro. These results show that
cytokines may be produced by tumor or host tissue and &R has the potential to act as a modulator of the cachectic
characterized by the induction of anorexia and a decrease in HPScess.
clearing enzyme lipoprotein lipase. The ability to inhibit lipo-  gome animal tumors are thought to produce the cachectic
protein lipase varies among the cytokin_e.s. Thus., while LIF §mdrome through the mediation of TNE-The Yoshida AH-
twofold to 10-fold less potent than TNé: it is 100 times more 130 aqcites hepatoma induces weight loss in the host, and e
potent than IL-6(59). However, it is unlikely that a decrease ing, 5teq endogenous circulating TNFand prostaglandin Hev-
lipoprotein lipase alone could account for the fat cell depletiqg)g 5 observe@8). Administration of anti-TNFe antibody
and wasting seen in cachexia, since in type 1 hyperlipidemigtq e transplantation of the tumor abolished detectable &NF-
caused by an inherited deficiency in lipoprotein lipase, patienig,e|s, while fractional rates of protein degradation in gastroc-
have normal fat stores and are not cachectic. This fact, togethefius muscle, heart, and liver were reduced, although treat
with the inability of the cytokines to explain all of the metaboli¢, ant failed to prevent a reduction in body weight. A similar
changes associated with cancer cachexia, has inspired invegliy,it was obtained in mice with methylcholanthrene-induced
gators to search for tumor-produced catabolic factors that %‘étrcomas, where anti-TN&-monoclonal antibody delayed but
directly on adippse tissue and skeletal muscle initiating the prgy not prevent the development of anorexia and had no effect or
cess of cachexia. overall body weight(70). In another model, the Lewis lung
Tumor Necrosis Factora (TNF-a) adenocarcino_ma anti-TN&antibod_y partially rev_ersed the Ioss_
of body fat, without affecting food intake or causing a change in
TNF-a was suggested as a possible cachectic factor abaly weight(70). This finding suggests that TN&-may not be
result of studies on the mechanism of the weight loss observedponsible for the changes seen in animals or humans witl
in rabbits chronically infected witfirypanosoma brucei brucei. cancer cachexia.
Administration of TNFe to laboratory animals induces a state Similar problems have been encountered in clinical studies on
of cachexia, with anorexia and depletion of adipose tissue atié role of TNFe: in cancer cachexia. While a short intravenous
lean body mass. However, tachyphylaxis rapidly develops faifusion of recombinant human TNé&increased plasma triglyc-
lowing administration of additional TNl&-(60). Tachyphylaxis eride levels, glycerol turnover by more than 80% and free fatty
was not found to develop in immunodeficient nude mice thatid turnover by more than 60¢%1,72),in the case of long-term
were given an injection of Chinese hamster ovary (CHO) cell&lministration, the changes resolved despite the continuous ac
transfected with the human TNk-gene(61). These cells in- ministration of TNFe (71). Similar effects were seen on protein
duced high serum levels of TNé&{1.0-22.8 ng/mL) in the mice metabolism, where whole-body protein turnover was increased
and a syndrome resembling cancer cachexia with progressiasemeasured by°N enrichment of urinary urea and ammonia
wasting, anorexia, and early death. It is interesting that, whéfil). Thus, TNFe has the potential to induce catabolism of
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adipose tissue and skeletal muscle in humans, although anoréxigbits cachexia, at least in part, by interfering with the binding
has not been reported to be a major dose-limiting toxicity. Seof IL-6 to its receptor. IL-6 has also been identified as a mediator
eral studies have failed to detect elevated circulating levels affcachexia by the growth of a uterine cervical carcinoma called
TNF-o in cachectic cancer patien{$3,74) or have failed to Yomoto in nude mice(86). Administration of a neutralizing
associate the elevation with the development of cach@d3 antibody against human IL-6 to mice, after the development of
Elevation of serum TNFe levels seems to be associated moreachexia, was shown to reduce the loss of body weight and the
with the clinical status of the patient. Thus, in a study of 9%asting of adipose tissu@6).
patients with B-cell chronic lymphocytic leukemia, serum levels Agents that regulate cytokines, such as interleukin 12 (IL-12),
of TNF-a were elevated in all stages of the disease with raduced the serum levels of IL-6 in mice bearing the murine
progressive increase in relation to the st§@@). TNF-a levels  colon-26 carcinoma and alleviated the loss of body weight, adi-
were found to be substantially higher in patients with endomgpse tissue wasting, and hypoglycemia associated with cachexi
trial carcinoma than in healthy postmenopausal women or (ig7). |L-12 also substantially increased IFNlevels in the tu-
women with endometrial hyperplasia, and serum TiNRvels  mor, and IFNy administered intraperitoneally also prevented the
were associated with advancing stage of dis¢&3f Increased ¢achexia, although it did not reduce IL-6 levels. It is interesting
serum levels of TNFe receptors were found in a range of soligp 5t |EN v has been reported to be a possible mediator of ca-
tumor types, and the incidence and extent of the increase al$Ryia in other animal model systert@8). Interleukin 10 (IL-
were associated with the staging of the disel@®). 10) was originally identified as a cytokine synthesis inhibitory
The inability to associate serum levels of TNFwith the 5040 A reduction in serum IL-6 levels was observed in mice
development of cachexia may be due to the very rapid blogding the colon-26 tumor transfected with the IL-10 gene,
transit of cytokines, so that they can be transported from the sifg ough these levels did not reach baseline values and suc
of production to thg target tissues without causing an e.Ieva gc’:‘e did not develop cachexi@9). Since cachexia was com-
serum concentration. However, elevated concentrations p%tely prevented with an incomplete reduction of serum IL-6

T.NF'a havg been repo rted in pgtlents with both maI@’@) and. levels, the authors suggested that an additional unknown facto
visceral leishmaniasi¢80), which has been associated with . L
as responsible for the development of cachexia in this model.

death and cachexia. In addition, although animal experimeﬁ\_{ﬁ. . | : h :
have shown TNFe to be a potent inhibitor of lipoprotein lipase |s_suggest|on was also made in gnot er st on mice
b@anng the colon-26 tumor. An antibody to the IL-6 receptor

(59), there appears to be no difference between cancer patieng 4 the | £ weiaht of th ; . I
and control subjects in either the total lipoprotein lipase activify ©H°€ dethoss N weltg Ot' ne gfas rt(i]cner_musBmusch anc
or the relative levels of the messenger RNA (mRNA) for Iipo—uloloresse e enzymatic activity of cathepsins B an anc

protein lipase and fatty acid synthe$®t), thus raising a ques- MRNA levels of cathepsin L and pol_y-ubiquitin, .bUt i haq no
tion of a local effect for this cytokine. In rats infected WitheﬁeCt on the overall loss of body weight or wasting of adipose

Escherichia coli,pentoxifylline (a potent inhibitor of TNRe tissue, suggesting that the latter two may not be influenced by

secretion) decreased the anorexia, loss of body weight, and” . , .

muscle protein observed and partially prevented the decrease ifferainly, IL-6 has the potential to act as a cachectic factor.
muscle protein synthesis induced by infect{@d). However, in Atrophy of muscles is observed in IL-6 transgenic mice; this
a clinical study(82), pentoxifylline failed to reduce anorexia or&rophy is completely blocked by anti-mouse IL-6 receptor an-

cachexia in 35 patients with cancer. tibody (91). The muscle gtrophy is associated with increased
) MRNA levels for cathepsins (B and L) and mRNA levels of
Interleukin 6 (IL-6) ubiquitins (poly- and mono-). Administration of IL-6 to rats has

A potentia| role for IL-6 in the deve|0pment of cancer Caalso been shown to aCUter activate both total and myOﬁbri”ar
chexia has mainly been provided from animal studies involvirjotein degradation in skeletal mus¢#2). In anin vitro study
the use of the murine colon-26 adenocarcinoma m¢@®:+85), (93) using murine GC,, myotubes grown in cell culture, expo-
in which increasing levels of IL-6 appear to lead to the devesure of the cells to 100 U/mL recombinant human IL-6 was
opment of cachexi83). In addition, the administration of anti- found to shorten the half-life of long-lived proteins and to in-
mouse IL-6 monoclonal antibody, but not of anti-mouse T&F-crease the activity of the 26S proteasome and lysosomal (ca
monoclonal antibody, attenuated the development of weight Idbepsins B and L) proteolytic pathways. This result suggests tha
and other parameters of cachexia in the mi@8). In another IL-6 is capable of directly up-regulating pathways of protein
study(84)in which clonal variants of the colon-26 tumor modetiegradation.
were used, the serum concentrations of IL-6 in mice bearing aUnlike the results obtained with TNé&:; statistically signifi-
tumor clone that does not induce weight loss were lower thandant increases in IL-6 and C-reactive protein, as a measure of th:
mice bearing a tumor clone that does induce weight loss; hoacute-phase response, have been found in weight-losing patien
ever, infusion of IL-6 into mice in the former group did not leadvith non-small-cell lung cancer, when compared with patients
to body weight loss. These results indicate that IL-6 was neith the same tumor, but without weight log4). An elevated
solely responsible for the induction of cachexia. Suramin, lavel of serum IL-6 has also been reported in patients with colon
polysulfonated napthylurea, has been shown to inhibit the binthncer and an acute-phase respof®®; however, since all
ing of IL-6 to cell surface receptor subunits, and it has begratients had lost weight, it is difficult to associate this elevation
shown to partially block cachexia in the colon-26 model, withowtith the induction of cachexia.
a decrease in tumor burd€®b). Since anti-IL-6 antibody treat-  The results of these animal and human studies strongly im-
ment did not enhance the effect, this result suggests that suraplioate IL-6 in the cachectic process. However, IL-6 probably
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does not act alone but may either induce or act in synergy wiBEKI, which expresses large amounts of LIF, develop a severe
other cachectic factors. cachexig106).LIF mRNA has also been shown to be present in

two types of melanoma xenograft that induce weight loss in
transplanted animals, whereas none was detected in non

IL-1 has been shown to have many effects similar to those ichexia-inducing xenograftd06). Although inhibition of li-
TNF-«; these similar effects include suppression of lipoprotefPProtein lipase has been suggested to account for the cachect
lipase and enhancement of intracellular lipolysis. Administratidf{€ct Of LIF, it is unlikely that a decrease in lipoprotein lipase
of recombinant IL-1 was observed to induce anorexia, weigﬁllone could account for the fat_cell depletion, and no mech_anlsm
loss, hypoalbuminemia, and elevated amyloid P levels in th8S been proposed to explain skeletal muscle catabolism. |
mouse(96). Indeed, this cytokine was observed to have a greafgeMs unlikely thatany of the cytokines alone are able to explair
anorexigenic effect than TN&-when administered in isomolar tN€ complex mechanism of wasting seen in cancer cachexia, an
quantities. However, in the MCG 101 sarcoma tumor model gther factors must be involved. This view is substantiated in a
cachexia in mice |i__1 MRNA was present at low levels tudy of the factors responsible for the cachectic syndrome in
determined by northern blot analysis in the spleen, liver, intgdude mice bearing human tumor xenogrft87).In four of the
tine, and brain and at elevated levels in the sp@ai. IL-1 and  €i9ht models, a cytokine such as LIF or IL-6 produced by the

TNF-a protein were both detected in tumor tissue, but at levef@ncer cells may be responsible; however, in the remaining foul
similar to those in normal tissue. Neutralizing antibodies agairf@@ncer cell lines, the inducing factor was unknown. In these
the IL-1 receptor were observed to cause statistically significaf2S€S: the inducing factors may be catabolic factors, which ac
but minor, inhibitory effects on cachexia and anorexia in thi&réctly on host tissues.

model (98). Administration of the IL-1 receptor antagonist to ipid-Mobilizing Factors (LMFs)

rats bearing the Yoshida ascites hepatoma was also found to be ) ) ] )

completely ineffective in preventing tissue depletion and protejn -MFS act directly on adipose tissue with the release of free

hypercatabolisn99). Transfection of a cachectic tumor cell linef@!ty acid and glycerol in a manner similar to that of the lipolytic

(colon-26) with the gene for the IL-1 receptor antagonist aldgrmones. Like the induction by hormones, the induction of
failed to abolish the capacity of the tumor to produce cachexIROlysis is associated with an elevation of intracellular cyclic

(100). These results cast doubt on a role of this cytokine in tfglenosine monophosphd®08), possibly as a result of stimu-
induction of tissue wasting in cancer cachexia. lation of adenylate cyclase. Evidence for the production by tu-

mors of an LMF was provided by Costa and Hollga89),who
Interferon Gamma (IFN +) showed that nonviable preparations of the Krebs-2 carcinoma
) ) ) when injected into mice, were able to induce the early, rapid
Interest in the role of IFNy in the pathogenesis of cancergi,ge of fat depletion, which represented true cachexia in this
cachexia developed as a result of observations confirming thghfhje|  Ascites serum from rats transplanted with the Walker
had properties similar to those of TNFwith respect to fat ;56 carcinoma increased stimulation of lipolysis inianvitro
metgbollsmm V|tro.(101). Welght Ipss in mice be_arlng theassay(llO),whereas serum from mice bearing a thymic lym-
Lewis lung tumor is associated with IF production, and yhoma when injected into non-tumor-bearing controls produced
administration of an anti-IFN antibody reduced the depletion,,ssive fat los§111), providing further evidence for an LMF.

of body fat but had no effect on total body prot¢k02).In rats  Tpis |atter factor was also detected in extracts of the tumor, in
that had received transplants of the MCG 101 sarcoma, anti-I e culture medium, and in the sera of patients with adeno-
y antibody reduced weight loss and anorexia and increased SUlzcinomas of the cervix and stomach, thus suggesting that th
vival, but the treatment was partial and short-lived, suggestipg)r \vas tumor derived and circulatory. Other studies have
that IFN y may not be the sole mediat¢t03). Inoculation of  ghqyn that the level of LMF in the sera of cancer patients was

CHO cells transfected with the IFf gene into mice resulted in proportional to the extent of weight lo¢s12) and was reduced
a dose-related development of anorexia and marked weight Iﬂ‘?‘%atients responding to chemotheraiyt3).

due to fat and muscle depletion, not wholly attributable to the o<t studies provide evidence that the LMF is an acidic
reduction in food intakg104). Such a result should not be in-yqtein although there appears to be variations in the molecula
terpreted to mean that IFiby itself can induce cachexia, Sincygight. A heat-stable protein of molecular mass around 5 kd was
both IFN vy release and the presence of the tumor cells Weg&ated from a thymic lymphomé14),and another heat-stable
found to be required. While serum TNFlevels of patients with 1, ytein of molecular mass 6 kd was isolated from the condi-
multiple myeloma did not differ from those found in healthy; o4 medium of the A375 human melanoma cell {025). A
control subjects, IFNy was found to be raised in 53% of theeqy |apile material of molecular mass between 65 kd and 75 ke
patients (105). However, no association was observed betwgely iso|ated from the ascites fluid of patients with hepatoma anc
the level of IFNy and clinical parameters of the disease. The$gice with sarcoma 180116). Tryptic digestion of the active

results suggest that IFi alone may not be responsible for the,aerial produced a low-molecular-weight material that was still
induction of cachexia. active.

These studies provide strong evidence for the production of
LMF by tumors. The production of this material appears to be

LIF has also been suggested to play a role in the cancetated to the process of cachexia, since LMF is absent or preser
cachexia syndrome through its ability to decrease lipoprotaéimreduced amounts in tumors that do not induce cach@xi@)
lipase activity. Nude mice implanted with the human cell linand is absent from normal serum, even under conditions of star

Interleukin 1 (IL-1)

Leukemia-Inhibitory Factor (LIF)
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vation (118). No report to date has provided sequence informéte, but this effect did not result in weight gain or an improve-
tion on these LMFs; therefore, further studies are required. ment in performance status, energy levels, mood, or relief from
pain (128).Results with the appetite stimulant megestrol acetate
look more promising in terms of weight gain. A number of
8,j§ical studieq129,130,131jhave been performed, all of which
rgport an increase in appetite and weight gains of up to 6.8 kg
over baseline values in 16% of patients treated. However, body
mposition analysis, as determined by use of dual-energy x-ray

Protein-Mobilizing Factors (PMFs)

Using bioassays to detect protein degradation, investigat
have found evidence for the existence of PMF(s) in the sera
both animalg119)and humang120)with cancer cachexia. The

bioactivity appears to be associated with the loss of skele: . " )
muscle mass and is absent from the sera of healthy conf? Porptlometry and triiated body water methodologies mea-

subjects. This material has now been purified from a cachex%‘—r?d_ at the ti_me of r_naximur_n weight gaif‘* showe_d tha_t the
inducing murine tumor (MAC16) and from the urine of patientgqajorlty of patients gained weight from an increase in adipose

with cancer cachexia by use of affinity chromatography with ssue, while an increase in body fluid was responsible for a

monoclonal antibody derived from mice bearing the MAC1 mall portion of the weight gaine(d31). An increas.e.in lean
tumor (121). The PMF from both murine and human source ody mass was not observed. Such body composition change

appeared to be identical and was characterized as a sulfftEd similar to those observed in patients receiving total paren-

glycoprotein of a molecular mass of 24 kd and of unique aming"a nutrition(?)_.
acid sequencél122,123). Although the PMF was readily de- Pharmacologic approaches to the treatment of cancer cache»

tected in the urine of cachectic cancer patients, irrespective!%ihg\t/e tt;]een more SUECGSSJUI‘ H)I/drazmi: sulfa;e, al?‘ agent rt]hf
the tumor type, it was absent from the urine of cancer patier\%" Its the enzyme phosphoenolpyruvate carboxykinase, ha;
with little or no weight loss, from the urine of normal subjectst,)ee” demonstrated to favorably influence the abnormal glucose

or from the urine of patients with weight loss due to trauma &nd prc_>te|n metabpllsm In cachectm_cancer patigt@)and to
sepsis(122). When the PMF was injected into non—tumor—malntaln or even Increase body weidi83). Ibuprofen, a cy- .
bearing mice, rapid weight loss (about 10% in 24 hours) W&Looxygenase |'nh|b|t'or, hgs been shown to .reduce the restin,
observed, without a reduction in food and water intake, and bod}¢'9Y gxpendnure n pat@nts with pancreatlc cancet, suggest
composition analysis showed selective depletion of the le that it may have a role in abrogating the catabpllc processe:
body mass. Evidence for a direct effect of the PMF was provid tlcontrlbutle to v(\j/elgh(; I_(I)_ESLM)I' Seru:n Ct-rga;c'iltve p_r(;)te_m
by the induction of protein degradation in isolated gastrocne ./ €'s WeTe aiso reduced. The polyunsaturared fatly acid €1cosa
us muscleg121). The conservation in structure of this materigpSntaenoic acid, another cyclooxygenase inhibitor, has also bee

between murine and human sources suggests that productioﬁlﬂlﬁ%"vn to counteract the weight loss in patients with pancreatic
ancer with stabilization of protein and fat reser¢&35). This

a PMF may be important in the growth and survival of somg : C
tUMors. result was accompanied by a temporary reduction in acute-phas
protein production and stabilization of resting energy expendi-
Treatment of Cancer Cachexia ture. The effect appears to be specific for eicosapentaenoic acic
since patients receiving a related polyunsaturated fatty acid,

Weight loss is associated with psychologic distress andgammalinolenic acid, continued to lose weight. A similar struc-
lower quality of life. In addition, patients with weight loss haveure—activity relationship was observed in mice with cachexia
a shorter survival time and a decrease in response to theramuced by the MAC16 tumofl136). Eicosapentaenoic acid ap-
(124). About half of all patients with cancer show some weightears to act by attenuating the action of catabolic factors in
loss(124),but those with pancreatic cancer show it at the highesachexia. Induction of lipolysis by an LMF was inhibited by
frequency(125); in the latter study, the investigators found thagicosapentaenoic acid, and the effect appeared to be due to pr
all patients at the time of diagnosis had lost weight (mediavention of the rise in adipocyte cyclic adenosine monophosphate
14.2% of pre-iliness stable weight), and this weight loss w#svels(108). Administration of eicosapentaenoic acid also led to
progressive, increasing to a median of 24.5% just before deattatistically significant reductions in protein degradatiowvivo
Patients with more than 15% weight loss are likely to hav@36), possibly as a result of the ability to inhibit prostaglandin
substantial loss of total body protein, and at this level of ledf, production in skeletal muscle by a PME19).
tissue depletion, physiologic function (e.g., respiratory muscle
function) is markedly impaire@126). Thus, such patients needSummary
effective therapy if death from cachexia is not to occur.

As previously discussed, nutritional support in the form of Although cancer cachexia superficially resembles starvation,
total parenteral nutrition has failed to replete lean body massutritional intervention alone is unable to reverse the condition.
Even worse, a meta-analysis of the published trials on patiefit@mendous progress has been made in the last 10 years |
receiving total parenteral nutrition while undergoing chemeelucidating the role of various factors in host tissue catabolism,
therapy showed a decreased survival, a poorer tumor respomasel the results of these studies are now being translated int
and a significantly significant increase in infectious complicareatment regimens for the benefit of patients with cachexia.
tions (127). Cachexia is an important cause of mortality in cancer patients,

An improvement in appetite alone does not fully reverse tlacounting directly for between 100A37)and 22%(138) of all
cachectic syndrome. Thus, patients with advanced malignaancer deaths, as well as death from other causes such as infe
disease receiving medroxyprogesterone acetate (100 mg tatien. Thus, an effective therapy for cachexia not only should
orally three times a day) showed a great improvement in appeprove the quality of life of cancer patients, but also may be
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expected to extend the survival time. In addition, since some Limited impact of total parenteral nutrition of nutritional status during
tumors may depend on the products from host tissue catabolisrré t;ezt,lf:‘er(‘;\‘;or :ma: Cle”,'“r:g cancer. Cfance_' Res 1%85?451334;—53-0,
for survival, such therapy may also have an antitumor effect® Nirt'haAm iggg}gcs_c{fzgicgsaspects of nutrition and cancer. Surg Clin
ConS|der|ng that cachexia is common in those cancers for Whld'(b) Knoll J. Endogenous anorectic agents—satietins. Annu Rev Pharmacol

therapy is currently limited, this could prove to be of great = Toxicol 1988:28:247-68.

clinical benefit. (10) Chance WT, Balasubramaniam A, Thompson H, Mohapatra B, Ramo J,
Fischer JE. Assessment of feeding response of tumor-bearing rats to hy-:

Appendix: Methodology pothalamic injection and infusion of neuropeptide Y. Peptides 1996;17:
797-801.

Purpose (11) Cangiano C, Testa U, Muscaritoli M, Meguid MM, Mulieri M, Laviano A,

et al. Cytokines, tryptophan and anorexia in cancer patients before and
Our goal was to review the metabolic processes that contrib-  after surgical tumor ablation. Anticancer Res 1994;14:1451-5.
ute to cancer cachexia-related tissue wasting and to criticalfj?) Cangiano C, Laviano A, Meguid MM, Mulieri M, Conversano L, Preziosa
assess the role of cytokines and catabolic factors as mediators of I, et al. Effects of administration of oral branched-chain amino acids on
. . . . anorexia and caloric intake in cancer patients. J Natl Cancer Inst 1996;
these processes; studies of this condition in humans were em-

’ . 88:550-2.
phasized as much as possible. (13) Kardinal CG, Loprinzi CL, Schaid DJ, Hass AC, Dose AM, Athmann LM,
. et al. A controlled trial of cyproheptadine in cancer patients with anorexia
Information Source and/or cachexia. Cancer 1990;65:2657—62.

. . . . . (14) Brennan MF. Uncomplicated starvation versus cancer cachexia. Cancel
Our sources of information were Medline (National Library " pes 1977:37:2359-64.

of Medicine, Bethesda, MD)Current Contentg(Institute for  (15) Knox LS, Crosby LO, Feurer ID, Buzby GP, Miller CL, Mullen JL.
Scientific Information, Philadelphia, PA), and a large reprint file Energy expenditure in malnourished cancer patients. Ann Surg 1983;197:
built up over 15 years. No study has been excluded on the basis 152-62. , ,
of the date of publication if the results are still appropriate(6) Nxon DW, Kutner M, Heymsfield S, Foltz AT, Carty C, Seitz S, et al.

. . Resting energy expenditure in lung and colon cancer. Metabolism 1988;
although emphasis has been placed on the most recent studies

. 37:1059-64.
whenever possible. Where several authors report the same resghy Lindmark L, Bennegard K, Eden E, Ekman L, Schersten T, Svaninger G,

only one study is included, usually the first published. et al. Resting energy expenditure in malnourished patients with and with-
o ) o out cancer. Gastroenterology 1984;87:402-8.
Criteria for Evaluating Validity (18) Hyltander A, Drott C, Korner U, Sandstrom R, Lundholm K. Elevated

) ] energy expenditure in cancer patients with solid tumours. Eur J Cancer
Data from studies on humans rather than on experimental 1991;27:9-15.

animals have been used whenever possible, particularly if resulf®) Drott C, Svaninger G, Lundholm K. Increased urinary excretion of cor-

from the latter contradict the human evidence. Results from tisol and catecholamines in malnourished cancer patients. Ann Surg 1988;
animal experiments that involved use of models not appropria 208:645-50.
EO) Fredix EW, Soeters PB, Wouters EF, Deerenberg IM, von Meyerfeldt

to the human condition have been excluded; these included stud-" \r, saris WH. Effect of different tumor types on resting energy expen-
ies of tumors that are rapidly growing or where the weight of the  diture. Cancer Res 1991;51:6138—41.

tumor was large in relation to the weight of the animal. Sincé21) Falconer JS, Fearon KC, Plester CE, Ross JA, Carter DC. Cytokines, the
cachexia is afn vivo phenomenon, priority was given to studies acute-phase response, and resting energy expenditure in cachectic patien

. hich whol imal d with pancreatic cancer. Ann Surg 1994;219:325-31.

In which whole animals were used. (22) Brooks SL, Neville AM, Rothwell NJ, Stock MJ, Wilson S. Sympathetic
activation of brown-adipose-tissue thermogenesis in cachexia. Biosci Rep
1981;1:509-17.

h . ffici in thi hiahl 23) Edstrom S, Kindblom LG, Lindmark L, Lundholm K. Metabolic and
There was insufficient data in this area to warrant g morphologic changes in brown adipose tissue from non-growing mice

structured quantitative techniques, and a simple narrative ap- with an isogenic sarcoma. Evaluation with respect to development of

Methods for Summarizing Evidence

proach has been used to summarize the evidence. cachexia. Int J Cancer 1986;37:753-60.
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