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CASE SCENARIO 1

Mrs MJ is a 56-year-old architect with a husband and
two children. You performed a mastectomy and axillary
dissection on her after neoadjuvant chemotherapy for
locally advanced breast cancer 2 years ago. Unfortu-
nately, she developed widespread disease with metastases
to liver, lung, and bone. After several more rounds of
chemotherapy, she is currently on antiestrogen therapy.
Her disease appears stable. You have continued to follow
her and she comes to see you for her routine visit. You
notice that she is much thinner than you remember, but
otherwise looks well. You ask her about her weight loss.
She says: “I don’t really know what it is! I can eat, my
bowels are working, but I simply don’t want to. I force
myself to swallow food, but I keep losing weight anyway.”
On clinical examination, you notice her muscle wasting
and recognize the signs of cancer cachexia. You want to
know more about how to manage this phenomenon.

Patients with advanced disease often lose their appetite,
lose weight, and become profoundly weak and tired,
finding even the most basic activities difficult. These can
be manifestations of the cachexia syndrome. Evident in
cancer patients, most markedly in lung and upper gas-
trointestinal cancers, it is also observed in other diseases,
including chronic obstructive pulmonary disease, ad-
vanced organ failure (heart, liver, kidney), and AIDS.
This article is primarily concerned with cancer cachexia,
which we define as “a wasting syndrome involving loss of
muscle and fat directly caused by tumor factors, or indi-
rectly caused by an aberrant host response to tumor pres-
ence.”

Cancer cachexia is a profound metabolic process char-
acterized by breakdown of skeletal muscle and harmful,
chaotic abnormalities in fat and carbohydrate metabo-
lism, despite adequate nutritional intake. Although pa-
tients often look as if they have been starved, this con-
dition cannot be reversed with short-term nutritional
supplementation. A previous article in this series dis-
cusses the role of supplemental nutrition in advanced
disease.1 The diagnosis of cachexia is made by a history
of substantial weight loss in the context of advanced
disease, and a physical examination demonstrating mus-
cle wasting. Causes of potentially reversible weight loss
should be assessed and managed as outlined in Table 1.
Successful treatment of the underlying disease or tumor
may reverse the cachexia syndrome and this issue should
be explored and abandoned if futile.

Although a formal classification for cancer cachexia
does not exist, we presume that a variable interaction of
tumor products, neuroendocrine changes, and host in-
flammatory molecules leads to wasting in individual pa-
tients. Our classification of some of the possible vari-
ables contributing to cachexia is outlined in Table 2. As
with other illnesses, a targeted therapy can be applied
only when we can categorize a patient’s wasting in spe-
cific pathophysiologic terms. Continued study of the
molecular epidemiology of this symptom will result in a
better classification system and such studies should be
prioritized. Today, we are dependent on an imperfect
understanding, based on clinical judgment and a few
helpful laboratory studies. Here we focus on some of the
exciting advances in our basic understanding of cancer
cachexia and the potential clinical interventions that
stem from this knowledge.

We begin this discussion by outlining our current and
evolving understanding of the basic underlying meta-
bolic changes that occur during cancer cachexia. We will
follow with a discussion of past and ongoing clinical
endeavors to manage this difficult problem, and finish
with a discussion of patient, family, and caregiver con-
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cerns when the cancer patient reaches a stage of ad-
vanced cachexia.

BASIC MECHANISMS OF CANCER CACHEXIA:
AN EVOLVING UNDERSTANDING OF ANABOLIC
AND CATABOLIC INFLUENCES
Loss of skeletal muscle protein
The prognostic significance of weight loss in cancer pa-
tients is well established. Weight loss is strongly associ-
ated with poor outcomes from the earliest disease stages
through to advanced cancer.2 The negative nitrogen bal-
ance underlying cancer cachexia leads to a significant
wasting of skeletal muscle. Muscle loss reduces patient
mobility, jeopardizes respiratory function, relates to re-
duced immunity, and is associated with poor perfor-
mance status and outcomes. So stabilization of muscle
losses or regain of lean tissue mass are the targets of
interventions that are currently applied.

Mitigation of catabolic influences and the
restoration of anabolism
Reduced nitrogen balance in cancer cachexia results
from a fundamental metabolic shift that results in de-
creased anabolism and increased catabolism;3-5 the si-
multaneous presence of both of these defects results in
the most rapid muscle atrophy. It is important to appre-
ciate that the mechanisms and regulation of biosynthesis
(anabolism) and protein breakdown (catabolism) are
functionally distinct. Hypoanabolism implies a deficit
in the supply of amino acids or energy or a failure of
normal anabolic stimuli required for muscle protein syn-
thesis to proceed. Hypercatabolism involves participa-
tion of catabolic mediators and activation of intracellu-
lar proteases. Abnormalities of both anabolism and
catabolism must be treated. Nutritional support with
amino acids and energy may have limited efficacy in the
absence of a driver of protein synthesis, and vice versa.
Anabolic therapy by itself would be partially effective or

Abbreviations and Acronyms

ACE � angiotensin converting enzyme
DHA � docosahexaneoic acid
EPA � eicosapentaenoic acid
IGF � insulin-like growth factor
NSCLC� non-small cell lung cancer
TNF � tumor necrosis factor
Ub � ubiquitin

Table 1. An Approach to Identify Potentially Correctable
Causes of Cancer Cachexia
Potentially correctable
problems Possible approaches

Psychological factors
Anxiety Anxiolytics
Depression Antidepressants
Family distress Social assistance
Spiritual distress Counseling

Eating problems
Appetite Referral to a nutrition clinic or a

dietician
Disturbed taste or smell Zinc supplementation

Multivitamins
Oral

Dentures, mouth sores Antifungal medication
Thrush Oral moisteners
Dry mouth Change medications

Swallowing difficulties Antifungal medication
Esophageal dilation
Regurgitation therapy

Stomach
Early satiety Gastric stimulants
Nausea and vomiting Related to cause

Bowel
Obstruction Related to cause
Constipation Laxatives, especially if on opioids

Malabsorption
Pancreas Pancreatic enzymes
Fistulas Related to cause

Fatigue
Inability to sleep Anxiolytics

Exercise protocol
Sleep protocol

Motivation Exercise protocol
Methylphenidate

Function Exercise protocol
Cause related

Pain Appropriate analgesics
Nerve blocks: surgical,

percutaneous
Counseling

Metabolic
Diabetes As indicated
Adrenal insufficiency
Hypogonadism
Thyroid insufficiency

This assessment is made easier by the routine use of simple patient-completed
questionnaires. These allow for ongoing quantitative data that help physicians
zero in on specific problem areas. Examples of such scales include the Edm-
onton Symptom Assessment Scale,125 the European Organization for Re-
search on the Treatment of Cancer (EORTC) quality-of-life questionnaire
(QLQ C-30) and its associated disease-specific modules,126 and the Edmon-
ton Functional Assessment Tool.127
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ineffective in the presence of unmitigated hypercatabo-
lism, and it becomes even more apparent that a clear
understanding of how to shut off catabolic processes is
needed to underpin effective strategies for cancer ca-
chexia. A multimodal strategy that stimulates protein
synthesis, provides energy and building blocks for net
protein anabolism, and normalizes proteolysis, would be
required for effective therapy. Failure to address cancer
cachexia at these key levels may explain the failure, to
date, to devise consistently effective therapeutic
interventions.

Identity of circulating anabolic and
catabolic factors
There has been considerable research interest in poten-
tial mediators of the process of cachexia, reviewed by a
number of authors.6-9 Although anorexia might be
present, the degree of muscle wasting is in excess of that
elicited by simple starvation. Factors implicated in
cancer-associated muscle wasting include a decreased
concentration or responsiveness to various anabolic fac-
tors including insulin, insulin-like growth factor (IBF)
1, thyroid hormone, growth hormone, testosterone, and
increased presence or activity of various catabolic agents,
including glucagon, cortisol, proinflammatory cyto-
kines, eicosanoids, and a proteolysis-inducing glycopro-

tein of tumor origin. Systematic modulation of the pro-
duction (or activity) of these factors has been studied in
animal models to identify causal factors in cancer-
associated muscle wasting. Of these various factors, sev-
eral dominant themes are evident in current investiga-
tions of the humoral mediation of cancer cachexia:
inflammation and tumor-derived catabolic factors that
provoke unbridled proteolysis and lipolysis.

Inflammation and cancer cachexia
The response of the body to cancer has many parallels
with systemic inflammation.10-13 In this sense, the un-
derlying mechanisms of chronic catabolism in patients
with cancer are similar to those associated with acute
injury, and agents that have been effective in treating
catabolism during acute inflammation may also have
relevance to cachexia (Table 3). Cytokines appear to
have a significant role in cancer-associated wasting. A
range of proinflammatory cytokines play a direct role,
including interleukin-1-�, interleukin-6, tumor necro-
sis factor (TNF)-�, and interferon-�.12 This has been
positively established by modulation of cytokine pro-
duction or activity using experimental approaches such
as passive immunization with antibodies to cytokines,
cytokine receptor knockout mice, or animals overex-
pressing soluble receptor isoforms.6 Such approaches

Table 2. Classification of Potential Variables Contributing to Cancer Cachexia
Variable Defect or problem Intervention

Human relationship with food Obstruction Enteral/parenteral supplementation
Sensory acuity Sensory enhancement
Appetite Orexigenic agents
Satiety Satiety modulation
Psychological Psychological
Social/environmental Social/environmental

Nutritional deficiency Essential fatty acids Referral to a nutrition clinic or dietician
or supplements

Essential amino acids Referral to a nutrition clinic or dietician
or supplements

Antioxidant nutrients Referral to a nutrition clinic or dietician
or supplements

Vitamins/minerals Referral to a nutrition clinic or dietician
or supplements

Anabolic deficit Insulin/insulin-like growth factor-1 resistance Anabolic therapy
Gonadal steroids Anabolic steroids
Muscle contractile activity Exercise training

Catabolic drivers Treatment related Specific anticatabolic interventions
Inflammatory
Adrenal
Tumor derived
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clearly implicate TNF-� in muscle wasting in animal
models, such as with methylcholanthrene fibrosarco-
ma,14 Yoshida hepatoma,15,16 and Lewis lung carcino-
ma;17 interleukin-6 appears to play a major role in ca-
chexia induced by the murine C-26 adenocarcinoma.18

TNF-� has also been proposed to be involved in the
development of insulin resistance,19 which is frequently
observed in cancer patients and contributes to tipping
the metabolic balance toward catabolism.

Eicosanoids are key inflammatory mediators that
have also been implicated in cancer cachexia.20 Eico-
sanoids are unsaturated 20-carbon fatty acids that in-
clude a host of the lipoxygenase and cyclooxygenase
products. These factors are produced by some tu-
mors21,22 and by the host during immune responses.
Some evidence for the involvement of eicosanoids in the

inflammatory process that underlies cancer-associated
wasting has come from studies examining the action of
nonsteroidal antiinflammatory drugs (NSAIDs), in-
cluding traditional NSAIDs and agents developed to
selectively block synthesis of the inducible proinflam-
matory prostaglandins.23

The n-6 and n-3 series of polyunsaturated fatty acids,
found in high concentrations in vegetable oils and fish
oils, respectively, are known to influence the production
of eicosanoids. Eicosapentaenoic acid (EPA) (n-3) and
arachidonic acid (n-6) are major substrates for the for-
mation of eicosanoids. Eicosanoids derived from n-3
fatty acids have up to 100-fold less biologic potency in
the induction of cellular responses than those derived
from arachidonic acid and are usually associated with
decreased inflammatory responses.24 So one clear mech-

Table 3. Articles Published Since 1999 on the Investigational and Proven Clinical Therapeutic Agents for the Treatment of
Cancer Cachexia

Action site/agent

Reference nos.

Cancer cachexia
Other cachexia-

causing diseases

Central (CNS)
Progestational agents 57,128–131 61,132,133
Cannabinoids 128
Olanzepine 134–136
Corticosteroids 105
Cholecystokinin/leptin 137 138,139

Anabolic
Steroids 8,38,91–94 61,103
Amino acids 108,109,140,141 142,143
Insulin Review, 144
Insulin-like growth factor growth hormone 145,146 104,147–149
Creatine 83
Exercise 61,143,150

Antiinflammatory
Polyunsaturated fatty acids: Eicosapentaenoic
acid (n-3) (fish oil)

114,117,119,122,151–153

NSAIDS Review, 20
Macrolide antibiotics 27–29
Cytokine inhibitors 154,155 156
Statins 157–159
Thalidomide 30,31

Others
ACE inhibitors 158–161
ATP 162,163
Proteasome inhibitor 164
Propranolol 165,166 167
Gastric stimulants 138,139
Epoeitin-alpha 168
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anism whereby n-3 fatty acids might influence catabo-
lism would be through modification of the eicosanoid
axis, resulting in a reduction in the inflammatory re-
sponse. Alternatively, they may alter production of eico-
sanoids involved in the signaling pathways of various
catabolic mediators (eg, the proteolysis-inducing
factor).25,26

It is not clear which form of antiinflammatory ther-
apy might be the most appropriate intervention. The list
of possible candidates might include conventional
NSAIDs, COX II inhibitors, anticytokine antibodies,
cytokine-soluble receptors, and the n-3 fatty acids. Mac-
rolide antibiotics27-29 and thalidomide30,31 have also been
suggested as cancer cachexia treatments, in part based on
their antiinflammatory actions. This question remains
to be clarified, and to date no experimental study has
made comparisons of the efficacy of these agents, nor
have they been systematically compared with regard to
their additional benefits, side effects, and
contraindications.

Proteolysis-inducing factor
Tumor-derived proteolysis-inducing factor is a novel
molecule that mediates catabolism in mice bearing the
MAC16 adenocarcinoma.32 This proteolysis-inducing
glycoprotein of tumor origin consists of a short polypep-
tide chain that is highly glycosylated. When muscle cells
or animals are treated with the purified factor, intense
protein catabolism is elicited.33-35 An identical factor is
found in humans,9,36 and there is provocative prelimi-
nary evidence that its presence is associated with weight
loss in cancer patients. The proteolysis-inducing glyco-
protein was detected in the urine of 80% of patients with
unresectable pancreatic cancer.37 These patients had a
greater total weight loss (12.5 kg versus 4.5 kg) and a
greater rate of weight loss than patients whose urine did
not contain this factor. The factor appears to be present
in a broad spectrum of cancer patients (ie, carcinomas of
the breast, lung, ovary, melanoma, gastrointestine) with
active weight loss, but is absent in cancer patients who
are not losing weight or in weight-losing patients with
benign disease.9,36 These results possibly represent dis-
covery of a critical factor responsible for cancer cachexia
in man. This discovery is of great interest and deserves
confirmation and extension. Until a routine diagnostic
test for this factor becomes available, its prevalence re-
mains unknown.

Targeting convergent catabolic mechanisms
A conclusion arising from experimental studies is that
muscle wasting falls into distinct subtypes when consid-
ered at the level of humoral mediators.4,7 For example, in
the Yoshida hepatoma, muscle protein catabolism is at-
tributable to a cytokine (TNF-�) and the proteolysis-
inducing glycoprotein is absent, whereas increased mus-
cle protein catabolism in the MAC16 adenocarcinoma is
caused by the proteolysis-inducing glycoprotein and
does not appear to involve TNF-�.4 These models may
very well be analogous to what occurs in cancer patients,
but the full profile of putative catabolic mediators in
cancer cachexia has never been detailed in any cancer
patient population. Some limited profiles are available.
For example, for non-small cell lung cancer, there is
evidence that wasting is associated with decreased levels
of anabolic mediators including IGF-1 and testosterone
paired with a systemic inflammatory response.38 Subsets
of patients may express the proteolysis-inducing glyco-
protein.37 If the catabolic mechanisms in different pa-
tients are exclusive, then antiinflammatory or anticyto-
kine therapy would be required in one instance and a
different approach, such as antagonism of the
proteolysis-inducing factor, would be required in the
other. This would also require that patients exhibiting
different catabolic mechanisms be discriminated from
one another during clinical assessment for appropriate
interventions to be applied. It is encouraging that there
is building evidence of common elements to catabolic
signal transduction in cancer cachexia. A more complete
understanding of these common pathways may lead to
the development of a single therapy that would be effec-
tive regardless of which circulating signal was involved.
In particular, activation of the ubiquitin proteasome
proteolytic system appears to be a common proteolytic
pathway of cancer-associated muscle catabolism.

Ubiquitin-proteasome proteolytic system
Reversal of catabolic processes has always been a signif-
icant challenge related to our incomplete understanding
of the mechanisms involved.39 It has emerged that a
nonlysosomal proteolytic system involving ubiquitin
and the proteasome is responsible for the bulk of basal
proteolysis in skeletal muscle. Glickman and Ciech-
anover40 provide an up-to-date review of the biochemis-
try of the ubiquitin-proteasome pathway and its physi-
ologic functions. Activation of this system is common in
muscle atrophy including all rodent models of cancer-

147Vol. 197, No. 1, July 2003 MacDonald et al Understanding and Managing Cancer Cachexia



associated muscle wasting tested so far. Muscle biopsy is
required to obtain evidence for activation of this system
in human subjects, and a few data are becoming avail-
able to corroborate animal studies. Bossola and col-
leagues41 reported ubiquitin mRNA levels in rectus ab-
dominis muscle biopsies from gastric cancer patients
twice those in patients with benign abdominal diseases,
and ubiquitin mRNA levels were directly correlated with
disease stage.42

The ubiquitin-proteasome system is characterized by
the concerted action of enzymes that link chains of the
polypeptide cofactor, ubiquitin (Ub), onto proteins to
tag them for recognition and degradation by the protea-
some, a large protease complex.43 Three enzymes are
required to link chains of ubiquitin onto proteins des-
tined for degradation. E1 (Ub-activating enzyme) and
E2 (Ub-conjugating enzymes) prepare ubiquitin to be
linked to target proteins. E3 (Ub-protein ligase) is a key
class of enzyme in the process, coupling ubiquitin and
the actions of E1 and E2 to the protein substrate, con-
ferring specificity to the system. Two newly identified
muscle-specific ubiquitin-protein ligases (E3s),
atrogin-1 (also called MAFbx) and MURF1, have been
implicated in the development of muscle atrophy. Mul-
tiple ubiquitin ligases may operate in muscle atrophy,
possibly to connect protein catabolism to different
classes of external stimuli. This is suggested by the re-
ported findings that null mutation of either MAFbx or
MURF1 in mice led to resistance to denervation-
induced muscle atrophy.44

Further studies are required to better understand the
importance of the ubiquitin ligase family, including
identifying the physiologic substrates for these enzymes
in skeletal muscle, elucidating signaling events that reg-
ulate their activity, and analyzing the effects of specific
inhibition through gene ablation or the design of selec-
tive inhibitors. A more complete understanding of this
level of regulation may potentially allow for local sup-
pression of muscle catabolism without affecting the deg-
radative processes in nonmuscle tissues.

The degree to which signal transduction from various
catabolic mediators is convergent upstream of the
ubiquitin-proteasome system remains to be determined.
Several potential intracellular signaling molecules are of
interest. For example, eicosanoids appear to lie in the
catabolic signal transduction pathways of both cytokines
and the proteolysis-inducing glycoprotein.20 Nuclear
translocation of the transcription factor NF-�B is

emerging as a crucial component in catabolic signal
transduction.45 This factor modulates the expression of
many genes, including those involved in regulating in-
flammatory and immune responses, as well as cell pro-
liferation, differentiation, and death. TNF-� is a potent
inducer of NF-�B,46 and the proteolysis-inducing factor
acts through NF-�B.47

Anabolic factors
Low levels of or poor responsiveness to the normal com-
plement of anabolic stimuli is an additional factor con-
tributing to loss of lean body mass in the tumor-bearing
state. When appropriately activated, protein synthesis
requires the simultaneous provision of energy for pep-
tide bond formation and the correctly balanced mixture
of the 20 necessary amino acids.

Recent literature on cancer cachexia in experimental
studies has not featured many papers on regulation of
protein anabolism. A number of factors that are anabolic
to skeletal muscle, such as insulin and IGF-1, are also
anabolic to tumors, so are precluded as therapies for
cancer cachexia. In the broader literature on muscle
anabolism there are a number of contributions relating
to the effects of contractile activity, glucocorticoids, and
anabolic steroids on muscle protein synthesis, and the
interactions among these factors. Glucocorticoids and
inactivity act synergistically to activate muscle protein
catabolism.48 Amino acids and anabolic steroids poten-
tiate the anabolic effects of muscular work.49 Anabolic
steroids are emerging as a class of compounds considered
in the therapy of wasting diseases.

Amino acids with anabolic properties
There is not yet sufficient understanding of amino acid
use to support cancer-specific specialized amino acid
formulae for enteral or parenteral nutrition. Appropri-
ately formulated amino acid mixtures may be expected
to alleviate muscle loss, improve tolerance to treatments,
or have immune-stimulatory properties, allowing more
effective antitumor immune responses.

Current experimental research in this area is based on
the concept of manipulating amino acid mixtures to
alter the balance between the host and the tumor, in a
manner that favors the host overall.50 For example, glu-
tamine supplementation improved whole body nitrogen
retention and increased protein synthesis and glutamine
content in muscle and small intestine of tumor-bearing
rats, but did not affect size, protein synthesis, or DNA
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content of tumors in the same animals.51-53 An enteral
formula containing ornithine and �-ketoglutarate, the
metabolic precursors for the formation of glutamine and
arginine, did not stimulate growth of two hepatomas.54

Similar results have been obtained for arginine and or-
nithine, although at least in some cases, tumor growth is
stimulated by the parenteral administration of arginine.
The acute phase response, where present, promotes al-
tered amino acid requirements because acute phase pro-
teins contain relatively high levels of sulfur-containing
amino acids.13,55 The branched chain amino acids,
leucine, isoleucine, and valine, not only act as substrates
for protein synthesis, but also modulate several elements
of the protein synthetic machinery involved in initiation
of translation.56 Leucine is the most potent of the three
branched chain amino acids in this regard, and leucine
supplementation increases skeletal muscle protein
synthesis.

CLINICAL THERAPEUTIC AGENTS FOR THE
TREATMENT OF CANCER CACHEXIA
Table 3 provides a summary of clinical studies of cancer
cachexia therapy published since 1999. Relevant inves-
tigations in other wasting diseases are cited. These dis-
eases may share common pathways to cancer cachexia,
offering insight into convergent mechanisms and drug
development. It is noteworthy that most trials in cancer
represent the only study ever reported for the therapy in
question, and these are often limited to a single, highly
defined tumor group. The vast majority of the results
remain to be corroborated by further work. Apart from
corticosteroids and progestational agents, therapies are
still at the investigational stages. There is a basis of logic
for trials involving polytherapy to simultaneously mod-
ulate several axes of the wasting response, but this type of
trial remains scarce.

Until recently, therapies concentrated on the anorexia
arm of the anorexia-cachexia syndrome. Indeed, the
only therapies proved successful in our clinics improve
appetite, but do not improve muscle mass. We will not
discuss corticosteroids, which are proven appetite stim-
ulants, because they are also catabolic agents that in-
crease muscle breakdown. So they are usually used for
anorexia-cachexia late in the disease process and for
short time periods. Progestational agents relieve anorexia
and reverse weight loss in many patients, but the weight
gain is a result of fat accumulation rather than muscle.

Cannabinoids also act on central mechanisms control-
ling appetite, but have no effect on muscle metabolism.

For the first time we may have at hand simple, gener-
ally inexpensive compounds that might improve muscle
mass and, consequently, patient function and mobility.
If the promise of laboratory studies and a few extant
clinical trials can be confirmed by large randomized
studies, the impact on patient well-being and the health-
care system will be momentous. Anorexia-cachexia re-
moves patient independence, resulting in sharply dimin-
ished quality of life and, often, prolonged costly home or
institutional care. Moreover, the purposeless inflamma-
tory response noted in cancer patients is also common to
other wasting disorders, and measures that correct can-
cer cachexia may be successfully applied to other chronic
illnesses such as congestive failure and chronic obstruc-
tive pulmonary disease.

Prior to reviewing agents that might influence lean
body mass, a few points must be stressed:

1. With the exception of the progestational agents, all of the
compounds we will discuss require further clinical trial
corroboration.

2. Patients are subject to multiple problems that can contrib-
ute to loss of appetite, weight, and function. The physician
must analyze and address the potentially correctable bat-
tery of causes before assuming that cachexia stems from
tumor factors, neuroendocrine changes, or inflammatory
processes. Table 1 outlines a memory aid used by one au-
thor (NM) in patient review.

3. One is naturally concerned that relieving patient malnu-
trition may, in some circumstances, also enhance tumor
growth or interfere with chemoradiotherapy. Agents se-
lected for clinical trials must either have a pedigree of safety
in animal studies, or act through mechanisms that should
not support tumor progression.

4. Nutritional counseling, ideally provided by a dietician, is a
necessary platform on which nutraceutical drug therapy
can be established. Patients and family members can be
taught simply applied stratagies for selecting and preparing
tasty foods.

There is an important ethical issue to discuss. Cancer
chemotherapy studies are usually based on well-
established animal tumor and toxicity models, and pro-
ceed in orderly fashion through phase I–III trials. Well
funded by pharmaceutical firms, the agents usually carry
high potential for profit upon marketing. The prove-
nance of anticachexia agents is more complex. Few ani-
mal models are available or used, and preliminary evi-
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dence for efficacy arises not from conventional cancer
research, but multiple other streams including surgical
metabolic laboratories, nutrition programs, AIDS clin-
ics, and geriatric research centers. Because cancer centers
have long established links with major pharmaceutical
firms, setting up a “pipeline” for cancer cachexia trials
may prove problematic if these trials are judged to inter-
fere with traditional cancer chemotherapy studies. At
present, a paradox is apparent: cachexia should be man-
aged at onset to prevent its ravages from progressing, yet
clinical trials for promising anticachexia agents may not
be accessed by patients at risk because the patients will be
encouraged to participate in chemotherapy trials, which
may exclude participation in other trials because of po-
tential influence on interpretation of the chemotherapy
response. In “real time,” patients will wish to access all
therapies that will help them to control their disease,
their symptoms, and their life quality, and to maintain
their independence.

An illogical and unethical situation exists if pharma-
ceutical firm-cancer center–FDA collaboration prevents
patients from taking part in nutrition trials at the onset
of an illness that predictably will cause them major nu-
tritional problems. New pragmatic clinical trial models
that enable patients to access coordinated multiple re-
search programs are necessary, both on scientific and
ethical grounds.

Promising agents
Progestational hormones
Megestrol and medroxyprogesterone acetate are the best
established drugs for increasing appetite and reversing
weight loss in cancer patients. Indeed, their efficacy has
been demonstrated in at least 15 randomized clinical
trials.57 The modus operandi of progestational agents is
not certain; they may act through mediation of cytokine
production,58 an effect on hypothalamic systems medi-
ating appetite, or both.59 The duration of trials is usually
short, with few studies extending beyond 12 weeks. Pro-
gestational drugs commonly improve appetite,60 but we
don’t have evidence that patient function is improved or
sustained. In a recent study, geriatric men actually lost
muscle mass while on megestrol,61 consistent with stud-
ies reporting the weight gain is primarily fat.62

Progestins are patient friendly, with mild and accept-
able toxicity, although concerns have been raised about
their use in very advanced disease or in combination
with chemotherapy.63,64 At present they are the gold

standard for appetite stimulation; their role, if any, in
enhancing muscle function or global quality of life in
combination with other approaches remains to be
established.

Cardiovascular agents
Patients with most forms of cancer tend to be older, and
many have been smokers. So a substantial number have
evidence of coronary artery disease and other atheroscle-
rotic complications at presentation. Consequently, they
may be taking statins (cholesterol lowering agents) or
angiotensin converting enzyme inhibitors (ACE inhibi-
tors). It is possible that these drugs may influence the
course of cancer-associated wasting.

Statins have antiinflammatory effects independent of
their action on cholesterol pathways; they consistently
lower C-reactive protein,65,66 an acute phase protein that
is a nonspecific marker for chronic inflammation. High
levels of C-reactive protein correlate with the presence of
cachexia and tumor progression.13,67-69 Although statins
greatly interest cardiologists, few cancer studies have
been carried out. Could their antiinflammatory actions
help control tumor cachexia? This issue may first be
clarified through epidemiologic studies correlating pa-
tients using statins and their subsequent cancer course.
For the present, observant clinicians may wish to spe-
cially note features of illness in their patients on statins.

ACE inhibitors are commonly used by patients with
hypertension, coronary heart disease, and congestive
heart failure. Representative agents include lisinopril,
captopril, and enalopril. In addition to their control of
cardiovascular disorders, ACE inhibitors may have prop-
erties that can improve muscle function.

“The renin-angiotensin system is a master regulator of
human physiology.”70 Aside from effects on vascular
tone and fluid and electrolyte balance, angiotensin-II,
activated by an enzyme blocked by ACE inhibitors, in-
creases the production of cytokines linked to the inflam-
matory response.71 Reports indicate improved anabo-
lism and function.72,73 It is noteworthy that ACE
inhibitors have a range of potential antitumor effects in
animal systems, including modulation of tumor angio-
genesis.74 A number of epidemiologic record linkage re-
views have been carried out that report ACE inhibitors
have a neutral effect—they neither increase nor decrease
the incidence of human tumors.75,76

Current evidence indicates that ACE inhibitors may
be safely used in patients without fear of stimulating
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tumor growth with careful monitoring of blood pres-
sure. It is reasonable to hypothesize that through their
ability to interfere with angiotensin stimulation of cyto-
kine activity and their positive effects on energy transfer
and ATP availability, muscle function may be improved.
At least one trial of an ACE inhibitor in cachectic cancer
patients is currently underway. The specific ACE inhib-
itor under study, imidapril, is highly lipophilic, which
may enhance its entry into skeletal muscle, and subse-
quently affect muscle function.

Recently a study on elderly hypertensive women re-
ceiving ACE inhibitors reported superior muscle func-
tion, as measured by knee extensor muscle strength and
walking speed, in comparison with women whose hy-
pertension was untreated or controlled with other anti-
hypertensives.72 In an intriguing study on healthy young
men, a particular gene polymorphism for ACE corre-
lated with superior muscle performance and anabolic
response to exercise.73 Volunteers with an insertion allele
I (a 287 bp fragment) performed better than matched
participants lacking the I allele in a series of exercise tests.
Followup studies correlating the presence of cachexia
with ACE gene polymorphism and response to a variety
of therapies will be interesting.

Macrolide antibiotics
Erythromycin and other 14-membered ring macrolide
congeners (clarithromycin, roxithromycin) possess anti-
inflammatory properties independent of their effects on
microbes, and this is a potential mode of action for ca-
chexia therapy. Macrolides have been reported to limit
TNF-� and interleukin-6 production in vitro 77,78 and in
vivo.79,80 Roxithromycin may be the most antiinflamma-
tory macrolide, followed by clarithromycin and erythro-
mycin; the 15-membered ring macrolide, azithromycin,
is less active.28 Macrolides stimulate gastric motility, an
additional anticachexia effect. Additionally, macrolides
reduced tumor growth and enhanced chemotherapy tu-
mor kill in animal studies.81,82

A small open trial reported that survival of clarithro-
mycin chemotherapy-treated non-small–cell lung can-
cer (NSCLC) patients was doubled compared with that
in patients on chemotherapy alone.27 A subsequent open
label trial involving 33 patients with NSCLC demon-
strated that interleukin-6 levels were reduced in patients
receiving clarithromycin, a result that correlated with
both increased survival and improved body weight.29

Lung cancer patients are subject to repeated infections

and one may argue that effects on survival and weight
relate to control of infection. The investigators state that
the clarithromycin-treated patients did not have differ-
ent patterns of infectious illness when compared with
other NSCLC patients. The question remains open be-
cause of the small study enrollment (49 and 33 patients,
respectively).

Laboratory studies and a small patient series reported
by a single group have stimulated interest in the study of
selected macrolide antibiotics in conjunction with anti-
cancer therapies. Recently, concern has been raised that
widespread use of macrolide antibiotics for the manage-
ment of acute upper respiratory infections, most of
which are probably virally induced, is increasing the in-
cidence of resistant bacteria in the community. Should
this concern limit macrolide study in cancer patients?
When the total numbers of cancer patients who may
take part in macrolide clinical trials is contrasted with
the vast exposure of the general population to clarithro-
mycin and roxithromycin, we conclude that studying
the influence of macrolide agents on the course of cancer
and cancer wasting is a worthy objective that will not
substantially increase the public health problem associ-
ated with reckless use of these antibiotics in medical
practice.

Creatine
As one notes browsing in sports and nutrition stores,
creatine, offered in large cans hefted by muscular men
and women, is a ubiquitous supplement among body-
builders and athletes, who believe creatine increases
muscle energy, enabling them to train longer and per-
form at a higher level. Indeed it is claimed that well over
50% of athletes at the 1996 Olympic Games were using
creatine. Without doubt, creatine is an important me-
tabolite obtained through diet (primarily meat and fish)
and synthesized de novo. Creatine phosphate serves as
an essential phosphate donor for the synthesis of ATP, a
critical energy source for inaugurating muscle activity.
Increased lean body mass is generally observed in healthy
individuals.83-87

If the sports medicine lore on creatine is correct, per-
haps creatine can also build up the muscles of weak,
malnourished cancer patients. Evidence to date on this
straightforward proposition is not available, as few cross-
over studies from sports medicine to the wasting disor-
ders exist. In some part a dichotomy is present between
the mindset of those of us who use treatments to kill
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cancer cells; our sports medicine colleagues are more
interested in using nutritional supplements to maintain
or enhance healthy body functions. Rationally, we
should co-opt their knowledge and skills in supporting
normal function, an effort that will not detract from and
may enhance our primary interest in controlling disease
and associated symptoms.

The sports medicine literature is replete with trials
demonstrating that healthy individuals taking creatine
will achieve a significant increase in lean body mass in
comparison with placebo compounds and, less consis-
tently, will also improve muscle function.83-87 Increase in
muscle mass may be secondary to an athlete’s ability to
maintain a training routine, although it remains possible
that creatine may have a direct effect on muscle protein
synthesis. A creatine trial in older men concluded that
muscle performance improved after a 7-day trial.88 We
are not aware of creatine trials in cancer patients. A re-
cent article reported that nonsmall cell lung cancer pa-
tients receiving ATP infusions noted weight and albu-
min stabilization, and increased function and general
quality of life.89 Because creatine enhances ATP forma-
tion, it may be a good clinical trials candidate.

Creatine is regarded as a safe supplement; only minor
adverse effects have been reported. Mild abnormalities
in renal function may occur.90 Almost all studies include
small numbers of patients and are shortterm, with few of
them extending beyond 21 to 28 days. Cancer patients
with renal impairment or with fragile fluid-electrolyte
balances may be at particular risk and will need careful
followup if placed on creatine trials.

Anabolic agents
In 1889 the distinguished French physiologist Brown
Sequard reported that an intravenous extract of dog and
guinea pig testicles improved his cognition, constipa-
tion, and “the arc of his urine” (no doubt a placebo
effect—don’t try it at home). The predominant male
hormone, testosterone, was subsequently identified and
characterized in the 1930s and recognized shortly there-
after as a hormone that stimulated muscle growth. Al-
though physicians have been slow to grasp the signifi-
cance of this finding, athletes around the globe were
quick on the pickup and many, either as individuals or as
part of state-operated programs, incorporated anabolic
agents into their treatment. Many clinical studies report
that testosterone and its analogs can facilitate muscle
growth,8,38,54,91-95 yet anabolic steroids have only

achieved a tentative hold in medical practice aside from
their use in clearly demonstrated hypogonadal states. In
part, lack of use stems from the tainted association with
widespread illicit use of anabolic steroids. As with opi-
oids, physicians shy away from drugs subject to abuse or
that may bring them into contact with sometimes ill-
informed punitive regulatory authorities. In addition,
the longterm effects of androgens, which include hirsut-
ism in women, liver damage in both genders, and ad-
verse changes in serum lipids, have discouraged their
use. Nevertheless, in view of the profound suffering as-
sociated with wasting and chronic illness, a reevaluation
of the role of anabolic steroids in these conditions is
currently underway.

As emphasized throughout this article, muscle mass
and function are dependent on a simple triad: adequate
nutrients, protein synthesis, and control of proteolysis.
Testosterone levels are commonly reduced in patients
with severe illness.93 For example, a hypogonadal state is
often present in patients with advanced lung can-
cer.38,96,97 The problem may lie at the level of the Leydig
cells in the testis because patients with lung cancer and
low testosterone often have correspondingly high lutein-
izing hormone levels.96

Testosterone replacement is simply accomplished, but
the androgen status of chronically ill patients is rarely
assessed, and the results of anabolic therapy in wasting
disorders remain somewhat equivocal. Studies on
healthy men indicate that supraphysiologic injections of
testosterone or its analogs induce muscle synthesis with
short-term use.98,99 Testosterone levels drop in both el-
derly men and women; testosterone injections that
maintain serum testosterone in the middle to high phys-
iologic range (to avoid adverse effects) improved muscle
size and function in a group of elderly men.92 In an acute
surgical setting (preparation of older men for knee re-
placement surgery), physiologic doses of testosterone
enanthanate were associated with a nonsignificant de-
crease in hospitalization and a significant improvement
in ability to stand after surgery.100 Testosterone increases
lean body mass, strength, and weight in men with HIV
infection and low testosterone,101-103 and some studies
using androgens also report improved function and
quality of life.104 Study differences may relate to a pa-
tient’s basic hormonal status, anabolic preparation dos-
age, or route of administration.

To date, studies in cancer patients do not provide a
clear vector of support. The North Central Cancer
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Treatment Group randomized cancer patients to receive
fluoxymesterone (an anabolic agent), dexamethasone, or
megestrol. Appetite stimulation and weight gain were
significantly less evident in patients on fluoxymesterone;
there was no difference in the quality-of-life scores of
patients in the three arms.105 Muscle mass and function
were not assessed. Contrast a recently reported trial of
oxandrolone (an oral synthetic derivative of testoster-
one), which concluded that weight-losing cancer pa-
tients on this agent not only increased their weight, but
weight gain was also associated with improvement in
lean body mass, improved Eastern Cooperative Oncol-
ogy Group performance status and quality-of-life scores,
including the functional component.94 Older studies us-
ing other anabolic drugs, nandrolone and danazol, dem-
onstrated stabilization of weight in some cancer
patients.106,107

It may seem evident that people with associated low
testosterone should receive replacement therapy of a
hormone that can improve mental function, muscle size,
sexual activity, and function. These salubrious results
have been noted in hypogonadal but otherwise healthy
men. Many questions remain to be clarified in clinical
trials. Will chronically ill cancer patients benefit simi-
larly to other populations? How efficacious is testoster-
one in combination with other drugs and cancer treat-
ments? What is the optimal nutritional support when
one is taking steroids? What are some important exclu-
sion criteria from these trials? Given the potential bene-
fits steroids may impart, they should be considered in
the context of a multimodal strategy for promoting
anabolism in individuals with cachexia. We should pri-
oritize studies on anabolic agents used in combination
with amino acids; antiinflammatory agents, such as
EPA; and exercise, which enlist participants with early
identified anorexia-cachexia with or without
chemotherapy- radiotherapy. In view of the widespread
evidence of hypogonadism in advanced cancer patients,
patient hormonal status should be determined, and tes-
tosterone replacement should be offered to patients with
abnormal levels and clinical evidence of androgen defi-
ciency, if the patient so desires.

Amino acids
There are a very small number of studies of amino acid
supplementation in cancer patients. Supplemental oral
N-acetyl-cysteine was reported to improve quality of
life, normalize redox state, and increase plasma albumin

levels and body cell mass in 50 patients with various
forms of inoperable cancer,108 suggesting that cysteine
becomes conditionally essential in cancer. Importantly,
the survival curve from the start of treatment to 550 days
was not different between the group that received sup-
plementation and the patients who did not, which indi-
rectly suggests that supplemental cysteine did not en-
hance tumor growth. An amino acid mixture containing
glutamine, arginine, and �-hydroxy �-methyl butyrate
(a metabolite of leucine) promoted deposition of lean
body mass in NSCLC patients without any reported side
effects.109 Formal assessments of amino acid require-
ments using current methods are much needed to for-
mulate amino acid mixtures optimized to support anab-
olism and function in cancer patients. This represents a
large gap in current knowledge, and it seems unlikely
that anabolic therapy can be entirely successful without
this information. If, as suggested by the few available
trials, amino acid supplementation alone can indeed
promote net gain of lean body mass, even without a
concomitant anabolic therapy, it seems possible that a
combination therapy involving both may hold the
promise of much more important gains.

Omega-3 fatty acids
EPA and docosahexaneoic acid (DHA) (n-3s) are
formed from the conversion of linolenic acid and are
found in fish with dark, oily flesh such as salmon, trout,
sardines, and mackerel. EPA, in particular, is thought to
inhibit the action of the proteolysis-inducing glycopro-
tein. Dietary fatty acids are incorporated into the cell
membrane phospholipids and alter the activity and af-
finity of receptors, membrane permeability, and trans-
port properties,110,111 resulting in a profound effect on
immune, muscle, and cancer cell function. Both EPA
and DHA reduce inflammation by diverting cell mem-
brane prostaglandin metabolism away from eicosanoid
mediators of inflammation.112,113 In addition, EPA de-
creases inflammatory cytokine production, and can sta-
bilize acute phase protein levels (eg, C-reactive pro-
tein).25,114 These actions, together with EPA’s effects in
blocking ubiquitin-proteosome-induced muscle prote-
olysis, probably account for EPA’s favorable effect on
wasting syndromes. Through mechanisms possibly in-
dependent of its effect on wasting, EPA also inhibits
animal tumor activity, enhances antitumor effects, and
reduces adverse effects of many chemotherapeutic
agents.115,116
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The n-3s are safe compounds. In a phase I trial, par-
ticipants took up to 0.3 g/kg of EPA, well beyond the 2
to 4 g/day doses used in clinical trials.117 Even at high
doses, toxicity is relatively mild: patients complain of
bloating, “a fishy taste,” and loose bowel movements.
The early phase II trials by the Edinburgh Group that
enlisted pancreas tumor patients not otherwise receiving
chemotherapy were promising.114,118 Significant im-
provements in weight, function, and, to a lesser extent,
appetite were reported; of particular interest, in contrast
to megestrol acetate lean body mass increased. The n-3
randomized trial conducted by Gogos and associates119

echoed these results, reporting an improvement in sur-
vival and in immune function, with an increase of CD4-
CD8 ratios.

In a 14-day study of patients receiving doses of EPA
less than 2 g/day, the nutritional parameters of o-3 (EPA
plus DHA) showed no significant difference in the se-
lected nutritional parameters measured.120 Before the
supplementation period, plasma and neutrophil content
of n-3 fatty acids were markedly lower than those in
healthy controls and exhibited further declines after che-
motherapy. These levels improved after a short course of
EPA-DHA.121

Following on their series of phase II trials, the Edin-
burgh group carried out a phase III double-blind,
randomized, placebo-controlled trial, again enlisting
weight-losing chemotherapy naı̈ve pancreatic cancer pa-
tients. The source of n-3 in this study was a liquid nu-
trient supplement providing patients with 1.1g EPA and
460 mg DHA, with patients being advised to take two
cans each day. The placebo, perhaps not a true placebo
because of its nutrient content, was an isocaloric, isoni-
trogenous supplement without EPA and DHA. An im-
provement in survival was not demonstrated in the n-3
treated group, but, once again, these authors reported an
improvement of lean body mass in patients who were
taking more than 1.5 g EPA daily.122

A recently completed randomized, double-blind
North Central Cancer Treatment Group–National Can-
cer Institute of Canada study compared the n-3 nutrient
supplement used in Edinburgh (and the same placebo)
with megestrol and the two agents in combination. In a
disparate advanced cancer patient population, a survival
advantage was not noted for the n-3 supplemented
groups. Megestrol alone remained the superior agent for
weight and appetite gain. The trial did not compare
changes in lean body mass.123

At present, it appears that n-3 fatty acid supplemen-
tation can help maintain lean body mass in some cancer
patients and a dose of 2 g EPA per day seems to be
necessary. Because these compounds are strong oxidants,
it is recommended that patients take n-3s in combina-
tion with a low dose of vitamin E. Studies on n-3 fatty
acids in combination with chemotherapeutic agents are
warranted, as are trials that combine these agents with
anabolic hormones, amino acid nutrients, and exercise.

We have discussed a number of potential interven-
tional compounds, a few of which should be considered
for incorporation into the management of advanced
cancer patients, and others that are prime candidates for
clinical trials. Reflecting author bias, we have chosen not
to discuss other compounds of potential interest, includ-
ing marketed TNF-� inhibitors, propanalol, growth
hormone, thalidomide, melatonin, clentbuterol, or a se-
lective protein synthesis inhibitory substance, myosta-
tin. Among this group, thalidomide and melatonin may
be of particular interest. We regard the TNF-� inhibi-
tors as too specific and too expensive, and growth hor-
mone as potentially dangerous in cancer patients in view
of the possibility of tumor stimulation. Time may prove
us wrong.

THE TERMINAL PHASE OF CANCER CACHEXIA
Case scenario 2

“Oh my God, doctor! He looks like awful!” your office
assistant whispers into your ear as you enter the exam-
ining room to see “Chuck” on a followup visit. You re-
member doing a right upper lobectomy on him sometime
last year for a non-small cell carcinoma. You are won-
dering if Chuck, who was never fond of seeking medical
attention, was compliant during his followup care with
the oncologists. “They have tried a lot of things, but he
keeps losing weight. If I could just get him to eat more
then he might gain some weight. He’s nothing but skin
and bones!” says Chuck’s wife of 30 years while you take
your seat, noting his annoyance at her comment. “She’s
always going on about my weight. I never did weigh
more than 120 pounds soaking wet and now all we ever
do is fight about eating! Our son keeps bugging my other
doctors to start me on a feeding tube, and my sister keeps
showing me all this nutritional supplement stuff from
the Internet.” The report of last week’s CT scan of the
abdomen showing interval development of liver metas-
tases does little to increase your own comfort in this
encounter. Chuck’s wife begins weeping and says, “I just
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don’t want him to starve to death!”

How does the surgeon respond to this situation, which
will arise whenever the wasting syndrome does not re-
spond to treatment or when treatment is declined?
Many patients, families, physicians, and nurses are bur-
dened by misinformation regarding the decline in food
and water intake at end of life. The association between
feeding and caring is so central to our culture, it is little
wonder that this emotionally charged scenario presents
itself frequently when caring for patients with progres-
sive, chronic illness. Understandably, patients and their
loved ones will reach for anything that will distract them
from the meaning of the “handwriting on the wall” that
accelerating weight loss such as that depicted in the vi-
gnette signifies.

As in any other situation with life-limiting implica-
tions, surgeons responding to the last stages of the ca-
chexia syndrome will need to balance their fears of tak-
ing away hope with their obligation to defend their
patients from false and misleading hope. Only a sound
understanding of the physiology of the wasting syn-
drome can provide the cognitive guidance the surgeon
will need in this delicate operation. Clearly, the word
starvation has to be used much more guardedly in dis-
cussions about weight loss. Consider the differences in
the physiologic and moral contexts of starvation, forced
starvation, and cancer-induced cachexia. To imply or
allow it to be implied that neglect was the reason for
weight loss when it was the result of an irreversible phys-
iologic process is to risk creation of a distress even greater
than the illness itself.

Even if the surgeon cannot offer the benefit of a trial
of therapy in far advanced cases of cancer-induced ca-
chexia, clarifying the reasons for the weight loss and the
implications for feeding can do much to relieve patients
and caregivers of an enormous burden. Surgeons have
earned a high degree of credibility on matters of nutri-
tion because of their contributions to nutrition research,
their familiarity with gastrointestinal illness and its treat-
ment, and their role in establishing routes for nutrition.
A surgeon should be able to explain when and why
weight loss does not mean hunger. McCann and col-
leagues124 demonstrated that hunger and thirst are un-
common complaints in terminally ill cancer patients.
When these symptoms occurred, small amounts of food
or water were needed for symptom relief. Almost invari-
ably, a patient with far advanced wasting will give a look

of relief or thanks when their caregivers are tactfully
counseled and gently redirected on this issue.

If the surgeon feels hopeless because nothing more
can be done to reverse the physical process, reframing
the problem in a larger context will often rekindle the
sense of hope and feelings of trust, because reframing a
shared disappointment implies nonabandonment. His-
tory is replete with examples of “bad” or adverse things
that have ultimately served the good such as the promo-
tion of justice by the voluntary self-denial of food. A less
lofty but much more common example is the exchange
of former eating patterns for diminished eating resulting
in greater physical comfort and less psychological, social,
and spiritual distraction. As part of the process of redi-
recting patients toward achievable goals, the surgeon can
view this clinical stop in the patient’s journey as an op-
portunity to introduce the necessary elements for future
guidance and support, whether it is referral to hospice
services, scheduling a home visit with a pastor, or volun-
teering to call and review the discussion with that pesky
son from California.

In summary, based on current views on the anorexia-
cachexia syndrome in cancer patients, we put forward
the following recommendations:

1. Wasting is a predictable event in many cancer patients,
readily diagnosed by assessment of weight, change in ap-
petite, and food intake. Often these patients will also have
anemia and low albumin, with a concomitant increase in
C-reactive protein. The above simple assessments should
form a consistent part of the record of all advanced cancer
patients.

2. Use a systematic formal guide to rule out treatable second-
ary causes of wasting (Table 1).

3. At the onset and throughout the course of illness, offer
patients nutritional counseling (they should have access to
a nutrition team with a special interest in wasting disor-
ders), encourage them to take part in a rehabilitation pro-
gram tailor made for their needs and abilities, and consider
the use of specific nutraceutical and pharmacologic inter-
ventions. Followup visits should not only note careful eval-
uation of antitumor therapy and tumor volume, but also
regular assessment of symptom control, weight, appetite,
and function.

4. Take careful note of the full medication profile of patients
who are wasting. These might include drugs that could
have a favorable effect on anorexia-cachexia (cardiac agents
such as the statins, ACE inhibitors) and other agents that
may be deleterious (eg, herbal medications laced with cor-
ticosteroids). It is reasonable for patients to increase the
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amount of EPA-rich omega-3 fatty acids in their diet. This
could consist of an increase in the fish content in the diet
coupled with EPA supplements in the range of 1.5 to 2.5 g,
accompanied by a vitamin supplement containing vitamin
E. Oncologists will discourage the use of vitamin E and
other antioxidants during the days of chemotherapy treat-
ment.

5. Testosterone status should be established in cancer patients
with the anorexia-cachexia syndrome. If clearly reduced,
physiologic testosterone supplementation should be con-
sidered after discussion with the patient.

6. Patients must be assured of a reasonable intake of amino
acids. Protein-containing foods are indicated and rich
sources of both essential and nonessential amino acids will
support any anabolic potential.

7. Clinical researchers should be more cognizant of the work
of their colleagues in sports medicine, AIDS, and geriat-
rics. Learning from their enterprises, further studies on
creatine and supraphysiologic amounts of amino acids
with a particular role in protein synthesis should be con-
ducted. Similarly, the role of supraphysiologic doses of
anabolic agents, in combination with nutrients and com-
pounds that control muscle proteolysis, should receive a
high priority.

8. There are few if any negative exercise trials. Patients should
be encouraged to keep active or take part in tailored exer-
cise programs, and studies on nutritional and pharmaco-
logic agents should incorporate the potential additive ef-
fects of exercise.

9. Surgeon researchers have led the way in studies on acute
stress reactions related to surgery and trauma and the role
of nutrients in combating these events. This rich vein of
research can guide further anorexia-cachexia trials and
should be expanded to encompass studies on wasting asso-
ciated with chronic disease.

Appendix
Executive Group,
Surgical Palliative Care Task Force,
Division of Education,
American College of Surgeons
Geoffrey Parker Dunn, MD, FACS, Erie, PA, Series Editor
Timothy G Buchman, PhD, MD, St Louis, MO
Karen Jean Brasel, MD, FACS, Milwaukee, WI
Joseph M Civetta, MD, FACS, Farmington, CT
Alexandra M Easson, MD, FRCS(C), Toronto, Ontario
Daniel Benjamin Hinshaw, MD, FACS, Ann Arbor, MI
Joan Lynn Huffman, MD, FACS, Upland, PA
Robert Scott Krouse, MD, Tucson, AZ
K Francis Lee, MD, FACS, Springfield, MA
Laurence Edward McCahill, MD, FACS, Alhambra, CA

Robert Alan Milch, MD, FACS, Buffalo, NY
Anne Charlotte Mosenthal, MD, FACS, Newark, NJ
Albert Reed Thompson, MD, FACS, Little Rock, AR

REFERENCES

1. Easson AM, Hinshaw DB, Johnson DL. The role of tube feed-
ing and total parenteral nutrition in advanced illness. J Am
Coll Surg 2002;194:225–228.

2. Vigano A, Bruera E, Jhangri GS, et al. Clinical survival predic-
tors in patients with advanced cancer. Arch Intern Med 2000;
160:861–868.

3. Baracos VE. Hypercatabolism and hypermetabolism in wast-
ing states. Curr Opin Clin Nutr Metab Care 2002;5:237–239.

4. Baracos VE. Regulation of skeletal-muscle-protein turnover in
cancer-associated cachexia. Nutrition 2000;16:1015–1018.

5. Costelli P, Baccino FM. Cancer cachexia: from experimental
models to patient management. Curr Opin Clin Nutr Metab
Care 2000;3:177–181.

6. Argiles JM, Lopez-Soriano FJ. The role of cytokines in cancer
cachexia. Med Res Rev 1999;19:223–248.

7. Baracos VE. Management of muscle wasting in cancer-
associated cachexia: understanding gained from experimental
studies. Cancer 2001;92[6 Suppl]:1669–1677.

8. Basaria S, Wahlstrom JT, Dobs AS. Clinical review 138:
Anabolic-androgenic steroid therapy in the treatment of
chronic diseases. J Clin Endocrinol Metab 2001;86:5108–
5117.

9. Tisdale MJ. Cachexia in cancer patients. Nat Rev Cancer 2002;
2:862–871.

10. Argiles JM, Alvarez B, Carbo N, et al. The divergent effects of
tumour necrosis factor-alpha on skeletal muscle: implications
in wasting. Eur Cytokine Netw 2000;11:552–559.

11. Barber MD, Powell JJ, Lynch SF, et al. A polymorphism of the
interleukin-1 beta gene influences survival in pancreatic can-
cer. Br J Cancer 2000;83:1443–1447.

12. Kotler DP. Cachexia. Ann Intern Med 2000;133:622–634.
13. Wigmore SJ, MacMahon AJ, Sturgeon CM, Fearon KC.

Acute-phase protein response, survival and tumour recurrence
in patients with colorectal cancer. Br J Surg 2001;88:255–260.

14. Fischer CP, Bode BP, Souba WW. A sarcoma-derived protein
regulates hepatocyte metabolism via autocrine production of
tumor necrosis factor-alpha. Ann Surg 1996;224:476–483.

15. Costelli P, Llovera M, Carbo N, et al. Interleukin-1 receptor
antagonist (IL-1ra) is unable to reverse cachexia in rats bearing
an ascites hepatoma (Yoshida AH-130). Cancer Lett 1995;95:
33–38.

16. Costelli P, Carbo N, Tessitore L, et al. Tumor necrosis factor-
alpha mediates changes in tissue protein turnover in a rat can-
cer cachexia model. J Clin Invest 1993;92:2783–2789.

17. Llovera M, Garcia-Martinez C, Lopez-Soriano J, et al. Role of
TNF receptor 1 in protein turnover during cancer cachexia
using gene knockout mice. Mol Cell Endocrinol 1998;142:
183–189.

18. Fujita J, Tsujinaka T, Yano M, et al. Anti-interleukin-6 recep-
tor antibody prevents muscle atrophy in colon-26
adenocarcinoma-bearing mice with modulation of lysosomal
and ATP-ubiquitin-dependent proteolytic pathways. Int J
Cancer 1996;68:637–643.

19. Marette A. Mediators of cytokine-induced insulin resistance in

156 MacDonald et al Understanding and Managing Cancer Cachexia J Am Coll Surg



obesity and other inflammatory settings. Curr Opin Clin Nutr
Metab Care 2002;5:377–383.

20. Ross JA, Fearon KC. Eicosanoid-dependent cancer cachexia
and wasting. Curr Opin Clin Nutr Metab Care 2002;5:241–
248.

21. Badawi AF, Badr MZ. Expression of cyclooxygenase-2 and
peroxisome proliferator-activated receptor-gamma and levels
of prostaglandin E2 and 15-deoxy-delta12, 14-prostaglandin
J2 in human breast cancer and metastasis. Int J Cancer 2003;
103:84–90.

22. Zweifel BS, Davis TW, Ornberg RL, Masferrer JL. Direct ev-
idence for a role of cyclooxygenase 2-derived prostaglandin E2
in human head and neck xenograft tumors. Cancer Res 2002;
62:6706–6711.

23. Cahlin C, Gelin J, Delbro D, et al. Effect of cyclooxygenase
and nitric oxide synthase inhibitors on tumor growth in mouse
tumor models with and without cancer cachexia related to
prostanoids. Cancer Res 2000;60:1742–1749.

24. Calder PC. Dietary modification of inflammation with lipids.
Proc Nutr Soc 2002;61:345–358.

25. Tisdale MJ. ‘The cancer cachectic factor.’ Support Care Cancer
2003;11:73–78.

26. Lorite MJ, Smith HJ, Arnold JA, et al. Activation of ATP-
ubiquitin-dependent proteolysis in skeletal muscle in vivo and
murine myoblasts in vitro by a proteolysis-inducing factor
(PIF). Br J Cancer 2001;85:297–302.

27. Mikasa K, Sawaki M, Kita E, et al. Significant survival benefit
to patients with advanced non-small-cell lung cancer from
treatment with clarithromycin. Chemotherapy 1997;43:288–
296.

28. Ianaro A, Ialenti A, Maffia P, et al. Anti-inflammatory activity
of macrolide antibiotics. J Pharmacol Exp Ther 2000;292:
156–163.

29. Sakamoto M, Mikasa K, Majima T, et al. Anti-cachectic effect
of clarithromycin for patients with unresectable non-small cell
lung cancer. Chemotherapy 2001;47:444–451.

30. Bruera E, Neumann CM, Pituskin E, et al. Thalidomide in
patients with cachexia due to terminal cancer: preliminary re-
port. Ann Oncol 1999;10:857–859.

31. Zhou S, Kestell P, Tingle MD, Paxton JW. Thalidomide in
cancer treatment: a potential role in the elderly? Drugs Aging
2002;19:85–100.

32. Lorite MJ, Cariuk P, Tisdale MJ. Induction of muscle protein
degradation by a tumour factor. Br J Cancer 1997;76:1035–
1040.

33. Cariuk P, Lorite MJ, Todorov PT, et al. Induction of cachexia
in mice by a product isolated from the urine of cachectic cancer
patients. Br J Cancer 1997;76:606–613.

34. Lorite MJ, Thompson MG, Drake JL, et al. Mechanism of
muscle protein degradation induced by a cancer cachectic fac-
tor. Br J Cancer 1998;78:850–856.

35. Todorov PT, Field WN, Tisdale MJ. Role of a proteolysis-
inducing factor (PIF) in cachexia induced by a human mela-
noma (G361). Br J Cancer 1999;80:1734–1737.

36. Cabal-Manzano R, Bhargava P, Torres-Duarte A, et al.
Proteolysis-inducing factor is expressed in tumours of patients
with gastrointestinal cancers and correlates with weight loss.
Br J Cancer 2001;84:1599–1601.

37. Wigmore SJ, Todorov PT, Barber MD, et al. Characteristics of
patients with pancreatic cancer expressing a novel cancer ca-
chectic factor. Br J Surg 2000;87:53–58.

38. Simons JP, Schols AM, Buurman WA, Wouters EF. Weight

loss and low body cell mass in males with lung cancer: relation-
ship with systemic inflammation, acute-phase response, resting
energy expenditure, and catabolic and anabolic hormones.
Clin Sci (Lond) 1999;97:215–223.

39. Jagoe RT, Goldberg AL. What do we really know about the
ubiquitin-proteasome pathway in muscle atrophy? Curr Opin
Clin Nutr Metab Care 2001;4:183–190.

40. Glickman MH, Ciechanover A. The ubiquitin-proteasome
proteolytic pathway: destruction for the sake of construction.
Physiol Rev 2002;82:373–428.

41. Bossola M, Muscaritoli M, Costelli P, et al. Increased muscle
ubiquitin mRNA levels in gastric cancer patients. Am J Physiol
Regul Integr Comp Physiol 2001;280:R1518–R1523.

42. Bossola M, Muscaritoli M, Costelli P, et al. Increased muscle
proteasome activity correlates with disease severity in gastric
cancer patients. Ann Surg 2003;237:384–389.

43. Baracos VE, DeVivo C, Hoyle DH, Goldberg AL. Activation
of the ATP-ubiquitin-proteasome pathway in skeletal muscle
of cachectic rats bearing a hepatoma. Am J Physiol 1995;268:
E996–1006.

44. Bodine SC, Latres E, Baumhueter S, et al. Identification of
ubiquitin ligases required for skeletal muscle atrophy. Science
2001;294:1704–1708.

45. Holmes-McNary M. Nuclear factor kappa B signaling in cat-
abolic disorders. Curr Opin Clin Nutr Metab Care 2002;5:
255–263.

46. Baldwin AS. Control of oncogenesis and cancer therapy resis-
tance by the transcription factor NF-kappaB. J Clin Invest
2001;107:241–246.

47. Watchorn TM, Waddell I, Dowidar N, Ross JA. Proteolysis-
inducing factor regulates hepatic gene expression via the tran-
scription factors NF-(kappa)B and STAT3. FASEB J 2001;15:
562–564.

48. Ferrando AA, Stuart CA, Sheffield-Moore M, Wolfe RR. In-
activity amplifies the catabolic response of skeletal muscle to
cortisol. J Clin Endocrinol Metab 1999;84:3515–3521.

49. Ferrando AA, Sheffield-Moore M, Paddon-Jones D, et al. Dif-
ferential anabolic effects of testosterone and amino acid feeding
in older men. J Clin Endocrinol Metab 2003;88:358–362.

50. Mackenzie M, Baracos VE. Cancer-associated cachexia: altered
metabolism of protein and amino acids. In: Cynober L, ed.
Amino acid metabolism and therapy in health and diseases.
Palm Springs, FL: CRC Press; 2003 (in press).

51. Kaibara A, Yoshida S, Yamasaki K, et al. Effect of glutamine
and chemotherapy on protein metabolism in tumor-bearing
rats. J Surg Res 1994;57:143–149.

52. Austgen TR, Dudrick PS, Sitren H, et al. The effects of
glutamine-enriched total parenteral nutrition on tumor
growth and host tissues. Ann Surg 1992;215:107–113.

53. Yoshida S, Kaibara A, Yamasaki K, et al. Effect of glutamine
supplementation on protein metabolism and glutathione in
tumor-bearing rats. JPEN J Parenter Enteral Nutr 1995;19:
492–497.

54. Le Bricon T, Cynober L, Field CJ, Baracos VE. Supplemental
nutrition with ornithine alpha-ketoglutarate in rats with
cancer-associated cachexia: surgical treatment of the tumor im-
proves efficacy of nutritional support. J Nutr 1995;125:2999–
3010.

55. Reeds PJ, Fjeld CR, Jahoor F. Do the differences between the
amino acid compositions of acute-phase and muscle proteins
have a bearing on nitrogen loss in traumatic states? J Nutr
1994;124:906–910.

157Vol. 197, No. 1, July 2003 MacDonald et al Understanding and Managing Cancer Cachexia



56. Anthony JC, Yoshizawa F, Anthony TG, et al. Leucine stimu-
lates translation initiation in skeletal muscle of postabsorptive
rats via a rapamycin-sensitive pathway. J Nutr 2000;130:
2413–2419.

57. Maltoni M, Nanni O, Scarpi E, et al. High-dose progestins for
the treatment of cancer anorexia-cachexia syndrome: a system-
atic review of randomized clinical trials. Ann Oncol 2001;12:
289–300.

58. Mantovani G, Maccio A, Lai P, et al. Cytokine activity in
cancer-related anorexia/cachexia: role of megestrol acetate and
medroxyprogesterone acetate. Semin Oncol 1998;25[2 Suppl
6]:45–52.

59. McCarthy HD, Crowder RE, Dryden S, Williams G. Meges-
trol acetate stimulates food and water intake in the rat: effects
on regional hypothalamic neuropeptide Y concentrations. Eur
J Pharmacol 1994;265:99–102.

60. Jatoi A, Kumar S, Sloan JA, Nguyen PL. On appetite and its
loss. J Clin Oncol 2000;18:2930–2932.

61. Lambert CP, Sullivan DH, Freeling SA, et al. Effects of testos-
terone replacement and/or resistance exercise on the composi-
tion of megestrol acetate stimulated weight gain in elderly men:
a randomized controlled trial. J Clin Endocrinol Metab 2002;
87:2100–2106.

62. Loprinzi CL, Schaid DJ, Dose AM, et al. Body-composition
changes in patients who gain weight while receiving megestrol
acetate. J Clin Oncol 1993;11:152–154.

63. Rowland KM Jr, Loprinzi CL, Shaw EG, et al. Randomized
double-blind placebo-controlled trial of cisplatin and etopo-
side plus megestrol acetate/placebo in extensive-stage small-cell
lung cancer: a North Central Cancer Treatment Group study.
J Clin Oncol 1996;14:135–141.

64. Macbeth FR, Gregor A, Cottier B. Randomized study of
megestrol acetate and prednisolone for anorexia and weight
loss in patients with lung cancer. World Conference on Lung
Cancer Abstract 334; 1994.

65. Ridker PM, Rifai N, Clearfield M, et al. Measurement of
C-reactive protein for the targeting of statin therapy in the
primary prevention of acute coronary events. N Engl J Med
2001;344:1959–1965.

66. Albert MA, Danielson E, Rifai N, Ridker PM. Effect of statin
therapy on C-reactive protein levels: a randomized trial and
cohort study. JAMA 2001;286:64–70.

67. Scott HR, McMillan DC, Forrest LM, et al. The systemic
inflammatory response, weight loss, performance status and
survival in patients with inoperable non-small cell lung cancer.
Br J Cancer 2002;87:264–267.

68. Falconer JS, Fearon KC, Ross JA, et al. Acute-phase protein
response and survival duration of patients with pancreatic can-
cer. Cancer 1995;75:2077–2082.

69. Walsh D, Mahmoud F, Barna B. Assessment of nutritional
status and prognosis in advanced cancer: interleukin-6,
C-reactive protein, and the prognostic and inflammatory nu-
tritional index. Support Care Cancer 2003;11:60–62.

70. Boehm M, Nabel EG. Angiotensin-converting enzyme 2—a
new cardiac regulator. N Engl J Med 2002;347:1795–1797.

71. Mann DL. Inflammatory mediators and the failing heart: past,
present, and the foreseeable future. Circ Res 2002;91:988–
998.

72. Onder G, Penninx BW, Balkrishnan R, et al. Relation between
use of angiotensin-converting enzyme inhibitors and muscle
strength and physical function in older women: an observa-
tional study. Lancet 2002;359:926–930.

73. Montgomery H, Clarkson P, Barnard M, et al. Angiotensin-
converting-enzyme gene insertion/deletion polymorphism
and response to physical training. Lancet 1999;353:541–545.

74. Yoshiji H, Kuriyama S, Kawata M, et al. The angiotensin-I-
converting enzyme inhibitor perindopril suppresses tumor
growth and angiogenesis: possible role of the vascular endothe-
lial growth factor. Clin Cancer Res 2001;7:1073–1078.

75. Lindholm LH, Anderson H, Ekbom T, et al. Relation between
drug treatment and cancer in hypertensives in the Swedish
Trial in Old Patients with Hypertension 2: a 5-year, prospec-
tive, randomised, controlled trial. Lancet 2001;358:539–544.

76. Meier CR, Derby LE, Jick SS, Jick H. Angiotensin-converting
enzyme inhibitors, calcium channel blockers, and breast can-
cer. Arch Intern Med 2000;160:349–353.

77. Takizawa H, Desaki M, Ohtoshi T, et al. Erythromycin sup-
presses interleukin 6 expression by human bronchial epithelial
cells: a potential mechanism of its anti-inflammatory action.
Biochem Biophys Res Commun 1995;210:781–786.

78. Morikawa K, Watabe H, Araake M, Morikawa S. Modulatory
effect of antibiotics on cytokine production by human mono-
cytes in vitro. Antimicrob Agents Chemother 1996;40:1366–
1370.

79. Yanagihara K, Tomono K, Kuroki M, et al. Intrapulmonary
concentrations of inflammatory cytokines in a mouse model of
chronic respiratory infection caused by Pseudomonas aerugi-
nosa. Clin Exp Immunol 2000;122:67–71.

80. Sassa K, Mizushima Y, Fujishita T, et al. Therapeutic effect of
clarithromycin on a transplanted tumor in rats. Antimicrob
Agents Chemother 1999;43:67–72.

81. Hamada K, Mikasa K, Yunou Y, et al. Adjuvant effect of clar-
ithromycin on chemotherapy for murine lung cancer. Chemo-
therapy 2000;46:49–61.

82. Yatsunami J, Fukuno Y, Nagata M, et al. Roxithromycin and
clarithromycin, 14-membered ring macrolides, potentiate the
antitumor activity of cytotoxic agents against mouse B16 mel-
anoma cells. Cancer Lett 1999;147:17–24.

83. Huso ME, Hampl JS, Johnston CS, Swan PD. Creatine sup-
plementation influences substrate utilization at rest. J Appl
Physiol 2002;93:2018–2022.

84. Kreider RB, Ferreira M, Wilson M, et al. Effects of creatine
supplementation on body composition, strength, and sprint
performance. Med Sci Sports Exerc 1998;30:73–82.

85. Volek JS, Duncan ND, Mazzetti SA, et al. Performance and
muscle fiber adaptations to creatine supplementation and
heavy resistance training. Med Sci Sports Exerc 1999;31:
1147–1156.

86. Juhn MS, Tarnopolsky M. Oral creatine supplementation and
athletic performance: a critical review. Clin J Sport Med 1998;
8:286–297.

87. Izquierdo M, Ibanez J, Gonzalez-Badillo JJ, Gorostiaga EM.
Effects of creatine supplementation on muscle power, endur-
ance, and sprint performance. Med Sci Sports Exerc 2002;34:
332–343.

88. Gotshalk LA, Volek JS, Staron RS, et al. Creatine supplemen-
tation improves muscular performance in older men. Med Sci
Sports Exerc 2002;34:537–543.

89. Agteresch HJ, Rietveld T, Kerkhofs LG, et al. Beneficial effects
of adenosine triphosphate on nutritional status in advanced
lung cancer patients: a randomized clinical trial. J Clin Oncol
2002;20:371–378.

90. Juhn MS, Tarnopolsky M. Potential side effects of oral creatine

158 MacDonald et al Understanding and Managing Cancer Cachexia J Am Coll Surg



supplementation: a critical review. Clin J Sport Med 1998;8:
298–304.

91. Langer CJ, Hoffman JP, Ottery FD. Clinical significance of
weight loss in cancer patients: rationale for the use of anabolic
agents in the treatment of cancer-related cachexia. Nutrition
2001;17[1 Suppl]:S1–20.

92. Ferrando AA, Sheffield-Moore M, Yeckel CW, et al. Testoster-
one administration to older men improves muscle function:
molecular and physiological mechanisms. Am J Physiol Endo-
crinol Metab 2002;282:E601–E607.

93. Spratt DI. Altered gonadal steroidogenesis in critical illness: is
treatment with anabolic steroids indicated? Best Pract Res Clin
Endocrinol Metab 2001;15:479–494.

94. Von Roenn J, Tchekmedyian S, Ottery FD. Oxandrolone in-
creases weight, lean tissue, performance status and quality of
life scores in cancer related weight loss. Support Care Cancer
Abstract 2002.

95. Padero MC, Bhasin S, Friedman TC. Androgen supplementa-
tion in older women: too much hype, not enough data. J Am
Geriatr Soc 2002;50:1131–1140.

96. Taggart DP, Gray CE, Bowman A, et al. Serum androgens and
gonadotrophins in bronchial carcinoma. Respir Med 1993;87:
455–460.

97. Chlebowski RT, Palomares MR, Lillington L, Grosvenor M.
Recent implications of weight loss in lung cancer management.
Nutrition 1996;12[1 Suppl]:S43–S47.

98. Sheffield-Moore M, Urban RJ, Wolf SE, et al. Short-term ox-
androlone administration stimulates net muscle protein syn-
thesis in young men. J Clin Endocrinol Metab 1999;84:2705–
2711.

99. Wolfe R, Ferrando A, Sheffield-Moore M, Urban R. Testoster-
one and muscle protein metabolism. Mayo Clin Proc 2000;
75[Suppl]:S55–S59.

100. Amory JK, Chansky HA, Chansky KL, et al. Preoperative su-
praphysiological testosterone in older men undergoing knee
replacement surgery. J Am Geriatr Soc 2002;50:1698–1701.

101. Bhasin S, Storer TW, Javanbakht M, et al. Testosterone re-
placement and resistance exercise in HIV-infected men with
weight loss and low testosterone levels. JAMA 2000;283:763–
770.

102. Fairfield WP, Treat M, Rosenthal DI, et al. Effects of testoster-
one and exercise on muscle leanness in eugonadal men with
AIDS wasting. J Appl Physiol 2001;90:2166–2171.

103. Kong A, Edmonds P. Testosterone therapy in HIV wasting
syndrome: systematic review and meta-analysis. Lancet Infect
Dis 2002;2:692–699.

104. Mulligan K, Schambelan M. Anabolic treatment with GH,
IGF-I, or anabolic steroids in patients with HIV-associated
wasting. Int J Cardiol 2002;85:151–159.

105. Loprinzi CL, Kugler JW, Sloan JA, et al. Randomized compar-
ison of megestrol acetate versus dexamethasone versus flu-
oxymesterone for the treatment of cancer anorexia/cachexia.
J Clin Oncol 1999;17:3299–3306.

106. Bishop JF, Smith JG, Jeal PN, et al. The effect of danazol on
tumour control and weight loss in patients on tamoxifen ther-
apy for advanced breast cancer: a randomised double-blind
placebo controlled trial. Eur J Cancer 1993;29A:814–818.

107. Chlebowski RT, Herrold J, Ali I. Influence of nandrolone de-
canoate on weight loss in advanced non-small cell lung cancer.
Cancer 1986;58:183–186.

108. Hack V, Breitkreutz R, Kinscherf R, et al. The redox state as a

correlate of senescence and wasting and as a target for thera-
peutic intervention. Blood 1998;92:59–67.

109. May PE, Barber A, D’Olimpio JT, et al. Reversal of cancer-
related wasting using oral supplementation with a combina-
tion of beta-hydroxy-beta-methylbutyrate, arginine, and glu-
tamine. Am J Surg 2002;183:471–479.

110. Jones PJH, Kubow S. Lipids, sterols, and their metabolites. In:
Shils ME, Olson JA, Shike M, Ross AC, eds. Modern nutrition
in health and disease. Baltimore, MD: Williams & Wilkins;
1998:85.

111. Clandinin JJ, Jumpsen J, Suh M. Relationship between fatty
acid accretion, membrane composition, and biologic func-
tions. J Pediatr 1994;125:S25–S32.

112. Calder PC. More good news about fish oil. Nutrition 2001;
17:158–160.

113. Lee TH, Hoover RL, Williams JD, et al. Effect of dietary
enrichment with eicosapentaenoic and docosahexaenoic acids
on in vitro neutrophil and monocyte leukotriene generation
and neutrophil function. N Engl J Med 1985;312:1217–1224.

114. Barber MD, Ross JA, Preston T, et al. Fish oil-enriched nutri-
tional supplement attenuates progression of the acute-phase
response in weight-losing patients with advanced pancreatic
cancer. J Nutr 1999;129:1120–1125.

115. Hardman WE, Moyer MP, Cameron IL. Consumption of an
omega-3 fatty acids product, INCELL AAFA, reduced side-
effects of CPT-11 (irinotecan) in mice. Br J Cancer 2002;86:
983–988.

116. Hardman WE, Moyer MP, Cameron IL. Fish oil supplemen-
tation enhanced CPT-11 (irinotecan) efficacy against MCF7
breast carcinoma xenografts and ameliorated intestinal side-
effects. Br J Cancer 1999;81:440–448.

117. Burns CP, Halabi S, Clamon GH, et al. Phase I clinical study
of fish oil fatty acid capsules for patients with cancer cachexia:
cancer and leukemia group B study 9473. Clin Cancer Res
1999;5:3942–3947.

118. Wigmore SJ, Barber MD, Ross JA, et al. Effect of oral eicosa-
pentaenoic acid on weight loss in patients with pancreatic can-
cer. Nutr Cancer 2000;36:177–184.

119. Gogos CA, Ginopoulos P, Salsa B, et al. Dietary omega-3
polyunsaturated fatty acids plus vitamin E restore immunode-
ficiency and prolong survival for severely ill patients with gen-
eralized malignancy: a randomized control trial. Cancer 1998;
82:395–402.

120. Bruera E, Strasser F, Palmer JL, et al. Effect of fish oil on
appetite and other symptoms in patients with advanced cancer
and anorexia/cachexia: a double-blind, placebo-controlled
study. J Clin Oncol 2003;21:129–134.

121. Pratt VC, Watanabe S, Bruera E, et al. Plasma and neutrophil
fatty acid composition in advanced cancer patients and re-
sponse to fish oil supplementation. Br J Cancer 2002;87:
1370–1378.

122. Barber MD, Fearon KC, Tisdale MJ, et al. Effect of a fish
oil-enriched nutritional supplement on metabolic mediators in
patients with pancreatic cancer cachexia. Nutr Cancer 2001;
40:118–124.

123. Jatoi A, Rowland KM Jr, Loprinzi CL, et al. A phase III, double
blind, placebo-controlled randomized comparison of meges-
trol acetate (megace) versus an omega-3 fatty acid (EPA)-
enriched nutritional supplement versus both. Abstract # Amer-
ican Society of Clinical Oncology, 2003.

124. McCann RM, Hall WJ, Groth-Juncker A. Comfort care for

159Vol. 197, No. 1, July 2003 MacDonald et al Understanding and Managing Cancer Cachexia



terminally ill patients. The appropriate use of nutrition and
hydration. JAMA 1994;272:1263–1266.

125. Bruera E, Kuehn N, Miller MJ, et al. The Edmonton Symp-
tom Assessment System (ESAS): a simple method for the as-
sessment of palliative care patients. J Palliat Care 1991;7:6–9.

126. European Organization for Research and Treatment of Cancer
(EORTC) quality of life Web page. Available at: www.eortc.be/
home/qol. Accessed April 4, 2003.

127. Kaasa T, Wessel J. The Edmonton Functional Assessment
Tool: further development and validation for use in palliative
care. J Palliat Care 2001;17:5–11.

128. Jatoi A, Windschitl HE, Loprinzi CL, et al. Dronabinol versus
megestrol acetate versus combination therapy for cancer-
associated anorexia: a North Central Cancer Treatment Group
study. J Clin Oncol 2002;20:567–573.

129. Erkurt E, Erkisi M, Tunali C. Supportive treatment in weight-
losing cancer patients due to the additive adverse effects of
radiation treatment and/or chemotherapy. J Exp Clin Cancer
Res 2000;19:431–439.

130. Nelson KA, Walsh D, Hussein M. A phase II study of low-dose
megestrol acetate using twice-daily dosing for anorexia in non-
hormonally dependent cancer. Am J Hosp Palliat Care 2002;
19:206–210.

131. Nowicki M, Bryc W, Kokot F. Hormonal regulation of appe-
tite and body mass in patients with advanced prostate cancer
treated with combined androgen blockade. J Endocrinol Invest
2001;24:31–36.

132. Weisberg J, Wanger J, Olson J, et al. Megestrol acetate stimu-
lates weight gain and ventilation in underweight COPD pa-
tients. Chest 2002;121:1070–1078.

133. Yeh SS, Wu SY, Lee TP, et al. Improvement in quality-of-life
measures and stimulation of weight gain after treatment with
megestrol acetate oral suspension in geriatric cachexia: results
of a double-blind, placebo-controlled study. J Am Geriatr Soc
2000;48:485–492.

134. Basson BR, Kinon BJ, Taylor CC, et al. Factors influencing
acute weight change in patients with schizophrenia treated
with olanzapine, haloperidol, or risperidone. J Clin Psychiatry
2001;62:231–238.

135. McIntyre RS, McCann SM, Kennedy SH. Weight change and
atypical antipsychotic treatment in patients with schizophre-
nia. J Clin Psychiatry 2001;62:41–44.

136. Jones B, Basson BR, Walker DJ, et al. Weight change and
atypical antipsychotic treatment in patients with schizophre-
nia. J Clin Psychiatry 2001;62[Suppl 2]:41–44.

137. Jatoi A, Daly BD, Hughes VA, et al. Do patients with non-
metastatic non-small cell lung cancer demonstrate altered rest-
ing energy expenditure? Ann Thorac Surg 2001;72:348–351.

138. MacIntosh CG, Morley JE, Wishart J, et al. Effect of exoge-
nous cholecystokinin (CCK)-8 on food intake and plasma
CCK, leptin, and insulin concentrations in older and young
adults: evidence for increased CCK activity as a cause of the anorexia
of aging. J Clin Endocrinol Metab 2001;86:5830–5837.

139. MacIntosh CG, Horowitz M, Verhagen MA, et al. Effect of
small intestinal nutrient infusion on appetite, gastrointestinal
hormone release, and gastric myoelectrical activity in young
and older men. Am J Gastroenterol 2001;96:997–1007.

140. van Bokhorst-De Van Der Schueren MA, Quak JJ, von
Blomberg-van der Flier BM, et al. Effect of perioperative nu-
trition, with and without arginine supplementation, on nutri-
tional status, immune function, postoperative morbidity, and

survival in severely malnourished head and neck cancer pa-
tients. Am J Clin Nutr 2001;73:323–332.

141. Clark RH, Feleke G, Din M, et al. Nutritional treatment for
acquired immunodeficiency virus-associated wasting using
beta-hydroxy beta-methylbutyrate, glutamine, and arginine: a
randomized, double-blind, placebo-controlled study. JPEN J
Parenter Enteral Nutr 2000;24:133–139.

142. Hiroshige K, Sonta T, Suda T, et al. Oral supplementation of
branched-chain amino acid improves nutritional status in el-
derly patients on chronic haemodialysis. Nephrol Dial Trans-
plant 2001;16:1856–1862.

143. Tipton KD, Rasmussen BB, Miller SL, et al. Timing of amino
acid-carbohydrate ingestion alters anabolic response of muscle
to resistance exercise. Am J Physiol Endocrinol Metab 2001;
281:E197–E206.

144. Carroll PV. Treatment with growth hormone and insulin-like
growth factor-I in critical illness. Best Pract Res Clin Endocri-
nol Metab 2001;15:435–451.

145. Crown AL, Cottle K, Lightman SL, et al. What is the role of
the insulin-like growth factor system in the pathophysiology of
cancer cachexia, and how is it regulated? Clin Endocrinol
(Oxf ) 2002;56:723–733.

146. Brink M, Anwar A, Delafontaine P. Neurohormonal factors in
the development of catabolic/anabolic imbalance and ca-
chexia. Int J Cardiol 2002;85:111–121.

147. Esmarck B, Andersen JL, Olsen S, et al. Timing of postexercise
protein intake is important for muscle hypertrophy with resis-
tance training in elderly humans. J Physiol 2001;535:301–
311.

148. Lang CH, Frost RA. Role of growth hormone, insulin-like
growth factor-I, and insulin-like growth factor binding pro-
teins in the catabolic response to injury and infection. Curr
Opin Clin Nutr Metab Care 2002;5:271–279.

149. Mauras N, George D, Evans J, et al. Growth hormone has
anabolic effects in glucocorticosteroid-dependent children
with inflammatory bowel disease: a pilot study. Metabolism
2002;51:127–135.

150. Schulze PC, Gielen S, Schuler G, Hambrecht R. Chronic heart
failure and skeletal muscle catabolism: effects of exercise train-
ing. Int J Cardiol 2002;85:141–149.

151. Barber MD, Fearon KC. Tolerance and incorporation of a
high-dose eicosapentaenoic acid diester emulsion by patients
with pancreatic cancer cachexia. Lipids 2001;36:347–351.

152. Barber MD, Ross JA, Fearon KC. Disordered metabolic re-
sponse with cancer and its management. World J Surg 2000;
24:681–689.

153. Sauer LA, Dauchy RT, Blask DE. Mechanism for the antitu-
mor and anticachectic effects of n-3 fatty acids. Cancer Res
2000;60:5289–5295.

154. Sharma R, Anker SD. Cytokines, apoptosis and cachexia: the
potential for TNF antagonism. Int J Cardiol 2002;85:161–
171.

155. von Haehling S, Genth-Zotz S, Anker SD, Volk HD. Ca-
chexia: a therapeutic approach beyond cytokine antagonism.
Int J Cardiol 2002;85:173–183.

156. Anker SD, Coats AJ. How to RECOVER from RENAIS-
SANCE? The significance of the results of RECOVER, RE-
NAISSANCE, RENEWAL and ATTACH. Int J Cardiol
2002;86:123–130.

157. Mesa JL, Ruiz JR, Gonzalez-Gross MM, et al. Oral creatine
supplementation and skeletal muscle metabolism in physical
exercise. Sports Med 2002;32:903–944.

160 MacDonald et al Understanding and Managing Cancer Cachexia J Am Coll Surg



158. Lipshultz SE, Lipsitz SR, Sallan SE, et al. Long-term enalapril
therapy for left ventricular dysfunction in Doxorubicin-treated survi-
vors of childhood cancer. J Clin Oncol 2002;20:4517–4522.

159. Latini R, Masson S, Anand I, et al. Effects of valsartan on
circulating brain natriuretic peptide and norepinephrine in
symptomatic chronic heart failure: the Valsartan Heart Failure
Trial (Val-HeFT). Circulation 2002;106:2454–2458.

160. Palazzuoli A, Bruni F, Puccetti L, et al. Effects of carvedilol on
left ventricular remodeling and systolic function in elderly pa-
tients with heart failure. Eur J Heart Fail 2002;4:765–770.

161. Gould PA, Kaye DM. Clinical treatment regimens for chronic
heart failure: a review. Expert Opin Pharmacother 2002;3:
1569–1576.

162. Walsh TD, Rivera NI. Adenosine triphosphate for cancer ca-
chexia. Curr Oncol Rep 2002;4:231–232.

163. Agteresch HJ, Dagnelie PC, van der Gaast A, et al. Random-
ized clinical trial of adenosine 5'-triphosphate in patients with
advanced non-small-cell lung cancer. J Natl Cancer Inst 2000;
92:321–328.

164. Aghajanian C, Soignet S, Dizon DS, et al. A phase I trial of the

novel proteasome inhibitor PS341 in advanced solid tumor
malignancies. Clin Cancer Res 2002;8:2505–2511.

165. Hyltander A, Daneryd P, Sandstrom R, et al. Beta-
adrenoceptor activity and resting energy metabolism in
weight losing cancer patients. Eur J Cancer 2000;36:330–
334.

166. Gambardella A, Tortoriello R, Pesce L, et al. Intralipid infusion
combined with propranolol administration has favorable met-
abolic effects in elderly malnourished cancer patients. Metab-
olism 1999;48:291–297.

167. Louis A, Cleland JG, Crabbe S, et al. Clinical trials update:
CAPRICORN, COPERNICUS, MIRACLE, STAF, RITZ-2,
RECOVER and RENAISSANCE and cachexia and choles-
terol in heart failure. Highlights of the Scientific Sessions of the
American College of Cardiology, 2001. Eur J Heart Fail 2001;
3:381–387.

168. Daneryd P. Epoetin alfa for protection of metabolic and exer-
cise capacity in cancer patients. Semin Oncol 2002;29[Suppl
8]:69–74.

161Vol. 197, No. 1, July 2003 MacDonald et al Understanding and Managing Cancer Cachexia


	Understanding and Managing Cancer Cachexia
	CASE SCENARIO 1
	BASIC MECHANISMS OF CANCER CACHEXIA: AN EVOLVING UNDERSTANDING OF ANABOLIC AND CATABOLIC INFLUENCES
	Loss of skeletal muscle protein
	Mitigation of catabolic influences and the restoration of anabolism
	Identity of circulating anabolic and catabolic factors

	Inflammation and cancer cachexia
	Targeting convergent catabolic mechanisms
	Ubiquitin-proteasome proteolytic system
	Anabolic factors
	Amino acids with anabolic properties
	CLINICAL THERAPEUTIC AGENTS FOR THE TREATMENT OF CANCER CACHEXIA
	Promising agents
	Progestational hormones
	Cardiovascular agents
	Macrolide antibiotics
	Creatine
	Anabolic agents
	Amino acids
	Omega-3 fatty acids
	THE TERMINAL PHASE OF CANCER CACHEXIA
	Case scenario 2
	REFERENCES


