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Abstract Cancer-rel ated anorexia/cachexia (CAC) is acomplex phenomenon in which

metabolic abnormalities, proinflammatory cytokines produced by the host im-
mune system, circulating tumour-derived catabolic factors, decreased food in-
take, and probably additional unknown factors, all play different roles.

This review examines the mechanisms of CAC and its management. All the
potential modalities of intervention from nutritional to pharmacological ap-
proaches are included with a clear distinction between unproven, investigational
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and well established treatments. Among the latter, the progestogens are currently
considered the most effective and safest drugs for the management of CAC.
Agents currently under investigation for CAC include thalidomide, pentoxifyll-
ine and melatonin, which most probably act on cytokinerelease, and clenbuterol,
which acts on muscle mass and to antagonise protein wasting.

Our personal experience with the synthetic progestogens megestrol and me-
droxyprogesterone supports their use as first-line agents. In addition, our work
on the potential role of antioxidant agents in counteracting the oxidative stress,
which appears to be involved in CAC, shows them to be promising agents when

ICS

used in combination chemotherapy regimens either alone or with other ‘biolog-

Thereis an ongoing need for quality of life questionnaires which specifically
address the most significant symptoms present in patients with CAC.

1. Mechanisms of Cancer-Related
Anorexia/Cachexia (CAC)

The anorexia/cachexia syndrome is one of the
most common causes of death among patientswith
cancer and is present in 80% at death.!!l The term
‘cachexia derives from the Greek kakos, which
means ‘bad’, and hexis, meaning ‘ condition’. The
characteristic clinical picture of anorexia, tissue
wasting, loss of bodyweight accompanied by a de-
crease in muscle mass and adipose tissue, and poor
performance statusthat often precedesdeath hasbeen
named cancer-related anorexia/cachexia (CAC).[29]
Since the 1980s, the previous concepts explaining
CAC have been replaced by amore complex insight
which stresses the interaction between metabo-
lically active molecules produced by the tumour
itself and the host immune response.

The onset of CAC has numerous negative con-
sequences. It is the single most documented cause
of death in cancer and the most significant inde-
pendent negative predictor of treatment outcome, 6!
and it has an important negative impact on quality
of life.

One of the main features of the cachectic syn-
dromeisanorexia, which may be so significant that
spontaneous nutritionistotally inhibited. The path-
ogenesis of anorexia is most certainly multifacto-
rial but not yet well understood. It seems to be at-
tributable, in part, to intermediary metabolites (e.g.
lactate, ketones, oligonucleotides) that accumulate
along an abnormal metabolic pathway, or other

0 Adis International Limited. All rights reserved.

substances released by the tumour itself or by
normal cellsin responseto the tumour.(3! However,
anorexia cannot by itself account for the complex
organic alterations seen in CAC. Indeed, nutritional
supplementation alone is not ableto effectively re-
verse the process of cachexia. Anincreased resting
energy expenditure may contribute to bodyweight
loss in patients with cancer and may explain the
increased oxidation of fat tissue. Futile energy-
consuming cycles, such asthe Cori cycle, may con-
tribute to this increased energy demand. Unlike
starvation, bodyweight loss in patients with cancer
arises equally from loss of muscle and fat, charac-
terised by increased catabolism of skeletal muscle
and decreased protein synthesis.[’ Catabolic fac-
tors capable of direct breakdown of muscle and ad-
ipose tissue appear to be secreted by cachexia-
inducing tumours and may play an active role in
the process of tissue degeneration.!”]

1.1 Metabolic Abnormalities

In addition to reduced food intake, important
abnormalities in carbohydrate, protein and lipid
biochemistry and metabolism and changesin energy
metabolism, have been observed which may ac-
count for CAC.

The most important carbohydrate abnormalities
areinsulin resistance, increased glucose synthesis,
gluconeogenesis and Cori cycle activity, and de-
creased glucose tolerance and turnover. The main
pathological changes of protein metabolism in-
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cludeincreased protein turnover, muscle catabolism,
and liver and tumour protein synthesis, whereas
muscle protein synthesis is decreased. The main
abnormalities found in lipid metabolism are en-
hanced lipid mobilisation, decreased lipogenesis,
decreased lipoprotein lipase activity, elevated tri-
glycerides and decreased high-density lipopro-
teins, increased venous glycerol, and decreased
glycerol clearance from the plasma.l>84

1.2 Proinflammatory Cytokines

CACmay result fromcircul ating factors produced
by the tumour, or by the host immune system in
response to the tumour, such as cytokines released
by lymphocytes and/or monocyte/macrophages.

A number of proinflammatory cytokines, in-
cluding interleukin (IL)-1, IL-6, tumour necrosis
factor-a (TNFa), interferon (IFN)-a and IFNy,
have been implicated in the pathogenesis of ca-
chexia associated with human cancer. TNFa was
first identified by Rouzer and Ceramill® as a spe-
cific circulating mediator of the wasting resulting
from achronic experimental infectious diseaseand
named cachectin, which was subsequently found
to be identical to TNFa. However, data from nu-
merous clinical and laboratory studies suggest that
the action of cytokines, although important, may
not alone explain the complex mechanism of
CAC.[11-14]

IL-1 and TNFa have been proposed as media-
tors of the host’s response to inflammation.[2®! Hu-
man IL-1 and TNFa administered to healthy ani-
mals produced significant reduction in their food
intake.[1® High serum levels of TNFa, IL-2 and
IFNy have been found in patients or experimental
animals with cancer,[”l and although IL-6 levels
appear to correlate with tumour progression in an-
imal models,[17] evidence has been provided to
support arole for IL-6 as a cachectic factor in the
development of cancer cachexiain an animal model
system.[18] Chronically elevated levels of these
factors, either alone or in combination, are capable
of reproducing the different features of CAC.[18-21]

Moredirect evidence of acytokineinvolvement
in CAC is provided by the observations that ca-
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chexia in experimental animal model/1322.23] can
be relieved by administration of specific cytokine
antagonists. These studies revealed that cachexia
canrarely beattributed to any onecytokinebut rather
is associated with a set of cytokines that work in
concert. These cytokines seemto play central roles
in both cachexia-related inflammation and the
acute-phase response.[24]

Additional factors and mechanisms thought to
play a central role in CAC are the presence of a
chronic systemic inflammatory state, circulating
tumour-derived lipolytic and proteolytic factors,
increased futile energy-consuming cycles, such as
the Cori cycle, and a decreased food intake.

1.3 Circulating Tumour-Derived
Catabolic Factors

In addition to chronic proinflammatory factors,
circulating factors, such as lipid- and protein-
mobilising factors (LMFs and PMFs), may play a
roleinthedevel opment of CAC. Thesearetumour-
derived catabolic factors acting directly on adipose
tissue and skeletal muscle, without affecting food
intake.[6:25-28]

1.4 Systemic Inflammation

There is evidence that a chronic, low-grade,
tumour-induced activation of the hostimmune sys-
tem, which shares numerous characteristics with
the ‘ acute-phase response’ found after major trau-
matic events and septic shock, isinvolved in CAC.
Septic shock is a situation characterised by an in-
creased production of cytokines,[2%3% high levels
of catecolamines, cortisol and glucagon,[29:31-33]
increased peripheral amino acid mobilisation and
hepatic amino acid uptake,2%34 increased hepatic
gluconeogenesis and acute-phase protein produc-
tion,[29:3538] enhanced mobilisation of free fatty
acidd®" and increased metabolism.[38!

The acute-phase responseisasystemic reaction
to tissue injury, typically observed during inflam-
mation, infection or trauma, characterised by the
release of a series of hepatocyte-derived plasma
proteinsknown as acute-phase reactants, including
C-reactive protein, fibrinogen, complement factors
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B and C3, and by reduced synthesis of albumin and
transferrin. An acute-phase responseisobservedin
patientswith cancer. In fact, the cytokines|IL-1, IL-6
and TNFa are regarded as the major mediators of
acute-phase protein inductionin theliver. Unfortu-
nately, the role played by acute-phase proteins dur-
ing cancer growth is still poorly understood.

1.5 Decreased Food Intake

Malnutrition may be considered one hallmark of
cancer cachexiaand it is associated with anorexia,
that is, loss of appetite and/or decreased food in-
take. Appetiteisacomplex function resulting from
the contribution of periphera and central nervous
afferents in the ventral hypothalamus. Stimulation
of the medial hypothalamic nucleus inhibits feed-
ing, while stimulation of the lateral nucleus pro-
motes food intake. Among peripheral afferents,
oral stimulation by pleasant tastes €elicits eating,
whereas gastric distention inhibits it.

There is evidence that proinflammatory cyto-
kinessuchaslIL-1, IL-6 and TNFa areinvolved in
cancer-related anorexia and decreased food intake
(see section 1.2), but these cytokines do not seem
to be the only mediators of CAC.

Since multiple factors are involved in the con-
trol of food intake, it is possible that there are also
many factors contributing to the tumour-associated
anorexia. Indeed, anorexigenic compounds are ei-
ther released by the tumour into the circulation or
the tumour itself may induce metabolic changes
resulting in the release of such substances by host
tissues. Changes in tryptophan levels in patients
with cancer result in increased brain serotonin syn-
thesis and, thus, serotonergic activity, which leads
to reduced food intake. Other factors could be
involved in promoting the inhibitory afferents to
the hypothalamus by stimulating serotonergic and
catecholaminergic fibres, such as increased blood
lactate and fatty acid levels, both of which are as-
sociated with tumour burden.

Few controlled clinical trials have investigated
the incidence of cancer-related reduction of food
intake: thisfact may be because of the methodol og-

0 Adis International Limited. All rights reserved.

ica difficulties associated with human diet analy-
sis and the need for large patient and control
groups.

1.6 Role of Leptin and Neuropeptides

Bodyweight loss is a strong stimulus to food
intake in humans. Therefore, the presence of CAC
in patients with cancer suggests a failure of the
adaptive feeding response. A large amount of evi-
dence has been provided in the last few years on
the regulation of feeding and bodyweight. Leptin,
a recently found hormone produced by the ad-
ipocyte ob gene, has been shown to be an essential
component of the homeostatic regulation of body-
weight. Leptin acts to control food intake and en-
ergy expenditure via neuropeptidergic effector
molecules within the hypothalamus. Complex in-
teractionstake place among the nervous, endocrine
and immune systemsinducing behavioural and me-
tabolic responses.[3%-44]

Proinflammatory cytokines, proposed as medi-
ators of CAC, may haveacentral roleinlong term
inhibition of feeding by mimicking the hypotha-
lamic effect of excessive negative feedback signal-
ing from leptin. This could be via continuous stim-
ulation of anorexigenic neuropeptides such as
serotonin and corticotropin-releasing factor, as
well asby inhibition of theneuropeptide Y orexigenic
network consisting of opioid peptidesand galanin,
and the recently identified melanin-concentrating
hormone, orexin and agouti-related peptide. Such
abnormalities in the hypothalamic neuropeptide
loop in tumour-bearing animals lead to the devel-
opment of CAC.

Although the present therapeutic use of neuro-
peptide agonists/antagonistsis obesity treatment, this
areacould also bean effectivetarget for thetreatment
of CAC, particularly in combination with other
agents with different mechanisms of action.[45:4¢]

A study by our group!4”! demonstrated very low
leptin levels associated with high levels of inflam-
matory cytokines in patients with advanced stage
cancer, several of whom had a significant body-
weight loss.
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2. Treatment of CAC

Itisoutsidethe scope of this paper toreview the
current standard clinica management of patients
with CAC. However, clinicians need to consider
the need to address the patient as a whole before
planning acomprehensivetreatment planfor CAC,
including enteral and/or parenteral nutrition and
pharmacological treatment, that is the use of or-
exigenic (appetite stimulants), anti-catabolic (and
anti-cytokine) and anabolic agents.[48!

The management of CAC is chalenging. This
section examines therapies and drugs used in pa-
tientswith CAC, distinguishing between thosethat
areunproven, which are briefly mentioned, and those
that have been proven to be effective or that are
currently under investigation, which are discussed
in greater detail.

2.1 Unproven or Ineffective Treatments

Dietary counselling, positioning of a fine-bore
nasogastric tube and percutaneous gastrostomy
(i.e. enteral nutrition), and total parenteral nutri-
tion (TPN) are the possible options to counteract
CAC by increasing food intake. However, none of
these has proven to be effective.

Dietary counselling was reported to have no ef-
fect.[”l Nasogastric tube feeding showed a body-
weight increase in some studies?! and a decrease
in whole body protein breakdown in other stud-
ies; 150 however, the drawback to enteral tube feed-
ing isthe distressto the patients, especially inlong
term treatment.[511

Various systematic prospective studies that have
evaluated the potential benefit of TPN have gener-
ally been disappointing.[5-54 Therefore, its use is
not recommended in unselected patients, espe-
cialy in view of the fact that TPN may itself have
significant complications. However, it may be
worthwhilefurther evaluating TPN in carefully de-
fined settings, possibly in conjunction with other
modalities such as synthetic progestogens or ana-
bolic steroids.[5

0 Adis International Limited. All rights reserved.

2.1.1 Cyproheptadine

Based on the evidence that CAC is associated
withincreased serotonergic activity in the brain, 5l
serotonergic blockade may be beneficial in reduc-
ing symptoms. One potentially interesting drug is
cyproheptadine, a histamine antagonist with anti-
serotonergic propertiesand an appetite-stimulating
effect. However, in a placebo-controlled clinical
trial, cyproheptadine only induced a slight im-
provement of appetite without significant effect on
bodyweight.[57 Its clinical use is not recommen-
ded, especially in view of its sedating effects. No
other serotonin antagonists have been investigated
in this patient population to date.

2.1.2 Hydrazine

Hydrazine inhibits hepatic gluconeogenesis in
rats by inhibiting the enzyme phosphoenol piruvate-
carboxykinase.[8l However, 3 large, randomised,
placebo-controlled trialshavefailed to observeany
beneficial effect on appetite or bodyweight in pa-
tients with cancer.[59-61]

2.1.3 Metoclopramide

M etoclopramide has been the most extensively
used drug in patientswith cancer for the prevention
and treatment of chemotherapy-induced emesis
and hasyielded significant results.[62 Asmany pa-
tients with cancer have symptoms of delayed gas-
tric emptying and gastroparesisthat might increase
theincidence of early satiety and negatively influ-
ence food intake,[%3-65] this prokinetic agent has
been extensively studied in these patients. A recent
randomised, controlled trial reported that controlled-
rel ease metoclopramide every 12 hourswassignif-
icantly more effective than immediate-rel ease me-
toclopramide every 6 hours.l%¢ At present, the
effectiveness of other prokinetic agents such as
cisapride and domperidone needs to be demon-
strated in randomised, controlled clinical trials.

2.1.4 Cannabinoids (Dronabinol)

The active ingredient of marijuana, dronabinol
(A-9-tetrahydrocannabinol, THC) is known to
have a positive effect on appetite, bodyweight and
chemotherapy-induced nausea.[67]
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Dronabinol was first used as an antiemetic in
patients with cancer, however, it was reported to
have significant neurological and adverse effects
including dizziness, euphoria and impairment of
cognitive functions. Currently, there are no pub-
lished controlled trials with dronabinol in patients
with CAC. Two open studies®69 demonstrated
some improvement in mood and appetite with no
significant changein bodyweight. Inthefirst study
by Wadleigh et al.[%8 with dronabinol in patients
with advanced cancer, asubjectiveimprovement in
mood and appetite was observed at the higher dose
studied, but al patients had a progressive body-
weight loss. In the second study, Nelson et al [
observed improved appetite and increased food in-
take using dronabinol 7.5 mg/day but the effect on
bodyweight was not reported. A randomised con-
trolled tria in patients with AIDS showed similar
results.[0]

Thereisaneed for controlled trials of thisagent
in patients with cancer. However, the significant ad-
verseeffectsof thisdrug, such as somnolence, mental
confusion and cognitive status disturbances,[7%
which may worsen the mental status of patientswith
CAC who are often receiving opioids and other
psychoactive drugs, need to be taken into account.

2.2 Drugs Commonly Used

2.2.1 Progestogens

Progestogens were the first agents used and are
thecurrent first-lineagentsused in patientswith CAC
for which thereis atrack record of clinical research.
An extensive amount of literature is available in
patientswith cancer, with the use of both megestrol
and medroxyprogesterone. Both drugs are syn-
thetic progestogens which were first used to treat
hormone-sensitive tumours.’2:72 Asaresult of the
observed bodyweight gain and appetite stimula-
tion, independent of tumour response, in a number
of patients receiving such therapy, several trialsin
the last 2 decades have addressed the use of pro-
gestogens for the management of CAC.

The proposed mechanism of action of progesto-
gens in CAC has not been completely elucidated.
It may berelated to glucocorticoid activity making

0 Adis International Limited. All rights reserved.

these drugs similar to corticosteroids. Moreover,
there is evidence that progestogens may stimulate
appetite vianeuropeptide Y inthe CNS (ventrome-
dial hypothalamus).[”3l Furthermore, they act, at least
in part, by down-regulating the synthesis and release
of proinflammatory cytokines (see section 1.2), as
shown by several experimental and clinical studies,
including two of our studies.[”47% We have also pre-
viously published an overview of this topic.[7®

In the first study,[7 the effect of megestrol in
patients with CAC was evaluated to determine its
ability to increase appetite and bodyweight in pa-
tientswith head and neck cancer with advanced stage
(111 to IV) disease, treated with cisplatin-based
neoadjuvant chemotherapy. Eleven male patients
(mean age of 57.8 years; range 43 to 69 years;
Karnofsky performance status of 90 to 100; body-
weight decrease >10% of the ideal or customary
bodyweight) were enrolled in the study. Ten pa-
tients were treated with megestrol during neoad-
juvant chemotherapy and one was treated with
megestrol during definitive locoregional radiation
therapy administered at the end of primary chemo-
therapy. Clinical parameters evaluated before and
after megestrol treatment included clinical response
to chemotherapy after 3 cycles, bodyweight, appe-
tite (using a visua analogue scale calibrated from
0t010), Karnofsky performancestatus, and quality
of life [Spitzer’'s Quality-of-Life Index (QLI)]. Se-
rum levels as well asin vitro production of IL-1a
and 3, 1L-2,IL-6, TNFa and sIL-2R weredetermined
in patientsbefore and after megestrol treatment and
were compared with those of healthy individuals.
Megestrol (160mg tablets) was administered at a
dosage of 320 mg/day during the interval between
chemotherapy cycles, starting from the third day
after the end of cycle until the day before the next
cycle (days 8 to 21) for a total of 3 consecutive
cycles. During the cycles the dosage of megestrol
ranged from 160 to 320 mg/day, based on clinical
response. Of the 11 enrolled patients, 9 (81.8%)
were evaluable; 2 patients were not evaluable be-
cause of major protocol violations (drug intakewas
<90% of that scheduled). Except for performance
status, all parameters showed an improvement fol-
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lowing treatment with megestrol. In particular, in-
creaseswere observed in average bodyweight (6.3kg
or 13.2%), appetite (by a score of 2.4 or 38.6%),
and Spitzer'sQLI (by ascoreof 2.4 or 36.2%). The
serum levels of cytokines studied were significant-
ly higher in patients before megestrol treatment
than in healthy individuals. Serum levels of all
cytokines, as well as IL-6 production in vitro, de-
creased in patients after megestrol treatment. Our
results strongly supported the hypothesis that the
beneficia therapeutic effects of megestrol in patients
with CAC may beduein part toitsability to down-
regulate the synthesis and rel ease of key cytokines
involved in CAC.

The second study!”®! addressed the question of
whether the other synthetic progestogen more com-
monly used, medroxyprogesterone, at doses that
are pharmacologically active in vitro (0.1, 0.2 and
0.4 mg/L), was able to influence the in vitro pro-
duction and/or release of cytokines and serotonin
(5-hydroxytryptamine; 5-HT) in patients with ad-
vanced stage cancer. Ten patients with advanced
stage cancer at different sites were included in the
study, which showed that thein vitro production of
IL-1, IL-6, TNFa and serotonin in these patients
was significantly reduced in the presence of me-
droxyprogesterone. The concentration of medroxy-
progesterone used in this study was within the
range of plasma values seen in patients receiving
oral medroxyprogesterone 1500/2000 mg/day.

Asshownintablel, megestrol hasbeenthedrug
most widely studied for its effect on CAC, with 8
randomised, double-blind, placebo-controlled tri-
als[77-871 compared with medroxyprogesterone (2
placebo-controlled studies).[88.89

Megestrol has shown a dose-related effect on
appetite, bodyweight gain and subjective sensation
of well-being with oral dosages ranging from 160
to 1600 mg/day with an optimal dosage of 480 to
800 mg/day. However, because a dosage of 160
mg/day has demonstrated a significant effect, the
possible dose-related adverse effects of megestrol
and the increased costs of higher dosages, we rec-
ommend, in agreement with Gagnon and Brueral®!
and on the basis of our experience, starting treatment

0 Adis International Limited. All rights reserved.

at a low dosage (160 mg/day) and regulating the
dose upwardsaccording to clinical response. Some
patients may require up to 320 mg/day and avery
few will respond only to 480 mg/day.

M edroxyprogesterone was used at dosages rang-
ing from 300 mg/day to 4000 mg/day. The placebo-
controlled study of Simons et al.[89 used oral me-
droxyprogesterone 1000 mg/day and reported a
significant improvement of appetite and body-
weight. We currently recommend a medroxypro-
gesterone dosage of 1000 mg/day orally (equiva-
lent to megestrol 160 mg/day).

Most published studies using megestrol or me-
droxyprogesteronein patientswith CAC have used
tabletsrather than the oral suspension formulation.
However, oncologists are increasingly using meg-
estrol or medroxyprogesterone oral suspensionsin
their patients with malignancies because of im-
proved compliance and decreased cost.[%0

Both megestrol and medroxyprogesterone may
induce adverse effects. These are an increased risk
of thromboembolic events, peripheral oedema,
breakthrough bleeding, hyperglycaemia, hyperten-
sion and Cushing’s syndrome.[®1-93] However, it is
very rare that patients taking megestrol or me-
droxyprogesterone have to stop the drug because
of adverse effects.[77:78.80.94]

2.2.2 Corticosteroids

Although several randomised, placebo-control-
led studies (shown in table Il) demonstrated that
corticosteroids, including dexamethasone, pre-
dnisolone and methylprednisolone, induce a usu-
ally temporary (limited to a few weeks) effect on
symptoms such as appetite, food intake, sensation of
well-being and performance status, none of these
studiesshowed abeneficia effect on bodyweight.[95-9
In addition, corticosteroids have an antiemetic ac-
tivity[200] and are able to reduce asthenia®! and to
control pain.[*%Y Their mechanism of actionin CAC
is not well understood, although the inhibition of
prostaglandin (PG) activity!192 and the suppres-
sion of 1L-1[103.104 gnd TNFI193] production arethe
most well recognised targets. In view of the wide
range of well known adverse effects and cautions
to be advised with these agents, they should be
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Table I. Summary of randomised, prospective, placebo-controlled trials of progrestogens in patients with cancer-related anorexia/cachexia

Dosage Duration of Study No. of Results Adverse effects Reference
treatment  design  patients
Megestrol
480 mg/day 1wk pc, co 40 Improved appetite, caloric intake, energy Mild oedema, nausea 77
level, bodyweight, tricep skinfold and calf (similar to placebo)
circumference
800 mg/day 1.6mo pc 133 Improved appetite, food intake, bodyweight; Oedema and 78
(tablets) less nausea, less emesis compared with thrombo-embolic events
placebo
1600 mg/day 1mo pc 89 Increased appetite, food intake, greater Oedema, DVT 79
(tablets) change in prealbumin; no change in
anthropometrics except bodyweight; nutrition
impact symptoms improved vs no change or
worsening on placebo; no differences in QoL,
positive response with crossover design
240 mg/day 2mo pc 150 Bodyweight gain, increased appetite score, Oedema, DVT (no 80
(tablets) fewer patients with decreased performance different than placebo)
status compared with placebo
160, 480 12wk pc 240 Improved appetite, mood and overall QoL at None reported 81
mg/day (tablets) both doses; possibly less nausea, emesis
compared with placebo; sustained improved
QoL; increase in prealbumin
480 mg/day 8wk pc 55 Sample too small for significant results None reported 82
160 mg/day 6wk pc 64 Maintained bodyweight and nutritional None reported 83
(tablets) parameters during chemo/radiotherapy
compared with parameters deterioration in
placebo; QoL maintained with megestrol
160, 480, 800, 66 days rc 342 Improved appetite, food intake and None reported 84
1280 mg/day bodyweight, decreased nausea
480 mg/day 10 days pc, co 83 Improved activity, appetite and well-being. No  None reported 85
increase of bodyweight
480 mg/day 12wk pc 38 No increase of bodyweight None reported 86
160, 320 mg/day 1mo rc 122 Increased appetite None reported 87
Medroxyprogesterone
300 mg/day 6wk pc 60 Increased appetite, serum retinol binding None reported 88
protein and serum thyroid binding pre-albumin
500mg bid 12wk pc 206 Beneficial effect on appetite at 6 and 12wk; None reported 89

bodyweight gain with medroxyprogesterone
vs loss on placebo; no other measurable

changes in QoL

co = crossover; DVT = deep vein thrombosis; pc = placebo-controlled; QoL = quality of life; rc = randomised, controlled (no placebo).

used in patients in the end-stage phase of cancer
with short expected survival in an attempt to im-
prove quality of life without affecting bodyweight.

The type, dosage and route of administration of
corticosteroids are not established, although low
dosages, less than 1 mg/kg of prednisone equiva-
lent, are recommended in clinical practice.

0 Adis International Limited. All rights reserved.

2.2.3 Anticytokine Approaches
As discussed in section 1.2, proinflammatory

cytokines such as IL-1, IL-6, and particularly,
TNFa have aprominent rolein the pathogenesis of
CAC. The specific neutralisation of these factors
with antibodies in anima models of cachexia sug-
geststhat an anticytokine approach isworth pursu-
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ing, whiletaking into account that no single cytok-
ine is responsible for all abnormalities found in
CAC. However, in chronic human diseases such as
cancer and AIDS, the long term administration of
anticytokine antibodies is not a practical option.
An ideal drug would be orally administered and
well tolerated. Pentoxyfylline and thalidomide are
2 agents with anticytokine activity currently being
investigated as therapy for CAC.

Pentoxifylline

Pentoxifylline (pentoxyfylline) is a methyl-
xantine derivative approved for the treatment of
intermittent claudication which was subsequently
found to have anti-inflammatory and immune-
modulating effects mediated by the inhibition of
phosphodiesterase. It has been shown to inhibit
TNFa production in humans in response to exper-
imentally administered endotoxin.!1%¢ Recent pre-
liminary investigations in patients with cancer
have suggested a potential role for pentoxifylline.
Intravenous administration of pentoxifyllinein 14
patients with cancer who had high serum TNFa
levelssignificantly reduced the serumlevelsof this
cytokinel’9 However, a recent double-blind,
placebo-controlled trial of pentoxifylline therapy
in patients with CAC did not show a beneficial
effect on appetite or bodyweight.[108]

Thalidomide

Thalidomide wasfirst clinically introduced as a
sedative drug and in 1960s it was withdrawn from
use because of its established teratogenic effect.
During thelast 30 years, thalidomide has been found

to have a significant anti-inflammatory activity in
arange of disorders such as rheumatoid arthritis,
cutaneous lupus erythematosus and chronic graft-
versus-host disease.[109-111]

Thalidomide was recently shown to have anin-
hibitory effect on TNFa production when used asan
experimental trestment for cachexia associated with
AIDS and tuberculosis. These placebo-controlled
clinical trialsfound that thalidomide, at dosages of
200 to 400 mg/day, resulted in significant body-
weight gain in patients with pulmonary tubercul o-
sis who were either HIV-1 positive or HIV-1 neg-
ative: TNFa production was significantly reduced
during thalidomide treatment.[*12 |n a pilot study
in 39 patients with both HIV-1 and tuberculosis
infections, thalidomide therapy was associated with
areductioninboth plasmaTNFa and HIV-1levels.
Patients receiving thalidomide treatment showed a
significant bodyweight gain relative to placebo-
treated patients. Patients with simultaneous HIV-1
and tuberculosis infection experienced a higher
mean bodyweight gain during thalidomide treat-
ment than the group of patientswith HIV-1 infection
only.[1131 Moreover, a randomised, double-blind,
placebo-controlled clinical trial in patients with
HIV-associated wasting syndrome demonstrated
significant bodyweight gain in patients receiving
thalidomide.[114! Another study showed that thalid-
omide treatment induced bodyweight gain inde-
pendently of an effect on appetite.['13 Plasma
TNFa levels were not high at baseline and were
not suppressed by thalidomide treatment. Instead,
plasma levels of soluble IL-2 receptors increased

Table II. Placebo-controlled trials of corticosteroids in cancer-related anorexia/cachexial®®!

Drug Dosage (mg) Route No. of patients  Significant symptoms Effects on Reference
outcomes bodyweight

Dexamethasone 0.750r 1.5 qid PO 116 1 Appetite Nil 95

Prednisolone? 5 tid PO 61 1 Appetite Nil 96

Methylprednisolone? 16 bid PO 40 1Pain control Nil 97
+Appetite, food intake and Not measured
performance status

Methylprednisolone 125 od v 403 1Quality of life Nil 98

Methylprednisolone 125 od v 173 1Quality of life Nil 99

a Crossover design.

bid = twice daily; IV = intravenous; od = once daily; PO = oral; qid = 4 times daily; tid = 3 times daily; 1 = increase.

0 Adis International Limited. All rights reserved.
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significantly during treatment, suggesting a para-
doxical drug-induced immune activation.

Published reports on the specific use of thalido-
mide as therapy for CAC are not available. How-
ever, the recent finding that thalidomide is able to
inhibit tumour growth through aninhibition of neo-
angiogenesisi!®l has led to investigational studies
of this drug as an antineoplastic agent for different
tumours.[117.118]

Randomised clinical trials with thalidomide in
patientswith CAC arejugtified, both asasingle agent
and in combination with an appetite stimulant such
as an oral progestogen. That the mild sedative ef-
fect of thalidomide may make it difficult to mask
the drug in placebo-controlled trials needs to be
taken into account.[®!

2.3 Emerging Drugs

2.3.1. Nonsteroidal Anti-Inflammatory Drugs

Nonsteroidal anti-inflammatory drugs (NSAIDSs)
arevery widely used in patientswith cancer for the
treatment of fever and pain. They act by inhibiting
prostaglandin production by the rate-limiting en-
zymes known as cyclo-oxygenases. Because tra-
ditional NSAIDs inhibit both cyclo-oxygenase
(COX)-1 and COX-2, these drugs induce adverse
effects such as gastrointestinal injury up to ulcer-
ation, reduced appetite and consequently reduced
bodyweight: indeed, these drugs may be consid-
ered a potential cause of anorexia in patients with
cancer.

On the other hand, ibuprofen, an inhibitor of the
enzyme COX-1, was found to decrease C-reactive
protein,[119 produce bodyweight gainl120 and im-
prove survival in patients with cancer.l21l To date,
no other studies on the beneficial effects of NSAIDs
in human CAC are available, although placebo-
controlled trials with these drugs may be justified.

The recent discovery and introduction into clin-
ical practice of selective inhibitors of COX-2 en-
zyme, celecoxib and rofecoxib, which are amost
completely devoid of gastrointestinal toxicity and
maintain an high anti-inflammatory activity, sug-
gest that these agents will meet the need for well

0 Adis International Limited. All rights reserved.

tolerated and effective therapeutic aternatives to
conventional NSAIDs.

Moreover, interestingly, evidence was provided
that COX-2 and COX-2—derived prostaglandins
may play a major role in development of cancer
through several biochemical mechanisms, includ-
ing stimulation of tumour cell growth and neo-
angiogenesis, and that celecoxib is able to block
angiogenesis and suppress tumour growth.[122 The
results of animal studiesstrongly suggest that cele-
coxib may potentially be an effective chemopre-
ventive agent for the secondary prevention of colon
cancer.[123]

2.3.2 Melatonin

In arecent controlled trial in 100 patients with
metastatic cancer, melatonin was shown to signifi-
cantly reduce bodyweight |0ss.[124 Melatonin may
act by decreasing circulating levels of TNF.[123]

2.3.3 Omega-3 Fatty Acids

The supplementation of omega-3 polyunsatu-
rated fatty acids has been showntoinhibit IL-1 and
TNFa production through a blockade of the COX
and lipo-oxygenase pathways. Inastudy in patients
with colorectal cancer, long term treatment with
eicosapentaenoic acid (EPA), docosahexaenoic
acid (DHA) and y-linolenic acid induced a signifi-
cant decreasein serumIL-1, IL-6, TNFa and IFNy
levels.126] Two recent studies by Wigmore et
al [127.128] reported the effects of omega-3 fatty acid
treatment in patients losing weight with pancreatic
cancer. In the first study,[121 oral supplementation
with fish oil capsules (12 tabletsper day, 18% EPA,
12% DHA) for 3 monthsled to asignificant median
bodyweight gain of 0.3 kg/month compared to a
previous bodyweight loss of 2.9 kg/month. A sig-
nificant reduction in acute-phase protein produc-
tion was also observed. In the second study,[128] 4
weeks treatment with EPA reduced the C-reactive
protein through the suppression of IL-6 produc-
tion. Further randomised clinical trialsarerequired
to establish the eff ectiveness of omega-3 fatty acids
in CAC.
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2.3.4 32 Agonists

Clenbuterol isthe most studied of the 3,-adrenergic
agonists. Treatment of tumour-bearing animals
with salbutamol, salmeterol and clenbuterol had a
positive effect on skeletal muscle mass, without
influencing tumour growth or food intake.[12%] One
controlled tria reported that clenbuterol was able
to improve muscle strength after orthopaedic sur-
gery. These drugs, which are able to prevent or
reverse muscle loss in sedentary people, such as
patientswith cancer, are potentially interesting and
should be studied in clinical controlled trials.
Clenbuterol could be used clinicaly in the treat-
ment of patients with CAC.

2.3.5 Anabolic Agents

Anabolic agents have the potential to improve
body composition by maintaining or improving
lean body mass. These agents include growth hor-
mone (GH), insulin-like growth factor (IGF)-1,
testosterone, dihydrotestosterone and testosterone
analogues.

Growth Hormone and Insulin-Like Growth Factor 1

Strong positive effects on nitrogen balance and
protein mass has been demonstrated with GH in
different clinica situations.[3] Most of its ana-
bolic effects on protein synthesis are mediated by
IGF-1, produced by the liver.['31 |n a study in 10
patients with cancer, GH administered for 3 days
increased plasma IGF-1 levels and decreased uri-
nary nitrogen losses, however, an improvement of
nitrogen balance was observed only in patients not
overtly cachectic.l132 The effects of IGF-1 in pa-
tients with CAC have not been studied to date.

Anabolic Androgens

Anabolic androgens are synthetic derivatives of
testosterone with more anabolic effect and less an-
drogenic activity than testosteroneitself. Although
in other wasting diseasesthe anabolic steroidshave
shown a beneficial effect on bodyweight, muscle
mass and performance status, very few studies
have been carried out to date in patients with can-
cer. In arandomised, prospective study in weight-
losing patients with lung cancer, chemotherapy
with or without nandrolone decanoate 200 mg/

0 Adis International Limited. All rights reserved.

weekly for 1 month was compared and no signifi-
cant difference was observed in bodyweight 1oss
between the study arms.[133]

2.4 Antioxidant Agents

An imbalance between oxidants and antioxi-
dantsin favour of the oxidants can potentially lead
to cell damage and is termed ‘oxidative stress'.
These oxidants, also termed reactive oxygen spe-
cies (ROS), are present as anormal product of aer-
obic metabolism but can be produced at elevated
rates under pathophysiological conditions. They
are superoxide radicals, hydroxyl radicals, hypo-
chlorousacid, peroxyl radicalsand singlet oxygen,
and can cause cell damage by oxidising nucleic
acid, proteins and membrane lipids.[34 ROS may
act at different stagesin the establishment and pro-
gression of cancer. It has recently been well docu-
mented that ROS are also involved in tissue wast-
ing and CAC. Moreover, some cytokinesinvolved
in CAC, especially TNFa, are inducers of ROS,
which seemto bepart of thefinal common pathway
through which cell damage takes place. Thus, oxi-
dative stress, which is one of the causes of and in
turn may be worsened by CAC, is promoted by an
excess of ROS and some proinflammatory cyto-
kines, such as IL-1, IL-6 and TNFa.[7®

a-Lipoic acid (ALA) is present in human cells
in abound lipoillysine form in mitochondrial pro-
teins that play a central role in oxidative metabo-
lism and it has recently gained considerable atten-
tion as an antioxidant.[*33] |t has been reported to
have beneficial effectsin disorders associated with
oxidative stress, inducing a substantial increasein
cellular reduced glutathione (GSH) and restoring
severely GSH deficient cells.[136] N-Acetyl cyste-
ine (NAC) is another known precursor for GSH
synthesis that has been shown to act on redox bal-
ance and to be capable of significantly improving
the antioxidant potential by elevating reduced
GSH levels.[137]

In an in vitro study, we showed a favourable
effect of antioxidant agents ALA and NAC on sev-
eral important T cell functionsin patients with ad-
vanced stage cancer.[138] We use ALA and NAC as
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antioxidant agents in patients with cancer by in-
cluding these drugsin combination chemo-hormone-
immunotherapy regimens not only in patients with
CAC but with theaim of preventingit. The dosages
we use are ALA 400 mg/day (4 x 100mg capsules)
and NAC 1800 mg/day (3 x 600mg tablets) for at
least 6 months. The results of our clinical phasell
study of weekly combination chemotherapy plus
medroxyprogesterone, recombinant 1L-2, ALA and
NAC in patients with stage |11B-1V non-small-cell
lung cancer are not yet published. In patients with
cancer having obtained an objective clinical re-
sponse or stable disease after chemotherapy and no
longer eligible for chemotherapy regimens, we
used ALA and NAC at the above dosages in asso-
ciation with medroxyprogesterone: thetreatment is
continued indefinitely. We observed an optimal pa-
tient compliance and no treatment-related adverse
effects were recorded.

Among the antioxidants, one of the most inter-
esting is amifostine, a phosphorylated aminothiol
prodrug that is dephosphorylated at the tissue site
by membrane-bound alkaline phosphataseto itsac-
tive metabolite, the free thiol, WR-1065.1139140] |n
clinical use, the reduced incidence and severity of
neurotoxicity, nephrotoxicity and haemotological
toxicity achieved with the addition of amifostineto
chemotherapeutic regimensiswell established.[139

2.5 Specific Anticancer Treatments

Specific anticancer treatments may be em-
ployed in patients with advanced disease for palli-
ation. Indeed, for instance, the oral fluoropyrimid-
ine tegafur/uracil (UFT) prolonged survival and
improved cancer cachexia in a Colon-26-bearing
murine cachexia model by decreasing the plasma
levels of both IL-6 and tumour PGE,. These find-
ingssuggest that tegafur/uracil, at alow-toxic dose,
could be useful in patientswith CAC and poor per-
formance status.[141

3. Assessment of the Quality of Life

It isimportant that al the interventions used in
patients with CAC, i.e. nutritional, pharmacological
and supportive care, are not evaluated merely in

0 Adis International Limited. All rights reserved.

terms of objective medical (i.e. physical) parame-
ters, such as bodyweight gain, increased food in-
take, etc., and that the assessment of any therapy also
takes into account the self-assessed patient evalu-
ation of treatment outcome, that is quality of life
(QoL).

There are no published QoL questionnaires de-
voted to eval uate specific symptoms present in pa-
tients with CAC. Different QoL questionnaires
have been used in the different studies addressing
this issue. Simons et al.[89 utilised the European
Organisation for Research and Treatment of Can-
cer Quality of Life Questionnaire C-30 (EORTC-
QLQ-C30),[142 a widely used instrument devel-
oped for use in patients with cancer; Rowland et
al.[1*3] ysed a patient-completed visual analogue
QoL unit scale;[1#4 Brueraet al.[14%] used the Piper
Fatigue Scale and the Functional Living Index-
Cancer. It is hoped that QoL questionnaires which
specifically addressthe most significant symptoms
present in patients with CAC will be designed and
validated.

4. Conclusions

CAC isacomplex phenomenon which involves
aseries of pathophysiological mechanisms such as
major metabolic abnormalities, abnormal produc-
tion and release of tumour by-products and host
cytokines, chronic activation and defective func-
tioning of the host immune system, leading to a
final outcome of ‘cachexid .

Consequently, the management of CAC is a
complex challengewhich may addressthe different
causes underlying this clinical event requiring cli-
nicians to select for each individaul patient the
most appropriate treatment on the basis of known
(e.g. serum cytokine level) or reasonably hypothe-
sised causative factors.

In this review, we have examined all the poten-
tial modalities of intervention from nutritional to
pharmacological approaches, clearly distinguishing
between unproven, investigational and well estab-
lished treatments. Among theselatter there are pro-
gestogens, presently to be considered the most ef-
fective and well tolerated drugs for CAC. Among
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the investigational agents, there are drugs such as
thalidomide, pentoxifylline and melatonin, which
most probably act on cytokine release, and clen-
buterol, which acts on muscle mass and antagon-
ises protein wasting.

Finally, theaim of treatment in CAC should focus
on symptomatic, subjective and QoL end-points
rather than just on objective (nutritional) ones,
since patient survival isfar beyond the scope of this
treatment setting.[8l

Acknowledgements

Work supported in part by the Ministry of University,
Scientific Research and Technology, Rome, Italy; National
Research Project No. 9906041835. We thank Stefano Sassu
for preparation of the manuscript.

References
1. Nelson KA. The cancer anorexia-cachexia syndrome. Semin
Oncol 2000; 27: 64-8
2. Heber D, Byerley LO, Chi J. Pathophysiology of malnutrition
in the adult cancer patient. Cancer Res 1986; 58: 1867-73
3. Bruera E. Clinical management of anorexia and cachexia in
patients with advanced cancer. Oncology 1992; 49 Suppl. 2:
35-42
4. Brennan MR. Uncomplicated starvation vs cancer cachexia
Cancer Res 1997; 37: 2359-64
5. Nelson K, Walsh D. Management of the anorexia/cachexiasyn-
drome. Cancer Bull 1991, 43: 403-6
6. Simons JP. Cancer cachexia. Maastricht: Simons JP, 1997
7. Tisdale MJ. Cancer cachexia: metabolic alterationsand clinical
manifestations. Nutrition 1997; 13: 1-7
8. Devereaux DF, Redgrave TG, Tilton M, et a. Intolerance to
administered lipids in tumor bearing animals. Surgery 1984;
100: 292-7
9. VlassaraH, Spiegel RJ, Daval DS, et a. Reduced plasmalipo-
protein lipase activity in patients with malignancy-associated
weight loss. Horm Metab Res 1986; 18: 698-703
10. Rouzer CA, Cerami A. Hypertryglyceridemia associated with
Trypanosoma brucei brucei infection in rabbits: role of de-
fectivetriglyceride removal. Mol Biochem Parasitol 1980; 2:
31-8
11. McNamaraMJ, Alexander HR, Norton JA. Cytokines and their
role in the pathophysiology of cancer cachexia. J Parenter
Enteral Nutr 1992; 16 Suppl. 6: 50S-5S
12. Tisdale MJ. Biology of cachexia. J Natl Cancer Inst 1997; 89:
1763-73
13. Noguchi Y, Yoshikawa T, Matsumoto A, et al. Are cytokines
possible mediators of cancer cachexia? Surg Today 1996; 26:
467-75
14. Espat NJ, Copeland EM, Moldawer LL. Tumor necrosis factor
and cachexia: acurrent perspective. Surg Oncol 1994; 3: 255-62
15. Moldawer LL, Gelin J, Schersten T, et al. Circulating interleu-
kin 1 and tumor necrosis factor during inflammation. Am J
Physiol 1987; 253: R922-8
16. Moldawer LL, Andersson C, Gelin J. Regulation of food intake
and hepatic protein synthesis by recombinant-derived
cytokines. Am J Physiol 1988; 254: 6450-6

0 Adis International Limited. All rights reserved.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

Moldawer LL, Rogy MA, Lowry SF. The role of cytokinesin
cancer cachexia. JPEN JParenter Enteral Nutr 1992; 16: 43S-9S

Strassmann G, Fong M, Kenney JS, et a. Evidence for the
involvement of interleukin-6 in experimental cancer cachexia.
JClin Invest 1992; 89: 1681-4

Busbridge J, Dascombe MJ, Hoopkins S. Acute central effects
of interleukin-6 on body temperature, thermogenesis and
food intake in the rat. Proc Nutr Soc 1989; 38: 48A

Gelin J, Moldawer LL, Lonnroth C. Role of endogenous tumor
necrosis factor alfaand interleukin 1 for experimental tumor
growth and the development of cancer cachexia. Cancer Res
1991; 51: 415-21

McLaughlin CL, Rogan GJ, Ton J. Food intake and body tem-
perature responses of rat to recombinant interleukin 1 beta
and a tripeptide interleukin 1 beta antagonist. Physiol Behav
1992; 52: 1155-60

Sherry BA, Gelin J, Fong Y. Anticachectin/tumor necrosis fac-
tor apha antibodies attenuate development of cancer ca-
chexia. Cancer Res 1991; 51: 415-21

Matthys P, Billiau A. Cytokines and cachexia. Nutr 1997; 13:
763-70

Moldawer LL, Copeland EM. Proinflammatory cytokines, nu-
tritional support, and the cachexiasyndrome: interactionsand
therapeutic options. Cancer 1997; 79: 1828-39

Beck SA, Mulligan HD, Tisdale MJ. Lipolytic factors associ-
ated with murine and human cancer cachexia. J Natl Cancer
Inst 1990; 82: 1922-6

Beck SA, Groundwater P, Barton C, et al. Alteratinsin serum
lipolytic activity of cancer patients with response to therapy.
Br J Cancer 1990; 62: 822-5

Taylor DD, Gercel-Taylor C, JenisLG, et a. Identification of a
human tumor-derived lipolysis-promoting factor. Cancer Res
1992; 52: 829-34

Todorov P, Cariuk P, McDevitt T, et a. Characterization of a
cancer cachectic factor. Nature 1996; 379: 739-42

Byerley LO, Alcock NW, Starnes HF. Sepsis-induced cascade
of cytokine mRNA expression: correlation with metabolic
changes. Am J Physiol 1992; 261: E728-E35

Waage A, Brandtzaeg P, Halstensen A, et a. The complex pat-
tern of cytokinesin serum from patients with meningococcal
septic shock. J Exp Med 1989; 169: 333-8

Wilmore DW, Long JM, Mason AD, et al. Catecholamines:
mediator of the hypermetabolic response to thermal injury.
Ann Surg 1974; 180: 653-68

Stoner HB, Barton RN, Little RA, et al. Measuring the severity
of injury. BMJ 1977; 2: 1247-9

Wilmore DW, Moylan JA, Pruitt Bam Lindsey CA, et a.
Hyperglucagonaemia after burns. Lancet 1974; |: 73-5

Rosenblatt S, Cloves Jr GH, George BC, et al. Exchange of
amino acids by muscle and liver in sepsis. Arch Surg 1983;
118: 167-75

Long CL. Energy balance and carbohydrate metabolism in in-
fection and sepsis. Am J Clin Nutr 1977; 30: 1301-10

Baumann H, Gauldie J. The acute phase response. Immunol
Today 1994; 15: 74-80

Nordenstrom J, Carpentier YA, Askanazi J, et a. Freefatty acid
mobilization and oxidation during total parenteral nutritionin
trauma and infection. Ann Surg 1983; 198: 725-35

Oliff A, Defeo-Jones D, Boyer M, et al. Tumor secreting human
TNF/cachectin induce cachexiain mice. Cell 1987; 50: 555-63

Campfield LA, Smith FJ, Guisez Y, et al. Recombinant mouse
OB protein: evidence for aperipheral signal linking adiposity
and central neural networks. Science 1995; 269: 546-9

Drugs 2001; 61 (4)



512

Mantovani et al.

40.

41.

42.

43.

45,

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

Stephens TW, Basinski M, Bristow PK, et a. The role of neu-
ropeptide Y in the antiobesity action of the ovese gene prod-
uct. Nature 1995; 337: 530-2

Halaas JL, Gajiwala KS, Maffei M, et a. Weight-reducing ef-
fects of the plasma protein encoded by the obese gene. Science
1995; 269: 543-6

Schwartz MW, Baskin DG, Bukowski TR, et al. Specificity of
leptin action on elevated blood glucose levels and hypotha-
lamic neuropeptide Y gene expression in ob/ob mice. Diabetes
1996; 45: 531-5

Billington CJ, Briggs JE, Grace M, et a. Effects of intra-
cerebroventricular injection of neuropeptide Y on energy me-
tabolism. Am J Physiol 1991; 260: R321-R7

. Dryden S, Frankish H, Wang Q, et a. Neuropeptide Y and en-

ergy balance: oneway ahead for the treatment of obesity? Eur
JClin Invest 1994; 24: 293-308

Inui A. Cancer anorexia-cachexia syndrome: are neuropeptides
the key? Cancer Res 1999; 15: 4493-501

Inui A. Neuropeptide Y: a key molecule in anorexia and ca-
chexiain wasting disorders? Mol Med Today 1999; 5: 79-85

Mantovani G, Maccido A, MuraL, et a. Serum levels of leptin
and proinflammatory cytokines in patients with advanced-
stage cancer at different sites. JMol Med 2000; 78: 554-61

Gagnon B, BrueraE. A review of the drug treatment of cachexia
associated with cancer. Drugs 1998; 55: 675-88

Bennegard K, Eden E, Ekman L, et al. Metabolic response of
whole body and peripheral tissues to enteral nutrition in
weight-losing cancer and noncancer patients. Gastroenterol-
ogy 1983; 85: 92-9

Dresler CM, Jeevanandam M, Brennan MF. Metabolic efficacy
of enteral feeding in malnourished cancer and non cancer pa-
tients. Metabolism 1987; 36: 82-8

Laviano A, Meguid MM. Nutritional issuesin cancer manage-
ment. Nutrition 1996; 12: 358-71

Klein S, Kinney J, Jegjeebhoy K, et a. Nutrition support in
clinical practice: review of published data and recommenda-
tionsfor future research directions. Clin Nutr 1997; 16: 193-218

Sikora SS, Ribeiro U, Kane JM 11, et al. Role of nutrition sup-
port during induction chemoradiation therapy in esophageal
cancer. JPEN J Parenter Enteral Nutr 1998; 22: 18-21

Lipman TO. Clinical trials of nutritional support in cancer: par-
enteral and entera therapy. Hematol Oncol Clin North Am
1991; 5: 91-102

Nelson KA, Walsh D, Sheehan FA. The cancer anorexia-ca-
chexia syndrome. J Clin Oncol 1994; 12: 213-25

Laviano A, Meguid MM, Yang ZJ, et a. Cracking theriddle of
cancer cachexia. Nutrition 1996; 12: 706-10

Kardinal CG, Loprinzi CL, Schaid DJ, et al. A controlled trial
of cyproheptadinein cancer patients with anorexia and/or ca-
chexia Cancer 1990; 65: 2657-62

Ray PD, Hanson RL, Lardy HA. Inhibition by hydrazine of
gluconeogenesisin the rat. J Biol Chem 1970; 245: 690-6

Kosty MP, Fleishman SB, Herndon JE, et a. Cisplatin, vinblas-
tine and hydrazine sulfate in advanced, non-small-cell lung
cancer: arandomized placebo-controlled, double-blind phase
111 study of the cancer and leukemia group B. J Clin Oncol
1994; 12: 1113-20

Loprinzi CL, Kuross AS, O'Fallon JR, et al. Randomized pla-
cebo-controlled evaluation of hydrazine sulfate in patients
with advanced colorectal cancer. JClin Oncol 1994; 12: 1121-5

Loprinzi CL, Goldberg RM, Su JQ, et a. Placebo-controlled
trial of hydrazine sulfate in patients with newly diagnosed
non-small-cell lung cancer. J Clin Oncol 1994; 12: 1126-9

0 Adis International Limited. All rights reserved.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

GrallaRJ, Itri LM, Prisko SE, et al. Antiemetic efficacy of high-
dose metoclopramide: randomized trials with placebo and
prochlorperazine in patientswith chemotherapy-induced nau-
sea and vomiting. N Engl JMed 1981; 305: 905-9

Grosvenor M, Bulcavage L, Chlebowski RT. Symptoms poten-
tially influencing weight loss in a cancer population. Cancer
1989; 63: 330-4

Shivshanker K, Bennett RW, Hayne TP. Tumor-associated
gastroparesis: correction with metoclopramide. Am J Surg
1983; 145: 221-5

Nelson KA, Walsh TD, Sheehan FG, et al. Assessment of upper
gastrointestinal motility in the cancer-associated dyspepsia
syndrome. J Palliat Care 1993; 9: 27-31

Bruera E, MacBachern T, Spachynski K, et al. Comparison of
the efficacy, safety and pharmacokinetics of controlled re-
lease and immedi ate rel ease metocl opramide for the manage-
ment of chronic nausea in patients with advanced cancer.
Cancer 1994; 74: 3204-11

Foltin RW, Fishman MW, Byrne MF. Effects of smoked mari-
juana on food intake and body weight of humans living in a
residential laboratory. Appetite 1988; 11: 1-14

Wadleigh R, Spaulding M, Lembersky B, et al. Dronabinol en-
hancement of appetite and cancer patients[abstract]. Proc Am
Soc Clin Oncol 1990; 9: 331

Nelson K, Walsh D, Deeter P, et a. A phase Il study of delta-
nine-tetrahydrocannabinol for appetite stimulation in cancer-
associated anorexia. J Palliat Care 1994; 10: 14-8

Beal JE, Olson R, Laubenstein L, et a. Dronabinol as a treat-
ment for anorexia associated with weight lossin patients with
AIDS. J Pain Symptom Manage 1995; 10: 89-97

Cavalli G, Goldhirsch A, Jungi F, et al. Randomized tria of
low-versus-high-dose medroxyprogesterone acetate in the
treatment of postmenopausal patients with advanced breast
cancer. In: Pellegrini A, Robustelli Della Cuna G, editors.
Role of medroxyprogesterone in endocrine-related tumors.
Vol. 3. New York: Raven Press, 1984: 79-89

Tchekmedyian NS, Tait N, Moody M, et a. High-dose
megestrol acetate: a possible treatment for cachexia. JAMA
1987; 257: 1195-8

McCarthy HD, Crowder RE, Dryden S, et al. Megestrol acetate
stimulates food and water intakein therat: effects on regional
hypothalamic neuropeptide Y concentrations. Eur J Phar-
macol 1994; 265: 99-102

Mantovani G, Maccid A, Bianchi A, et al. Megestrol acetatein
neoplastic anorexia/cachexia: clinical evaluation and compar-
ison with cytokine levels in patients with head and neck car-
cinomatreated with neoadjuvant chemotherapy. Int JClinLab
Res 1995; 25, 135-41

Mantovani G, Maccio A, Esu S, et al. Medroxyprogesterone
acetate reduces the in vitro production of cytokines and sero-
tonin involved in anorexia/cachexiaand emesis by peripheral
blood mononuclear cells of cancer patients. Eur J Cancer
1997, 33: 602-7

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

Bruera E, MacMillan K, Hanson J, et al. A controlled trial of
megestrol acetate on appetite, caloricintake, nutritional status
and other symptomsin patients with advanced cancer. Cancer
1990; 66: 1279-82

Loprinzi CL, Ellison NM, Shaid DJ, et al. Controlled trial of
megestrol acetate for the treatment of cancer, anorexia and
cachexia. JNatl Cancer Inst 1990; 82: 1127-32

Drugs 2001; 61 (4)



Managing Cancer-Related Anorexia/Cachexia

513

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Tchekmedyian NS, Hakman M, Siau J, et al. Megestrol acetate
in cancer anorexiaand weight loss. Cancer 1992; 69: 1268-74

Feliu J, Gonzalez-Baron M, Berrocal A. Usefulness of
megestrol acetate in cancer cachexiaand anorexia. Am JClin
Oncol 1992; 15: 436-60

Beller E, Tattersall M, Kumley T, et a. Improved quality of life
with megestrol acetate in patients with endocrine-insensitive
advanced cancer: arandomised placebo-controlled trial. Ann
Oncol 1997; 8: 277-83

Schmoll E, Wilke H, Thole R. Megestrol acetate in cancer ca-
chexia. Semin Oncol 1991; 1 Suppl. 2: 32-4

Fietkau R, Riepi M, Kettner H. Supportive use of megestrol
acetate in patients with head and neck cancer during ra-
dio(chemo)therapy. Eur J Cancer 1997; 33: 75-9

Loprinzi CL, Michalak JC, Shaid DJ. Phase three evaluation of
four doses of megestrol acetate as therapy for patients with
cancer anorexiaand/or cachexia. J Clin Oncol 1993; 11: 762-7

Bruera E, Ernst S, Hagen N, et al. Symptomatic effects of
megestrol acetate (MA): adouble-blind, crossover study [ab-
stract]. Proc Am Soc Clin Oncol 1996; 15: 531

McMillanDC, Simpson JM, Preston T, et al. Effect of megestrol
acetate on weight loss, body composition and blood screen of
gastrointestinal cancer patients. Clin Nutr 1994; 85-9

Gebbia V, Testa A, Gebbia N. Prospective randomised trial of
two levels of megestrol acetate in the management of anorexia-
cachexia syndrome in patients with metastatic cancer. Br J
Cancer 1996; 73: 1576-80

Downer S, Joel S, Allbright A, et a. A double blind placebo
controlled trial of medroxyprogesterone acetate (MPA) in
cancer cachexia. Br J Cancer 1993; 67: 1102-5

Simons JPFHA, Aaronson NK, Vansteenkiste JF, et al. Effect
of medroxyprogesterone acetate on appetite, weight, and
quality of lifein advanced-stage non-hormone-sensitive can-
cer: a placebo-controlled multicenter study. J Clin Oncol
1996; 14: 1077-84

Ottery FD, Walsh D, Strawford A. Pharmacol ogic management
of anorexia/cachexia. Semin Oncol 1998; 25 Suppl. 6: 35-44

DeVitaJr VT, Hellman S, Rosenberg SA, editors. Cancer prin-
ciples and practice of oncology. Vol. 1. 5th ed. Philadelphia
(PA): Lippincott-Raven Publishers, 1997

BrueraE, Fainsinger RL. Clinical management of cachexiaand
anorexia. In: Doyle D, Hanks G, MacDonald N, editors. Ox-
ford textbook of palliative medicine. London: Oxford Medi-
cal Publications, 1993: 330-7

Steer KA, Kurtz AB, Honour JW. Megestrol-induced Cushing’s
syndrome. Clin Endocrinol 1995; 42: 91-3

Heckmayr M, Gatzemeier U. Treatment of cancer weight loss
in patients with advanced lung cancer. Oncology 1992; 49
Suppl. 2: 32-4

Moertel C, Schutt AG, Reiteneier RJ, et al. Corticosteroid ther-
apy of pre-terminal gastrointestinal cancer. Cancer 1974; 33:
1607-9

Willox J, Corr J, Shaw J, et al. Prednisolone as an appetite
stimulant in patients with cancer. BMJ (Clin Res Ed) 1984;
288: 27

BrueraE, RocaE, Cedaro L, et al. Action of oral methylpred-
nisolone in terminal cancer patients: a prospective random-
ized double-blind study. Cancer Treat Rep 1985; 69: 751-4

Robustelli DellaCunaG, Pellegrini A, Piazzi M. Effect of meth-
ylprednisolone sodium succinate on quality of life in pre-
treatment cancer patients: a placebo-controlled multi-cancer
study. Eur J Cancer Clin Oncol 1989; 25: 1817-21

0 Adis International Limited. All rights reserved.

99.

100.

101

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

112.

113.

114.

115.

116.

Popiela T, Lucchi R, Giongo F. Methylprednisolone as pallia-
tivetherapy for femaleterminal cancer patients. Eur J Cancer
Clin Oncol 1989; 25: 1823-9

BrueraE, RocaE, Cedaro L, et a. Improved control of chemo-
therapy-induced emesis by addition of dexamethasone to
metoclopramidein patientsresistant to metoclopramide. Can-
cer 1983; 67: 381-3

Watanabe S, Bruera E. Corticosteroids as adjuvant analgesics.
J Pain Symptom Manage 1994; 9: 442-5

Fuinsinger R. Pharmacological approach to cancer anorexia
and cachexia. In: Bruera E, Higginson |, editors. Cachexia-
anorexiain cancer patients. Oxford: Oxford University Press,
1996: 128-40

Plata-Salaman CR. Dexamethasone inhibits food intake sup-
pression induced by low doses of interleukin-13 administered
intracerebroventricularly. Brain Res Bull 1991; 27: 737-8

Uchara A, Sekiya S, Takasugi Y, et a. Anorexia induced by
interleukin-1: involvement of corticotropin-releasing factor
[abstract]. Am J Physiol 1989; 257: R613-7

Han J, Thompson P, Beutler B. Dexamethasone and pen-
toxyfyllineinhibit endotoxin-induced cachectin/tumor necrosis
factor synthesis at separate points in the signalling pathway.
JExp Med 1990; 172: 391-4

Zabel P, Wolter DT, Schonharting MM, et a. Oxypentifylline
in endotoxaemia. Lancet 1989; |1: 1474-7

Lissoni P, Ardizzoia A, Perego MS, et a. Inhibition of tumor
necrosis factor-al phasecretion by pentoxyfyllinein advanced
cancer patients with abnormally high blood levels of tumor
necrosis factor-alpha. JBiol Regul Homeost Agents 1993; 7:
73-5

Goldberg RM, Loprinzi CL, Maillard JA, et al. Pentoxyfylline
for treatment of cancer anorexiaand cachexia? A randomized,
double-blind, placebo-controlled trial. JClin Oncol 1995; 13:
2856-9

Gutierrez-Rodriguez O. Thalidomide: a promising new treat-
ment for rheumatoid arthritis. Arthritis Rheum 1984; 27:
1118-21

Atra S, Sato El. Treatment of cutaneous lesions of systemic
lupus erythematosus with thalidomide. Clin Exp Rheumatol
1993; 11: 487-93

Vogelzang GB, Farmer ER, HessAD, et a. Thalidomidefor the
treatment of chronic graft-versus-host disease. N Engl JMed
1992; 326: 1055-8

TramontanaJM, Utaipat U, Molloy A, et al. Thalidomide treat-
ment reduces tumor necrosis factor alpha and enhances
weight gain in patients with pulmonary tuberculosis. Mol
Med 1995; 1: 384-97

Klausner JD, Makonkawkeyoon S, Akarasewi P, et a. The ef-
fect of thalidomide on the pathogenesis of human immuno-
deficiency virustype 1 and M. tuberculosisinfection. JAcquir
Immune Defic Syndr Hum Retrovirol 1996; 11: 247-57

Reyes-Teran G, Sierra-Madero JG, Martinez del Cerro V, et .
Effects of thalidomide on HIV-associated wasting syndrome:
arandomized, double-blind, placebo-controlled clinical trial.
AIDS 1996; 10: 1501-7

Haslett P, Hempstead M, Seidman C, et al. The metabolic and
immunologic effects of short-term thalidomide treatment of
patients infected with the human immunodeficiency virus.
AIDS Res Hum Retroviruses 1997; 13: 1047-54

D’Amato RJ, Loughnan MS, Flynn E, et a. Thalidomideis an
inhibitor of angiogenesis. Proc Natl Acad Sci U SA 1994; 91:
4082-5

Drugs 2001; 61 (4)



514

Mantovani et al.

117.

118.

119.

120.

121

122.

123.

124.

125.

126.

127.

128.

129.

130.

131

Minchinton Al, Fryer KH, Wendt KR, et a. The effect of tha-
lidomide on experimental tumors and metastases. Anticancer
Drugs 1996; 7: 339-43

Gutman M, Szold A, Ravid A, et al. Failure of thalidomide to
inhibit tumor growth and angiogenesisin vivo. Anticancer Res
1996; 16: 3673-7

Wigmore SJ, Falconer JS, Plester CE, et al. Ibuprofen reduces
energy expenditure and acute-phase protein production com-
pared with placebo in pancreatic cancer patients. Br J Cancer
1995; 72: 185-8

McMillan DC, O’ Gorman P, Fearon KC, et al. A pilot study of
megestrol acetate and ibuprofen in the treatment of cachexia
ingastrointestinal cancer patients. Br JCancer 1997; 76: 788-90

Lundholm K, Gelin J, Hyltander A, et a. Anti-inflammatory
treatment may prolong survival in undernourished patients
with metastatic solid tumors. Cancer Res 1994 1; 54: 5602-6

Masferrer JL, Leahy KM, Koki AT, et a. Antiangiogenic and
antitumor activities of cyclooxygenase-2 inhibitors. Cancer
Res 2000; 60: 1306-11

Reddy BS, Hirose Y, Lubet R, et al. Chemoprevention of colon
cancer by specific cyclooxygenase-2 inhibitor, celecoxib, ad-
ministered during different stages of carcinogenesis. Cancer
Res 2000; 60: 293-7

Lissoni P, Paolorossi F, Tancini G, et al. Isthere arole for mel-
atonin in the treatment of neoplastic cachexia? Eur J Cancer
1996; 32A: 1340-3

Lissoni P, Barni S, Tancini G, et a. Role of the pineal gland in
the control of macrophage functions and its possible implica-
tion in cancer: astudy of interactions between tumor necrosis
factor-alpha and the pineal hormone melatonin. JBiol Regul
Homeost Agents 1994; 8: 126-9

Purasiri P, Murray A, Richardson S, et al. Modulation of cytok-
ine production in vivo by dietary essential fatty acids in pa-
tients with colorectal cancer. Clin Sci 1994, 87: 711-7

Wigmore SJ, Ross JA, Falconer JS, et a. The effect of polyun-
saturated fatty acids on the progress of cachexia in patients
with pancreatic cancer. Nutrition 1996; 12 Suppl. 1: S27-30

Wigmore SJ, Fearon KC, Maingay JP, et al. Down-regulation
of the acute-phase response in patients with pancreatic cancer
cachexiareceiving oral eicosapentaenoic acid is mediated via
suppression of interleukin-6. Clin Sci 1997; 92: 215-21

Carbo N, Lopez-Soriano J, Tarrago T, et al. Comparative effects
of beta2-adrenergic agoni sts on muscle waste associated with
tumour growth. Cancer Lett 1997; 115: 113-8

Ziegler TR, Wilmore DW. Anabalic effects of growth hormone
administration in adults. In; Mller EE, Cocchi D, Locatelli
V, editors. Growth hormone and somatomedins during life-
span. Berlin: Springer Verlag, 1993: 312-28

Froesch ER, Schmid C, Schwander J, et al. Actions of insulin-
like growth factors. Ann Rev Physiol 1985; 47: 443-67

0 Adis International Limited. All rights reserved.

132.

133.

134.

135.

136.

137.

138.

130.

140.

141.

142.

143.

144.

145.

Tayek JA, Brasel JA. Failure of anabolism in malnourished can-
cer patients receiving growth hormone: a clinical research
center study. J Clin Endocrinol Metab 1995; 80: 2082-7

Ottery FD. Supportive nutritional management of the patient
with pancreatic cancer. Oncology 1996; 10 Suppl. 9: 26-32

SiesH. Oxidative stress: oxidantsand antioxidants. Exp Physiol
1997; 82: 291-5

Packer L, Witt, EH, Tritschler HJ. Alpha-Lipoic acid as a bio-
logical antioxidant. Free Radic Biol Med 1995; 19: 227-50

Han D, Handelman G, Marcocci L, et al. Lipoic acid increases
de novo synthesis of cellular glutathione by improving cyste-
ine utilization. Biofactors 1997; 6: 321-38

Behr J, Maier K, Degenkolb B, et al. Antioxidative and clinical
effects of high-dose N-acetylcysteine in fibrosing alveolitis:
adjunctive therapy to maintenance immunosuppression. Am
J Respir Crit Care Med 1997; 156: 1897-901

Mantovani G, Maccio A, Melis G, et a. Restoration of func-
tional defectsin peripheral blood mononuclear cells isolated
from cancer patients by thiol antioxidants Alpha-Lipoic Acid
and N-Acetyl Cysteine. Int J Cancer 2000; 86: 842-7

Capizzi RL. The preclinical basis for broad-spectrum selective
cytoprotection of normal tissues from cytotoxic therapies by
amifostine. Semin Oncol 1999; 26 Suppl. 7: 3-21

Mehta MP. Amifostine and combined-modality therapeutic ap-
proaches. Semin Oncol 1999; 26 Suppl. 7: 95-101

NukatsukaM, FujiokaA, SaitoH, et al. Prolongation of survival
period and improvement of cancer cachexia by long-term ad-
ministration of UFT. Cancer Lett 1996; 104: 197-203

Aaronson NK, Ahmedzai S, Bergman B, et al. The European
Organization for Research and Treatment of Cancer QLQ-
C30: aquality-of-life instrument for usein international clin-
ical trialsin oncology. J Natl Cancer Inst 1993; 85: 365-76

Rowland Jr KM, Loprinzi CL, Shaw EG, et al. Randomized
double-blind placebo-controlled trial of cisplatin and etopos-
ide plus megestrol acetate/placebo in extensive-stage small-
cell lung cancer: anorth central cancer treatment group study.
J Clin Oncol 1996; 14: 135-41

Spitzer WO, Dobson AJ, Hall J, et al. Measuring the quality of
life of cancer patients: a concise QL-index for use by physi-
cians. J Chronic Dis 1981, 34: 585-97

Bruera E, Ernst S, Hagen N, et al. Effectiveness of megestrol
acetate in patients with advanced cancer: a randomized, dou-
ble-blind, crossover study. Cancer Prev Control 1998; 2: 74-8

Correspondence and offprints: Professor Giovanni Mantovani,
Department of Medical Oncology and Internal Medical Sci-
ences, University of Cagliari, Policlinico Universitario, Via
S. Giorgio, 12, 09124 Cagliari (CA), Italy.

E-mail: mantovan@pacs.unica.it

Drugs 2001; 61 (4)



	Contents 499
	Abstract 499
	1. Mechanisms of Cancer-Related Anorexia/Cachexia (CAC) 500
	1.1 Metabolic Abnormalities 500
	1.2 Proinflammatory Cytokines 501
	1.3 Circulating Tumour-Derived Catabolic Factors 501
	1.4 Systemic Inflammation 501
	1.5 Decreased Food Intake 502
	1.6 Role of Leptin and Neuropeptides 502

	2. Treatment of CAC 503
	2.1 Unproven or Ineffective Treatments 503
	2.1.1 Cyproheptadine 503
	2.1.2 Hydrazine 503
	2.1.3 Metoclopramide 503
	2.1.4 Cannabinoids (Dronabinol) 503

	2.2 Drugs Commonly Used 504
	2.2.1 Progestogens 504
	2.2.2 Corticosteroids 505
	2.2.3 Anticytokine Approaches 506

	2.3 Emerging Drugs 508
	2.3.1. Nonsteroidal Anti-Inflammatory Drugs 508
	2.3.2 Melatonin 508
	2.3.3 Omega-3 Fatty Acids 508
	2.3.4 b2 Agonists 509
	2.3.5 Anabolic Agents 509

	2.4 Antioxidant Agents 509
	2.5 Specific Anticancer Treatments 510

	3. Assessment of the Quality of Life 510
	4. Conclusions 510
	Acknowledgements 511
	References 511
	Correspondence and offprints 514
	E-mail 514

