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Abstract: Background. Cancer cachexia is a debilitating,
wasting condition that affects many cancer patients, including
those with head and neck cancer. The overall incidence of can-
cer cachexia is quite high for some types of cancer, and
cachexia will be the main cause of death for more than 20% of
all cancer patients. This syndrome uniquely challenges patients
with head and neck cancer. This article outlines the diagnosis of
cancer cachexia, reviews its impact on patient quality of life
(QOL) and survival, and updates the reader on potential thera-
pies that may suppress it.
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Methods. A comprehensive literature search was performed
using PubMed of the National Library of Medicine, which
includes more than 15 million citations back to the 1950s. The
Cochrane Library and Google search engine were used as well.

Results. This syndrome differs significantly from starvation,
and thus accurate and timely diagnosis is essential. Nutritional
therapy alone is insufficient. Current management strategies
include corticosteroids and megesterol acetate, in conjunction
with nutritional therapy. Future strategies may include nutraceuti-
cals, omega-3 fatty acids, inflammatory antagonists, and other
targeted treatments.

Conclusions. Because cancer cachexia differs significantly
from starvation, nutritional supplementation must be used in con-
junction with other anti-cachexia agents to reverse the chronic
systemic inflammatory state and the effects of circulating tumor-
derived factors seen in cachexia. Careful identification of
patients at risk and those suffering from this syndrome will lead
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to better outcomes and treatments. Ultimately, more research
is needed to better treat this devastating condition.
© 2007 Wiley Periodicals, Inc. Head Neck 29: 401-411, 2007

Keywords: cancer cachexia and anorexia; muscle wasting,
weight loss

The true incidence of cachexia in patients with
head and neck squamous cell carcinoma (HNSCC)
is unknown, but more than 50% of patients with
advanced head and neck cancer have significant
weight loss and possible cachexia.> More than
80% of pancreatic cancer patients and 60% of lung
cancer patients present at diagnosis with
cachexia.>* This wasting syndrome should be sus-
pected in any cancer patient with an involuntary
weight loss of greater than 5% of the premorbid
weight within the previous 6-month period.?
Patients with cachexia will have generalized asthe-
nia, marked unintentional weight loss, sarcopenia,
anemia, anorexia, and emotional and mental fa-
tigue, all of which cause a general decline in func-
tional status. These patients report a marked
reduction in their quality of life (QOL).%” Prognosis
is adversely affected and response to therapy may
be diminished with increased complications and
toxicities to treatment seen in these patients.®°

Overall, cachexia accounts for 20% of all cancer-
related deaths. Death may occur when the
patient loses approximately 30% of premorbid
weight due to generalized weakness, immobility,
and loss of respiratory muscle function. However,
loss of as little as 5% body weight may worsen the
patient’s prognosis.'? Furthermore, weight loss is
an independent predictor of both prognosis and
survival in the cachectic cancer patient.®® The
rate of weight loss and the total weight loss are
directly related to the survival of the cancer
patient.'? This is likely because cancer cachexia is
associated predominantly with skeletal muscle
loss, necessary for ambulation and adequate pul-
monary function, as compared with primarily adi-
pose tissue loss seen in starvation.

Cancer cachexia and starvation are distinctly
different. Starvation involves conservation of lean
body mass (LBM) and preferential increase in fat
metabolism in the liver to supply energy. Ketone
bodies, which are derived from this fat metabo-
lism, provide an important energy source for the
brain. Also, resting energy expenditure (REE) is
lowered in starving patients, which matches these
patients’ reduced energy intake. Cancer cachexia
appears to be a very different phenomenon. It
involves preferential loss of skeletal muscle over
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Table 1. Cancer cachexia differs from starvation.

Parameter Cachexia Starvation
Resting energy expenditure ++ —
Loss of skeletal muscle ++ -
Loss of fat ++ ++
Loss of visceral muscle — +
Acute-phase response ++ —
Proinflammatory cytokines ++ -
Toxohormones ++ —
Increased liver metabolism ++ -
Liver size ++ -
Abbreviations: +, increased; —, reduced.

adipose tissue, increased proteolysis and lipolysis,
increased metabolic activity of the liver, and
increased production of acute-phase proteins
(Table 1). Cancer cachexia involves inappropriate
elevation of REE in many tumor types, even as
energy intake may be reduced due to anorexia.? In
contrast to starvation, both LBM and fat are dra-
matically reduced, visceral muscle protein is
spared, and skeletal muscle protein is lost.?

Tumors will lead to the production of lactate,
which will be converted back to glucose in the liver,
but at a tremendous expense of energy, using the
inefficient Cori cycle (Figure 1). The liver becomes
enlarged as a result of the increased metabolism of
glucose, but also due to the production of acute-
phase proteins such as C-reactive protein (CRP)
and fibrinogen, which are elevated in patients with
cachexia. Proinflammatory cytokines, secreted by
either the tumor or the host, initiate an exuberant
systemic inflammatory response, which also re-
sults in an increased production of acute-phase
proteins in the liver, further depleting essential
amino acids. As mentioned above, the loss of skele-
tal muscle, or sarcopenia, causes significant im-
pairment and physiologic weakness in the patient.
Proinflammatory cytokines such as tumor necrosis
factor-a (TNF-«), interleukin-6 (IL-6), interleukin-
18 (IL-1B), and interferon-y (IFN-vy) are implicated
because of their ability to cause muscle wast-
ing.'3* A more complete review of this topic will
be provided in “Cancer Cachexia Syndrome in
Head and Neck Cancer Patients: Part II. Patho-
physiology.”

The pathogenesis of cancer cachexia is not
strictly a function of tumor burden, as patients
with small tumor volumes are often diagnosed
with cachexia, whereas this syndrome may never
develop in patients with enormous tumor bur-
dens. Despite this, cachexia does appear fre-
quently in patients with advanced stages of can-
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FIGURE 1. Clinical manifestations of cancer cachexia. Toxohor-
mones such as lipid-mobilizing factor (LMF) and proteolysis-
inducing factor (PIF) along with proinflammatory cytokines are
secreted by the tumor cells to promote proteolysis of skeletal
muscles and lipolysis of body fat. Amino acids from the protein
catabolism are transported to the liver, where liver mass
increases due to the increased metabolism. The liver converts
lactate to glucose using the energy-inefficient Cori cycle. An
acute-phase response is seen with production of acute-phase
proteins such as C-reactive protein (CRP). This limits the avail-
ability of critical amino acids for protein synthesis of new mus-
cle. Disruption of the leptin regulation and neuropeptide Y
(NPY) regulation lead to inappropriate increase in the resting
energy expenditure (REE) and decreased stimulation of feed-
ing. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]

cer. This may be explained by tumor-derived fac-
tors called toxohormones that induce cancer
cachexia in animal models and which are detected
in the urine of cachectic patients.'® Lipid-mobiliz-
ing factor (LMF), a prominent toxohormone in
cancer cachexia, is identical to the human plas-
ma protein Zn-a-2-glycoprotein (ZAG).' It acts
through a B3-adrenoceptor to mediate the lipolysis
of adipose tissue. Another toxohormone, the
tumor-derived proteolysis-inducing factor (PIF),
is a 24-kDa sulfated glycoprotein capable of induc-
ing cachexia (Figure 1). PIF induces IL-6 produc-
tion, inhibits protein synthesis, and stimulates
protein breakdown through an activation of nu-
clear factor kappa B (NF-xB) that further upregu-
lates the ubiquitin proteasome system.'®

Cancer cachexia often involves anorexia, but
this alone does not fully explain the wasting that
is seen. There appears to be a dysregulation of the
adaptive feeding response in cachexia that in-
volves leptin, a hormone secreted by adipose tis-
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sue that functions to regulate feeding and energy
expenditure in starvation.'® Low levels of leptin
are seen in weight loss, which stimulates feeding
through increased hypothalamic orexigenic sig-
naling.®° In cancer cachexia, however, leptin lev-
els are inappropriately altered. One proposed
mechanism suggests that increased leptin release
disrupts the normal regulation of food intake and
energy expenditure. This inhibits the regulatory
activity of leptin and serves to decrease food
intake and to increase REE.” Interestingly, neuro-
peptide Y (NPY), a potent feeding-stimulatory
peptide in the same regulatory pathway as leptin,
is also dysregulated in cancer cachexia. Experi-
mental evidence in animals suggests that NPY
levels are reduced in tumor-bearing mice.'” The
cytokine IL-1 decreases NPY levels in the hypo-
thalamus, suggesting that this cytokine may act
centrally to contribute to the development of
cachexia.'®

Although more research is needed regarding
the pathogenesis of cancer cachexia, it is clear
that this syndrome is distinctly different from
simple starvation, and that there appear to be
multiple etiologies affecting multiple end organs.

DIAGNOSIS

The diagnosis of cancer cachexia is complex and
multifaceted and requires meticulous clinical ex-
amination of the patient (Table 2). In ascertaining
the patient history, the presence of unintentional
weight loss of more than 5% of premorbid weight
in a 6-month period should be noted. This may
require careful questioning of the patient about
appetite, satiety, food intake, and dysphagia. The
presence of anorexia should also be ascertained,
as it is commonly associated with cancer cachexia
and will contribute to decreased energy intake. Re-
cent chemotherapy or radiation treatment should
be considered, as treatment-related toxicities may
worsen anorexia and/or cachexia (Table 3). Last,
the patient should be queried about increased fa-
tigue and emotional distress, both of which may
be associated with the loss in QOL and functional
status seen in cancer cachexia.

Physical examination may reveal skeletal mus-
cle wasting, loss of body fat, and generalized weak-
ness. Although most clinicians depend on body
weight as a general measure of nutritional status,
skinfold thickness, and arm muscle circumference
and area may also be used to assess patients.® It is
important to examine such muscles as the gastroc-
nemius, vastus lateralis, rectus abdominus, and
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Table 2. Diagnosis of cancer cachexia.

Test Finding
Clinical
Body weight Unintentional weight loss (>5%

during preceding 6 months)

Decreased biceps, quadriceps
muscle mass

Anorexia and/or decreased
food intake

Increased

Usually impaired

Decreased scores

Skeletal muscle mass
Food intake recall or diary
Fatigue

Range of motion
Quality-of-life surveys

Karnofsky Decreased scores
Performance Scale
Serum:
Serum CRP Increased
(acute-phase response)
Serum fibrinogen Increased

(acute-phase response)
Decreased (anemia)
Decreased

Serum hematocrit
Serum albumin
Nutritional assessment
Indirect calorimetry Increase in REE
DXA Decrease in LBM

Abbreviations: CRP, C-reactive protein; REE, resting energy expendi-
ture; DXA, dual X-ray absorptimetry; LBM, lean body mass.

biceps, as experimental data and clinical observa-
tions suggest that these type II fast-twitch muscles
are most commonly affected in cancer cachexia.'®22
Involuntary weight loss in combination with loss of
LBM should alert the clinician to the strong possi-
bility of cancer cachexia.

Screening cancer patients for cachexia has
included obtaining blood to detect low serum albu-
min, low hematocrit, and fibrinogen levels, but
these laboratory values are quite nonspecific for
nutritional evaluation. Measurement of short
half-life proteins (eg, transferrin and transthyre-
tin) and urinary metabolites of protein breakdown
(eg, creatinine) are of limited value, as they may
be elevated in cancer patients with chronic malnu-
trition but in those with not cachexia.® Increased
acute-phase proteins such as CRP levels may be
an especially helpful screening test, as elevated
CRP has been positively correlated with weight
loss and cancer cachexia.?® Although relatively
nonspecific, CRP is a sensitive marker for inflam-
mation that is both inexpensive and routinely
available, making it useful in the diagnosis of
cancer cachexia.

Sophisticated analytical techniques may be
used to diagnose cancer cachexia. For example,
dual energy X-ray absorptiometry (DXA) scans
and bioelectrical impedance analysis can assist in
determining patient body composition, which is
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altered in cachexia. DXA uses alternating high-
energy and low-energy X-rays to analyze the dif-
ferences between bone and soft tissue attenuation
at different X-ray levels. It can be used to deter-
mine the relative proportions of LBM, fat body
mass, and total body water (TBW), and exposes
each patient to less radiation than computed to-
mography (CT). In cancer patients with cachexia,
both LBM and fat body mass will be decreased.
Bioelectrical impedance analysis can assess both
the nutritional status and the fluid deficits in
patients with advanced cancer and is based on the
principle that body tissues differentially oppose
the flow of a small alternating current.?*

Indirect calorimetry, another diagnostic tool
in cancer cachexia, permits the assessment of
REE and is an accurate and clinically feasible
method of measuring energy expenditure. Be-
cause of the direct relationship between caloric
burn and oxygen consumption, measuring the vol-
ume of oxygen uptake (Vpg) will elucidate a
patient’s caloric burn rate. Measurements of the
oxygen consumption rate and the carbon dioxide
production rate can be used to calculate the
patient’s respiratory quotient and metabolic rate.

Table 3. Possible treatment-related toxicities contributing to
cancer cachexia in patients with head and neck cancer.

Treatment modality Treatment-related toxicity

Surgery Mechanical interference in digestive tract
Dysphagia

Poorly fitting dentures

Loss of dentition

Odynophagia

Psychological distress

Depression

Thyroid insufficiency

Nausea

Mucositis

Erosive lesions in digestive tract
Taste alterations

Xerostomia

Thrush

Esophageal strictures

Fatigue

Thyroid insufficiency

Radiation therapy

Nausea

Mucositis

Erosive lesions in digestive tract
Thrush

Taste alterations

Diarrhea

Vomiting

Abdominal cramping and bloating
Fatigue

Learned aversions to specific foods

Chemotherapy
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These measurements permit more accurate moni-
toring of patients, especially if treatment of the
cachexia is initiated.

IMPACT ON QUALITY OF LIFE AND SURVIVAL

Cancer cachexia has a detrimental effect on
patient QOL and survival. It is associated with
increased fatigue and emotional distress, which is
reflected in decreased performance status and
QOL indices.®° Current evidence supports treat-
ing cachexia, as it may improve the quality of
these patients’ lives.®” In particular, improve-
ment in the nutritional status of cachectic cancer
patients appears to be associated with increased
QOL scores, increased Karnofsky performance
status, and increased LBM.?® In a recent study of
patients with advanced-stage HNSCC undergoing
radiation or chemoradiation therapy, pretreat-
ment fatigue levels were inversely correlated with
survival.?® Two QOL questionnaires were given to
more than 100 patients, and an increase in the
baseline fatigue score of 10 points was associated
with a 17% reduction in the likelihood of survival.
Because cancer cachexia causes fatigue, it may be
reasonable to investigate this syndrome further
as the cause of the reduction in survival. In
another recent study of patients with HNSCC,
those with weight loss of greater than 10% during
treatment had worse health-related QOL scores,
and the reduced scores persisted even for more
than 1 year. In addition, the 3-year survival rate
was worse for the group with greater than 10%
weight loss.?” Further investigation may clarify
the relationship between cachexia, fatigue, and
survival in HNSCC patients. This might allow for
a deeper understanding of how cancer cachexia
impairs QOL and decreases survival in these
patients.

In a landmark study, Dewys'® assessed the
prognostic effect of weight loss before chemother-
apy. Cancer patients with cachexia-induced weight
loss (>5% body weight lost involuntarily) experi-
enced shorter median survival times than cancer
patients without weight loss. Furthermore, the
patients with weight loss had poorer responses to
chemotherapy and experienced more treatment
toxicities.'® In another study investigating whether
weight loss influenced the outcome of patients
undergoing chemotherapy for gastrointestinal car-
cinomas, cachectic patients experienced decreased
survival, decreased treatment response, shorter
disease-free intervals, and decreased performance

Cancer Cachexia Syndrome

status compared with patients without weight loss
at presentation.’

Cachexia can have a significant effect on
patients with small tumor burdens. In a recent
study of early-stage (T1NOMO) renal cell carci-
noma patients, the presence of cachexia was asso-
ciated with markedly worse disease-specific sur-
vival. The 5-year survival rate in patients with
high-grade (3 or 4) tumors, with and without
cachexia, was 55% and 75%, respectively.?®

With regard to patients with HNSCC, weight
loss of greater than 10% had a strong prognostic
impact on 1l-year survival and could be used to
predict mortality after recurrent oral cavity and
oropharyngeal carcinomas in a retrospective re-
view.?® Survival was poorest in patients with
greater than 10% weight loss at the time of recur-
rence and best for patients with no weight loss.2°

The above studies indicate that cancer cachexia
is associated with both decreased QOL and sur-
vival in patients with cancer, including those
with head and neck cancer. Further studies are
needed to clarify the extent to which weight loss
impacts QOL and survival in the cachectic cancer
patient.

UNIQUE CHALLENGES FOR PATIENTS WITH HEAD
AND NECK CANCER

Head and neck cancer cachexia presents several
unique challenges, as patients with head and neck
cancer are often at risk of multifactorial malnutri-
tion. First, the site of the primary tumor may
mechanically obstruct the aerodigestive tract or
cause odynophagia or dysphagia. Second, head
and neck cancer patients may have underlying
chronic malnutrition at presentation due to alco-
hol and tobacco abuse and poor nutritional habits.
Finally, treatment-related toxicities, such as radi-
ation exposure to the aerodigestive tract and che-
motherapeutic agents, may further impair the
patient’s ability to obtain adequate nutrition due
to mucositis or xerostomia (Table 3).

Of all patients who undergo radiation therapy,
head and neck cancer patients appear to be at
highest risk of malnutrition.” One study found
that 52% of head and neck cancer patients were
malnourished at the onset of radiation therapy.
Importantly, the incidence of odynophagia, dys-
phagia, anorexia, and nausea increased after
these patients received radiotherapy. In this same
study, poorer nutritional status and intake of food
were associated with decreased mobility, limited
activity, and increased depression and anxiety.
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When nutritional support was initiated, improve-
ments in patient nutritional intake were corre-
lated with improvements in QOL scores. This sup-
ports the role of nutritional counseling in improv-
ing the head and neck cancer patients’ QOL.”

Mucositis is common in patients undergoing
combined chemoradiation treatment and is fre-
quently severe enough to require treatment inter-
ruptions or delays. Xerostomia is also common af-
ter radiation and frequently will not resolve after
treatment. A recent study of oropharyngeal can-
cer patients revealed that reduction in saliva pro-
duction continued for well over 1 year after che-
moradiation therapy.?° Although the reduction of
saliva production observed in this study did not
correlate with inefficient swallowing, it did change
patients’ perceptions of their ability to swallow. In
a patient with cancer cachexia, xerostomia or al-
tered taste perception may predispose the patient
to decreased nutritional intake for many months
after treatment. This further worsens the progno-
sis of the cachectic cancer patient.?°

In a prospective study looking at the incidence
of weight loss in 100 consecutive head and neck
cancer patients undergoing radiation therapy,
57% of patients lost weight during treatment,
with a mean weight loss of 6.5 kg (approximately
10% of their body weight). A questionnaire to
determine causative factors revealed that dry
mouth, poorly fitting dentures, and sore mouth
were most frequently cited. Change in taste per-
ception, metallic taste, loss of taste, nausea, and
constipation were also frequently cited.!

Although important, food intake alone does not
appear to correlate with the degree of malnutrition
seen in cachectic cancer patients. For this reason,
attempts to increase food intake may fail to fully re-
verse progressive weight loss unless other forms of
anti-cachexia treatment are initiated.>* As the can-
cer cachexia seen in head and neck cancer patients
is similar to that in patients with other types of can-
cers, improved diagnosis and treatment should ben-
efit head and neck cancer patients by improving
their QOL, response to therapy, and survival.

TREATMENT

Cachexia treatment should incorporate increas-
ing nutritional intake with agents that will in-
hibit muscle and fat wasting and possibly reduce
the patient’s inflammatory response. Glucocorti-
costeroids are a commonly used class of agents
that have shown short-term improvement in per-
formance status and sense of well-being, as well
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as increased appetite and food consumption, but
not increased body weight.® Appetite is improved
and pain and nausea are better controlled with
glucocorticosteroids. However, such improved
symptom control is likely only a temporary effect,
as recent studies have suggested that glucocorti-
costeroids may promote lipolysis and increase
production of the tumor toxohormone ZAG (or
LMF).?? Dexamethasone, which exhibits the least
amount of mineralocorticoid activity, has been
identified as the steroid of choice in the treatment
of cachexia.®® It may also be an appropriate
choice for use in patients with limited life expect-
ancy. Side effects may be significant, however,
especially with prolonged use (46 weeks) and
may include osteoporosis, proximal muscle weak-
ness, immunosuppression, and delirium. Indeed,
dexamethasone may itself induce skeletal muscle
atrophy.?*

Perhaps the most potent appetite stimulant, or
orexigenic agent, is megestrol acetate (Megace,
Bristol-Myers Squibb, New York, NY). This syn-
thetic hormone, called progestogen, can mimic the
actions of progesterone and interfere with hor-
mone signaling in the body. High-dose therapy
with megestrol or medroxyprogesterone improves
appetite and the QOL for many cachectic cancer
patients, but there has been no documented effect
on LBM or change in performance status (Table
4). Megestrol acetate can induce weight gain, but
body composition studies show increases in
increased body fluid and adipose tissue rather
than LBM.3® Weight gain has been confirmed in
some studies of megestrol acetate use in head and
neck cancer patients, but it is not clear whether
any effect on LBM is present. For instance, meges-
trol acetate (320 mg/day) was given to male
patients with head and neck cancer during 3
chemotherapy cycles.?® The average weight gain
was 6.3 kg, but body composition studies were not
performed, so the effect on LBM is unknown.
However, increases were seen in patient appetite
and QOL score, whereas decreases were seen in
serum levels of IL-1, IL-6, and TNF-a in patients
after treatment.

In another study, 38 patients were treated
with 160 mg/day of megestrol acetate for 4 months.
Significant weight gains were seen after 8 weeks
with a mean weight gain of 4.58 + 3.19 kg In a
study of 64 patients with head and neck cancer
who were undergoing intensive chemoradiation,
160 mg/day of megestrol acetate was given during
and for 6 weeks after treatment. Patients receiv-
ing megestrol acetate did not experience deterio-
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Table 4. Treatment of cancer anorexia-cachexia syndrome.

Treatment mode Dose

Mechanism of action

Corticosteroids*

Dexamethasone 3-6 mg po QD
Prednisolone 5 mg po TID
Methylprednisolone 125 mg IV QD

Progestational drugsf

Megestrol 40-400 mg po QID
Medroxyprogesterone 500 mg po BID
Nutritional counseling and
supplementation
Orexigenic agents
Dronabinol 2.5 mg po BID

Improve appetite, improve pain control,
antiemetic effect, but no beneficial
effect on LBM

Improve appetite and caloric intake, weight
gain is mostly fat, not LBM

Identify causes of decreased nutritional
intake; patient education; offer treatments
geared to individual patient

May cause confusion, dizziness, and
dysphoria

Abbreviations: po, per os (by mouth); QD, once per day; BID, twice per day; TID, 3 times per day; QID, four times per day; LBM, lean body mass.
*Dexamethasone is steroid of choice. Administer as a single morning dose with breakfast to reduce possible insomnia. Start with 1-week trial to assess
effect. Use prophylactic histamine-2 receptor antagonists to prevent gastric ulceration. Prescribe doses for morning to help avoid insomnia. Be alert for
long-term effects, such as weakness, delirium, osteoporosis, and immunosuppression.

fFor megestrol, start with 160 mg total doses and titrate the dose upward, with optimal dose usually 200 mg po QID (800 mg/day). Be alert for possible
increase in thromboembolic events, peripheral edema, breakthrough uterine bleeding, hyperglycemia, and hypertension.

ration of their nutritional status or QOL, as meas-
ured by body weight, triceps skinfold measure-
ments, and QOL survey.?’

Megestrol acetate therapy is best started after
adequate enteral nutrition is ensured; side effects
may include loss of libido, headache, and rare
thrombophlebitis.? It may cause adrenal suppres-
sion, and empirical stress doses of glucocorticoids
should be considered before surgery or during an
acute illness in patients receiving chronic meges-
trol acetate therapy. It may cause acute hypercal-
cemia in patients with bone metastasis and has
been associated with hyperglycemia.?

Another orexigenic agent, dronabinol (delta-9-
tetrahydrocannabinol) is a synthetic cannabinoid
that has important antiemetic properties.®**® No
increase in weight was seen when administered to
patients with advanced cancer, but increased
mood and appetite were noted.?® The side effect
profile of dronabinol includes dysphoria, confu-
sion, and dizziness. In practice guidelines on the
use of appetite stimulants in oncology patients
developed by the French National Federation of
Cancer Centres, dronabinol was found to have
level C evidence, indicating that the methodology
of available studies is too weak, or their results
are not consistent when considered together to
support its use.?® Cyproheptadine, metoclopra-
mide, nandrolone, and pentoxifylline are also
being evaluated as orexigenic agents, but cur-
rently there is level C evidence as well.?® It is rec-
ommended that these agents be used in combina-
tion with nutritional management in the manage-
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ment of cachexia. In symptomatic patients with
incurable cancer of any tumor type, their careful
use appears to be warranted.>®

Omega-3 polyunsaturated fatty acids (n-3
PUFAs) have received considerable attention in
the treatment of cancer cachexia. In both animal
models and in humans, n-3 PUFAs modulate lev-
els of proinflammatory cytokines, hepatic acute-
phase proteins, eicosanoids, and tumor-derived
factors. They inhibit production of the tumor toxo-
hormones PIF and LMF3>4° and block ubiquitin/
proteosome-induced muscle proteolysis. One n-3
PUFA in particular that has received considerable
attention is eicosapentaeonoic acid (EPA), an «-3-
omega fatty acid found in marine products such as
fish oil. This has been added to nutritional supple-
ments and evaluated in several clinical trials,
especially in pancreatic cancer patients.*’*? In a
study of 31 patients with head and neck cancer
experiencing weight loss, a protein and energy-
dense oral supplement containing EPA was found
to improve LBM. (Dr. Anne Voss, personal com-
munication). EPA may also suppress the produc-
tion of IL-6 in patients with pancreatic cancer
cachexia.*?

Despite initial reports in favor of EPA supple-
mentation in patients with cancer cachexia, nega-
tive results have been found in 2 placebo-con-
trolled randomized clinical trials.*** In 1 of these
studies, 200 patients with cachexia due to ad-
vanced pancreatic cancer were supplemented with
either EPA (2 g/day of fish oil in 2 cans of nutri-
tional supplement) or an isocaloric isonitrogenous
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control supplement.** There was no significant dif-
ference in weight gain between the 2 groups. In a
second clinical trial, 91 patients with a variety of
cancer types and loss of both weight and appetite
received fish oil (1000 mg) or placebo.*® Of the
patients who completed the study, supplemental
fish oil did not affect appetite, weight loss, caloric
intake, nutritional status, or well-being. These
studies are complicated by compliance issues, and
the true effects of these supplements may be seen
once patient compliance is improved.*’

Another important concept that is gaining ac-
ceptance as a possible treatment modality for
cachexia is pharmaconutritional support, which is
also called nutraceuticals. In a nonrandomized
phase II study in which 50% of patients had head
and neck cancer, patients were given supplements
including n-3 fatty acids, antioxidant vitamins A
and E, and the selective cyclooxygenase (COX-2)
inhibitor celecoxib. Whereas only a small number
of enrolled patients'* received combined treat-
ment with all 3 agents, the authors noted an
increase in LBM and body weight, and a decrease
in inflammatory cytokine levels in the combined
treatment group. These changes were associated
with an increased QOL in these patients. This
treatment regimen appeared to be safe with maxi-
mal compliance.®

Perhaps the best way to suppress cancer
cachexia is to cure the patient of cancer. Unfortu-
nately, this is not possible for more than 50% of
patients with advanced-stage head and neck can-
cer. Treating a patient’s cachexia during active che-
moradiotherapy may increase survival, but treat-
ing cachexia may also have significant benefits for
the patient who is not being treated for cancer with
curative intent.*® The patient’s weight loss may
have emotional implications for the patient, who
may experience guilt over not eating, as well as for
the family and the caregivers.*® For these reasons,
treating cancer cachexia makes for both good onco-
logic and palliative care (Table 4). Currently, the
standard agents used to treat cancer cachexia are
corticosteroids (eg, dexamethasone) and progesta-
tional agents (eg, megestrol acetate) (Table 4).

FUTURE STUDIES

A growing body of preclinical and clinical evidence
suggests that the nonsteroidal antiinflammatory
drugs (NSAIDs) may play a role in preventing,
and possibly reversing, cachexia. NSAIDs inhibit
cyclooxygenase isoenzymes commonly referred to
as COX-1 and COX-2. Most NSAIDs are predomi-
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nantly COX-1 selective, but less gastrointestinal
toxicity is seen with COX-2-selective NSAIDs,
making COX-2 inhibitors attractive for short-
term use. In a preclinical animal model, cachexia
did not develop in athymic mice that had received
human HNSCC xenotransplants treated with the
COX-2 inhibitor celecoxib, as measured by body
weight. Cachexia that developed in mice not ini-
tially treated with celecoxib was reversed upon
subsequent administration of celecoxib. This find-
ing was correlated with significant reduction in
COX-2-derived prostaglandins in tumors.*” Two
other COX inhibitors, indomethacin and ibupro-
fen, preserved muscle mass in mice bearing the co-
lon-26 adenocarcinoma, a tumor known to cause
significant cancer-associated muscle wasting.*® In
a retrospective case control analysis of 702 patients
with stage IV cancer, long-term (>6 months) use of
the COX-1-selective inhibitor indomethacin was
associated with weight gain and decreased REE.*°
More research is currently being conducted to de-
termine the efficacy of NSAIDs in treating cancer
cachexia.

Cytokines are a likely mediator of the patho-
physiology of cachexia. Cytokine antagonists are
being investigated as targeted therapy for possi-
ble treatment of cachexia. In murine models, IL-6
antagonists appear to inhibit cancer cachexia.?*?!
However, the presence of serum IL-6 is not ubiqui-
tous in patients with cachexia,? and it is possible
that only a subset of tumors secrete or induce IL-6
at levels high enough to induce cachexia. Thus, se-
rum IL-6 measurements in cancer patients may
identify those patients who could benefit from this
directed therapy. TNF-a agonists such as etaner-
cept have been shown to decrease levels of IL-6 in
cancer patients and may be a potential agent for
use in selected patients with cachexia.’

Activins, which are members of the transform-
ing growth factor-g (TGF-B) superfamily, regulate
many diverse activities via serine kinase—medi-
ated signaling. Dysregulation in the activin path-
way has been proposed as a potential mechanism
in the pathogenesis of cancer cachexia.’* A more
complete understanding of extracellular activin
signaling may inform clinicians how to better
treat cancer cachexia.

Anti-cachexia agents that have been success-
fully used to treat gastrointestinal and other can-
cers may be considered for future studies with
patients with head and neck cancer. Table 5 lists
many of the anti-cachexia agents used in human
clinical trials to date. Thalidomide, for example,
inhibits the production of TNF-a by human
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Table 5. Agents used in cancer cachexia human
trials 35,40,41,49-51,53,54

Agent Type of cancer

Pancreatic cancer, other
malignancies

Esophageal cancer

Lung cancer

Unresectable non-small cell
lung cancer

Many malignancies

Gastrointestinal malignancies

Fish oil/lomega-3 fatty acids,
eicosapentaenoic acid

Thalidomide

Adenosine 5'-triphosphate

Clarithromycin

Dronabinol
Erythropoeitin +
Indomethacin
Melatonin
Pentoxifylline
Branched-chain
amino acids
Hydrazine sulfate
Serotonergic blockade

Solid tumors

Many malignancies

Intra-abdominal
adenocarcinomas

Many malignancies

Prostate, pancreas, non-small
cell lung cancer

Stomach, liver, colon, pancreas,
renal, lung

Mixed malignancies

Carnitine

Recombinant IL-2 +
antioxidants

Ibuprofen

Indomethacin

Pancreas
Solid tumors

Abbreviation: IL-2, interleukin-2.

macrophages, among other actions. In a recent
study of 11 patients with esophageal cancer and
cachexia, it reversed the loss of weight and LBM
over a 2-week trial period.?® However, peripheral
neuropathy, thrombosis formation, and terato-
genic effects are some of the possible limiting side
effects of thalidomide. Thus, when considering
thalidomide and other agents for the treatment
of cachexia, potential toxicities should be weighed
carefully against potential benefits.

The anabolic effects of testosterone, growth
hormone (GH), and insulin-like growth factor-1
(IGF-1) make them potential therapeutic tools.
Anabolic steroids such as testosterone are effec-
tive in reversing wasting in other catabolic condi-
tions such as human immunodeficiency virus
infection, but use in cachexia remains controver-
sial. The possible effects on the tumor must be
carefully determined. Administration of testoster-
one and synthetic anabolic/androgenic steroids
may increase LBM, but these agents are mostly
used in men because of virilizing effects.>®

GH and IGF-1 have well-known anabolic
effects, but enthusiasm for these agents waned
after some large studies revealed negative effects
when given to patients in intensive case units.5”
Ghrelin, a 28-amino acid growth hormone-releas-
ing peptide produced by the stomach, acts to stim-
ulate appetite and the release of growth hormone
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from the pituitary gland. When administered, it
induces increased food intake and an increase in
growth hormone, which promotes nutrient incor-
poration into muscle and fat reserves. Ghrelin
may also have an antiinflammatory effect. There-
fore, ghrelin may have both GH-dependent and
GH-independent mechanisms. Analogs of ghrelin
are being tested in preclinical studies to deter-
mine the metabolic effects, plasma stability, and
half-life.?® The effects of these agents not only on
the host, but also on the tumor, must be deter-
mined with careful preclinical and phase I/II trials
to study their possible utility in treating cachexia.

DISCUSSION

In summary, cancer cachexia is the result of
abnormal metabolism that leads to decreased
skeletal muscle protein synthesis and increased
proteolysis, anorexia, and increased lipolysis that
may be induced by many tumor-secreted and
host-secreted factors. The metabolic derange-
ment of cachexia causes a severe catabolic state
that is exacerbated by a significant systemic in-
flammatory response. Therefore, the pathophysi-
ology of cancer cachexia is quite different from
simple starvation. Successful treatment of this
syndrome may require not only nutritional coun-
seling and supplementation but also treatment
with anti-cachexia agents to reverse the proteo-
lysis, lipolysis, anorexia, acute-phase response,
and inappropriately elevated resting energy
expenditure.
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