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ABSTRACT

Cancer cachexia is a wasting syndrome characterized by weight loss, anorexia,
asthenia and anemia. The pathogenicity of this syndrome is multifactorial, due
to a complex interaction of tumor and host factors. The signs and symptoms of
cachexia are considered as the prognostic parameters in cancer patients. This

review gives an emphasis on the various mechanisms involved in cachexia
and an insight into head and neck cancer cachexia.
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INTRODUCTION

Cachexia was described as a syndrome of irreversible wasting in
the terminally ill patients. In Greek, ‘kakos’ means ‘bad things,’
and hexus, means ‘state of being.” It is usually associated with
chronic inflammatory conditions and cancer. Cancer cachexia
is a multifactorial syndrome characterized by marked loss of
body weight, anorexia, asthenia, and anemia; however, in early
cases these factors manifest with variable extent.!'* It is the
most common manifestation of the advanced malignant disease,
leading to death. Cachexia is so destructive that it taps into other
sources of energy, namely skeletal muscle and adipose tissue
when the body senses a lack of nutrition. Nutritional status is
compromised in direct response to tumor-induced alterations
in the metabolism.>) Cachexia adversely affects the patients’
ability to fight against infection and withstand treatment by
chemotherapy and radiotherapy. As a result of all these negative
effects, the body begins to waste away.?!

LOSS OF BODY WEIGHT

Weight loss in cancer cachexia and starvation, have different
mechanisms. Weight loss in cancer patients is due to equal loss
of both adipose tissue and skeletal muscle mass, whereas, in
starvation or anorexia nervosa, weight loss is mainly from the
fat and only a small amount from the muscle. In starvation,
ketone bodies are produced from fat metabolism in the liver,
and fat replaces glucose as an energy source and prevents loss
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of muscle mass. Depending upon the tumor type, weight loss
occurs in 30 to 80% of cancer patients. Patients with pancreatic
or gastric cancer have the highest frequency of weight loss,
while patients with non-Hodgkin’s lymphoma, breast cancer,
acute non-lymphocytic leukemia, and sarcomas have the
lowest frequency of weight loss.* In head and neck cancer,
dysphagia and alteration of taste also play a significant role in
weight loss.[! Weight loss is an important prognostic factor
in cancer; the higher the extent of weight loss, the shorter the
survival time. Reduction in food intake (>1500 kcal/day),
together with a weight loss of 10% or greater and a systemic
inflammatory response are considered prognostic parameters.
Weight loss and the wasting process cannot be reversed by
nutritional supplements in cancer patients. Patients with cancer
cachexia die when there is 25 — 30% of total body weight
loss, but weight loss alone cannot be a prognostic factor,
because it cannot identify the complete effect of cachexia.
Proteolysis-inducing factors have been identified, which cause
wasting, and increased energy expenditure is also considered
as a factor that contributes to the wasting process.*”!

ENERGY EXPENDITURE

Energy expenditure is a metabolic calculator determined by
three factors: Basal metabolic rate, diet-induced thermogenesis,
and physical activity. The best predictor for 24-hour energy
expenditure is Resting Energy Expenditure (REE), which can
be calculated by indirect calorimetery. It appears that about
70% of the total energy loss in sedantry individuals is from the
resting energy expenditure.®! REE in cancer patients varies
with the type of malignancy. It is high in lung and pancreatic
cancer and there is no increase in gastric and colorectal cancer
patients.”! Two main reasons for alteration REE are the acute
phase response (APR) protein and thermogenesis.!'!') APR
is a series of changes in liver protein synthesis, where there is
shift from production of albumin to acute phase proteins (APP)
like C- reactive protein (CRP), fibrinogen, serum amyloids,
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2-macroglobulin, and o-1 antitrypin. In the head and neck
squamous cell carcinoma an increase in CRP has been noted
in patients with cachexia.[¥! These substances are produced in
response to tissue injury, infection, or inflammation. Acute
phase response enhances the rate of loss of body mass.['”

Another reason for an increased REE is due to an increased
thermogenesis in brown adipose tissue or in skeletal muscle.
brown adipose tissue (BAT) is increased in cachetic patients
when compared to the age-matched control.!""? Although white
adipose tissue acts as a fat store, brown adipose tissue’s main
function is thermogenesis. Thermogenesis or heat generation
is proportional to the oxidation, thus it is related to respiration.
Certain coupling (electron transport associated with oxidative
phosphorylation) and uncoupling proteins present in the
mitochondria are essential for cellular respiration.l'””! The
uncoupling proteins (UCP) mediate proton leakage across
the inner mitochondrial membrane, decreasing the level in
coupling of respiration to ADP phosphorylation. Three types
of UCPs are identified: UCP1 is found only in brown adipose
tissue, UCP2 is found in most of the tissues, and UCP3 is
found in brown adipose tissue and muscle.l'? Levels of
UPC3 mRNA increase in cancer and they are responsible
for the enhanced energy expenditure and increased tissue
catabolism. The increase in UCP is also associated with
an increase in circulatory fatty acid. It appears that some
cytokines and tumor lipid mobilizing factors (LMF) can
increase the levels of UCP in both brown adipose tissue and
skeletal muscle.l'*!4

ANOREXIA

Anorexia, the loss of desire to eat or loss of appetite, is an
important component causing weight loss in cancer cachexia
and it is unrelated to the effect of chemotherapy. In patients
with cancer-induced anorexia, no beneficial effect is obtained
even with food supplementation (increased caloric intake
either by the oral route or by parenteral nutrition), and the
stoppage of chemotherapeutic drug intake fails to counteract
the wasting process. Thus, cancer-induced anorexia is an
independent and irreversible process. The aberrant metabolic
rate is the direct response by the tumor and the immune system
to disrupt the pathways that regulate the homeostatic loop of
body-weight regulation.'!

Early satiety, that is, feeling full after taking even a small
amount of food is reported in cancer patients. It is considered
either as a direct effect of the tumors in the gastrointestinal
tract (GIT) obstructing the passage of food or due to altered
mucosa leading to malabsorption. Cholecystokinin (CCK)
was discovered in 1928, as one of the first satiety-inducing
peptide in the gut. In addition to inhibiting food intake, CCK
stimulates pancreatic secretion, gall bladder contraction, and
intestinal motility, but it inhibits gastric mobility. It acts upon
the lateral hypothalamus, medial pons, and lateral medulla,
which have brain-sensitive CCK sites. CCK receptors are

of two types: CCK-A and CCK-B, which are coupled with
G-proteins. CCK-A is involved in satiety and it is found on
the afferent vagal neurons that regulate the diet intake.!®
Cholecystokinin administration in cachetic animal models
exhibits reduced food intake in comparison to controls.!'” The
mRNA levels of cholecystokinin in the hypothalamus is not
altered, probably indicating a peripheral role in cachexia.l'®!

Cancer patients have decreased taste and smell of food,
which may be the effect of the tumors of the GIT or due to
psychological depression. In addition, the release of chemicals
by the tumor or host immune system may induce anorexia.
Neuropeptides and cytokines play an important role in the
induction of anorexia.['”)

Anorexia — Role of neuropeptides

Imbalance between orexigenic signals (increase appetite) by
neuropeptide Y (NPY) and anorexigenic signals (decrease
appetite) by Pro-opiomelanocortin (POMC) play a role in
anorexia. NPY neurons increase the parasympathetic output
and decrease the resting energy expenditure, whereas, POMC
stimulates the sympathetic activity and increases the resting
energy expenditure. Tumor products may inhibit NPY
transport or release or interfere with the neuronal downstream
of NPY.?” Hypothalamic melanocortin c.-MSH (a product
of POMC) induces anorexia by activating two distinct
melnocortin receptors, Mc3r and Mc4r. In cancer patients with
anorexia, the NPY levels are lower than in the controls, and
increased CNS melanocortin signaling is observed in cancer
anorexia.?*-?

Anorexia — Role of cytokines

Cancer and inflammation have been linked since the time of
Virchow. Cancer cells are capable of producing cytokines
constitutively. They may have an autocrine function, supporting
tissues such as fibroblasts and blood vessels, thus producing a
suitable environment for cancer growth. These cytokines also
have an important role in inducing anorexia.l”*! Macrophage
inhibitory cytokine-1 (MIC-1), a member of the transforming
growth factor (TGF) P superfamily, has been implicated in
anorexia. Cytokines transport substrates across the blood
brain barrier that interact with the brain endothelial cells to
release cytokines like TNF- o0 and IL-1 in the region of the
hypothalamus.?¥! In addition, interferon-y (IFN-y), produced
by activated T and natural killer cells, possesses biological
activities that overlap those of TNF-a.. Other cytokines such
as the leukemia inhibitory factor, transforming growth factor
[, IL-1, and IL-6 also mediate anorexia.[®232>2¢]

ANEMIA

An anemia-inducing substance (AIS) in cancer cachexia
had been reported in 1987.27! It is a substance that made the
Red Blood Cells (RBCs) osmotically fragile and decreased
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their deformability, in the plasma of the patient with terminal
cancer.’® It is a 50 kD protein secreted by the malignant
cells that depresses erythrocyte and immune-competent cell
functions. AIS binds to the cell membrane of the RBCs and
lowers the glucose influx and pyruvate kinase activity, leading
to RBC dysfunction and lysis, which leads to anemia.l*”!
AIS has been implicated in lipolysis, thus causing weight
loss.B% In addition to anemia the patients with head and neck
cancer are severely malnourished. The clinician should also
be aware of the re-feeding syndrome, a complication during
nutrition supplementing, especially in the head and neck
cancer patients.>!

Treatment

The treatment modalities at present are appetite stimulants,
drugs against cachetic signaling molecules, and mediators,
which help prevent and treat wasting.[”” The current trends
still under trial are anti-inflammatory antibodies and small
anabolic molecules.*”! Counteracting weight loss and anorexia
is possible with central and peripheral appetite stimulants and
nutritional supplements (omega 3 fatty acids and essential
aminoacids). Central appetite stimulant-like megestrol acetate
(synthetic progestin) acts on the hypothalamus through
the oxygenic signal of neuropeptides Y (NPY). Ghrelin
(peripheral agent) is a stomach neuropeptide, which increases
the appetite. Resting energy expenditure (REE) is controlled
by the reduction of acute phase response (ARP) proteins by
the anti-inflammatory agent, ibuprofen. Protein wasting is
inhibited by agents such as EPA fatty acid and infliximab
(TNF-a inhibitor). In head and neck cancers the cytokine IL-6
has been suggested as a therapeutic target.’3! A combination
approach is required for the treatment of cachexia.l”323

CONCLUSION

The mechanism involved in cancer cachexia appears to be
complex and multifactorial. Although the loss of body weight,
anorexia, and anemia, leading to asthenia, characterizes the
morbidity status of cancer cachexia, the main cause of death
is due to respiratory failure. Many research studies aim to
identify modalities to prevent the distressing state of morbidity
in cachexia. The new therapeutic agents developed would
contribute to improve the quality of life of cancer patients.
Care should be taken to avoid the re-feeding syndrome.
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