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Abstract
Loss of appetite and weight are one of the first symptoms of a malignant disease. In rapidly advancing cancer which does not respond
to therapy, severe cachexia will undoubtedly lead to death. The cancer tissue and the body itself secrete cytokines and other factors, which,
combined interfere with both central and peripheral metabolic pathways causing anorexia and cachexia. Assessing nutritional state in cancer
patients should be made before starting oncological treatment, but also regularly during the course of therapy. The treatment of cachexia and
anorexia in cancer patients is a complex issue and includes specific treatment with a goal of reducing cancer volume, providing nutritive support
and intervening with pharmaceuticals. There are different appetite-enhancing medications with the most effective being megestrol acetate,
corticosteroids and cannabinoids. Eicosapentaenoic acid (EPA) on the other hand is the key in treating cachexia.
Today, formulations with EPA are prepared in such ways that they can be mixed with other food and can be prepared by following many
different recipes. Parenteral nutrition is also an option, but is rarely used due to its high cost and risk of infections, and should not be used in
end-stage disease. Administering nutritive advice, prescribing nutritional and pharmacological support can temporarily stop weight loss and
improve appetite, quality of life and social interactions of cancer patients, and allow for a longer administration of systemic anti-tumor therapy
and hence probably for a longer survival.
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MA: Megestrol Acetate; NSTT: Nottingham Screen Tool Test; NF-kB: Nuclear Factor kappa B; PIF: Proteolysis Inducing Factor; PN: Parenteral
Nutrition; QoL: Quality of Life; TNF-alpha: Tumor Necrosis Factor alpha; ZAG: Zinc Alpha-Glycoprotein

Introduction
Loss of appetite and weight are one of the first symptoms
of a malignant disease. Malnutrition is a common finding in
cancer patients and its incidence (8-88%) depends on the site of
the primary cancer. Head and neck along with gastrointestinal
cancer patients tend to suffer mostly from malnutrition,
which is responsible for death of 20-40% of these patients
[1]. Cancer Anorexia-Cachexia Syndrome (CACS) is defined as
a multi-factorial syndrome combining anorexia and cachexia
symptoms, featuring loss of appetite with progressive loss
of body weight on account of skeletal muscular mass loss,
functional decay of tissue, along with inability to gain weight
even with an increased intake of food [2]. Cachexia is not a
‘steady state’ and does not happen overnight. It begins with
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loss of appetite (anorexia) crossing into pre-cachexia with
early clinical and/or metabolic signs of cachexia, with mild
loss of body weight, which, unless an intervention is made,
progresses into severe cachexia.

The term cachexia signifies an involuntary loss of more
than 5% of body weight in last 6 months or a combination
of involuntary loss of more than 2% of body weight along
with decreased body mass index (BMI). In rapidly advancing
cancer which does not respond to therapy, severe cachexia
will undoubtedly lead to death [3]. Cancer patients can
develop different mechanical abnormalities in the digestive
tract (obstruction, stenosis, gastroparesis etc.) which, in
addition to pain and nausea, prevent intake and utilization of
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nutrients. However, even in patients with no digestive tract
abnormalities, specific biochemical and metabolic changes due
to cancer lead to weight loss and declining of nutritional status
even in early phase of malignancy. Presence of malnutrition
in cancer patients is a risk factor when performing different
diagnostic or therapeutic measures and increases toxicity of
systemic chemotherapy and radiotherapy. The loss of fat and
muscle mass leads to progressive functional weakness.

Discussion

Cancer tissue secretes cytokines such as interleukine-6
(IL-6) and tumor necrosis factor alpha (TNF-alpha), circulating
hormones, neuropeptides, neurotransmitters and other
factors that lead to increased catabolism and anorexia. Along
with secretion from tumor tissue, as a response to presence of
a cancer, the body itself secretes pro-inflammatory cytokines
which influence central metabolic pathway directed from
hypothalamus and peripheral metabolic pathways, directly
influencing lipolysis and proteolysis. Due to an elevated level
of cytokines, hypothalamus is unable to respond to peripheral
signals which result in over-activation of metabolic pathways
supporting anorexia, while pathways supporting an increased
appetite are inhibited [4].
Even in the microenvironment of the cancer, different
abnormalities supporting both local and systemic
inflammation are identified. In tumor cachexia, an increase of
C-reactive protein (CRP) levels above 10mg/L is an indirect,
but significant sign of both systemic inflammation and poor
prognosis. In tumor microenvironment there is an increase of
secretion of pro-inflammatory cytokines such as TNF-alpha
and pro-catabolic cytokines such as zinc alpha-glycoprotein
(ZAG) which are, along with host-response factors such as
interferon gamma (IFN-y), responsible for degradation of
skeletal muscle and fatty tissue.

Intact metabolism of lipids is very important for cancer, due
to a necessity to form stabile membranes of proliferating cells
and utilize different signal pathways. Lipid-mobilising factor
(LMF) is of paramount importance for cancer proliferation
and survival. Combination of LMF and ZAG factors leads to
an increase of lipid mobilisation and activation of oxidative
pathways in mitochondria of brown adipose tissue, causing
lipolysis, waste of energy and hypercatabolism [5,6]. On the
other hand, proteolysis inducing factor (PIF), working through
ubiquitin proteasome pathway, is responsible for degradation
of muscle proteins and myosin depletion (along with unchanged
levels of actin protein). Additionally, an increase of skeletal
muscle degradation is also achieved exploiting the mechanism
of insulin resistance [7]. An assessment of nutritive status in
cancer patients is a basis for determining pre-cachexia state
and prevention of further development to cachexia. Assessing
nutritional state should be made as early as possible, at
least before starting chemotherapy or radiotherapy, but also
regularly during the course of the disease.
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Although there are numerous more or less detailed
questionnaires and methods for determining nutritional
status, for clinical practice, the most appropriate methods need
to be simple and quick, such as Fearon questionnaire (if patient
unintentionally lost more than 5% of body weight in 3 to 6
months, if food intake was lower than 1500 kCal per day, and
if CRP values are above 10 mg/L, tumor cachexia is present) or
Nottingham Screening Tool Test (NSTT). Using these methods
we can determine if a patient is in nutritive risk or is on a verge
of developing cachexia. Along with before-mentioned factors,
if a patient is suffering from a severe inflammation such as
sepsis or pneumonia, or is required to undergo an operation,
the risk for developing cachexia increases significantly [8].
The treatment of CACS is a complex issue and includes
specific treatment with a goal of reducing cancer volume,
providing nutritive support and intervening with
pharmacological options. In those patients with a high risk
for developing CACS, an introduction of special nutritional
formulations is required, while patients in pre-cachexia state
require additional pharmacological therapy [9]. In both of those
groups, regular nutritional screening should be undertaken,
while nutritive support and pharmacological treatment should
be administered at least until a clinical improvement is noted
or until there are no more risk factors (e.g. finalization of
chemotherapy).

There are controversies regarding the utilization of
nutritional support in end-stage disease, where it might not
be appropriate to administer appetite-enhancing medications,
while basic nutritive support should be applied up to the level
appropriate to each patient individually. There are different
appetite-enhancing medications with the most effective being
megestrol acetate (MA), a semi-synthetic progesterone which,
by enhancing the appetite, indirectly causes an increase in body
weight. An exact mechanism of MA action is still not elucidated,
but it is generally thought that MA stimulates appetite by
reducing the secretion of pro-inflammatory cytokines (IL1, IL-6 and TNF-a) and by enhancing the stimulation of
neuropeptides in hypothalamus [10]. Although corticosteroids
(CS) are efficient in improving appetite and general wellbeing, its long term use is limited by the numerous long-term
side-effects such as insulin resistance and development of
iatrogenic diabetes mellitus, fluid retention, steroid myopathy,
skin fragility, and adrenal insufficiency and cognitive defects.

Hence, the use of CS is recommended only for a short period
of time, especially as the effect on appetite last around 4 weeks.
Cannabinoids such as dronabinol are also effective in reducing
anorexia however, around 15% of patients are unable to resume
with the therapy due to various side effects [11]. Research is
currently undergoing on many different medications which
effect appetite and weight loss, such as bortezomib (NF-kB
transcription factor inhibitor), grelin (a natural ligand for
human growth factor receptor), melanocortin antagonist
(inhibition of TNF-alpha), anti IL-6 antibodies, thalidomide,
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anabolic steroids (oxandrolon) and amorelin (human growth
hormone agonist), which proved to be very effective in several
studies. Appetite-stimulating medications most likely function
by interacting through endorphin receptors and interfering
with IL-1 stimulation, along with activation of cannabinoid
receptors which are enclosed in neurochemical circle of
prostaglandin synthesis inhibition and leptin regulation.

If administered at the right time, nutritive advice, food
supplementation and pharmacological support can stop
weight loss, improve the appetite, life quality and potentially
the outcome of the disease [12,13]. Eicosapentaenoic acid
(EPA) has a key role in treating pre-cachexia and cachexia as
proven by many clinical studies [14]. EPA, omega-3-fatty acid
and docosahexaenoic acid (DHA) improve appetite and body
weight (on account of dry body mass) and lead to an increase
in level of physical activity and general quality of life (QoL).
The effects are not limited to administration of MA, as both
EPA and DHA have immunomodulatory effects and suppress
production of pro-inflammatory cytokines, and while DHA
modulates steroid receptor line in human lines of cancer
cells, EPA inhibits the consequential effects of LMF and PIF.
Omega-3-fatty acids show multiple anti-tumor effects in vivo
on different stages of cancer development such as cellular
proliferation, cellular survival, angiogenesis, inflammation,
metastasizing and epigenetic abnormalities, all which are
necessary steps for progression of malignant disease. The
daily dose of EPA required to stop the process of cachexia and
for the patient to start gaining weight is around 1.5 - 2.2 grams
per day.
Along with body weight gain, a reduction of inflammatory
parameters is reported by different clinical studies [15]. There
are many different formulations with EPA on the market.
The most researched one for now is Pro Sure R nutritive
formulation, with over 20 clinical studies reporting positive
effects in stopping cachexia process and gaining body weight,
along with an improvement in QoL and reduction of levels
of inflammatory parameters. In general, patients gained
around 1-2kg of body weight. This leads to an improvement of
patients’ physical strength and better tolerance of oncological
treatments, with lesser number of side-effects. Social
momentum most not be forgotten as well, as food intake, along
with being a necessity for survival, is an important social
manifestation. Cancer patients with an improved appetite due
to MA and with a better physical condition due to nutritive
support participate more often in social interactions and have
an improved life satisfaction [16].
Today, formulations with EPA are prepared in a such
ways that they can be mixed with other food (chocolate, fruit,
juices etc.), and can be prepared by following many different
recipes, all with goal to satisfy organoleptic needs of a patient
and to reduce the possibility of developing aversion towards
‘artificial foods’. Formulations with EPA are not alone sufficient
considering necessary calorie intake; their administration
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must be combined with other enteral formulations rich with
calories, which combined together, will satisfy caloric needs of
a cancer patients. Enteral formulations are specially designed
for different patient populations, so some contain more fibres
(for patients suffering from constipation), while others have
reduced level of carbohydrates (for diabetic patients) etc. When
the digestive tract of a cancer patient is functioning, enteral
support should be administered through mouth (per oral)
or via nasogastric tube or percutaneous stoma (usually for
patients with advanced head and neck patients or oesophageal
and gastric patients).

Parenteral nutrition (PN) is used when a cancer patient
suffers from severe emesis, severe abdominal pain, profuse
diarrhea, and mechanical obstruction in digestive tract or
other bowel pathology (e.g. fistula); in these conditions enteral
nutrition is contraindicated. However, PN is rarely used in
cancer patients due to high cost, increased sensitivity to
systemic infection and high morbidity up to 15%, although its
use in postoperative setting should be reconsidered due to the
effect of EPA on reduction of inflammation and inflammatory
complications. In terminal phase of advanced malignancy, PN
should not be used, while enteral nutrition should be used as
long as possible. In the end stage, PN could potentially result in
minimal advances in prolonging the survival; however without
an increase of QoL and any long term solutions, this would
subject patients to dysthanasia [17].

Conclusion

Administering nutritive advice, prescribing nutritional
and pharmacological support can temporarily stop weight loss
and improve appetite, quality of life and social interactions
of cancer patients, and allow for a longer administration of
systemic anti-tumor therapy and hence probably for a longer
survival. Nutritive support alleviates some of the problems of
cancer patients and their families have, raise QoL and allows
for better social interactions.
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