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Abstract

Cancer induced cachexia (CIC) is a syndrome of muscle wasting accompanied by anorexia with or without loss of adipose tissue. Underlying CIC

is a complex interaction of proinflammatory cytokines that act centrally on the hypothalamus and peripherally to increase catabolism and restin
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energy expenditure, while decreasing protein synthesis. The presence of CIC is an important prognostic indicator in cancer patients. Nutritional

strategies utilized by naturopathic doctors have been proven to slow down this condition, induce weight gain, and improve cancer related outcomes.
Such therapies include high EPA fish oil, melatonin, L-carnitine, and branched chain amino acids and/ or whey protein.

ancer induced cachexia (CIC) is a multifactorial syndrome
characterized by loss of skeletal muscle, accompanied by
anorexia and (sometimes) loss of adipose tissue (Fearon
2011). A number of underlying metabolic derangements are implicated
in CIC, and associated symptoms may include malnutrition, anemia,
fatigue, and decreased muscle strength & impaired physical function.
Cachexia, defined as a loss of body weight greater than 5%, leads to

poor performance, poor quality of life, increased complications, and

higher mortality rate among cancer patients (Burckart
2010, Fearon 2011). Targeted nutritional interventions
are an important part of cachexia prevention and
management. This paper reviews several key agents
that can improve outcomes in cachexia, among them
fish derived omega-3 fatty acids (EPA and DHA),
melatonin, branched chain amino acids (BCAAs),

l-carnitine, and whey protein.

Cachexia is a therapeutic target of high importance in cancer
patients due to its strong prognostic significance (Burckhart
2010). It is widely recognized that cachexia leads to poorer cancer
outcomes, and is reported as the direct cause of death in up to
20-40% of cancer patients (Fox 2009). Recently, Yang et al found
that, among a large cohort of lung cancer patients (n=14,751),
those who showed weight loss (15.8% average) at time of diagnosis

had significantly shorter survival time compared to those who did
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not, 6.4 versus 9.2 mo, P < 0.001 (2011). Similar results have been
found for other cancers as well, including colorectal cancer and
pancreatic cancer, with up to two fold greater increase in risk of
death (HR = 2.26; CI 1.18-4.32; P = 0.014) reported (Bachmann
2008, Thoreson 2012). Some teams have used serum albumin as
a marker of malnutrition and cachexia, and low levels have been
associated with decreased survival in ovarian, breast, and other
cancers (Asher 2011, Lis 2003, Polterauer 2010). Cancer related
weight loss is associated with decreased tolerance to anticancer
therapy, and significantly predicts toxicity from cancer treatment
(Fearon 2011, Ross 2004). Naito found that cachexia is associated
with altered oxycodone pharmacokinetics due to decreased
albumin levels (an important drug binding and transporting
protein), resulting in increased levels of free drug and increased
incidence of central adverse reactions (2012). Despite this,
cachexia remains under-recognized in patients, and under-treated

as a clinical entity (Churm 2009, Spiro 2006).

The molecular mechanisms underlying CIC are still being
elucidated, however, pro-inflammatory cytokines such as IL-1,
IL-2, IL-6, interferon gamma and TNF
mediating cancer cachexia (Macdonald 2003). IL-6 is a key

have a key role in

cytokine in iniating multiple proinflammatory pathways including
the acute phase response, and is known to be produced by the
tumor microenvironment (Oshima 2012, Zamarron 2011). The
inflammatory basis of CIC distinguishes it from age related
sarcopenia or frank starvation (Pepersack 2011), and presents
the therapeutic rationale for intervention with agents such as
EPA, NSAIDS, and celecoxib, a COX-2 inhibitor. Ultimately,
these pro-inflammatory cytokines initiate a cascade of events in
the hypothalamus and peripherally that results in detrimental
metabolic changes, including increased catabolism (proteolysis and
lipolysis) and resting energy expenditure, reduced muscle protein
synthesis, and anorexia (Burckart 2010). According to a more
simple summation by Fearon, “The pathophysiology [of cachexia]
is characterized by a negative protein and energy balance driven
by a variable combination of reduced food intake and abnormal
metabolism” (2011).

Various definitions of CIC have been used. Two recent sets
of diagnostic criteria are outlined in Table 1. These criteria by
Fearon are recently proposed in a consensus statement published
in Lancet Oncology (2011), while those by Evans are older and
incorporate biochemical parameters (2008). Recently, work
has been done to establish staging of cachexia. Precachexia
is defined as “weight loss <5%, with anorexia and metabolic
changes” (Fearon 2011). Cachexia is as defined below (Fearon
2011). Refractory cachexia is variable in terms of severity, with
the presence of procatabolic state; cancer not responsive to
anticancer treatment; low performance score; and <3 months
expected survival (Fearon 2011). A proposed algorithm in terms

of assessment and management is adapted in Figure 1.

Table 1: Diagnostic Criteria for Cancer Induced Cachexia

1) Weight loss of at least 5%
over the past 6 months; OR

2) BMI <20 kg/m2 and weight
loss of at least 2%; OR

3) Loss of appendicular
skeletal muscle mass
consistent with sarcopenia
as determined by DEXA or
CT scan or BIA assessment

1) Weight loss of at least 5% in 12
months or less, (or BMI <20kg/
m2); AND

2) 3 of 5 from:

i) Decreased muscle strength

ii) Fatigue

iii) Anorexia

iv) Low fat-free mass index
v) Abnormal biochemistry:

Increased inflammatory
markers (CRP, IL-6), Anemia
(Hb < 12 g/dL), Low serum
albumin (< 3.2 g/dL)

Note: For Evans, the criteria from both 1) and 2) must be met.

Screening

Weight loss, BMI or direct
measure of muscularity

e Anorexia and food intake
e Catabolic drive

e Muscle mass and strength
e Function and psychosocial effect

Staging
Precachexia Cachexia Refractory cachexia
Assessment
Severity
Phenotype

phenotype (with
prioritisation

of reversible
contributory
factors)

Management
Precachexia Cachexia Refractory cachexia
Monitor Multimodal Symptom palliation
Preventive management Psychosocial support
intervention according to Ethical discussion

regarding nutritional
support

Figure 1: Management algorithm for cancer cachexia

Patients should be screened for cachexia, then undergo detailed assessment.
All patients require optimum oncological and general medical management.
Once patients with cachexia have been phenotyped, a detailed multimodal
management plan (including nutrition, exercise, anti-inflammatory strategies,
and other adjuncts) can be established, BMI-body-mass index.

(adapted from Fearon 2011)
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Nutritional Interventions

Fish Derived Omega-3 Fatty Acids

Fish oil is rich in the omega-3 polyunsaturated fatty acids
eicosapentanoic acid (EPA) and docosahexanoic acid (DHA), and
has been shown to suppress the production of proinflammatory
cytokines in both healthy volunteers and cancer patients, leading
to weight stabilization, improved immune function, and better
cancer treatment outcomes (Barber 2001, Wigmore 2000).

Evidence on use of EPA in various cancer types is summarized

in Table 2.

A 2007 systematic review found that oral supplements enriched
with omega-3 fatty acids increased weight gain, increased
appetite, improved quality of life and reduced post-surgical
morbidity in patients with advanced pancreatic and upper
gastrointestinal cancer (Colomer 2007). Not all trials have
shown such promising effects (Fearon 2006), however, though
the reason may have to do with cancer stage, study duration,
and differences between cancer types and phenotypes. Although
the dosages used in clinical trials shows some variability, a

dose of at least 2g EPA per day is recommended. No serious

Table 2. Human trials of EPA for treatment of cancer cachexia
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side effects have been reported in the trials reviewed; minor
side effects typically include fishy aftertaste and mild nausea
or GI symptoms.

Melatonin

Melatonin (N-acetyl-5-methoxytryptamine) is a chronobiological
hormone secreted by the pineal gland that is responsible for
maintaining circadian rhythms. Melatonin acts as a potent
antioxidant, immune modulating agent, antitumor, and antitoxic
agent with respect to reducing radiation and chemotherapy induced
toxicity (Seely 2011, Vijayalaxmi 2002). A recent meta analysis by
Seely et al including 21 RCTs showed that melatonin alongside
chemo and/ or radiation therapy improves survival (reduction
in one year mortality, RR = 0.60; 95% CI = 0.54-0.67) and
decreases toxicities of treatment, including asthenia, leucopenia,
nausea and vomiting, hypotension, and thrombocytopenia (2011).

Preliminary trials have shown an effect of melatonin on cachexia.

In a randomized controlled trial, 24 patients with advanced
gastrointestinal cancer were randomized to receive fish oil or

melatonin (Persson 2005). For the fish oil group, 13 patients received

Wigmore 2000
Uncontrolled study

N=26 advanced pancreatic
cancer patients

Barber 2001
Uncontrolled study
N=20 weight losing
pancreatic cancer
patients

Weed 2011
Uncontrolled study
N=31 patients
undergoing surgery for
head & neck cancer

Bayram 2009

RCT

N= 52 pediatric cancer
patients

Murphy 2011 A&B
RCT

N=40 patients
undergoing firstline
chemo for NSCLC

EPA 1 g/day starting dose;
then increased to 6g/day
over four weeks, and then
a maintenance dose of 6 g/
day was administered for
total of 12wk

Nutritional supplement
providing 600 kcal and 2g
of EPA/d x3wk

Protein/ energy rich
nutritional supplement
providing approx 1.5-2.0g
EPA/d perioperatively

Protein/ energy dense
supplement providing 2g
EPA/d compared to no
supplement for 3-6mo

EPA 2.2g/d + standard
of care (SOC) chemo
compared to SOC alone

Before starting EPA, all patients had been losing weight at a rate of 2
kg/mo. After four weeks of EPA, patients had a median weight gain
of 0.5 kg (p = 0.0009 compared to baseline), and this continued
through the study, with stabilization of the acute-phase response and
performance status. Overall survival from diagnosis in this study was
203 days.

Decrease in IL-6 (from median 16.5 to 13.7 ng/ml, P = 0.015), and a
fall in the proportion of patients excreting proteolysis inducing factor
(from 88% to 40%, P = 0.008). Associated with median weight gain
of 1 kg, P =0.024.

Mean weight gain was 0.71 kg at admission and 0.66 kg at
discharge. At discharge lean body mass increased by 3.20 kg (p <
.001) and fat decreased by 3.19 kg (p < .001).

At 3mo, fewer patients in the supplement group had loss of body
weight (P = 0.001) or BMI (P = 0.002). Remission rate was
significantly (P = 0.036) higher in the treatment group as compared
to controls.

Patients receiving EPA maintained weight (0.5 + 1.0 kg) (P =

.05), while the control group had weight loss of 2.3 + 0.9 kg and
patients with the greatest increase in plasma EPA concentration after
supplementation had the greatest gains in muscle (r(2) = 0.55; P =
.01). In addition patients in the EPA group had an increased response
rate group (60.0% vs 25.8%, P = .008) and one-year survival tended
to be greater in the EPA group (60.0% vs 38.7%; P = .15).
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the equivalent of 4.9 g EPA and 3.2 g DHA/d, while the melatonin
group (n=11) were given 18 mg melatonin/d. After four weeks, five
of the 13 patients (38%) in the fish oil group and 3 of 11 patients
(27%) in the melatonin group showed weight stabilization or gain.
Notably, after combining both interventions, 63% of individuals

responded, suggesting an additive effect from the combination.

In another study, Lissoni et al found that among 100 patients with
untreatable metastatic solid tumours, those receiving supportive
care plus melatonin (20 mg/day orally in the evening x2mo) versus
supportive care alone showed slower weight loss and decrease in
TNF levels: “The per cent of weight loss greater than 10% was
significantly higher in patients treated by supportive care alone
than in those concomitantly treated by MLT, with no difference
in food intake (P < 0.01)” (1996).

Branched Chain Amino Acids

The branched chain amino acids consist of leucine, isoleucine,
and valine, and these may act indirectly by modulating
serotonin activity in the hypothalamus. In the brain, the
synthesis of neurotransmitters such as serotonin, dopamine,
and norepinephrine are dependent upon the availability of the
aromatic amino acids (tryptophan, phenylalanine, and tyrosine)
respectively (Fernstrom 2005). Branched chain amino acids are
thought to counteract the effects of anorexia by competing with
tryptophan for entry through the blood brain barrier (Inui 2002).
In cancer serotonin levels can be elevated as a result of increased
plasma tryptophan. Through competition, BCAAs allow less
serotonin in the brain, and result in a reduction in the amount
of hypothalamic activity contributing to anorexia (Inui 2002). In
addition BCAAs possess anabolic effects peripherally in skeletal
muscle (Laviano 2005).

In a double blind prospective study, 28 cancer patients with
anorexia were given an oral supplement consisting of branched
chain amino acids 4.8 g three times daily for seven days (Le
Bricon 1996). In the BCAA- treated group, the incidence of
anorexia decreased from 100% to 45% by the end of the study. In
the placebo group, the incidence of anorexia remained at 84%.
The authors concluded that BCAA supplementation can safely
be administered for the treatment of cancer-induced anorexia

(Le Bricon 1996).

In a study of patients with intraabdominal adenocarcinoma
and receiving total parenteral nutrition (TPN), the effects of a
solution containing 19% BCAAs was compared to an isocaloric,
isonitrogenous formula containing 50% BCAAs (Hunter 1989).
In the high BCAA group, the following outcomes were observed
in comparison to the low BCAA group: increase in whole body
protein synthesis and breakdown (p<0.05); increased synthesis
rate of albumin (P< 0.05); and reduction in tyrosine oxidation,

suggesting improved protein utilization.

In terms of BCAA supplementation in increasing lean body mass,
clinical trials have been inconsistent in elucidating its effects on
skeletal muscle synthesis in humans (Choudry 2006). To date,
trials have largely been small and variable and there is no clear
positive or negative benefit to BCAA supplementation. The
evidence regarding BCAA supplementation in severe catabolic
patients is more encouraging. Studies regarding this particular
patient population have used more objective outcome measures

such as decreases in urinary nitrogen excretion to show benefits.

L-Carnitine

L-carnitine is an amino acid derivative and important cofactor in
facilitating mitochondrial fatty acid metabolism within muscle
tissue. L-carnitine is responsible for the transportation of fatty
acids across the mitochondrial membrane in exchange for acetyl
CoA, abyproduct of fatty acid oxidation (Fritz 2011). Maintaining
this shuttle system 1. ensures substrate (fatty acids) for the
production of ATP through beta oxidation in the mitochondria;
and 2. prevents inhibition of glucose metabolism, which could
happen through inhibition of pyruvate dehydrogenase by buildup
of acetylCoA within the mitochondria (Fritz 2011). Some forms
of chemotherapy have been shown to deplete carnitine, in part
through impaired renal reabsorption (Hockenberry 2009,
Mancinelli 2007). Open label studies of L-carnitine in cancer
patients have shown improvements in lean body mass and fatigue
(Gramignano 2005, Graziano 2002); RCTs of L-carnitine in
combination with other agents in the treatment of cachexia
have shown a superior combined effect on measure of cachexia,
prognostic scores, and inflaimmatory cytokines (Maccio 2012,

Mantanovi 2010).

Whey Protein

Whey protein supplementation contributes to adequate protein
intake, while supplying all the essential amino acids in order
to maximize muscle protein synthetic activity and optimal
immune function. Whey contains high concentrations of the
BCAAs as well as beta-lactoglobulin, alpha-lactalbumin, bovine
serum albumin, lactoferrin, immunoglobulins, lactoperoxidase
enzymes, glycomacropeptides, lactose, and minerals (AltMedRev
2008). Human evidence shows that whey protein is rapidly
absorbed and can effectively stimulate muscle protein synthesis
(FSR) (Deutz 2011).

Use of a high protein, high leucine whey formula was investigated
in 25 cancer patients prior or after chemotherapy treatment (Deutz
2011). The whey group (n = 13) received a formula containing 40g
of protein based on casein, whey, and free leucine, while the control
group (n =12) was given 24g of casein alone. Results showed that
the fractional rate of muscle protein synthesis (FSR) significantly
increased from 0.073 (SD: 0.023) to 0.097 (SD: 0.033) (p = 0.0269)
in the whey group but not in the control group, showing the superior

effects of a whey and leucine containing protein supplement.
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A small trial examining the effect of whey on cancer progression
was conducted among seven patients with metastatic cancer (five
breast, one liver, one pancreas) (Kennedy 1995). Whey protein
was supplemented at 30g daily for six months. In six patients,
baseline blood lymphocyte GSH (glutathione) levels were
substantially elevated, according to authors, “reflecting high
tumour GSH levels” (Kennedy 1995). After treatment with whey,
two patients exhibited “signs of tumour regression, normalization
of haemoglobin and peripheral lymphocyte counts and a sustained
drop of lymphocyte GSH levels towards normal” (Kennedy
1995). Two patients showed tumour stabilization and increased
haemoglobin levels. Three patients had disease progression. The
authors conlcuded that “whey protein concentrate might deplete
tumour cells of GSH and [thereby] render them more vulnerable
to chemotherapy” (Kennedy 1995). In addition to effects on
tumor cell levels of GSH, whey protein has been shown to possess
anticancer activity in animals by increasing GSH concentration
in healthy tissues, thereby stimulating immune function through
the GSH pathway (Bounous 2000). Glutathione is depleted in

conditions of immune deficiency, for example HIV and cachexia;

Table 3. Human studies of L-carnitine for cancer cachexia

Randomized phase IlI
N=1-4 advanced
gynecological cancer
patients

d global lity of life.
4 months and global quality of life

The combination of megestrol acetate (MA) plus L-carnitine (4g/d), celecoxib,
and antioxidants (including 600mg alpha lipoic acid) was superior to MA alone
for the following outcomes: lean body mass, resting energy expenditure, fatigue,

FEATURE CACHEXIA

under these circumstances, whey protein acts as a cysteine donor
to replenish GSH, since cysteine is the crucial limiting amino
acid for intracellular GSH synthesis (Bounous 2000).

Conclusion

Naturopathic interventions used for treatment in cancer cachexia
are based on good human level evidence and may offer important
advantages to cancer patients, particularly in combination. These
include high EPA fish oil, melatonin, branched chain amino acids,
L-carnitine, and whey protein supplementation. These agents
have a good safety profile in that little or no interactions with
chemotherapy have been observed in human trials. While evidence
suggests benefit from the application of each of these nutrients in
isolation, a much stronger impact can reasonably be anticipated
from their combined application, thus targeting multiple pathways
and factors underlying the pathophysiology of cancer cachexia.

Coauthor Reshi Mehta would like to thank Dr Kieran Cooley, Dr
Douglas Andrews, and Dr Philip Rouchotas for their guidance in

the compilation of this manuscript.

Maccio 2012

The combination arm decreased IL-6, TNF-alpha, CRP, and ROS significantly,
while there was no change with MA alone.

Mantovani 2010

Randomized phase I
n =332

Most effective regimen observed was arm 5 where patients received the agents :
1) Medroxyprogesterone acetate (MPA) (500 mg/day) or megestrol acetate

4 months (MA) (320 mg/day)
2) Oral eicosapentaenoic acid (EPA)-enriched (2.2 g/day)
3) L-carnitine (4 g/day)
4) Thalidomide (200 mg/day)
Resting energy expenditure decreased significantly (p=0.044). Fatigue improved
significantly in this group (p=0.047). L-carnitine and fish oil alone showed
improvements in performance scores (ECOG PS) and the Glasgow prognostic
score (GPS).
Open Trial Significant improvements in appetite, lean body mass and fatigue were observed  Gramignano 2005
n=12 in the patients supplemented with |-carnitine.
LC 6 g/day
4 weeks
Open Trial Fatigue improved in 45 patients and Functional Assessment of Cancer Therapy- Graziano 2002
n =50 Fatigue Score increased from 19.4 (+ 6.4 SD) to 34.9 (+ 5.4 SD) (p<0.001) at
4 g/day the end of the trial.
1 week
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