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Abstract
Patients with lung cancer are at high risk for malnutrition and even mild weight
loss has been associated with decreased median survival and poor response to
chemotherapy. The purpose of this research was to describe fatty acids status
during chemotherapy and determine if supplementation with fish oil attenuates
loss of weight, muscle and adipose tissue and improves chemotherapy efficacy in
patients with lung cancer. Patients with non-small cell lung cancer who were
chemotherapy naive were accrued to 1 of 2 contemporary studies; a descriptive
study of fatty acidsin patients receiving standard chemotherapy (standard of care,
SOC; no intervention) or an open label study of fish oil supplementation during
chemotherapy (~2.5g el cosapentaenoic acid; EPA + docosahexaenoic; DHA per
day). Blood was collected at baseline and throughout chemotherapy treatment.
Chemotherapy toxicities and response to chemotherapy were determined. Plasma
phospholipid fatty acids were isolated and quantified using gas liquid
chromatography. Plasma cytokines were quantified using Multi-Array Assay kits.
Body composition was assessed using diagnostic computed tomography images
when available. The mgjority of patients were over 60 years old, had advanced
disease and heavy body weights. In the SOC group, low amounts of fatty acids
were observed in patients with advanced and progressive disease. Depletion of
EPA and DHA was prevalent and was associated with low muscle mass,
accelerated loss of skeletal muscle and adipose tissue.  Supplementation with fish
oil provided a benefit over SOC on weight, and skeletal muscle; 69% of patients

in the fish oil group maintained or gained weight and muscle compared to 29% of



patients in the SOC group. This effect did not appear to be mediated through
catabolic cytokines, as overall amounts of plasma cytokines did not change with
fish oil supplementation and was not different SOC. Supplementation with fish
oil also resulted in a 2-fold improvement in chemotherapy efficacy compared to
SOC: 60% of patientsin the fish oil group had areduction in tumour size and
there was atrend towards greater 1-year survival. These results demonstrate the

potential of fish oil to improve the care and treatment of patients with lung cancer.
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CHAPTER 1: Introduction and literaturereview
1.1 Purpose

The purpose of this chapter isto provide an overview of malnutrition, body
weight, body composition and chemotherapy treatment in lung cancer and to
describe how nutritional intervention may improve these factors.
1.2 Introduction

An estimated 40% of women and 45% of men in Canada will be diagnosed
with cancer during their lifetime. Lung cancer is the second most common cancer
and the leading cause of cancer death in both men and women (1). There are no
effective screening processes for lung cancer, and approximately 75% of patients
are diagnosed with advanced stage disease. The most recent survival data shows
that only 15% of patients who were diagnosed with lung cancer between 2002-
2004 survived 5 years (2). Thetrgectory of lung cancer generally beginswith a
gradual decline in health/function for several months followed by accelerated
declinein the final months of life. Due to the progressive nature of lung cancer,
malnutrition is prevaent (3,4) and may contribute to the poor prognosis that
accompanies a diagnosis of lung cancer.
1.3 Malnutrition

Malnutrition can be defined as an excess, inadequate or unbalanced intake

of nutrients which influences body size, body composition and function (5).
Malnutrition is common in end-stage diseases and is associated with increased
morbidity, increased length of hospital stay and shorter survival (6). Disease

related malnutrition may occur from one or a combination of factors which alter



nutrient requirements, intake or loss and results in weight loss and specifically
loss of muscle (7).

Factors affecting nutrition may be related to the disease or to treatment of
the disease. For example, anorexia may result from gastrointestinal blockage,
from taste and smell aterations or as a side effect of medications/therapy.
Impaired absorption of nutrients from the gastrointestinal tract can result in loss of
nutrients (8). Metabolism can also be atered due to catabolic factors and
systemic inflammation, resulting in increased resting energy expenditure (the
amount of calories expended at rest) (8).

Although weight loss is a central feature of malnutrition, malnutrition is
not synonymous with low body weights. Obesity is awell-known risk factor for
the devel opment of many chronic diseases (9). Coupled with the high prevalence
of obesity (10), manutrition may occur concurrently with obesity. It isimportant
for health care professionals to recognize that malnutrition can occur across a
range of body weights as early detection and treatment of malnutrition is essential
for improving outcomes.

1.3.1 Assessment of nutritional status

The goal of nutritional assessment is to identify people who are
malnourished or at risk using factors associated with malnutrition. Malnutritionis
primarily assessed using screening tools which involve grading nutritional status
and identifying patients who should be referred to a nutritional professional for a

full nutritional assessment.



There are several different nutritional screening tools including the Mini
Nutritional Assessment, Malnutrition Universal Screening Tool, Nutritional Risk
Screening and the Subjective Global Assessment. These tools vary in the criteria
assessed and the threshol ds used to define malnutrition which can result in
variation in the prevalence of malnutrition depending on the tool used (11,12).
The Patient Generated Subjective Global Assessment (PG-SGA) was adapted
from the Subjective Global Assessment specifically for use in cancer patients (13)
and is the standard for nutritional screening in oncology (14). The PG-SGA is
designed as a check box format that patients complete which assesses BMI,

weight loss history, symptoms, dietary intake and functional capacity.

1.4 Cancer related malnutrition

There are no formal criteriafor identifying malnutrition but involuntary
weight loss of > 5% of pre-iliness weight and low body mass index (BMI
<18.5kg/m? or <20kg/m?) are commonly used criteria. Weight loss may occur at
any point during the disease trgjectory but is most prevalent in advanced disease
(15) and near the end of life (16). In the classic study by Dewyset a. (17),
weight loss of 5-10% of body weight in the 6 months prior to chemotherapy was
reported in 17% of patients with advanced cancer. A further 15% of patients had
weight loss >10%. Weight loss was particularly prevalent in patients with solid
tumours and 61% of patients with non-small cell lung cancer (NSCLC) reported
some degree of weight loss (17). A more recent study of patients with advanced
NSCLC reported weight loss in 59% of patients, however neither the % weight

loss nor the amount of weight loss was reported (18).



Weight loss results from a deficit in energy due to an imbalance in
metabolic needs and nutrient intake resulting in adraw on physiologic reserves
for energy. Increased metabolic needs may result from tumour related changesin
metabolism such as an increase in futile metabolic cycleslike the Cori cycle (19).
This can result in an elevated resting energy expenditure (REE), which has been
observed in weight-losing cancer patients (20,21) and is particularly common in
patients with an acute-phase protein response (21,22). Nutrient intake may also
be affected by tumour related symptoms and side effects of anti-neoplastic
treatment. Anorexia, dysphagia, malabsorption, mouth sores and alterations in
taste and smell are associated with reduced nutrient intake, weight loss and
decreased functional capacity (7,23,24). These factors may contribute to weight
loss during chemotherapy which has been reported to affect upwards of 50% of

patients (18,25).

Weight loss has been associated with several negative outcomes including
poorer response to anti-neoplastic therapy, decreased quality of life and shorter
median survival (17,18,26). Inthe study by Dewys et al. (17), the median
survival of patients with NSCLC who did not report any weight |oss was 6 weeks
longer than patients who reported any degree of weight loss and 9 weeks longer

than patients with weight loss >10%.

1.4.1 Cancer cachexia
Cachexiais a complex metabolic syndrome which is associated with many
chronic or end-stage diseases such as cancer. The underlying causes of cachexia

are not well understood but are likely the net result of several tumour-derived and



host-derived factors. Anorexia, inflammation, insulin resistance, elevated muscle
and/or adipose tissue breakdown are features frequently observed with cachexia
(27). Clinical manifestations of cachexiainclude reduced strength, fatigue,
impaired function, poorer response to anti-neoplastic therapy and reduced quality
of life (28).

Cachexiais particularly prevalent in advanced cancers of the
gastrointestinal tract and lung and nearly half of all cancer patients experience
some degree of weight loss (17). Although cachexiais characterized by
unintentional weight loss, weight loss cannot be resolved with adequate nutrition
and thus cachexiais distinct from starvation.

The prevalence of cachexia has been difficult to determine due to lack of a
formal definition of cachexia. In the past, definitions of cachexia were based on
weight and weight loss criteria of variously BMI <18.5kg/m?, or BM| <20kg/m?,
weight loss of 2, 5, or 10% depending on the time frame (generally 1 to 6
months). Recently, an international panel of experts released a consensus
definition of cachexia which defined cachexia as “loss of muscle with or without
loss of fat mass” (29,30). Cachexia may be diagnosed under this new definition if
patient has = 5% weight loss or BM1 <20kg/m?, and 3 or more of the following
criteria: decreased muscle strength, fatigue, anorexia, low fat-free mass or
abnormal biochemistry which indicates elevated inflammation, anemiaor low
albumin.

The re-definition of cachexia also includes a classification system which

recognizes that cachexia occurs across a continuum, varying in severity and stage:



1) pre-cachexia: early clinical or metabolic signs of cachexiawhich may progress
to cachexia, 2) cachexia: weight loss >5% in previous 6 months or a combination
of >2% weight loss with low muscle or low BMI, and 3) the last stage of
cachexia, refractory cachexia which occurs close to death due to rapidly
progressing disease which is unresponsive to anti-cancer therapy (29).
1.4.2 Skeletal muscle

The new definition of cachexia recognizes that the central feature of
cachexiais severe muscle depletion termed sarcopenia (30).Sarcopenia denotes
muscle less than 2 standard deviations below that of typical healthy adults. In
non-malignant disease, sarcopeniais associated with disability and functional
impairment (31), increased risk of fractures (32), increased length of hospital stay
(6) and shorter survival (33). Sarcopeniais prevaent in advanced cancer,
affecting upwards of 50% of patients with advanced cancer newly referred to
medical oncology (34) or apalliative care program (35). Thisis approaching the
prevalence normally observed in healthy elderly well over the age of 80 (32).
Sarcopeniamay have additional implications for patients receiving chemotherapy
as it has been associated with shorter time to tumour progression (36) and dose-
limiting toxicities from several different types of chemotherapy resulting in dose-
reduction or termination of treatment (36-38).

Over the course of the disease trajectory, muscle loss intensifies with
exponential losses in the last months of life (39,40). While muscle lossisthe
predominant feature of advanced cancer, a proportion of patients exhibit stable

muscle or muscle gain (40). Thelikelihood of stable muscle or muscle gain



decreases approaching death and within 1 month of death, only 12% of patients
experienced muscle gain (40). This suggests that cachexiatherapy should be
focussed earlier in the disease trgjectory when muscle stability and gain are more
likely.
1.4.3 Adiposetissue

Conventionally, adipose tissue was considered a passive energy depot.
With the discovery of adipose tissue derived pro-inflammatory and anti-
inflammatory molecules, adipose tissue is now recognized as an endocrine organ
which actively participates in regulating physiologic and pathol ogic processes.
1.4.3.1 Normal control of adiposetissue

Fatty acids stored as triacylglycerol in adipose tissue accounts for greater
than 90% of energy reservesin adults. Lipoprotein lipase (LPL) and hormone
sensitive lipase (HSL) are key enzymes which regulate fatty acid turnover in
adipocytes. LPL hydrolyzes fatty acids from lipoproteins which are transported
into adipocytes and converted into TAG. HSL hydrolyzesintracellular
triacylglycerol in adipocytes thus mobilizing adipose tissue and energy stores.

Adipocyte differentiation is controlled by a cascade of transcription
factors, namely CCAAT enhancer binding protein (C/EBP) 3 and & which
stimulate C/EBPa. This acts in concert with peroxisome proliferator-activated
receptor gamma (PPARY) to control adipocyte differentiation and is enhanced by
sterol regulatory element binding protein-1c (SREBP-1c).

1.4.3.2 Adiposetissuein cancer cachexia



Loss of adipose tissue is common in cancer cachexia (40,41).

Longitudinal assessments of body composition in advanced cancer have detailed
progressive |oss of adipose tissue during the disease trgjectory (42,43). Similar to
skeletal muscle, the prevalence and severity of adipose tissue loss increases
approaching death (40). Near death, losses totaling 85% of body fat have been
observed in patients with advanced lung cancer (41) and both body fat and
adipose tissue loss have been shown to be predictive of survival (42,43).

Adipose tissue loss is associated with several morphological and
molecular changesintissue. In amouse model of cachexia, examination of
adipose tissue with light and el ectron microscopy reveal ed shrunken adipocytes,
increased collagen-fibril tissue and smaller lipid droplets than adipose tissue from
non-tumour bearing controls (44). Expression of adipogenic factors and lipogenic
enzymes including C/EBPa and 3, PPARyY, SREBP-1c, acetyl-COA, fatty acid
synthase, stearoyl-COA desaturase-1 and glycerol-3-phosphate acyltransferase
were also down regulated (44,45). In adipocytes from cachectic patients elevated
MRNA expression of HSL has been observed which may contribute to
mobilization of stored lipids (46).

Adipose derived factors may also contribute to atered adipose metabolism
(47-49). A lipid mobilizing factor has been isolated from a cachexia-inducing
adenocarcinoma and also from the urine of cancer patients with cachexia (50).
The amino acid sequence of the lipid mobilizing factor is homologous to zinc-a,-
glycoprotein (ZAG); a naturally occurring adipocyte factor in white and brown

adiposetissue. ZAG induceslipolysisin adipocytes viaa cyclic AMP-mediated



process (51). In cancer cachexia, ZAG expression may be up-regulated, leading
to adipose tissue mobilization. However, clinical studies of ZAG are limited and
the extent to which ZAG contributes to adipose wasting in cachexiais unclear.
1.4.3.3 Lipid metabolism in cancer

Elevated lipolysis appears to be the main driver of adipose tissuelossin
advanced cancer. Lipolytic activity has been reported to be 50% higher in
cachectic patients compared to non-cachectic patients (52). Along with elevated
lipolysis, weight-losing cancer patients have increased glycerol and fatty acid
turnover compared to cancer patients without weight loss (53). Fasting levels of
plasma triglycerides, non-esterified fatty acids and glycerol are also increased,
reflecting elevated lipolysis (54,55). Furthermore, studiesin advanced cancer
patients have demonstrated reduced levels of high density lipoprotein (HDL) and
low density lipoprotein (LDL), which are mgjor constituents of total plasma PL
(56). This suggests possible impairment of lipid absorption, chylomicron or very
low density lipoprotein (VLDL) synthesis, which would affect HDL and LDL
levels. This may be further complicated by the influence that some cancer drugs
have on lipid metabolism (57).
1.4.4 Essential fatty acids

In humans, a-linolenic acid (ALA), 18:3n-3 and linoleic acid (LA), 18:2n-

6 are essentia fatty acids (EFAS) as they cannot be synthesized in the body and
must be obtained from dietary sources. ALA and LA undergo series of elongation
and desaturation to become longer, more unsaturated fatty acids (58). LA is

converted to arachidonic acid (AA, 20:4n-6) and ALA is converted to



eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 22:6n-3).
Although humans possess the ability to elongate ALA and LA to long chain fatty
acids, there is evidence that the pathways are inefficient. In-vivo isotope studies
of fatty acid metabolism estimate that the conversion rate of ALA to EPA is
approximately 5% and ALA to DHA islessthan 0.5% (59). This suggests that
EPA and DHA may be considered to be dietary essential nutrientsin certain
conditions.

n-3 and n-6 fatty acids have numerous roles in the body: they act as
structural phospholipids (PL) in cell membranes, moderate membrane fluidity,
cell signaling and interaction (60,61), affect gene expression (62) and are
immunomodulatory (63). The majority of EFAsin blood are found in
phospholipids (PL) which reflect metabolism of endogenous and dietary fatty
acids. Therefore the composition of fatty acidsin PL may be used to detect
aberrations in metabolism of EFA and have been used as indices of dietary intake
and fatty acid status in a variety of conditions (64-66). However, the fatty acid
status of patients with cancer is not well characterized.
1.4.4.1 Essential fatty acidsin cancer

Plasmalipid profiles of cancer patients have been shown to differ from the
lipid profiles of healthy subjects or those with benign disease (67-69). Low
concentrations of n-3 and n-6 fatty acids and elevated n-6:n-3 ratios have been
reported in patients with bladder (67), prostate cancer (69) pancreatic, NSCLC
and stomach/esophageal cancer (70). Collectively these studies suggest that

patients with cancer have aterationsin n-3 and n-6 fatty acid metabolism. The

10



metabolic consequences of deficitsin peripheral n-3 and n-6 fatty acids is unclear
but may contribute to wasting of muscle and adipose tissue as concurrent |oss of
plasmafatty acids, muscle and adipose tissue has been observed in advanced
cancer (43,71).

It isunclear what is causing the changes in fatty acid profiles and at what
point in time these aberrations occur. One study of patients with advanced breast
cancer suggested chemotherapy as a potentia causation as n-6 and n-3 fatty acids
in plasma PL were undetectable following high dose chemotherapy (68) but low
fatty acids have also been observed in treatment naive patients (72). Itisalso
possible that fatty acids are influenced by factors unrelated to cancer. Cancer
patients over the age of 70 have on average 3 comorbidities (nonmalignant
diseases) (73), most commonly cardiovascular disease and hypertension (74).
The medications for these comorbid conditions include statins and fibrates which
are lower blood lipids and beta blockers which can contribute to dyslipidemia.
Thus, it is possible that comorbidities and their corresponding medications play a
role in altered lipid metabolism and PL fatty acid compositions that have been
observed in cancer, but this has yet to be examined.

1.5 Body composition

Conventionally, it was held that a unit of body weight and a unit of weight
change had a constant composition with muscle and adipose tissue acting in
tandem. It isnow recognized that a unit of weight does not have a constant
composition and patients with the same weight may have very different

proportions of lean and fat tissues (34). However, anthropometrics such as
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weight, body massindex (BMI) and skinfold measures do not differentiate a unit
of body weight into lean and fat tissues. Although these measurements are
clinically practical and useful in large populations where cost and portability are
Issues, they are generally less accurate than other modalities which assess |ean
and fat tissue. Further, weight and weight change may be confounded by changes
in hydration status, which are commonly reported in advanced cancer.
1.5.1 Body composition assessment

Bioelectrical impedance analysis (BIA) (75), dual energy X-ray
absorptiometry (DXA) (42) and computerized tomography (CT) imaging analysis
(76) are the most frequently used modalities of body composition assessment in
cancer. DXA, CT and magnetic imaging resonance (MRI) are considered the
gold standard for body composition assessment due to their high precision and
accuracy (77). On the other hand, BIA is appealing because it is portable and cost
effective but there are several methodological limitations associated with BIA. 1)
BIA provides indirect measurements of skeletal muscle. Total body water is used
to estimate |ean tissue which consists of skeletal muscle, tumour and organs. 2)
BIA also relies on predictive equations to generate an estimate of |ean tissue.
Few predictive equations are derived from cancer populations and do not account
for changesin other organs or tumour. 3) BIA is not sensitive to small changes
(2.2 £ 3.2%/100 days) in lean body mass (LBM) that were detected with DXA
(76). Inacomparison of BIA and DXA, discrepanciesin LBM ranged from -9.3
to +7.3kg, with overestimation likely in patients with low LBM and

underestimation likely in patients with high LBM (78). DXA is appealing dueto
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the low radiation exposure but is unable to distinguish different adipose tissue
depots (intramuscular, visceral and subcutaneous) and can only partition skeletal
muscle from total LBM in appendices. Additionally, outside of research
environments the availability of DXA for clinical measurements of body
composition may be limited.

CT imaging can discriminate muscle, adipose tissues depots, bone and
organs (79,80). Fatty infiltration in muscle and organs can also be estimated with
this technique and has been shown to relate to insulin resistance and muscle
function (81-83). In healthy populations CT analysisis infrequent due to the
associated radiation exposure. Thisissueis not relevant in patients with cancer as
CT images are routinely taken for diagnostic and follow up purposes to assess
tumour progression and response to therapy. Assuch, CT images are readily
available in oncology settings and can be opportunistically used to precisely
assess body composition and the evolution of body composition throughout the
cancer trgjectory.

1.5.2 Body composition and cancer

Despite the availability of CT images in oncology settings, CT based
assessments of body composition in cancer are limited. The existing studies
indicate wide variation in proportions of muscle and adipose tissues ranging from
the traditional notion of an advanced cancer patient (underweight and sarcopenic)
to the contemporary phenomenon of sarcopenic obesity; low muscle and high
body weight (35,84). These studies have advanced our understanding of the

diversity and range of lean and fat tissues that exists in cancer populations.
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Longitudinal analysis of CT images have aso provided detailed descriptions of
the natural history of muscle, adipose tissue and visceral organ volume throughout
the cancer trgjectory (39,43).

Use of CT based assessment of body composition in clinical trialsis
amost non-existent. Trials have primarily used BIA (85,86) or rarely DXA (87)
to assess body composition. The use of CT images to precisaly identify dynamic
changes in muscle and adipose tissue is a useful tool for body composition
analysisin clinical trials and particularly so in trials of anti-cachexiatherapy
aimed specifically at attenuating skeletal muscle loss.
1.6 Anti-cachexia therapy

The search for effective anti-cachexia agentsis an area of intense research.
However, due to the complexity of cachexia, adefinitive treatment for cachexia
remains elusive. Anti-cachexia agents generally fall into one of 5 categories:
appetite stimulants, anabolic hormones, immune modulators, autonomic system
modulators and multimodality therapy which attempts to address the different
mechanisms that are implicated in the pathogenesis of cachexia. Overviews of
the various anti-cachexia agents are provided in several in-depth reviews (27,88)
and also in arecently published textbook (89). Of the numerous anti-cachexia
agents being investigated, fish oil has received alot of focus dueto its anti-
inflammatory (90) and purported insulin sensitizing properties (91).
1.6.1 Fish oil asan anti-cachexia agent

Fish ail, which consists of EPA and DHA, has been the focus of many

anti-cachexiatrials over the past 2 decades. Early investigational trials of fish oil
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supplementation in weight losing cancer patients yielded promising results.
Benefits to patients included preservation of lean body mass (LBM),
improvement in functional status, survival, appetite and weight gain (92-94).
However, these studies were generally small, non-randomized and uncontrolled.
Subsequent larger, randomized clinical trias failed to show a benefit of fish ail
over placebo on LBM (75,85,95). A systematic review on the subject (96) further
dampened enthusiasm for fish oil as an anti-cachexia therapy concluding that
thereisinsufficient evidence that fish oil provides a benefit over placebo on
cancer cachexia and related symptoms.

Differencesin study designs may have contributed to the discrepant results
across EPA studiesin the last decade. Trialstypicaly have included patients with
>5% weight loss (85,95,97) to select patients who are likely to be cachectic and
have excluded patients receiving anti-neoplastic therapy (75,95) to minimize
potential confounding effects of anti-neoplastic therapy on weight and body
composition. These criteria have resulted in selection of patients who likely have
refractory cachexia (advanced wasting, progressive disease and short survival) for
whom it is unlikely that any intervention would be successful. Another inherent
challengein fish oil trialsis compliance. Failure to report compliance, poor
compliance to placebo and to supplementation have been frequently reported
(75,85,86,95). Additionally, the format of fish oil supplementation may be
problematic. Many studies use fish oil enriched protein, energy dense ord
supplements but there is some evidence that patients compensate for the

supplement by decreasing their meal intake (75).
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Recently several fish oil supplementation trials were conducted which
utilized novel study designs. Thesetrials included patients with early stage
(curative) disease who were receiving active therapy thus enabling accrual of
patients with better prognosis than previoustrials. Additionally patientsin the
studies by Weed et al. (98) and Ryan et a. (99) received the supplement viatube
feed, thus negating compliance problems. Collectively, these studies show a
beneficial effect of EPA on LBM (25,98,99) and suggest that the reasons for
discordance between trials may be due to heterogeneity in study design.
1.6.1.1 Potential mechanisms of fish oil on lean body mass

Fish oil appearsto act on several direct and indirect pathways, which
contribute to muscle wasting and muscle anabolism. Fish oil may support the
anabolic potential of muscle through sensitizing skeletal muscle to insulin.
Insensitivity to insulin has been observed in patients with cancer cachexia (100),
and may contribute to the development of cachexia. In tumour-bearing mice,
insulin insensitivity preceded weight loss and administration of Rosiglitazone, a
drug used in the treatment of type 2 diabetes, improved insulin sensitivity and
attenuated skeletal muscle proteolysis (101). In experimental models of diabetes,
fish oil has been shown to improve glucose uptake and increase GLUT-4
expression in skeletal muscle (91). However, this relationship has not been
explored in cancer cachexia and the precise points of fish oil interaction within
the glucose-insulin signaling pathway in muscle remains unclear.

Conversdly, fish oil has been shown to inhibit catabolic stimuli that would

otherwise promote muscle degradation during the cachectic process. The acute-
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phase protein response may contribute to muscle wasting asit is modulated in part
by pro-inflammatory cytokines: IL-1, IL-6, TNF-a, IFN-y, which, when
administered in animal models have been shown to induce weight loss and
increase proteolysis (102). Supplementation with fish oil may limit muscle
degradation by down-regulating the acute-phase response. In weight-losing
cancer patients, fish oil has been shown to reduce serum concentrations of C-
reactive protein, an acute-phase protein, and suppress IL-6 production by
peripheral blood mononuclear cells (90). A number of studies point to the

ubi quitin-proteasome proteol ytic pathway as the predominant contributor to
muscle breakdown in cancer-cachexia. Fish oil may decrease muscle breakdown
by decreasing the expression of proteasome subunits which are elevated in
cancer-cachexia (27). Fish oil may also have a protective role in skeletal muscle
differentiation. Anin vitro study showed reduced necrosis and apoptosis of
differentiating myotubes with addition of fish oil (103). In the same model,
addition of fish oil completely abolished TNF-a induced necrosis and apoptosis.
The effects of fish oil on catabolic stimuli are diverse and further research is
required to determine under what conditions these pathways are activated and
how to optimize the inhibitory effect of fish oil on muscle degradation.

Fish oil may aso indirectly affect muscle mass by decreasing
chemotherapy related side effects and enhancing chemotherapy response. Side
effects from anti-neoplastic therapies may contribute to or exacerbate existing
anorexialeading to negative energy balance and muscle wasting. In an animal

model of colorectal cancer, providing fish oil reduced side effects from
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chemotherapy: limiting weight loss and anorexia (104). Fish oil has also been
reported to enhance tumour response to chemotherapy thereby reducing the
disease burden (105). Thismay indirectly provide anabolic stimuli as
improvements in functional activity, dyspnea, fatigue and physical function have
all been observed in patients receiving chemotherapy (reviewed in ref 106). Thus,
there are various experimental and observational studiesin animals and humans
that demonstrate potential positive resultsin the use of fish oil to attenuate
symptoms of cachexia.
1.7 Chemotherapy in lung cancer

The majority of patients with NSCLC present with advanced stage disease
for which the primary treatment consists of palliative chemotherapy aimed at
palliating symptoms, improving quality of life and survival. The current standard
treatment for advanced NSCLC is platinum based doublet chemotherapy.
Typically cisplatin or carboplatin are given in combination with vinorelbine or
gemcitabine. Chemotherapy is given on athree week cycle for 2 cycles followed
by imaging to determine disease response (Figure 1-1). If thereis disease
progression then chemotherapy is discontinued. Otherwise, a further 2 cycles of
chemotherapy is given followed by imaging. The dose of platinum based
chemotherapy is limited by cardiac, gastrointestinal and haematological toxicities.
Approximately 10-25% of patients experience sufficient toxicity to have their
doses reduced and/or delayed or require hospitalization due to toxic side effects

(107).
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The efficacy of chemotherapy in NSCLC islow with trials reporting
response rates (RR; number of patients with reduction in tumour/metastases
divided by total number of patients) ranging from 25 to 35% (108-110). This
leaves alarge proportion of patients with stable or progressive disease. These
patients have a poorer prognosis than patients who respond to treatment (111).
Even if patients are well enough to receive additional lines of chemotherapy, less
than 10% will respond to second line chemotherapy (112-114). Thus, enhancing
response to first-line chemotherapy is an area of great interest.

1.7.1 Fish oil asan adjuvant to anti-neoplastic ther apy

Interest in the use of fish oil as an agent to control cancer growth began
after epidemiology studies linked diets rich in fish to decreased cancer risk (115-
117). Experimenta studies suggest that supplementation with fish oil slows
tumour growth and may be a safe, non-toxic approach to improve chemotherapy
efficacy (118-121). The ability of fish oil to enhance the cytotoxicity of
chemotherapy has been demonstrated in awide range of chemotherapy agents
(anthracyclines, cisplatin, irinotecan and alkylating agents) and in several
malignant cell lines and animal models including breast, colorectal, prostate and
lung cancer (118,119,122-124).

Although fish oil has a chemo-sensitizing effect, this appears to be specific
to tumour tissue (105,125). In fact, fish oil may have a protective effect on non-
target tissue as attenuation of weight loss, gastrointestinal and haematological

side-effects have been reported following supplementation (104,105,125-127). A
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summary of clinical trials of fish oil supplementation during chemotherapy is
provided in Table 1-1.

Several mechanisms which may contribute to the chemosensitizing effect
of fish oil have been proposed (summarized in Table 1-2 and reviewed in
references 128 and 129). Generally, it is believed that fish oil primarily acts by
incorporating into tumour cell membranes and increasing membrane peroxidation
as concomitant enrichment with anti-oxidant mol ecul es abolishes
chemosensitization (130). However, the role of fish oil islikely more complex as
increased sensitivity has been shown with avariety of chemotherapy agents which
have different characteristics and mechanisms of action. Fish oil may also effect
tumor progression independent of an effect of chemotherapy via mechanisms
involved broadly related to cell signaling, gene regulation, angiogenesis and
metastasis (reviewed in reference 129).

While experimental studies are convincing, to date only a handful of
clinical studies of fish oil supplementation exist. These studies report a positive
correlation between chemotherapy efficacy and n-3 fatty acid concentration of
breast tissue (131), aswell asimproved RR, milder haematol ogical toxicity,
greater time to tumour progression and longer survival with DHA
supplementation (105)

1.8 Summary

From thisreview it is evident that health care for patients with advanced

cancer is multi-faceted. Nutrition related research shows that malnutrition is

prevalent in advanced cancer and indicative of poor prognosis. In the domains of
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physiology and metabolism, research shows frequent depletion of skeletal muscle
and adipose tissue as well as evidence of abnormal lipid metabolism and adipose
tissue composition. From oncology, current chemotherapy regimens for advanced
NSCLC are only effectivein asmall proportion of patients and novel approaches
are needed. All of these research areas are intricately linked; thus demonstrating
the importance of an interdisciplinary approach to understanding and managing
care of patients with advanced cancer and developing effective interventions

which have the potentia to augment each of these areas.
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Tables

Table 1-1: Summary of clinical studies of fish oil supplementation during chemotherapy

Study Design Population Intervention Outcome(s) Results

van der Randomized Stage I11 non-small cell | 1. 2 cans ONS/d (29 Weight, IL-6, CRP, I: stable weight, increased

Meij et a. | controlled, blinded lung cancer patients EPA +0.9g DHA) for | REE, LBM, fat mass, | MUAC, milder decrease of

2010 receiving cisplatin-based | 5 weeks. Mean MUAC. FFM then C. Lower IL-6

(ref 25) chemo-radiation. 14 in intake:1.1 cang/d. and CRP in patients with =
control (C) and 19in 2. no EPA or DHA for 1.5% increase in plasma PL
intervention (1) group. 5 weeks. Mean intake: EPA. Greater decrease of

1.0 cang/day. REE in | vs. C group.

Bougnoux | Open label with post- | Advanced breast cancer | 9 capsules/d (1.8g) for | Chemotherapy Response to chemotherapy

et al. hoc analysisof 2 sub- | patients (n=12 high 5 months. response, time to similar to patients with less

2009 groups. high PL DHA | DHA; n=13low DHA) | Mean intake not tumour progression, advanced breast cancer.

(ref 105) | vs. low PL DHA receiving fluorouracil, reported. survival, toxicity. L ess haematological
cyclophosphamide and toxicities, increased time to
epirubicin. tumour progression and

survival in high DHA
group.

Read et Open label, singlearm | Advanced colorectal 2 tetrapaks ONS Dietary energy and No change in energy or

al. 2007 cancer patients (n=15) (1.85g EPA +0.78¢g protein, weight, LBM | proteinintake, LBM, QOL

(ref 127) receiving irinotecan DHA) for 9 weeks. QOL, toxicity, CRP. or CRP. Increased weight.
with 5-fluorouracil Mean intake: 1.7 Low incidence of toxicity

tetrapaks/d.

Bauer et Open label, singlearm | Advanced pancreatic At least 1 can ONS Energy, protein intake, | Increased total energy and

al. 2005 (n=5) and lung cancer (1.36 g EPA/d) for 8 LBM, nutritiona protein intake, no changein

(ref 132) (n=2) patientsreceiving | weeks. status (PG-SGA), weight or LBM, improved
gemcitabine-based Mean 1.2 cang/d. performance status, nutritional status,
chemotherapy QOL. performance and QOL

Abbreviations: LBM, lean body mass; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; PL, phospholipid; MUAC, mid upper arm
circumference; REE, resting energy expenditure, PG-SGA, patient generated subjective global assessment.
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Table 1-2: Potential mechanisms which may contributeto the
chemosensitizing effect of n-3 PUFA

M echanism References
Altered cellular signaling (133,134)
Increased peroxidation (118,135,136)
Suppressed NFkB activity (137,138)
Increased intracellular drug accumulation (139,140)
Increased apoptosis or inhibition of anti-apoptotic proteins (141,142)
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Figures

Figure 1-1: Timeline of typical first-line platinum based doublet
chemotherapy regimen

12 weeks
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On day 1 both chemotherapy agents are given, followed by 6 days of recovery
after which 1 chemotherapy agent is given on day 8. Thisisfollowed by 2 weeks
of recovery before the cycleis repeated.

24



References

1. Canadian Cancer Society's Steering Committee: Canadian Cancer Statistics
2010. Toronto: Canadian Cancer Society 2010.

2. Canadian Cancer Society's Steering Committee: Canadian Cancer Statistics
2009. Toronto: Canadian Cancer Society 20009.

3. Kisner DL. Malnutrition in lung cancer: incidence, prognostic implications,
and pathogenesis. Recent Results Cancer Res. 1982;80:240-5.

4. Arrieta O, Michel OrtegaRM, Villanueva-Rodriguez G, et al. Association of
nutritional status and serum albumin levels with development of toxicity in
patients with advanced non-small cell lung cancer treated with paclitaxel-cisplatin
chemotherapy: a prospective study. BMC Cancer. 2010;10:50.

5. EliaM. Guidelines for detection and management of malnutrition.
Maidenhead, Berks. 2000; BAPEN.

6. Pichard C, Kyle UG, Morabia A, et a. Nutritional assessment: lean body mass
depletion at hospital admission is associated with an increased length of stay. Am
J Clin Nutr. 2004;79(4):613-8.

7. Tisdae MJ. Cancer anorexia and cachexia. Nutrition. 2001;17(5):438-42.

8. Norman K, Pichard C, Lochs H, Pirlich M. Prognostic impact of disease-
related malnutrition. Clin Nutr. 2008;27(1):5-15.

9. Luo W, Morrison H, de Groh M, et a. The burden of adult obesity in Canada.
Chronic Dis Can. 2007;27(4):135-44.

10. Tjepkema M. Adult obesity in Canada: Measured height and weight.
Statistics Canada, 2005. Ottawa.

11. Bauer IM, Vogl T, Wicklein S, et al. Comparison of the Mini Nutritional
Assessment, Subjective Global Assessment, and Nutritional Risk Screening (NRS
2002) for nutritional screening and assessment in geriatric hospital patients. Z
Gerontol Geriatr. 2005;38(5):322-7.

12. Drescher T, Singler K, Ulrich A, et a. Comparison of two malnutrition risk
screening methods (MNA and NRS 2002) and their association with markers of
protein malnutrition in geriatric hospitalized patients. Eur J Clin Nutr.
2010;64(8):887-93.

13. Ottery FD. Definition of standardized nutritional assessment and
interventional pathways in oncology. Nutrition. 1996;12(Supplement 1):S15-9.

25



14. Ottery, FD. Patient generated-subjective global assessment. In: McCallum
PD, Polisena CG, ed. The clinical guide to oncology nutrition. The American
Dietetic Association, 2000;11-23. Chicago.

15. Corli O, Cozzolino A, Battaiotto L, Bernoni M, GallinaA. A new method of
food intake quantification: application to the care of cancer patients. J Pain
Symptom Manage. 1992;7(1):12-7.

16. Knox LS, Crosby LO, Feurer ID, et a. Energy expenditure in malnourished
cancer patients. Ann Surg. 1983;197(2):152-62.

17. Dewys WD, Begg C, Lavin PT, et a. Prognostic effect of weight loss prior to
chemotherapy in cancer patients. Eastern Cooperative Oncology Group. Am J
Med. 1980;69(4):491-7.

18. RossPJ, Ashley S, Norton A, et a. Do patients with weight loss have aworse
outcome when undergoing chemotherapy for lung cancers? Br J Cancer.
2004;90(10):1905-11.

19. Eden E, Edstrom S, Bennegard K, Schersten T, Lundholm K. Glucose flux in
relation to energy expenditure in malnourished patients with and without cancer
during periods of fasting and feeding. Cancer Res. 1984;44(4):1718-24.

20. Lindmark L, Bennegard K, Eden E, et a. Resting energy expenditurein
mal nourished patients with and without cancer. Gastroenterology.
1984,87(2):402-8.

21. Falconer JS, Fearon KC, Plester CE, Ross JA, Carter DC. Cytokines, the
acute-phase response, and resting energy expenditure in cachectic patients with
pancreatic cancer. Ann Surg. 1994;219(4):325-31.

22. Staal-van den Brekel AJ, Schols AM, ten Velde GP, Buurman WA Wouters
EF. Analysis of the energy balance in lung cancer patients. Cancer Res.
1994;54(24):6430-3.

23. Kubrak C, Olson K, JhaN, et a. Nutrition impact symptoms: key
determinants of reduced dietary intake, weight loss, and reduced functional
capacity of patients with head and neck cancer before treatment. Head Neck.
2010;32(3):290-300.

24. Brisbois TD, Hutton JL, Baracos VE, Wismer WV. Taste and smell
abnormalities as an independent cause of failure of food intake in patients with
advanced cancer--an argument for the application of sensory science. J Palliat
Care. 2006;22(2):111-4.

25. van der Mej BS, Langius JA, Smit EF, et a. Ora nutritional supplements
containing (n-3) polyunsaturated fatty acids affect the nutritional status of patients

26



with stage 111 non-small cell lung cancer during multimodality treatment. J Nutr.
2010;140(10):1774-80.

26. Martin L, Watanabe S, Fainsinger R, et al. Prognostic factors in patients with
advanced cancer: use of the patient-generated subjective global assessment in
survival prediction. J Clin Oncol. 2010;28(28):4376-83.

27. Tisdale MJ. Mechanisms of cancer cachexia. Physiol Rev. 2009;89(2):381-
410.

28. Dodson S, Baracos VE, Jatoi A, et al. Muscle wasting in cancer cachexia:
clinical implications, diagnosis, and emerging treatment strategies. Annu Rev
Med. 2011;62:265-79.

29. Fearon K, Strasser F, Anker SD, et al. Definition and classification of cancer
cachexia: an international consensus. Lancet Oncol. 2011;12(5):489-95.

30. EvansWJ, Morley JE, Argiles J, et a. Cachexia: anew definition. Clin Nuitr.
2008;27(6):793-9.

31. Janssen |, Heymsfield SB, Ross R. Low relative skeletal muscle mass
(sarcopenia) in older persons is associated with functional impairment and
physical disability. J Am Geriatr Soc. 2002;50(5):889-96.

32. Baumgartner RN, Koehler KM, Gallagher D, et a. Epidemiology of
sarcopeniaamong the elderly in New Mexico. Am J Epidemiol. 1998;147(8):755-
63.

33. Metter EJ, Talbot LA, Schrager M, Conwit R. Skeletal muscle strength as a
predictor of all-cause mortality in healthy men. J Gerontol A Biol Sci Med Sci.
2002;57(10):B359-65.

34. Baracos VE, Reiman T, Mourtzakis M, Gioulbasanis I, Antoun S. Body
composition in patients with non-small cell lung cancer: a contemporary view of
cancer cachexiawith the use of computed tomography image analysis. Am J Clin
Nutr. 2010;91(4):1133S-1137S.

35. Tan BH, Birdsell LA, Martin L, Baracos VE, Fearon KC. Sarcopeniain an
overweight or obese patient is an adverse prognostic factor in pancreatic cancer.
Clin Cancer Res. 2009;15(22):6973-9.

36. Prado CM, Baracos VE, McCargar LJ, et a. Sarcopenia as a determinant of
chemotherapy toxicity and time to tumor progression in metastatic breast cancer
patients receiving capecitabine treatment. Clin Cancer Res. 2009;15(8):2920-6.

37. Prado CM, Baracos VE, McCargar LJ, et al. Body composition as an

independent determinant of 5-fluorouracil-based chemotherapy toxicity. Clin
Cancer Res. 2007;13(11):3264-8.

27



38. Antoun S, Baracos VE, Birdsell L, Escudier B, Sawyer MB. Low body mass
index and sarcopenia associated with dose-limiting toxicity of sorafenibin
patients with renal cell carcinoma. Ann Oncol. 2010;21(8):1594-8.

39. LieffersJR, MourtzakisM, Hall KD, et a. A viscerally driven cachexia
syndrome in patients with advanced colorectal cancer: contributions of organ and
tumor mass to whole-body energy demands. Am J Clin Nutr. 2009;89(4):1173-9.

40. Murphy RA, Baracos VE, Mazurak VC, et a. Lung cancer cachexia, circa
2011. Submitted to Lancet Oncology.

41. Fearon KC. The Sir David Cuthbertson Medal Lecture 1991. The
mechanisms and treatment of weight loss in cancer. Proc Nutr Soc.
1992;51(2):251-65.

42. Fouladiun M, Korner U, Bosaeus 1, et a. Body composition and time course
changesin regional distribution of fat and lean tissue in unselected cancer patients
on palliative care--correlations with food intake, metabolism, exercise capacity,
and hormones. Cancer. 2005;103(10):2189-98.

43. Murphy RA, Wilke M S, Perrine M, et al. Loss of adipose tissue and plasma
phospholipids: relationship to survival in advanced cancer patients. Clin Nutr.
2010;29(4):482-7.

44. Bing C, Russell S, Becket E, et a. Adipose atrophy in cancer cachexia:
morphologic and molecular analysis of adipose tissue in tumour-bearing mice. Br
J Cancer. 2006;95(8):1028-37.

45. FajasL, Schoonjans K, Gelman L, et a. Regulation of peroxisome
proliferator-activated receptor gamma expression by adipocyte differentiation and
determination factor 1/sterol regulatory element binding protein 1: implications
for adipocyte differentiation and metabolism. Mol Cell Biol. 1999;19(8):5495-
503.

46. Thompson MP, Cooper ST, Parry BR, Tuckey JA. Increased expression of
the mRNA for hormone-sensitive lipase in adipose tissue of cancer patients.
Biochim Biophys Acta. 1993;1180(3):236-42.

47. Delano MJ, Moldawer LL. The origins of cachexiain acute and chronic
inflammatory diseases. Nutr Clin Pract. 2006;21(1):68-81.

48. Bing C, Bao Y, Jenkins J, et a. Zinc-apha2-glycoprotein, alipid mobilizing
factor, is expressed in adipocytes and is up-regulated in mice with cancer
cachexia. Proc Natl Acad Sci USA. 2004;101(8):2500-5.

49. Mracek T, Stephens NA, Gao D, et a. Enhanced ZAG production by
subcutaneous adipose tissue is linked to weight loss in gastrointestinal cancer
patients. Br J Cancer. 2011;104(3):441-7.

28



50. Todorov PT, McDevitt TM, Meyer DJ, et al. Purification and characterization
of atumor lipid-mobilizing factor. Cancer Res. 1998;58(11):2353-8.

51. Hiral K, Hussey HJ, Barber MD, Price SA, Tisdale MJ. Biological evaluation
of alipid-mobilizing factor isolated from the urine of cancer patients. Cancer Res.
1998;58(11):2359-65.

52. Agustsson T, Ryden M, Hoffstedt J, et a. Mechanism of increased lipolysis
in cancer cachexia. Cancer Res. 2007;67(11):5531-7.

53. Legaspi A, Jeevanandam M, Starnes HF, Jr., Brennan MF. Whole body lipid
and energy metabolism in the cancer patient. Metabolism. 1987;36(10):958-63.

54. Grunfeld C, Feingold KR. Regulation of lipid metabolism by cytokines
during host defense. Nutrition. 1996;12(Supplement 1):S24-6.

55. Kitada S, Hays EF, Mead JF, Zabin |. Lipolysis induction in adipocytes by a
protein from tumor cells. J Cell Biochem. 1982;20(4):409-16.

56. Fiorenza AM, Branchi A, SommarivaD. Serum lipoprotein profile in patients
with cancer. A comparison with non-cancer subjects. Int J Clin Lab Res.
2000;30(3):141-5.

57. AraG, Teicher BA. Cyclooxygenase and lipoxygenase inhibitors in cancer
therapy. Prostaglandins Leukot Essent Fatty Acids. 1996;54(1):3-16.

58. Karmali RA. Historical perspective and potential use of n-3 fatty acidsin
therapy of cancer cachexia. Nutrition. 1996;12(Supplement 1):S2-4.

59. Plourde M, Cunnane SC. Extremely limited synthesis of long chain
polyunsaturates in adults: implications for their dietary essentiality and use as
supplements. Appl Physiol Nutr Metab. 2007;32(4):619-34.

60. Kelley DS. Modulation of human immune and inflammatory responses by
dietary fatty acids. Nutrition. 2001;17(7-8):669-73.

61. Murphy MG. Dietary fatty acids and membrane protein function. J Nutr
Biochem. 1990;1(2):68-79.

62. Deckelbaum RJ, Worgall TS, Seo T. n-3 fatty acids and gene expression. Am
J Clin Nutr. 2006;83(Supplement 6):1520S-1525S.

63. Cader PC. Sir David Cuthbertson Medal Lecture. Immunomodulatory and
anti-inflammatory effects of n-3 polyunsaturated fatty acids. Proc Nutr Soc.
1996;55(2):737-74.

64. Clandinin MT, Van Aerde JE, Parrott A, et al. Assessment of the efficacious
dose of arachidonic and docosahexaenoic acids in preterm infant formulas: fatty

29



acid composition of erythrocyte membrane lipids. Pediatr Res. 1997;42(6):819-
25.

65. Pratt VC, Tredget EE, Clandinin MT, Field CJ. Fatty acid content of plasma
lipids and erythrocyte phospholipids are atered following burn injury. Lipids.
2001;36(7):675-82.

66. Plourde M, Chouinard-Watkins R, Vandal M, et a. Plasmaincorporation,
apparent retroconversion and beta-oxidation of 13C-docosahexaenoic acid in the
elderly. Nutr Metab (Lond). 2011;8:5.

67. McClinton S, Moffat LE, Horrobin DF, Manku MS. Abnormalities of
essential fatty acid distribution in the plasma phospholipids of patients with
bladder cancer. Br J Cancer. 1991;63(2):314-6.

68. Pratt VC, Watanabe S, Bruera E, et a. Plasma and neutrophil fatty acid
composition in advanced cancer patients and response to fish oil supplementation.
Br J Cancer. 2002;87(12):1370-8.

69. Chaudry A, McClinton S, Moffat LE, Wahle KW. Essential fatty acid
distribution in the plasma and tissue phospholipids of patients with benign and
malignant prostatic disease. Br J Cancer. 1991,;64(6):1157-60.

70. Zuijdgeest-van Leeuwen SD, van der Heijden MS, Rietveld T, et al. Fatty
acid composition of plasma lipidsin patients with pancreatic, lung and
oesophageal cancer in comparison with healthy subjects. Clin Nutr.
2002;21(3):225-30.

71. Murphy RA, Mourtzakis M, Chu QS, Reiman T,Mazurak VC. Skeletal
muscle depletion is associated with reduced plasma (n-3) fatty acids in non-small
cell lung cancer patients. J Nutr. 2010;140(9):1602-6.

72. Cvetkovic Z, Vucic V, Cvetkovic B, et al. Abnormal fatty acid distribution of
the serum phospholipids of patients with non-Hodgkin lymphoma. Ann Hematol.
2010;89(8):775-82.

73. Extermann M, Overcash J, Lyman GH, Parr J, Balducci L. Comorbidity and
functional status are independent in older cancer patients. J Clin Oncol.
1998;16(4):1582-7.

74. De Marco MF, Janssen-Heijnen ML, van der Heljden LH, Coebergh JW.
Comorbidity and colorectal cancer according to subsite and stage: a population-
based study. Eur J Cancer. 2000;36(1):95-9.

75. Fearon KC, Von Meyenfeldt MF, Moses AG, et al. Effect of aprotein and
energy dense N-3 fatty acid enriched oral supplement on loss of weight and lean
tissue in cancer cachexia: arandomised double blind trial. Gut. 2003;52(10):1479-
86.

30



76. Prado CM, Antoun S, Sawyer MB, Baracos VE. Two faces of drug therapy in
cancer: drug-related lean tissue loss and its adverse consequences to surviva and
toxicity. Curr Opin Clin Nutr Metab Care. 2011.

77. Heymsfield SB, Wang Z, Baumgartner RN, Ross R. Human body
composition: advances in models and methods. Annu Rev Nutr. 1997;17:527-58.

78. Mourtzakis M, Prado CM, Lieffers JR, et a. A practical and precise approach
to quantification of body composition in cancer patients using computed
tomography images acquired during routine care. Appl Physiol Nutr Metab.
2008;33(5):997-1006.

79. RossR, Janssen |. Computed tomography and magnetic resonance imaging.
In: Human body composition. SB. Heymsfield, et al. ed. Human Kinetics:
2005;523. Champaign, IL.

80. Mattsson S, Thomas BJ. Development of methods for body composition
studies. Phys Med Biol. 2006;51(13):R203-28.

81. Goodpaster BH, Thaete FL, Kelley DE. Thigh adipose tissue distribution is
associated with insulin resistance in obesity and in type 2 diabetes mellitus. Am J
Clin Nutr. 2000;71(4):885-92.

82. Goodpaster BH, Carlson CL, Visser M, et a. Attenuation of skeletal muscle
and strength in the elderly: The Health ABC Study. J Appl Physiol.
2001;90(6):2157-65.

83. Kelley DE, McKolanis TM, Hegazi RA, Kuller LH, Kalhan SC. Fatty liver in
type 2 diabetes mellitus: relation to regional adiposity, fatty acids, and insulin
resistance. Am J Physiol Endocrinol Metab. 2003;285(4):E906-16.

84. Prado CM, Lieffers JR, McCargar LJ, et a. Prevalence and clinical
implications of sarcopenic obesity in patients with solid tumours of the respiratory
and gastrointestinal tracts: a popul ation-based study. Lancet Oncaol.
2008;9(7):629-35.

85. Fearon KC, Barber MD, Moses AG, et a. Double-blind, placebo-controlled,
randomized study of el cosapentaenoic acid diester in patients with cancer
cachexia. J Clin Oncol. 2006;24(21):3401-7.

86. Bauer J, Capra S, Battistutta D, Davidson W, Ash S. Compliance with
nutrition prescription improves outcomes in patients with unresectabl e pancrestic
cancer. Clin Nutr. 2005;24(6):998-1004.

87. Mantovani G, Maccio A, Madeddu C, et a. Phase Il nonrandomized study of
the efficacy and safety of COX-2 inhibitor celecoxib on patients with cancer
cachexia. JMol Med. 2010;88(1):85-92.

31



88. Tisdale MJ. Cachexiain cancer patients. Nat Rev Cancer. 2002;2(11):862-71.

89. Dd Fabbro E, Baracos V, Demark-Wahnefried W, et al. In: Nutrition and the
Cancer Patient. Oxford University Press, 2010. New Y ork.

90. Wigmore SJ, Fearon KC, Maingay JP, Ross JA. Down-regulation of the
acute-phase response in patients with pancreatic cancer cachexiareceiving oral
el cosapentaenoic acid is mediated via suppression of interleukin-6. Clin Sci
(Lond). 1997;92(2):215-21.

91. Figueras M, Olivan M, Busguets S, Lopez-Soriano FJ, Argiles JM. Effects of
ei cosapentaenoic acid (EPA) treatment on insulin sensitivity in an animal model
of diabetes: improvement of the inflammatory status. Obesity (Silver Spring).
2011;19(2):362-9.

92. Gogos CA, Ginopoulos P, SdsaB, et a. Dietary omega-3 polyunsaturated
fatty acids plus vitamin E restore immunodeficiency and prolong survival for
severely ill patients with generalized malignancy: a randomized control trial.
Cancer. 1998;82(2):395-402.

93. Barber MD, Ross JA, Voss AC, Tisdale MJ, Fearon KC. The effect of an oral
nutritional supplement enriched with fish oil on weight-loss in patients with
pancreatic cancer. Br J Cancer. 1999;81(1):80-6.

94. Wigmore SJ, Barber MD, Ross JA, Tisdale MJ, Fearon KC. Effect of oral
el cosapentaenoic acid on weight loss in patients with pancreatic cancer. Nutr
Cancer. 2000;36(2):177-84.

95. Jatoi A, Rowland K, Loprinzi CL, et al. An eicosapentaenoic acid supplement
versus megestrol acetate versus both for patients with cancer-associated wasting:
aNorth Central Cancer Treatment Group and National Cancer Institute of Canada
collaborative effort. J Clin Oncol. 2004;22(12):2469-76.

96. Dewey A, Baughan C, Dean T, Higgins B, Johnson |. Eicosapentaenoic acid
(EPA, an omega-3 fatty acid from fish oils) for the trestment of cancer cachexia.
Cochrane Database Syst Rev. 2007(1):CD004597.

97. BrueraE, Strasser F, PAlmer JL, et a. Effect of fish oil on appetite and other
symptoms in patients with advanced cancer and anorexia/cachexia: a double-
blind, placebo-controlled study. J Clin Oncol. 2003;21(1):129-34.

98. Weed HG, Ferguson ML, Gaff RL, et a. Lean body mass gain in patients
with head and neck squamous cell cancer treated perioperatively with a protein-
and energy-dense nutritional supplement containing el cosapentaenoic acid. Head
Neck. 2010;33(7):1027-33.

99. Ryan AM, Reynolds JV, Healy L, et a. Enteral nutrition enriched with
eicosapentaenoic acid (EPA) preserves lean body mass following esophageal

32



cancer surgery: results of adouble-blinded randomized controlled trial. Ann Surg.
2009;249(3):355-63.

100. Dodesini AR, Benedini S, Terruzzi |, Sereni LP, Luzi L. Protein, glucose
and lipid metabolism in the cancer cachexia: A preliminary report. Acta Oncol.
2007;46(1):118-20.

101. Asp ML, Tian M, Wendel AA, Belury MA. Evidence for the contribution of
insulin resistance to the development of cachexiain tumor-bearing mice. Int J
Cancer. 2010;126(3):756-63.

102. McNamaraMJ, Alexander HR, Norton JA. Cytokines and their rolein the
pathophysiology of cancer cachexia. JPEN J Parenter Enteral Nutr. 1992;16(6
Suppl):50S-55S.

103. Magee P, Pearson S, Allen J. The omega-3 fatty acid, eicosapentaenoic acid
(EPA), prevents the damaging effects of tumour necrosis factor (TNF)-alpha
during murine skeletal muscle cell differentiation. Lipids Health Dis. 2008;7:24.

104. XueH, Sawyer MB, Field CJ, Dieleman LA, Baracos VE. Nutritional
modulation of antitumor efficacy and diarrhea toxicity related to irinotecan
chemotherapy in rats bearing the ward colon tumor. Clin Cancer Res.
2007;13(23):7146-54.

105. Bougnoux P, Hajjajii N, Maheo K, Couet C, Chevalier S. Fatty acids and
breast cancer: sensitization to treatments and prevention of metastatic re-growth.
Prog Lipid Res. 2010;49(1):76-86.

106. Klastersky J, Paesmans M. Response to chemotherapy, quality of life
benefits and survival in advanced non-small cell lung cancer: review of literature
results. Lung Cancer. 2001;34 Suppl 4:S95-101.

107. Depierre A, Chastang C, Quoix E, et al. Vinorelbine versus vinorelbine plus
cisplatin in advanced non-small cell lung cancer: arandomized trial. Ann Oncol.
1994;5(1):37-42.

108. Kély K, Crowley J, Bunn PA, Jr., et a. Randomized phase I11 trial of
paclitaxel plus carboplatin versus vinorelbine plus cisplatin in the treatment of
patients with advanced non--small-cell lung cancer: a Southwest Oncology Group
trial. J Clin Oncol. 2001;19(13):3210-8.

109. Schiller JH, Harrington D, Belani CP, et al. Comparison of four
chemotherapy regimens for advanced non-small-cell lung cancer. N Engl J Med.
2002;346(2):92-8.

110. Pujol JL, Barlesi F, Daures JP. Should chemotherapy combinations for
advanced non-small cell lung cancer be platinum-based? A meta-analysis of phase
[l randomized trials. Lung Cancer. 2006;51(3):335-45.

33



111. Sirohi B, Ashley S, Norton A, et a. Early response to platinum-based first-
line chemotherapy in non-small cell lung cancer may predict survival. J Thorac
Oncol. 2007;2(8):735-40.

112. Smit EF, Mattson K, von Pawel J, et d. ALIMTA (pemetrexed disodium) as
second-line treatment of non-small-cell lung cancer: aphase Il study. Ann Oncaol.
2003;14(3):455-60.

113. FossdllaFV, DeVore R, Kerr RN, et al. Randomized phase 111 trial of
docetaxel versus vinorelbine or ifosfamide in patients with advanced non-small-
cell lung cancer previously treated with platinum-containing chemotherapy
regimens. The TAX 320 Non-Small Cell Lung Cancer Study Group. J Clin Oncol.
2000;18(12):2354-62.

114. HannaN, Shepherd FA, FossellaFV, et a. Randomized phase I11 tria of
pemetrexed versus docetaxel in patients with non-small-cell lung cancer
previoudly treated with chemotherapy. J Clin Oncol. 2004;22(9):1589-97.

115. Kaizer L, Boyd NF, Kriukov V, Tritchler D. Fish consumption and breast
cancer risk: an ecological study. Nutr Cancer. 1989;12(1):61-8.

116. Terry P, Lichtenstein P, Feychting M, Ahlbom A ,Wolk A. Fatty fish
consumption and risk of prostate cancer. Lancet. 2001;357(9270):1764-6.

117. Augustsson K, Michaud DS, Rimm EB, et a. A prospective study of intake
of fish and marine fatty acids and prostate cancer. Cancer Epidemiol Biomarkers
Prev. 2003;12(1):64-7.

118. Hardman WE, Avula CP, Fernandes G, Cameron IL. Three percent dietary
fish oil concentrate increased efficacy of doxorubicin against MDA-MB 231
breast cancer xenografts. Clin Cancer Res. 2001;7(7):2041-9.

119. Yam D, Peled A, Shinitzky M. Suppression of tumor growth and metastasis
by dietary fish oil combined with vitamins E and C and cisplatin. Cancer
Chemother Pharmacol. 2001;47(1):34-40.

120. Hardman WE, Moyer MP, Cameron IL. Fish oil supplementation enhanced
CPT-11 (irinotecan) efficacy against MCF7 breast carcinoma xenografts and
ameliorated intestinal side-effects. Br J Cancer. 1999;81(3):440-8.

121. Jordan A, Stein J. Effect of an omega-3 fatty acid containing lipid emulsion
alone and in combination with 5-fluorouracil (5-FU) on growth of the colon
cancer cell line Caco-2. Eur J Nutr. 2003;42(6):324-31.

122. XueH, LeRoy S, Sawyer MB, et a. Single and combined supplementation

of glutamine and n-3 polyunsaturated fatty acids on host tolerance and tumour
response to 7-ethyl-10-[4-(1-piperidino)-1-piperidino] carbonyloxy-camptothecin

34



(CPT-11)/5-fluorouracil chemotherapy in rats bearing Ward colon tumour. Br J
Nutr. 2009;102(3):434-42.

123. Germain E, Bonnet P, Aubourg L, et al. Anthracycline-induced cardiac
toxicity is not increased by dietary omega-3 fatty acids. Pharmacol Res.
2003;47(2):111-7.

124. Shaikh IA, Brown I, Schofield AC, Wahle KW, Heys SD. Docosahexaenoic
acid enhances the efficacy of docetaxel in prostate cancer cells by modulation of
apoptosis: the role of genes associated with the NF-kappaB pathway. Prostate.
2008;68(15):1635-46.

125. Hardman WE, Moyer MP, Cameron IL. Consumption of an omega-3 fatty
acids product, INCELL AAFA, reduced side-effects of CPT-11 (irinotecan) in
mice. Br J Cancer. 2002;86(6):983-8.

126. Gomez de SeguralA, Vaderrabano S, Vazquez |, et a. Protective effects of
dietary enrichment with docosahexaenoic acid plus protein in 5-fluorouracil-
induced intestinal injury in therat. Eur J Gastroenterol Hepatol. 2004;16(5):479-
85.

127. Read JA, Beale PJ, Volker DH, et a. Nutrition intervention using an

el cosapentaenoic acid (EPA)-containing supplement in patients with advanced
colorectal cancer. Effects on nutritional and inflammatory status: a phase Il trial.
Support Care Cancer. 2007;15(3):301-7.

128. Biondo PD, Brindley DN, Sawyer MB,Field CJ. The potential for treatment
with dietary long-chain polyunsaturated n-3 fatty acids during chemotherapy. J
Nutr Biochem. 2008;19(12):787-96.

129. Baracos VE, Mazurak VC, MaDW. n-3 Polyunsaturated fatty acids
throughout the cancer trgjectory: influence on disease incidence, progression,
response to therapy and cancer-associated cachexia. Nutr Res Rev.
2004;17(2):177-92.

130. Colas S, Germain E, Arab K, et a. Alpha-tocopherol suppresses mammary
tumor sensitivity to anthracyclinesin fish oil-fed rats. Nutr Cancer.
2005;51(2):178-83.

131. Bougnoux P, Germain E, ChajesV, et a. Cytotoxic drugs efficacy correlates
with adipose tissue docosahexaenoic acid level in locally advanced breast
carcinoma. Br J Cancer. 1999;79(11-12):1765-9.

132. Bauer JD, Capra S. Nutrition intervention improves outcomes in patients

with cancer cachexia receiving chemotherapy--a pilot study. Support Care
Cancer. 2005;13(4):270-4.

35



133. Bureyko T, Hurdle H, Metcalfe JB, Clandinin MT, Mazurak V C. Reduced
growth and integrin expression of prostate cells cultured with lycopene, vitamin E
and fish oil in vitro. Br J Nutr. 2009;101(7):990-7.

134. Menendez JA, Lupu R, Colomer R. Exogenous supplementation with
omega-3 polyunsaturated fatty acid docosahexaenoic acid (DHA; 22:6n-3)
synergistically enhances taxane cytotoxicity and downregulates Her-2/neu (c-
erbB-2) oncogene expression in human breast cancer cells. Eur J Cancer Prev.
2005;14(3):263-70.

135. Vibet S, Maheo K, Gore J, et d. Differentia subcellular distribution of
mitoxantrone in relation to chemosensitization in two human breast cancer cell
lines. Drug Metab Dispos. 2007;35(5):822-8.

136. Maheo K, Vibet S, Steghens JP, et al. Differential sensitization of cancer
cellsto doxorubicin by DHA: arole for lipoperoxidation. Free Radic Biol Med.
2005;39(6):742-51.

137. Narayanan BA, Narayanan NK, Simi B, Reddy BS. Modulation of inducible
nitric oxide synthase and related proinflammatory genes by the omega-3 fatty acid
docosahexaenoic acid in human colon cancer cells. Cancer Res. 2003;63(5):972-
9.

138. Zhao Y, Joshi-Barve S, Barve S, Chen LH. Eicosapentaenoic acid prevents
LPS-induced TNF-alpha expression by preventing NF-kappaB activation. JAm
Coll Nutr. 2004;23(1):71-8.

139. DasUN, Madhavi N, Sravan Kumar G, Padma M, Sangeetha P. Can tumour
cell drug resistance be reversed by essential fatty acids and their metabolites?
Prostaglandins Leukot Essent Fatty Acids. 1998;58(1):39-54.

140. Abulrob AN, Mason M, Bryce R, Gumbleton M. The effect of fatty acids
and analogues upon intracellular levels of doxorubicin in cells displaying P-
glycoprotein mediated multidrug resistance. J Drug Target. 2000;8(4):247-56.

141. Chiu LC, Wan JM. Induction of apoptosisin HL-60 cells by
el cosapentaenoic acid (EPA) is associated with downregulation of bcl-2
expression. Cancer Lett. 1999;145(1-2):17-27.

142. ShirotaT, Hgji S, Yamasaki M, et a. Apoptosisin human pancreatic cancer
cellsinduced by eicosapentaenoic acid. Nutrition. 2005;21(10):1010-7.

36



CHAPTER 2: Research plan
2.1 Rationale

Loss of weight, muscle and adipose tissue are commonly observed in
patients with lung cancer and result in poor response to chemotherapy and shorter
survival (1,2). Thereisalso evidence of depletion of plasma PL EPA and DHA
(3,4), which may further decline following chemotherapy (3). The consequences
of deficits of EPA and DHA are poorly defined but may be associated with loss of
muscle and adipose tissue (5,6). Thus, supplementation of fish oil containing
EPA and DHA could be expected to attenuate loss of muscle and adipose tissue.
Experimental studies have reported that fish oil may also improve chemotherapy
efficacy (7,8), which could have alarge impact in patients with lung cancer given
the low efficacy of current chemotherapy regimens (9). However, research in
animal models of lung cancer are limited and only 1 clinical trial assessing the

effect of fish oil as an adjuvant to chemotherapy has been conducted (10).

2.2 Objectivesand Hypotheses

Investigated in Chapter 3: Aberrationsin plasma phospholipid fatty acidsin
newly diagnosed non-small cell lung cancer patients

The objective was to characterize the plasma PL fatty acid profile of NSCLC
patients before, during and following first-line platinum based chemotherapy.
The secondary objective was to identify potential causes of aberrations in plasma

PL fatty acids. It was hypothesized that plasma PL EPA and DHA are low near
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diagnosis, decrease further during chemotherapy and do not recover following

completion of treatment.

Investigated in Chapter 4: Skeletal muscle depletion isassociated with
reduced plasma n-3 fatty acidsin non-small cell lung cancer patients

The objective was to determine whether physiological concentrations of plasma
PL fatty acids and particularly EPA and DHA are related to sarcopenia, change in
muscle and adipose tissue in NSCLC patients. It was hypothesized that plasma
PL EPA and DHA are reduced in patients with sarcopenia and associated with

accelerated loss of muscle and adipose tissue.

Investigated in Chapter 5: Nutritional intervention with fish oil providesa
benefit over standard of care on weight and skeletal muscle massin non-
small cell lung cancer patientsreceiving chemother apy

The objective was to determine the capacity of supplementation with fish oil to
attenuate loss of weight, skeletal muscle and adipose tissue during chemotherapy
in NSCLC patients and compare thisto NSCLC patients receiving standard of
care (no intervention). The secondary objectives were to determine the effect of
fish oil supplementation on nutritional status, symptoms and quality of life and
identify cytokines which contribute to muscle and/or adipose tissue loss. It was
hypothesized that supplementation with fish oil provides a benefit over standard

of care; resulting in attenuation of weight, muscle and adipose tissue losswhich is
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mitigated in part via a decrease in catabolic cytokines. It isaso expected that fish

oil supplementation will improve nutritional status, symptoms and quality of life.

Investigated in Chapter 6: Supplementation with fish oil increasesfirst-line
chemother apy efficacy in patients with advanced non-small cell lung cancer
The objectives were to determine whether supplementation with fish oil in
advanced NSCL C improves efficacy of first-line platinum based doubl et
chemotherapy (reduction in tumour/metastases) compared to standard of care and
evaluate the effect of supplementation with fish oil on chemotherapy toxicity.
The secondary objective was to determine the effect of supplementation with fish
oil on survival. It was hypothesized that fish oil provides a benefit over standard
of care; resulting in improved chemotherapy efficacy and survival without

affecting chemotherapy toxicity.

The research presented in this thesisis from two contemporary trials: a descriptive
study of fatty acids and body composition in patients receiving standard of care
(SOC; no intervention) and an open label trial of fish oil supplementation. The
studies had the same inclusion/exclusion criterion and the same study measures
(with the exception of the PG-SGA, ESAS and FAACT which were only
administered in the fish oil trial). Both studies began accrual in August 2007.
However, the fish oil trial was closed several months later due to difficulties with
patient accrual. The trial was re-designed and opened to accrual again in May

2008. Both studies closed to accrua in November 2009. Recruitment details are
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provided in Chapter 3 and 5. Briefly, patients indicated interest in available
nutritional studies and were approached about participation for studies of interest.
If patients indicated interest in both studies, they were approached first for the fish
oil trial. The patient cohorts presented in each chapter vary according to the

objectives outlined in the chapter and are summarized in Figure 2-1.
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Figure 2-1: Overview of patient cohorts presented in each thesis chapter

Fish oil Standard of
care

Completed
study

Chapter 6: palliative standard
of care and taking fish oil with
a CT image + 45 days of
starting chemotherapy, n=31
and n=15

n=25

CD—

AT

Chapter 5: standard of care and
patients taking fish oil with a CT
image (for body composition
analysis) + 45 days of starting
and completing chemotherapy,
n=24 and n=16

Chapter 3: standard of
care patients with 21
blood draw (for PL fatty
acid analysis), n=50

Chapter 4: standard of care
patients with a blood draw
within 14 days of a CT
image, n=35 and n=31 with a
blood draw and 2 CT images
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CHAPTER 3: Aberrhationsin plasma phospholipid fatty acidsin non-small
cell lung cancer patients

3.1 Introduction
In advanced cancer, metabolism of nutrients may differ from healthy individuals.
Abnormalitiesin lipid metabolism, including increased lipolysis (1) and oxidation
of free fatty acids (2) have been observed in advanced cancer. These
abnormalities have been implicated in the pathogenesis of tissue wasting (3) and
thus may contribute to the poor prognosis which accompanies weight loss (4).
Plasma phospholipids (PL) reflect the metabolism of endogenous and dietary fatty
acids and contain the mgjority of n-6 and n-3 fatty acidsin blood. As such, fatty
acid compositions of plasma PL have been used as indices of dietary intake and
fatty acid status in avariety of conditions (5-7).

Severa studiesin cancer patients have reported aterationsin PL n-3 and
n-6 fatty acids compared to healthy individuals (8-11). In general, decreased
arachidonic acid (ARA, 20:4n-6), eicosapentaenoic acid (EPA, 20:5n-3) and
docosahexaenoic acid (DHA, 22:6n-3) have been observed in parallel with
elevated n6:n3 ratios. The observed differences were independent of total caloric
intake and total fat intake (11). Total PL and phosphatidylcholine which isthe
main constituent of membrane PL, were aso found to be reduced with advanced
stage and aggressive cancers (12), likely due to higher phosphatidylcholine
consumption and turnover by tumor cells (13). However, the relationship
between advanced disease and individual plasma lipids has only been explored in
one study which reported that EPA and DHA concentrations may be further

reduced in advanced stage and aggressive forms of non-Hodgkin lymphoma (12).
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The causes of the aberrations in n-6 and n-3 fatty acid metabolism are
unclear. Chemotherapy may contribute to depletion of n-6 and n-3 (11), but low
n-3 and n-6 fatty acids have also been observed in the absence of any type of anti-
neoplastic therapy (8,12). The consequences of depletion of plasman-3 and n-6
fatty acids are largely unknown but could be expected to affect the availability of
these fatty acids which are delivered to tissues for immune function, tissue repair
and other physiological processes. This notion is supported by observations of
concurrent losses of plasmafatty acids (including n-3 and n-6 fatty acids), skeletal
muscle and adipose tissue in advanced cancer patients (14).

Although the literature on fatty acidsin cancer islimited, collectively it
suggests the existence of a deficiency or imbalance of n-6 and n-3 fatty acids and
possibly an increased requirement of n-3 fatty acids. Identification of the causes
or the time in the course of disease progression and treatment that this evolves
may be important for planning effective and timely nutritional intervention. The
objectives of this study are to systematically assess fatty acids before, during and
following chemotherapy treatment in patients with lung cancer, with a particular
emphasis on n-3 and n-6 fatty acids. Factors which may potentialy influence
amounts of n-3 and n-6 fatty acids will also be determined.

3.2 Methods
3.2.1 Study design

This study was approved by the Alberta Cancer Research Ethics board as a

minimal risk study (chart review, no intervention). All patients were recruited

from the lung new patient clinic at the Cross Cancer Institute (Edmonton, Alberta,



Canada) between August 2007 and November 2009 and were followed for >1.5
years. The Cross Cancer Institute is the major cancer center for al of Northern
Alberta (population 1.8 million) and sees >95% of referrals for consideration of
treatment with chemotherapy or radiation therapy. Newly referred patients with
lung cancer attend amedica oncology clinic. At clinic, patients are given a
handout that briefly describes available nutritional studies and patients are asked
to indicate interest (Figure 3-1). Patient response informs investigators who to
approach regarding participation in research studies. Patientsin this study were
accrued with the purpose of detailing changes in fatty acids during chemotherapy
and the potential this has on clinical outcomes. However, following amendments
to the study design of a contemporary trial of fish oil supplementation (see
Appendix 2) in the same patient population (lung cancer patients receiving
chemotherapy), patients also served as a control group (standard of care, no
intervention) for a study which examined the effect of fish oil supplementation on
body composition (15) and chemotherapy efficacy (16).
3.2.2 Patient population, demographics and anthropometrics

Patients with a histologically confirmed diagnosis of non-small cell lung
cancer wereincluded in thisstudy. This patient population was chosen because a
high proportion of patients with lung cancer experience malnutrition (17). This
study was open to all stages of lung cancer to facilitate enrollment and also
because the complementary fish oil intervention study was focused on early
intervention to prevent muscle loss and thus included patients with early stage

disease. Additional inclusion criteriawere: >18 years of age, no gastrointestinal
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tumours, able to maintain oral intake, naive to chemotherapy and able to provide
written, informed consent. Since this study was focused on change in fatty acids
during chemotherapy, patients were only approached for study participation if
they were referred for first-line chemotherapy treatment of either curative or
palliative intent based on standard practice specifically agreed upon as Clinical
Practice Guidelines by the Alberta Provincial Lung Tumour Group.

Stage of disease was based on the American Joint Committee on Cancer
stage groupings, I, 11, 111, and IV (18). Height was measured by a stadiometer and
weight was measured using a medical balance beam scale at baseline, throughout
chemotherapy and following completion of chemotherapy (end of study period).
Height and weight were used to compute body mass index (BMI) (kg/m?). World
Health Organization (19) categories were used to classify patients as:
underweight, BMI <18.5; normal, BMI 18.5-24.9; overweight BMI 25-29.9; or
obese BMI = 30. Self-reported weight loss history was obtained from medical
records or the Patient Generated Subjective Global Assessment (PG-SGA) (20)
which is completed by patients at their first clinic visit. Eastern Cooperative
Oncology Group Performance Status (ECOG PS) was assessed by an oncologist:
O=fully active, able to carry on all pre-disease performance without restriction;
1=restricted in physically strenuous activity but ambulatory and able to carry out
work of alight or sedentary nature, e.g., light house work, office work;
2=ambulatory and capable of all self-care but unable to carry out work activities.

Up and about more than 50% of waking hours; 3=capable of only limited self-
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care, confined to bed or chair more than 50% of waking hours; 4=completely
disabled, cannot carry on any self-care, totally confined to bed or chair (21).
Chemotherapy treatment

All patients were seen in consultation for treatment with standard first-line
chemotherapy. At our cancer center, chemotherapy for NSCLC consists of
platinum based doublet chemotherapy with cisplatin or carboplatin in
combination with vinorelbine or gemcitabine. This chemotherapy regimenis
typically administered on a 3-week cycle for 2 cycles, after which disease
response (change in size of tumour or metastases) is assessed with x-ray or
computed tomography (CT) imaging. If thereis disease response (stable disease
or partia response) chemotherapy is continued for 4 cycles, otherwise
chemotherapy is stopped. The end of study was considered to be akin to
compl etion/the end of chemotherapy as this coincided with the last study blood
draw. For the group that had follow-up blood draws, the end of study was still
considered to be the end of chemotherapy.
3.2.3 Lipid extraction and phospholipid separation

Blood (12mL) was drawn into a heparin tube by a Registered Nurse prior
to starting chemotherapy (baseline), prior to each 3 week cycle of chemotherapy
and 1 month following chemotherapy whenever patients continued to be followed
at the Cross Cancer Institute. To minimize patient burden, blood draws were
arranged to coincide with routine blood work that was ordered as part of the

chemotherapy protocol.
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Blood was centrifuged, plasmawas isolated and immediately frozen at -
80°C until analysis. Fatty acids were extracted from plasma using a modified
Folch method (22), which is considered the standard for lipid extraction and is
widely used in research (23-25). Plasmawas thawed and 50pL from each sample
was transferred to methylation tubes. Total lipid was extracted using 2mL
chloroform/methanol (2:1, by volume) and 400uL calcium chloride (0.25%).
Samples were then stored for 12 hours at 4°C to separate. The lower phase lipid
was extracted and samples were further washed with 1mL
chloroform/methanol/water (86:14:1, v/v) solution. The lower phase lipid was
extracted again and pooled with the previous extract. Samples were dried with
nitrogen gas (N2) and re-suspended in 200uL of chloroform. Extracted lipid were
applied in duplicate (100uL per lane) onto pre-coated silica gel “G” thin layer
chromatography plates (Analtech, Newark, DE, USA) that had been heat
activated at 110°C for 1 hour. Plates were then developed at room temperature in
solvent tanks containing a petroleum ether/ethyl ether/acetic acid solution
(80:20:1, by volume) for approximately 45 minutes to separate individual fatty
acid classes. phospholipid (PL), cholesteral, triglyceride and cholesterol ester(26).
Plates were sprayed with 0.1% aniline naphthalene sulfonic acid and the bands
were identified under UV light. The triglyceride and cholesterol ester bands were
scraped into test tubes, dried with Noand stored at -80°C for future analysis. The
PL band was scraped into test tubes, 50uL of C17:0 (10.2mg/100mL; Supelco,
Bellefonte, PA, USA; Sigma Chemical, St. Louis, MO, USA) was added as an

internal standard followed by 2mL of hexane and 1mL boron trifluoride. Samples



were methylated for 1 hour at 110°C after which tubes were cooled at room
temperature for 1 hour. Once cool, ImL of distilled water was added into each
test tube and tubes were stored at 4°C for 12 hours. The top phase was transferred
Into gas chromatography vials, dried with Ny, re-suspended in 50uL of pure
hexane and transferred into a glass insert inside the gas chromatography vial.
Samples were stored at -80°C until analysis by gas chromatography.
3.2.4 Quantification of fatty acid composition

Plasma PL fatty acid composition was determined using gas liquid
chromatography (Varian 3900CX Gas Chromatograph) equipped with aflame
ionization detector, autosampler and 30 meter BP-20 fused capillary column
(SGE Instruments Australia). The flow rate of helium gas was 1.8 mL/min with
oven, injector and detector temperatures of 150°C, 190°C and 220°C, respectively
(27). Peaks of saturated (SFA), monounsaturated (MUFA) and polyunsaturated
(PUFA) fatty acids between 6 and 24 carbon chain lengths were identified by
comparison with the C17:0 standard peak. PL Fatty acid amounts were cal cul ated
using the area peak of the internal standard and expressed as ug/mL (6). The
lower limit of detection was ~0.20ug/mL or ~0.10% when expressed as a
proportion of total PL fatty acids. An acceptable level of variation between
duplicates was set at 5%. Mean fatty acid amounts were calculated from
duplicates, otherwise individual samples were re-run using gas liquid
chromatography (~5% of total samples) or failing that, lipid extraction and PL

isolation was repeated from the original sample (<5% of total samples). A random
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selection of 15 samples were run twice on the gas chromatograph on separate
days and had a co-efficient of variation ~3%.
3.2.5 Statistical analysis

Data are reported as mean + standard deviation (SD). Two sample t-tests,
Chi-square or Fischer’s exact test were used to compare groups as appropriate.
All tests were two-sided. Repeated measures analysis of variance (ANOV A) with
Bonferonni post-hoc comparisons was used to compare changes in fatty acids
from baseline to end of study. Significance was reported at levels of
P<0.05.Statistical analysis was completed using SPSS for Windows (version 18.0,
SPSS, Chicago, IL).
3.3 Results
3.3.1 Patient population

Overall, 60 patients were accrued, 50 received at least a baseline blood
draw and 42 patients had more than 1 blood draw. Patients who received at |east
abaseline blood draw were included in this analysis. The number of patients who
consented but were subsequently withdrawn is areflection of the patient
population: the magjority of our patients had advanced staged disease and
symptoms which impacted upon performance status and their ability to tolerate
chemotherapy.

The majority of patients (87.5%) received cisplatin or carboplatin with
vinorelbine, 6.25% received adjuvant cisplatin/etoposide (stage I11A) with
concurrent radiation and 6.25% received carboplatin with gemcitabine. Patient

demographics and anthropometrics at baseline are shown in Table 3-1. Despite
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generally advanced disease, patients had heavy body weights and minimal history
of weight loss. Patients had an average of 2 comorbid conditions. The most
common were conditions were hypertension (44%), chronic obstructive
pulmonary disease (20%) and hyperlipidemia/hyperchol esterolemia (18%).
Median survival was not calculated as only 2/3 of patients were deceased at date
of censorship (April 2011).
3.3.2 Plasma phosphalipid fatty acids at baseline

At baseline, total plasma PL ranged widely (655 + 228ug/mL). To
examine potential sources of this variation, patients were divided into groups
based upon stage of disease and visceral metastases as these factors have been
suggested to influence plasma PL fatty acids (12,24). Patients with advanced
stage lung cancer (111 and IV) were not different for age, gender, or BMI
compared to patients with early stage (I and 11) lung cancer but they had lower
total fatty acids and alterations in the composition of fatty acids (Table 3-2).
There were no differences in fatty acid amounts between patients with liver
metastases and patients with advanced disease without liver metastases (Table 3-
3).
3.3.3 Plasma phosphalipid fatty acids during chemotherapy

During the course of the study two clear groups emerged: patients who
received afull course of chemotherapy (= 4 cycles) and patients who stopped
chemotherapy (<4 cycles) dueto either disease progression or toxicities. The
mean duration of chemotherapy was 80.1 + 16.9d in the group that received > 4

cycles and 50.1 +20.5d in the group that received <4 cycles of chemotherapy.
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The groups were similar for age, BMI and gender, however only 3 patientsin the
<4 group had early stage disease (13%) compared to 8 patientsin the > 4 (30%).
Since our results suggest an effect of early vs. late stage disease on fatty acids,
this comparison was limited to patients with advanced stage disease (=13 in <4
group and n=19 >4 group).

There were no changesin fatty acids from baseline to end of
chemotherapy in patients who received = 4 cycles of chemotherapy (Table 3-4).
Conversdly, patients who received <4 cycles of chemotherapy had lower linoleic,
n-6 fatty acids, PUFA and total fatty acids at the end of chemotherapy compared
to baseline and atrend towards lower AA, DHA, n-3, SFA and MUFA (Table 3-
4). Comparison of fatty acids at the end of chemotherapy between groups
revealed no differences except for atrend towards lower EPA in the <4 cycles
group (4.0 £ 2.8ug/mL versus 6.3 = 4.1ug/mL; P=0.09).

3.3.4 Plasma phospholipid fatty acids following chemother apy

Of the patients who received = 4 cycles of chemotherapy, a subgroup of
17 patients had a follow-up blood draw 1 month following study and
chemotherapy completion (38.1 + 20.2d). In this group there were no significant
differencesin individua fatty acids, classes of fatty acids (n-3, n-6, SFA, MUFA
and PUFA) or total fatty acids from baseline to follow-up or from end of study to
follow-up. The mean amount of SFA, MUFA and PUFA at each time point is

shown in Figure 3-2.
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3.4 Discussion

Thefatty acid profile of patients with cancer is not well characterized due
to alimited number of studiesin patients with heterogeneous tumour types. Here
we provide a comprehensive assessment of plasma PL fatty acidsin amajor
tumour group prior to, throughout and following chemotherapy treatment. Using
this approach, we demonstrate that patients with advanced stage lung cancer have
alterations in fatty acid composition near diagnosis. Patients had lower n-3 and n-
6 fatty acids compared to patients with early stage disease, which is similar to
what has been reported in neutrophil PL of patients with advanced cancer (11)
and serum PL in non-Hodgkin lymphoma (12). Patients with advanced cancer
also had lower SFA and total amounts of PL compared to patients with early stage
disease. Alterationsin plasmaPL SFA and tota fatty acids have been
infrequently reported in the literature and the significance and etiology of these
changesisunclear. Liver metastases did not appear to be a contributing factor.
Medications taken for comorbid conditions could affect fatty acids as statins,
fibrates and beta blockers affect lipid levels and are prescribed for the treatment
of hypertension and hyperlipidemiawhich were prevalent in our patient
population. However, we were not privy to medication details (manufacturer,
dose and frequency) and our sample size limited sub group analyses. Proximity to
death may also bein part responsible for the observed differences in fatty acids
between early and advanced stage patients. Although, survival was not assessed,

it is expected that advanced stage patients have shorter survival compared to
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patients with stage | and 11 disease, and decreased amounts of fatty acids have
been observed near death (14).

Plasma PL fatty acid composition reflects dietary fatty acids (28). Thus, it
IS possible that alterations in the amount of individua plasma PL fatty acids may
be due to changesin dietary intake. Asthis study was descriptive in nature, we
did not collect detailed information on dietary intake which limits our
interpretation of our results. However, dietary intake alone cannot explain our
results as intake would be expected to change the composition of fatty acids but
not the amount of fatty acids. Put simply, the low amounts of total fatty acids that
we observed in patients with advanced stage lung cancer cannot be attributed to
diet.

Loss of fatty acidsis progressive, with further decreases from baselinein
patients who received <4 cycles of chemotherapy. Of interest, change in n-3 fatty
acids during chemotherapy appears to be minimal, with only atrend towards
lower n-3 fatty acids and DHA and no changein EPA. The fatty acid profile of
advanced cancer patients from our cancer center which has been previously
published was used to provide aframe of reference (14). EPA, DHA and n-3
fatty acids at the end of study in the <4 cycles group, were the only fatty acids that
were comparable to amounts observed in patients <8 months from death (Table 3-
5). The amounts of all other fatty acids were in the range of or appeared greater
than fatty acids reported in patients >8 months from death. This may suggest that
loss of n-3 fatty acids precedes depletion of other classes of fatty acids. However,

this hypothesis needs to be tested in larger populations.



It seems possible that depletion of fatty acids is related to either indirect or
direct effects of chemotherapy treatment. Low levels of both n-6 and n-3 fatty
acidsin plasma PL have been observed in advanced breast cancer following
induction chemotherapy, with further declines following high dose chemotherapy
(11). Disturbancesin the gastrointestinal tract and poor food intake resulting
from chemotherapy may affect the availability, absorption and metabolism of
fatty acids (29). This may explain why patients who stopped chemotherapy due
to toxicity (<4 cycles group) had lower fatty acids following chemotherapy.
Alternatively, the change in fatty acids may have been related to disease control.
Patients who received afull course of chemotherapy and thus stable disease or
reduced tumour burden, had little variation in amounts of fatty acids throughout
chemotherapy. Conversely patients with progressive disease (<4 cycles) lost fatty
acids. Given the short disease trgectory of advanced lung cancer, this hypothesis
could be tested by following patients with stable disease until the point of disease
progression and quantifying fatty acids throughout this time period.

Thisisthefirst study to document changesin fatty acids following
completion of chemotherapy. This research shows that fatty acids continue to be
stable in patients who received all planned chemotherapy. Unfortunately, we
were unable to obtain follow-up blood samples from patients who received <4
cycles of chemotherapy, as the majority were lost to follow-up. Thusit is not
known whether the loss of fatty acids observed in this group is an immediate or

long lasting effect.
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3.5 Conclusion

This research shows that loss of fatty acidsis prevalent, progressive and
possibly influenced by chemotherapy treatment, stage of disease and disease
control (stable versus progressive). Larger studies which account for these
variables and follow patients over alonger period of time would help to define

these relationships further.
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Tables

Table 3-1: Baseline patient demogr aphics and anthropometrics

Men Women P
Total, n (%) 19 (38.0) 31 (62.0)
Age, years 67+6.2 61+ 9.0 0.03
Stage
I & 11, n (%) 4(21.1) 7(21.2) 1.00
& 1V, n (%) 15 (78.9) 26 (78.8)
Histology
Adenocarcinoma 13 (68.4) 22 (71.0)
Squamous 3(15.8) 3(9.7)
Adenosquamous 0 1(3.2
Large cdll 2 (10.5) 0
Poorly differentiated 1(5.3 5(16.1)
Body mass index, kg/m* 28.7+53 265+ 54 0.17
range 18.8-43.3 17.0-39.0
% month weight loss history, % -1.3+3.2 -23+38 0.39
ECOG PS, range 0-2 0-2

Mean + SD, two sample t-test, Chi-square or Fischer’s exact test. *Data not
available for 3 patients. Abbreviations: ECOG PS, Eastern Cooperative Oncology

Group performance status.
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Table 3-2: Baseline plasma PL fatty acids (ug/mL) in patientswith early vs.
advanced stage disease

Stagel & |1 Stagelll & IV P

Total, n 12 38

LA (18:2n-6) 155+ 384 120 + 44.8 0.02
ALA (18:3n-3) 16+16 13+10 0.43
AA (20:4n-6) 76.1+ 234 594+ 259 0.05
EPA (20:5n-3) 10.3+ 3.7 55+4.8 0.002
DHA (22:6n-3) 18.1+4.8 135+ 7.0 0.04
>n-6 268 + 63.7 204+ 72.8 0.009
2n-3 29.7+7.6 219+ 123 0.05
2SFA 385 + 68.0 294 + 116 0.01
>MUFA 110+ 194 94.5 + 38.7 0.19
2PUFA 299 + 68.8 233+ 89.6 0.02
Total pg/mL 772 + 166 600 + 208 0.01

Mean £ SD, two samplet-test. Abbreviations: LA linoleic acid, ALA a-linolenic
acid, AA arachidonic acid, EPA eicosapentaenoic acid, DHA docosahexaenoic
acid, SFA saturated fatty acids; MUFA monounsaturated fatty acids, PUFA

polyunsaturated fatty acids.
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Table 3-3: Basdline plasma PL fatty acids (ug/mL) in patientswith liver

metastases ver sus advanced stage disease without liver metastases

No liver Liver metastases P
metastases

Total, n 28 11

LA 119+ 40.2 123+ 53.6 0.77
ALA 1.3+1.0 12+11 0.81
AA 57.7+27.1 63.4+ 225 0.53
EPA 57+4.7 51+5.0 0.71
DHA 13.2+7.2 13.4+75 0.94
>n-6 202 + 71.7 209+ 75.2 0.78
>n-3 21.8+13.4 21.2+10.8 0.89
>SFA 290 + 103 304 + 138 0.71
>MUFA 91.8+37.4 102 +41.1 0.44
>PUFA 226 + 82.5 249 + 101 0.45
Total ug/mL 600+ 207 598 + 205 0.98

Mean + SD, two samplet-test. Abbreviationsare asin Table 3-2.
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9g

Table 3-4: Changein plasma PL fatty acids (ug/mL) from baselineto end of study

<4 cycles chemother apy > 4 cycles chemotherapy
Total, n 13 18
Baseline End of study P Baseline End of study P

LA 127 + 58.5 102 + 63.2 0.04 121+ 35.3 118 + 46.4 0.71
ALA 1.0£0.9 1.3+£1.0 0.31 1.6+11 1.6+0.9 0.99
AA 62.9 + 33.0 512+ 37.2 0.09 57.0+21.7 54.7+25.2 0.59
EPA 53+4.9 40+28 0.35 59+5.1 6.3+4.1 0.65
DHA 14.4+9.0 11.5+10.2 0.11 132+59 128+ 59 0.77
2n-6 215+ 994 173+ 99.2 0.03 202 +£53.4 198 + 68.0 0.78
>n-3 21.5+13.1 16.9+ 125 0.10 23.2+129 222+ 105 0.71
2SFA 298 + 132 251 + 142 0.10 277 £ 81.7 282 + 103 0.79
>MUFA 91.8+48.3 81.5+53.1 0.16 93.0+28.2 86.5+ 27.3 0.37
ZPUFA 237 £ 110 194 + 117 0.05 227 £ 62.3 219+ 77.0 0.63
Total pg/mL 623 + 283 513 + 285 0.05 593 + 156 589 + 184 0.88

Mean + SD, repeated measures ANOV A with Bonferonni post-hoc comparisons. Abbreviations are asin Table 3-2.




Table 3-5: Plasma PL fatty acids (ug/mL) at the end of study in patients
receiving <4 cycles of chemotherapy and in a previously published study of
advanced cancer patients

<4 cycles <8 monthsto >8 monthsto
chemother apy death death
End of study

Tota, n 16 36 36

LA 104 + 58.1 82.0 £ 58.0 125 + 63
ALA 1.1+10 0.7+0.8 1.6+23
AA 55.1+ 25.0 43.0+ 35.0 60.0 + 40.0
EPA 47+4.3 44+78 59+52
DHA 133+ 105 13.0+12.0 21.0+£15.0
2n-6 181 + 93.3 142 + 107 216+ 117
>n-3 19.6 + 14.6 190+ 17.0 29.0+ 19.0
>SFA 264 + 134 209 + 150 329 + 158
>MUFA 83.0+48.3 69.0 £ 50.0 106 + 61.0
2PUFA 202 + 109 164 + 123 249 + 134
Total pg/mL 547 + 278 442 + 316 686 + 336

Mean £ SD. Datafrom a previous study in advanced cancer patients (14) are
shown as areference and were not statistically compared to patientsin this study.
Abbreviations are asin Table 3-2.
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Figures

Figure 3-1: Lung clinic recruitment handout

Alberta Health
Services

Alberta Cancer Board

Cross Cancer Institute
Department of Pain & Symptom and Palliative Care

Resear ch Studiesfor Patientsvisiting Lung Clinics

Please check the box by any of the research studies that interest you. A research
assistant or research nurse will contact you to tell you more about the study and
will let you know whether you are eligible for it. Please complete the form, and
leave it with the clinic receptionist or nurse.

Y our information is confidential and there is no commitment to participate.

Studies on Nutrition & Weight L 0ss

Y our participation will involve clinical testing, the completion of questionnaires,
and in some studies, the testing of a nutritional supplement or medication.

DT&cting of Tasteand Smell Function in Cancer Patients
DStudy to test how Chemotherapy affects Nutrientsin the Body

[ Irrial of an Omega-3 Supplement to Maintain L evels of Essential Fatsin
the Body

Studies on Cancer Symptoms & Quality of Life

Y our participation will involve the completion of questionnaires, and an exercise
test.

DTiredneﬁ, Fatigue, and Exhaustion: A Comprehensive Evaluation

[ a Study to Test a Medication for Moderate to Severe Poorly Controlled
Pain

DI am not interested in research studies at thistime.

Name:

Telephone Number:
Best Timeto Call: L1 am[] p.m.
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Figure 3-2: Plasma PL fatty acids at baseline, end of study and follow-up 1
month post study completion
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Symbols represent mean + standard deviation, n=17 at each time point.
Abbreviations: ZSFA, sum of saturated fatty acids; ZMUFA, sum of
monounsaturated fatty acids; ZPUFA, sum of polyunsaturated fatty acids.
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CHAPTER 4: Skeletal muscle depletion is associated with reduced plasma n-
3 fatty acidsin non-small cell lung cancer patients

4.1 Introduction

Plasma phospholipids (PL) comprise the mgjority of n-6 and n-3 essential fatty
acidsin blood. The composition of fatty acidsin PL reflects metabolism of
endogenous and dietary fatty acids and have been used as indices of fatty acid
statusin avariety of populations (1,2). Abnormalitiesin plasmalipid profiles of
cancer patients have been documented, including low essential n-3 and n-6 fatty
acids (3,4). We recently reported the prognostic importance of plasma PL fatty
acids in advanced cancer patients, with a 50% reduction in survival in patients
with low quantities of n-3 fatty acids (5). Comparatively, supplementation with
n-3 fatty acids has been reported to improve functional status and prolong survival
(6,7).

Sarcopeniais defined as skeletal muscle >2 standard deviations below that
of healthy adults (8). Littleisknown about the role of nutrition in the
development of sarcopenia, however, arecent study reported an independent
relationship between fatty fish consumption and grip strength (a clinical marker
for muscle function) in an elderly population (9). In advanced cancer,
supplementation with fish oil (eicosapentaenoic acid 20:5n-3, EPA; and
docosahexaenoic acid 22:6n-3, DHA) has been shown to attenuate lean tissue and

weight loss (10,11). Taken together, these findings suggest a relationship

A version of this chapter has been published in the Journal of Nutrition.
Rachel A Murphy, Marina Mourtzakis, Quincy SC Chu, Tony Reiman, VeraC
Mazurak. Skeletal muscle depletion is associated with reduced plasma n-3 fatty
acidsin non-small cell lung cancer patients. J Nutr 2010;140(9):1602-6. Impact
factor: 3.689
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between n-3 fatty acids and body composition but the specific relation to
muscle mass is unknown.

The potential interaction between n-3 fatty acids and adipose tissuein
cancer isunclear. In healthy overweight individuals, supplementation with n-3
fatty acids has been associated with reduced adiposity (12,13). This effect may be
dueto the ability of n-3 fatty acids to promote hepatic fatty acid oxidation,
leading to decreased availability of free-fatty acids for storage (14). Further, n-3
fatty acids may modulate lipoprotein lipase and hormone sensitive lipase in
adiposetissue (15). In advanced cancer, fish oil supplementation has been shown
to result in attenuation of adipose tissue loss and normalization of fat oxidation
(16). EPA may also preserve adipose tissue by downregulating expression of a
tumour derived lipid mobilizing factor (zinc-a2-glycoprotein) which has been
identified as a potential cause of increased lipolysisin cancer patients (17-19).

Computed tomography (CT) is a precise method to quantify muscle and
adiposetissue in vivo (20,21) with a precision error of approximately 2%. This
makes CT image analysis an ideal method for detecting longitudinal changesin
muscle and adipose tissue. Indices of sarcopenia have been established using
dual-energy X-ray absorptiometry (8) and translated to CT imaging in cancer
patients (21). In advanced cancer, sarcopeniais highly prevaent, affecting nearly
50% of newly diagnosed patients with non-small cell lung cancer (NSCLC) (22).
Sarcopenia has a so been associated with poor functional status (23), reduced
survival (23,24) and excess toxicity from several common types of anti-neoplastic

therapy: 5-fluorouracil (24), sorafenib (25) and capecitabine (26).
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The relationship between fatty acids, muscle mass and adipose tissuein
cancer has not been explored outside of fish oil supplementation trias. Itis
unclear what concentration of plasma n-3 fatty acids are required to maintain or
increase muscle mass. Thisinformation isvital for determining effective
interventions. The objective of thiswork was to determine if plasma PL n-3 fatty
acid concentrations are related 1) to the amount of muscle and 2) to longitudinal
changes in muscle and adipose tissue in a cohort of NSCLC patients.

4.2 Methods

This study was approved by the Alberta Cancer Research Ethics board.
4.2.1 Patient population, demographics and anthropometrics

The patient population is described in detail in Chapter 3. The present
analysisisfocused on the relationship between plasma fatty acids and body
composition. To relate body composition to plasma fatty acids, it was important
to ensure a short time period between the blood draw and CT image. Thus, only
patients with a CT image within 14 days of ablood draw were selected from the
standard of care population.

Stage of disease was based on American Joint Committee on Cancer stage
groupings, I, 11, 11, and 1V (27). Height was measured by a stadiometer and
weight was measured using a medical balance beam scale at baseline and at each
time point. Height and weight were used to compute body mass index (BMI)
(kg/m?). World Health Organization (28) categories were used to classify patients

as. underweight, BMI <18.5; normal, BMI 18.5-24.9; overweight BM| 25-29.9;
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or obese BMI = 30. Self-reported weight loss history was obtained from medical
records or the Patient Generated Subjective Global Assessment (PG-SGA) (29).
Blood (12 mL) was drawn into a heparin tube by a Registered Nurse at the cancer
center laboratory prior to chemotherapy initiation (baseline) and prior to each 3
week cycle of chemotherapy.
4.2.2 Body composition analysis

All images were taken for diagnosis, staging and follow up purposes; body
composition was measured using secondary analysis of images that were retrieved
from the patient clinical record. No images were ordered with the explicit
purpose of body composition analysis. Skeletal muscle and adipose tissue were
measured using two consecutive images extending from the third lumbar
vertebrae (L3) to theiliac crest. L3 was chosen as a vertebral landmark because
skeletal muscle and adipose tissue at L3 is strongly correlated to whole body
muscle and adipose tissue (20,21,30). Images were analyzed using Slice-O-matic
software (V4.3; TomoVision, Montreal, QC, Canada). Hounsfield unit thresholds
were used to demarcate tissues: -29 to +50 for skeletal muscle (31), -150 to -50
for visceral adipose tissue (32) and -190 to -30 for subcutaneous and
intermuscul ar adipose tissue (31). The L3 region contains the psoas, erector
spinae, quadratus lumborum, transversus abdominus, externa and internal
obliques and rectus abdominus muscles. Cross-sectional areas (cm?) were
computed for the sum of the muscle groups and for each adipose tissue depot.

Mean tissue area for the 2 consecutive images were determined and subsequently
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normalized by height (cm?m?). Total adipose tissue was calculated as the sum of
visceral, subcutaneous and intermuscular adipose tissue.
4.2.2.1 Calculations

Threshold values for sarcopeniathat were defined in an elderly population
(8) and trand ated to an advanced cancer population (21) were used to classify
patients as sarcopenic or non sarcopenic. Men with L3 cross-sectional muscle
area <55.4 cm?/m? were classified as sarcopenic and women with L3 cross-
sectional muscle area <38.9cm?/m? were classified as sarcopenic. There are no
similar thresholds for adipose tissue. Therefore, plasma PL concentrations were
related to cross-sectional muscle area but not cross-sectional adipose tissue area.

As CT images are taken for follow-up purposes, the timing of CT images
Isunique for each individual. To alow for comparison between individuals,
change in muscle and adipose tissue were expressed as percent change from the
initial CT image and divided by the number of days elapsed betweenthe 2 CT
images. The daily rate of change was multiplied by 100 to form a standard unit
expressed as % change/100d.

To express muscle and adipose tissue in conventional units, whole body
fat-free mass (FFM) and whole body fat mass (FM) were estimated from
regression equations that have been applied in several different cancer populations
(25,33):

Whole body FFM (kg) = 0.30 * (skeletal muscle at L3 (cm?)) + 6.06; r°=0.88 (21)

Whole body FM (kg) = 0.068 * (total adipose at L3 (cm?)) + 4.142; r’= 0.927 (20)
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Whole body skeletal muscle volume = 0.166 * [skeletal muscle 5 cm above L4-L5
(cm?)] + 2.142; r*=0.855 (20).
A density of 1.04g/cm?® was used to convert muscle volume to mass (34).
4.2.3 Plasma phospholipid fatty acid analysis

Plasma PL fatty acids were isolated and quantified as described in Chapter
3. Y n-3represents the sum of 18:3n-3, 20:3n-3, 20:5n-3 and 22:6n-3 faity acids.
Fatty acids were expressed as amounts (ug/mL) and as a proportion (%) of total
PL.
4.2.4 Statistical analysis

Data are reported as mean * standard error (SE) and significance reported
at levels of P<0.05. All tests weretwo sided. Two-sample t-tests were used to
determine differences between groups. Pearson correlations were used to
determine potential relationships between fatty acids and rate of muscle and
adipose tissue change. Statistical analyses were performed with SPSS (SPSS for

Windows, version 17.0, SPSS, Chicago, IL).

4.3 Results
4.3.1 Patient demographics

Forty-one (n=41) patients had a blood draw and CT image <14 days apart
and amean of 5+ 0.6d el apsed between blood draw and CT image. Following
consultation for chemotherapy and baseline measurement, 3 patients had a decline
in performance status and subsequently did not begin chemotherapy treatment.

The remaining patients all received platinum based doublet chemotherapy: 30
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patients received cisplatin or carboplatin with vinorelbine, 5 patients received
cisplatin/etoposide with concurrent radiation (stage I11A disease), 3 patients
received carboplatin with gemcitabine and 3 patients received carboplatin with
taxol. Medicationsin standard dosages (ondansetron, dexamethasone and
lorazepam) were provided in conjunction with chemotherapy. The mean duration
of chemotherapy was 3 cycles over 65 + 5d.

Men and women are shown separately as there was an effect of gender on
body composition (Table 4-1). Men had heavier body weights, more muscle and
more adipose tissue than women. Only 2 patients were underweight (BMI
<18.5kg/m?) and nearly 50% of patients were overweight or obese.

4.3.2 Cross-sectional body composition and fatty acid analysis

A small number of patients (n=3) had subcutaneous adipose tissue outside
of the CT image viewing field and were excluded from total adipose tissue
analysis. There was high variability in lumbar skeletal muscle and adipose tissue
within both genders. In men, skeletal muscle area ranged from 113 to 205cm?
(21.8 to 37.6kg estimated whole body skeletal muscle) and adipose tissue area
ranged from 102 to 823cm? (11.1 to 60.1kg estimated whole body fat mass). In
women, skeletal muscle ranged from 86.7 to 129 cm? (17.1 to 24.9 kg estimated
whole body skeletal muscle) and adipose tissue area ranged from 4.4 to 403cm?
(4.4 to 31.5kg estimated whole body fat mass). Sarcopeniawas not exclusive to
patients with low adipose tissue. Accordingly, 62% of patients with BMI
<25.0kg/m? and 55% of patients with BM1 = 25.0kg/m? met criteriafor

sarcopenia.
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Patients with sarcopenia had lower plasma EPA (5.0 £ 0.6pug/mL versus
9.5 + 1.3pug/mL; P=0.001), lower DHA (8.8 + 2.8ug/mL versus 19.6 + 1.8ug/mL;
P=0.01) and lower 3 n-3 fatty acids (19.2 + 1.8ug/mL versus 30.0 £ 2.4ug/mL;
P=0.002) than non-sarcopenic patients (Figure 4-1A). Plasmalinoleic (127 £
11.4pg/mL versus 135 + 10.4ug/mL) and a-linolenic acid (1.4 = 0.2ug/mL versus
1.7 £ 0.2ug/mL) did not differ between sarcopenic and non-sarcopenic patients.
Fatty acids were also expressed as a proportion of total PL (%) because the total
amount of plasma PL fatty acids tended to be lower in sarcopenic patients (592 +
48.7ug/mL versus 691 + 45.0ug/mL; P=0.17). Asaproportion of total fatty acids
(Figure 4-1B), EPA, DHA and Zn-3 fatty acids were the only fatty acids that
differed significantly between sarcopenic and non-sarcopenic patients.

4.3.3 Longitudinal body composition and fatty acid analysis

Longitudinal analysis focused on the relationship between skeletal muscle,
adipose tissue and plasma EPA, DHA and Zn-3 fatty acids as these were the only
fatty acids that differed in the cross-sectional analysis.

From the cross-sectiona group of n=41, 3 patients were assessed at a
second time point with adiagnostic test (x-ray) that did not permit body
composition assessment and the 3 patients that did not receive planned
chemotherapy were also excluded from longitudinal analysis. Therefore, change
in muscle and adipose tissue were determined in a subgroup of patients (n= 35)
who had an additional CT image taken within 200d of their initial CT image.

Longitudinal analysis revealed that sarcopenic patientslost muscle at a

greater rate than non-sarcopenic patients (-12.6 + 3.8%/100d versus 0.9 +
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1.9%/100d; P=0.01; Figure 4-2). Low concentrations of EPA, DHA and Y n-3
were correlated to high rates of muscleloss. A scatter plot of EPA and DHA
versus the rate of muscle changeis depicted in Figure 4-3A). EPA decreased
linearly (r= 0.47, P=0.04) from a maximum of 18.4ug/mL in patients gaining
muscle to undetectable concentrations in patients losing muscle at the greatest rate
(~3kg of skeletal muscle). DHA decreased linearly related (r= 0.70, P=0.001)
from a maximum of 25.1ug/mL to undetectable concentrations in patients with
accelerated loss of muscle. The Y n-3 fatty acids also decreased linearly (r=0.61,
P=0.05) from 46.9ug/mL to undetectable concentrations. Low concentrations of
EPA, DHA, > n-3 fatty acids were also correlated to accelerated loss of adipose
tissue (EPA; r=0.43, P=0.08, DHA; r=0.50, P=0.04, > n-3 fatty acids; r=0.53,
P=0.03). The relationships between EPA, DHA and rate of change in adipose
tissue are depicted in a scatter plot in Figure 4-3B.
4.4 Discussion

Loss of muscle, adipose tissue and plasma PL fatty acids are important
predictors of treatment response and survival (5,26,33). This paper isthefirst to
report a clear relationship between muscularity and plasma PL n-3 fatty acids.
Concentrations of n-3 fatty acids were distinctly associated with sarcopenia and
loss of muscle and adipose tissue. On the other hand, patients who gained muscle
and adipose tissue had the highest concentrations of n-3 fatty acids, which
suggests that physiologica concentrations of EPA and DHA may play arolein
modulating body composition. Although Chapter 3 showed aberrationsin all

classes of fatty acids, including PUFA, SFA, MUFA, n-3 and n-6 fatty acids, the
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relationship between body composition and fatty acids appears to be specific to n-
3fatty acids, as only EPA, DHA and ) n-3 fatty acids differed between sarcopenic
patients and non-sarcopenic patients. The identification of the relationship
between n-3 fatty acids and muscle and adipose tissue represents an important
advance in our understanding of factors affecting body composition.

In general, patients were losing muscle, with loss of 1.1kg of skeletal
muscle over the duration of chemotherapy treatment (~2.5 months) but the rates
of muscle change ranged widely from intense loss (-62%/100d; -6.9kg skeletal
muscle) to gain (14%/100d; +1.6kg skeletal muscle). Our data showed a
relationship between plasma EPA, DHA and Zn-3 fatty acids and muscle rate of
change. The observation that incremental changes in plasma EPA, DHA and Zn-
3 fatty acids arereflected in the rate of muscleloss or gainisnovel. This
information could provide a basis for determining the concentration of plasma
fatty acidslevels required for maintenance of muscle in future supplementation
studies. Of note, the relationship between sarcopenia, change in muscle and
adipose was not exclusive to EPA. Several fish oil studies have used supplements
containing purified EPA and no DHA (11,34), but thereis limited evidence to
suggest that EPA is more effective than DHA, or EPA and DHA combined.
Based on our results, and the results from metabolic studies showing limited
conversion of EPA to DHA (35), we suggest that trials with body composition
endpoints should provide both EPA and DHA.

Despite the fact that the majority of patients were receiving palliative

treatment, a portion of patients (20%) gained muscle. This quartile of patients
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also had the highest mean plasma EPA, DHA and } n-3 fatty acids. Several
biological mediators including cytokines and eicosanoids have been proposed as
mediators of muscle catabolism in advanced cancer (36). The relationship
between muscle mass and concentration of plasma n-3 fatty acids observed in this
study may be partially explained by the anti-inflammatory effect observed when
n-3 fatty acids derived from fish oil are provided (37,38). Additionally,
supplementation with n-3 fatty acids has been shown to down-regulate the activity
and expression of the proteolytic pathway (39), acute phase response (37,40) and
enhance muscle sensitivity to insulin (41,42). Although there is an association
between muscle depletion and n-3 fatty acids, this does not ensure causality and
an important direction of our work will be to clarify the mechanismsinvolved in
role of n-3 fatty acids in mediating these effects on muscle.

An effect of fish oil supplementation on muscle mass of cancer patients
has not been consistently demonstrated. Previous studies used indirect measures
of muscle such as mid-upper arm circumference (43) or bioelectrical impedance
(11,34,44) which does not distinguish between skeletal muscle, organs and bone.
An innovation of our study isthe use of CT imaging which specifically quantifies
skeletal muscle. Fearon et a. (44) showed a positive correlation between change
in lean body mass of advanced cancer patients receiving fish oil supplementation
and plasma EPA. Our findings confirm that this relationship is specific to skeletal
muscle. The effect of plasma n-3 fatty acids on muscle appears to be robust as the

study showing arelationship between lean body mass and EPA was carried out in
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adifferent patient population than our study: pancreatic cancer patients not
receiving anti-neoplastic therapy.

In healthy populations, adipose tissue gain is generally not desirable.
However, the same may not be true in populations with chronic disease. The
obesity paradox, a phenomenon where obese people have lower mortality than
people with normal body weights has been observed in avariety of chronic
conditions including cancer (45-47). Coupled with the prognostic significance of
adipose tissue loss in advanced cancer (5,48), this suggests that slight gain or
stabilization of adipose tissue in patients with the greatest amounts of n-3 fatty
acids observed this study may be beneficial. Although weight gain in lung cancer
has been associated with a survival benefit (49), the composition of this gain has
not been defined and it is unclear whether thisis due to an effect of muscle,
adipose tissue or acombination of both. Thisisthefirst study to suggest a
relationship between change in adipose tissue and n-3 fatty acidsin cancer and
thus the significance of both this relationship and of adipose tissue gain requires
further investigation.

Our study was designed to capture the relationship between muscle,
adipose tissue and plasma n-3 fatty acids over the course of treatment. The CT
images in this study were from various time points throughout diagnosis and
chemotherapy treatment, which suggests that the relationship between n-3 fatty
acids, muscle and adipose tissue persists regardless of where a patient may bein
the treatment trgjectory. Nevertheless, we acknowledge that our findings should

be confirmed in additional patient populations. A limitation of our study isthat it
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was not designed to detect an effect of n-3 fatty acids on muscle function. Prior
studies have shown a beneficial effect of fish oil supplementation on muscle
function viaareduction in fatigue (27) and increase in physical activity (33) and
our future efforts are directed at delineating this relationship.
4.5 Conclusion

NSCLC patients with sarcopenia have pronounced alterations in fatty
acids, specifically n-3 fatty acids. Low concentrations of n-3 fatty acids are
present in patients losing muscle and adipose tissue at accelerated rates.
Conversdly, muscle and adipose tissue gain were greatest in patients with the
greatest concentrations of plasman-3 fatty acids. Thiswork contributes toward
defining optimal concentrations of n-3 fatty acids required for ameliorating tissue
wasting in patients with cancer and provides strong support for intervention with

n-3 fatty acids.
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Tables

Table 4-1: Demogr aphics and anthropometrics of patients with non-small

cell lung cancer

Men Women

Total, n 19 22
Aqge, years 65+ 1.6 60 + 2.0*
TNM stage, n

I 0 2

I 2 0

[ 6 7

v 11 13
BMI, kg/m* 275+1.2 234+ 0.8*

BMI <185, n 1 1

BMI 18.5-24.9, n 5 14

BMI 25-29.9, n 8 7

BMI =30, n 5 0
Lumbar skeletal muscle area (cm?) 157.8+5 102.8 + 4.2*
Lumbar skeletal muscle index (cm®/m®) 533+ 1.7 39.8+ 1.0*
Lumbar total adipose area (cm®) 384 £ 53.5 194 + 26.8*
Lumbar total adipose index (cm/m®) 129+ 180 | 745+ 10.1*
'Sarcopenic (%) 63 59
“Estimated whole body skeletal muscle, kg 295+0.7 19.9+ 0.5
SEstimated fat-free mass, kg 51.1+1.1 37.2+09*
“Estimated whole body fat mass, kg 30.2+ 3.6 17.3+ 1.8

Mean + SE. *Different from men, P< 0.05. Abbreviations; SM, skeletal muscle.
'Based on cutpoints for muscularity (21). Derived regression equations from

“Shen et al. (20) and *Mourtzakis et al. (21).
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Figures

Figure4-1: Relationship between EPA, DHA, Zn-3 fatty acids and
sar copenia
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Amounts (A) and proportions (B) of plasma PL fatty acids in non-sarcopenic and
sarcopenic patients. Bars represent mean + SE, n=16 (non-sarcopenic) or n=25
(sarcopenic). Different from non-sarcopenic patients, * P<0.01,** P<0.001.
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Figure 4-2: M ean rate of muscle change in non-sar copenic patients and
sar copenic patients as measur ed by computed tomography
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Figure 4-3: Plasma PL EPA and DHA versustissue rate of change as
assessed by computed tomography
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CHAPTER 5: Nutritional intervention with fish oil provides a benefit over
standard of care on weight and skeletal muscle massin non-small cell lung
cancer patientsreceiving chemotherapy

5.1 Introduction

Involuntary weight loss is common among advanced cancer patients,
contributing to poor treatment response, functional decline and decreased survival
(1). Supplementation with >2g per day of elcosapentaenoic acid (EPA) has been
shown to stabilize weight loss (2) and attenuate lean tissue wasting (3) in patients
with advanced cancer. It is hypothesized that thisis duein part to the ability of
EPA to down regulate the production of catabolic cytokines that promote muscle
breakdown. EPA supplementation has been shown to decrease production of
interleukin (IL)-1 and tumour necrosis factor alpha (TNF-a) in healthy subjects
(4) and IL-6 production in weight losing cancer patients (5).

Although initia trials of EPA supplementation were promising, 3 large
randomized trials have failed to demonstrate a clear benefit of EPA on body
weight or lean tissue in cancer patients (6-8). Possible reasons for discordance
are: time of initiation of intervention, contamination between treatment arms and
indirect assessments of muscle mass. Studies have selected patient popul ations
with advanced disease, who are often treatment refractory (6,7) and have median
survival as short as 14 weeks Brueraet al. (9). Theresults of thesetriasare
difficult to interpret due to several factors: advanced wasting at presentation of up

to 56% of pre-illness weight (6), alarge number of early deaths (9), poor
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compliance to both placebo and treatment (6,10) and failure to report study
compliance (8). Additionally, studies used indirect measures of skeletal muscle
such as estimation of lean body mass from body water (11), skinfolds (9) and
bioelectrical impedance (2,6,7), none of which distinguish skeletal muscle from
other lean soft tissue.

In advanced cancer patients, accelerated gain in lean tissue including the
liver and spleen has been observed 3 months prior to death (12). Therefore,
specific discrimination of skeletal muscle from other lean tissue is important.
Computed tomography (CT) can precisely quantify skeletal muscle (13,14) but
has not been previously used to assess the effect of EPA supplementation on
skeletal musclein advanced cancer. Adipose depots (visceral, subcutaneous and
intermuscular) can also be differentiated using CT imaging. CT image analysis
was recently utilized to describe changes in adipose tissue in advanced cancer
patients, including accel erated loss of adipose tissue nearing time of death, with
the exception of intermuscular adipose tissue (IMAT) which increased
approaching death (15). Increased muscle fat content is also a negative predictor
of muscle strength (16) and IMAT has been correlated with poor function (17)
and increased incidence of mobility limitations (17).

This study uniquely used early intervention in newly referred patients with
the goal of preventing weight and muscle loss rather than attempting to attenuate
advanced wasting. The aim of this study was to examine the effect of nutritional
intervention with fish oil on weight, and body composition against standard of

care during the course of chemotherapy treatment.
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5.2 Methods

This study was originally approved as a double blind, placebo controlled
trial by the Alberta Cancer Research Ethics board. Thetrial was closed due to
difficulties with implementing the study design (Appendix 2). The study wasre-
designed and approved as a new trial by the Alberta Cancer Research Ethics
Board in the form that is presented in this chapter. Written informed consent was
obtained from all patients (Appendix 3). Patients were accrued from the Cross
Cancer Ingtitute using handouts which describe nutritional studies. Details on the
study design of the standard of care group (SOC) are provided in Chapter 3. Both
studies were described as nutritional studies, thus minimizing potential bias and
accrual of nutritionally motivated patients to the intervention group. In the event
that patients indicated interest in both studies, patients were approached for
participation in FO study as the rate of accrual in this study was lower. If patients
indicated they were interested in the FO study but subsequently declined or were
ingligible to participate, they were not approached for the SOC study.
5.2.1 Patient population

Patients with a histologically confirmed diagnosis of non-small cell lung
cancer, who were naive to chemotherapy were eligible for enrolment. We
included patients receiving first line chemotherapy to maximize accrual of
patients for whom better survival would be predicted. All patients consented to
receive platinum based doublet chemotherapy of either curative or paliative
intent based on standard practice specifically agreed upon as Clinical Practice

Guidelines by the Alberta Provincial Lung Tumour Group. The duration of the
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study was at least six weeks (2 cycles of chemotherapy). Because this study was
aimed at preventing body composition changes, prior weight loss was not an
inclusion criterion but self-reported weight loss in the 6 months preceding study
enrolment was recorded from the Patient-Generated Subjective Global
Assessment (18) or from medical charts. Performance status was assessed by a
physician using the Eastern Cooperative Oncology Group (ECOG) scale at
baseline. Stage of disease was based on American Joint Committee on Cancer
stage groupings, I, I1, 111 and 1V (18). Response to treatment was evaluated by a
radiologist and oncologist on the basis of clinical examination and imaging which
consisted of CT, magnetic imaging resonance or x-ray. Patientswith aCT image
within 45d of starting chemotherapy and a second CT image within 45d of
finishing chemotherapy were included in this analysis.
5.2.2 Study design

To avoid the challenges of previous studies (contamination between
treatment arms and poor compliance), this study was designed as an open |abel
study with a contemporary control group. To ensure patients recruited for this
study are representative of the local advanced lung cancer population, we
included areference group to detail typical baseline characteristics of patients
receiving first line chemotherapy treatment to provide information on the
expected changes in body composition during chemotherapy. Our research group
has prospectively followed over 600 patients with solid tumours of the lung who
have longitudinal CT images from time of referral. Patient records were reviewed

for the same inclusion criteria as patients in the SOC and FO group: NSCLC
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diagnosis, naive to chemotherapy and treatment with first-line platinum based
doublet chemotherapy. One hundred and four patients met the inclusion criteria.
Subsequently, weight information was recorded and CT images were analyzed.
CT images were 95 + 3.8d apart. A mean of 19.5 + 1d elapsed between starting
chemotherapy and CT1, 18 + 1d elapsed between CT2 and the last day of
chemotherapy.

As previous studies have reported a benefit of > 2g EPA (3;16;17),
patients were instructed to achieve an intake of at least 2g of EPA per day
commencing on thefirst day of chemotherapy treatment and continuing for the
duration of their chemotherapy treatment. Patients were given the choice of two
formats of supplementation: 1) 4 gelatin capsules per day containing 1g of fish ail
(2.2g EPA and 240mg DHA) or 2) 7.5mL liquid fish oil per day (2.2g EPA and
500mg DHA). Because poor compliance has been reported in previous studies
(2;5;6), we chose this approach to increase study adherence. Capsules were
provided in kind by Ocean Nutrition Canada (Ocean Nutrition Canada, Nova
Scotia, Canada). Liquid fish oil was purchased from NutraSea (A scenta Health,
Nova Scotia, Canada). These companies did not have access to the study results
or influence the conclusions of this study.

Compliance

The amount of supplement taken per day was recorded by the subjects and

any unused capsules or liquid was returned at patient visits. An acceptable level

of compliance was set at = 80% of the prescribed dose (minimum 1.76g EPA per

day).
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5.2.3 Weight and body composition analysis

Height was measured by a stadiometer and weight was measured using a
medical balance beam scale at baseline and before each cycle of chemotherapy.
Height and weight were used to compute body mass index (BM! in kg/m?).
World Health Organization (19) categories were used to classify patients:
underweight <18.5kg/m? normal 18.5 to 24.9kg/m?; overweight 25 to 29.9kg/m?;
obese = 30kg/m®.

Body composition was analyzed as described in Chapter 4. Skeletal
muscle attenuation (muscle GL1), an indicator of muscle fat content (20) was
recorded. A lower value indicates increased fat infiltration and is associated with
lower muscle strength and lower strength per muscle size (poor muscle quality
(16). Sex-specific cut-points for L3 skeletal muscle index previously defined in
an advanced cancer population (14) were used to designate patients as sarcopenic:
skeletal muscle index <55.4 cm?/m? in males and <38.9cm?/m? in females.

Change in muscle and adipose tissue were expressed as percent change
from theinitial CT scan and divided by the number of days elapsed between the 2
CT images. Thedaily rate of change was multiplied by 100 to form a standard
unit expressed as % change/100d to allow for comparison between individuals.
Asthe precision error for muscle and adipose is ~1.5% (14), change between -2
and +2 was considered maintenance of tissue. Whole body fat mass and skeletal
mass was estimated from lumbar cross-sectional areas as described in Shen et al.

(13).
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5.2.4 Nutrition, symptom and quality of life assessments

Patients in the FO group completed several assessments at set time points
throughout the study to determine whether FO has an effect on nutritional status,
disease related symptoms and quality of life. Patientsin the SOC group did not
undergo these assessments.

The PG-SGA isavalidated nutritional screening tool that measures
patient-reported weight change, dietary intake, gastrointestinal symptoms and PS
(18,21). A PG-SGA score of 4-8 requiresreferral to adietician, ascore of =9
indicates a critical need for symptom management and/or nutrient intervention.
Patients were asked to compl ete the PG-SGA at baseline and on the |last day of
chemotherapy.

The Edmonton Symptom Assessment Scale (ESAYS) is used to assess
common symptoms in advanced cancer patients (22). Thistool assesses nine
symptoms: pain, tiredness, nausea, depression, anxiety, drowsiness, appetite, well
being and shortness of breath, and an additional line labeled “Other Problem”.
The severity at the time of assessment of each symptom israted on ascale of 0 to
10, 0 meaning the symptom is absent and 10 meaning the worst possible severity.
The ESAS was administered at baseline, after each cycle of chemotherapy and on
the last day of chemotherapy (last day of supplementation).

The Functiona Assessment of Anorexia/Cachexia Therapy (FAACT) isa
questionnaire designed to measure genera aspects of quality of life aswell as

specific anorexia/cachexia-related concerns; higher scores indicate better QOL
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(23). Patients were asked to complete the FAACT at baseline and on the last day
of chemotherapy.
5.2.5 Plasma phospholipid fatty acid analysis

Blood was drawn by a Registered Nurse at the cancer centre laboratory
prior to chemotherapy initiation (baseline), one day prior to each 3 week cycle of
chemotherapy and on the last day of chemotherapy treatment. Plasma
phospholipid (PL) fatty acids were isolated from plasma and individual fatty acids
were quantified using methods described in Chapter 3. Fatty acids were
expressed as a quantitative amount (ug/mL) and as a percentage of total PL.
Plasma fatty acids were quantified throughout the trial (Chapter 3) but are only
presented here from the first (baseline) and last (last day of the trial) blood draws.
5.2.6 Cytokine analysis

Plasma amounts of pro-inflammatory cytokines (interferon (IFN)-y, I1L-10,
IL-12p70, IL-1pB, IL-6, IL-8 and TNF-a) and IL-15; which has been proposed to
have anabolic effects on skeletal muscle, were quantified at baseline and the last
day of the trial using a human ultra-sensitive Pro-inflammatory 7-plex and a
human ultra-sensitive IL-15 kit (Meso Scale Discovery, Gaithersburg, MD). The
lower limits of detection were 0.80, 0.57, 0.77, 0.58, 0.18, 0.10, 0.28 and 0.46,
respectively. The kits detect cytokines in a sandwich immunoassay format on
plates pre-coated with capture antibodies. A diluent (25uL) was added into each
well and the plate was incubated for 30 minutes with shaking (500rpm). Each
sample was run in duplicate; 25uL of plasmaor calibrator (for generating a

standard curve) was pipetted into each well. The plate was incubated for 2 hours
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with shaking (500rpm) then washed 4 times with a 0.05% phosphate buffered
solution. The detection antibody solution (25uL) was added to each well
followed by incubation for 2 hours with shaking (500rpm). The plate was washed
afurther 4 times with the phosphate buffered solution followed by addition of
150uL of read buffer to each well. The plate was read immediately on a SECTOR
Imager 2400 (Meso Scale Discovery, Gaithersburg, MD) which measures the
amount of emitted light. The concentration of cytokines was cal culated using
MSD DISCOVERY WORKBENCH® (Meso Scale Discovery, Gaithersburg,

MD) analysis software.

5.2.7 Statistical analysis

Analyses were completed per-protocol. The per-protocol population
included all patients with > 80% compliance to fish oil supplementation. The
primary endpoint was change in muscle between baseline and end of
chemotherapy treatment. Adipose tissue, body weight and plasma EPA at
baseline and end of chemotherapy treatment were secondary endpoints.

Data are presented as mean + standard error (SE) and significance
determined at P<0.05. All testswere two sided. Two-samplet tests and chi-
sguare tests were used to determine differences between the SOC and FO groups.
The reference data was collected during a different time period (2001 to 2007)
than data from the SOC and FO groups. As such, datafor the reference group is
provided as a point of reference and was not compared statistically to the SOC
and FO group. Repeated measures ANOV A with Bonferonni comparisons was

used to compare changes in tissue mass and cytokines from baseline to end of
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treatment in both groups and changes in symptoms, nutritional status and quality
of lifein the FO group. Linear regression was used to examine the relationship
between muscle rate of change and changein plasmaPL EPA. Cytokinesin the
SOC group were not normally distributed (Shapiro-Wilk test; P<0.05) and were
log transformed. However, results did not differ from analyses using non-
transformed data and thus all data and analyses are reported as non-transformed.
Spearman correlations were used to relate change in cytokine levels to tissue rate
of change and to change in plasma PL EPA. Statistical analyses were performed
with SPSS (SPSS for Windows, version 18.0, SPSS, Chicago, IL).
5.3 Results
5.3.1 Patient demographics

Patients were recruited over 2 years (2007-2009). Figure 5-1 outlines
details of patient accrual and study completion in both groups. The main reasons
for exclusion included: ineligible for chemotherapy treatment and participation in
aclinical trial (non-standard treatment). Sixty patients were recruited to the SOC
group and twenty-five patients were recruited to the FO group. Fish oil was well
tolerated. No serious adverse events related to the study intervention were
reported. The adverse eventsin the FO group were related to chemotherapy
treatment (n=2) and disease progression (n=1). In the SOC group, all adverse
events were related to chemotherapy treatment. Other reasons for withdrawal
were: deterioration of PS and subsequent ineligibility for chemotherapy (2
patients in the FO group and 8 in the SOC group), 1 patient in the SOC group

received single agent chemotherapy, 1 patient in the SOC group moved and 1
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patient missed several study appointments. Of the 19 FO and 42 SOC patients
that completed thetrial, 17 and 24 patients had CT images which permitted body
composition analysis at baseline and end of study. One patient in the FO group
was unable to achieve 80% compliance to the FO supplement (mean 1.3g EPA
per day) and was subsequently excluded leaving 24 patients in the SOC and 16
patients in the FO group.

There were no significant differences in baseline demographics and
anthropometric measures between the SOC and FO group (Table 5-1). Patients
recruited to our study were representative of the local population as baseline
characteristics were in the same range as the reference group. Although weight
loss was not an inclusion criterion, a history of weight loss in the preceding 6
months was common. Despite this, over 50% of patients were overweight or
obese, similar to the reference population (53%). The average number of
comorbid conditions was 2 in the SOC group and 2 in the FO group.
Hypertension, COPD and hyperlipidemia/hyperchol esterol emia were the most
common comorbidities in both groups. There was no difference in treatment
intent (19% received adjuvant therapy in the FO group versus 17% in the SOC
group). Average time on study was comparable between groups (FO 10.6 + 0.8
weeks, SOC 9.8 + 0.7 weeks; P=0.43) and thus the amount of chemotherapy
received was comparabl e between groups.

5.3.2 Anthropometrics
Patients in the SOC group lost significantly more weight than the FO

group (Table 5-2). Inthe SOC group, 29% of patients maintained or gained
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weight (O to 4.6kg) whereas 69% of patients receiving FO maintained or gained
weight (O to 6.7kg) during chemotherapy. The amount of weight lost by the SOC
group was similar to the reference group (Table 5-2).

Thefirst CT image was a mean of 25 + 3d from the start of chemotherapy
and the second CT image was a mean of 21 + 5d after finishing chemotherapy.
Sixty-nine percent of patientsin the FO group maintained or gained muscle
compared to 29% of patientsin the SOC group. Inthe SOC group, 4 patients
became sarcopenic over the course of chemotherapy (cross-sectional muscle area
<55.4 cm?/m?for men and <38.9cm?/m? for women), whereas no patientsin the
FO group became sarcopenic. SAT was outside the viewing field in 1 patient in
the SOC group and 1 patient in the reference group who were not included in
TAT analyses. Changesin muscle, IMAT and TAT over time are shown (Table
5-2). Tissuerates of change in the reference group fell within the same range as
the rates observed in the SOC group.

Estimated whole-body skeletal and fat mass are shown in Table 5-3. Loss
of skeletal massis evident in patients in the SOC group with some patients losing
up to 5.2kg of muscle from baseline to end of study. Loss of skeletal muscle
occurred concurrently with increased muscle fat content in the SOC. Skeletal
muscle attenuation (muscle GL1) decreased by ~3.5 unitsin the SOC group (Table
5-3). This change represents an approximate 3% increase in muscle fat content
(20). Similar loss of muscle mass (-0.9 + 0.1kg) and muscle attenuation (-2.8 £

0.5) was observed in the reference group.
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5.3.3 Nutrition, symptom and quality of life assessments

The mean PG-SGA score at the end of treatment did not differ from the
mean score at baseline (8 + 1.3 versus 7 + 1.5; P=0.36). Compared to baseline,
there were no changes in ESA'S assessment of appetite or overall ESAS score
after 1, 2, 3, or 4 cycles of chemotherapy (2 + 0.5 versus 3 + 0.6; P=0.16). QOL
was maintained throughout the study period (100 + 3.7 at baseline versus 102 +
4.6 at the end of study; P=0.61).
5.3.4 Plasma phospholipid fatty acids

Mean plasma PL EPA and DHA in the SOC group at baseline were
comparable to concentrations at the end of study period. Mean plasmaPL EPA in
the FO group was increased more than 2 fold from baseline (Table 5-4). Plasma
PL DHA also increased significantly athough by alesser magnitude than EPA,
which is reflective of the lower concentration of DHA in both the capsules and
liquid. Therewas no changein PL AA concentration following fish ail
supplementation. Despite reported compliance of over 95% (2.1 + 0.69
EPA/day), variability in plasma EPA was evident with changes from baseline
ranging from -0.3 to +3.8%. Inview of thisvariation, regression analysis was
used to examine the relationship between EPA incorporation and muscle rate of
change in the FO group (Figure 5-2). There was a positive linear relationship
between change in plasma EPA concentration and rate of muscle change from
baseline to the end of the study (r’= 0.55, P=0.002). This relationship also

persisted in the control group (r°=0.32, P<0.001). There were no similar
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rel ationships between EPA concentration and rate of adipose tissue change or
between DHA concentration and muscle or adipose tissue change.
5.3.5 Cytokine analysis

Coefficient of variation for all assays was <7%. Ther?for all standard
curveswas >0.99. A representative curveis shown in Figure 5-3. Plasma
cytokine amounts were variable and fluctuated throughout the trial but overall,
only IL-15 changed significantly from baseline to end of trial in both groups
(Table 5-5). There were also no differences in cytokine amounts between groups
at either time point (Table 5-6).

Changein IL-8 and TNF-a during chemotherapy were modestly correlated
with muscle rate of change, while changein IL-6 and IL-1[3 were modestly
correlated with adipose tissue rate of change (Table 5-7). No significant
correlations between change in plasma PL EPA and change in cytokine amounts
were observed.

5.4 Discussion

Thisisthefirst study to use CT images to provide a direct measurement of
the effect of FO on skeletal muscle and adipose tissue depots. Our results show
that supplementation with FO ameliorates muscle and adipose tissue wasting in
lung cancer patients and provides a benefit over SOC receiving first-line
chemotherapy.

On average, patients receiving FO maintained muscle mass, but the rate of
muscle change was variable. The concentration of plasma PL EPA following FO

supplementation was also variable despite reported compliance. It isunlikely this
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variation is solely due to misreporting of intake as a prior study in cancer patients
also observed differential incorporation of n-3 fatty acids into plasma PL (24).
Here we show that 55% of the variability in muscle change can be explained by
plasma EPA and report a positive linear relationship between EPA concentrations
and rate of muscle gain. Based on our results, we suggest that PL EPA
concentrations upwards of 2.9% are required for maintenance of skeletal muscle,
with even greater concentrations required to support muscle gain (mean PL EPA
was 4.6% in patients with muscle gain). Thisrelationship likely reaches a plateau
as membranes and tissues become saturated with EPA, and it isimportant to
identify at what concentration of EPA this occursin future work to define the
“optimal” EPA concentration.

With the exception of atrial conducted by Fearon et al. (7), previous
studies have not related plasma EPA concentrations to body composition. Rather,
plasma EPA was used as a measure of compliance (2,9,25) or was not reported
(8,26). Since EPA must be incorporated into cells and tissues to exert
physiological functions, we conjecture that failure to account for differential EPA
incorporation limits interpretation of prior studies and explains why the efficacy
of EPA to promote muscle gain has not been consistently demonstrated. Patients
receiving FO maintained weight, muscle mass and adipose tissue throughout ~10
weeks of chemotherapy despite presenting with mean weight loss of 6.3% over
the previous 6 months. This supports findings of earlier trials that showed a
benefit of FO on weight and lean body mass (2,3). Improvementsin weight have

been reported in chemotherapy trials (27) and we acknowledge that maintenance
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of weight and muscle mass reported here cannot be solely attributed to FO
intervention. However, both the SOC group and FO group have similar
chemotherapy response rates. Maintenance of body composition may have
additional clinical implications as weight and tissue |oss have been shown to
influence performance status (1) and may dictate patients’ eligibility for
additional lines of treatment. Therefore, targeting patients receiving first-line
chemotherapy represents an opportunity for timely intervention to prevent
deterioration of body composition.

The relationship between IMAT and FO in patients with cancer has not
been previously explored. The observation that FO supplementation resultsin
loss of IMAT while maintaining muscle mass is novel and may have important
functional implications given the associations between increased IMAT,
decreased muscle strength (16) and impaired mobility (17). IMAT accumulation
is also positively correlated with insulin resistance (28,29) which may contribute
to the development of cancer cachexia (30). Increased fat infiltration of skeletal
muscle has been observed with weight gain (20). Although over two-thirds of the
FO group maintained or gained weight, this was not reflected in IMAT
accumul ation or muscle attenuation values. We hypothesize that EPA may
function to decrease IMAT viaits ability to suppress lipogenesis (31), thereby
reducing deposition of lipidsin muscle. Additionally, EPA supplementation has
been shown to reduce fat accumulation via stimulation of lipid oxidation (32).

Overal, fish oil supplementation did not affect circulating amounts of

cytokines even when differential incorporation of EPA was accounted for. Itis
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possible that variation in cytokine amounts or fluctuationsin circulating cytokines
(33) precluded our ahility to detect an effect of supplementation. Assuming a
difference in means of 3.5 and SD of 4.0, 44 patients would result in 80% power
to detect atreatment difference at P<0.05, suggesting we may have been
underpowered. However, previous studies have also reported no effect of fish oil
on circulating amounts of cytokines (34,35). Further, the modest size of
correlations observed between change in muscle, adipose tissue and cytokines
indicates that other factors are influencing tissue change.

It is possible that differencesin protein or energy intake may have may
have contributed to the changes in weight and muscle that we observed between
the FO and SOC group. The time period between referral to oncology and
initiation of chemotherapy (when FO supplementation was started) was often a
period of only afew days. Thiswas not sufficient time for collection of pre-
treatment dietary intake from all of our patients and it was unethical to delay
treatment for the purpose of collecting study measures. In the future, it may be
possible to use a 24 hour diet recall to elucidate the potential role of diet on tissue
changes. It isalso possible that medications for comorbid conditions could
influence tissue change. Side effect of statins commonly used to treat
hyperchol esterolemia, include myopathy and muscle fatigue and recent research
indicates statins may induce skeletal muscle apoptosis or alter the activity of the
ubiquitin proteasome pathway (36). Although the medical records of patients
contained information regarding medications, they did not consistently include

details such as medication name, frequency and prescribed dose. Our small
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sample size also precluded examination of subsets of patients according to
comorbidities. Thiswill be afocus of our future work, where larger sample sizes
will provide the required power.

This study focused on intervention in newly referred patients, to prevent
deterioration of body composition and weight loss. Previous studies have treated
patients who were close to death and had severe weight loss (7-9) where
intervention with a single agent may be limited. Selecting newly referred patients
enabled accrual of patients with better survival prospects, thus avoiding patient
morbidity which has complicated results of prior trials (6,8). Additionally,
offering patients two formats of FO supplementation resulted in high compliance
to the supplements, with only one out of 17 patients reporting compliance bel ow
80%. This represents a 25% increase in compliance compared to prior studies
(2,6), and may explain why our results show efficacy of fish oil on muscle mass
while the results of other trials have been inconsistent (3,6,8,10). Providing
patients with a choice of supplement format may be a potential approach to
strengthen compliance in futuretrials.

At our cancer center, patients receiving treatment with palliative intent
(who comprise over 80% of the patient population in this study) have expressed
low interest in participation in randomized studies. The use of a non-randomized
open label design resulted in timely study enrolment, improved compliance and
no reports of contamination between treatment arms. Although this study was an
open label design, we feel our results are strengthened by the inclusion of alarger

reference group of NSCLC from our cancer center. The patientsin the SOC and
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FO group shared similar baseline characteristics as patients in the reference group
and the changes in weight and body composition observed in the SOC group
during chemotherapy were comparable to the reference group. However, we
acknowledge that our results need to be replicated in additional larger studies.
5.5 Conclusion

Early intervention with FO during chemotherapy resulted in maintenance
of weight and muscle compared to patients receiving SOC. Cytokines appear to
play alimited role and other mechanisms may be responsible for the observed
effect of EPA on muscle. Asincorporation of EPA in PL varies greatly between
individuals, future trials should stratify outcomes based on incorporation of EPA.
Use of fish oil as atherapy to prevent body composition changesin patient
populations who are at an increased risk of developing cancer cachexia merits

further investigation.
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Tables

Table 5-1: Baseline demogr aphics and anthropometrics of standard of care,
fish oil and a cohort of lung cancer patientsfrom our cancer center

Standard of Fish ail Reference
care

Total, n 24 16 104
Women, n (%) 12 (50) 7 (44) 50 (48)
Men, n (%) 12 (50) 9 (56) 54 (52)
Age, years 64+ 1.8 63+ 2.1 62+ 1.0
Stage
| & 11, n (%) 8(33) 5 (31) 32 (31)
1 & 1V, n (%) 16 (67) 11 (69) 72 (69)
BMI, kg/m? 273+1.2 262+11 | 259+04
6 month weight |oss history, % 42+1.2 6.3+ 16 -
L3 SM area, cm? 134+ 6.1 135+ 8.0 132+ 3.1
“Sarcopenic patients, % 46 46 46
3Estimated whole-body SM, kg 244+1.0 254+14 | 240+05
‘L3 total AT area, cm® 350+427 | 281+422 | 272+146
3%Estimated whole-body AT, kg | 27.9+2.9 232+29 | 226+10
ECOG PS 1 1 -
ECOG range 0-2 0-2 -

Mean + SE. No significant differences between groups (Two sample t-test and
chi-square test). *Data not available from n=3 in standard of care. “Based on cut-
points for muscularity (14). *Derived from regression equations (13). “Data not
available from n=1 in standard of care and n=1in fish oil group. Abbreviations:
ECOG PS, Eastern Cooperative Oncology Group performance status; SM,

skeletal muscle; AT, adipose tissue.
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Table 5-2: Weight and tissue changes quantified with computed

tomography imaging from baselineto end of study in the standard of care,

fish ail and reference groups

Standard of Fish ail Reference
care
Weight change, kg -2.3+0.9 05+ 1.0* 19+0.3
Muscle rate of change, %/100d -6.8+ 2.6 0.1+1.6* -6.0+£ 0.9
IMAT rate of change, %/100d 95+52 |-164+139*| 11.1+35
ITAT rate of change, %/100d -3.9+5.0 -50+6.5 -6.0+ 4.6

Mean + SE. *Significantly different from standard of care P<0.05. Two samplet-
test. *Standard of care n=23, fish oil n=15. Abbreviations: IMAT; intermuscul ar
adiposetissue, TAT; total adipose tissue.
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Table 5-3: Body composition of patientsreceiving standard of careand fish oil supplementation using CT imaging

Standard of care Fish ail
Basdline End of study P Basdline End of study P
"Whole-body skeletal muscle, kg 244+ 10 235+ 10 0.002 254+14 254+15 0.97
L2Whole-body adipose tissue, kg 279+ 29 27.6%3.1 0.74 23.2+29 229+ 14 0.68
Muscle attenuation, HU 336+ 17 30.1+1.7 > 0.0001 332+21 342+19 0.45

Mean + SE, repeated-measures ANOV A with Bonferroni pairwise comparisons. 'Estimated from regression equations (13).
“Standard of care n=23, fish oil n=15. Abbreviations: HU, Hounsfield units.
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Table 5-4: Plasma PL EPA and DHA in the standard of care and fish oil group at baseline and end of study

Standard of care' Fish oil®
Basdline End of P Basdline End of P
study study
Amount of EPA (ug/mL) 7.1+0.8 6.5+ 0.6 0.53 8.0+ 0.9 264+ 22 <0.0001
Proportion of EPA (%) 1.0+0.1 1.0+0.1 0.86 1.2+0.1 3.7+0.3 <0.0001
Amount of DHA (ug/mL) 146+10 | 13.7+£1.2 0.78 150+14 | 198+19 0.05
Proportion of DHA (%) 23+0.2 22+0.1 0.79 22+0.1 28+0.2 0.02

Mean + SE, two-sample t-test.

Abbreviations: EPA; eicosapentaenoic acid, DHA; docosahexaenoic acid.




Table 5-5: Plasma cytokinesin the standard of care and fish oil group at baseline and end of study

90T

Standard of care Fish ail
Cytokine Basdline End of study P Basdline End of study P
(pg/mL)
IFN-y 20+05 19+03 0.74 19+09 19+04 0.72
Range 0.1-10.9 0-6.9 0-12.7 0-6.7
IL-10 135+83 15.0+£89 0.26 7.7+£32 74129 0.62
Range 1.7-202 2.2-218 1.4-53.1 1.8-47.7
IL-12p70 1651124 154+ 130 0.48 6.0+ 38 51+£31 0.29
Range 0.1-296 0-312 0-61.1 0-49.5
IL-1B 06+0.2 03+0.1 0.18 0.7£05 0.7+£0.3 0.62
Range 0-4.4 0-1.1 0.1-7.9 0.1-5.4
IL-6 6.7£0.9 10.0£0.9 0.18 57+1.2 71121 0.54
Range 1.1-16.3 0.9-54.7 0.7-17.8 1.0-33.6
IL-8 7907 13.2+ 3.9 0.14 90x14 85+17 0.60
Range 4.1-17.8 3.4-954 2.9-20.3 2.9-30.6
TNF-a 9.2+0.6 9.7+£10 0.44 140+5.0 13.3+55 0.29
Range 4.4-17.5 4.3-23.0 5.4-88.2 5.2-94.6
IL-15 1.4+01 19+0.2 >0.001 1.3+0.2 19+£0.1 0.001
Range 0.8-2.3 0.8-4.0 0.5-2.8 1.0-3.0

Mean * SE, repeated-measures ANOV A with Bonferroni pairwise comparisons. Quantified using Multi-Array Assay kits.
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Table 5-6: Plasma cytokinesin the standard of care group compared to thefish oil group at baseline and end of study

Baseline End of study

Cytokine Standard of Fish oil P Standard of Fish oil P
(pg/mL) care care

IFN-y 20+ 05 19+09 0.93 19+03 1.7+04 0.72
IL-10 135+8.3 7.7%+32 0.59 150+ 29 74+29 0.50
IL-12p70 165+ 124 6.0+ 3.8 0.50 154+ 13.0 51+31 0.53
IL-1B 0.6+0.2 0.7+0.5 0.69 0.3x0.1 0.7+0.3 0.20
IL-6 6.7+£0.9 57+1.2 0.50 100+ 2.7 71+21 0.44
IL-8 79+0.7 9.0+14 0.43 13.2+ 3.9 85+17 0.35
TNF-a 9.2+0.6 140+£5.0 0.25 9.7+10 133+55 0.44
IL-15 1.4+0.1 1.3+0.2 0.69 19+02 19+£0.1 0.83

Mean + SE, two samplet-test. Quantified using Multi-Array Assay kits.




Table5-7: Correlations between change in plasma cytokines and changein
muscle or adiposetissue during the study period in the standard of careand

fish ail group
Change in cytokines Muscle Total adipose tissue
(pg/mL) rate of change (%/100d) rate of change (%/100d)
r P r P

IFN-y 0.06 0.70 -0.09 0.59
IL-10 -0.09 0.57 -0.08 0.66
IL-12p70 -0.06 0.71 -0.13 0.42
IL-1B -0.08 0.62 -0.42 0.009
IL-6 -0.04 0.82 -0.37 0.02
IL-8 -0.40 0.01 -0.23 0.16
TNF-a -0.36 0.02 -0.25 0.14
IL-15 0.07 0.67 0.04 0.82

Spearman correlations. Cytokines were quantified using Multi-Array Assay kits.
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Figures

Figure5-1: CONSORT diagram of patientsin the standard of care and fish
oil groups

Fish oil Standard of care
Screened n =438 n =204
Interested n =99 n=191
Eligible n =33 n =123
Accrued n =25 n =60
Baseline n =25 n =60
End of treatment n=19 n=a42
Withdrawn n=0 n=2
consent
Withdrawn n=3 n=5
adverse event
Withdrawn other n=3 n=11
reason
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Figure 5-2: Relationship between changein plasma PL EPA and changein
muscle from baseline to end of fish oil supplementation
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Linear regression, n=16; P=0.002. Abbreviations. PL, phospholipid; EPA,
ei cosapentaenoic acid
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Figure 5-3: Standard curve of TNF-a
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Chapter 6: Supplementation with fish oil increasesfirst-line chemother apy
efficacy in patientswith advanced non-small cell lung cancer

6.1 Introduction

Lung cancer is the leading cause of cancer related deathsin Western
countries (1). The mgjority of patients with lung cancers present with advanced-
stage disease for which standard trestment consists of palliative chemotherapy or
radiotherapy. Efficacy of chemotherapy for advanced non-small cell lung cancer
(NSCLC) islow with large trials of different chemotherapy combinations
reporting response rates (RR) below 30% (2-4). Chemotherapy efficacy in
advanced NSCL C has reached a plateau, with little improvement in RR and it has
been suggested that research should focus on new approaches and novel
treatments rather than different combinations of chemotherapy drugs (5).

Experimental studiesin avariety of tumour types using severa different
chemotherapy agents including anthracyclines, cisplatin, irinotecan and alkylating
agents have reported greater efficacy of chemotherapy when fish oil (FO;
el cosapentaenoic acid, EPA 20:5n-3 and docosahexaenoic acid, DHA 22:6n-3) is
added to the diet or cell medium (6-10). The mechanisms of action of these anti-
neoplastic agents vary, suggesting that fish oil modulates chemotherapy response
via diverse mechanisms (see Biondo et a. (11) and Baracos et al. (12) for
reviews). EPA and DHA may also have anti-tumour effects including inhibition
of angiogenesis and metastasis (12); however, the specific mechanisms behind

these effects have not been elucidated. Regardless of the exact mechanisms, these
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studies suggest that FO has potential as an effective adjuvant to chemotherapy
treatment.

Current trestment of advanced NSCL C is non-specific and toxic, typically
consisting of platinum-based regimens such as carboplatin in combination with
vinorelbine or gemcitabine. Efficacy is dose dependant and limited by
gastrointestinal, haematological and cardiac toxicities. Treatment approaches that
enhance cytotoxicity of anti-cancer agents to tumour cells while minimizing
toxicity to non-target tissue have the potential to increase benefits of
chemotherapy including disease control and survival. Increased sensitivity to
chemotherapy appears to be specific to tumour tissue as evidenced by lack of
additional toxicity to non-tumour tissues following the addition of dietary EPA
and DHA (13). Thereis aso evidence that dietary FO enrichment may have a
protective effect on non-tumour tissue including minimization of gastrointestinal
and haematological toxicity (13;14). However, many experimental studies have
used amounts of fish oil that are beyond concentrations achievable in humans,
even with supplementation and only one study in humans has been conducted
(15).

We aimed to expand upon the base of information on fish ail,
chemotherapy efficacy and chemotherapy toxicity. Thisisthefirst study to
evaluate the ability of fish oil to improve chemotherapy efficacy in patients with
lung cancer. We hypothesized that supplementation with fish oil during first-line
chemotherapy for lung cancer would increase response rates without significantly

affecting chemotherapy toxicity.
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6.2 Methods
6.2.1 Study design

This study is part of alarger open label trial that was focussed on
nutritional status during chemotherapy in which 60 NSCLC patients receiving
first-line chemotherapy consented to either 1) intervention with FO or 2) standard
of care (SOC, no intervention). The subset described here was chosen on the
basis of treatment intent (palliative versus adjuvant) to standardize the type of
chemotherapy treatment patients received. Detailed rationale, study design and
analysis of the effect of fish oil supplementation on body composition in a partly
overlapping subset of these patients has been published (16) and is described in
Chapter 5. In brief, patients with lung cancer who were newly referred to the
Cross Cancer Institute (Edmonton, Alberta, Canada) were given an information
sheet detailing available nutritional studies. Patients indicated their interest and
were approached to participate accordingly. Written, informed consent was
obtained from all patients.

Patients on the FO arm were offered a choice of two formats of
supplementation: 1) 4 1g gelatin capsules per day containing 2.2g EPA and
240mg DHA or 2) 7.5mL liquid fish oil per day (2.2g EPA and 500mg DHA).
The number of capsules or the amount of liquid remaining at the end of the study
was measured to determine compliance. Capsules were provided in kind by
Ocean Nutrition Canada (Ocean Nutrition Canada, Nova Scotia, Canada). Liquid

fish oil was purchased from NutraSea (Ascenta Health, Nova Scotia, Canada).
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6.2.2 Patient population

Inclusion/exclusion criteria are detailed in Chapter 5. For thisanalysis,
patients with aclinical diagnosis of stage I11B or IV NSCLC, who were
chemotherapy-naive were selected. Stage of disease was based on the American
Joint Committee on Cancer stage groupings (17). Patients had consented to
receive first-line platinum based doublet chemotherapy of palliative intent
consisting of either carboplatin with vinorelbine or carboplatin with gemcitabine.
6.2.3 Weight and body composition analysis

Height and weight were measured using a stadiometer and a medical
balance beam scale at baseline. Body massindex (BMI in kg/m?) was cal cul ated
from height and weight. Self-reported weight loss in the 6 months preceding
enrolment in the study was recorded using the patient-generated subjective global
assessment (20) or from medical charts. Height and weight recorded by hospital
staff on the same date was used for verification when available.

Lower than normal muscle mass (sarcopenia) has emerged as an important
predictor of chemotherapy toxicity (21;22). Computed tomography (CT) image
analysis can be used to precisely quantify skeletal muscle (23). To distinguish
between the effect of FO and the effect of sarcopenia on toxicity, CT images that
were taken for diagnostic purposes at the time of oncologic referral were analyzed
to determine the prevalence of sarcopeniain the FO and SOC groups. Cross
sectional muscle areas (cm?) were determined for two consecutive images taken at
the third lumbar vertebrae (L 3) using Slice-O-matic software V4.3 (Tomovision,

Montreal, Canada) as described in Mourtzakis et al. (23) and in Chapter 4. Mean
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muscle area was calculated and subsequently normalized for stature (cm?m?). To
express the datain conventional units, aregression equation was used to estimate
whole-body skeletal muscle (24) and a density of 1.04g/cm?® was used to convert
muscle volume to mass (25). Sex specific cut points (males <55.4 cm?m?and
femal es <38.9cm?/m?) that were previously defined and utilized in advanced
cancer populations (23;26) were used to classify patients as sarcopenic or non-
sarcopenic.
6.2.4 Response to chemotherapy

Response to chemotherapy was evaluated by a radiol ogist and oncologist
on the basis of clinical examination and imaging which consisted of computed
tomography, magnetic imaging resonance or x-ray following 2 cycles of
chemotherapy. If progressive disease was noted, chemotherapy was discontinued.
Otherwise, patients received an additional 2 cycles of chemotherapy followed by
imaging. As4 cyclesis standard practice specifically agreed upon as Clinical
Practice Guidelines by the Alberta Provincial Lung Tumour Group, RR was
defined as the sum of complete response and partial response following 4 cycles
of chemotherapy divided by the number of patients. Clinical benefit (CB) was
defined as the sum of complete response, partial response and stable disease
following 4 cycles of chemotherapy divided by the number of patients.
6.2.5 Toxicity assessment

Toxicity was graded using the National Cancer Institute Common Toxicity
Criteria, version 2.0. Patient toxicities were graded by a nurse prior to each cycle

of chemotherapy. Dose was reduced or suspended if patients developed grade 3
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or greater febrile neutropenia or thrombocytopenia or grade 3 or greater non-
haematol ogical toxicities excluding alopecia or inadequately treated nausea,
vomiting, diarrhea

6.2.6 Survival

Following completion of the trial, patients were followed for post-trial
treatment and determination of time to death. Median follow-up was 18.5mo for
all living patients. There were only 8 deathsin the FO group leaving 46.7% of
patients censored, which coupled with our small sample size was too few to
conduct aformal survival analysis. Instead, survival was expressed as % of
patients surviving one year following enrolment in the trial (one-year survival).
6.2.7 Plasma phospholipid fatty acid analysis

The magjority of plasman-6 and n-3 fatty acids are carried in phospholipids
(PL), which reflect the amount of EPA and DHA available to tissues including
tumour tissue. Because previous trials of FO supplementation have reported non-
compliance (18) or cross-contamination between control and intervention arms
(29), concentrations of EPA and DHA in plasma PL were analyzed in both the
SOC and FO groups as a secondary measure of compliance.

Blood was drawn by a Registered Nurse prior to chemotherapy initiation
(baseline), one day prior to each 3 week cycle of chemotherapy and on the last
day of chemotherapy treatment. Blood was collected in heparin tubes and
centrifuged to isolate plasma, which was immediately frozen at -80°C until
analysis. Plasmafatty acids were extracted using a modified Folch technique as

detailed in Chapter 3. Fatty acid composition was determined using gas liquid
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chromatography (Varian 3600CX Gas Chromatograph, Varian, Mississauga,
Canada) as previously described in Park et al. (28) and Chapter 3. Plasma PL
EPA and DHA were expressed as a proportion (%) of total PL fatty acids (29).
6.2.8 Statistical analysis

The primary endpoint was chemotherapy RR. CB, chemotherapy toxicity
and survival were secondary endpoints. Data are presented as mean + standard
deviation. Significance was determined at P<0.05. Student t-test, Chi-square test
or Fishers exact test were used to determine differences between SOC and FO
groups where appropriate. All tests were two sided. Logistic regression wasto
determine predictors of response to treatment (partial response or complete
response versus stable disease and progressive disease) and grade 3 or 4 toxicities
in the FO and SOC groups and also in al patients combined. Statistical analyses
were performed with SPSS (SPSS for Windows, version 18.0, SPSS, Chicago,
IL).
6.3 Results
6.3.1 Patient demographics

Baseline characteristics and anthropometric measures of the FO and SOC
group were well matched (Table 6-1). Additionaly, characteristics of these
groups are comparable to those observed in the NSCLC population at our cancer
center (16;30). Although weight loss in the 6 months preceding oncology referral
was common, no patients in either group were underweight (BMI <18.5 kg/m?).
Over 50% of patientsin each group were overweight or obese. Sarcopeniawas

prevalent in both the FO and SOC groups (46.7% versus 51.6%; P=0.75).
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Reported use of over the counter supplements did not differ between groups
(P=0.49). The proportion of patients receiving carboplatin with vinorelbine
versus carboplatin with gemcitabine did not differ between groups (P=0.75).

Compliance to the FO supplement was over 95%. Mean intakewas 2.1 +
0.25g EPA and 0.29 + 0.04g DHA per day. No differencein plasma EPA or
DHA concentration was observed between patients taking liquid fish oil or fish ail
capsules, P=0.42 and P=0.62 respectively. Inthe FO group plasma PL EPA and
DHA increased significantly following supplementation (Table 6-2). Plasma PL
EPA and DHA post-supplementation was not available from 3 patientsin the
SOC group because their chemotherapy was discontinued due to toxicity and they
were |ost to follow-up. There were no changesin plasmaPL EPA or DHA
between baseline and end of trial in the SOC group (Table 6-2). Following
supplementation, plasma EPA and DHA in the FO group were significantly
higher than the SOC group (P<0.0001 and P=0.04, respectively).
6.3.2 Response to chemother apy

The RR and CB were approximately 2 fold greater in the FO group
compared to the SOC group (Table 6-3). The proportion of patientsin the FO and
SOC group who had a complete response, stable disease, partial response or
progressive disease is shown in Table 6-3. Logistic regression demonstrated that
plasma PL EPA concentration post supplementation was a significant predictor of
response to chemotherapy independent of age, gender, BMI, presence of
sarcopenia, PS and weight loss history (hazard ratio 1.8, Cl 1.1 to 2.5; P=0.03).

There were no other significant predictors of response to treatment.
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Compared to the FO group, agreater percentage of patientsin the SOC
group had progressive disease after 2 cycles of chemotherapy. Consequently,
more patients in the FO group completed all planned chemotherapy (86.7% versus
54.8%; P=0.03). On average, patients in the FO group completed an additional 3
weeks of chemotherapy (1 cycle) compared to patientsin the SOC group (Table
6-3).

6.3.3 Toxicity

FO supplementation was well tolerated with no reported adverse events.
The most commonly reported chemotherapy-related grade 1 and 2 toxicities were
neutropenia followed by nausea, vomiting and thrombocytopenia. The overall
incidence of any grade 3 or 4 toxicity was 22.6% in the SOC group versus 13.3%
in the FO group (P=0.46). Grades 3 and 4 toxicities included nausea, vomiting,
hand-foot syndrome, neutropenia, constipation and gastritis. One patient in each
group discontinued treatment due to fatigue and increased symptom burden.
Haematological toxicity resulted in treatment discontinuation in 2 patientsin the
SOC group. Inthe SOC group, afurther 2 patients discontinued chemotherapy
due to gastritis and hand-foot syndrome. The total incidence of grade 3 or 4
toxicity resulting in discontinuation of chemotherapy of planned chemotherapy
did not differ between groups 16.1% versus 6.7%, P=0.52. Logistic regression
did not reveal any significant predictors of grade 3 or 4 toxicity.

6.3.4 Survival
Despite the wide variation in overall survival (1-30 months), one-year

survival in the FO group appeared to be greater than in the SOC group (Table 6-
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3). The median number of post-trial lines of therapy was 1 in both cohorts. The
most common post trial therapy was erlotonib (55% of SOC and 53% of FO
group). Thirty-five percent of patientsin the SOC group and 27% patientsin the
FO did not receive any further trestment (P=0.40).

6.4 Discussion

The goal of palliative chemotherapy isto improve symptoms and survival.
However, over 65% of advanced NSCL C cases do not respond to first-line
chemotherapy (2-4) and 1-year survival rates arelow. Thisisthefirst study to
show that the addition of approximately 2.5g of EPA + DHA per day significantly
increases the RR to first-line chemotherapy compared to SOC without affecting
the toxicity profile. Additionally, supplementation with FO has the potential to
increase survival as a greater proportion of patientsin the FO group were
surviving at time of censorship.

The RR observed in this study represents an approximate 2 fold-increase
over the SOC group and only 3 patients in the FO group did not experience CB
from chemotherapy. Comparatively, one-third of patientsin the SOC group
responded to treatment, which falls within the range of RRs reported in large
randomized trials of first-line combination chemotherapy regimens (2-4). Our
finding is concordant with a previous study in an animal model of lung cancer
which showed that the combination of cisplatin chemotherapy and dietary FO
resulted in slower tumour growth and alower metastatic load (10). In humans, a
positive correlation between chemotherapy efficacy and breast tissue n-3 fatty

acid concentration in patients with breast cancer has been reported (31). The
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same researchers followed up this study with atrial of DHA supplementation in
patients with breast cancer and progressive visceral metastases (15). Despite the
poor prognosis of the patient population, they found that the RR was comparable
to that reported in first-line chemotherapy trials for breast cancer.

Toxicities from carboplatin are cumulative with few patients receiving
more than 4 cycles of chemotherapy. Although patients in the FO group received
on average one additional cycle of chemotherapy versus the SOC group, the
prevalence of grade 3 and 4 haematological and non-haematol ogical toxicities did
not differ. Thisislikely dueto an effect of FO on toxicities rather than an effect
of sarcopenia as the prevalence of sarcopeniawas similar between groups at
baseline. Our results are also consistent with animal studies which have
demonstrated protective effects of fish oil on host tissue despite increased tumour
response to chemotherapy (36-38). In addition, a protective effect of high plasma
DHA concentrations on haematol ogical toxicities was observed in patients with
advanced breast cancer receiving anthracycline therapy (15). Taken together, this
shows that supplementation with fish oil does not result in higher chemotherapy
sensitivity in non-target tissue.

Only one-third of patients with non-operable stage 111 and IV NSCLC
survive 1 year following first-line platinum based treatment (4;32;33).
Comparably, approximately two-thirds of patients in the FO group were surviving
1 year post trial. Although the differencein 1 year survival only tended towards
significance between the FO and SOC groups, thisis likely areflection of our

small sample size. The trend towards increased survival may be due to the
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increased RR and decreased tumour burden. Bougnoux et a. (15) reported a
similar increase in survival in advanced breast cancer patients supplemented with
DHA. Additionally, higher plasma PL EPA and DHA concentrations, as
observed in the FO group have been shown to be predictive of increased survival
in patients with advanced cancer (34). A further study by Gogos et al. (35)
demonstrated increased survival in patients with generalized malignancy when
provided with fish oil versus placebo.

Platinum based chemotherapy for NSCLC is the standard worldwide, and
a 30% increase over the typically observed RR that we report in this study could
have alarge impact. In Canada aone, an estimated 24,000 people will be
diagnosed with lung cancer each year (1), anongst which 75-80% are deemed
incurable and two-thirds will receive palliative chemotherapy. Fish ail
supplementation may represent a safe and non-toxic approach to improve current
standard of carein patients with lung cancer. Nonetheless, we acknowledge that
our results require verification in larger randomized controlled trials as our study
was designed as a pilot study with alimited sample size. However, the observed
difference in RR between the FO and SOC groups was striking even with a small
number of patients.

Although this was an open label trial, our results are most likely due to an
effect of FO and not due to group selection bias because the baseline
characteristics of the SOC and FO group were well matched and representative of
our local NSCLC population. Aswell, the RR and one-year survival in the SOC

group were comparable to those typically observed in chemotherapy trials.

133



This study was a post-hoc analysis of atrial investigating the effect of fish
oil on body composition. As mentioned throughout this discussion, it islikely
that we did not have sufficient power to assess al of the potential effects of fish
oil (improved chemotherapy efficacy, reduced toxicity and improved survival).
The prevalence of grade 1 and 2 toxicities are difficult to determinein this
population as toxicities such as dyspnea and cough are confounded by the fact that
these are symptoms of lung cancer itself and without baseline measures of these
symptoms, toxicity reports are difficult to interpret. While reporting of grade 3
and 4 toxicities are of value, they do not capture the true effect of chemotherapy
as multiple low grade toxicities could be expected to influence quality of life and
patient motivation to continue chemotherapy. It appears from the results reported
here that the most likely benefits of fish oil are improved chemotherapy efficacy
and increased survival. Future trials powered around these outcomes will help to
elucidate the potential benefit of fish oil as an adjuvant to chemotherapy.

This study was not designed to investigate underlying mechanisms and we
are aware that these results do not ensure causality. However, the association
between FO and carbopl atin-based chemotherapy holds promise for improving the
treatment of lung cancer patients.

6.5 Conclusion

The addition of fish ail to standard first-line platinum based chemotherapy
may increase RR and CB in patients with advanced NSCL C without affecting
treatment toxicity. Additional randomized trials are warranted to confirm these

findings.
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Tables

Table 6-1:Baseline char acteristics and anthropometric parameter s of

patientsin the standard of care and fish oil groups

Standard of care Fish ail

Total, n 31 15
Women, % 51.6 40.0
Men, % 48.4 60.0
Age, years 64+1.8 63+21
IStage

[, % 25.8 20.0

IV, % 74.2 80.0
BMI, kg/m* 265+5.4 26.4+4.9
“6 month weight loss history, % -41+58 -6.2+78
Lumbar skeletal muscle area (cm®) 129 + 30.7 140+ 34.8
Lumbar skeletal muscle index (cm“/m®) 46.3+85 470+93
3Sarcopenic, % 51.6 46.7
*Estimated whole-body skeletal muscle, kg 245+53 26.4+6.0
ECOG PS 1 1
ECOG range 0-2 0-2
Smoking status, %

Never 6.5 13.3

Current 22.6 20.0

Mean £ SD. No significant differences between groups, two sample t-test and
Chi-square test. *Based on staging from the American Joint Committee on Cancer
Staging Manual, 6th edition (17). “Data not available from n=2 in standard of care
group. °Based on cut-points for muscularity (23). “Derived from aregression

equation (24). Abbreviations: BMI, body massindex; ECOG PS, Eastern

Cooperative Oncology Group performance status.
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Table 6-2: Plasma phospholipid EPA and DHA in the standard of care and

fish oil groups
'Baseline “Post- P
supplementation
Standard of care
EPA (%) 0.9+ 0.6% 1.2 + 0.6% 0.86
DHA (%) 2.3+ 0.8% 2.2+ 0.6% 0.80
Fish oil
EPA (%) 1.0+ 0.5% 36+1.3% <0.001
DHA (%) 2.3+£0.7% 2.7+ 1.0% 0.05

Mean + SD, two samplet-test. 'n = 31 (SOC) and n=15 (FO). “n=28 (SOC) and

n=15 (FO).
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Table 6-3: Chemotherapy outcomes and survival in the standard of care and

fish oil groups
Standard of “Fish ail P
care

Response rate, n (%) 8 (25.8) 9 (60.0) 0.008
Clinical benefit, n (%) 13 (41.9) 12 (80.0) 0.02
Complete response, n (%) 1(3.2 1(6.7)

Partial response, n (%) 7 (22.6) 9 (60.0)

Stable disease, n (%) 5(16.1) 2 (13.3)

Progressive disease, n (%) 18 (58.1) 3(20.0)

Number of chemotherapy 30+14 39+09 0.02
cyclesreceived

Time on chemotherapy, d 60.3+ 31.1 78.9+ 235 0.05
One-year survival 38.7 60.0 0.15

Mean + SD, two samplet-test and Chi-square test. 'n = 31, “n = 15.
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CHAPTER 7: Final Discussion
7.1 Introduction

The purpose of this research was to detail changesin fatty acid status
during chemotherapy, define arelationship between EPA, DHA and tissue change
and determine if supplementation with EPA and DHA results in attenuation of
tissue loss and improved chemotherapy efficacy. A schematic which integrates
the concepts presented in Chapters 3 through 6 is provided in Figure 7-1.
In Chapter 3, it was hypothesized that plasma PL EPA and DHA are depleted,
decrease further during chemotherapy and do not recover following completion of
treatment. Depletion of EPA and DHA were prevalent in patients with advanced
disease as were alterations in SFA, PUFA and total amounts of PL fatty acids.
However, EPA and DHA did not change markedly after 4 cycles of chemotherapy
or at follow-up. Chapter 4 hypothesized and also demonstrated that physiological
concentrations of plasma PL EPA and DHA are reduced in patients with
sarcopenia and associated with accel erated |oss of muscle and adipose tissue.
Chapter 5 tested the hypothesis that supplementation with fish oil resultsin
attenuation of weight, muscle and adipose tissue |oss which is mitigated in part by
decreased catabolic cytokines. The effect of fish oil on nutritional status,
symptoms and quality of life was also investigated. Using an open label study
design, Chapter 5 showed a benefit of fish oil over standard of care on weight,
skeletal muscleand IMAT. There was no effect of fish oil on total adipose tissue,
nutritional status, symptoms or quality of life. Contrary to our hypothesis, the

effect of fish oil on skeletal muscle did not appear to be solely mediated through

142



catabolic cytokines, as there were modest correlations between muscle and
cytokines but overall the amounts of circulating cytokines did not change with
fish oil supplementation and were not different from standard of care. Finaly,
Chapter 6 hypothesized that supplementation with fish oil improves chemotherapy
efficacy and survival without affecting chemotherapy toxicity. Analysesreveaded
a 2-fold higher response rate to chemotherapy in the fish oil group compared to
the standard of care group and a greater proportion of patients completed all
planned chemotherapy. There were no differencesin toxicity between groups and
atrend towards improved one-year survival in the fish oil group.

Collectively, these results have the potentia to change the care and
treatment of lung cancer patients which will lead to improved patient outcomes.
This discussion outlines key points related to the research presented in the
previous chapters and makes recommendations for future research.

7.2 Fatty acid metabolism

From Chapter 3, patients with advanced disease have lower n-3 and n-6
fatty acids as well aslower SFA and PUFA compared to patients with early stage
disease, with continual loss of fatty acidsin patients with progressive disease.
Although Chapter 4 suggests that only EPA and DHA are specifically related to
body composition, it is possible that deficitsin the other classes of fatty acids
could have important metabolic or physiologic consequences that have yet to be
realized. It may be that correcting the altered compositions of plasma PL fatty
acids is more complex then repleting EPA and DHA and understanding the basis

of the impedimentsin lipid metabolism would help to clarify this. Stable isotope
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tracers could be a powerful tool for increasing our understanding of whole body
lipid metabolism in cancer. Levelsof chylomicrons, VLDL, HDL and LDL or the
fatty acid contents of these lipoprotein fractions have not been determined in
cancer and would aid in determining where the impedimentslie.

7.3 Considerationsfor futuretrials of fish oil supplementation

Much of the mechanistic framework regarding the effect of fish il on
body composition and chemotherapy efficacy presented in thisthesisis
speculative. The mgjority of the research on the effects of fish oil has been
conducted in animal or cell models (1-3) which depending on the size of the
tumour, dose of chemotherapy and dose of fish oil may or may not translate to
clinical studies. Clinical research is usually limited to measuring circulating
mediators due to the invasiveness of tissue biopsies. Additionally, our study did
not specify that blood draws were to be fasted, and we were thus unable to
determine whether insulin or triacylglycerol levels were impacted by fish oil or
differed between groups. Although challenging, considering the limitations of
animal models and clinical research, determination of a mechanistic framework is
key to exploiting the benefits of fish ail.

Surgical patients represent a unique population whereby tissue biopsies
could be obtained without increasing patient burden. Ongoing research in our
laboratory using surgically obtained tissue and computed tomography image
based assessment of body composition may help to determine what is driving
changesin body composition locally i.e. we did not report an effect of fish oil on

circulating cytokines but it is possible that cytokines exert their effectsin a
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paracrine manner. Severa recent fish oil trials have been conducted in patients
receiving surgery (4,5), but unfortunately, tissue biopsies were not obtained.

When designing futuretrials, several key points should be considered:
what is the primary outcome i.e. amount of intermuscul ar adipose tissue, skeletal
muscle mass or chemotherapy efficacy? What is the optimal dose? What
concentration of EPA versus DHA should be used? These outcomes arelikely
related but may differ in the amount of fish oil or the composition of fish ail
required for therapeutic benefit. This may especially be true for chemotherapy
trials whereby different drugs have different mechanisms of action. It may be that
for anthracyclines (which induce oxidative stress), DHA may be more effective
than EPA due to the presence of an additional double bond and thusis more prone
to oxidation. The composition and amount of fish oil that maximizes
chemotherapy response is better suited to animal studies whereby multiple
formulations of fish oil could be tested with arange of chemotherapy drugs.
Ideally, dose response trials of fish oil supplementation would be conducted in
patient populations with longer survival than lung and pancreatic i.e. breast or
colorectal cancer and would allow for dosesto be titrated upwards depending on
interim results of computed tomography imaging.

Previous trials have generally had low patient accrual rates and high
patient withdrawal (6-8). An open label trial of fish oil supplementation was a
realistic approach in a patient population with short median survival where
interest in placebo controlled trialsislow. This study was designed to minimize

patient burden and avoid the need for appointments solely for study purposes.
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Patients had frequent CT scans taken for diagnostic and follow-up purposes and
regular blood draws as part of chemotherapy which were coordinated with study
draws. Study assessments (PG-SGA, FAACT, and ESAS) were arranged to
coincide with chemotherapy administration. This resulted in high patient
retention and may be an effective approach for futuretrials.

The common thread between this research and recent fish oil trials which
showed an effect of fish oil on attenuation of lean body mass (4,5,9) is the timing
of interventions; early in the disease trgjectory when muscle anabolism is more
likely (10). Many patients present with depleted EPA and DHA shortly after
diagnosis which may contribute to or be a consegquence of tissue loss (Chapter 4).
This indicates aneed for supplemental EPA and DHA prior to when
supplementation trials have typically conducted. Futuretrials aimed at
attenuating muscle wasting should be implemented early in the disease trg ectory
(shortly after diagnosis).

From this research and research from the lab of Bougnoux et a. (11), itis
clear that there is variation in the incorporation of EPA and DHA into plasma PL.
It isimportant to understand the cause of the variation in plasma PL EPA and
DHA incorporation as thisis an impediment for treating patients and for drawing
conclusions from trials which do not account for varying degrees of incorporation
within the study population. The sample size of this study limits our ability to
draw inferences on potential sources of variation. Metastasesin the liver could be
expected to influence fat metabolism, proximity to death (12), or genetic

differencesin lipid metabolism may also play arole (13). An expanded
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description of fatty acid composition throughout the disease trgjectory as
presented in Chapter 3 would help to identify possible sources of variation which
could then be controlled for in clinical trials. Ideally, trials would also include a
“pre-loading” period of approximately 1 week, whereby PL EPA and DHA
concentrations are assessed and patients who did not show incorporation are
excluded from the trial.

The dose of fish oil prescribed in interventions has ranged from 1 to 18
grams per day (14-16) but 2 grams of EPA is commonly prescribed (6,7,17). This
dose is based on a study which demonstrated weight stabilization following 2
grams per day of EPA over an 8 week period (18). This assumes that weight
stabilization equates to muscle stabilization as opposed to gains of adipose tissue,
viscera organs, or fluid accumulation which have been observed in advanced
cancer (19). The amount of EPA specifically required for maintenance or gain of
skeletal muscle has not been defined. Further, it isassumed that al patients
reguire the same dose but as discussed above and in Chapter 5 there is evidence of
differential incorporation of EPA and DHA into PL. Theresultsin Chapter 4 and
Chapter 5 which relate plasma PL EPA concentrations to rates of muscle change
could serve as a basis for determining the optimum dose of EPA and DHA. This
dose should be dynamic; based upon reaching a pre-determined concentration of
plasma PL EPA and DHA rather than prescribing the same dose for everyone.

Another consideration for future trials is the modality used to assess body
composition. The primary outcome of fish oil trialsis attenuation of skeletal

muscle loss but thisis typically assessed using BIA which provides an estimate of
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total lean body mass. BIA cannot distinguish skeletal muscle from other lean soft
tissue and is unable to detect small but clinically significant changes (2.2 £
3.2%/100 days) in lean tissue (20). The research in Chapters 3 through 6 isthe
first to precisely assess skeletal muscle and adipose depots through the
opportunistic use of diagnostic CT images. Futuretrias should include
assessments of body composition using CT images as they are precise and
expedient in an oncology setting.

CT image analysisis aso able to quantify adipose tissue in skeletal muscle
(21). Theresearch presented in Chapter 5 was thefirst fish oil trial to assess
IMAT and muscle attenuation values; lower values are a marker of greater muscle
fat content (21). This showed that fish oil supplementation resultsin decreased
IMAT and stable muscle attenuation values whereas standard of care resultsin
gainsin IMAT and lower muscle attenuation values. Greater muscle fat content is
associated with lower muscle strength and lower strength per muscle size, termed
“muscle quality” (22). Measures of muscle strength and function have been
infrequently assessed in fish oil trials and are important outcomes that warrant
inclusion in trials as decreased function can result in loss of independence which
iIsaconcern for oncologists, patients and their caregivers.

Although the fish oil supplementation trial presented here could be
deemed a “success” in that it showed a positive effect of fish oil on skeletal
muscle, the trial was not without challenges. Recruitment of this patient
population is extremely challenging as there is often competition with trials of

anti-neoplastic therapy. Understanding of the significance of body composition
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by patients and oncologistsis aso lacking which can result in low interest in
participation. On the other hand, supplementation to improve the efficacy of
chemotherapy is atangible, meaningful outcome for both patients and
oncologists. This area holds promise for improving the trestment and outcome of
alarge number of patients while concurrently conveying benefits of fish oil on
body composition. Clinical trias of fish oil should shift focus from primarily
body composition related outcomes to include chemotherapy efficacy and
chemotherapy related outcomes.
7.4 Considerationsfor nutrition and oncology practitioners

The need for an interdisciplinary approach for the care of patients with
cancer cannot be overstated. Nutrition and patient outcomes are intricately linked.
Interventions which bridge both nutrition and oncology are needed to improve
patient outcomes. As depicted in Figure 7-1, the potential exists for a nutritional
supplement to attenuate tissue loss and improve outcomes of chemotherapy.
However, additional, larger trials are needed to confirm these relationships. This
reguires the cooperation of oncologists, dietitians and nutrition researchers.
Unfortunately, nutrition is often overlooked by oncologists. Thusit isimportant
for oncologists to develop an understanding of the impact that nutrition factors
including, weight, body composition, and fatty acids have on chemotherapy

efficacy (Chapter 6), chemotherapy toxicity (23,24) and survival (24,25).

7.5 Conclusions
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This research shows that muscle wasting and loss of plasma PL EPA and
DHA are prevalent, progressive and often severe in patients with lung cancer.
Supplementation with fish oil increases plasma PL EPA and DHA and may be an
effective agent to attenuate muscle loss and fatty infiltration of muscle when
implemented shortly after diagnosis. Fish oil may also improve response to
chemotherapy and prolong survival. Based on these results, fish oil may be an
effective means to improve patient outcomes and warrants further research in lung

cancer and additional cancer populations.
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Figures

Figure 7-1: Proposed mechanismsfor the effect of fish oil on muscle, adipose
tissue and tumour tissue
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This schematic depicts some of the potential mechanisms (reviewed in Chapter 1)
through which fish oil may affect pathways and processes involved in muscle,
adipose tissue and tumor metabolism.
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Appendix 1. Consent form for study of fatty acids during chemotherapy
(standard of care)

.'. Alberta Health Cross Cancer Institute

i 11560 University A Edmonton, Albert
B Services e e T
The Effect of Chemotherapy on the Nutrient Status of Cancer Patients

CONSENT FORM

Thisform is part of the process of informed consent. It is designed to explain this
research study and what will happen to you if you choose to be in this study.

If you would like to know more about something mentioned in this consent form,
or have any questions at anytime regarding this research study, please be sureto
ask your doctor or nurse. Read this consent form carefully to make sure you
understand all the information it provides. Y ou will get a copy of this consent
form to keep. Y ou do not have to take part in this study and your care does not
depend on whether or not you take part.

Y our doctor, who is one of the researchers, will discuss the study with you.
Your participation in thisstudy isentirely voluntary. Pleasetakeyour time
to make your decision. It isrecommended that you discusswith your friends

and/or family about whether to participatein this study.

“WHY IS THIS STUDY BEING DONE?”

Y ou are being asked to take part in this study because you have cancer and are
seeking chemotherapy treatment for your cancer.

This study is being done because people with cancer are at risk for nutritional
problems and we are trying to identify what these problems are and ways to
prevent or treat these problems.

“WHAT DO WE HOPE TO LEARN?”

We hope to learn how certain nutrients in your body change throughout the course
of chemotherapy.

The purpose of this study isto find out what effects (good and bad) chemotherapy
has on your nutrient status.
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“WHAT IS INVOLVED IN THIS STUDY?”

Y ou will be followed to see what effect the treatment has on your health.

Throughout your treatment you will have to come to the outpatient department at
the Cross Cancer Institute. As part of your regular treatment you will be required
to give blood samples. If you decide to participate in this study you will be asked
to provide an additional vial (~10 ml) of blood each time a blood sampleis taken
as part of your regular care.

“HOW MANY PEOPLE WILL TAKE PART IN THIS STUDY?”

About 50 people will take part in this study at the CCI.

“WHAT WILL MY PARTICIPATION INVOLVE?”

If you take part in this study, you will have the following tests and procedures:

Procedure that Before Before 2™ Before 3 1 to 2 months
ispart of your | Chemotherapy Round of Round of After
regular care Starts Chemotherapy | Chemotherapy | Chemotherapy
Ends
Blood Test X X X X

Sample Banking for Future Research

You may also be asked whether your blood can be stored for future research. |If
so, you will be given another consent form asking for your permission.

“HOW LONG WILL I BE INVOLVED IN THE STUDY?”

Y ou may bein this study for aslong as you are receiving active chemotherapy
treatment for your cancer.

“WHAT ARE THE SIDE EFFECTS?”

You may feel some discomfort from the needle when blood is drawn. There is
aso a smal risk of fainting, swelling, bruising, bleeding or (rarely) loca
infections at the site of the needle punctures which will be used for taking blood
samples.

If you have any side effects you should call the doctor or nurse in charge of the
study. Thelir telephone numbers are on page 4 of thisform.

“WHAT ARE MY ALTERNATIVES?”

Y ou may choose not to participate in this study.
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“WHAT ARE MY RESPONSIBILITIES?”

Y ou must be willing to attend all scheduled study visits and undergo al of the
procedures described above. It isvery important that you inform the study doctor
or study nurse of any side effects or health problems that you may be
experiencing as well as any medications (prescribed or holistic) that you are
taking while on this study.

“ARE THERE ANY BENEFITS TO PARTICIPATING IN THISSTUDY?”

Participation in this study may or may not be of persona benefit to you.
However, based on the results of this study, it is hoped that, in the long-term,
patient care can be improved.

“CAN | WITHDRAW FROM THIS STUDY?”

Taking part in this study is voluntary; you may withdraw from the study at any
timeif you wish to do so.

“ARE THERE COSTS TO ME FOR TAKING PART IN THIS STUDY?”
Y ou will not have to pay for the extra blood tests performed in this study.
“WHAT ARE MY RIGHTS AS A PARTICIPANT?”

If you suffer an injury or become ill as a result of participating in this research,
you will receive all medical treatments (or services) recommended by your
doctors. No compensation will be provided beyond this point. However, it is
important to note that nothing said in this consent form alters your legal rights to
recover damages (e.g. legal action).

If new information becomes available or there are changes to the study that may
affect your health or willingness to continue in the study, you will betold in a
timely manner.

“WILL MY PERSONAL INFORMATION BE KEPT CONFIDENTIAL?”

Identifiable health information will be collected from you and from your
Provincia Electronic Health Record (NetCare)during this study. Thisinformation
may be used by the researchers who are carrying out this study, and may be
disclosed to others as described below. Any research proposal to use information
that identifies you for a purpose other than this study must be approved in
advance by the Alberta Cancer Research Ethics Committee.
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Direct access to your identifiable health information collected for this study will
be restricted to the researchers who are directly involved in this study except in
the following circumstances:

Y our identifiable health information may need to be inspected or copied from
time to time for quality assurance (to make sure the information being used in the
study is accurate) and for data analysis (to do statistical analysis that will not
identify you). The following organizations may do this inspection:
e Heath Canada, the Canadian regulatory body.
¢ Alberta Cancer Research Ethics Committee, the institutional
review board at this centre
e Members of the Regulatory/Audit team at the Cross Cancer
Institute, for quality assurance purposes

Any disclosure of your identifiable health information will be in accordance with
the Alberta Health Information Act. Aswell, any person from the organizations
looking at your records on-site at the Cross Cancer Institute will follow the
relevant Alberta Health Services - Alberta Cancer Research Ethics Committee
policies and procedures that control these actions. Any disclosure of your
identifiable health information to another individual or organization not listed
here will need the approval of the Alberta Cancer Research Ethics Committee.

Y our identifiable health information collected as part of this study, which includes
records of your progress, your responses to the questionnaires, as well as related
blood work will be kept confidential in a secure Alberta Health Services facility.
Information that does not identify you will also be provided to the researchers
where it will be kept confidential in a secure location.

The researchers who are directly involved in your study may share information
about you with other researchers, but you will not be identified in that shared
information except by a number. The key that indicates what number you have
been assigned will be kept secure by the researchers directly involved with your
study and will not be released.

Although absolute confidentiality can never be guaranteed, Alberta Health
Services will make every effort to keep your identifiable health information
confidential, and to follow the ethical and legal rules about collecting, using and
disclosing thisinformation in accordance with the Alberta Health Information Act
and other regulatory requirements.

The information collected during this study will be used in analyses and will be
published and/or presented to the scientific community at meetingsand in
journals, but your identity will remain confidential. Thisinformation may also be
used as part of a submission to regulatory authorities around the world. Itis
expected that the study results will be published as soon as possible after
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completion. Your study doctor will beinformed of the results of the study once
they are known.

“WHO DO I CALL IF I HAVE QUESTIONS OR PROBLEMS?”

For information about your disease and/or research related injury/illness, you may
contact the Principal Investigator Dr. Quincy Chu, (780) 432-8248, or Co-
Investigator Vera Mazurak, (780) 492-8048 to answer any questions you have
about this study.

If you fedl, at any time, that you have not been informed to your satisfaction about
the risks, benefits, or alternatives of this study, or that you have been encouraged
to continue in this study after you wanted to withdraw, you can call the Patient
Representative at (780) 432-8585.
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UNDERSTANDING OF PARTICIPANTS

| can refuse to take part or withdraw from this study at any time without
jeopardizing my health care. If | continue to take part in the study, | will be kept
informed of any important new developments and information learned after the
time | gave my original consent.

| al'so give consent for the Principal Investigator and Alberta Health Services (the
Custodian) to disclose identifiable health information, as per the Alberta Health
Information Act, to the organizations mentioned on the previous pages.

| have read and understood all of the information in this consent form. | have
asked questions, and received answers concerning areas | did not understand. |
have had the opportunity to take this consent form home for review and
discussion. My consent has not been forced or influenced in any way. | consent
to participate in this research study. Upon signing thisform | will receive a
signed copy of the consent.

(PRINT NAMES CLEARLY)

Name of Patient Signature of Patient Date
Name of Person Signature of Person Date
Obtaining Consent Obtaining Consent

Patient Study Number or Hospital Number:

Was the patient assisted during the consent process in one of the ways listed
below?
O Yes O No

If yes, please check the relevant box and complete the signature space below:

[0 The consent form was read to the patient, and the person signing below attests
that the study was accurately explained to, and apparently understood by the
patient.

[0 The person signing below acted as a translator for the patient during the
consent process.

Signature of person assisting Date
In the consent discussion
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Appendix 2: Ethicsamendment letter

January 16, 2008

RE: ETH-22521: A randomized phase || double blind trial, placebo controlled

trial of anutritional supplement for patients with advanced non-small cell
lung cancer undergoing palliative chemotherapy

Severa challenges have been encountered that necessitate changes in the protocol
of this study. We are submitting, for approval, revisionsto our study protocol and
consent form. We propose to make the following amendments:

Removethe placebo control arm of the study thereby removing
randomization and blinding

We would like to un-blind the study and forgo use of the placebo control arm
because we are unable to meet requirements mandated by pharmacy due to the
nature of the supplement we are providing. Pharmacy requires shipment
directly from the manufacturer to the Cross Cancer Institute. However, thisis
not possible because the supplement is received at the Department of
Agricultural, Food and Nutritional Sciencesin bulk format from the
manufacturer. Unfortunately, the manufacturer is unable to package the
supplement into individual portions. Therefore, the bulk supplement isre-
packaged it into individual portions at a certified food-grade HACCP
controlled facility. These efforts were undertaken to ensure the supplement
would be easy to use and store for patients. As such we are unable to
randomize and distribute our supplement as intended.

Additionally, difficulty with recruitment has been experienced. Unfortunately
this study cannot accrue the sample size of 80 with 40 patients on the
treatment arm and 40 patients receiving the placebo. Patients have been
apprehensive about participating in our trial because they do not want to
receive a placebo treatment with no apparent benefits. Patients who enroll in
this study but who do not take the supplement will serve as a no treatment

group.

Allow patientsthe option of participating in our trial with or without
receiving the supplement but completing all study measures

We would like to provide patients with the choice of participating in our study
even if they decline to take the supplement. The patients who choose not to
receive the supplement will complete the same measures as the patients who
choose to receive the supplement. These patients will serve as a control

group. Thisinformation will be extremely valuable even without supplements
to our ongoing research effort.

161



Change the form of supplementation from the M EG-3 microencapsulated
fish oil powder to Webber Super Concentrate fish oil capsules, Ocean
Nutrition concentrated fish oil and Ascent Nutr Sea fish oil.

We would like to change the format of the supplement from the MEG-3
microencapsul ated powder to Webber Super Concentrate fish oil capsules and
Ascent NutraSeafish oil. Patient response to the MEG-3 powder has been
negative. The MEG-3 powder does not blend into foods as easily aswe
anticipated, and the powder has a fishy taste and odour that patients find hard
to tolerate. We would like to give patients the option of taking either the fish
ail, or the capsules or the option of taking them in combination. We feel this
will increase interest in the study as well as compliance. Thedoseis
comparable for both supplementation forms.

Include all non-small cell lung cancer patients who receive chemother apy
- adjuvant and palliative ther apies.

We have been recruiting patients at lung new patient clinics but of the new
patients only approximately 25% of them receive chemotherapy. Of this 25%
only approximately 5% receive palliative chemotherapy versus adjuvant
chemotherapy. Patient enrolment would be significantly enhanced by opening
the study to all patients receiving chemotherapy.

Include additional questionnaires. Taste and Smell Assessment Survey
and the Functional Assessment of Anorexia/Cachexia Therapy (FAACT)
The Taste and Smell Assessment Survey is used to determine how cancer
affects taste and smell. Thisisimportant because cancer patients may
experience chemosensory alterations as a result of chemotherapy. This tool
will help us to assess the types of changes patients are experiencing and the
impact of these changes on their quality of life.

The FAACT isaquestionnaire designed to measure general aspects of quality
of life aswell as specific anorexia/cachexia-related concerns. The FAACT

will enable us to collect specific quality of life data as patients’ progress
through their treatments.

Proposed new title: “ETH-22521: Trial of a nutritional supplement for
patients with non-small cell lung cancer undergoing chemotherapy.”

Attached is the revised consent form. Thank you for your consideration.
Sincerely

Rachel Murphy
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Appendix 3: Consent form for revised trial of fish oil during chemotherapy

.'. Alberta Health Cross Cancer Institute

i 11560 University Avenue Edmonton, AlbertaT6G
SerUIEES 172 Tel 780.432.8771

Tria of anutritional supplement for patients with non-small cell lung cancer
undergoing chemotherapy
(A study to see whether nutritional supplementation is of benefit for people with
lung cancer)

CONSENT FORM

Thisform is part of the process of informed consent. It is designed to explain this
research study and what will happen to you if you choose to be in the study.

If you would like to know more about something mentioned in this consent form,
or have any questions at anytime regarding this research study, please be sure to
ask your doctor or nurse. Read this consent form carefully to make sure you
understand all the information it provides. Y ou will get a copy of this consent
form to keep. Y ou do not have to take part in this study and your care does not
depend on whether or not you take part.

Y our doctor, who is one of the researchers, will discuss the study with you.
Y our participation in this study is entirely voluntary. Please take your timeto
make your decision. It isrecommended that you discuss with your friends and/or

family about whether to participate in this study.

“WHY IS THIS STUDY BEING DONE?”

Y ou are being asked to take part in this study because you have lung cancer and
are seeking chemotherapy treatment for your cancer. This study isbeing done
because people with lung cancer are at risk for nutritional problems and we are
trying to develop ways to prevent or treat these problems.

“WHAT DO WE HOPE TO LEARN?”

We hope to learn more about how the drugs that you take for your cancer impact
your body’s ability to use certain fats from your diet.

The purpose of this study is to assess how much and what types of fats you have
available in your body and to seeif nutritional supplementation is able to maintain
the levels of essential fatsin your body as you progress through your treatments.
Secondly, we hope to gather information on the ability of supplementation with
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nutrients to limit the side effects you may currently experience while on
treatments.

“WHAT IS INVOLVED IN THIS STUDY?”

In this study, you will receive anutritional supplement, which contains essential
fats, and you will be followed to see what effect the nutritional supplements have
on your health. Y ou will be required to take the supplement from the time you
enroll in the study until you have completed your chemotherapy treatments. The
other option is you may participate in this study without receiving the supplement.
For this option, you will not take the supplement but you will complete the same
guestionnaires and tests for the duration of your treatment. Y ou will be asked to
record all other supplements you take during the study but do not need to stop
taking them.

YHOW MANY PEOPLE WILL TAKE PART IN THIS STUDY?”

About 45 people will take part in this study.

“WHAT WILL MY PARTICIPATION INVOLVE?”

If you take part in this study, you will have the following tests and procedures:

Procedures
Initial Visit Before Each Round
of Chemotherapy

@Toxicity Assessment X X
® Symptom A ssessment X X
“Taste and Smell Assessment X X
Survey
YFAACT Assessment X X
®Food Frequency Questionnaire X X
"Nutritional Assessment X X

Blood Test X X

ab,cd.ef: Questionnaires: You will be asked to fill out several short
guestionnaires including toxicity assessment (~ 5 minutes to complete), symptom
assessment (~5 minutes to complete), Taste and Smell Survey (~ 10 minutesto
complete), FAACT quality of life survey (~15 minutes to complete), Food
frequency questionnaire (~10 minutes to complete), and nutritional assessment
(~5 minutes to complete) during your normal scheduled visitsto the Cross Cancer
Institute and will require approximately 45 minutes of your time.

Someone involved in the study will assist you in completing the questionnaires
while you wait to see your doctor.
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Blood Test: As part of this study you will be asked to provide and additional vial
of blood (~10ml) each time a blood sample istaken as part of your regular care.

“HOW LONG WILL I BE INVOLVED IN THE STUDY?”

You may be in this study for as long as you are receiving active chemotherapy
treatment for your cancer.

“WHAT ARE THE SIDE EFFECTS?”

The side effects of the nutritional supplement may include loose bowel
movements and/or bloating. These side effects are temporary and reversible,
meaning they will stop once supplementation is discontinued. 14% of participants
in a previous study experienced these side effects when they consumed the
nutritional supplement at levels well beyond what is being provided in this study.
The chemotherapy that you will be receiving as part of your standard of care has
side effects associated with it, which your doctor will explain.

If you have any side effects, either those above or others, or if you want more
information on how the nutritional supplement could affect you, you should call
the doctor or nurse in charge of the study. Their telephone numbers are on page 5
of thisform. If we get any new information about the supplement and side effects
in this study, you will be told about them so that you can continue to get the best
care possible.

If we get any new information about the nutritional supplement or side effectsin
this study, you will be told about them so that you can continue to get the best
care possible.

“WHAT ARE MY RESPONSIBILITIES?”

Y ou must be willing to attend all scheduled study visits and undergo all of the
procedures described above. It isvery important that you inform the study doctor
or study nurse of any side effects or health problems that you may be
experiencing as well as any medications (prescribed or holistic) that you are
taking while on this study.

“WHAT ARE MY ALTERNATIVES?”

Y ou may choose not to participate in this study. At thistime, nutritional
intervention is not a standard part of your treatment, therefore, you would receive
the standard treatments which your doctor has discussed with you with no
nutritional intervention.

“ARE THERE ANY BENEFITS TO PARTICIPATING IN THIS STUDY?”
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As a participant in this study, you will receive information about your nutritional
status and diet. Based on the results of this study, it is hoped that, in the long-
term, patient care can be improved.

“CAN | WITHDRAW FROM THIS STUDY?”

In discussion with you, your doctor at the Cross Cancer Institute may withdraw
you from the study at any time if it isin your best interests. Taking part in this
study is voluntary; you may withdraw from the study at any timeif you wish to do
so. If you decide to stop participating in the study, we encourage you to talk to
your doctor first.

Y our doctor can take you off the study treatment early for reasons such as:
e You are unableto tolerate the nutritional supplement.
e New information becomes available that indicates the nutritional
supplement is no longer in your best interest.

If you stop treatment early, we would like to keep track of your medical condition
for the rest of your lifeto look at the long-term effects of the study treatments.

“ARE THERE COSTS TO ME FOR TAKING PART IN THIS STUDY?”

Y ou will not have to pay for the treatment you receive in this study.
“WHAT ARE MY RIGHTS AS A PARTICIPANT?”

If you suffer an injury or become ill as a result of participating in this research,
you will receive all medical treatments (or services) recommended by your
doctors that are not covered by health insurance. No compensation will be
provided beyond this point. However, it is important to note that nothing said in
this consent form alters your legal rights to recover damages.

If new information becomes available or there are changes to the study that may
affect your health or willingness to continue in the study, you will betold in a
timely manner.

“WILL MY PERSONAL INFORMATION BE KEPT CONFIDENTIAL?”

Identifiable health information will be collected from you and from your
Provincial Electronic Health Record (NetCare) during this study. This
information may be used by the researchers who are carrying out this study, and
may be disclosed to others as described below. Any research proposal to use
information that identifies you for a purpose other than this study must be
approved in advance by the Alberta Cancer Research Ethics Committee.
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Direct access to your identifiable health information collected for this study will
be restricted to the researchers who are directly involved in this study except in
the following circumstances.

Y our identifiable health information may need to be inspected or copied from
time to time for quality assurance (to make sure the information being used in the
study is accurate) and for data analysis (to do statistical analysis that will not
identify you). The following organizations may do this inspection:
e Health Canada, the Canadian regulatory body.
e Alberta Cancer Research Ethics Committee, the institutional
review board at this centre
e Members of the Regulatory/Audit team at the Cross Cancer
Institute, for quality assurance purposes

Any disclosure of your identifiable health information will be in accordance with
the Alberta Health Information Act. Aswell, any person from the organizations
looking at your records on-site at the Cross Cancer Institute will follow the
relevant Alberta Health Services - Alberta Cancer Research Ethics Committee
policies and procedures that control these actions. Any disclosure of your
identifiable health information to another individual or organization not listed
here will need the approval of the Alberta Cancer Research Ethics Committee.

Y our identifiable health information collected as part of this study which includes
your food records, responses to questionnaires and information from your blood
will be kept confidential in a secure Alberta Health Services facility. If this study
has a central office that is not in an Alberta Cancer Board facility, the information
will be kept confidential in a secure location at the central office.

The researchers who are directly involved in your study may share information
about you with other researchers, but you will not be identified in that shared
information except by a number. The key that indicates what number you have
been assigned will be kept secure by the researchers directly involved with you
study and will not be released.

Although absolute confidentiality can never be guaranteed, the Alberta Health
Services will make every effort to keep your identifiable health information
confidential, and to follow the ethical and legal rules about collecting, using and
disclosing this information in accordance with the Health Information Act and
other regulatory requirements.

The information collected during this study will be used in analyses and will be
published and/or presented to the scientific community at meetingsand in
journals, but your identity will remain confidential. Thisinformation may also be
used as part of a submission to regulatory authorities around the world. Itis
expected that the study results will be published as soon as possible after
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completion. Your study doctor will be informed of the results of the study once
they are known.

“WHO DO I CALL IF I HAVE QUESTIONS OR PROBLEMS?”

For information about your disease and/or research related injury/illness, you may
contact the Principal Investigator (Dr. Quincy Chu, (780) 432-8248) or page him
through the Cross Cancer Institute Switchboard at (780) 432-8771 to answer any
questions you have about this study. The Co-Investigator (Dr. Vera C Mazurak)
may also be reached at (780) 492-8048 to answer any questions you have about
this study. Y ou may contact the research assistant (Rachel Murphy) at (780) 432-
8233.

If you fed, at any time, that you have not been informed to your satisfaction about
the risks, benefits, or alternatives of this study, or that you have been encouraged
to continue in this study after you wanted to withdraw, you can call the Patient
Representative at (780) 432-8585.

Patient Initials: Date: 168




UNDERSTANDING OF PARTICIPANTS

| can refuse to take part or withdraw from this study at any time without
jeopardizing my health care. If | continue to take part in the study, | will be kept
informed of any important new developments and information learned after the
time | gave my original consent.

| also give consent for the Principal Investigator and Alberta Health Services (the
Custodian) to disclose identifiable health information, as per the Alberta Health
Information Act, to the organizations mentioned on the previous pages.

| have read and understood all of the information in this consent form. | have
asked questions, and received answers concerning areas | did not understand. |
have had the opportunity to take this consent form home for review and
discussion. My consent has not been forced or influenced in any way. | consent
to participate in this research study. Upon signing thisform | will recelve a
signed copy of the consent.

(PRINT NAMES CLEARLY)

Name of Patient Signature of Patient Date
Name of Person Signature of Person Date
Obtaining Consent Obtaining Consent

Patient Study Number or Hospital Number:

Was the patient assisted during the consent process in one of the ways listed
below?
O Yes O No

If yes, please check the relevant box and complete the signature space below:

O The consent form was read to the patient, and the person signing below attests
that the study was accurately explained to, and apparently understood by the
patient.

[0 The person signing below acted as a translator for the patient during the
consent process.

Signature of person assisting in the consent discussion Date
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Abstract

Background: Extensive loss of adiposetissue is akey feature of cancer cachexia.
Advanced cancer patients also exhibit low plasma phospholipids (PL). It is not
known whether these processes coincide across the cancer trgectory nor has their
relationship with survival been defined. Changes in adipose tissue mass and
plasma PL were characterized within 500 days prior to death and prognostic
significance assessed.

Methods: Adiposetissue (AT) rate of change was determined in a retrospective
cohort of patients who died of colorectal and lung cancers (n=108) and who
underwent >2 computed tomography scans in the last 500 days of life. Plasma PL
fatty acids were measured prospectively in asimilar cohort of patients with
metastatic cancer (n=72).

Results: Accelerated lossof AT begins at 7 months from death reaching an
average loss of 29% of total AT 2 months from death. Plasma PL fatty acids were
35% lower in patients closest to death versus those surviving >8 months. Loss of
PL fatty acids and adipose tissue occur in tandem and are predictive of survival.
Conclusion: Depletion of plasma PL likely indicates a deficit of essential fatty

acidsin the periphery which may contribute to loss of adipose tissue.
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Introduction

Patients with advanced cancer often suffer from cachexia and exhibit
extensive loss of muscle and adipose tissue (up to 85%). Cachexiais
characterized by anorexia, early satiety, weakness, anaemia, reduced immune
function and edema, and is estimated to be the direct cause of approximately 20%
of cancer deaths (Tisdale, 2002). Loss of adipose tissue may be caused by
alterations in lipid metabolism including elevated lipolysis (Ryden et al.,
2008)associated with reduced activity of lipoprotein lipase and elevated hormone
sensitive lipase activity (Agustsson et a., 2007). Impairment in lipid storage
capacity of adipocytesin animal models of cachexia has been reported (Bing et
al., 2006). However, the time course over which fat loss occursin cancer patients
has not been well-defined.

For the past several years, members of our team have been engaged in
profiling the nutritional characteristics of advanced cancer patients (Prado et al.,
2008; Lieffers et a., 2009). Thiswork has focused primarily on patients with
locally recurrent or metastatic cancers of the lung and gastrointestinal tract during
the last 12 months of life. Patients participating in prospective studies of
nutritional status have since died, allowing length of time from the measure of
interest until death to be determined. Since diagnosis of cancer can occur one day
or several years from death, time of diagnosisis not a useful criterion for selection
of cancer patients for studies of nutritional status. Important relationships emerge
from stratifying patients based on time to death for measures of fatty acid status

and body composition.
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Plasma phospholipids (PL) contain the magjority of essential fatty acidsin
blood. Fatty acidsin PL reflect overall metabolism of endogenous and dietary
fatty acids and can be used to detect aberrations in n-6 and n-3 essential fatty acid
metabolism. Our group has previously reported low plasma PL in a group of
patients with mixed tumour types close to death (Pratt et al., 2002). Determining
the cause and point in time that this occurs is important for understanding how
deficitsin peripheral fat availability, essential fatty acids and metabolites
contribute to wasting of both adipose and muscle tissue.

Computed tomography (CT) is a precise method to quantify adipose and
muscular tissues using single slice images (Ross, 2003), which can be used to
estimate appendicul ar skeletal muscle, whole body lean and fat mass in cancer
patients (Mourtzakis et al., 2008). Patients with cancer often undergo severa CT
scans over the course of their illness for diagnostic purposes and to assess tumour
progression, which allows for a calculation of the rate of fat loss within each
depot for asingle patient. Reproducibility for CT image analysis of fat and
muscle is ~2%, making it an ideal method for detecting small changes in body
compartments in both cross sectional and longitudinal studies (Mourtzakiset al.,
2008). Aligning retrospective CT images within the final 500 days of life of
patients that are deceased has enabled quantification of fat lossin visceral (VAT),
subcutaneous (SAT) and intramuscular (IMAT) adipose depots to be established
throughout the trgjectory of the disease.

The purpose of this study isto assess amounts of AT and PL fatty acidsin 2

cohorts of advanced cancer patients with lung, colorectal, gastrointestinal or other
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cancer types (kidney and prostate) over the last 500d of life to establish
determinants of survival time. Within this objective we also aim to (1) assess
rates of change in total AT and respective adipose depots; (2) assess amounts and
types of fatty acidsin plasmaPL. Thiswork represents afirst step in defining fat
loss over the course of the cancer trgjectory and in determining the prognostic
value of measures of fat metabolism. Thisinformation will be used to generate
hypotheses and provide rationale for studies aimed at defining interventions to

limit nutrient depletion in advanced cancer patients.

Materials and Methods
Participants

Datafrom two similar cohorts of patients with locally advanced or
metastatic cancer of mixed diagnosis were included to characterize AT mass and
plasma PL: non-small cell lung cancer (NSCLC), colorectal, gastrointestinal
cancer and other cancer types (kidney and prostate). Data were collected
prospectively and patients were followed until time of death. AT losswas
evaluated in one cohort (AT cohort) and PL fatty acid composition and
concentration was assessed in a second cohort (PL cohort); time to death was used
to categorize all patients. Total AT and total PL data were tested for the presence
of outliers and eliminated from all analyses (AT cohort, n=3). Protocols were
reviewed and approved by the Research Ethics Board of Alberta Health Services

(Edmonton, Alberta, Canada).
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The AT cohort included 108 patients who had at least 2 CT imagesin the
last 500 days of lifein the interval between diagnosis of advanced cancer and
death. The CT scans were required to be between 30 and 300 days apart, and
averaged 82 + 40 days apart. If patients had more than 2 valid CT images, the
two images closest to death were used in the analyses. SAT from 6 obese patients
was not fully visible in the image viewing field and therefore SAT and total AT
from these patients was not included in the analyses.

The PL cohort consisted of 72 patients with plasma PL measurements only
and included arange of patients who were newly diagnosed with cancer or newly
admitted to the palliative care program. This cohort provided a broad range of
values for plasma PL, and on average, was farther from death than the AT Cohort
(P<0.0001, 136471 versus 271+172 days, respectively). The characteristics of
each cohort are shown (Table AP1).

Adipose Tissue Measurements

VAT, SAT, IMAT and total AT were measured using electronically stored
CT scans previously taken for diagnostic purposes. The third lumbar vertebrae
(L3) was chosen as alandmark asit is strongly correlated with whole body
adiposetissue (Shen et al., 2004). Two consecutive images extending from L3 to
theiliac crest were quantified and averaged for cross-sectional areaof AT tissue
in depots corresponding to SAT, VAT, and IMAT depots. Images were analyzed
with Slice-O-Matic (V4.3; TomoVision, Montreal, QC, Canada) which permits
specific tissue demarcation by using Hounsfield unit thresholds of -150 to -50 for

VAT (Miller et a., 1998) and -190 to -30 for SAT and IMAT (Mitsiopoulos et al.,
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1998). The sum of the tissue pixels were multiplied by the pixel surface areato
derive cross sectional areas (cm?). To estimate total AT areas, SAT, VAT and
IMAT cross-sectional areas were summed. A regression equation derived from
an advanced cancer patient cohort were used to estimate whole body fat mass
(Mourtzakis et ., 2008):

Whole body fat mass (kg) = 0.042 x [total adipose tissue at L3(cm?)] + 11.2;
r*=0.77.

Therate of AT change within a defined time interval was determined using
two CT images from the last 500d of life. Given that CT images were analyzed
retrospectively, the timing of each image was unique for each individua. Thus,
tissue change for each scan interval was expressed as a percentage and divided by
the number of daysin each interval. The daily rate of loss or gain in fat was
multiplied by 100 to form a standard unit expressed as % change/100d to allow
for comparison between individuals. Details of CT image analysis have been
previously described (Heymsfield et al., 1997; Mourtzakis et al., 2008) and
validated for usein body composition analyses of advanced cancer patients
(Mourtzakis et al., 2008).

Plasma Phospholipid Fatty Acid Analysis

Plasma was centrifuged, isolated from whole blood and immediately frozen
at -80°C until analysis. A modified Folch method was used to extract lipids from
plasma (Field et a., 1989) and plasma PL fatty acid composition was determined
using thin layer chromatography as previously described (Pratt et al., 2001).

Briefly, plasmallipids were extracted using chloroform/methanol followed by
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isolation of PL fraction on G-plates (Layne et al., 1996). The PL band was
scraped and C17:0 standard (50uL) was added for quantification, followed by
direct methylation. Fatty acids were determined using gas liquid chromatography
(Varian 3600CX Gas Chromatograph) equipped with aflame ionization detector
and BP-20 fused capillary column (SGE, Australia). The flow rate of helium gas
was 1.6 ml/min with oven, injector and detector temperatures of 200°C, 250°C
and 250°C, respectively (Park et al., 2006). Peaks of saturated, monounsaturated
and polyunsaturated fatty acids between 6 and 24 carbon chain lengths were
identified by comparison with known standards (Supelco, Bellefonte, PA, USA;
Sigma Chemical, St. Louis, MO, USA).
Satistical Analysis

Data are reported as mean £ SD. Levels of significance are P values < 0.05.
Oneway ANOVA was used to test differences when data were split into more
than two groups. Significant outliersin the data were detected using Grubbs' test
and excluded from al analyses. For plasmafatty acid profile analyses, the PL
cohort was split into two groups based on mediantime to death (238d).
Differences between two groups were evaluated by unpaired t-tests when data
were normally distributed or otherwise by the Mann Whitney test. Correlations
were done using Spearman’s rank correlation tests for non-parametric data. All
statistics were performed using SPSS (17.0) or GraphPad Prism (V5) software.

For survival analyses, optimum stratification was used (SAS version 9.1.3)
to find the most significant P value by use of the log-rank Chi-sguare statistic to

define the cut-points associated with patient mortality. Optimum stratification
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solves the threshold value of the continuous variable (AT, IMAT, SAT, VAT and
PL fatty acids) using log-rank statistics and separates patients with respect to time
to an event outcome (mortality). These cut-points were then used to classify
patients as higher versus lower risk of death. Survival was defined as number of
days to death from the midpoint between two CT scans or the date of blood
sample. The Kaplan-Meier method was used to establish the effect of AT, IMAT,
SAT, VAT and amounts of PL fatty acids on survival. Log-rank tests were used
to compare the survival curves of each variable. We focused on predictors known
to influence nutrition and outcomes in advanced cancer including: sex, type of
cancer (lung vs colorectal, lung vs other cancer types), BMI (<18.5 or >18.5
kg/m?) (data not available for entire AT cohort) and age (<65 or =65 y), while
recognizing the limitations of not including additional predictors of outcome such
as performance status that was not available for this data set. Variables were
entered into a univariate Cox proportional hazards model with 95% confidence
intervals. Significant univariate predictors were entered into a multivariate Cox
proportiona hazards model.
Results
Adipose Tissue Cohort

AT changes were significantly correlated with time to death for all depots
(SAT P=0.004, VAT P=0.02, total AT P=0.005) except IMAT (P=0.12; data not
shown). Scan intervals were divided according to time to desth and the time
course of mean AT loss or gain (% change /100 d) is shown (Figure APL).

Changesin each adipose depot followed a polynomial relation (r°=0.99). IMAT
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had a net loss of -4.3%/100 days from 230 until 98 days from death, to a gain of
9.41% at 66 days from death. Mean SAT and VAT aso showed a polynomial
relationship (r?=0.98, 0.95), resulting in a mean decrease at 66 days from death of
-29.34% and -24.77%, respectively. Total AT change followed asimilar
polynomial relationship (r>=0.96), resulting in mean losses at 158 days and atotal
loss of -29.11% AT at 66 days from death. This equatesto anet loss of ~10 kg of
fat mass/100d in patients closest to death.

Median survival was ~2 times longer for patients with VAT, SAT and total
AT rate of change above specific cut-points compared to patients below, however
survival was not significantly affected by IMAT rate of change (Table AP2).
Survival was not affected by gender (HR 0.90 [0.6-1.3] P=0.60), or age <65 or
265y (HR 0.97 [0.7-1.4] P=0.90) at the univariate level. Patientswith lung
cancer lived longer than those with colorectal cancer (HR 0.344 [0.3-0.5]
P<0.0001). It should be noted that the colorectal cancer patients within the AT
cohort are closer to death because these patients were recruited for a study that
focused on end of life measures. Type of cancer was modeled for IMAT, VAT,
SAT and total AT in amultivariate Cox proportional hazards model. VAT, SAT
and total AT remained significant predictors of survival (Table 2) and IMAT
became a significant predictor of survival. Survival curvesfor total AT loss are
shown (Fig AP2a) and results were also representative for SAT and VAT loss,

respectively.
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Phospholipid Cohort

The concentrations of all plasma PL fatty acids were significantly correlated
with time to death (P<0.05) except arachidonic acid (AA) and a-linolenic acid
(ALA) (data not shown). With the exception of EPA, these PL fatty acids also
correlated with BMI (P<0.005), but not age. However, BMI was not significantly
correlated with time to death (P=0.09). To compare PL fatty acid compositions
and concentrations in patients closest versus those farthest from death, the cohort
was divided into 2 groups based on median time to death (238d). Age and BMI
were not significantly different between the 2 groups. The quantity of all PL fatty
acids was significantly lower in the <238d group than the >238d group (Table
AP3). Proportions (percent) of each fatty acid contributing to total PL were
similar between groups.

Patients with plasma PL fatty acid concentrations above defined cut-points
lived 1.4 to 2.3 fold longer than those below for all fatty acids with the exception
of ALA (Table AP4). A representative survival curve for n-3 fatty acids is shown
(Fig AP2Db). Univariate analysis showed no differencein survival for sex (HR 0.9
[0.5-1.4] P=0.59), BMI <18.5 or >18.5 kg/m? (HR 0.96 [0.4-2.1] P=0.91) or age
(HR 0.9[0.6-1.5] P=0.93). Therefore PL fatty acids were analyzed using a
univariate Cox proportional hazards model (Table AP4). Asopposed to the AT
cohort, type of cancer was not a significant predictor of survival in the PL cohort
(lung vs colorectal or Gl cancer: HR 1.0[0.5-1.7] P=0.92, lung vs other: HR 0.6

[0.3-1.4] P=0.26).
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Discussion

No studies to date have measured the rate of adipose tissue loss as it relates
to changes in fatty acid status throughout disease progression in cancer patients.
Therefore, the cause(s) or point in time that alterations occur as this metabolic
situation evolves has not been identified. Data compiled on fatty acidsin plasma
PL and body composition spanning time of diagnosisto the last 60 days of life
has enabled establishment of a relationship between fatty acid availability and
adipose tissue loss throughout the cancer tragjectory. It isevident from the current
study that depletion of plasma PL essential fatty acids and loss of adipose tissue
occur at approximately the same time (7 to 8 months prior to death) within the
cancer trajectory.

Adipocytes from cancer patients are highly sensitized to catabolic signals
stimulating lipolysis (Agustsson et a., 2007; Ryden et a., 2008). CT scans
provide a unique opportunity to quantify and discriminate between adipose tissue
depots which may differ in lipolytic rates and sensitivity to catabolic stimuli. Our
results show that the rate of SAT, VAT and total AT lossfollow asimilar pattern
and time-coursewith decreases in mean rate of AT gain beginning at
approximately 7 months from death and within 6 months of death, accelerated
losses occur. The functional implications of fat loss from specific depots require
further investigation. The magnitude of change in plasma PL fatty acid levels and
AT wasting observed in patients around thistime is expected to be due to
fundamental changes in metabolism. These changes are not likely to be evoked

from altered dietary intake alone as a 10 kg loss of fat in 100 days would require a
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caloric deficit >750 kcals/day. Work by our group in asimilar group of patients
suggests that changesin food intake occurs after accelerated loss of adipose tissue
begins (unpublished data). Likewise, loss of adipose stores often precedes
anorexiain animal models of cachexia (Bing et al., 2000). Furthermore, low
intakes affect fatty acid composition but not amount of plasma PL (Decsi et al.,
1998). Therelationship between AT loss and peripheral fatty acid availability
requires further exploration.

Plasma PL fatty acid levels were 35% lower in patients that were <7 months
of death versus patients who survived >7 months from the time of assessment.
Thisis noteworthy because about 80% of the essential fatty acidsin plasmalipid
arefound in the plasma PL fraction. Pratt et a. (2002) reported that patients with
advanced cancer in palliative care uniformly express levels of total plasma PL and
essential fatty acids <30% of those seen in healthy individuals as well as other
patient groups regardless of total caloric or total fat intake. Moreover, ALA and
LA (linoleic acid) in plasma PL were 27% and 29% of the levelsin heathy
individuals. A measure of essential fatty acid deficiency, the ratio of mead acid
(20:3n-9) to AA, was also elevated. Zuijdgeest-van Leeuwen et a. (2002),
studied plasma fatty acid levels of patients with newly diagnosed pancrestic,
NSCLC and stomach/esophageal cancer compared to normal healthy controls.
They reported lower proportions of n-6 and n-3 fatty acids in cancer patients than
those of healthy subjects (Zuijdgeest-van Leeuwen et al., 2002). We aso report
that declinesin essential n-6 and n-3 fatty acidsand AT depletion occur in tandem

suggesting an important relationship between essential fatty acid availability and
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maintenance of fat mass. Further work is directed at delineating this relationship
more clearly. The n-3 series was particularly depleted prior to death in this
cohort. ALA was 59% lower and the longer chain polyenes eicosapentanoic acid
(EPA) and docosahexanoic acid (DHA) were 26% and 40% lower in patients
surviving less than 238 days versus those surviving longer. This coincides with
evidence showing the existence of a progressive deficiency or imbalancein
essential long chain n-6 and n-3 fatty acids in cancer patients (Gogos et al., 1998;
Barber et a., 1999; Chaudry et al., 1991; McClinton et al., 1991). The merit of
early intervention is emphasized in order to limit nutrient depletion, rather than
attempting to treat the catabolic response at advanced stages.

In the classic study by DeWys et al. (1980), weight loss of >5% of body
weight at time of diagnosis compared to no weight loss was associated with a
significantly poorer median survival, chemotherapy response, and performance
status. While several factors have been considered in prognostication for
advanced cancer, emerging studies suggest that markers of metabolic
impediments have a place in defining risk. The prognostic significance of fat
versus lean tissue loss has not been explicitly established, although it isawidely
held belief that loss of metabolically active lean tissue contributes to increased
mortality, accelerated disease progression, as well asimpairment of strength and
functional status (DeWys et a., 1980). This paper isafirst analysis of the
prognostic significance of measures of fat metabolism in cancer patients. Both
loss of AT and low plasma PL fatty acids are associated with ~ 2-fold shorter

survival. Itislikely that several metabolic factors work in concert to accelerate
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fat wasting in cancer. AT loss may be an especially useful prognostic factor
because it utilizes existing CT images and is minimally invasive in this vulnerable
patient population. Additional research isrequired to mechanistically define and
quantify underlying metabolic impairments that manifest asloss of AT and low
plasma PL fatty acids.

In conclusion, we report that approximately 7 months from death, patients
with advanced cancer begin to exhibit accelerated rates of AT loss. Decreasing
plasma PL fatty acids accompany changesin AT, and both depletion of plasma
PL fatty acidsand AT hold prognostic value. Very little data collected on human
cancer patients exists to define the status of individual fat stores, how fatty acids
are metabolized, or whether there are impediments to fatty acid synthesis and
utilization. This study more clearly defines the metabolic changes that |ead to
marked AT loss in advanced cancer and isafirst step in establishing relationships
between measures of fatty acids and death. Thiswork provides the rationale for
examining mechanisms underlying the evolution of cachexiawith regards to fat
metabolism in order to design interventions aimed at maintaining fat massin
advanced cancer patients. Mechanisms underlying depletion of essential fatty
acids and identification of possible constraints to normal utilization of dietary
lipid must be elucidated to ameliorate wasting and improve nutritional support for

cancer patients.
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Tables

Table AP1: Characteristics of patients

Adipose Tissue Cohort Phospholipid Cohort
Characteristic Males Females Males Females
N 47 61 42 30
Age(y) 62+ 8 61+9 66+ 9 60 = 10
BMI (kg/m?)° NA NA 23.6x4.1 23.0+38
Distribution of cancer type (n)
Lung 33 36 23 24
Colorectal or Gl 25 14 13 3
Other® 0 0 6 3

Values are mean £SD. Measurements coincide to the closest available datafor
CT scan date (AT cohort) or blood draw (PL cohort). 2Other cancersincluded
kidney and prostate. "BM1 not available for AT cohort.
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Table AP2: Median survival timesand hazard ratiosfor univariate and multivariate proportional hazards
model to assessthe effect of AT rate of change on survival for patientsin the AT cohort

Cox proportional hazards model analysis®

Survival Time (days) Univariate Multivariate
Cut- < Cut- >Cut-
AT point? point point pP Coefficient HR p Coefficient HR p
depot (%AAT Median Median (SE) (95%Cl) (SEB) (95% ClI)
/100d) (CI) (cn

IMAT 2.1 70 88 0.1 0.31 1.4 0.11 0.40 15 0.05
(49-91) (70-106) (0.20) (0.9-2.0) (0.20) (1.01-2.2)

VAT -30.6 41 88 0.001 0.76 2.1 0.001 0.69 2.0 0.003
(28-54)  (77-99) (0.22) (1.4-3.9) (0.23) (1.3-3.1)

SAT -32.8 46 88 0.002 0.80 2.2 0.001 0.66 1.9 0.01
(31-61) (75-101) (0.24) (1.4-3.5) (0.26) (1.1-3.2)

TAT -29.2 46 88 0.001 0.87 24 0.001 0.76 2.1 0.001
(31-61) (73-103) (0.22) (1.5-3.7) (0.24) (1.3-3.4)

AT adiposetissue, IMAT intramuscular AT, VAT visceral AT, SAT subcutaneous AT, TAT total AT, HR hazard ratio.
3Cut-points most significantly associated with patient mortality were defined by optimum stratification. *Some p-
values were log-ranked. “Survival was not affected by sex or age. When type of cancer was included in the mode,
lung cancer (vs colorectal or Gl) was an independent predictor of survival (HR 0.3 [0.2-0.5] p<0.001). Lung cancer
(vs. colorectal) was included in the multivariate Cox proportional hazards model analysis and remained significant for
IMAT (HR 0.3[0.2-0.5] p<0.001), VAT and SAT (HR 0.3[0.2-0.5] p<0.001) and total AT (HR 0.3 [0.2-0.5] p<0.001).



Table AP3: Amount of plasma PL fatty acidsin patients with advanced

cancer

Fatty acid >238d <238d

before death before death p?
(n=36) (n=36)
(Mg per ml plasma)

LA (18:2n-6) 125 + 63 82 + 58 0.003
ALA (18:3n-3) 1.6+23 0.7+0.8 0.03
AA (20:4n-6) 60 + 40 43+ 35 0.03
EPA (20:5n-3) 59+52 44+78 0.01
DHA (22:6n-3) 21+15 13+ 12 0.008
2n-6 216 + 117 142 + 107 0.003
2n-3 29+19 19+ 17 0.006
2SFA 329 + 158 209 + 150 0.002
2MUFA 106 + 61 69 + 50 0.006
2PUFA 249+ 134 164 + 123 0.002
Total 686 + 336 442 + 316 0.002

LA linoleic acid, ALAa-linolenic acid, AA arachidonic acid, EPA
el cosapentanoic acid, DHA docosahexanoic acid, ZSFA saturated fatty acids,

>MUFA monounsaturated fatty acids, ZPUFA polyunsaturated fatty acids, 2n-6

omega-6 PUFA, 2n-3 omega-3 PUFA. Results are mean + SD. Patients with

phospholipid data were divided based on median time to death from time of blood
sampling. ®P-value is based on the comparison between >238d and <238d before

death evaluated by unpaired t-tests when data were normally distributed and
otherwise by the Mann Whitney test.
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Table AP4: Median survival timesand hazard ratiosfor univariate proportional hazards model to assessthe effect of plasma

PL fatty acids on survival for patientsin the PL cohort

Surviva Time (days)

Cox univariate® proportional hazards model

Fatty Cut-point <$\:/|u;|?§rl]nt >i3/|u;jri);):]nt pa Coefficient HR P

acid (ng/mL) ) () (SE) (95% ClI)
LA 74 206 (142-271) 321 (224-418) 0.007 0.68 (0.26) 20(1.2-3.2) 0.008
ALA 0.6 206 (128-285) 321(217-425) 0.35 0.52 (0.27) 1.7 (1.0-2.8) 0.05
AA 27.2 210 (92-328) 293 (206-380) 0.05 0.35(0.24) 1.4 (0.9-2.3) 0.15
EPA 2.6 199 (121-277) 342 (302-382) 0.01 0.59 (0.24) 1.8 (1.1-2.9) 0.01
DHA 11.7 210 (134-286) 323 (260-386) 0.006 0.68 (0.25) 2.0(1.2-3.3) 0.007
>n-6 146.6 177 (81-273) 323 (272-374) 0.02 0.58 (0.24) 1.8 (1.1-2.9) 0.02
2n-3 11.7 177 (93-261) 313 (228-399) 0.004 0.75 (0.27) 2.1(1.3-3.6) 0.005
2SFA 154.9 141 (45-237) 321 (226-416) 0.003 0.76 (0.26) 2.1(1.3-3.6) 0.004
>MUFA 7.7 210 (154-266) 323 (260-386) 0.04 0.49 (0.24) 1.6 (1.0-2.6) 0.04
>PUFA 170 177 (84-270) 323 (267-379) 0.02 0.55 (0.25) 1.7 (1.1-2.8) 0.02
Total 321.3 141 (45-237) 321 (226-416) 0.003 0.76 (0.26) 2.1(1.3-3.6) 0.004

Abbreviations are as Table 2 and 3. 3Cut-points most significantly associated with patient mortality were defined by optimum

stratification. "Some p-values were log-ranked. “Univariate Cox regression model used, no multivariate model was required as sex,

type of cancer, BMI and age were not significant predictors of survival.



Figures

Figure AP1: Time courseratesof changein AT depots (n=104)
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Scan intervals were categorized for IMAT (e dashed curve), VAT (m dashed
curve), SAT (¢ solid curve) and total AT (A dotted curve) relative to the time of
death and divided into 4 categories. For each time point, mean rates of change
were calculated normalized to %/100 d. Best-fit regression lines were polynomial
and were used to approximate the trgjectory of AT loss until death. The rate of
changes are: IMAT %change/100 d =0.0019(time to death, in d)? — 0.6213(time to
death, in d) +42.52, VAT %change/100 d = -0.0008(time to death, in d)? +
0.4339(time to death in d) -47.996, SAT %change/100 d = -0.0012(time to death,
in d)?+ 0.5752(time to death in d) -60.919 and total AT %change/100d = -
0.001(time to death, in d)? + 0.5752(time to death in d) -60.919.
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Figure AP2: Kaplan Meier survival curvesfor patientsin thea) AT cohort

(n=108) and b) PL cohort (n=71)
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Patientsin the AT cohort with total adipose tissue above the level associated with
an increased risk of mortality obtained by optimum stratification (29.2% total
AT/100 days). Patientsin PL cohort with n-3 fatty acids above or below the level
associated with an increased risk of mortality obtained by optimum stratification

(11.7ug/ml).

193



Appendix 5: Health Science Inquiry manuscript
Advancing cancer treatment: a movetowardsindividualized ther apy
Taylor F Bureyko and *Rachel A Murphy

'Department of Agricultural, Food and Nutritional Sciences, University of
Alberta, Edmonton, Alberta, Canada.

In Canada, cancer has surpassed heart disease as the |eading cause of
death.' The incidence of cancer and cancer-related deaths isincreasing.* Thisis
likely to continue to increase in the coming years given our aging population and
the fact that cancer primarily affects people over the age of 50.* Each year, the
government and voluntary sectors spend over $400 million on cancer research in
Canada.? Although progress has been made in the treatment of certain types
of cancer, we are still far from being able to offer all patients effective treatment.

The primary goal of an oncologist isto recommend the most effective
cancer treatment available. However, it isdifficult to predict patient response or
resistance to therapeutic agents. In order to maximize benefits from treatment,
specifically to improve quality of life and to prolong survival, we must understand
and address variability in treatment response. Molecular differencesin malignant
tissue may explain some of the heterogeneity in treatment response and provide
novel treatment targets.

Currently, patients recelve standardized anti-neoplastic therapy according
to tumour histology and disease stage. Advancementsin molecular profiling and
drug development have led to the possibility of individualizing treatment
according to the molecular characteristics of a patient’s tumour. These new

therapies target specific cellular features that are essentia for tumour growth or

A version of this manuscript has been accepted for publication in Health 194
Science Inquiry 2011;2(1):40-41.



survival. Due to the specific nature of these therapies, the side effects from
targeted therapy are often milder than conventional anti-neoplastic treatments.>
Together, molecular profiling and targeted therapy may improve upon
standardized treatment by identifying molecular characteristics associated with
response or resistance to therapeutic agents.

Targeted therapy in lung cancer is an area of intense research due to low
efficacy of standard chemotherapy. The drugs erlotinib and gefitinib, which
inhibit tyrosine kinase activity in the epidermal growth factor receptor (EGFR),
are examples of targeted therapy. Response to these therapies has been associated
with somatic mutations in the tyrosine kinase region of EGFR which are
particularly prevalent in Asian women with no smoking history who develop
adenocarcinoma of the lung.** Thus, erlotinib and gefitinibare most effectivein
this particular population.® Molecular profiling may also be useful for selecting
the most effective treatment for patients without EGFR mutations as these
patients have been shown to benefit from standard chemotherapy compared to
gefitinib.”

Similarly, targeted therapies have been successful in improving treatment
for breast cancer. Approximately 20% of patients with breast cancer overexpress
a growth factor receptor gene, human epidermal growth factor receptor (HER2),
which is associated with aggressive disease and higher risk of cancer recurrence.®
The development of trastuzumab, a monocolonal antibody which interferes with
the HER2 receptor, has resulted in longer progression-free survival and

significant improvements in survival in HER2-positive breast cancer patients.”
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This represents a major advancement in treatment of breast cancer and has
contributed to a 25% decline in mortality from breast cancer in Canadian women
over the last two decades.

Although targeted therapy seems promising, there are concerns about the
feasibility of an individualized approach to cancer treatment. These concerns are
centered on obtaining and characterizing tumour biopsiesin atimely manner.
However, these concerns may be unfounded as a recent study in advanced cancer
patients obtained tumour biopsies for al study patients (n=86) from 9 different
cancer centers.’® Molecular profiling was then used to identify treatment targets
and to select treatment regimens. All patients had refractory disease, having
previoudly failed to respond to chemotherapy. Despite this, 27% of patients had
longer progression-free survival with individualized treatment compared to their
previous treatment regimens. Marked differences between therapies that would
have been recommended by the patients’ oncologist in the absence of molecular
profiling were also reported. This study not only demonstrates that individualized
cancer therapy isfeasible but that it may also represent an improvement over
standard treatment.

Current knowledge of the complex interactions between specific gene
expression and targeted treatment is evolving, asis molecular profiling
technology. Great advancements in treatment have aready been made with the
advent of targeted molecular agents such as trastuzumab, gefitinib and erlotinib.
These agents have fewer side effects and provide more effective disease control

than standardized therapy in subgroups of patients. Although thus far, molecular
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agents are most effective in well-defined subsets of patients, further development
of targeted therapies will open new avenues in treatment for broader populations.
Continued research and development of novel molecular targets and treatments
are needed, but the encouraging results to date suggest that individualized anti-

neoplastic therapy holds promise for advancing the treatment of cancer.
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