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Abstract
Food intake is regulated by both appetite and oy reward systems. Appetite
systems stimulate or reduce hunger, while orosgnsarard motivates consumption of
high fat sweet foods, resulting in food enjoymdiiite majority of advanced cancer
patients suffer from malnutrition and wasting, whinay be caused by a loss of appetite
due to physiological changes or a hindered orosgmsward system due to taste and
smell (chemosensory) changes or both. Orosenseardesystems were hypothesized to
be impaired in advanced cancer. To understanchtheence of chemosensory alterations
on food intake and enjoyment, the nature (intehsityxthemosensory alterations in
cancer patients and their relationship with ingestiehaviour and quality of life (QOL)
were investigateds(udy ). Advanced cancer patients (n=192) more frequeethfy
reported tastes and odours to be heightened rdthediminished (p=0.035). Patients
with perceived chemosensory alterations had pd€dr (p=0.0176) and lower caloric
intake (p=0.0018) compared to patients with naratiens. Cannabinoid (g.A-9-
tetrahydrocannabinol\-9-THC) increase food intake by stimulating botipeiite and
orosensory reward systems as well as potentialgreeing chemosensory function. To
palliate chemosensory alterations and poor appetiteanced cancer patients (=21,
study 2 with these symptoms were randomized to receieeh-9-THC (2.5mg) or
placebo oral capsules twice daily for 18 days. Cameg to patients receiving placelfe,
9-THC-treated patients reported that faasted bette(p=0.04), they had improved
chemosensory perception (p=0.026), increased preferand intake of high protein
foods (p=0.008), and improved appetite (p=0.05liuof sleep (p= 0.025), and
relaxation (p= 0.045). Like cancer patients, turdoearing rats appeared to experience a
loss of orosensory reward, showing tumour-assatiat@rexia when fed a rewarding

diet to the same degree as on a usual siietly 3. A-9-THC significantly increased



caloric intake compared to vehicle for both tumbaering (p=0.0146) and healthy rats
(p=0.0004), suggesting endocannabinoid-mediatedtapsystems are functioning in
this tumour model. The findings of this thesis sgjgprosensory reward systems to be
impaired in advanced cancer, decreasing the lizimymotivation to eaf\-9-THC
treatment may help to palliate perceived chemosgradterations and loss of appetite

and food enjoyment in advanced cancer.
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Chapter 1

Food intake regulation: appetite and reward systems !
“Change in food appreciation can be one of the esusf poor dietary intake and
thereby contributes to a deterioration of the caruatient’'s general condition1]

1.1 Introduction

Food intake is regulated by both appetite and rédwgstems. These pathways work
synergistically to maintain a healthy body weid?it [The presence of involuntary weight
loss or gain may be associated with a shift inghregulatory systems, causing a deficit (or
surfeit) of food intake relative to metabolic adies. Historically, when food was scarce,
the orosensory reward pathway played a critica holsurvival by promoting over-
consumption of available energy dense foods far@abktorage. Currently, in an
environment of readily available energy dense fotusorosensory reward pathway is
suggested to be maladaptive, dominating food intedeg appetite systems and causing
excessive weight gain [3-5]. Conversely, therenisn@omplete understanding of the
etiology of low food intake associated with chrodiseases, such as cancer. A decline in
food intake when ill or injured may be an adaptiesponse to limit foraging for food
during a compromised state. The drivers for thépomse may then be either loss of
motivation to eati(e. impaired reward system) or loss of appetite combination of the
two. The majority of advanced cancer patients sdiften malnutrition and wastiné],

which may be caused by a loss of appetite dueysiplogical changes [7] or a hindered
orosensory reward pathway (which may be partialig th taste and smell changes [8-10])
or both. In cancer anorexia, it is unknown whielthpvay {.e. appetite and reward)
primarily contributes to the prevailing level ofolh intake and if both are responsive to
external stimuli, such as diet and drug.

1.2 Appetite regulation

To regulate appetite, the brain integrates siginaia the periphery (sympathetic nervous
system) and the hypothalamus. A long list of med&tontrol food intake (Table 1.1),
such as Neuropeptide Y (NPY), Agouti-related pro{@igRP), melanin-concentrating
hormone, and the orexins which stimulate feedirgyrarlanocortinso(- andy-
melanocyte-stimulating hormone), cocaine- and angphi@e-regulated transcript
(CART), thyrotropin-releasing hormone, corticotnopeleasing hormone, and urocortin,
and pro-inflammatory cytokineg @.interleukin-PB and tumor necrosis factor-which
inhibit food intake [2, 11, 12]. Systemic hormondsich inhibit feeding include insulin,
leptin, peptide YY (PYY), cholecystokinin (CCK), @dglucagon-like peptide-1, while
ghrelin stimulates feeding [2, 12].

For simplicity, food intake regulation will be dded into long-term and short-term
control systems. The hypothalamus, specificallyatueiate nucleus, is involved in long-
term feeding and energy homeostasis. The arcuateusuneurons are sub-divided into
orexigenic {.e. NPY/ AgRP neurons) and anorexigenic neurams (

! Section 1.3 and Table 1 have been published asladhapter entitled Appetite loss/cachexia:
basic science i€ancer Symptom Scienc@ambridge University Press, editors Charles G|
Michael Fisch, Adrian Dunn (authors Tristin Brisb&@larkson, Wendy Wismer, Vickie Baracos)
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Proopiomelanocortin (POMC)/ CART neurons) [2]. Lie@nd insulin stimulate
POMC/CART neurons and inhibit NPY/AgRP neuronsécrdase food intake and
maintain a normal body weight, while ghrelin stiamigls NPY neurons to initiate feeding.

The short-term regulatory system involves signadmfthe periphery, which project to
the hindbraini(e. nucleus of solitary tract) via the vagus nerve fiA]. This system
informs the brain about the quantity and qualityaafd consumed. The nucleus of
solitary tract then relays the information to thypdthalamic brain centers..the
paraventricular nucleus). The main peripheral amgzlade the gastro-intestinal (Gl)
tract, the mouth and nose (sensory cues), andvtre This system is also referred to as
the gut-brain axis. The gut-brain axis involvesthcategories of signals [11]:

1. Meal initiation/motivation: signals from ghrelin and sensory stimuk (visual,
olfactory, taste, and other oral stimuli)

2. Maintaining food intake/meal duration: balance between sensory stimuli and
negative feedback of Gl satiety sighasg(CCK, PYY) , thus eating continues
until feedback signals override sensory aspet¢grated with descending
hypothalamic input

3. Termination of meal: signals from Gl / liver, which create a negatisedback
loop

Our senses play a critical role in the short-teegufation of food intake. The odour and
sight of food are involved in meal initiation, thesitive feedback from our senses
perpetuates eating during a meal, and the saiisfiagbtained from our senses triggers
the termination of a meal. Thus alteration of senswputs can disrupt meal initiation
and motivation to eat.€. orosensory reward). In cancer, taste and smellaibns are
frequently reported (15-100%), which negatively aopfood intake and food enjoyment
[8-10], suggesting alterations in food-related nevgystems. Taste and smell alterations
in cancer are rarely studied and no studies haxasiigated their impact on orosensory
reward, regardless of the obvious impact on fotaki

1.3 Reward and food intake

Human beings derive pleasure from food propentagijcularly the qualities of
sweetness and fattiness. A preference for foodstivitse properties promotes
consumption of foods with high energy density and is generally understood to have
had adaptive value over the course of human ewsiufihe intrinsic sensory
attractiveness of food is mediated by brain pattswajerred to as reward pathways.
Thus, in addition to the hypothalamic control opatite, reward systems are also
involved in food intake regulation.

Reward pathways promote various types of pleasutetdnas been found that particular
neurochemical transmitters are involved includiogamine, endogenous opioids and
cannabinoids, together with their specific recept®eward is defined as botlanting
(motivation) andiking (hedonic) [13]Wantingis the incentive motivational value of a
stimulus (.e. the drive to obtain the reward), wherdikig is purely hedonicif. the
pleasure that is obtained from the reward). Theardwathway is thought to have the
capacity to override appetite control, generatiagenergy storage in response to
exposure to high energy density foods [14]. Thalwoation of an environment
saturated with high energy density foods and timege susceptibility of some
individuals to food reward stimuli, is an importantrrent theme of obesity research.
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Conversely, the status of the reward pathway iceaanorexia is largely unknown,
however it has been suggested that stimulatingetivard pathway through pleasant and
varying visual, textural, gustatory, and olfactéwgd stimuli or through exogenous
agents such as cannabinoids, may prove to be igegproaches for cancer anorexia
[15].

The reward system involves several brain regidresyentral tegmental area (VTA),
nucleus accumbens, ventral pallidum, and medidiqrtal cortex [16]. These areas of
the brain are linked together and to the mediadaain bundle by synaptically
interconnected neurons to form a circuit [17]. $dimion of this circuit induces pleasure
in humans [16] resulting in increased dopaminelteiethe nucleus accumbens [18].
Two types of dopamine receptors (D1-like and D2Ji&re involved in mediating the
action of rewards [19].

Both the endogenous opioid and cannabinoid syséeenmvolved in reward. The
endogenous opioid system consists of three typepiofd receptorgy, o, andk with the
p—opioid receptor primarily involved in food rewartl7])), and several endogenous
opioids such aB-endorphin, enkephalin, and dynorphin. Opioid recepare
concentrated in brain areas involved in food intakd rewardd.g.hypothalamus and
VTA). The endogenous opioid system is directlyreeted to the dopamine brain
reward axis and is more involved in the hedonieatpof rewards [13, 20]. It is of note
that chronic stimulation with morphine results id@vn-regulation of G-coupled
proteins involved in reward systems, such as cana#breceptors [21]. Thus for cancer
patients chronically treated with opioid analgesiesreward pathway may have a
lowered responsiveness as a consequence. We dpdbalachronic opioid use is
potentially a highly important limitation to rewardbased ingestive behaviour; this
remains to be tested.

The endocannabinoid system consists of endogermmumabinoid receptors (CB1r, CB2r)
and their endogenous agonists, such as anandabide.are found in the hypothalamus,
VTA, and nucleus accumbens as well as in the penpfe. epithelial cells of Gl tract,
myenteric neurons, hepatocytes, adipose tisswgtoly receptors, and vagus
nerve/nodose ganglion) (Figure 1.1). Cannabingidseiase appetite through activation
of the CB1r, which causes increases in NPY [22] dexteases leptin signalling [23]
(Figure 1.2). How cannabinoids interact with taeard pathway is not completely
understood, however they have been shown to ine@samine levels in various
reward-related areas [16]. Thus stimulation of@8r with either endogenous or
exogenous agonists.@.A-9-tetrahydrocannabinoh-9-THC) increases extracellular
dopamine levels in the brain causing a rewardifecef24]. This increase in dopamine
levels can be mitigated with CB1 antagonistg (SR141716) [25].

Sensory features such as sight, texture, tastesraetl determine the reward value of
food [26] The evaluation of the pleasantness ofl fiades place in the orbitofrontal

cortex (the secondary gustatory cortex) [27]. Th®tofrontal cortex is mediated by
dopamine levels in the striatum, thus stimulatibthe orbitofrontal cortex increases the
desire for food [28]. Overall, the ventral striatigrthe interface between taste perception
(i.e. brainstem visceral taste nuclei and gustatoryegd@nd reward related behaviour
[29]. Since the taste and smell of food heavily atighe rewarding aspects of eating.(
the motivation to eat and the liking of food), éesns important that taste and smell
changes which are commonly experienced by candienpamay undermine the
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pleasure incentives of food. These chemosensasatithtns have been noted to decrease
the pleasure of eating [1, 8].

Enhanced sensory cues, food variety, or exogergargssuch as cannabinoids which
activate the reward pathway may be useful appraaicheestore rewarding aspects of
food. These interventions, with the exception of cannaids) have been tried in elderly
individuals to promote food intake with some sued@§€, 31]. One approach to increase
dopamine levels is to consume a variety of foodi® drbitofrontal cortex is responsible
for rating the pleasure aspects of food and islireewith sensory specific satiety. When
a food is eaten to satiety, even if it is palataiblbecomes unappealing [26]. In other
words, repeated exposure to the same food caupamitte signals to adapt, resulting in
a tolerance to the natural reward similar to theremce effect of drugs [18]. Replacing
the food item with a different palatable food rédtes rewardie. re-increases dopamine
levels in the nucleus accumbens), and thus incseassrall food intake and reinstates the
pleasure of eating [18]. Thus increasing food \tgriguch as changing the flavour,
texture or even appearance of foods may increas@lb¥ood intake and food
enjoyment.

Based on our understanding of the reward systemulstting the reward pathway with
exogenous cannabinoids is also a plausible appr@simabinoids increase the
motivation to eat and increase sensitivity to thiesery properties of foods, creating a
preference for highly palatable foods even wheiatgat [32, 33]. In animals,
cannabinoids increased the pleasantness of susmbhg®ns and decreased the
aversiveness of bitter solutions [34]. Cannabinbiage been shown to increase food
intake in healthy [35-37] and AIDS populations [38], but their effectiveness in cancer
anorexia is limited and difficult to interpret [42]. There are only 5 published studies to
date investigating the efficacy af9-THC for appetite loss in cancer [39-43]. Study
designs, outcome parameters, and results varylyeabng these studies. Moreover, no
study has investigated the potentiahe®-THC to improve other aspects of food intake
behaviour, such as perceived taste and smell atterand loss of food enjoyment in
cancer.

1.4 Thesis goals and objectives

The role of the orosensory reward pathway and mafibns of taste and smell alterations
in cancer anorexia are unknown. Very few studie® ltempted to palliate
chemosensory alterations and loss of food enjoyinetdncer, none of which have
considered the use of cannabinoids. The followimgpters discuss the role of sensory
alterations and orosensory reward on food intakevweur in advanced cancer as well as
the efficacy of cannabinoid therapy to palliaterobsensory alterations and loss of food
enjoyment and appetite. | hypothesize that orosgnmsward systems are hindered in
advanced cancer. My objectives were to determintbelhature (intensity) of
chemosensory alterations in advanced cancer patgit their relationship with

ingestive behaviour and psychosocial parame@hnsyter 3; 2) if A-9-THC is able to
overcome chemosensory abnormalities in advancezkbcgatients to stimulate food
intake and re-instate food enjoyme@hépter 4; and 3) if reward systems are
responsive to a palatable high fat sweet diet ang @\-9-THC) in cancer using a
tumour-bearing rat modeChapter 5.
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It is clear that sensory inputs are critical todantake behaviour and arguably an
important link between appetite and reward syst&aasory perceptions are involved in
short-term food intake and partially determine ¢dh@sensory reward of food. Thus
sensory experiences influence food intake through bystems, increasing intake when
sensory inputs are perceived as positive and denogemtake when perceived as
negative. The following chapteChapter 2 presents an argument for the use of sensory
science to further our understanding and aid irptikation of anorexia in cancer.
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Figure 1.1 Model of food intake regulation including periphlesaynals to central controls of
appetite, involvement of reward and sensory inpans, potential sites of involvement of the
endocannainoid system. Location of cannabinoidptees (CB1r) are depicted with the marijuana
leaf. The lateral hypothalamus (LH) receives infation from reward, appetite, and sensory
inputs, and is considered the site of integratmrtlie three systems. Taste inputs travel through
cranial nerves to the nucleus of the solitary t(AgtS), which then projects to the LH and
orbitofrontral cortex (not shown). Olfactory stimptoject directly to the LH and orbitofrontal
cortex. Adapted from Schwartz, 2000 [2]
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satiety signals to central controls during eatligergy expenditure appears to be reduced with

stimulation of cannabinoid receptors and the endoahinoid system has been suggested to
regulate lipid metabolism. Cannabinoids are acckfmestimulate reward systems, likely
increasing the reward value of food. Cannabinoalstbeen suggested to be involved in
chemosensory function, particularly odour procegsim which THC has been shown to increase

afferent input to the olfactory bulb enhancing dpetception. Adapted from Schwartz, 2000 [2]
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Table 1.1 Signaling Molecules in Appetite Regulation: Abhiegions and Actions

Abbreviation M olecule Name Effect on Feeding
2AG 2-arachidonylglycerol (endocannabinoid) +
5-HT Serotonin

AgRP Agouti-related protein

a-MSH a-melanocyte—stimulating hormone

Amylin Gut peptide

Anandamide N-arachidonylethanolamine (endocann&bjino

CART Cocaine- and amphetamine-regulated transcript

CCK Cholecystokinin

Cort Corticosterone, cortisol (species-dependent)

CRF=CRH Corticotropin-releasing factor -
DA Dopamine

Gal Galanin

Ghrelin Natural ligand of GHS-R

GHS-R Growth hormone secretagogue receptor

GIP Gastrin inhibitory peptide

GLP-1, GLP-2 Glucagon-like peptide-1 and 2 -
IL-1p8 Interleukin-PB proinflammatory cytokine

Insulin Natural ligand of insulin receptor

Leptin Adipocyte-secreted hormone -
MC4-R Melanocortin-4 receptor

MCH Melanin-concentrating hormone +

Norepinephrine
NPY

OEA

OX

POMC
PYY

TNF-a

TRH
UCN1,2,3
UCP 1,2, 3
Y1R, Y5R
Y2R

Noradrenaline
Neuropeptide Y
Oleoylethanolamide
Orexin A and B
Proopiomelanocortin
Peptide YY — Y2 receptor ligand
Tumor necrosis factor proinflammatory cytokine
Thyrotropin-releasing hormone
Urocortins 1, 2, 3

Uncoupling proteins 1, 2, 3
NPY-1 and NPY-5 receptors
NPY-2 receptors
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Chapter 2

Taste and smell abnormalities as an independent cau  se of failure of
food intake in patients with advanced cancer—ana  rgument for the
application of sensory science 2

“And suddenly the memory revealed itself. The taste that of the little piece of
madeleine which...my aunt Léonie used to give ipping) it first in her own cup of tea
or tisane.” Marcel Proust 1871-1922Swann's Way1913)

2.1 Introduction

The chemical senses of taste and smell are edgerlifa. They alert us to gas, fire and
spoiled foods, warning us against life threatemlaggers. These senses are an integral
part of our nutritional behaviour as omnivoresaotfon and gustation inform and guide
our food selection and intake [1, 2]. Reward patfsyia the brain (involving motivation
and the hedonic aspects of eating) provide feedébksensations of gratification [3-5].
Our senses are essential to capture the enjoyrhanneal [6], as well as the emotive
dimensions of love, comfort, security, and rewdfd [

For healthy individuals, the ability to taste amaefi and to consume and appreciate food
is taken for granted and the psychosocial aspéét®d enjoyment are not consciously
registered. By contrast, patients with advancedgmaht disease are affected by many
barriers to food intake, of which one key problendistortion of taste and smell [7-12].
The abnormalities described by these patients epassiphantom smells, persistent bad
tastes, hypersensitivity to odours and elementsaxf flavour [7, 10], and food aversions
to the point of nausea [13]. Some evidence is abkilto suggest that these changes,
where severe, substantially limit food intake [13;16] and, not surprisingly, self-
perceived quality of life (QOL) [10-12].

Taste and smell disorders of advanced cancer patea generally neglected by healthy
people who are unlikely to consider these disorttel® severe handicaps or to have
important health consequences [17]. This is unfate for the patient trapped in a
nightmare of noxious sensations. It is our thdsas the application of sensory science to
the identification and palliation of taste and drdedorders will improve nutritional

status and QOL for the patient and their familywNesearch should aim to identify and
characterize chemosensory abnormalities, to uradetshe experience, and to use
potential resources to overcome these alteratidmes purpose of this article is to
highlight the application of sensory science toradd chemosensory abnormalities in
advanced cancer.

2 This chapter has been published inibarnal of Palliative Car€006. 22(2): p.111-4
(authors Tristin Brisbois, Joanne Hutton, Vickier&z0s, Wendy Wismer)
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2.2 Why chemosensory abnormalities should not be ig nored

2.2.1 Prevalence and possible causes

Taste and smell abnormalities are reported in®Ws of advanced cancer patients not
undergoing active treatment [8, 11, 14, 15] dematisg that factors other than active
therapy are likely to contribute to chemosensatgrations in this population. Factors
that may affect chemosensory function are numesadsinclude micronutrient
deficiencies €.g.zinc, vitamin A and niacin) [18-24], medicatiord$)], infections, poor
oral hygiene, smoking, dentures [19], dry moutistarky saliva [10], nerve damage to
head or neck [24], and altering or disrupting #eewal cycle of taste and smell
receptors [17]. Cancer patients consistently rater® taste and smell alterations as a
highly distressing problem [7-10]. Neverthelesstdaaand smell disorders are left
untreated [17], and they are rarely volunteereahicology consultations [25].

2.2.2 Consequences of chemosensory abnormalities

Chemosensory abnormalities can cause alteratiodig@stion since salivary and
pancreatic flow rates, gastric contractions, anesitmal motility are affected by taste
stimuli [26]. Chemosensory disorders can leadde@eased appreciation of food [27]
and cancer patients commonly complain that foosasetallic, bitter, distorted or
bland, and that smells are unpleasant or diffdigrt0]. Food avoidance [12, 28], altered
food choices, and lower food intake ensue [11, E@hd odours commonly cause food
aversions and can induce nausea [13]. Patientscivemosensory abnormalities
consume substantially fewer caloriés.(900 to 1000 kcal/day [11]) with an almost total
aversion to food in some individuals. High ratesvefght loss are associated with severe
chemosensory changes [11, 13-16].

In addition to their effects on food intake, chesmsory distortions can induce stress,
depression, and anxiety [17], all of which conttéto a poor QOL for both patients [10-
12] and caregivers [29]. The inability to partidpan a meal or special occasion because
the smell of the food makes a patient physicallgah be very upsetting. A caregiver
may become frustrated after spending hours pregparpreviously favourite dish, only to
have the meal rejected [9, 30]. Often the effettshemosensory abnormalities on food
intake lead to misunderstandings that can creatfictobetween the patient and
caregiver.

In many settings appetite stimulants, such as ghuticoids or progestational agents
(e.g.megestrol acetate) [23, 31-33] are prescribethfwdove dietary intake. However,
these appetite stimulants are effective for leaa 80% of advanced cancer patients [34].
Could the low success rates of appetite stimula@tsttributed in part to chemosensory
abnormalities which may over-ride their effectsthése drugs are unable to reduce or
abolish the chemosensory problem, using these asugsle and comes with an
economic and potential side-effect cost.

2.3 Addressing the problem
2.3.1 Identifying and categorizing taste and smell abnormalities

Initially, it is necessary to identify the presemfechemosensory abnormality within the
overall profile of nutrition impact symptoms thhetpatient is experiencing. Validated
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instruments for the screening of cancer patieptg, Patient Generated Subjective
Global Assessment [35]) normally include a chetkifssymptoms affecting food intake
including “things taste funny or have no taste” émells bother me”. These are useful
tools for detecting the possible presence of chemsxsy abnormality, which can
subsequently be evaluated in more depth by a nuafbmore detailed questionnaires
[16, 36]. More thorough examinations include claliobjective measures, such as
threshold testinge(g.basic taste modalities [37] and n-butanol odotecten [38]) or
smell identification tests [39], that can providealled evaluations of taste and smell
capabilities and clarify the identity of chemoseagstistortions, as patients may have
difficulties discriminating between changes in ¢agtrsus smell [40]. Qualitative
approaches, such as interviews, supplement obgecteasures and provide an
understanding of the overall experience. (vhen the abnormalities occur, how they are
affecting the patients, and how the patients attaffitem, in order to identify if and how
to overcome these disturbances). Comprehensivegéstluding both objective and
gualitative measures is essential in generatirgcgtfe clinical strategies to manage
abnormal chemosensation. Sensory science prov&destiua range of validated tools for
this purpose [16, 36-39].

2.3.2 Possible interventions

Treatment of chemosensory abnormalities can takeapproaches that are
complementary. It may be possible on the one hamettieve normal chemosensation
and on the other hand the elements of the dietlaidpresentation may be adapted to
match the individual's unique taste and smell patioas. In practice, neither of these
approaches are applied, and at best patients roajveesuggestions to eat cold foods to
avoid nausea-inducing food odours, to use mouthwaglastic utensils to decrease the
metallic taste, or to chew on a candy to increheesalivary flow rate [41, 42]. These
strategies are limited and their efficacy to manhgesensory experience and improve
dietary intake has not been demonstrated.

Several interventions require investigation regagdheir potential efficacy to correct
chemosensory abnormalities. Chemosensory problesres well known consequence of
certain chronic nutritional deficiencies, and digtsupplementation with vitamin A [18],
copper, nickel [19], zinc [20, 21], niacin [22, 28} iron [24] may improve taste and
smell abilities, but empirical proof is lacking foancer patient populations.

Drugs that have the potential to alter perceptiosctly also merit further clinical trials

to determine their effectiveness. For instancenahmoids ¢.g.Marinol® and

marijuana) have the potential to not only stimukgeetite [43-46], but also improve the
taste of food through the endocannabinoid —mediatedrd pathway [47, 48]. Thus,
these agents should be investigated for theirtalidiincrease both food intake and food
enjoyment.

The perception of food through taste and smelhigue for each person, and the usual
activities of many sensory scientists consist efdptimization of the chemosensory
features of a food to a target consumer populaiibrs discipline has simply never, to

our knowledge, been applied to the unique chemasgmpsofiles of patients affected by
cancer. Once chemosensory abnormalities are mibyaihderstood, food products
catering to food related desires and aversiondeateveloped. Developing a variety of
nutrient dense foods that differ in flavour, texduor appearance would overcome
sensory specific satiety [41, 49] and better sattsé heterogeneous food preferences and
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aversions experienced by patients with canceadtbeen suggested that in some
instances dietary advice may be more beneficial fgplements for increasing caloric
intake and improving QOL [50]. We argue that bo#taly change and supplementation
need to be applied within the context of the sgnegperience to successfully increase
intake and enhance food enjoyment [51, 52]. Inmssdaste and smell alterations must
be identified and investigated before they canropgrly managed through dietary
strategies.

2.4 Making it work

We know that chemosensory abnormalities are d&trg@nd detrimental to nutritional
status, but would treating these abnormalities neaétference in the advanced cancer
population? There is some record of success i péteent groups. In elderly people,
where loss of taste or smell is a problem, addpices, herbs, or flavour enhancers (such
as monosodium-glutamate and simulated food flaydarfoods may increase caloric
intake [51]. Where heightened taste sensitiviy goblem, a possible intervention is the
use of masking agents to block sour and bitteoflay [52]. Schiffmaret al[51, 52]
demonstrated that the sensory enhancement of éswdts in increased appetite and
dietary intake, and improved grip strength and imenfunction in elderly subjects. We
speculate that interventions that cater to theuenthemosensory symptomology of
advanced cancer patients will also have the patieiatimprove dietary intake and
nutritional status and reinstate the pleasure tfiga
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Chapter 3

Self-assessed taste and smell alterations in adults with advanced
cancer®

3.1 Introduction

Chemosensory alterations are common and distreasilogg cancer patients [1-4]. Both
increased and decreased clinical thresholds haese te@orted for basic tastes (bitter,
sweet, and sour) [5-9]. It is unclear whether thik of consensus between studies is due
to different techniques.€. the previously popular Henkin-3-drop stimulus neetiversus
the currently accepted whole-mouth stimulus metlwwdjue to other sources such as
tumour type [10]. Odour threshold alterations in@& have been infrequently studied,
but higher odour thresholds have been observeshnalies with estrogen receptor
positive breast cancer [11].

Taste and smell disorders are usually diagnosed) winical evaluation of the molar
concentrations of odorants (or tastants) an indalids able to detect or recognize.
Threshold tests generate objective data againstwd@viations from normal perception
can be tested. The majority of chemosensory dissidiagnosed with clinical testing are
characterized as a loss of sensatmg.{n the elderly, head trauma patients, Alzheimer's
disease, disorders of the endocrine and nervotsrsyand malnutrition [12-15]), with a
few conditions being associated with a heightemedation, most often a heightened
sense of smell. For conditions where a heighteaadation is experienced, such as
pregnancy, adrenocortical insufficiency (Addisodisease), epilepsy, and multiple
chemical intolerances, lower odour or taste thrieishibave been observed [12-15].

Chemosensory function as measured by concentridtiesholds is not the sole dictator
of ingestive behaviour, rather sensory perceptimompasses more complex concepts
(i.e.flavour). For this reason, sensory evaluatiorilge anformed by approaches
involving questions that reveal these complex &f&#, 16-20]. It has been suggested
that measuring perceived chemosensory alteratathsermrthan clinical taste and smell
thresholds may prove to be more effective in deit@ng the influence of these
alterations on food intake [2, 4]. In an earlierdst with an advanced cancer population,
we used a survey tool to evaluate self-perceivedncsensory alterations [16]. We noted
that those subjects who perceived their chemosgmadterations to be severe had the
lowest caloric intakes and poorest QOL. We alsedadhat subjects perceived bitter and
sour tastes to be stronger more often than webhkerever our sample size limited
further investigation into these perceived diffar@sin intensities.

Olfaction and gustation contribute to the incenawvel motivation to eat [21].
Chemosensory alterations can affect food intakerelated quality of life (QOL). The
nutritional consequences of aberrant chemosensatianclear; a loss of sensation has
been associated with both decreased and increasédntake, and a heightened or
distorted chemosensory experience has been assbuidh a decrease in food intake
and food aversions [22, 23].

% This Chapter will be submitted for publicationapportive Care in Cance2009
(authors Tristin Brisbois Clarkson, Ingrid de Ko&haron Watanabe, Vickie Baracos, Wendy
Wismer)
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Describing chemaosensory perception may help toa@xpbod intake behaviours and
further our understanding of the physiology of thalterations. As it is unclear whether
individuals with cancer primarily experience hemgtdd or reduced chemosensation, our
goal was to determine the nature (intensity) ohob®ensory alterations and their
relationship with ingestive behaviour. The spedifigectives were to investigate a)
perceived chemosensory complaints among adultsagitanced cancer using a taste and
smell questionnaire designed to capture changes #ie onset of their illness, b) how
these perceived alterations relate to the quaatitiyquality of foods consumed, and c)
the relationship between aberrant chemosensorgpéoos and well-being using a QOL
guestionnaire.

3.2 Materials and Methods

3.2.1 Subjects

Adults with advanced cancer (defined as locallyreant, locally advanced, or
metastatic, n=192) were recruited from either thiigiive home care program or
outpatient clinics at the local cancer clinic innihton, Alberta, Canada over a 5 year
period (2003-2008, Table 1.1). Subjects were iitakgf they could not consume food
orally or were receiving radiation therapy to tleat/neck area. The majority of subjects
(68%) had ended active treatmeirt.(chemotherapy) for reasons of progressive disease
for at least 2 weeks prior to data collection; timaining 32% were receiving active
therapy and continuing progress of chemotheraplesyfor their tumor type at the time
of data collection. Subjects were living at homd aere assumed to make their own
food choices based on personal preference. Theityayd subjects (n=133) answered
guestions regarding factors known to impact thieéngosensory perception: 5% had
been previously diagnosed with a taste and smelfilem; less than 20% were currently
bothered by hay fever, allergies, or sinusitis; 68&te former or current smokers; and
56% wore dentures. All subjects spoke English angliged informed consent. The
study was approved by the Research Ethics Boatieohlberta Cancer Board.

3.2.2 Methods

Subjects completed questionnaires that have besmopisly used with the advanced
cancer population by this research group to evalself-assessed taste and smell
perception since the onset of cancer, nutrienkitaausea, and quality of life. These
questionnaires included a validated Taste and SyoeBtionnaire [24], a 3-day dietary
record [25], the Edmonton Symptom Assessment SEBAS) [26], and the Functional
Assessment of Anorexia/Cachexia Therapy (FAACT stipanaire [27]. Self-reported
percent weight loss over the 6 months precedintcpzation in the study was also
recorded.

3.2.2.1 Perceived chemosensory intensity groups

Five questions within the Taste and Smell Survegrithinate changes in perceived
intensity for the 4 basic tastes (salty, sweety,daitter) and sense of smedi.g.
comparing my sense of taste now to the way it wlsd | was diagnosed with cancer:
salt tastes a) stronger; b) as strong; ¢) weakergpl cannot taste it at allBased on the
answers to these questions, subjects were stdatifie 4 perceived chemosensory
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intensity groupsno change, stronger, weakeandmixed.Subjects who perceived at least
one sensation to be ‘stronger’ were labelestamger subjects who perceived at least
one sensation to be ‘weaker’ or ‘cannot perceivalatvere labelled aseaker and
subjects who perceived all intensities to be ‘asngt’ compared to pre-diagnosis were
labelled asno changeAs there were 5 questions, it was possible fojesits to perceive
some tastes/smell to be ‘stronger’ while othersedweaker/cannot perceive at all’, these
individuals were labelletchixed Theno changegroup served as the control group to
which all comparisons were made; this approach pEancomparisons to be made
within a population of patients with similar demaghic and clinical features.

3.2.2.2 Chemosensory complaint scores

The Taste and Smell Survey [24] consists of 8 jpestrelated to taste and 6 questions
pertaining to smell. Briefly, to score the survayoint was awarded for each complaint;
for two of the questions 2-points were earnedef¢bmplaint wasevereor

incapacitating The overall chemosensory complaint score wasdheined score from
taste and smell sections. Scores ranged from @All6 0 indicating no chemosensory
change and 16 indicating the greatest number aratiseof changes. Subjects were
stratified based on their chemosensory complaimtes®-linsignificant 2-4mild, 5-9
moderateand 10-16&everg16]. Theinsignificantchemosensory change group served as
the control group to which all comparisons were enad

3.2.2.3 Open-ended survey questions

The Taste and Smell Survey also included open-eqdestions for subjects to elaborate
on their chemosensory change(s) since the onsetnaer and how these changes have
affected the subjects’ QOHave you noticed any changes in your sense off tasiel|?
Have you ever noticed that a food tastes/smelierdiiit than it used toFlow has your
abnormal smell/taste affected your QOWhere subjects answered yes, they were
prompted to elaborate. The comments to these 6-epaad questions were reviewed
and categorized based on common themes.

3.2.2.4 Nutrient intake, nausea, and quality of life

Subjects completed a 3-day dietary record; thidiogehas been shown to provide a valid
and reliable estimate of an individual's usual yaitake [25, 28, 29]. To further validate
the dietary data, 38 subjects completed a 24-hewollection during one day of their 3-
day food record. Twenty-four hour urine nitroger isiological marker used to
determine the amount of protein consumed [30]. Z4var urine nitrogen analysis has
been tried in the cancer population and was foareffectively validate dietary records
[31]. Food Processor Il Nutrient Analysis Progf¥rtEsha Research, Salem, OR) was
used to analyze caloric intake and macronutriemtpasition of the diet from the food
records.

Heightened chemosensory perceptions might be irdparto nausea. Odours can trigger
nausea [32] and thus may be perceived as heightemetgnsity. The same may be true
for tastes if a conditioned taste aversion ocdugsd gastro-intestinal disturbance
following the ingestion of a specific food) [33Consequently, the validated Edmonton
Symptom Assessment Scale (ESAS) [26] was usedsasasausea. Subjects rated
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nausea on an 11-point scale where 0=no nausealamabist possible nausea. Nausea
scores_# were considered clinically significant [34].

To evaluate QOL, the validated Functional AssessmieAnorexia/Cachexia Therapy
(FAACT) questionnaire [27] was used. The FAACT digmaire consisted of 40
guestions, assessing 5 domains of QOL: physicattional; social/family; emotional
well-being; and nutritional QOL (extent of anorgg&chexia). Responses were
evaluated on a 5-point Likert-type scale (O=nalband 4=very much) and an individual
score was obtained for each of the 5 QOL domaitabhab QOL scores were calculated
by summing the scores from the 5 QOL domains, higiner scores indicating better
QOL.

3.2.3 Data analysis

All statistical analyses were performed in StatadtiAnalysis System (SAS) [35].
Descriptive statistics were used to describe tegglence, nature, and severity of
chemosensory complaints. Data did not meet assangptif normality and thus non-
parametric statistical techniques were used.

Subjects were stratified for analyses 3 differeaysv Firstly, they were stratified for
analyses into 4 perceived overall chemosensorpsitiegroups \Weaker, stronger, no
change mixed based on responses to 5 chemosensory intengsfigas described
above. Secondly, subjects were stratified by peecechemosensory intensity for each
individual basic taste and sense of smell. Finallypjects were stratified into 4
chemosensory complaint groups based on the taied & the taste and smell survey
(insignificant, mild, moderate, sevéffer further analyses [16]. From results of thde8-
dietary record, individual food items were groufi@o 1 of 20 pre-defined food
categories, based on macronutrient compositiorcatidary role [36]. The 20 food
groups werdutter, margarine, fats; beans; cereals; cheesek dmead; desserts; egg;
fruit; ice cream; milk; nut; pasta; potato; meatsalty snacks; soups; nutritional
supplement drinks; vegetables; white breadglother[36]. The ternfood choicewill be
used to describe the proportion of total intakes(gy and protein) contributed by the
individual 20 food groups.

The Wilcoxon's rank-sum test procedure was useambiopare nutrient intake, food
groups, quality of life scores, nausea scoresdamaographics among the chemosensory
intensity groups and chemosensory complaint grofbsomparisons were pre-planned
in attempt to reduce Type | error. Chi-square schér exact test were used to determine
differences in frequency distributions of nauseares and still receiving chemotherapy
treatmentyes, nd among perceived chemosensory intensity groupsarahg
chemosensory complaint groups. Logistic regresaias used to predict energy intake
and global QOL scores from age, chemosensory camsieores, months to death,
nausea scores, and gender. Dependent varialglesngergy intake and QOL scores) were
dichotomized intdiigh andlow using their median values as the breakpoint amian
provided the model of best fit (compared to medneg). Standard model building
technique and goodness of fit statistic, Akaikeferimation criterior(AIC), were used to
determine the model of best fit.
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3.3 Results

3.3.1 Perceived chemosensory intensity, nutrition i mpact factors, and QOL

For the individual sensations of bitter, sour, siyvaerd salty tastes and sense of smell, the
greatest number of subjects were affected by stnosgnsation (Figure 3.1). A very

small proportion (<5%) could not perceive one orengensations at all; these subjects
were grouped with the weaker perception group bssquent analyses.

Subjects experienced either a) no alteration inadrtlge 5 sensations (26% of subjects),
b) stronger sensation overall (42%), c) weakera@rsoverall (18%), or d) mixed
sensation (14%) (Table 3.2). Energy intakes wepeaqimately 430 kilocalories
(kcal)/day lower for the 3 altered chemosensorgrisity groupsweaker, strongerand
mixed compared to subjects who did not perceive a ahamghemosensory intensity
(no chang® Weight loss was greater in theakerandmixedchemosensory intensity
groups compared to thm® changegroup and there was a trend for sengergroup to
also have higher weight loss compared tonhhehangegroup (p=0.0605, Table 3.2).
Weight loss appeared to be more severe imiixedgroup compared to thstronger
intensity group.

Subjects with chemosensory intensity change hadepgtobal QOL (FAACT scores),
physical well-being, and anorexia-cachexia-relatewitional well-being compared to
those who did not perceive chemosensory changesn@ensory intensity was not
related to tumour type (p=0.1760) or gender (p=07)&r to the distribution of subjects
still receiving chemotherapy treatment (p= 0.43%%jbjects in thenixedandstronger
chemosensory intensity groups were closer to daatipared to subjects who perceived
no change in chemosensation (p=0.0021), but there no differences in survival
between thetronger, weakerandmixedintensity groups.

Subjects were stratified by perceived chemosenstepsity for each individual basic
taste and sense of smell (Table 3.3). Subjectspehceived sour taste or smells to have
changed in intensity since the onset of their cahad lower energy intakes compared to
subjects who perceived no change. There were ferelifices in food choice among
intensity groups when subdivided based on basiedasd smell (data not shown). In
general, subjects who perceived chemosensatidres stronger were younger compared
to subjects who perceived no change in chemoseirgensities.

3.3.2 Chemosensory complaints, nutrition impact fac tors, and QOL

Total chemosensory complaint scores from the TarsteSmell Survey ranged from 0 to
14 out of a possible 16. A total of 171 subjec8%8 reported some chemosensory
alteration involving at least one and often sevefdhe 5 sensations. About 60% had
both a taste and smell complaint, 26% had onletesmplaints, while 3% had only
smell complaints.

Subjects were grouped by total chemosensory contdaore (Table 3.4). Energy and
protein intakes decreased as chemosensory congpilagneased. Subjects who perceived
severechemosensory changes ingested 680 kcal/day l@sstibjects who perceived no
change in chemosensation. Not surprisingly, weiggg increased with the severity of
chemosensory complaints with subjects inrtiaglerateandseverechemosensory
complaint groups experiencing the highest ratesexfht loss. Moreover, subjects in the
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severeandmoderatechemosensory complaint categories received aagrpadportion
(6-11%) of their daily calories from nutritionalplement drinks, such as Ensliter
Boost™ compared to subjects in tirsignificantchemosensory complaint category.
However, this increase in nutritional supplemerdsbt seem to detract from one
specific macronutrient or food group.

Lower QOL scores were associated with higher chemsxy complaint scores for all
QOL domains, except social/family well-being. QQloees declined linearly with
increasing chemosensory complaints for global Q@iysical well-being and anorexia-
cachexia-nutrition related well-being. Survival tEsed with increasing severity of
chemosensory complaints. There were no differeagesg the 4 chemosensory
complaint groups for tumour type (p=0.8840) or gam@=0.2860) or in the distribution
of subjects still receiving chemotherapy treatn{pnt0.2141).

From logistic regression analyses, age and cheraosenomplaint scores were
significant predictors of energy intake (Table 3Ggnder and months to death were not
able to predict the model and therefore were reholver a one year increase in age the
odds of having an energy intake of < 1820 kcalidayeased by 6% and for a one point
increase in chemosensory complaint score the ddusving low energy intake increased
by 13%. Only chemosensory complaint scores wergfgignt predictors of global QOL.
For a one point increase in chemosensory compdaore, the odds of having a global
QOL score < 105 increased by 20%. Age and gender mat able to predict the model
and therefore were removed.

3.3.3 Nausea scores

Based on the 11-point ESAS nausea score, at |8%s07 subjects had no nausea (score
of 0), 20% had negligible nausea (score of 1-3)auroximately 10% had clinically
significant nausea (score o#» The overall frequency of significant nauseassc4
(11%) was very limited in this population in spitea higher frequency (57%) of
moderate or severe chemosensory dysfunction. ™yesptoms were not necessarily
concurrent nor were they highly related; only 13Psubjects with moderate or severe
chemosensory dysfunction also had nausea.

The mean (= SD) chemosensory complaint score faests with nausea score4 was
8.4 £ 3.8 versus 5.6 + 4.1 for subjects with naussEaes <4 (p=0.007). Of those with
nausea scorest>the majority (71%) perceived chemosensatioretstronger.

3.3.4 Reported protein intake and urinary nitrogen analyses

Of the 38 subjects who completed a 24-hr urineectithn during their food record, half
showed reported protein intakes (on food recomggtwithin ~10g of the estimated
protein intake from urinary nitrogen analysis (rarg0.21 to +11.13g protein). Reported
protein intakes outside this 10g range were nosistently higher or lower compared to
estimated protein intakes. Therefore, no systeno&ic or under-reporting is apparent in
this advanced cancer population.
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3.3.5 Response to open-ended survey questions

The Taste and Smell Survey included 6 open-endestigms prompting subjects to
describe their chemosensory alterations; 149 stsh{€8%) provided comments. Of
those who did not comment, 70% hadrsignificantchemosensory complaint score.
Overall, perceived changes in taste were moreedising and highly related to QOL
compared to changes in smell, which were oftenteale non-significant.

Comments described 3 themes of chemosensory chamgalker chemosensation,
stronger chemosensation, and chemosensory distortio

A weaker sense of taste was described by subjedted tastindlah, like
cardboard, blandortastelessSubjects complained that they became bored wilt &s
everything tasted the sam&ome subjects hatifficulty differentiating foods or flavours,
suggesting a loss of sméll addition to taste. In general, a loss of smedrsed to be less
distressing and was sometimes attributed to aghamical exposure.

A stronger sense of taste was described as increassitivities to the 4 basic
tastes, with equal numbers of complaints for eblgightened odours of perfume,
cologne, and food were said tothe strongand cooking odours wetdfensive.
Increased sensation was sometimes describeduseating especially odours) and
related to aversions and changes in food prefeseht@mvever, some subjects
appreciated the increase in sensation as smelsmane acuteand some foodsore
flavourful.

Regarding distorted perception, subjects complagi¢oods tastingr smelling
“off” or differentfrom what they remembered. Subjects commonly camet that
everything tasted of one specific taste, sucimadicinal, woody, acidic, sweet, bitter,
sour, salty, metallicor burnt. Some subjects perceived phantom odours, or congalai
of a persistent taste in their mouth. The most compersistent tastes wdsiter, sour,
salty, metallic, sweet, dullr old. Several subjects could not identify the persistaste.

Subjects often complained of food tasting good @eneand unpleasant or even

nauseating the nextne day something is appealing and tastes gooddgkieday | can't

look at it the same was true for odourseme days odours are offensive, some days they
are ok These experiences were said talstressingannoying andirritating,

determining the subjects’ food intake. It appehed patients sometimes experience
hedonic (preference) changes and describe thgsr@sived chemosensory changes
when responding on questionnaires.

Consequences of perceived chemosensory alterdiang/ere most commonly
mentioned weréoss of appetite, changes in food preferemséfood choice, decrease in
food appeabndfood enjoymengll of which led to a decreased food intage many
things | used to enjoy, | can’t enjoy anymdsebjects stated that they haaml desire to

eat and that they had to force themselves tolesdt because | have to, not because |
want to.Subjects also reportaaeight loss, fatiguegandweaknesslue to inadequate food
intake. Food preparation was also difficult and s@ubjects complained thatoking no
longer appealedo them and for some was no longer possible. Tbessequences
appeared to be more bothersome when chemosengogptiens were either heightened
or distorted. Foods that were commonly avoidecha ® taste differently were (in order
of prevalence)meats (12%), acidic foods (especially tomatoes))(Tfits and
vegetables (6%), coffee (5%), potatoes (3%), aliolheverages (3%), pickles (2%),
and milk products (2%).
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Perceived chemosensory alterations were relatseMeral aspects of QOL. For instance,
subjects complained that theguld not smell flowersr alternatively, that body or pet
odours were seepulsivethat the subjects avoided crowtistay at home because smells
make me nauseouSne woman was forced to give up her cat due tintioderable smell

of the litter box. Subjects also commented onstiaal impact from chemosensory
alterations. Subjects stated that they could natyesr even attend meals with family and
friends:l do not enjoy eating or going to restaurarSme individuals were embarrassed
because food made thayagor vomitand this was unpredictable.

3.4 Discussion

We explored the nature of self-perceived chemoggradterations and their association
with food intake behaviour and QOL of life in adead cancer. The majority of subjects
perceived chemosensory alteration, most often \iiwglboth taste and smell. A total of
143 subjects (74%) perceived a change in intefsitgt least 1 basic taste or sense of
smell, of which the greatest number (42%) perceavdeightened sensation, 18%
perceived a loss of sensation and 14% perceiveddukanges. The distinctions of these
3 groups (stronger, weaker, and mixed chemosemp&rogptions) were also supported
by subjects’ comments. The 3 altered chemosenateysity groups had lower caloric
intake, increased weight loss, and poorer QOL coetpt subjects without
chemosensory alterations. Even though subjects aftae perceived sensations to be
stronger rather than weaker, there were no diffargmmongst the 3 altered
chemosensory groupsd. stronger, weaker, and miXefdr food intake behaviour or
QOL. However, subjects’ comments suggest that ggoohemosensory perception was
more distressing than a loss of sensation, espeaiatronger sense of smell. Odours
were said to beepulsiveandoffensiveleading to food aversions and affecting not only
food enjoyment but also emotional and social aspafc@QOL, as suggested previously
[1, 2, 4].

Our research relied heavily on patient — reporigdames. The self-reported
chemosensory alteration questionnaire captureckjveat changes since the onset of
disease and the open-ended questions furtheriethtife experience. Repeated
assessment by the questionnaire over time woultebded to detect oscillations in
chemosensory alterations, however the commentsedidor any daily variations in
chemosensory experience to be expressed. The casmgyest the nature of
chemosensory alterations was consistent over botehedonic changes could oscillate
daily. The accuracy of food records has been questi as under-reporting is common
especially in obese populations [37-39]. Howeuas unknown if populations that have
lower caloric intake, such as advanced cancerraiseport. Bruerat al[28]
demonstrated 24hr food records to correlate withagrotein and caloric intakes among
advanced cancer patients. We noted no systemghethor lower reported protein
intakes compared to estimated intakes, suggestimpnsistent over or under-reporting
on food records.

Nausea has previously been associated with tadteraell alterations [4, 40]. We chose
to assess nausea with an 11-pt scale as this isionrm clinical practice and has low
participant burden. However, the scale assessés aausea, potentially missing bouts of
nausea experienced by the subject. Our objectigstovdetermine if chemosensory
alterations exist in the absence of nausea, amad dtr results this appears to be the case
as so few subjects were currently experiencingeemasmpared to the majority
experiencing chemosensory alterations. Still regzbateasures of nausea are needed to
clearly depict its influence on perceived taste ameéll alterations.
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It is notable that more subjects were experienstngnger chemosensory perception,
rather than the expected loss of chemosensatiotodugi-cancer therapies or ageing
[40, 41]. Chemotherapy and radiation therapy catrdg taste buds and olfactory
receptors, alter the cell renewal process, and fjnoeteptor cells [40, 41]. Radiation to
the head or neck area can damage the mucosa aratysglands, all of which can cause
a loss of chemosensation. However none of our stgbyeere receiving radiation to the
head or neck area and close to 70% of subjecteindeld active treatmenise(
chemotherapy) at least 2 weeks prior to data dadlecMoreover, there were no
differences in the distribution of subjects recegvchemotherapy among perceived
chemosensory intensity groups or chemosensory @mgroups, suggesting that acute
chemotherapy was not associated with chemosengmnddrs. Rather, it appears that
chemosensory alterations persist well after cheerafly treatments have ended. By 60
years of age, taste and smell noticeably declinelaese losses are severe at age 70 [42].
An age-related sensory loss might be expectedsrsthdy, given that the mean age of
the population was 64 years. However, subjects withker chemosensory perception
showed no particular relationship with age. They@ge-related outcome was the
association of stronger sensations with youngejestdy for which the reasons are
unclear. Stronger chemosensations have been rdporbe more distressing for younger
healthy subjects [23]. For older individuals, agimteéned sensation might balance their
age-related loss of chemosensation and go unnaticeicbate a positive experience.
Some subjects reported that stronger sensatioresplegisurable, as smells wenere
acuteand some foodshore flavourful which could suggest the correction of an age-
related loss with a heightened sensation.

Berteretcheet al [43] speculated that after anti-cancer treatmanés)y cells renew
simultaneously, which may cause misconnectionsittaells with nerve fibres due to the
sudden renewal of a high proportion of taste cdlisconnections to nerve fibres may
persist despite taste cell turn-over, leading towic taste and smell alterations. As most
of our subjects were no longer receiving anti-cati@atments at the time of data
collection, such a neurological problem leadinglianges in chemosensory perception is
plausible. Bartoshuk [44] described the percepbibaltered chemosensations in cancer
as a hedonic change, suggesting that for subjattiancer, a tuna salad still tasted like
tuna, but no longer tasted “good”. Many of our s made comments about food not
tasting good or not being enjoyable, alluding tddréc changes. It is plausible that both
neurological and hedonic changes contributed t#nteeived chemosensory alterations
reported by our subjects. Future research shooldatlarify the role of chemosensory
alterations and food preference changes in theeptirted chemosensory changes
described by subjects with advanced cancer.

Although more subjects perceived sensations tarbeger rather than weaker, the
influence of these alterations on caloric intake veentical. Food choice did not
associate clearly with self-assessed chemosensocsidn. Although 27% of subjects
perceived sweet tastes to be stronger, these ssiljeanot appear to avoid sweet foods,
as there were no significant differences for anthef20 food groups, including desserts,
among chemosensory intensity groups. Similarlyjesitb who perceived bitter tastes to
be stronger (19%) did not appear to avoid meajsaiein rich foods. Few people
reported the avoidance of specific foods in thenepeded survey questions and no food
was avoided by more than 12% of the 149 subjectsprbvided comments. Previous
studies have reported that approximately 25% ofeapatients avoid meats and protein
rich foods because they are perceived as too Ptdr7], but our analyses do not concur.
These previous studies did not include a dietargnekand thus did not capture the actual
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foods selected for consumption. In this study, enltritional supplement drinks differed
significantly in % of daily calorie consumption atids was associated with higher
overall chemosensory complaint score, but not #tare of the complaint per se. It
appears that the number of chemosensory complaftusnces food choice to a greater
degree than the nature (intensity) of these comigafs such, the original scoring of the
Taste and Smell Survey [24] which allots a pointgemplaint regardless of the intensity
(i.e.weak or strong) correctly associates chemosersonyplaint scores with total

caloric intake and QOL.

As food intake is regulated by both appetite anehrd systems [21], it follows that
subjects who perceived taste and smell to be dlt@gy eat less due to low food
enjoyment. In the open ended responses, subjdets sthted that they had no desire to
eat and food was no longer enjoyaflhis parallels the findings of Shragegeal [45],
where subjects felt compelled to eat for survinal, pleasure. Poor QOL was associated
with chemosensory alterations, especially physical nutritional well-being, which is in
agreement with previous studies [2, 17, 46]. O#sgrects of QOL, such as socializing,
were reported by some subjects to be severely iregdry chemosensory alterations.
However, social/family well-being scores on the FARQOL questionnaire were not
different among perceived chemosensory complaougg suggesting that either the
guestionnaire is insensitive to changes in sospéets of eating or the changes in social
eating were not experienced by the majority ofgrdt with perceived chemosensory
alterations.

It is not possible from our data to determine iggtosensory alterations are the cause of
poor nutritional status and QOL or if chemosensdtgrations are part of a symptom
cluster associated with poor nutritional and hesi#ttius. Strasset al [47] noted taste
changes to cluster with anorexia, early satietg,\aeight loss. Recent qualitative data
reported perceived chemosensory alterations toibhfittence and to be influenced by
other symptoms, such as appetite loss, early gatiatisea, and oral problems [4].
Results from our logistic regression demonstrasneisensory alterations to be
predictors of QOL and caloric intake, further comiing an association between
chemosensory alterations and poor nutritional statid QOL exists.

Several medications have been shown to influenemoblensory perceptions [42, 48,
49]. We did not investigate the influence of coment medications as this information
was not always available.g.medications prescribed by the family physiciaman-
prescription medications) and the list of known roations was often extensive due to
co-morbid conditions and varied greatly among sttbjeThus an investigation of the
influence of concurrent medications would be ind&rg, but beyond the scope of this
paper. We acknowledge that medications such astavaidal anti-inflammatory drugs,
ACE inhibitors, antibiotics, and opiates are assecl with a loss of chemosensation [41,
50]. Further research is needed to determine fheeirce of concurrent medications on
taste and smell alterations in cancer.

In summary, both stronger and weaker chemosensscgptions for the four basic tastes
and sense of smell were observed, with the greatesber of subjects perceiving
chemosensation to be stronger as compared to bbfnset of cancer. It appears that
the nature of chemosensory alterations is notfageimtial on food intake behaviour as
the number and severity of perceived alteratiopse& chemosensory alterations were
associated with lower caloric intakes, higher weighs, and poorer QOL. The self-
assessment tool which allowed subjects to destndechemosensory alterations as well
as their influence on food choice and QOL was udefwcapturing all aspects of food
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intake behaviour. Future research should deterihthe perceived chemosensory
alterations are altered detection capabilities@ological disorder, or hedonic changes.
Once this is understood, determining the causedamdifying potential treatments for
chemosensory alterations in cancer may be feasible.
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Sense of Smell and Basic Tastes

Figure3.1. Frequencies of intensity ratings of individuahsations expressed as a % of the
study population. A greater proportion of subjetescribed their perception of the individual 4
basic tastes and sense of smell to be strongesrriithn weaker (Salty (p=0.0350) Sweet
(p=0.0032) Sour (p<0.0001) Bitter (p=0.0005) Sna#0.0055)). S = stronger; W = weaker; CP
= can't perceive.

43



Table3.1 Characteristics of study population

Study Population N=192

Male [n (%)] 97 (51)
Age (y) [meant SD] 64.3+12.4
Mean survival (months) [meanSD] 8.6+ 8.6

Cancer Diagnosis [n (%)]

Lung 48 (25)
Breast 36 (19)
Genitourinary including bladder, renal, female genital: vaginai;arian, 27 (14)
peritoneal, cervical, and male genital: testiculprpstatg

Gastrointestinalincluding liver, pancreas, colorectal, stomachpgisageal) 62 (32)
Neuroendocrine system/skin/hematologic syst@ciuding melanoma, 10 (5)

leukemia, myeloma, neuro-endocrine, lymphoma)
Other(including unknown primary) 9 (5)

Abbreviations: SD=standard deviation

Table 3.2 Nutrition and Quality of Life scores based onetqeived chemosensory intensity groups

Chemosensory Intensity Groups

No Change Stronger Weaker Mixed
n=49 n=_81 n=35 n=27 p-value

Energy Intake

kcal/day 2208 714 1776+ 721 1770+ 578 1643+827° 0.0018

kcallkg BW/day 30.6 10.8  26.1+11.6°  25.7+12.8 25.0+ 11.8 0.0286
Weight Loss (%) 4.6 ¥.8% 7.9+10.6%  10.2+10.0° 11.7.+9.3° 0.0036
Age (yrs) 66.6 1.1 62.8+13.8 65.0+10.0 64.0+12.6 0.4035
Quality of Life Subscale (FAACT)

Global quality of life 115.2 27.7 104.0425.1° 101.3+25.7° 101.5+23.%° 0.0176

Physical well-being 2156.0% 17.6+6.9 18.0+ 5.8 17.1+6.2 0.0065

Anorexia-cachexia-related nutritional

well-being 37.0 9.0% 32.0 +9.6° 28.4+10.8 28.8+10.0° 0.0004

All data are means ($D). Means in a row with different subscript lestare significantly different, p< 0.05.
Abbreviations: kcal, kilocalories; BW, body weigiAACT, Functional Assessment of Anorexia/Caché&tiarapy
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Table 3.3 Energy intake, age, and nausea scores (ESAS) basgubjects’ perceived intensity changes since
the onset of cancer for the 4 basic tastes anck sdrsnell

Per ceived intensity changes since the onset of cancer

As Strong Stronger Weaker p-value
Salty n=98 n=55 n=35
Energy Intake (kcal/day) 1979 +711 1854 +825 1658 +587 0.0968
Age (yrs) 65.7 +12.5 62.6 12.5 63.9 +10.9 0.1857
Nausea score 0.7+1.6 1.7+2.7 05+ 1.1 0.0219
Sweet n=112 n=52 n=26
Energy Intake (kcal/day) 1941 + 668 1798 +885 1640+635 0.0787
Age (yrs) 66.6 +11.6 59.7+13.4  63.4+10.9° 0.0032
Nausea score 0.6 +1.3 1.7+29 1.1+1.9 0.0705
Sour n=139 n=40 n=10
Energy Intake (kcaliday) 1970 +725 1599 + 738 1399 + 42¢° 0.0021
Age (yrs) 64.5+12.3 63.7 +11.9 62.8 +16.3 0.7583
Nausea score 0.8+1.9 1.3+2.3 1.0+1.6 0.3312
Bitter n=142 n=36 n=12
Energy Intake (kcal/day) 1892 +744 1843 +739 1560 +554 0.2418
Age (yrs) 65.2 +12.1 60.6 +13.1 63.9 +12.1 0.1486
Nausea score 0.9+2.0 0.9+1.6 0.9+3.0 0.2983
Smell n=105 n=53 n=28
Energy Intake (kcaliday) 1986+ 684 1688+ 787°  1767+763" 0.0241
Age (yrs) 67.0+12.00 58.3+12.7  64.7+9.0 <.0001
Nausea score 0.6 +1.2 1.7+27 0.9+ 2.4° 0.0210

All data are means ($D). Means in a row with different subscript lestare significantly different, p< 0.05.
Abbreviations: kcal, kilocalories; ESAS, Edmontomfptom Assessment Scale
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Table 3.4 Nutrition and related indices and QOL scores thasechemosensory complaint groups

Chemosensory Complaint Group

Insignificant Mild Moderate Severe
n=43 n=40 n= 66 n=43 p-value
Energy Intake
kcal/day 22390 €47%  1903+689°  1802+752" 1559 +69T° 0.0002
kcal/kg BW/day 30.39.7° 27.1+11.0®° 27.0+11.8®°  23.6 +13.2° 0.0184
Protein Intake
g/day 89 822 77+ 31° 72+31° 62 +31° 0.0024
g/kg BW/day 1.29.42 1.1+0.5% 1.1+0.6%° 0.9+05° 0.0398
% of daily calories consumed as
nutritional supplement drinks 1.5 +4.72 1.7+ 4.72 6.1 +10.9° 11.3+19.8° 0.0014
Weight Loss (%) 43712 5.5+10.8% 9.0 +9.2" 12.3+10.4° 0.0012
Age (yrs) 67.4 +10.6 65.5 +12.5 63.3 13.4 61.8 H11.7 0.1002
Nausea scores (ESAS) 0+10.3? 09+1.6° 0.9+ 1.6° 1.9+3.1° 0.0156
Months to death 14.4 322 9.8 +8.3% 6.0 +5.5° 5.7+6.2° 0.0003
Quality of Life Subscale (FAACT)
Global quality of life 124.%20.1* 109.1+23.3° 100.4+27.6"° 92.3+20.7°  <0.0001
Physical well-being 23.6 4.6% 20.4+5.1° 17.0+6.7° 14.4+5.6° <0.0001
Functional well-being 2046.0% 16.1+6.7° 15.7+6.9° 13.8+5.0° 0.0001
Social/family well-being 22355 22.1+4.7 22341 21.3+.0 0.5382
Emotional well-being 18.9 3.72 16.9+4.8%  159+55° 16.5+4.7° 0.0232
Anorexia-cachexia-related
nutritional well-being 39.8 6.5 343+ 7.7° 29.8+10.8°  26.1+9.2° <0.0001
All data are means (8D). Means in a row with different subscriptéettare significantly different, p< 0.05.
Abbreviations: kcal, kilocalories; BW, body weigESAS, Edmonton Symptom Assessment Scale FAACTetiamal
Assessment of Anorexia/Cachexia Therapy
Table 3.5 Logistic regression to predict energy intake arabgl quality of life scores of advanced cancer
patients
Dependent Wald
Variable Parameter Estimate SE Chi-square  P>Chi-square
Energy Intercept -4.51 1.18 14.62 0.0001
Intake (Kcal/day) Age (yrs) 0.06 0.02 12.57 0.0004
Chemosensory complaint
score 0.12 0.05 6.10 0.014
Nausea scores (ESAS) 0.09 0.10 0.93 0.335
Intercept -0.53 0.54 0.96 0.328
Global quality of life  Chemosensory complaint
(FAACT) score 0.18 0.07 7.64 0.006
Months to death -0.05 0.04 1.59 0.207
Nausea scores (ESAS) 0.28 0.16 3.07 0.101

Results are based on low energy intake (< 182@kagl/and low global quality of life scores (<10%bbreviations: kcal,
kilocalories; ESAS, Edmonton Symptom AssessmenteSe&ACT, Functional Assessment of Anorexia/Cachexi
Therapy
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Chapter 4

Delta-9-tetrahydrocannabinol may be useful to palli  ate altered
chemosensory perception and improve food enjoyment for cancer
patients: results of a randomized, double-blind, pl acebo-controlled pilot

trial *

4.1 Introduction

Anorexia and weight loss are common among advacaader patients, contributing to
functional loss, decreased survival, and poor guafilife (QOL) [1, 2]. The potential

of cannabinoidse.g.delta-9-tetrahydrocannabinol, THC) to palliateslo$ appetite in
cancer has been investigated. However, the effiohdHC to palliate cancer —
associated loss of weight and appetite is diffitminterpret as only 7 published studies
exist [3-9]; 2 of which were anti-emetic studiesessing appetite as a side effect [3, 4], 2
were uncontrolled [5, 6], and 1 of the 2 placebotailed studies used weight gain as an
outcome following just 1 week of treatment [8]. E&rwork held promise for THC
therapy [3-6, 8], but recent controlled clinicaats have dampened enthusiasm [7, 9].

THC stimulates appetite through endocannabinoidptess (CB1r) stimulating
homeostatic controls of appetite (Figure 1.2)s thiwell documented in animals [10, 11]
and in human healthy [12-15] and AIDS populatidl$-18]. Research to date has
overlooked other potential benefits of THC-thera@pecifically, taste and smell
(chemosensory) alterations are common and distigeasnong advanced cancer patients
contributing to decreased food intake and enjoyraadtdiminished QOL [19, 20].
Patients frequently report the loss of food ideatiad desire to eat [21, 22]. THC has
been suggested to increase food intake by stimgl#itie brain’s orosensory reward
pathway, increasing the motivation to eat energysddoods and enhancing food
enjoyment and potentially the taste of food [23-26B1r are located in reward-related
areas of the brain [26] illustrating this potentireover, CB1r are also located in the
olfactory epithelium and bulb [26, 27] and recantltes have shown CB1r to be
involved in peripheral odour processing [27] antepaally taste function [28]. We
hypothesized that the ability of THC to stimulated intake was related to its ability to
help overcome perceived chemosensory abnormalidés therefore undertook this
randomized, double-blind, placebo-controlled pii@il to determine the therapeutic
potential of THC for cancer patients with self-reed chemosensory abnormalities. Our
innovative approach included the use of food intad®ed outcomes for a more complete
understanding of the effects of THC compared togita than has previously been
evaluated in appetite stimulation trials. Theseonrtes included chemosensory
perception, food enjoyment, food preferences amdséons, caloric intake, appetite, and
QOL. The safety and tolerability of THC were alss@ssed.

* A version of this chapter will be submitteddournal of Clinical Oncology2009
(authors Tristin Brisbois Clarkson, Ingrid de Ko&haron Watanabe, Mehrnoush Mirhosseini,
Daena Lamoureux, Martin Chasen, Neil MacDonaldkiidBaracos, Wendy Wismer)
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4.2 Patients and methods

This 2-centre, phase I, randomized, double-blptdcebo-controlled 22-day pilot study
was approved by Health Canada and the ResearateBbards of the Alberta Cancer
Board, University of Alberta, and McGill University¥he clinical trial was sponsored by
the University of Alberta.

4.2.1 Eligibility Criteria

Adult advanced cancer patients (defined as locattyrrent, locally advanced, or
metastatic) with self-reported chemosensory altarét), decreased food intake for at
least 2 weeks (reported by subject or physiciad)alife expectancy of > 2 months (as
determined by physician) were eligible. All patespoke English and provided
informed consent. Use of chemotherapy and radidgtierapy other than to the head and
neck area was permitted during the trial providedherapy-related adverse events
ensued.

4.2.2 Exclusion Criteria

Exclusion criteria included receiving enteral orgrderal feedings; allergies or
sensitivity to THC and/or sesame seed oil; histdrgubstance abuse or psychotic
episodes; mechanical obstruction of alimentaryttraouth, or nose; radiation therapy to
the head/neck area; primary brain tumour; nausa s€5 on 11-point scale; history of
tachyarrhythmias, angina pectoris, or uncontratiggertension within the last 6 months;
current diagnosis of liver impairment; use of maaija within 30 days prior to start of
trial.

Patients on treatments that potentially increapet#te, such as corticosteroids, were
able to participate provided their dose for theeotippetite stimulant remained constant
for the duration of the trial. Patients were scegkfor mouth infectiond.g. thrush) and
were only entered into the trial once the infecticas successfully treated.

4.2.3 Random Treatment Assignment, Blinding, and In  tervention

After baseline assessments, eligible patients varéomly assigned in a double-blinded
manner to either receive THC (Marinol®, dronabiBdmg capsules, Solvay Pharma
Inc.) or placebo. Randomization scheme was crdatedputer generated) by a third
party and administered by the pharmacy. Patieattest on a dose of 2.5mg capsule of
THC or placebo once daily for the first 3 days @vefbedtime for first 2 days, before
supper on 8 day). The dose increased to 2.5mg of THC/ placefme daily (1 capsule
before lunch and supper) on tHeday (Figure 4.1).

4.2.4 Outcome Measures

Patients completed questionnaires at the timesateti in Figure 4.1;e. baseline (day

0) and following 16-18 days of treatment (postimeent, days 19-21) allowing 1 day
latitude due to weekends or patient not feelind Wdle validated Taste and Smell
Survey [29] assesses the severity and intensityhgightened or loss of sensation) of
self-reported chemosensory complaints as well gshift in chemosensory perception
following study treatment. The survey consists gu@stions related to taste and 6
guestions pertaining to smell. A point is awarétadeach complaint. Scores range from
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0-16, 0 indicating no chemosensory change anddi6dting the greatest number and
severity of changes [20]. The Taste and Smell Sualso includes open-ended
questions for subjects to elaborate on chemosembaryge(s) [30].

The 100mm Satiety Labelled Intensity Magnitude (8) scale [31] was completed 10-
15 minutes prior to each meal for an assessmeaetite throughout the day over the
course of the trial. The SLIM scale is anchoredwiteatest imaginable fullness = 0 and
greatest imaginable hunger = 100 (neither hungryfuib= 50). The Macronutrient
Preference Checklist (MPC) [32] was completed atsime times as the SLIM to assess
objective momentary shifts in macronutrient anddlar preferences. The MPC is scored
based on the number of food items selected (0-8xam of the four macronutrient
categories of high protein, high fat, high carbalayd, and low energy. A 3-day dietary
record [33] was used to determine changes in cailtidke and shifts in macronutrient
intake following study treatment using the Fooddessor Il Nutrient Analysis

Program (Esha Research, Salem, OR).

QOL was assessed with the Functional Assessmekriaixia/Cachexia Therapy
(FAACT) questionnaire [34]. Interviews were condutto determine patients’ food
preferences and study treatment-related changggeimosensory alterations. The 11-
point Edmonton Symptom Assessment Scale (ESAS)W@5]used to assess patients’
nausea. Finally, patients completed a Side Effactey [36] to document the tolerability
of the study drug.

4.2.5 Statistical Analyses

All statistical analyses were performed on a petqwol analysis basis [37] using SAS
[38]. Descriptive statistics were used to desctiiteeprevalence, nature, and severity of
chemosensory complaints. Chi-Squared and FishedstEest analyses were used to
evaluate patient characteristiggs/noresponses, treatment side effects, and adverse
events. Time series analysis of variance [39] Wwabkeline assessments as covariates
where significant [40], were used to assess diffegs in chemosensory complaints,
caloric intake, appetite, macronutrient preferen@3L, and nausea between and within
treatment groups. Pair-wise differences of LeasiaB®ps Means (pdiff) were used for
post hoc comparisons.

4.3 Results

4.3.1 Patients

Advanced cancer patients were recruited from eithepalliative home care program or
outpatient clinics at local cancer clinics in Edrmim Alberta and Montreal, Quebec,
Canada over 2.5 years (2006-2008). There wereffevatices for any outcomes between
study sites (p<0.05). Patient characteristics (@4dhl) and dropout rates (Figure 4.2)
were similar for THC and placebo groups. With respe factors that could affect
chemosensory perception, 33% of patients wereviegethemotherapy at the time of
data collection; 19% had taste and smell problemdating the cancer diagnosis; less
than 10% were currently bothered by hay feverygis, or sinusitis; 76% were current
or former smokers; and 52% wore dentures. Patieais living at home and were
assumed to make their own food choices based comarpreference.
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Patients were able to increase their drug dosagltiie trial. In the THC group, 8
patients followed the dosing protocak(2.5mg twice daily) and 3 patients increased
their dose to 7.5 mg THC per day by taking an amltit 2.5mg before supper.

4.3.2 Taste and smell perception

Taste and smell perception improved with THC treattcompared to placebo. When
asked if the study medication made food taste hedignificantly more patients in the
THC group respondegks(n=6) compared to placebo (n=1) (p=0.04). OnTihste and
Smell Survey, patients more frequently reported sense of taste and/or smell and the
taste and/or smell of food to be better with TH&tment compared to placebo
(p=0.026). Taste and smell scores reflected enldactoemosensory perception with THC
treatment compared to baseline and placebo grdgisg 4.2). Similarly, THC-treated
patients reported in open-ended questions andrieterenhanced chemosensory
perception (n=7) and overall appreciation of fondf). One patient compared the
restoration of his taste and smell function to simglkcessation. Patients claimed they
couldnow discriminate tastes, flavouandfood odours Smells were reported to be of
better qualityand foods were reported to taste and smelle appealing betterwith

THC treatment. Half the patients who reported odaarbe unpleasant at baseline no
longer found odours offensive with THC treatmentQj®83). By contrast, the majority
of patients in the placebo group reported thetetasd smell function to be tkame as
before(n=6) orworse(n=2) compared to before study treatment. No patiethe

placebo group reported an enhanced chemosensasppen.

Total chemosensory complaint scores decreasedlitM@ treatment compared to
baseline, but were not different from placebo (€ahD).

4.3.3 Appetite

For the THC group, SLIM appetite scores improvddtive to baseline and placebo
(Table 4.2). The majority of THC-treated patier4%) had increased appetite, 3
patients (27%) showed no change, and 1 patientsswias incomplete. No THC-treated
patients showed a decrease in appetite. By conth@sinajority of patients receiving
placebo had either decreased appetite (50%) oreshaw change (20%).

4.3.4 Food preferences and caloric intake

Compared to placebo, THC-treated patients incretheddprotein intake in proportion to
total caloric intake. Accordingly, there was anttdor THC-treated patients to choose
more high protein foods on the MPC compared togilaqTable 4.2). When asked about
changes in food preferences since the study tredtpatients in the THC group
commonly reported savoury foods and meatg.(hamburgers, chicken, fish, baked
beans, and mushroon® taste betteand to benore appealingNo patients in the
placebo group reported an increased liking of meats

Caloric intake did not significantly differ betwetneatment groups for average total
caloric intake (Table 4.2) or average caloric ietak a proportion of body weight
(p=0.557). However, 8 of the 11 THC-treated pasientreased their caloric intake from
baseline (range 100-775 kcal/day), while 5 patianthe placebo group increased their
calorie count (100-965 kcal/day).
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4.3.5 QOL

FAACT QOL scores showed a placebo effect as gIBBACT QOL scores improved
similarly for both THC and placebo groups (Tabl2)4Anorexia-cachexia related
nutritional well-being improved in the THC groupjtlwas not different from placebo.
One patient reported to be no longer depressedft€ treatment; no changes in
depression were reported in the placebo group.s&scores were unaffected by THC
treatment (p=0.532).

4.3.6 Treatment side effects and adverse events

Quality of sleep and relaxation were both moredeyly reported to bpleasantoy
THC-treated patients compared to placebo on the Bifict Survey (Table 4.2). There
were no other significant differences in surveypmses between treatment groups
(p>0.05, Table 4.3).

THC was well tolerated. No differences were rembdaring the trial or within the 30-

day follow-up period between THC and placebo grdopshe number of adverse events
(AE) or serious AE (SAE) (p=0.622 and p=0.244 refipely). The majority of AE were
unrelated to THC therapy, 6 were unclez(sea, headache, unsteady feet, shortness of
breath, seizurg and 4 were possibly related to treatmeausea/vomiting (2),

hives/rash, irregular heart beatable 4.4). The majority of SAE were also unredgto

THC therapy, 4 were uncleémausea, headache, shortness of breath, seizane 1 was
possibly related to treatmentrégular heart beat

4.4 Discussion

4.4.1 Main findings

Our pilot study is the first to determine the edfiy of THC treatment to improve self-
reported taste and smell alterations in additioappetite stimulation. We argue that
THC's effect on food intake behaviour is complew;dlving chemosensory perception,
reward-related pathways), and appetite. As suchgpted to use an array of
guestionnaires to capture THC-related effects n®tipusly explored. Our results
demonstrate that THC compared to placebo impromweceahanced chemosensory
perception, food enjoyment, preferences and intdkegh protein foods, appetite,
relaxation, and quality of sleep for advanced capatients with self-reported
chemosensory alterations.

Our findings are important as there is no acceptsatment for taste and smell
perception alterations, which are prevalent in eafit9, 20] We, along with Bartoshuk,
speculate that taste and smell alterations in caareenot solely physiological changes,
but also involve the loss of food enjoyment [22]. 2& such we opted to measure self-
reported chemosensory perception in lieu of climeeasures of chemosensory function
as a more appropriate predictor of food intake emdyment among advanced cancer
patients.

In addition to statistical significance, resulte alinically significant as effort and cost
associated with THC-treatment are low. A 0.113 orpment in SLIM appetite score
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yields a number needed to treat of 8.85 and arcissd cost of $74For 18 days of

THC treatment; meaning for every 9 patients treatitl THC, appetite loss would be
completely alleviated for one patient, costingtaltof $743 ($84 / patient) [41]. These
calculations do not account for the number of pasiscreened or drop-out rates as both
would vary among recruitment sites. Still, with pfalzosts for a cancer patient’s last
year of life being ~$36, 600 [42] and the side @fferofile of THC shown to be low, we
feel these results are clinically significant.

Our findings parallel earlier surveys of healthyripp@na users reporting THC to enhance
sensory perception, specifically the taste of faoghroving food enjoyment [43-45].
Jarrettet alreported THC to reduce the unpleasantness ofex bitste solution in

animals [25]. Similarly, our THC-treated patiergported odours and the taste of meat
to be less offensive, most likely contributing bhe increase in calories ingested as protein
and increased preferences for high protein foodsngni HC-treated patients. These
results suggest that THC improved chemosensoryepton through reward systems;
however, the possibility of THC improving chemosenysfunction should not be ruled

out as studies investigating this possibility inrtans are limited [46]. Improved sleep
may be due to the presence of cannabinoid recepttie basal forebrain [26] or related
to increased relaxation noted in various populatiocluding cancer [8, 47]. Improved
quality of sleep and relaxation may have contriduteincreased appetite and even
improved chemosensory perception as patients’ nikely also improved, encouraging

a positive outlook on food [48].

Limitations of this study were the short duratidrilee trial and small sample size. We
did not measure weight gain as study duration @& af treatment) was insufficient for
weight gain to be a feasible measure [49]. Howeugsrovements to appetite and food
enjoyment are arguably as important to patientseaght gain. Our sample size and
length were sufficient to show statistical sigrafice for several outcomes, clearly
demonstrating the potential of THC to improve sefforted chemosensory perception,
food enjoyment, appetite, relaxation, and qualftgleep in advanced cancer. However,
generalization of the results to the advanced agmmeulation is limited given the small
sample size and preliminary nature of the findifegg.first to demonstrate improved
perceived chemosensory perception with THC treatmmecancer). A larger clinical trial
is needed to verify these outcomes. Sample sizalatons indicate that certain
outcomes, such as total chemosensory complainésemd preferences for high protein
foods, require ~50-60 patients in each treatmemigrvhile other parameters, such as
caloric intake, require over 300 patients in eaclug. Indeed, variances would likely be
higher with a greater number patient participants thus these estimates are likely low.
Still it is evident that certain outcomes are ukefipower a study around, while others
are not. Global QOL scores would likely never biéedéntiated given the prominent
placebo effect. Very few studies in cancer anorbaige successfully shown
improvements in QOL as participation in a studyesgpp sufficient to improve QOL and
guestionnaires may be too insensitive to deteat@ds[50] and are clearly susceptible to
placebo effects.

® Based on Canadian retail price (including dispem$ée) of a 60 capsule (2.5mg THC) bottle
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4.4.2 Evaluation of prior and future clinical trial s of THC

THC reputedly stimulates appetite in healthy vobens [12-15] and AIDS patients [16-
18], but its orexigenic efficacy in cancer vari€slC has been reported to increase
appetite for 34-72% of cancer patients with doseging from 5 to 45mg THC per day
[4-9, 47]. Nelsoret al[5] showed promising THC effects for appetite lossancer, but
were criticized for their lack of control group.dtnotable that 6 of the 18 patients opted
to remain on THC treatment for improved appetite food intake [51]. Jatat al[7]
reported THC to stimulate appetite in 50% of pasehut concluded THC to be inferior
to megestrol acetate despite negligible differeftageight gain and no differences in
QOL. Strasseet al[9] noted no differences between THC or THC + céiufial and
placebo for appetite or QOL; however assessments suesceptible to placebo effects. In
our study, 64% of THC-treated patients showed im@iddSLIM appetite scores that were
not susceptible to placebo effect, suggesting thiMScale which includes word
indicators and was completed prior to each meay, lmester quantify appetite compared
to previously used questionnaires.

The dose of 5mg THC daily used by Jatbal[7] and Strassest al[9] has been
criticized[52] as Nelsomet al[5] showed more promising results with 7.5mg TH@yda
Both authors stated 5mg THC daily was chosen toedse side effects [7, 9]. A recent
study of AIDS patients reported doses as high asggdDHC daily to be well tolerated
[18]. We started patients at a low dose to bupdalerance and minimize negative
psychoactive effects [53, 54] and allowed pati¢ntsirate their dose upwards. Our
dosing regimen was well tolerated, even among ldtexrlg, as few AE were potentially
related to THC treatment. We noted numerous drdp-auod withdrawn consents due to
changes in health status, which were unrelatetuttysreatment. Clinical trials in
advanced cancer have the added complexity of cdidities and imminent death. The
exclusion of data that are confounded by poor pwsignis critical for interpretable
results, which may be a criticism of previous wfgk

Considering the potential of cannabinoids to plen array of symptoms that burden
advanced cancer patients, such as self-reportedag®nsory alterations, loss of appetite
and food enjoyment, pain, nausea, depression, tgnpi@or quality of sleep, and
inflammation [55], the use of THC in cancer holdsmise. For the design of future trials
it seems important to 1) include a placebo groupuisomes may appear more
favourable when compared to drug alone; 2) inckstfeessments able to capture all
aspects of food intake behaviour, such as chemoseasanges and food preferences
and aversions; and 3) power studies around diffedt@le outcomes, such as
chemosensory complaint scores, rather than plaseteptible outcomes such as QOL.
As absorption of oral THC varies greatly betweativiiduals [46, 53], and given the
controversy surrounding the appropriate dose iceariuture trials should allow patients
to titrate their dose.

In conclusion, THC was well tolerated and improtaste and smell perception, food
enjoyment, and appetite among advanced cancentstiéth self-reported
chemosensory alterations. THC merits further ingasibn as a therapy for patients who
suffer from self-reported chemosensory alteratem loss of food enjoyment.
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Figure 4.1 Experimental timeline for a double blind, randoedzplacebo-controlled
THC trial in advanced cancer patients. AbbreviaidLIM, Satiety Labeled Intensity
Magnitude scale; QOL, quality of life; FAACT, Furartal Assessment of
Anorexia/Cachexia Therapy questionnaire; ESAS; Hdom Symptom Assessment

Scale.
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Figure 4.2 Patient flow. N=number; THC, delta-9-tetrahydracaipinol.
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Table 4.1 Baseline Patient Characteristics

THC Placebo
Characteristic (n=11) (n=10)
Male [n (%)] 7 (64) 5 (50)
Age (y) [meant SD] 67.0+ 10.9 65.5t 8.0
Survival (months) [median SDJ’ 7.5+55 6.0+ 4.6
Chemotherapy* [n (%0)] 3 (27) 4 (40)
Nauseall-point scalgmeant SD] 1.5+20 0.9+£1.0
Cancer Diagnosis [n (%)]
Lung 5 (45) 5 (50)
Breast 1(10) 0 (0)
Genitourinary including bladder, renal, female
genital: vaginal, ovarian, peritoneal, cervical, @n 3 (27) 2 (20)
male genital: testicular, prostate
Gastrointestinafincluding liver, pancreas, colorectal,
stomach, esophageal) 2 (18) 2 (20)
Other(including unknown primary) 0 (0) 1(10)

Abbreviations: THC, delta-9-tetrahydrocannabindt;, Standard deviation

*Patients received chemotherapy in the 2 weeks poibaseline assessments. Types of
chemotherapy included gemcitabine, capacitabinetimib, cisplatin, carboplatin, oxaliplatin,
etoposide, vincristine, cycylophosphamide, vindreland fluorouracil as sole agent or in

combination therapy.

® Four patients are still alive and thus medianisahdata is currently incomplete
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Table 4.2 Baseline and Post-Treatment Assessments for AddaBaacer Patients Receiving either THC or Placakatiment for 18 Days

THC (n=11) Placebo (n=10)
Between
post Within
treatment THC
Baseline Post-treatment Basdline Post-treatment groups group
Mean SE Mean SE Mean SE Mean SE p-value p-value
Major THC-related outcomes
Taste and Smell Survey Scores
Chemosensory enhancement 1.3 0.2 2.5 0.2 1.3° 0.2 1.8° 0.2 0.018 <0.001
Total chemosensory complaints 73 04 5.7° 04  7.3° 04 6.4% 0.4 0.225 0.008
Appetite
Avg pre-meal SLIM appetite score 494 33 60.7° 34 51.7 3.4 50.9° 3.4 0.05 0.03
Protein intake
Avg protein(kcal)/ avg Kcal 018 0.01 0.18 001 0.17* 0.01 0.15 0.01 0.008 0.217
Avg protein(g)/ day 65 9 82 9 62 9 62 9 0.121 0.179
Food preferences (MPC)
Avg pre-meal high protein preference 16 0.3 2.1 0.3 1.4 0.3 1.2 0.3 0.063 0.341
Number of subjects responding change was = =
“pleasant” on Side Effect Survey
Quality of sleep 6 1 0.043
Relaxation 5 1 0.046
Placebo-susceptible outcomes
Caloric intake
Avg Kcal/ day 1594 114 1726 114 1543 120 1647 120 0.637 0.425
Quality of life (FAACT)
Global quality of life 76.2 5.8 98.5" 6.1 76.6° 6.1 1018 6.1 0.704 0.026
Anorexia-cachexia related nutritional
well-being subscale 239 1.9 29.6" 20 234 21 285" 2.1 0.700 0.05

All data (unless otherwise specified) are meanSK} analyzed using time series ANOVA with baseliakies as covariates where significant. Means in a

row with different subscript letters are signifitigrdifferent, p_<0.05.

¥ Data are frequencies analyzed usisigeFiexact test.

AbbreviationsTHC, delta-9-tetrahydrocannabinol; Sfandard error; avg, average; Kcal, kilocaloriegrgms; MPC, macronutrient preference checklist;
SLIM, satiety labeled intensity magnitude scale A&, Functional Assessment of Anorexia/Cachexiarapg.
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Table 4.3 Patient Responses to Side Effect Survey* PostySToglatment

Pleasant (n) Neutral (n) Unpleasant (n)

fast heart rate (1), unsteady
feet (1), dizziness (1),

quality of sleep has

changed (6), feeling “high” (2),

THC  relaxation (5), feeling relaxation (2), unsteady abdominal pain (2), nausea
sleepy (3) reduced feet (1) (1), heaviness in limbs (1),
anxiety (1) noises seem louder (1)
quality of sleep has
guality of sleep has changed (1), relaxation
Placebo

changed (1),
relaxation (1)

(1), feeling sleepy (2),
dizziness (1), abdominal

pain (1),

Abbreviations: THC, delta-9-tetrahydrocannabinol

Table 4.4 Patient-Reported Toxicities

THC Placebo

n (%) n (%)
nausea/vomiting 5 (45) 2 (20)
hives/rash 3 (27) 3 (30)
bowel obstruction/constipation 0 3 (30)
shortness of breath/fluid on lungs 3(27) 1(10)
stomach cramps 1(9) 2 (20)
tired/drowsy 1(9) 2 (20)
pain 2 (18) 1 (10)
c. difficile/diarrhea 2 (18) 0
headache 2 (18) 0
dehydration 1(9) 1(10)
pneumonia 1(9) 1(10)
seizure 1(9) 0
unsteady feet 1(9) 0
low blood count 1(9) 0
irregular heart beat 1(9) 0
thrush 1(9) 0
confusion 0 1(10)
fever 0 1(10)
edema 1(9) 0
vaginal discharge 1(9) 0
troubles sleeping 1(9) 0

Abbreviations:n, numberTHC, delta-9-tetrahydrocannabinol
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Chapter 5

Altered response to palatable high energy diet and A-9-
tetrahydrocannabinol in anorexic tumor-bearing rats !

5.1 Introduction

Loss of appetite is an important behavioural adaptdollowing infection or injury. For

an animal in a compromised state, limiting the mse to forage for food may serve the
purpose to reduce exposure to risk of predatidnjory. The loss-of-appetite adaptation
also occurs in the tumour-bearing state and igrammen feature of animals and humans
with cancer [1]. The specific nature and site(s3arficer-related anorexia remain poorly
understood. The prominent regulators of appetiteopeptide-Y (NPY) and

melanocortins have been the focus of earlier rebeard there is evidence for dampened
NPY responses and increased signalling via melatingeceptors during cancer anorexia
[2-4]. As food intake is regulated by both apmetihd orosensory reward systems [5],
malfunctioning control of appetite may be only [Hly responsible for the prevailing

level of food intake in cancer anorexia. The braiorosensory reward pathway mediates
food intake motivation and hedonic responses td {64 Cancer patients frequently
report loss of food enjoyment [7-9] suggestingtbssibility of suppressed orosensory
reward systems in cancer anorexia. Our working thgsis is that cancer anorexia may
involve loss of activity of the orosensory rewasadipvay, a system that normally
motivates the consumption of palatable high fat@nsiveet foods. The reward pathway is
suggested to be a factor in obesity [10-12]. Howetés unknown how this pathway
influences cancer anorexia and if tumour-bearinmals respond to rewarding stimuli via
this pathway.

The participation of the orosensory reward pathimahe regulation of food intake can be
explored by the use of stimuli, including palataligh fat sweet (HFS) diet [13] and
cannabinoid receptor (CB1r) agonists. Followinglket of a HFS diet before and
throughout the disease trajectory may help totilie the role of the orosensory reward
system in cancer-induced anorexia. It is generalyepted that the endocannabinoid
system is involved in both appetite and rewardieelaystems of food intake [14-16].
Specific exogenous CB1r agonisesg.A-9-tetrahydrocannabinaly-9-THC) may be used
to investigate the role of appetite and rewardatts.A-9-THC has been shown to
increase palatable food intake to a greater degyempared to a less palatable diet in
healthy animals [17, 18], but this effect has netribinvestigated in tumour-bearing
animals. The purpose of this study was threefoldletermine if 1) tumour-bearing rats
are responsive to a palatable HFS diet food reward); 2\-9-THC can increase food
intake in tumour-bearing rats; 8}9-THC can increase intake of palatable HFS diet to
greater degree than chow in tumour-bearing rats.

" A version of this Chapter will be submittedRbysiology and Behavip2009
(authors Tristin Brisbois Clarkson, Ingrid de KoS8pencer Proctor, Wendy Wismer, Vickie
Baracos)
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5.2 Materials and Methods

5.2.1 Animals

The study was conducted in accordance with the dian&ouncil on Animal Care
Guidelines and was approved by the Alberta CanocardAnimal Care Committee.

Forty male Sprague-Dawley rats (8 weeks old, weigl290-350g at start of test
procedures) were housed individually in metabadiges (Nalgene® metabolic cages for
rats over 300 g, Techniplast no. 3701M081) and taaiad on a reversed light-dark
cycle (lights off at 0900h) throughout the studyipe. The room temperature (211£C)
and humidity were controlled. Food (chow or pal&dbgh fat sweet diet) and water was
available ad libitum. All tests commenced in thekdazart of the cycle under low-
intensity light {.e. a 40W lamp).

5.2.2 Drugs

A-9-THC (Lipomed, Switzerland) was prepared in aisoh of 1 ml ethanol, 1ml
Cremaphor (Sigma), and 18 ml saline, at a concsmtraf 1mg/ml. Rats were injected
subcutaneously (s.c.) at a volume of 1ml/kg bodigite Fresh solutions of drugs were
prepared on each test day. A single dose-9THC (1mg/kg) was chosen as it has been
shown to optimally increase food intake withouttinishg potentially harmful side effects
such as sedation or ataxiae(motor-related side effects) [17, 19].

5.2.3 Diets

The HFS diet (Research Diets, Inc. no. D12266B)veasl chosen as it was similar to the
diet used in Koch’s study [17]. The HFS diet coméai 51% of calories as carbohydrates
(corn starch and sucrose), 32% as fat (buttemf@tcarn oil), and 17% as protein (4.41
kcal/g). The control diet (AIN-93M formula, Reseaiiets, Inc. no. D10012M)
contained 76% of calories as carbohydrates (camalsf, 9% as fat (soy bean oil), and
15% as protein (3.85 kcal/g).

5.2.4 Tumours

Yoshida Ascites Hepatoma AH130 (YAH) was used a®del of cancer-induced
anorexia. Animals were injected intraperitoneailly.j with 5Qul YAH ascites fluid [20].
The YAH was chosen due to its well-characterizeatexic effects which have a rapid
onset [21] and established use as a model of cameced anorexia [22-24].

5.2.5 Experimental Procedures

5.2.5.1 Food intake and body weight

Rats were randomly assigned to one of the two distismaintained on the diet for the
duration of the trial (Figure 5.1). Animals werelmatized to light cycle, metabolic

cages, diet, handling, and drug administrationnegres prior to the test phase. Daily
food intake (accounting for spillage) was measiir&d minutes after lights out) for 12
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days. Rats were weighed at the start of the tesdelstudy day 0), on the day of
tumour/sham injection (day 5), and 4 days post urisham injection (day 9).

5.2.5.2 Tumour transfer and inoculation

Frozen YAH tumour cells were injected initially anhon-study rats for tumour passage
(n=2). After 6 days of tumour growth, ascites flweds harvested and passed
immediately into 2 more rats. Ascites fluid wasvested following 7 days of tumour
growth and injected (30 i.p.) immediately into study rats (n=20) 6 dajteathe start of
the test phase (study day 0). Non-tumour beariogt(ol) animals (n=20) received a
sham injection (50l i.p. of saline) on study day 5.

5.2.5.3 A-9-THC response

On study day 9, approximately 1 hr after the on$¢he dark cycle, animals were
injected s.c. with either vehicle Ar9-THC (1mg/kg). Food intake was measured at 0, 1,
2, 3, 4, 6, and 24 hrs after injection. Drug in@e$ were s.c. instead of i.p. to avoid
injection into the tumour. Rats were killed on eitlstudy day 10 or 11 by CO2 asphyxia
followed immediately by exsanguination by cardiangture.

5.2.6 Statistical analysis

Food intake was converted from grams to kilocatocensumed and adjusted for body
weight in analyses. Data were analyzed by anabfsiariance with treatment effects
considered fixed and rats considered random ubkimdtixed Procedure of SAS [25]. All
data over timed.g.food intake, body weight, hourly food intake pAs®-THC/vehicle
injections, and magnitude Af9-THC response) were analyzed employing a repeated
measures design within the same Procedure usitig imbdy weight as a covariate and
time as the repeated variable. MagnitudA-®THC response was the difference in
caloric intake between vehicle-treated @n8-THC-treated animals. Pair-wise
differences of Least Squares Means (pdiff) werel digepost hoc comparisons. Bayesian
Schwarz information criterion was used to deterntireemodel of best fit.

5.3 Results

5.3.1 Food intake and body weight

Food intake of tumour-bearing rats significantlgldeed starting 4 days post tumour
inoculation (Figure 5.2). The tumour-induced anarexfect was apparent for both diets
(chow: day 9 p=0.047, day 10 p<0.001, day 11 p<LOBIFS: day 9 p=0.04, day 10 and
11 p<0.001). Mean food intake was computed fosdafore and after the anorexic
effect of tumouri(e. before and after day 9, Figure 5.3). Mean foodketfor days 9-11
was significantly lower for tumour-bearing compatedon-tumour bearing rats
(p<0.001). For the effect of diet, prior to the enhsf the anorexic effect of the tumour
(days 0-9), HFS fed animals consumed more calogegared to chow fed rats
(p<0.001) with no difference in caloric intake beem non-tumour and tumour-bearing
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animals (p=0.276). After day 9, anorexic tumourfb@arats showed no difference in
caloric intake between the two diets (p=0.792), n@he non-tumour bearing animals
continued to consume more calories on the HFScdipared to chow (p=0.007).

HFS fed rats had significantly higher body weighinpared to chow fed rats by day 5
(p<0.001, Figure 5.4). This differential was mainéal for both tumour (p<0.001) and
non-tumour bearing rats (p=0.008) 4 days followif#gH/sham injection despite the
anorexic effect of the tumour. Tumour-bearing vase significantly heavier than non-
tumour bearing rats on day 9 (p<0.001), which wastrtikely due to tumour weight.

5.3.2 A-9-THC response

A-9-THC significantly increased food intake in batimour and non-tumour bearing rats
(Figure 5.5). The orexigenic effect 69-THC was delayed and prolonged in tumour-
bearing animals compared to non-tumour bearing sighificant increases in food
intake for 2-6 hrs for tumour-bearing animals anditirs for non-tumour bearing rats
postA-9-THC injection. There was a trend for vehicleatszl non-tumour bearing
animals to have higher intakes compared-&THC after 24 hrs (p= 0.057).
Accordingly, non-tumour bearing animals showedwersal inA-9-THC hyperphagic
response in the"Band 24" hour following test injections, a trend not shabgdumour-
bearing rats (Figure 5.6). Consequently, the magdeibfA-9-THC response was greater
for tumour-bearing compared to non-tumour bearimignals for the 8 and 24' hour

post injection (p=0.004 and p=0.014, respectively).

HFS diet did not influencA-9-THC's orexigenic effect for tumour-bearing anlma
(p=0.246), but did show an acute effect in non-tuntmearing rats with-9-THC
increasing HFS diet intake to a greater degree ¢haw in the first hour only (p=0.003
Figure 5.5). This was the only diet and drug intéca noted.

5.4 Discussion

It is accepted that the orosensory reward systenvadved in food intake behaviour [26,
27]. However, literature surrounding the role af tirosensory reward system in anorexia
is scant. Our study is the first to consider theeptial role of the orosensory reward
system in a tumour-bearing model. Our results egkrpinary in nature in that this was a
behavioural study, observing changes in food infakewing tumour injection and THC
administration to help understand the potentiad iflthe orosensory reward system in
cancer anorexia. Our results suggest that the imsosg reward system is malfunctioning
in our tumour-bearing animal model of cancer-aniereRats responded to palatable HFS
diet upon initial exposure with higher averageyd&ibd intake and body weights
compared to chow fed rats. The diet-rewarding ¢ffecsisted in non-tumour bearing
animals throughout the study, but was lost in turmaring rats with tumour
progression. Further, the rewarding HFS diet preduto additional-9-THC

hyperphagic effect in tumour-bearing animals, whsrthis additional hyperphagic
response was observed in non-tumour bearing anonal$iour posh-9-THC injection.
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Previous studies have investigated orosensory tereaponse by introducing palatable
diets €.g.high sugar and/or fat) in healthy or obese animatshumans [17, 27-31] and
in these studies diet exposed animals show a pEisincreased intake of the order of
10-30 kcal/day [31]. When we exposed rats to sueB Hiets they showed a clear
increase in food intake with weight gain. Howewbe incremental intake was not
persistent during tumour progressiae.(HFS diet did not displace the food intake curve
to the right compared with tumour-bearing animaisbow) and was abruptly lost at the
onset of the cancer-associated fall in food intake.

The loss of the diet-rewarding effect may be cogrgd to be related to a loss or
alteration of orosensory reward. By contrast,tfegle of action oA-9-THC is both

within and outside the reward system. Cannabireiéptors (CB1r) are located
throughout the body and brain, including areaslvaain appetite, such as the
hypothalamus and areas involved in orosensory gwach as the neocortex (which
includes the orbitofrontal cortex), nucleus accunsh@nd ventral tegmentum [32]. As
such, cannabinoids are involved in both appetite@nsensory reward systems to
influence food intake behaviour [14]. Previous aalistudies have used CB1r agonists or
antagonists in combination with palatable and nalafable diets to determine their role
in the orosensory reward system [17, 18, 33]. BeeaiA-9-THC with both chow and
palatable HFS diet allowed for the comparison gfedipe and additional reward response
(or lack thereof) in this model of cancer anoregiannabinoid therapy has been
investigated in humans with cancer anorexia, begetclinical trials are complex due to
numerous co-morbidities of patients, the influeatearious food intake behaviour
factors, and unknown optimAl9-THC dose for food intake stimulation [34-36].€Thse

of an established animal model of cancer-anoréxiaywn optimalA-9-THC dose for

food intake, and set diets created a controlledrenment necessary to answer our
fundamental objectives.

Our results confirm\-9-THC to induce an acute additional rewarding o@sge in non-
tumour bearing rats, by increasing caloric intake greater degree for HFS fed rats
compared to chow fed rats after the first hour oBlgth Koch [17] and Browet al [18]
similarly reported in healthy rats9-THC to increase the intake of sweet food to a
greater degree than less palatable diets 1 hiimjestion. By contrast we did not observe
any drug and diet interactions in our tumour-beamodel, suggesting the orosensory
reward pathway may be malfunctioning or suppressedsease-induced reduction of
food intake. The current obesity epidemic is sutggeto be potentially related to
overstimulation of reward system by constant expotu HFS diet [11, 12]. If the

reward system has the potential to cause largeitiim caloric intake resulting in
obesity, it is plausible that lack of reward resgmmay also cause deficit in the tumour-
bearing state. Together, the loss of appetite as&l df orosensory reward may be part of
an adaptive response to limit foraging for foodeminjury or disease.

Little research exists investigating the possibipairment of orosensory reward in
wasting diseases in humans, but a few results suppch a possibility. Cancer patients
frequently report a loss of food ideation and hedoesponse to food [7, 8]. The
orbitofrontal cortex (secondary gustatory cortesfedmines desire for and pleasantness
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of food and thus is involved with reward system, [33]. A recent study employing
single-photon emission computed tomography in Alniee's patients revealed
hypoperfusion in brain regions involved in motiaial and reward pathways.g.
orbitofrontal cortex) in patients with reduced fdathke compared to patients without
this problem [39].

Our results demonstrafe9-THC's ability to increase food intake in anoeanimals.
Since the tumour bearing animals lacked hedonjmoreses to diet and did not show a
diet andA-9-THC interaction, our results suggest that appasirstemsife. non-reward
systems) mediated by endocannabinoids remain reseoim this tumour model. The
shape of thé-9-THC response for caloric intake in tumour-begmiats was however
markedly different from healthy animals. Specifigahon-tumour bearing animals
compensated for thelx-9-THC-induced hyperphagia by eating less than abstarting

6 hours post-injection. Compensatory behaviour neagiemonstrated by tumour-bearing
animals, suggestingy-9-THC to increase overall daily caloric intake.\#wver, it

remains unknown whether this hyperphagic respomsedipersist with repeated drug
administration. The absence of compensatory bebaindumour-bearing rats suggests a
different homeostatic response than that of heahitsy

The altered kinetics of th&-9-THC response in tumour-bearing animals may eefsid
the sensitivity of hypothalamic neurons and/ othie systemic metabolism of this drug.
Appetite is mainly regulated by two sets of neuronthe arcuate nucleus, NPY/Agouti-
related protein (AgRP) neurons and pro-opiomelartocPOMC) neurons [5].
Hypothalamic NPY levels are suppressed in canakrded anorexia [40]. Cannabinoids
are suggested to increase NPY/AgRP neuronal achyiincreasing NPY and
decreasing leptin levels [33, 41-43] and more ridgeme suggested to modulate
presynaptic and postsynaptic actions on POMC neJet], all of which stimulate
appetite. New neurobiology studies are requirddvestigateh-9-THC's effect on
hypothalamic neurons in the tumour-bearing statxfdain the altered food intake
response. The metabolism&®-THC in tumour-bearing rats is unknown, thus an
impaired metabolism of the drug and its metaboligeg. 11-hydroxyA-9-THC, 11-OH-
THC and 11-noA-9-THC-9-carboxylic acid, THC-COOH) may have copntred to the
extended hyperhagic effect in tumour-bearing rats:OH-THC behaves similarly -
9-THC and has been suggested to be involved inifttalte [45], whereas THC-COOH
exhibits analgesic and anti-inflammatory properf#s which may have contributed to
the delayed and prolonged hyperphagic respongeitumour-bearing rats [47, 48].

The mechanism in which the YAH tumour decreased fotake is not known and it is
important to understand the overall context in \uttteese changes occur. The detailed
progression of food intake, weight loss, alteraionprotein and lipid metabolism and
hormones and other humoral factors has been gellecharacterized during tumour
progression [24]. The time of decreased food int@A-9-THC injections in our study
corresponds to a period of exponential tumour gnaagicompanied by significant
decreases in plasma total amino acids, insulingothyronine (T3), thyroxine (T4as
well as increases in cholesterol, triglycerideacgbon, corticosterone, epinephrine and
norepinephrine. Elevated plasma prostaglandin (F&3Bhd tumour necrosis factar
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levels in this model are attributed to tumour prichn of these mediators as well as an
enhanced production by host monocytes [24].

These results suggest several previously unknowmplaxities of reduced food intake in
the tumour bearing state; the loss of orosensavgne and altered response/¥®-THC.
These results have several implications relatedteanpts to reverse cancer anorexia by
various approaches. Lack of hedonic response maycoasiderable barrier to the
restoration of food intake, and it remains to beedeined whether this response may be
restored by some means. There seems to be sommeipldia A-9-THC-mediated
stimulation of overall intake, however a persist&asjponse t&-9-THC would be

required for a meaningful net increase in foodkata
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Figure5.1 Flow diagram of experimental procedures (40 r&s}s/group signifies number of
animals per variatiore.g.20 rats received high fat sweet (HFS) diet, 18 rateived HFS diet
and tumor, 5 rats received HFS diet, tumor, and TAlSbreviations: wt, weight; THC\-9-
tetrahydrocannabinol (drug).
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Figure5.2 Daily food intake (kcal) for A) tumor-bearing (TRBnd B) non-tumor bearing (NTB)
rats. Values are meansSE adjusted for body weight, 10 rats/grougtters indicate significant

differences in food intake between TB and NTB aminday 9 p=0.005, day 10 p<0.001, day 11
p<0.001.Abbreviations: HFS, high fat sweet (diet); Kcalokialories.
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Figure5.4 Average body weight (BW, g) for tumor-bearing (Td&)d non-tumor bearing (NTB)
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tumor bearing rats 4 days after tumor or sham figecValues are meansSE, 5 rats/group.
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significant difference in food intake between dietthin drug type; p=0.004 for THC.

Abbreviations: HFS, high fat sweet (diet); Veh, ot (drug); THC A-9-tetrahydrocannabinol
(drug); Kcal, kilocalories.
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Chapter 6
Discussion

“Indian hemp, when pure and administered carefidlpne of the most valuable medicines we
possess”
Dr. J. Reynolds (Queen Victoria's physicignLancet, 1890(i): p. 637-8

6.1 Main Findings

Regulation of food intake is complex, involving batppetite and orosensory reward
systems. Appetite systems stimulate or reduce hungiéle orosensory reward motivates
consumption of high fat and sweet foods, resulitinigpod enjoyment [1]. Our senses,
specifically taste and smell, serve as a link betwiae two systems such that a positive
sensory experience results in reward and perpsteating [2]. By contrast, a negative
sensory experience likely reduces orosensory readdappetite; the negative impact of
taste and smell alterations on food intake behaveopalpable in advanced cancer [3, 4].
Understanding the nature of these alterations reffytio explain food intake behaviours
and further our understanding of the physiologtheke alterations. Our investigation of
the intensity of chemosensory alterations in adedreancer patients and their
relationship with ingestive behaviour and qualityife (QOL) revealed heightened
perception to be dominant, potentially leading eégréased food enjoyment (Chapter 3).
Both a heightened and loss of sensation were goasdlociated with caloric intake; the
number of perceived chemosensory alterations asume@d by a chemosensory complaint
score was found to be a better predictor of deeckaaloric intake, weight loss, and poor
QOL. Perceived chemosensory alterations in advhoaecer are likely a combination

of physiological and hedonic changes.

Possible interventions to palliate chemosensogyratibns include seasonings or flavour
enhancers [5] and micronutrient supplementateég ¢inc) [6] (Chapter 2). However,
success of these agents is limited and likely tmégective for patients with heightened
chemosensory perception. As loss of appetite sadsociated with perceived
chemosensory alterations, appetite stimulants, asichegestrol acetate and
glucocorticoids are commonly prescribed. Howevsgse appetite stimulants are unable
to palliate chemosensory alterations or improvelfenjoyment and thus influence only
one dimension of food intake behaviour, limitingitrefficacy [7]. Cannabinoid&(g
A-9-tetrahydrocannabinol, THC) however are accefedimulate both appetite and
reward systems [8-12] and potentially enhance tstiesmell function [13, 14].
Consequently, cannabinoids, such as medicinal naard and THC (dronabinol,
Marinol®) or synthetic cannabinoids (nabilone, Ges#®) are used off-label to improve
food intake. There is currently no indicated orgegjed use for cannabinoids and
appetite stimulation in cancer. For the AIDS pagioh however, THC has a suggested
use as an appetite stimulant as results from nteisifpdies concur including those of a
well-powered placebo controlled trial [15], indisglbly demonstrating the ability of THC
to improve appetite compared to placebo.

By contrast, only 5 published studies report treafSTHC for appetite loss in cancer
[16-20], of which only 2 were controlled trials [120]. No studies have previously
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investigated the use of THC in cancer to palliarpived chemosensory alterations and
loss of food enjoyment. The lack of studies ingeing the orexigenic capabilities of
THC in cancer make it impossible to assign suchditation. Further, the only two

large randomized controlled trials suggested TH@atee little merit as an appetite
stimulant, despite positive [20] and un-interprégaiesults [17]. Jataét al[20] reported
THC to stimulate appetite in 50% of patients, aiaduded THC to be inferior to
megestrol acetate despite negligible differencésdsn the two treatment groups for
weight gain and no differences between groups ot (Btrasseet al[17] noted no
differences between THC or THC + cannabidiol arstebo for appetite or QOL,;
however assessments were susceptible to placedriseéind results were arguably
confounded by patients’ poor health status, ilatstl by the numerous unrelated adverse
events and high number of deaths that occurreagltinie 6 week trial. It is not possible
to interpret the results of a trial when the patopulation is imminently dyingThese
two trials [17, 20] likely created doubt and perbalscouraged future research involving
cannabinoids and cancer anorexia, illustratingrtiportance of our clinical trial, which
demonstrates for the first time the ability of Tid@mpared to placebo to improve
various aspects of food intake behaviour in ca(Caapter 4). The objective of the
randomized double-blind placebo controlled clinicel was to determine if THC was
able to overcome chemosensory abnormalities inrashgacancer patients to stimulate
food intake and re-instate food enjoyment. THCtinegt compared to placebo improved
and heightened self-reported chemosensory percejptia improved food enjoyment,
appetite, preference and intake of high protei$yquality of sleep, and relaxation for
advanced cancer patients with perceived chemosealerations. Alteration of
chemosensation with THC-treatment was reportedta positive experience. THC
appeared to stimulate orosensory reward systenrehgasing food enjoyment; however
these improvements may be partially due to imprareemosensory function (Figure
6.1).

Appetite systems have been the focus of canceegiaoresearch in animal models.
However, malfunctioning control of appetite maydray partially responsible for the
prevailing level of food intake in cancer anorexgareward systems are also involved. The
orosensory reward pathway is suggested to be redperior the current obesity epidemic
[21-23]. By contrast, there is little research istgating the role of orosensory reward in
cancer anorexia and it is unknown if tumour-beadangnals respond to rewarding stimuli
via this pathway. The objective of the animal studys to determine if orosensory reward
systems are responsive to a palatable high fattsdieteand drug (THC) in cancer using a
tumour-bearing rat model (Chapter 5). Orosensomard systems appeared to be
impaired in tumour-bearing animals demonstratethbyloss of rewarding effect of high
fat sweet diet and no additional rewarding effdcIldC treatment combined with high fat
sweet diet. THC compared to vehicle significantlgreased caloric intake in tumour-
bearing rats, suggesting endocannabinoid-medigteetite systems are still functioning in
this tumour model.

The objectives of this thesis were to investighterble of sensory alterations and
orosensory reward on food intake behaviour in adedrtancer as well as the efficacy of
cannabinoid therapy for perceived sensory altanatand loss of food enjoyment and
appetite. | hypothesized that orosensory rewartésysare hindered in advanced cancer.
Findings of the studies presented in this thegi®apto support the original hypothesis,
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suggesting orosensory reward systems are impairadvianced cancer, decreasing the
liking and motivation to eat. THC treatment mayhtal palliate perceived chemosensory
alterations and loss of appetite in advanced cancer

6.5 Methodological considerations and study limitat ions

This thesis is a collection of published and sutedipapers addressing a common theme
of food intake behaviour in cancer. A limitatiohtbis thesis work was the inability to
build on the findings of each study, as the studiee designed and conducted in
parallel, rather than sequentially. Knowing thgutes of the clinical trial (Chapter 4)
would have influenced the design and perhaps relsegrestion of the animal work
(Chapter 5). For instance, the inclusion of a lpgbtein diet in the animal study would
have verified the observed THC-induced changeadtepr preference among patients. It
also would have been useful to design an anirmaltiiattempt to determine if the
improved chemosensory perception reported by Tie@t&d patients was attributed to
improved chemosensory function or improved fooagment through reward systems.

A limitation of the human studies (Chapters 3 apd/ds the omittance of a question
assessing another sensory modality that would @etxpected to change with cancer,
such as visual perception of line length. This toldal assessment would have verified if
subjective improvements in chemosensory percepigne valid and not the result of a
generalized response pattern. It would be pruaeimctude such an assessment in future
studies examining the effect of perceived chemasgradterations on food intake
behaviourNausea assessments would have been repeatedupeaamdnges of chronic
nausea instead of acute nausea. The QOL questier{f&ACT) was not useful given
the susceptible placebo effect (Chapter 4). It appthat the FAACT might not capture
social aspects of food intake behaviour given teeahnect between patient comments
and social/family well-being scores (Chapter 3}id?as reported perceived taste and
smell alterations to impact social aspects of gatwt no differences were noted among
chemosensory complaint groups for social/familylseeing scores. Other QOL
guestionnaires have been used in the advancedrqaoméation, such as the European
Organization for Research and Treatment of Can€dr Questionnaire (EORTC-QLC-
C30, 1995 version 3), the Spitzer Quality of Lifeléx [24], and the McGill QOL
guestionnaire [25]. However the sensitivity of thggiestionnaires is also questionable
and the nutrition-anorexia QOL component is oftessmng (e.g. EORTC-QLC-C30 and
the McGill QOL questionnaire). In-depth qualitatiméerviews may be better able to
capture all aspects of QOL. However this methodpledime-consuming and
impractical for a clinical trial.

The 3-day food record was also susceptible to plaedfect (Chapter 4). There was no
clear over or under-reporting by patients (ChaBjebut the accuracy of these records
has been questioned [26]. Other intake assessnsectsas food frequency
guestionnaires (FFQ) or 24hr recalls also have timitations and rely heavily on
memory; 24hr dietary recalls have proven to beféutifve in the advanced cancer
population as subjects could not recall what theytfse previous day [27]. A recent
comparison of the 3 methods revealed the FFQ tbdenost unreliable [28]; however
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other studies have reported the opposite to bd2&jeLike the QOL questionnaires, a
more reliable dietary assessment is needed.

The work presented in this thesis aimed to detezrtiie influence of perceived
chemosensory alterations on food intake behavimgr (eward) and psychosocial
parameters as well as to determine the efficadyHsE treatment to improve perceived
chemosensory alterations. Subjective measureseohadensation were appropriate for
these studies rather than traditional clinical roeas of chemosensation used to
characterise taste and smell. However, subjecte@sores of chemosensation do have
several limitations. Technical sensory terms atens understood by the general
population. For instance, the taste “bitter” is asteasily identified as salty or sweet.
Patients might associate an unpleasant Gl experigunch as gastric reflux with the word
“bitter”, and as a result report a change in bitéste sensation. Examples of bitter foods,
such as black coffee or tea or tonic water werergio patients to help them better
understand the taste modality and answer the guesgipropriately. It is unknown if all
patients answered the question in terms of perdaiti@anges to their sense of taste. The
5" basic taste, umami, was not assessed in the stoiisented in this thesis as it is
highly unlikely that patients would know what umaméant. Thus description of
changes in umami sensation would be limited. Theree several complications
surrounding the meaning of the word “taste”. Whatients were asked about changes
in their sense of taste since the onset of cape¢ients would often indicate a change in
taste preference; this was evident in the openéreigponses of the Taste and Smell
Survey (Chapter 3). The general population doesisstciate smell with food, but rather
with garbage or body odour. Thus patients may laés@ underestimated the contribution
of their sense of smell to food flavour, and udesterm ‘flavour’ interchangeably with
‘taste’. Further research of perceived and objeatieasures of chemosensory alterations
is warranted to better understand and palliatesyrigptom.

This thesis focused on the biological regulatiofiooid intake i e. appetite and reward).
However,social, cultural and contextual factors, sashmood, social settings and
norms, tradition and values, habit, price, and ime@nd education levels also influence
food intake behaviour [29-31]. In cancer, food ketdbehaviour becomes even more
complicated with patients often motivating themsslto eat in the absence of appetite
[32]. Shraggest al[32] noted patients feeling that they had to eaturvive and thus
made the conscious decision to eat even in thenabs# hunger. Improved quality of
sleep and relaxation (Chapter 4) likely improvetigras’ mood, creating a positive
outlook on food, which in turn may have increasatigmts’ appetite and even improved
chemosensory perceptidgating alone, depression and having a caregiveapeemeals
could all influence food intake behaviour. Moreopatients experience “good” days and
“bad” days, which can affect mood and a varietgyhptoms [33]. Understanding the
implications of these external factors would heleritify the influence of perceived
chemosensory alterations and should be considerediure research investigating food
intake behaviour in cancer.
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6.3 Cannabinoids and food intake behaviour

Figures 1.1 and 1.2 outlined the various areaghictwcannabinoids are involved in food
intake behaviour. Results presented in this tregigest appetite systems and potentially
reward and sensory function to be responsive to $tit@ulation in cancer. Other factors
(e.g quality of sleep and relaxation) may have alsenbresponsive to THC treatment
and involved in improved food enjoyment.

6.3.1 Chemosensory function

The literature suggests THC improves food enjoynigmugh orosensory reward
systems [34-42]. However, as cannabinoids areial@ved in chemosensory function,
the perceived heightened chemosensation reportie iclinical trial may have been due
to improved chemosensory function instead of addition to improved food enjoyment
(Chapter 4). As cannabinoid receptors are lociatélae olfactory bulb and have been
shown to be involved in odour processing [13]sipossible that THC increased afferent
input to the olfactory bulb enhancing smell peraaptresulting in increased
chemosensory acuity. The role of cannabinoidastetfunction is less studied, but it has
been suggested that cannabinoids are involveckiadtivation of the transient receptor
potential M5 (TRPMS5) ion channel. TRPM5 is specifig expressed in taste receptor
cells and is involved in the perception of swedtelh and umami tastes [43, 44]. Umami
is a Japanese word meaning savoury, brothy, orynaeatk is generally now accepted as
one of the 5 basic tastes [45, 46]. Results froke @i al[14] strongly suggested
arachidonic acid to modulate TRPM5 channel actiity endocananbinoidg€. N-
arachidonoylethanolamine (anandamide) and 2-arachidglycerol (2-AG)) are
synthesized from arachidonic acid [47] it has begggested that they too may be
involved in taste signalling pathways [13]. It iskmown if exogenous cannabinoids, such
as THC, also influence TRPM5 channel activity, ibsb then the increased preference
and intake of savoury high protein foods reportethe clinical trial (Chapter 4) may
have been attributed to modulated TRPM5 channgligatesulting in improved umami
taste sensation.

There is very little research investigating thesrol cannabinoids in chemosensory
function, especially in humans. To my knowledgeyame study exists; Mattes al [48]
investigated clinical taste function in humans egqbrted no differences in taste function
between THC and placebo groups of healthy aduttsvéver, THC compared to placebo
increased preference and intake of sweet andfsaltls, suggesting stimulation of
reward systems. However, olfactory function wasasstessed. It is unclear (from our
clinical trial results) if THC altered the physighpof taste and smell function or altered
hedonic response through reward-related pathwalgetbr However, it is interesting
that THC favourably enhanced chemosensory peraefibapter 4) for the group of
cancer patients who likely already perceived che&msations to be unpleasantly
heightened (Chapter 3). It would be expected trapiatient already complains of
heightened sensation, increased acuity would furtbgatively impact food intake
behaviour. All THC-treated patients however clairtiesl perceived heightened
chemosensation to be a positive response imprdodenjoyment, which alludes to
improved orosensory reward. The apparent decreaseidance of meat and other high
protein foods also suggests stimulation of orosgnsward with THC-treatment. It
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seems likely then that THC improved food enjoyrmeamd chemosensory perception
through orosensory reward systems, leading to ¢heeption that food tasted better and
odours and meats were less offensive.

6.3.2 Quality of sleep and relaxation

In addition to improved chemaosensory perceptiopgetite, and food enjoyment, the
findings of the clinical trial showed THC to impmquality of sleep and relaxation
(Chapter 4). Cannabinoids have been previouslyrtegpdo improve quality of sleep,
particularly in multiple sclerosis [49, 50]. Imprey sleep may be due to the presence of
cannabinoid receptors in the basal forebrain [3Xk@ted to increased relaxation noted
in various populations including cancer [18, 52%. discussed, improved quality of sleep
and relaxation may have contributed to the obsepesitive food intake behaviour-
related outcomes with THC-treatment.

6.3.3 Gastric motility

THC may slow gastric motility [53]. Since constijpat is an already troublesome
symptom in advanced cancer, Stragdexl [17] were concerned with this potential THC-
related side effect. It is unclear if 5 - 7.5mg THfay would slow gastric motility as
evidence in humans is conflicting [54-56]. Dosesdufor Crohn’s and colitis are
generally higher than 5mg THC/ day [53], makingntikely that THC slowed gastric
motility in our clinical trial. THC-treated patiexdid not report side effects related to
slowed gastric motility (Chapter 4).

It is recognized that THC potentially influencesaiety of systems related to food
intake behaviour (e.g. CCK release, energy and hpetabolism, Figure 1.2) which were
not investigated or discussed here as these wgomtiehe scope of this thesis.

6.4 Research challenges

6.4.1 The palliative cancer population

Improvement in quality of life and/or alleviatioh ®ymptoms of palliative care patients
is an important and valuable research endeavoowd I5 a source of pleasure and is
often the center of social activities for the healpopulation. For the advanced cancer
population however, the experience is quite difieckie to nauseating or offensive food
odours and tastes [57, 58]. Results of the clirtitall showed clear and immediate
benefits; THC-treated patients had improved sqibried sensory perception, food
enjoyment, and appetite; potentially re-instatimg pleasure of food (Chapter 4). These
promising results demonstrate the value of invasiig a potential therapy for
chemosensory alterations and loss of food enjoymmedtappetite in advanced cancer.
However, in the fragile advanced cancer populatiene were several challenges in the
recruitment, completion, and interpretation of mamdomized, double-blind, placebo
controlled 22 day trial.
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White et al[59] recently surveyed advanced cancer patientstaidrelatives to
determine the interest of participating in randadizontrolled trials. The majority of
palliative care patients were willing to participam research studies but willingness
declined with increasing complexity of the trfaé. randomization, double blind, placebo
controlled), invasiveness, length of trial, pagants’ age, and the potential of drug-
related side effects. According to the criterid\diite et al[59], our study design (i.e.
randomized, double-blind, placebo controlled) wdwdde deterred approximately half of
those approached. From Jordlatyal [60] one could expect 40% of those approached to
decline participation based solely on lack of iegtror poor health or cognitive status.
Overall, patients were generally interested in@imical trial. However, our relatively
strict exclusion criteria limited the participatioha large number of interested patients.
The potential of drug-related side effects was algieterrent, but the length of the trial
(22 days) was not excessive for most. According/tote et al[59], our attrition rate was
higher than that of comparable shorter trials, Whias likely due to nondrug-related
adverse events. Advanced cancer patients are iartth stages of their disease, obviously
suffering from numerous cancer-related adversetevenaddition, patients often suffer
from sometimes multiple co-morbidities, which addtect their health status. As a
consequence, the health of patients was oftenhlestzhanging very rapidly and
unexpectedly, impeding them from entering or fimgtthe trial. Palliative care
researchers should be aware of high attrition ratelspower clinical trials accordingly.

Co-morbidities, concurrent medications, and nondelgted changes in health status
complicate interpretation of results. Ideally patseparticipating in a clinical trial would
not change the type or dose of concurrent meditaitidowever, symptoms such as pain
and nausea often vary in intensity, requiring clesng medications which may affect
trial-related outcomes. The variance in healttustaain also influence trial outcomes as it
is difficult to determine if improvements or dedsin health status are or are not
treatment-related. Results of previous cancerextidtrials have been confounded by
the poor health status of patients, which leathéopotentially incorrect conclusion that
the investigated therapies were ineffective [17, @he difficulty of determining when

(in terms of patient prognosis) interventions fancer anorexia would be appropriate and
helpful adds to the complexity of palliative caes@arch. The inclusion of a placebo
group helps to identify unrelated adverse eventistaaatment-related outcomes.
However, although necessary, the inclusion of egtla group deterred patients from
entering this trial and the perception of beinghia placebo-group caused some patients
to withdraw from the study.

According to Whiteet al[59] aspects of our trial that would have positwigifluenced
patient recruitment and compliance were no costilijects for study drug, easy to
understand consent form, relatively short quesaaes (~30min to complete), and non-
invasive procedures. Family and physician suppiténced patients’ decision to
participate and complete the trial. The majoritypafients who entered the trial were
accompanied by a relative or friend who encourgmgeticipation. Physician support had
the greatest influence on patients’ willingnespddicipate and their compliance. The
majority of patients who completed the trial hathedype of social support system.
Overall, patients were willing to participate irethopes that the research will help others
and the treatment might help palliate their own gioms.
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6.4.2 Societal perceptions and regulations of cannabinoids

Due to cannabinoids’ history, negative societatgption, and potential for abuse,
investigating the therapeutic benefits of thesgslihas proved to be trying for the
scientific community [62]. Cannabinoid researchuiegs multiple authorizations from
government organizations. Even though Marinol® lisgal prescription drug in Canada,
two levels of approvals from Health Canada wereiireg prior to commencing the trials
with THC (one for the use of a controlled substasee the other for the use of a drug
off-label). The animal studies also required He@l#mada approval for the use of a
controlled substance. All applications requiredwaimenewal. The paperwork
surrounding cannabinoid research is not trivial Ekely deters researchers from
pursuing investigations involving these drugs. &ffeeacy of medicinal marijuana for
appetite loss and chemosensory alterations wowle been interesting and useful to
study; however the logistics and requirements sundong such an undertaking made the
research improbable. The consistent and rapid ptisorates of smoked marijuana
would be ideal for the investigation of the effe€tannabinoids on chemosensory
function (versus perception). Perhaps as the egaéor the clinical uses of
cannabinoids continues to grow, the regulationsregétive connotations surrounding
the drug will dwindle allowing for such researcho® possible.

6.5 Future directions and design of future trials

There is virtually no research investigating thie f orosensory reward in cancer. There
is however a growing body of research investigatiresensory reward in obesity [23,
63-71]. The implications of the orosensory rewaathpray in overeating have drawn the
attention and efforts of several scientific comntiesi including neurology, nutrition,
physiology, and psychology. Methodologies fromhé&ous obesity studies may be
employed in the cancer population to understandhtipications of orosensory reward
regarding decreased food intake. Approaches maydaauestionnaires that can be used
as part of a clinical trial or instrumental techiég used for investigational research.
Daviset al[63, 67, 68] have used validated questionnairegetermine subjects’
sensitivity to reward; if subjects had high sergifito reward they were at greater risk to
overeat and become overweight [63uch questionnaires may be used to determine if
the opposite is true in cancer anoreXare sophisticated studies have used instrumental
techniques, such as brain imaging, to determineigdievels in the brain’s reward
centres. Geliebtest al[71] used functional neuroimaging to observe beditivity

following exposure to rewarding stimuli (visual aagdio cues of palatable and non-
palatable foods and non-food stimuli) in lean ahdse women. The authors noted
increased activation of the prefrontal cortex iesdbinge-eaters following palatable
food cues, suggesting obese subjects were morgatedito eat palatable foods
compared to lean individual¥his methodology may be useful to determine if
cancer patients with perceived chemosensory albesaaind/or loss of appetite
are less motivated to consume palatable foods cadpa patients without these
symptoms and/or age matched controls.
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To my knowledge, only one study has investigatedrtie of orosensory reward on
decreased food intake, which was that of Ismiadl [72] in Alzheimer’s patients. Single-
photon emission computed tomography was used taifgareas of hypoperfusion (and
thus impairment) of brain reward and appetite @mntFhe orbitofrontal cortex is
involved with orosensory reward as it determinesirdfor and pleasantness of food [73,
74]. Ismailet al[72] noted higher levels of hypoperfusion for pats with low appetite
scores (determined by 100mm visual analogue sathg orbitofrontal cortex, but not
in appetite regione(g thalamus-hypothalamus). The results of Ismadl [72] suggest
an impaired orosensory reward system to be coectlaith appetite loss, which concur
with the findings presented in this thesis. Repggismailet al [72] study with cancer
patients would be useful to verify our results amdthesis hypothesis. Employing this
methodology would enable the comparison of patiefits perceived chemosensory
alterations to those without alterations to detasnthe role of perceived chemosensory
alterations on brain appetite and reward centres.

Animal models of cancer anorexia may be usefuhvestigate specific mechanisms,
using techniques such as a taste reactivity testraditioned place preference paradigm.
A taste reactivity test may be used to compar@lbasantness of sweet and aversiveness
of bitter solutions between tumour-bearing andthgadnimals, as well as the effect of
THC on the palatability of these solutions for bb#althy and tumour-bearing animals
[75]. A conditioned place preference paradigm misp be useful to determine if
anorexic tumour-bearing animals are still willirigwork for palatable food to receive the
reward. However, results may be difficult to intetpas tumour-bearing animals may still
like andwantpalatable food, but are unable to work for it ttueecreased mobility and
fatigue from tumour burden. Consumption of a ngadhtable food item induces reward
[66, 76]. To build on the findings of the animaldy (Chapter 5), presentation of novel
palatable food item at the onset of anorexia welddfy the influence of cancer anorexia
on orosensory reward; meaning impairment of oraagneward in our tumour model of
cancer anorexia would be confirmed if tumour-begenimals did not consume more of
the novel palatable food item compared to regutamc Further, brain slices of tumour-
bearing animals may be taken to investigate dopaieivels in reward areas following
palatable food and/or THC stimuli. As mentionedCimapter 1, the implications of
chronic opioid useg.g.for pain) on reward systems and cannabinoid recgnt
advanced cancer have yet to be studied, but antepést as chronic opioid use likely
down-regulates reward response [77]. Animal monhelg be appropriate to determine
the effect of chronic opioid use on reward systems.

It is also unknown if cannabinoids improve foodagmpent by stimulating orosensory
reward systems or by improving chemosensory functio both. Mattest al[48] is the
only study to my knowledge to have attempted tedegpart these functions. The authors
investigated both intensity and liking of tasteibtites. For clinical assessments of taste,
authors used a 13-point category scale with wosdrilgors to assess intensity ratings of
varying concentrations of tastants (i.e. salty,etwsour, and bitter) in solution. Healthy
adult subjects were also asked to rate the likinthese solutions on a 9-point hedonic
scale. It would be interesting to repeat a sinstady, but with the addition of clinical
olfactory assessments, such as threshold testibgtémol odour detection [78]) or smell
identification tests [79] given the evidence of mabinoid involvement in olfactory
processing [13]. Patients could complete the B3iekll Identification Test (BSIT) [80]
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and in addition to identifying the correct odouatipnts could also rate the intensity and
liking of each odour. These additional assessramtkl help clarify the role of THC in
chemosensory function versus orosensory reward eMery discriminating whether THC
improves chemosensory acuity or orosensory rewargmot be so simple to dissect.

Like cannabinoids, dopamine receptors are alsdddda the olfactory bulb [81]. Low
dopamine levels in the olfactory bulb impairs oléag discrimination [82], while
stimulating dopamine receptors improves both odigsrimination and odour detection
thresholds in animals [83-85]. As cannabinoid aopaininergic reward systems are
positively related [86], it is likely that the tvgystems also influence one another in terms
of olfactory function; this too has yet to be sedli

There is a common misconception that chemosen#enathons recover once active
therapy (either chemotherapy or radiation therdyag) finished [4]. A recent longitudinal
study examined clinical taste and smell functiobr&fast cancer patients and reported a
loss of chemosensation during treatment with chemsxy function recovering
completely 3 months after the completion of cheracipy [87]. Converselperceived
chemosensory alterations were found to persistaitdr completion othemotherapy,
beyond the time required for taste and smell rexsfib rejuvenate (Chapter 3). Further,
patients more often reported tastes and smells teelghtened rather than diminished. As
discussed in Chapter 3, perceived chemosensorgiadies are likely both physiological
and hedonic in nature [88], which may not resutltlinically assessed altered
chemosensory thresholds. Clinical assessmentseaiatensory functiore(g.detection
and recognition threshold testing) do not captir@nges, such as food tastwifor not
like it used toor food to be no longer appealing or odours toffensive or repulsive; all
of which encompass perceived chemosensory altegatithus future research should
incorporate assessments able to capture bothallinevaluated and self-assessed
chemosensory alterations. As perceived chemoseafierations and loss of food
enjoyment in advanced cancer are chronic and dgtrg, therapeutic approaches to
palliate these symptoms are needed.

Methods of improving food enjoyment have been oatliin Chapter 2, such as altering
the taste, smell, texture, or even color of footktinstate reward and increase overall
caloric intake [89, 90]. However, these tactics rhayineffective for patients with
perceived chemosensory alterations as these tacgdatended for populations
experiencing a loss of sensation, such as thelgldatvanced cancer patients were
shown to perceive chemosensations to be heightenéimninished, or a combination of
both (Chapter 3). In the clinical trial (Chapter ZHC was shown to pleasantly enhance
chemosensory perception and improve other nutritigract factors, such as appetite,
food enjoyment, and quality of sleep and incredsed variety for advanced cancer
patients; thus a larger randomized placebo coettdbliow-up trial is warranted. Future
trials should include assessments similar to awdysthat capture various aspects of food
intake behaviour. These assessments should beasttbeasy to complete for optimal
compliance [59]. To date, clinical trials in canbawve used appetite, weight gain, and
QOL as outcomes, which provided limited resultssessing changes in weight gain
requires longer study durations, which increasestready high attrition rates. Further,
weight gain results can be difficult to interpretfliid retention or fat mass is often not
differentiated from fat free mass. Moreover, othetcomes such as improved food
enjoyment and increased liking of a variety of feade arguably more important to
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patients than weight gain. Changes in QOL areyatelected in trials for appetite loss in
cancer [7], which may be due to prominent placdtece

From our results it is clear that QOL and caloni@ke are susceptible to placebo effect
and thus researchers should not power studies éusueh outcomes. Powering a trial
around chemosensory complaint scores from the Bast&Smell Survey [91] would be
reasonable; our data suggest 50-60 patients intezatiment group would be acceptable.
Placebo controlled designs are unfortunately necgder clear interpretation of results
as many assessments are susceptible to placebedreféects. However, researchers
should be aware of the ethical issues surroundiegise of placebo in advanced cancer.
A cross-over design or open-label design (uponystadpletion) would ensure all
patients received treatment, which would encoupegients to participate and complete
the study. However, with cannabinoid treatmentossiover design would require a
lengthy washout period of ~30 days. As poor hesthitus can greatly influence trial
results, a method of either determining appropiiatadidates or screening for
inappropriate candidates would be useful. Arkeretal[92] recently developed a
prognostic score paradigm for patients with disgaegression treated within the context
of a phase | study. The paradigm awarded 1 poirgédoh of the 3 factors found to
significantly affect survival rates. These factere high lactate dehydrogenase levels
(> upper normal limit), low albumin levels (<35l and 2 or more sites of metastasis.
Patients with a score of 2-3 had a median survaial of 25 weeks, which was
significantly lower than patients scoring 0-1 (n&dsurvival of 74 weeks). Generally,
the inclusion of patients with a life expectancy>d? months is acceptable, although
studies have collected useable data 1 month bdéath [60].

Future trials may consider alternative routes oinedinoid administratiore(g.

vaporizers or sublingual sprays) and souregs.plant extracts) as these may be easier to
titrate and have better and more consistent absargtes compared to oral THC [20,
93-95]. Routes of administration, such as inhatatiosublingual application are

absorbed faster than oral THC [96], which may alfomshorter trial durations, reducing
attrition rates and patient burden. However, themtial of patient impairment should be
considered for data collection and interpretatibresults. The optimal dose for THC and
appetite stimulation in cancer is still unknowrygtpermitting patients to titrate their

dose would be beneficial. Patients would beneaditfistudies aimed to determine an
optimal dose for appetite stimulation in cancer.

There is currently no consensus as to what thegpyimutcome should be for cancer
anorexia cachexia trials. The 2 large randomizitlcall trials investigating the use of
THC for cancer anorexia had different primary omes: 0% weight gain [20] and
improved appetite (reported on a visual analoga&e$¢17]. As there are multiple causes
of cancer anorexia cachexia, the primary outcomealdvdepend on the primary symptom
of the target patient population. For instancetavgeted patients with taste and smell
alterations and therefore the primary outcome ghbalchanges in these symptoms.
Thus If another clinical trial using THC were to @esigned, | would recommend
perceived chemosensory alterations (assessed Basiie and Smell Survey [91]) to be
the primary outcome. The response is as similawfat should be the basis for an
indication. A global basis for cancer anorexia ex@h should be something that is
accepted by the medical community; meaning a tdagibtcome, such as weight gain.
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However as previously discussed weight gain mighivater gain or fat mass. Appetite is
arbitrary and difficult to effectively measure. Ehar, improvements in appetite may not
determine food intake as seen in our clinical {@gpetite was shown to increase with
THC treatment, but caloric intake did not (Chaptgr For THC, given the results of the
clinical trial (Chapter 4) perhaps a new indicatieould be for the palliation of perceived
taste and smell alterations. However, would welbde & convince the medical
community that this is an important and distressymptom that if palliated would
improve food intake behaviour and food enjoymengiA, larger randomized placebo
controlled clinical trials are needed to make Hrigument as well as a reasonable price of
treatment. It appears that anorexia cachexia issibigh of a priority as some
symptoms, such as pain, and thus the price tagiasso with treatment for anorexia
cachexia is also lower. The end of life care ctsta cancer patient’s last year of life is
~$36, 600 [97]. The cost of THC treatment for 1nje&1,700 or 5% of the total end of
life care cost. As THC appears to be able to falkavariety of symptoms associated
with food intake behaviour the cost of the drugeiasonable.

6.6 Concluding remarks

The importance of the reward system is strikingsg#ity to reward has been related to
over-eating and food addiction and an absence mdmne in brain reward centres
results in death from starvation. The researchiesudiescribed in this thesis are the first
to consider the implications of orosensory rewandairment in advanced cancer and to
employ cannabinoids as a therapeutic solutiondifgs of these studies strongly suggest
perceived chemosensory alterations hinder orosgmewsard, reflected by low food
enjoyment and resulting decreased caloric intakeredtly there is no accepted
treatment for perceived chemosensory alteratioddass of food enjoyment in cancer
despite their high prevalence and obvious impadbod intake and quality of life. THC-
treatment was found to be useful in the palliabbperceived chemosensory alterations
and loss of food enjoyment and appetite in advaceeder; these results set the platform
for the design of future clinical trials furthewigstigating the therapeutic uses of
cannabinoids in advanced cancer. The findings pteden this thesis are the starting
point for future research investigating the rol@adsensory reward in advanced cancer
to better understand and improve food intake b&han this population.
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Figure 6.1 Basic conceptual model of potential influence efgeived chemosensory alterations
on food intake in advanced cancer. In normal fowdkie behaviour, appetite, orosensory reward,
and environmental factors (e.g. social, culturaj aontextual factors) all influence food intake.
Both central (e.g. hypothalamus) and peripheral @I tract, liver, adipose tissue and sensory
inputs) systems are involved in appetite regulati@ennabinoid receptors are located in areas
involved in appetite (e.g. Gl tract, liver, adipdssue, and hypothalamus), orosensory reward
(e.g. orbitofrontal cortex and nucleus accumbend)sensory, which are depicted with the
marijuana leaf. The overlapping circles of appetitd orosensory reward signify substantial
cross-talk between these two systems.

In cancer, additional nutrition-impact factors (edgpression, early satiety, and perceived
taste and smell changes) and potentially the disglf (e.g. tumour and inflammation) further
complicate the already complex picture of foodkathehaviour by influencing various intake-
related systems. The model highlights the potebfigkerceived taste and smell alterations to
impact appetite and reward systems as well as@mwiental factors (e.g. social aspects of eating
and mood). The cause of perceived chemosensorgtites is unknown, but may be due to
altered chemosensory function or hedonic changesrigty of factors in cancer could alter
chemosensory function such as age, inflammatiodjcatons, or anti-neoplastic treatment, all of
which could affect sensory inputs and consequédaty intake. Hedonic changes may occur from
learned aversions following chemotherapy altermagfpreferences, affecting the orosensory
reward system. Patients may misreport these alferetipreferences (hedonic response) as
perceived chemosensory alterations. Cancer patikatg suffer from both altered chemosensory
function and hedonic changes, which are not myteadtiusive as changes in chemosensory
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function likely alter the pleasantness of food.casnabinoid receptors are located in both
olfactory receptors and reward centres the obsamaptbved chemosensory perception (Chapter
4) may be due to improved chemosensory functior/ amdmproved hedonics.

Missing are specific hormones and neuropeptidels aaghrelin and NPY as the model
(and thesis) focus on the potential impact of pgezbchemosensory alterations and impaired
orosensory reward on food intake behaviour.
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Appendix | Marinol® Clinical Trial Protocol

A double-blind, randomized, placebo controlled clinical trial to evaluate the efficacy
of orexigenic therapy with delta-9-tetrahydrocannabinol in advanced cancer patients
with chemosensory abnormalities — a pilot study

Investigators: Tristin Brisbois Clarkson, Dr. Ingrid de Kock, Vickie Baracos, Wendy Wismer

Introduction

Various medicinal uses of delta-9-tetrahydrocannabinol have been observed in recent research.
Delta-9-tetrahydrocannabinol (THC) has numerous benefits, such as decreasing chemotherapy-
induced nausea and vomiting, alleviating pain and depression, and improving sleep [1-3]. Delta-9-
tetrahydrocannabinol also stimulates appetite in the healthy [4-7] and AIDS [8-10] populations.
Previous studies have had some positive results regarding THC's ability to stimulate appetite in
cancer populations [3, 11, 12], but evidence is not conclusive. Marinol®, a synthetic derivative of
THC, was approved in 1985 for treating chemotherapy-induced nausea. In 1992, the US Food and
Drug Administration approved Marinol® as an appetite stimulant (orexigenic aid) for AIDS patients.

Background
Cancer Anorexia-Cachexia Syndrome

Cancer Anorexia-Cachexia Syndrome is a condition of advanced protein calorie malnutrition [13],
comprising of a loss of appetite (anorexia) with a state of involuntary weight loss that leads eventually to
cachexia (emaciation) [14]. Approximately 80% of advanced cancer patients suffer from malnutrition and
wasting and a large percentage also experience chemosensory abnormalities, both of which contribute to
decreased survival and quality of life (QOL) [15]. Anorexia may occur from a loss of appetite because of
psychological distress (e.g. depression and anxiety) [13] or from impediments to eating because of
chemotherapy-induced symptoms (e.g. pain, vomiting, nausea, efc) or taste and smell (chemosensory)
changes [16-18].

Rationale for assessing chemosensory changes

Glasses and hearing aids correct visual and auditory distortions or deteriorations, but no treatment
is generally applied for chemosensory dysfunction [19] even though interventional strategies are
available. Masking agents can block bitter and sour flavors [20]. Flavor enhancers, such as
monosodium glutamate (MSG), can be used to improve the taste of food when a loss of taste is
experienced. Flavor enhancers and spices were shown to improve grip strength, food intake, food
enjoyment and immune function in the elderly population [21, 22]. Thus, improving chemosensory
alterations have been shown to have positive effects on nutritional status and food related QOL.
However, these methods of intervention are for loss of taste or smell and are somewhat trivial
especially for someone who is repulsed by the taste or smell of food.

Lack of chemosensory treatments is most likely because of the current limited understanding of the
cause of chemosensory abnormalities. Taste and smell alterations are not commonly measured.
Clinical tests such as butanol threshold testing [23] for smell and taste threshold testing with the
four basic modalities (i.e. sweet, sour, bitter and salty) [24] exist, but are not commonly used to
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assess cancer patient’s chemosensory alterations. Moreover, these tests effectively assess taste
and smell thresholds, but miss any chemosensory distortions and food aversions. Interviews and
surveys can be used to identify and differentiate between decreased thresholds and chemosensory
distortions [25], but are rarely administered in the cancer population. Therefore, the recognition of
chemosensory disturbance as a symptom contributing to anorexia (and therefore nutrition) is rare,
and as such, unlike the other symptoms mentioned (i.e. depression, nausea, etc), no effective
clinical intervention has been applied for chemosensory alterations.

The senses of olfaction and gustation are subject to distortions and deteriorations (Table 1.1).
Taste and smell disorders are ignored and left untreated because they are not fatal, nor are they
considered serious handicaps [26], however they are senses with both a physiological function and
they contribute to our QOL. Olfaction and gustation allow us to enjoy the aroma and taste of foods
[18] and help us to recognize spoiled foods and warn us of poisonous substances [19]. Both
senses are involved in sensual and emotional life [27].

A. Consequences of Chemosensory disorders

Chemosensory disorders can cause modification of food choices and preferences that can lead to
a decrease in nutritional status and aggravate the disease state [26]. Alterations in digestion can
occur, since salivary and pancreatic flow rates, gastric contractions, and intestinal motility are
affected by taste stimuli [28]. These distortions induce stress, depression and anorexia [26].

|. Decreased caloric intake
“Change in food appreciation can be one of the causes of poor dietary intake and thereby
contributes to a deterioration of the cancer patient’s general condition” [16]

Cancer patients are reported to experience chemosensory abnormalities. Common complaints of
cancer patients are that food tastes metallic, bitter, distorted or bland, and smells are unpleasant or
different [18, 25]. Patients with chemosensory disorders commonly alter their eating patterns and
frequency [29, 30]. For example, certain foods are avoided because of their altered or unpleasant
taste, such as protein rich foods, tea and coffee [31, 32]. Other foods may be avoided because
they have induced an unpleasant experience (i.e. digestive disorder) after food consumption. When
a patient becomes nauseated or vomits after eating a food, an unfavorable association with that
food develops known as a “conditioned taste aversion” [33] or “learned food aversion” [34]. Food
odors alone commonly cause food aversions, as the smell can induce nausea [19].

Such aversions cause a decrease in caloric intake and lead to weight loss [29]. The patient does
not eat, in fear of having another unpleasant experience. Nielsen et al [19] noted that 70% of
patients with food aversions consumed less calories than those without food aversions. Dewys and
Walters [17] reported 50% of the cancer patients in their study claimed to have a taste alteration,
half of which also experienced an aversion to meat. The participants ate less than they did prior to
the taste disorder because food had either lost its appeal or it tasted bitter. The authors also noted
that 75% of advanced cancer patients (i.e. patients not undergoing active therapy) experienced
taste and smell abnormalities. Thus it appears that chemosensory alterations are even more
prevalent in the advanced cancer population (i.e. metastatic) compared to cancer patients still
undergoing active therapy. Recent work in our lab revealed that ~90% of advanced cancer patients
had experienced a change in either their sense of taste or smell since the onset of cancer [35]. It
was revealed using the validated tool of Heald et al [36] that individuals who rated their abnormal
sense of taste as “severe” ingested significantly fewer calories (21.6 kcal/kg body weight / day)
than those who rated their chemosensory problem as "insignificant” or “mild” (27.5 kcal/kg body
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weight/ day) (P=.0055). Significant chemosensory changes were also associated with the highest
rates of weight loss.

|I. Decreased food enjoyment and food-related QOL

Chemosensory abnormalities hinder the patient’s ability to enjoy food [30]. Decreased food enjoyment not
only leads to a decrease in caloric intake [29, 30], but also lowers QOL [16]. Wickham et al [18] found 68%
of cancer patients reported taste changes, of which 75% rated these taste changes as distressing. Several
patients stated that chemosensory changes affected their lives and were depressing. Taste changes were
also associated with lower QOL, especially the QOL dimensions of physical and functional well-being [18].
Similarly, our lab noted a negative correlation between the frequency of chemosensory complaints and
QOL (assessed by the Functional Assessment of Anorexia/Cachexia Therapy questionnaire [37]) for
advanced cancer patients (P=.0064); particularly for physical well-being (R?=.2680, P=.0001) and
anorexia-cachexia-related nutritional well-being (R2=.3491, P<.0001) [35]. Taste changes are often rated
as one of the most distressing symptoms in cancer [18, 38, 39].

B. Causes of chemosensory alterations

Why do so many cancer patients experience chemosensory changes? There are several potential
causes of taste abnormalities. Chemotherapy and radiation therapy can destroy taste buds and
salivary glands [40]. Wickham et al [18] noted that vomiting and nausea were associated with taste
changes. Medications (e.g. cisplatin, doxorubicin, etc), consist of organic substances that create a
bitter, unpleasant or metallic taste [18].

However, as mentioned above, chemosensory alterations seem to be more prevalent in advanced
cancer patients. Thus other factors besides active therapy must also contribute to chemosensory
alterations. Taste and smell abilities decrease with age [22, 41]. At around the age of 60, taste and
smell abilities start to decline, and these changes are severe by the age of 70 [42]. As the majority
of the advanced cancer population is elderly, they will suffer from normal chemosensory losses in
addition to the chemosensory abnormalities related to their disease.

Deficiencies in vitamin A [43], copper, nickel [44], zinc, or niacin are thought to alter taste [15, 45],
but empirical evidence is lacking. Davidson et al [46] reported that patients with hypogeusia also
had Fe deficiencies, which lead to elevated taste thresholds for bitterness. Other medications such
as antibiotics, analgesics, bisphosphonates, cardiac medications, muscle relaxants,
antidepressants, anticonvulsants, etc, can also produce unpleasant, bitter, or metallic tastes [18].
The common cold, infections, poor oral hygiene, smoking, dentures, hormonal fluctuations
(menstruation, pregnancy), heredity, and depression can influence taste and smell perception [44].
Dry mouth or sticky saliva can reduce or alter taste as taste molecules must be dissolved in
solution to be detected by the taste buds [18]. Chemosensory disorders can occur because of
nerve damage from head or neck trauma, surgery or malignancies. This damage can result in the
perception of phantom tastes and odors [46]. Alterations in the receptor renewal cycle because of
malnutrition, disease, drugs, metabolic disturbances, age, radiation, etc, will also affect taste and
smell abilities [26].

Causes of chemosensory changes are most likely multifaceted, which makes treatment difficult.
Interviews that consist largely of demographic questions associated with chemosensory deficits
(e.g. “Are you taking any herbal medications? If yes which ones?” “Are you a smoker?” “Are you

- 100 -



currently bothered by your sinuses?”) can help to determine potential causes of the observed
chemosensory disorders [25, 47].

Rationale for the use of orexigenic therapy

C. Suggestions for coping with chemosensory disorders

Several suggestions to cope with taste and smell disorders are found in the literature. Patients
with chemosensory disorders are encouraged to increase/decrease seasonings and salt, eat small
frequent meals, add flavor enhancers to foods, eat bland foods, drink water, eat cold foods to avoid
nausea-inducing food odours, avoid exotic foods, use mouthwash, and increase salivary flow rate
by chewing or sucking on a candy, as dry mouth can cause taste alterations. Varying foods by
changing a sensory specific quality (e.g. flavor, texture, and appearance) increases food intake and
palatability [48]. Odors are linked to memories, so foods that trigger unpleasant past experiences
(such as vomiting) should be avoided [21]. Zinc [34], vitamin A and B3 supplements may decrease
chemosensory alterations [20], however, there is no compelling proof that these supplements can
improve chemosensory abnormalities. The preceding suggestions are generally ineffective for
reducing chemosensory complaints or to increase a patient’s caloric intake over the long term.
Appetite stimulants are therefore administered in attempt to increase caloric intake.

D. Appetite stimulants

Eating is a source of pleasure for the healthy population [49], but absence of appetite is a common
complaint and is ranked as one of the most distressing symptoms in the advanced cancer
population [50]. Appetite stimulants have become popular treatments in terminal disease because
loss of appetite, unlike chemosensory alterations, is commonly identified.

There are two classes of orexigenic aids; primary and secondary. Primary appetite stimulants are
those that affect the central nervous system (CNS)'s ability to regulate appetite. Among the primary
orexigenic aids are, glucocorticoids, progestational agents (e.g. megestrol acetate), delta-9-
tetrahydrocannabinol (THC) (e.g. Marinol®), neuropepetide Y (NPY), and ghrelin [13, 15, 51, 52].
Secondary orexigenic aids act by improving gastric motility and by decreasing satiety. Such
appetite stimulants include, prokinetic agents, metoclopramide, and constipation control agents
[13, 15, 51, 52]. None of these appetite stimulants have been linked to the improvement of food
enjoyment, with the exception of THC.

Currently, the most prescribed treatment for cancer-associated anorexia is megestrol acetate (MA),
a synthetic progestational agent. Megestrol acetate has been shown to increase appetite, caloric
intake, and weight gain in humans [see 53], but with an overall low rate of success. Megestrol
acetate improves appetite for less than 30% of advanced cancer patients [54]. Moreover, nutritional
status is not improved because patients gain fat or retain water rather than increase muscle mass
[51, 52]. A prominent side effect of MA is impotence [12, 55], so it is suggested that men be
administered testosterone in combination [51]. Other side effects include fluid retention, flushing,
vaginal bleeding, edema and possibly adrenal insufficiencies [15]. Deep vein thrombosis is also
common [53, 56], so bed-bound patients should not be administered MA.

Appetite stimulants have a relatively high failure rate, as the most investigated and prescribed
orexigenic aid (i.e. MA) is only effective for 1/3 of cancer patients to whom it is prescribed [54].
Orexigenic aids may be potentially ineffective because of the patient's chemosensory
abnormalities. For instance, if the patient becomes nauseated from the smell of food or repulsed
the taste of food, then they will not eat, even if they feel hungry. Inducing hunger is one feat;
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getting the patients to eat is another. Delta-9-tetrahydrocannabinol is an appetite stimulant that
may be capable of re-instating the enjoyment of food by improving chemosensory perception. The
proposed study will examine THC'’s efficacy and tolerability as a treatment for cancer-induced
anorexia by assessing its potential to overcome chemosensory disorders.

Rationale for using delta-9-tetrahydrocannabinol

A. Appetite stimulation and caloric intake

Delta-9-tetrahydrocannabinol has been suggested to induce appetite and increase caloric intake at
a low chronic dose [6, 8, 9, 11, 12]. Mattes et al [6] observed THC to induce eating in healthy
individuals. Nelson et al [11] reported three-quarters of the cancer patients who were given THC
and completed the trial experienced an increase in appetite and 90% of the patients that kept a
food diary recorded an increase in calories consumed over 4 weeks. In an AIDS-induced wasting
population, Beal et al [8] found appetite to be greater in the THC-treatment group compared to the
placebo group after 2 weeks. Similar results were noted in studies involving an advanced cancer
population [3, 12, 57].

Haney et al [5] observed that THC increased caloric intake, especially in afternoons and evenings.
Participants consumed the same amount of food each time they ate, but the number of eating
occasions increased. Hollister noted similar results in that subjects ate more frequently evenin a
satiated state [4]. Mattes et al [6] also reported THC to induce eating even in a satiated state. By
increasing eating frequency and hyperphagia, THC is a promising treatment for cancer-induced
anorexia, as cancer patients commonly suffer from early satiety [38] and snacking drastically
increases overall caloric intake [58].

I. Biochemical pathway for appetite stimulation
It is thought that cannabinoids stimulate appetite in two ways:

1) Inhibiting prostaglandin synthesis or interleukin-1 (IL-1) secretion

2) Through activation of the endogenous cannabinoid system [13].
The endocannabinoid system consists of endogenous cannabinoid receptors (CB1 and CB2) [59]
and endogenous agonists, such as anandamide [59], arachidonyl-glycerol (2AG) [60], and noladin
ether [61]. The central receptor (CB1) is primarily found in the brain (cortex, basal ganglia,
cerebellum, hippocampus, entopeduncular nucleus and nucleus accumbens), but is also found in
nerve terminals innervating the gastro-intestinal tract.

The CB1 receptor promotes eating by decreasing the release of leptin [62-64] and satiety-
associated neurotransmitters (e.g. dopamine, norepinephrine, and serotonin) [65, 66]. Leptin is
secreted by adipose tissues and acts within the hypothalamus, suppressing appetite-stimulating
peptides, such as neuropeptide-Y (NPY)and agouti-related protein, and stimulates appetite-
reducing peptides, such as alpha—melanocyte-stimulating hormone and cocaine- and
amphetamine-regulated transcript [67]. There is speculation that cannabinoid and NPY
neurochemical systems are interrelated, since NPY orexigenic properties have been ceased with
SR 141716 (CB1 antagonist) [68]. In rodents, knocking out or blocking the CB1 receptors
decreases caloric intake [63, 69] and lowers body weight and fat mass [64]. This indicates that the
endocannabinoid system is an independent pathway capable of controlling appetite, which will not
be affected by any hormonal, catabolic, or other changes [70] commonly experienced by cancer
patients.
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THC's ability to induce hyperphagia may not be solely due to the reduction of satiety signals. There
is speculation that the cannabinoid system induces eating by increasing the incentive to eat and
the reward of food [71], which is a unique property among appetite stimulants.

B. Effects on senses and food-related QOL

Cannabinoids are thought to enhance sensory perception, including taste and smell, but empirical
proof is lacking [62]. Hollister (1971) assessed the pleasantness of food in healthy individuals and
found that THC increased the subjective appreciation of food. However, only one study thoroughly
assessed the effect of THC on taste in humans. Mattes et al [72] studied the effects of THC on
taste intensity, hedonic (liking) responses, and caloric intake over three days. They reported that
the desire for sweet and other palatable foods increased after administration of THC. Mattes et al
(1994) noted that the most popular snack items overall for the healthy individuals given THC were
sweet solid foods, such as pastries and chocolates. Two to four hours after drug administration
there was a preference for salty foods. The effects of THC on chemosensory perception in cancer
patients remain unknown as there is currently no published literature that addresses this subject.

Koch [73] observed THC to increase food intake for chow, high fat (HF) food and high fat
sweetened (HFS) food in rats, where HF and HFS food was consumed to the greatest degree. The
CB1 antagonist, SR 141716, reduced sucrose and ethanol intake as well as NPY-induced sucrose
drinking in rats [68]. Harrold and Williams [62] also reported that by inhibiting the CB1 receptor the
consumption of palatable food in rats decreased, especially foods high in sucrose and alcohol, but
had little effect on bland food intake. Simiand et al [74] observed similar results in marmosets.

Delta-9-tetrahydrocannabinol induces reward (i.e. sense of satisfaction or gratification) through the
incentive and motivation to eat [75]. The dopaminergic and opioid systems are primarily involved in
the rewarding and dependence effects of cannabinoids [see 76]. The goal in understanding these
systems and how they interact is to obtain beneficial therapeutic effects while minimizing adverse
events. However the reward pathway of THC has not been clearly elucidated.

|. Biochemical pathway of the reward system

The reward circuit involves the ventral tegmental area (VTA), nucleus accumbens (NAc), ventral
pallidum (VP) and medial prefrontal cortex (MPFC) [77]. These areas of the brain are linked
together by synaptically interconnected neurons to form the circuit. Stimulation of this circuit
induces pleasure in humans [77].

Wiiliams and Kirkham [71] suggested that the cannabinoid system and opioid reward pathways
(involving the motivation and hedonic aspects of eating) are related. Naloxone (an opioid
antagonist) decreases the hyperphagic effects of cannabinoids, especially the consumption of
palatable foods [71, 78]. It is speculated that cannabinoids increase the synthesis and/or release of
endogenous opioids [79]. Studies suggest that cannabinoid-induced up-regulation of opioid gene
expression occurs in pain-related systems, motor behavior regulators, pituitary hormone secretion
and reward pathways. How they interact is unknown. However, opioid, cannabinoid and dopamine
reward pathways seem to work in congruence.
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Natural rewards, such as the pleasure of eating, cause the nucleus accumbens to release
dopamine. Delta-9-tetrahydrocannabinol mimics this effect, inducing hyperphagia [see 71, 78] and
satisfaction from eating [49]. Delta-9-tetrahydrocannabinol and select other cannabinoids affect the
VTA-NAc dopamine neurons by increasing the neuronal firing in the forebrain reward loci. Thus
THC enhances dopamine synthesis and inhibits dopamine neuronal uptake [see 77]. It appears
that the cannabinoid, central opioidergic and dopaminergic reward systems are interrelated, but the
endogenous cannabinoid pathway works independently in certain aspects of reward, such as
inducing the firing of VTA-NAc dopamine neurons[77].

If cannabinoids can manipulate the endocannabinoid system to induce appetite and amplify the
taste of food, THC may increase the satisfaction of eating and overcome the problem of lost or
distorted senses exhibited by advanced cancer patients. No one, to our knowledge, has
investigated the capability of THC to improve the food-related quality of life of palliative care
patients by reinstating the enjoyment of food.

Moreover, if THC can increase the palatability of food by stimulating the reward pathway, more
food will be eaten as palatable meals have been reported to be greater in size and duration
compared to less preferred meals [80]. Consuming preferred meals hastens the desire to eat again
and quickens the return of hunger [81]. It is suspected that eating good tasting food will induce
salient food cues, leading to an increase in inter-meal snacking. Following this logic, if THC
induces the consumption of palatable foods then patients should eat good tasting snacks, which
will increase their appetite and energy intake of their next meal. However, a person who finds food
repulsive due to chemosensory distortion may be refractory to appetite stimulation, which may
account for the relatively high proportion of treatment failures with appetite stimulants.

Research Methodology

Hypothesis

We hypothesize that the ability of THC to stimulate food intake will be related to its ability to help
overcome chemosensory abnormalities.

Objectives

Primary - To determine if THC can increase total macronutrient intake for advanced cancer
patients with chemosensory abnormalities. Secondary - To determine if THC can: 1) improve self-
perceived chemosensory ability; 2) increase intake of palatable foods; 3) improve self-perceived
appetite; and 4) to determine the effect of THC on participants’ nausea; and 5) to assess the safety
and the tolerability of THC when used by the advanced cancer population.

Research approach

A 22-day, double blind®, randomized, placebo-controlled trial will be conducted. A detailed
medication history will be obtained from each patient prior to commencing the trial. Participants will
be screened for mouth infections, i.e. thrush, prior to entering the trial. If the participant has thrush,
the date that the thrush was treated will be recorded and the participant may enter the study once
the infection has cleared. For those patients receiving chemotherapy, the type, date and dose and

° The researchers will be blinded to the treatmadtsinistered and the participants will not be
informed of which treatment they are receiving. loer participants may discern which
treatment they received from the presence of dfiggts.
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number of prior cycles of treatment will be recorded at the beginning and throughout the trial.
Participants will complete the survey tools at the times indicated in Figure 1.1. On day 0, the
validated tool of Heald et al [36] (Taste and Smell Survey, Appendix I.A1) will be used to assess
the severity of the patients chemosensory complaints (i.e. mild/moderate or severe). This tool will
also be administered on day 18 to assess the change in chemosensory complaint scores after 2
weeks of treatment. The 3-day dietary record [82] will be completed on days 1-3 and 19-21 to
determine the change in caloric intake and shift in food pereference by macronutrient analysis
using the Food Processor Il Nutrient Analysis Program™ (Esha Research, Salem, OR).
Participants will be asked to complete two 24-hour urine collections on days 3 and 21 to validate
the 3-day dietary record [83]. The Satiety Labeled Intensity Magnitude scale (SLIM) [84] (Appendix
|.B) will be completed 15 minutes prior to breakfast, lunch and supper on days 1, 11 and 18 for an
assessment of appetite throughout the day over the course of the trial. The Food Preference
Checklist (FPC) [85] (Appendices I.E and I) will be completed at the same times as the SLIM to
assess objective shifts in macronutrient and flavor preferences. The Functional Assessment of
Anorexia/Cachexia Therapy (FAACT) questionnaire [37] will be administered on days 0 and 18 to
assess participant's QOL. An interview will be administered on days 0, 11 and 18 (Appendices
.C1 and 1.C2) to determine the cause and affect of chemosensory alterations. The Edmonton
Symptom Assessment Scale (ESAS)[86] will be administered on days 0 and 18 to assess
participant’s symptoms that may influence food intake, e.g. nausea. On day 18 of the study, the
Side Effect Survey[87] (Appendix I.D) will be administered to document the tolerability of the drug.
On days 0 and 18, the participants will complete the survey tools with the aid of the researcher. All
tools are short and easy to complete, which minimizes patient burden. We anticipate reading aloud
the majority of the survey questions based on past experience in our lab and from suggestions in
the literature [47]. The questions are structured to allow for this adjustment if necessary.

Participants will be randomized into either the THC or placebo arm by a randomization scheme
provided by the statistician at the Epidemiology Coordinating and Research (EPICORE) centre.
The randomization scheme will be prepared for 80 participants using a computerized statistical
program and it will be “blocked” at low even numbers to avoid uneven numbers in the two arms if
the trial is terminated early. To ensure the integrity of the double-blinded study, the randomization
scheme will not be seen by any of the investigators as it will be sent directly from EPICORE to the
pharmacy that is distributing the study drug.

Participants will start on a dose of 2.5mg of THC once daily (before bedtime) for the first 2 days, on
the 31 day they will take the drug before supper, and then increase to 2.5mg of THC twice daily
before lunch and supper on the 4t day (Figure 1.1). Participants will record their daily dose (time
and quantity taken) on the provided dose record sheet. Participants will be asked to authorize
access to their medical charts for the list of current and previous drugs taken, description of their
malignancy, and record of their weight loss history.

Anticipated Outcomes

For the treatment group we anticipate: a) an increased caloric intake and subjective appetite rating;
b) a decreased number of chemosensory complaints; and c) a shift in food preference towards
sweet and other palatable foods, especially for those participants with mild/moderate
chemosensory complaints (as determined by the Taste and Smell Survey). The results for
participants with severe chemosensory complaints will be novel and are hard to predict. The
severe nature of the complaints may be intractable to THC action, making this population unable to
respond with increased food intake; a person who finds food repulsive would be refractory to
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appetite stimulation, which may account for the relatively high proportion of treatment failures with
appetite stimulants in general [54]. Alternatively, since THC is involved in perception alteration, it is
plausible that this agent could overcome some degree of chemosensory complaints to promote
increased intake. We anticipate participants with higher levels of nausea (i.e. scores of 3-5 on the
ESAS) to have lower caloric intake and to be less responsive to THC treatment. However, since
Marinol®’s indication is an antiemetic it is plausible that nausea will be reduced in these
participants (even at this low dose) causing an increase in food intake. Changes in nausea and
their influence on food intake will therefore be reported as another outcome.

It is possible that the dose of THC will be inconsistent between the chemosensory complaint sub-
groups, i.e. the “severe” (i.e. score >9) chemosensory complaint sub-group may need higher doses
compared to the “mild/moderate” (i.e. score 2-9) sub-group. Such a difference in dose will be
reported as an outcome.

Recruitment

Advanced cancer patients will be recruited from the Cross Cancer Institute (Metastatic Clinics and
Pain and Symptom Clinic), Palliative Home Care, three hospices, and Tertiary Palliative Care Unit
in Edmonton, AB. Home care and research nurses from several cancer care facilities in Edmonton,
AB will recruit palliative care patients based on pre-defined inclusion and exclusion criteria. After
eligibility is determined, participants’ written consent will be obtained by completing the approved
consent forms by tenable cancer board facilities. We anticipate 80 patients will be recruited and
evaluated over 18 months.

Inclusion Criteria

Inclusion criteria includes: (1) advanced cancer patients (defined as locally recurrent, locally
advanced, or metastatic) over 18 years old with a decreased food intake for at least 2 weeks
(reported by subject or physician) (2) able to complete questionnaires in English (3) able to provide
informed consent (4) life expectancy of greater than 2 months (as determined by physician) (5)
chemosensory complaint score >1.

Exclusion Criteria

Exclusion criteria includes: (1) receiving enteral or parenteral feedings (2) allergies or sensitivity to
THC and /or sesame seed oil (3) history of substance abuse or psychotic episodes (4) mechanical
obstruction of alimentary tract, mouth or nose (5) received radiation therapy to the head/neck area
(6) brain tumor (7) nausea score greater than 5 on ESAS (8) history of tachyarrhythmias, angina
pectoris, or hypertension (9) current diagnosis of liver impairment (10) use of marijuana within 30
days prior to start of trial.

Participants on treatments that potentially increase appetite, such as corticosteroids (e.g.
dexamethasone), may participate in the study if their dose for this other orexigenic aid remains
constant for the duration of the trial.

Drug interactions

Clinical trials in the AIDS and cancer populations have co-administered Marinol® (THC) with
various drugs (e.g. cytotoxic agents, anti-infective agents, sedatives, or opioid analgesics) and no
significant drug/drug interactions were reported [70]. Solvay (Unimed) Pharmaceutical suggest that
special precautions should be taken when Marinol® (THC) is administered in combination with the
following concomitant drugs: 1) sympathomimetic agents (e.g. amphetamines and cocaine); 2)
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anticholinergic agents (e.g. atrophine, scopolamine, antihistamines); 3) CNS depressants (e.g.
barbiturates, benzodiazepines, ethanol, opioids, lithium, buspirone, anthinistamines, and muscle
relaxants); 4) tricyclic antidepressants (e.g. amitriptyline, amoxapine, and desipramine) 5)
disulfiram; 6) fluoxetine and 7) anthipyrine; as drug/drug interactions involving THC and the above
drugs has been reported [70]. However, these drug/drug interactions are rare (i.e. case reports)
and the majority were reported with the use of smoked marijuana, not oral THC (i.e. Marinol®).
Beal et al [9] noted that Marinol® did not interfere with other medications.

Marinol® is highly bound to plasma proteins and therefore might displace other protein-bound
drugs [70]. Drugs which are used in palliative care and which are highly protein bound are:
coumadin: 99% protein bound; fentanyl: 80-86% protein bound; methadone: 71-88% protein
bound; tricyclic antidepressants: 86-98% (amitriptyline and desipramine no information available on
protein bound %); diphenhydrinate: 76%; and lorazepam: 85-91% protein bound [88, 89]. However,
the likelihood of THC interfering with these drugs is remote, especially at the low doses we are
proposing for this study.

Special precautions will be taken for patients who are on coumadin. These patients will be
monitored by serial blood work [partial thromboplastin time (PTT) and international normalized ratio
(INR)] on days 0, 5, and 8 (Figure 1.2) and any time the dose of THC is increased. The dose of
coumadin will be adjusted according to laboratory results.

All patients taking any of the above drugs will be carefully monitored for any additional side effects.

Monitoring of patient safety

Participants are given the pager numbers of the clinical research team, i.e. the research physician
for the Cross Cancer Institute and the Regional Palliative Care Program as well as the research
nurse. Patients can call the appropriate number 24 h a day to convey any concerns or side effects.

Participants will be forewarned that it will take 3 days to develop tolerance to the drug. If
participants experience unpleasant side effects after taking the pill before supper rather than before
bed as per protocol on day 3, then patients should resume taking the medication at bedtime on
days 4 and 5. On day 6, participants should attempt to take the dose before supper rather than at
bedtime. If they are still experiencing unpleasant side effects in spite of this action, they will contact
the clinical research team. The research physician will then decide in conjunction with the patient
whether to continue or cease treatment.

If the participants start to experience moderate or severe side effects after day 6 of the trial they
should contact the clinical research team. For participants in palliative home care who experience
severe palpitations and/or tachycardia, delirium, ataxia, and psychotic reactions they will be
referred to the nearest emergency room. The research physician will then notify the applicable
emergency room. For patients in health care facilities the clinical research team will arrange for an
assessment. For patients with other severe side effects advice will be offered by phone and follow-
up will be provided. Participants will be offered the option of decreasing treatment to the previous
dose. If side effects persist withdrawing from the study will be discussed with the participant.

With this combination of low dose and careful follow-up, we feel that any side effects in the oldest
participants will be minimized and rapid action will be taken to adjust dose if necessary.
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Drug distribution and storage

Participants will record their daily dose (time and quantity taken) on the provided dose record
sheet. All Marinol® (THC) capsules will be kept at the Cross Cancer Institute research pharmacy.
The drugs will be distributed to the participants by the research team or the participant can pick up
the drugs directly from the pharmacy if the latter is more convenient for the subject. The
participants will receive capsules for the full18 days of treatment assuming a dose of 2.5mg twice
daily (i.e. 40 capsules). If participants choose to increase their dose, they must first consult one of
the research physicians at which time the physician will determine if an increase in dosage is
necessary (assessment may be done by phone). If it is determined that subjects might benefit from
an increased dose, the research physician will notify the pharmacy. The participants may then
receive more capsules from the pharmacy by either picking the pills up themselves or the
researcher will bring the subjects the capsules after the first week of treatment.

Patient confidentiality

For confidentiality, random numbers will be assigned to each participant as they enter the study.
Names will not be used; only the participation number will appear on the questionnaires. All
information pertaining to this study will be securely stored at the Cross Cancer Institute, room
4022.

Rationale for research methodology

A. Rationale for selecting the oral route of administration

Absorption of THC is affected by the method of drug administration. The efficacy of three major
routes has been documented; inhalation, rectal, and oral administration. Inhalation has a quick
onset (within minutes) and a high THC bioavailability (18-23%), but a short duration of action (2-4
hrs) [1]. Smoking is extremely hard to control. It depends on the amount inhaled and overall time of
ingestion. Also, the elderly population, characteristic of patients with advanced cancer, may be
apprehensive about smoking a marijuana cigarette and may be more comfortable with alternative
routes.

Suppositories of a THC hemisuccinate ester formulation increase THC absorption and promote a
more consistent increase in food intake over other methods [6]. The onset is quicker than that of
oral capsules, except after fasting [6, 90]. This route appears to be the most effective (highest
THC bioavailability) and reliable [91]. However, the rectal route is not a preferred route for most
patients.

The rate of absorption of oral THC varies greatly among individuals [6, 12, 70]. After oral
administration, 90 — 95% of THC is absorbed [1]. However, due to first-pass metabolism, high lipid
solubility, and rapid degradation in stomach acid [91], THC bioavailability is only 5-20% [70, 92].
Thus the required amount of THC will depend on the amount of the drug absorbed by the
individual, which is the reasons we will allow patients to titrate their dose upwards if required. We
will use oral THC (i.e. Marinol®) for this study because of its simplicity of administration and
availability by prescription in Canada. Marinol® is approved by the American Food and Drug
Administration for its use of as an antiemetic in the cancer population and as an appetite stimulant
in the AIDS population. Therefore, a letter of approval from Health Canada is required for this trial
for the use of THC as an appetite stimulant in the cancer population.
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B. Rationale for chosen dosage and time of administration

It appears that the higher the dose of THC the lower the reward effects [93]. Previous studies have
shown that low doses of THC lower brain-reward thresholds in the VTA-NAc reward axis to
enhance brain reward processes in animals [see 77]. Moreover, smaller doses of THC, such as
2.5mg-5mg b.i.d. or t.i.d. are optimal for stimulating appetite [3, 6, 8, 57]. Nelson et al [11]
reported THC to effectively increase appetite in cancer patients when taken one hour after meals.
The drug was administered after meals to slow absorption, decrease the ‘bolus effect’ and reduce
neuropsychiatric side effects [94]. However, the onset effect of THC is faster (0.5-1hr) when
capsules are taken on an empty stomach [6]. Drug administration in early morning causes an
increase in adverse events [57] and is not recommended [70]. Unimed Pharmaceuticals, a division
of Solvay Pharmaceuticals (Marietta, GA) [70] suggest taking Marinol® 1 hr before lunch and
supper. Several clinical trials support this time of administration [8-10].

The dose of THC administered must result in optimal appetite stimulation with minimal side effects.
Previous THC studies have shown that dose and side effects are positively associated [8, 11, 12].
Currently, a dose of 2.5mg before lunch and supper is recommended for appetite stimulation based
on clinical trials in the AIDS population [70]. However, some populations (e.g. the elderly) have
reported sensitivity to psychoactive effects [95] thus doses should be further modified to avoid side
effects. We are starting participants at 2.5mg of THC before bedtime because THC will induce
sleep [1, 13]; negative psychoactive effects will be minimized [1, 13]; and absorption will be
optimized as the patient's stomach is nearly empty at bedtime [6]. The participants should become
tolerant to side effects within 1-3 days of drug treatment [70]. Thus, we will increase their dose after
the 3rd day (Figure 1.1) to the recommended 2.5mg twice a day.

The recommended dose of 2.5mg b.i.d. has been administered in cancer populations with
promising results (i.e. 49% reported an increase in appetite) [12, 57]. However, Nelson [11]
believes that higher doses may produce greater benefits if side effects can be tolerated [94] as the
level of psychotropic activity is positively correlated with therapeutic effects [96]. Slightly higher
doses (e.g. 2.5 mg t.i.d.) have successfully increased appetite in both cancer [3, 11] and healthy
populations [4]. Since discrepancies regarding the optimal dose of THC still exist, patients will be
allowed to titrate their dose upwards (up to 20mg THC/day) if they feel necessary.

|. Genetics of endocannabinoid, dopamine and opioid systems

Genetics related to the endocannabinoid, dopamine and opioid systems may affect
pharmacological actions of THC and the cannabinoid reward-related pathway. Differences may
exist in synthesis, transport, and release as well as receptor and second messengers of dopamine
neurons involved in the reward pathway (delta-9-tetrahydrocannabinol elevates dopamine levels in
the reward related limbic and forebrain dopaminergic loci[77]). Lepore et al [97] reported Lewis rats
to be most affected by THC followed by Sprague-Dawley rats. Fischer rats were unaffected, but
authors speculated that these rats may have shown THC-related effects with an elevated dose.
From this and similar studies [98] it appears that genetics may play a role in drug effect, which
could explain the variance in absorption seen in previous clinical trials [6]. Thus allowing
participants to titrate their dose upwards also avoids this possible problem of genetics on reduced
drug efficacy.

C. Rationale for length of treatment.
Cannabinoid levels appear to buildup gradually to an effective level in the blood [6, 8]. From
previous studies, it appears that optimal results for appetite stimulation occur 2 weeks after
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initiation of treatment [8, 11, 12, 70]. Therefore, we will encourage participants to stay on the
treatment for at least 2 weeks. In our trial, participants will have 18 days of THC-treatment. This is
the least number of days in which appetite stimulation is likely to be observed and the standard
protocol for the completion of the 3-day dietary food record will be followed [82] (i.e. completed
over two week days and one weekend day).

The onset time for THC-induced chemosensory responses is unknown. There are no studies that
have evaluated chemosensory perception at either the THC dose we propose to use or in the
advanced cancer population. Mattes et al [72] studied the effects of THC on taste intensity, hedonic
responses, and caloric intake over 3 days in a healthy population and at relatively higher doses
(e.g. 10-15mg THC/day). Thus, the effects of THC on chemosensory perception in cancer patients
remain unknown. Therefore, we are proposing to ask questions (i.e. interview, Appendix 1.C2)
pertaining to THC effects on chemosensory perception after 1 week of treatment (Figure 1.1). If
chemosensory changes are present after one week then future clinical trials assessing THC's
effect on chemosensory perception and food enjoyment can be conducted after one week of
treatment. The reduced trial duration would potentially increase patient compliance.

D. Rationale for inclusion and exclusion criteria

Life expectancy is required to be longer than 2 months as patients’ nutritional status and functional
status decrease significantly near the end of life [15]. Participants must have at least 2 complaints
(i.e. score >1 on the Taste and Smell Survey) because we are trying to determine THC's effects on
advanced cancer patients with taste and smell abnormalities. Marinol® (THC) contains sesame
seed oil, therefore subjects with allergies or insensitivities to THC or sesame seed oil will be
excluded. We are excluding patients who are physically unable to eat (i.e. receiving enteral or
parenteral feedings; mechanical obstructions of alimentary tract, mouth or nose).

We are excluding patients with brain tumors, since the hypothalamus (and thus appetite) can be
affected [99]. We are excluding patients who have had radiation therapy to the head/neck because
of the incidence of xerostomia [100, 101]. Xerostomia induces severe long-term chemosensory
dysfunction due to radiation damage to salivary glands [100] - hyposalivation is normally
irreversible [101]. We are excluding participants with an ESAS score greater than 5 as nausea at
this level would be too much of a confounding factor on food intake and that patients with higher
nausea scores would likely be embarking on a first or second line treatment for nausea at the time.
We are excluding any patients with a concurrent diagnosis of liver impairment because THC is
metabolized chiefly in the liver and the biliary excretion is the major route of elimination [70].
However THC is not expected to decrease liver functions (especially at the low dose used in this
study) and any prolonged side effects can be reversed with the cessation of treatment.

Since THC is a narcotic we are excluding any subjects with a history of substance abuse or
psychotic episodes. Delta-9-tetrahydricannabinol has been noted to increase heart rate, therefore
subjects with a history of tachyarrhythmia, angina pectoris, or hypertension will be excluded.
Cannabinoids gradually build up in the blood and remain in the system for up to month [1],
therefore we are excluding individuals who have smoked marijuana within the past 30 days. We
are not excluding participants who are taking potential appetite stimulants such as corticosteroids,
as these subjects may be taking these drugs for other symptoms such as pain. By not allowing
participants to change their corticosteroid dose for the duration of the study will ensure that the
potential appetite stimulating effects of the corticosteroids do not affect the study results.

-110 -



Rationale for tools selected for this study

A. Nutrient intake and Appetite

|. Three-day dietary record

To evaluate nutrient intake, subjects will be asked to complete a 3-day dietary record on days 1-3
and days 19-21. Other methods that evaluate caloric intake, such as 24hr dietary recalls, have
been proven to be ineffective in the advanced cancer population, as subjects could not recall what
they ate the day before [102]. Therefore, food records are the superior method and three days is
the minimum duration that provides adequate assessments [82]. The recording days will include 2
weekdays and 1 weekend day, as this is the standard method that provides the most reliable
assessments [82]. The Food Processor Il Nutrient Analysis Program™ (Esha Research, Salem,
OR) will be used to analyze caloric intake and macronutrient composition of the diet. From these
data we will be able to quantify anticipated increases in caloric intake to assess THC's appetite
stimulating ability for cancer patients with and without chemosensory abnormalities. From previous
studies we anticipate that THC will shift food preference towards palatable foods (i.e. sweet and
salty foods). The three-day dietary record will allow us to see if the patients change their eating
patterns to consume a greater quantity of palatable foods. However, food preferences and food
consumed are not always highly correlated [81].

|l. Food Preference Checklist

A North American 32-item Food Preference Checklist (FPC, Appendices I.E and Il) [85], which was
based on a previously validated Food Preference Checklist developed in the U.K [103] will be used
to assess shifts in macronutrient and flavour preferences induced by THC. The foods chosen and
thus recorded on the dietary record, may not be based on food preference alone [104]. Other
factors influence food choices, such as price, convenience, nutrition, physiological need, culture,
social norms, income, marketing, lifestyle, habit, and availability [105-107]. Thus the participants
may not be eating what they actually prefer due to these external factors. The FPC asks
participants to check off all the items (not accumulative) that they would like to eat at that moment.
Thus the FPC minimizes the influence of external factors, providing a quick way (takes a maximum
5 minutes to complete) and more accurate assessment of THC's effect on food preferences. The
FPC consists of a list of 32 commercially available foods that are either high carbohydrate (HC),
high protein (HP), high fat (HF) or low energy (LE). Each of these four nutrient groups consist of 8
foods, 4 of which are predominantly sweet and 4 that are savoury, except for the HP group which
consists of 8 savoury foods. Comparing the number of foods checked off in each of these nutrient
groups over the course of the trial will demonstrate if THC does shift food preferences towards
sweet and high fat foods.

The standard method for determining food preferences is to use a 9-point hedonic scale to rate a
list of foods (usually 171-items) from “dislike extremely” to “like extremely” [19, 108-111]. The FPC
is far less onerous than this standard method of assessing food preferences and has recently been
shown to obtain comparable results [85)].

I1l. Twenty-four hour urine nitrogen analysis

The 24-hr urine nitrogen analysis has been shown to effectively validate dietary records [83].
Twenty-four hour urine nitrogen is a biological marker used to determine the amount of protein
consumed. Studies show that urine nitrogen should be ~80% of the dietary intake [112]. The 24-hr
urine nitrogen analysis has been tried in the cancer population and was found to effectively validate
dietary records [83]. Therefore, the 24-hr urine nitrogen analysis is a simple method to ensure that
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no systematic misreporting of caloric intake occurs. We feel that a validation of the dietary records
is necessary, as caloric intake is our primary measurable outcome. The 24-hr urine nitrogen
analysis is an objective method that will validate the subjective 3-day dietary records.

|V. Satiety Labeled Intensity Magnitude scale

Appetite assessments will be made on a 200mm Satiety Labeled Intensity Magnitude scale
(SLIM)[84] (Appendix I.B). Previous THC studies have used visual analogue scales (VAS) to
assess subjective appetite [8-10, 57]. However, Cardello et al [84] recently determined that a
labeled visual analogue scale (i.e. scale labeled with verbal indicators) increased the reliability and
validity of appetite assessments compared to VAS. The verbal indicators will make it easier for our
test population to quantify their appetite, since they most likely will be unfamiliar with line scales.
The SLIM scale includes both fullness (0 to 100) and hunger (0 to -100) assessments. Thus we will
obtain a more accurate assessment of the patients appetite compared to the VAS as a large
majority of advanced cancer patients suffer from a constant perception of satiety[14].

V. Edmonton Symptom Assessment Scale The Edmonton Symptom Assessment Scale (ESAS)
will be used to assess changes in nausea induced by THC. Since Marinol® (THC)'s indication is an
anti-emetic [70], any changes in nausea should be reported, as a decrease in nausea may account
for an increase in food intake. Thus the ESAS will help to clarify if THC is in fact improving taste
and smell perception or if changes in nausea are the cause of increased food intake.

B. Chemosensory change

The validated tool of Heald et al [36] (Taste and Smell Survey, Appendix |.A1) was developed
originally for use in an AIDS population to determine the severity of chemosensory complaints. In
our study it will be used as a screening tool (participants must have a score >1 to be eligible for the
study) and to separate patients into 2 sub-groups (within each study arm): 1) mild or moderate
chemosensory complaints and 2) severe chemosensory complaints. We hypothesize that
chemosensory complaints are a significant barrier to appetite stimulation. Thus this tool will allow
us to determine for which group THC is a more effective appetite stimulant. The survey consists of
8 questions related to taste and 6 questions pertaining to smell. A point is awarded for each
complaint; for two of the questions 2-points are earned if the complaint is severe. The overall
chemosensory score is the combined score from the taste and smell sections. Scores range from
0-16, with 0 indicating no chemosensory change and 16 indicating the greatest number and
severity of changes. Thus the participants with scores of 2-9 will be part of the mild/moderate
chemosensory complaints and scores of 10-16 will comprise the severe chemosensory complaint
group [35]. The Taste and Smell Survey will also be used to determine if THC can improve
chemosensory perception by comparing pre-treatment scores to scores collected after 2 weeks of
THC treatment. This tool was previously adapted and used by our Nutrition and Food Cancer
Research Group at the University of Alberta and was found to be an effective self-assessment tool.
Further modifications have been made to the Taste and Smell Survey (Appendix 1.A2) which is
administered after 2 weeks of THC treatment, to assess changes in chemosensory complaints
related to the THC treatment. The scoring remains the same as the pre-treatment survey, which is
in accordance with the procedures given by the original authors [36].

C. Quality of life

The Functional Assessment of Anorexia/Cachexia Therapy (FAACT) questionnaire [37] will be
administered to assess any changes in quality of life (QOL), by comparing pre-treatment scores
and scores after 2 weeks of treatment as well as comparing the mild or moderate chemosensory
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complaint group to the severe chemosensory complaint group. The questionnaire consists of 40
questions, which will assess the 4 domains of QOL: physical; functional; social/family; and
emotional well-being, as well as the nutritional QOL (anorexia/cachexia). Responses are
evaluated on a 5-point Likert-type scale. Scores range from 0-156, with higher scores indicating a
better QOL.

D. Cause of chemosensory complaints and food enjoyment

We will conduct a short interview at days 0 (Appendix I.C1), 11 (Appendix |.C2) and 18 (Appendix
.C2) to collect demographic information and to qualitatively document any changes in food
enjoyment, food preferences, food aversions and diet that have occurred. The interview has been
modified from a previous questionnaire utilized in our Nutrition and Food Cancer Research Group.
These questions will explore the changes in food habits, preferences and sensory alterations as a
result of the participant's cancer (pre-treatment, Appendix 1.C1) and of THC treatment (after 1 or 2
weeks of treatment, Appendix |.C2). Interviews are a recommended method of assessing food
enjoyment as patients are unique [18, 47] and there are currently no tools that effectively assess
food-related QOL and food enjoyment. Interview questions allow for the flexibility necessary to
collect all relevant information [16]. Cohen [113] suggested their use in advanced cancer settings
because they can facilitate subjective observations that other survey tools cannot.

E. Drug tolerability and side effects

Delta-9-tetrahydrocannabinol affects the central nervous system. Previously reported common side
effects of THC include euphoria, dizziness, somnolence, confusion [3, 8], delirium, abdominal pain,
occasional nausea, and at high doses, ataxia [51] (also see Table I.2). It was also noted in these
studies that the adverse effects associated with THC are relatively minor at the low doses used to
induce appetite.

|. Drug tolerance
Repeated exposure to cannabinoids can result in a tolerance to several behavioral effects [see 76].

This tolerance may be caused by the down-regulation of the CB1 receptors after chronic THC
exposure. The body adapts quickly to the cardioacceleration effects of THC [114] and motor
coordination tolerance develops after only 24hrs of chronic cannabinoid exposure [see 76]. Thus if
the participant experiences side effects, such as tachycardia, heart palpitations or ataxia, they
should contact their doctor for instructions on decreasing their dose or ceasing the treatment. Even
though tolerance to THC related adverse events occurs after a few days, tolerance to dopamine
neuron firing in the VTA and to appetite stimulating effects does not appear to occur [91]. Since
VTA neuron firing does not appear to change with prolonged exposure to THC, this suggests that
tolerance does not develop to the pleasurable and rewarding experiences induced by the drug,
however evidence is not entirely in congruence with this claim [see 76]. The continued stimulation
of the reward pathway may explain why Haney, et al (1999) observed that even as the study
participants no longer experienced psychoactive effects, they continued to demonstrate elevated
levels of caloric intake. Therefore, we anticipate that advanced cancer participants will continue to
benefit from the drug even over a prolonged period of time.

Il. Drug safety

Several studies have investigated the use of THC as an appetite stimulant in varying populations
(Table 1.3). Not one of these studies had a withdrawal rate greater than 24% due to side effects.
Jatoi et al [12] investigated 317 cancer patients with an average age of 67 +10yrs; 152 participants
were given Marinol and 159 were given megestrol acetate. Side effects were not found to be
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statistically different between the two treatments, except male impotence was more prominent in
the megestrol acetate arm.

Studies have shown that THC does not cause neuropsychological damage. Haney et al [5] found
THC had little effect on task performance, even at extremely high doses of 100mg to 120mg a day.
No changes were observed in performance status, intellectual function, and coordination and
decreased depression and greater emotional stability were observed in participants in a study by
Regelson et al [3] (5-20mg p.o. g.i.d.). All participants of the Nelson et al [11] study maintained
their mini-mental status scores after 28 days of THC use (2.5mg p.o. t.i.d). Marinol has not been
found to produce any long term adverse effects [9].

Haney et al [5] noted that terminations of drug after 120mg THC/day for 4 days showed increased
ratings of anxiety, depression, irritability and restlessness, while decreasing the frequency of
eating, and quality and quantity of sleep. Hart et al [115] noted in a comparison study of marijuana
and oral THC (i.e. Marinol®) that withdrawal symptoms such as irritability and feeling miserable
were only reported after smoking marijuana, not after taking Marinol® even at 80mg THC/day.
Moreover, THC is highly lipophilic and as a result it is readily stored in fat cells and slowly released
making withdrawal symptoms rare [76]. Thus we do not anticipate withdrawal symptoms to be an
issue in this study.

Cannabinoids’ adverse effects on panic attacks and anxiety appear to be greater in the elderly and
in women [95]. Marinol® is not recommended for the treatment of anorexia in elderly patients, but it
is recommended as an anti-emetic in cancer patients, who are frequently elderly (i.e. the mean age
of cancer diagnosis in Canada is 65 years and the mean age for cancer-related death is 69 years).
Given the demographics of cancer patient populations, one would assume that the indication for
Marinol® use would have taken this age distribution into account. In addition, the recommended
dose for chemotherapy-induced nausea is 4-6 times greater than the dose that we are proposing
(2.5mg b.i.d.) [70]. Thus the adverse effects should be much lower in our trial compared to if
Marinol® was administered for its recommended use in this population. Moreover, the adverse
effects of THC are as tolerable and acceptable as the side effects of other medications [116].
Marinol® has been proven to be a safe drug. Side effects are usually mild to moderate, are
reduced by decreasing the dose, and resolve rapidly after cessation of therapy [70]. Beal et al [9]
reported that the long-term use of THC is safe. Delta-9-tetrahydrocannabinol did not cause toxicity
and continued to increase appetite over the 6-month trial. Researchers agree that THC is a safe
and effective appetite stimulant in advanced cancer and AIDS populations [11, 57, 94].

Drug side effects will be tabulated using a modified questionnaire from Ware et al [87] (Appendix
|.D) developed for marijuana. Our survey includes the side effects of the Ware et al [87]
questionnaire with additional questions pertaining to the major side effects associated with
Marinol® (THC) (i.e. abnormal thinking, dizziness, abdominal pain, and nausea). Each side effect
is rated by selecting one of the following descriptors: “did not experience”, “enjoyable”, “neutral”, or
“‘unpleasant”. The participants will also be asked if they have experienced any other side effects
from THC, as rare side effects associated with THC use (e.g. myalgias, tinnitus, efc) have been

previously reported (Table 1.2).
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Sample size and statistical analyses

Power test

Data from our lab revealed that the energy intakes for an advanced cancer population stratified
according to chemosensory ability were 27.4 kcal/kg/day SD=11.0 (mild complaints), 25.9
kcallkg/day SD=11.2 (moderate complaints), and 19.3kcal/kg/day SD=8.7 (severe complaints) [35].
Since we are considering the two sub-groups (mild/moderate chemosensory complaints and
severe chemosensory complaints) within each study arm, we will use an anticipated average
caloric intake of 26.7 Kcal/kg/day SD=11.2 for the mild/moderate complaint group. We anticipate
the drug to be effective for this group and thus base the power calculations on these data. From
previous literature, the expected orexigenic effect of THC, after accounting for placebo effects,
ranges from approximately 7.6 kcal/kg/day [7] to 16.4kcal/kg/day [5, 115]. To be conservative we
will use 7.6 kcal/kg/day. Using these values with a power of 0.8 and an alpha=0.05, N=27 for each
arm. Bruera [117] suggested planning for a withdrawal rate of around 30% for trials lasting over 14
days with advanced cancer patients. Since the study is conducted in a potentially THC-sensitive
group (an elderly population), withdrawal rates of 10-15% (in addition to the estimated 30%
withdrawal rates above) should be expected due to side effects. Taking these withdrawal rates into
consideration we will need a minimum of 40 patients in each arm to avoid non-statistically
significant results due to a limiting sample sizes.

Statistical analyses

All statistical analyses will be performed using the Statistical Analysis System (SAS) [118].
Descriptive statistics (PROC UNIVARIATE) [118] will be used to describe the prevalence, nature,
and severity of chemosensory complaints and to describe the prevalence and nature of a food
preference shift as assessed by the 3-day dietary record and interview. Chi-Squared and Fisher’s
Exact test analyses will be used for evaluations of patient characteristics and side effects.
Regression analyses [119] will be used to assess the relationship between chemosensory
complaint scores (Taste and Smell Survey) and 1) caloric intake (3-day dietary record); 2) QOL
(FAACT); 3) appetite (SLIM); 4) food preferences (FPC); 5) nausea (ESAS); and 6) chemotherapy
(dose and type) at baseline and after 18 days of treatment. Time series analysis of variance [119]
will also be used to assess appetite and food preferences over the trial. T-tests of the difference in
change [119] will be used to compare the treatment arm to the placebo arm for total caloric intake,
QOL, and chemosensory complaints after 2 weeks of treatment. Paired t-tests will be used to
compare total caloric intake, QOL, and chemosensory complaints for both arms at pre treatment
and after 2 weeks of treatment. Wilcoxon’s Rank-Sum test will be used to compare parametric
measures (e.g. caloric intake) with nonparametric measures (e.g. QOL and chemosensory
complaints scores, etc) as well as to compare chemosensory complaint scores to QOL scores [36].
Both study arms will be evaluated for food intake through analysis of covariance [120], where
nausea, appetite, chemosensory complaints, and chemotherapy will be covariant variables. We
plan to do an interim analysis at the half-way point of data collection.

Conclusions and benefits

“Experts recognize that for the newborn, the mouth provides the first sensation of pleasure and
satisfaction, and for the elderly, eating food can provide one of the last sources of satisfaction”
[121]. The number of advanced cancer patients who suffer from both cachexia and chemosensory
changes is substantial. Since THC is involved in perception alteration, it is plausible that this agent
could overcome some degree of chemosensory complaints to promote increased intake. However,
a person who finds food repulsive would be refractory to appetite stimulation, which may account
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for the relatively high proportion of treatment failures with orexigenic agents, such as Marinol® or
megestrol acetate [54]. If it were possible to confirm a lack of efficacy of THC in certain sub-
populations, or a high efficacy in certain cases connected with the chemosensory perception score
or problems, this would allow more effective targeting of drug to appropriate patients. This study is
the first experiment in a series of clinical trials assessing THC's ability to improve food-related QOL
through chemosensory perception. This project is part of the ongoing activity of our unique Food
and Cancer Research Group at the University of Alberta.
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Figure 1.2 Additional procedure for patients on coumadin
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Table 1.1: Nomenclature associated with chemosensory disorders [adapted from 28]

Name Meaning

Normosmia Normal smell function
Normogeusia Normal taste function
Hyposmia Diminished smell

Anosmia Loss of smell

Hypogeusia Diminished taste

Ageusia Loss of taste

Hyperosmia Heightened smell sensation
Hypergeusia Heightened smell sensation
Dysosmia Abnormal/distorted smell
Dysgeusia Abnormal/distorted taste

Table 1.2: Side effects associated with Marinol® (THC) from controlled clinical trials in AIDS

population (N=474) [69]

Common

Uncommon/Rare

Incidence: 3-10%

-Nervous system: euphoria, thinking
abnormalities, dizziness, paranoid reaction

-Drowsiness

-Digestive: abdominal pain, nausea, vomiting

Incidence 1-3%
-Asthenia

-Cardiovascular: palpitations, tachycardia,
vasodilation/facial flush

-Nervous system: amnesia, ataxia, dizziness,
depersonalization, confusion, delirium,
anxiety/nervousness, hallucinations

Incidence < 1%

difficulties, tinnitus

-Cardiovascular: hypotension, conjunctivitis
-Myalgias

-Skin and appendages: flushing
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Table 1.3: Human studies involving administration of cannabinoids (e.g. delta-9-tetrahydrocannabinol, marijuana)

Reference N= Dose Duration Time of Instruments Time of Evaluation
Administration
Beal (1995) AIDS: 2.5mg p.o. b.i.d. THC 6 weeks 1 hr before lunch and VAS, Karnofsky scale 3 days at baseline, and 3

88 (dronabinol vs
placebo)

(decreased to 2.5mg/day if needed)

supper

days weekly

Haney (1999)

Healthy heavy

20mg p.o.q.i.d.THC (1st user phase)

20-day period

1000h, 1400h, 1800h,

50-item VAS (mood, drug

Weight (0800h), sleep

Marijuana users: 30mg p.0.q.i.d. THC (2 user phase) (3 days and 2200h effect, physical symptoms, questionnaires (0800h),
12 placebo pre etc., sleep questionnaire, work periods and VAS
61 e 6 ' and post drug weight, 3 work periods (0915h, 1015h, 1415h),
(6 female, 6 male) use, 4 days (learning, memory, vigilance marijuana withdrawal

drug use, 4 and psychomotor ability), bar checklist (2330h)

days placebo, codes on food (substance,

4 days drug proportion)

use)

Nelson (1994) Cancer anorexia 2.5mg p.o. ti.d THC 4 weeks one hour after meals physical exam (weight, Food diaries (weekly),
(varying 2.5mg p.o. b.i.d THC (over 65 years, height, etc), Folstein’s mini- side effect profile (weeks
malignancies) for 3 days, then increased to 2.5mg mental, 24 hr food diary, side 2, 4), physical and

ti.d.) effect profile mental exams (weeks
18 0,2,4)

Mattes (1994a) Healthy, light *15 mg (males), 10 mg (females) p.o. ssessions After breakfast (1,2,4) Dietary questionnaires Dietary questionnaires
Marijuana users: daily (1) (0800-2000h) 0900h (appetite and food cravings), (hourly), chemosensory
1) 57 «15 mg (males), 10 mg (females) p.o. «4 day chemosensory tests, pre- tests and blood draws

daily (2a,c) THC, 710-795mg sessions (2) weighed food (60 items), (1100, 1300, and
(Zr;liclebo vs THC) marijuana cigarette: 2.579% THC (20) | 43 dmy ’:rf‘s;firrzagj?;;"(g)l blood, urine, and saliva 1500h), self-selected
| inhalat «2.5mg p.r. b.i.d.* (3a) THC, with sessions (3) 1700h samples, Nutritionist 111 meals and snacks
(oral V§ inhalation vs hemisuccinate ester .3 weeks Nutrient Database
sublingual) *2.5mg p.o. b.i.d. (3b) THC between 1st
3)6 +15 mg (males), 10 mg (females) p.o. and 2nd
(rectal vs oral) daily (4) THC session
4) 10
(fasting vs satiated)

Mattes (1994b) Healthy, light *15 mg (males), 10 mg (females) p.o. ssessions After breakfast (1,2) Appetite and taste Taste intensity and
marijuana users: daily (1) THC (0800-2000h) 0900h questionnaires, hedonic responses [2,4,6
1) 57 15 mg (males), 10 mg (females) p.o., <4 day chemosensory tests (13-pt hrs: (1,3) and daily: (2)],

: i i . i tegory scale response with chemosensory tests and

(oral vs sublingual vs p.r. THC, 764mg marijuana cigarette: sessions (2) After breakfast and 1 cal 3
inhalation) 2.57% THC,; placebo: p.r., routes <3 day hr séforrzasuas ;23) 5 descriptors), collected blood draws (1100,

were randomized (2) . pp saliva, blood and urine 1300, and 1500h)
2) 11 (3 routes + sessions (3) 1700h )

. : samples, pre-weighed foods,
placebo) 2.5mg p.o.bi.d. (3a) THC *3 weeks hedonic and threshold of
3) 6 (oral vs rectal) -h2.5r_ng p.r-b.i.d. (3b) THC, with begW;:;n = different concentrated

emisuccinate ester an A solutions, foods selected
session

*optimal dose

VAS = Visual analogue scale
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Table 4: Human studies involving administration of cannabinoids (e.g. delta-9-tetrahydrocannabinol, marijuana)

use

Reference Appetite Mood Taste Weight Side Effects Other Outcomes
Gain
Beal, (1995) T Improved Not assessed T euphoria, dizziness, thinking «Performance status slightly decreased (2pts, on 100pt
(P=0.06) abnormalities, and somnolence scale) for dronabinol arm

(P=0.05) (P=0.14) « decrease nausea for dronabinol arm

Haney (1999) Not assessed «“High” (1st, 2nd phase) «Increased caloric intake and number of eating
quality and men ~Trouble sleeping, muscle pain, occasions especially in afternoons and evenings (drug
(drug quantity of cannot concentrate, clumsy (2nd use)
phase) sleep l women phase) *Decreased “stimulated” feeling after 3 or 4 days of drug

(drug phase)

sIncreased anxiety, depression, irritability and
restlessness (placebo phases)

Nelson (1994)

Not assessed

Not assessed

Grade | nausea (n=1), slurred
speech (n=1)

*8/9 who kept food diaries had increased caloric intake

«Disappearance of the side effects when dose was
decreased temporarily

«All patients maintained their mini-mental status scores

Mattes (1994a) Not assessed sweet solid Not Information not available *No observable differences due to age
(33,b) foods: assessed +20% claimed to eat after returned home
pastries and *Plasma levels varied (oral)
chocolates, «Inhalation (2b) had quickest onset followed by oral after
followed by fasting (4a)
salty foods «Snacks accounted for more energy than lunch
1.3.4) *No difference between macronutrient intake
Salty>sweet (2) sLimited significant differences due to low sample
numbers
Mattes (1994b) Not Not assessed Not Information not available «Consistent identification of intensity proportional to
assessed assessed concentrations of solutions

sweet and
salty snacks

vs placebo

*Results are not statistically significant
sIncreased preference for salty foods 2 hrs post dosing
sIncreased snack intake compared to placebo

Regelson (1976)

* Depression
* Emotional
stability

Tranquility
+ Anxiety

Not assessed

+0.1-0.12mg/kg virtually no side-
effects (1)

sintermediate dose (0.17-
0.18mg/kg) and high dose (0.31-
0.34 mg/kg) had side effects (1)
«25% experienced side effects (2)
+Dizziness, somnolence and
dissociation

«Antiemetic and analgesic properties

*To reduce pain the dose required is usually too high
and causes negative side effects

Jatoi (2002)

T (1>2)

Not assessed

Not assessed

T 1>2)

Male impotence, fluid retention
(2>1)

+Objective weighing by the physician resulted in a higher
% weight gain, compared to self-reported weight gain
(1,2

*No change in QOL (1,2)

‘ = decrease
f =increase
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Table 4: Human studies involving administration of cannabinoids (e.g. delta-9-tetrahydrocannabinol, marijuana)

Reference

N =

Dose

Duration

Time of
Administration

Instruments

Time of Evaluation

Regelson (1976)

Advanced cancer:

0.10 — 0.34mg/kg p.o. q.i.d. THC (1)

*14 days (1,2)

1 hr before meals (2)

Karnofsky scale,

weekly

1) 10 0.1mg/kg p.o. t.i.d. THC (2) «1 week physician records,
2) 54 (Adjusted up or down based on side placebo (2) standard ECOSG flow
effects) sheets, 6 psychological
tests
Jatoi (2002) Advanced cancer: 2.5 mg p.o. b.i.d. THC (1) 57 days (1) Information not available physical examination, Physical examination
1) 152 (dronabinol) 800mg/day p.o. liquid suspension MA 80 days (2) previously validated (baseline, monthly),
2) 159 ) NCTG questionnaires NCTG questionnaires
(appetite and weight), [baseline, weekly.
megestrol acetate- : B N : ’
l(le)g single I‘em_U”'SCﬁ“e . monthly (after 4 weeks)],
(QOL), 13-item anorexia- appetite (week 2 & 4)
specific FAACT (QOL)
Beal (1997) AlIDS-anorexia 2.5 mg p.o. b.i.d. THC (90%) 12 months Before breakfast and VAS (100mm) for Monthly (appetite,
94 2.5 mg p.o. once daily THC (10%) dinner or at bedtime appetite, dosing logs, adverse effects, and
(46 previously -Single dose in evening direct questioning, weight)
received dronabinol) physical examinations
Beal (1995) AIDS: 2.5mg p.o. b.i.d. THC 6 weeks 1 hr before lunch and VAS (100mm) for Every 2 weeks (appetite,
88 (dronabinol vs (decreased to 2.5mg/day if needed) supper appetite, dosing logs, adverse effects, and
placebo) (single dose: before direct questioning, weight)
supper or bedtime) physical examinations
Plasse (1991) Cancer: 2.5mg p.o. q.i.d., 2.5mg p.o. b.i.d., 3 weeks (1) Before meals VAS for appetite and Before each meal
42 5mg p.o. g.i.d., 5mg p.o. b.i.d 6 weeks (2) mood (appetite), before lunch
(Group 1: (mood)
chemotherapy
Group 2: no
chemotherapy)
Hollister (1970) Healthy: 32mg THC p.o. (1) fed 1 day (1 week 0800am Hunger questionnaire (8- Chocolate milkshakes
12 26mg THC p.o. (2) fasted washout pt scale), taste were offered @ 1100,
(vehicle was a flavored non-caloric period) questionnaire (5pt scale), 1130, noon, and
beverage) blood samples (for 1300hrs, all tests
glucose and FFA) completed at these times
Sallan (1980) Cancer + 10mg/mz2 of body surface area THC N=27 *1 hr before Self-administered Daily
chemotherapy: p.o. t.i.d completed 1 chemotherapy, 3 and 7 questionnaire for nausea,
73 course; N=8, hrs after chemotherapy vomiting, food intake, and

(mean age=32.5yrs)

10mg THC p.o. t.i.d. (minimum)
15mg THC p.o. t.i.d. (average)
10mg p.o. Prochlorperazine

2 courses;
N=38, 3
courses

*Received THC (T) and
Prochlorperazine (P) in 1
of 6 ways:
TTP,PPT,TPT,PTP,TPP,
PTT

development of “high”

*optimal dose

VAS = Visual analogue scale

MA = Megesterol acetate




Table 4: Human studies involving administration of cannabinoids (e.g. delta-9-tetrahydrocannabinol, marijuana)

Reference Appetite Mood Taste Weight Side Effects Other Outcomes
Gain
Beal (1997) Not assessed Not assessed T Anxiety, confusion, =Dosage was modified by 38%, 19% increased
? depersonalization, dizziness, (5-10mg daily) and 19% decreased (2.5mg at
euphoria, somnolence, and bedtime)
thinking abnormalities =Dronabinol was not found to interfere with other
medications
Beal (1995) T T Not assessed T seuphoria, dizziness, thinking *Decreased nausea (statistically significant)
abnormalities, and somnolence «Stabilized weight in all patients
*43% (dronabinol) & 13% <The 11 patients who decreased their dose to
(placebo) 2.5mg/daily, had the same increase in appetite as
«Ceased by decreasing dose or those taking 2.5mg THC b.i.d.
stopping treatment -Karnofsky performance status slightly decreased
in THC group
Plasse (1991) (2.5mg ? (2.5mg b.i.d.) Not assessed Not Dizziness, memory or <Improvement in appetite and mood seen after 3
b.i.d.) assessed concentration difficulties, weeks
drowsiness, and mood changes «Side effects more severe on empty stomach in
the morning
*Patients could effectively adjust dose to avoid
side effects
Hollister (1970) Not assessed Not assessed Not Euphoria and sleepiness *THC made subjects eat more frequently
T 1,2) assessed *THC appears to induce eating even in a satiated
state (those that ate breakfast consumed more
milkshakes overall)
sIncreased appreciation of food, judged by
appetite questionnaire
Sallan (1980, 50%; Not assessed Not assessed Not “High”, i.e. laughing, elation, *Anti-emetic response with THC was superior and
T
assessed heightened awareness, mild preferred over prochlorperazine
aberrations of fine motor . «Becoming “high” was correlated with increased
coordination, or minimal distortion food intake and anti-emetic responses
of activities ad interactions with
others
Timpone (1997) (all arms No statistical Not assessed ? (2,3) *THC: confusion, anxiety, *There was no statistical difference between arms
after 1 difference between emotional lability, euphoria, for QOL measurements
week only) arms hallucinations «For study population improvements in
*MA: dyspnea, liver enzyme social/family QOL were reported
changes, hyperglycemia
«Differences between arms for
side effects were not statistically
different

* = decrease
f = increase
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Table 4: Human studies involving administration of cannabinoids (e.g. delta-9-tetrahydrocannabinol, marijuana)

Reference N= Dose Duration Time of Instruments Time of Evaluation
Administration
Timpone (1997) AIDS: 1) 2.5mg THC p.o. b.i.d. 12 weeks 1 hr before lunch and VAS (100mm) for hunger Karnofsky every 2
52 2) 750mg MA p.o. daily supper (THC) (VASH), mood (VASM), weeks; VASH (3 times a
3) 750mg MA p.o. daily + 2.5mg THC 1 hr before lunch (MA) nausea (VASN); day before meals),
—40 + p.o. b.id functional assessment VASM (at noon), VASN
(Smean age=40 % 4' 250 MA daily + 2.5mg THC questionnaire for HIV (at noon) 3days/week;
¥rs) ) b _n:jg p.o. daily ->mg (FAHI); Karnofsky (QOL); FAHI every 4 weeks,
p.0. b1 scale weighing weighed every 2 weeks
Walsh (2005) Cancer: 15mg THC p.o. /day (N=5) 2-30 weeks Information not available 5 questions regarding During outpatient clinic
6 7.5mg THC p.o. /day (N=1) efficacy and side effects, visits, usually every 2
weight by scale at pre weeks
(mean age=65.7yrs, Following 4 week study (Nelson, 1994) and post treatment only
range=52-74yrs) of 2.5mg p.o. b.i.d. or t.i.d.
Huestis (2001) Healthy male 1) p. SR141716 + p. marijuana (N=10) 4 days SR 141716 or placebo @ VAS for intoxication and Subjective responses:
marijuana users: 2) p. SR141716 + marijuana (N=10) (1 day of 9am and marijuana or heart rate, M scale 1hr before SR141716,
63 3) SR141716 + p. marijuana (N=2 @ 1, testing) placebo cigarette (subset of Addiction 1hr bc_efore marijuana
3,10, 30, 50mo SR11716 @1iam Rescareh Conle aton, | TS0 € 2,10
(age range= 21- 4) SR141716 + marijuana (N=8 @ v Y. intoxication, T T )
45 1ma: N=7 @ 3mg: N=6 @ 10. 30 heart rate monitor, min after marijuana
YrS) gglg' gRJ%l;;.g =6 @ 10, 30, SR141716 and THC smoking; continuously for
mg ) assays from blood heart rate; blood samples
samples 10 min before
P = placebo; marijuana = 20mg THC in SR141716, 5 min before
a marijuana cigarette marijuana, and @ 2, 5,
10, 15, 20, 40, 60, 80,
and 100 min after
smoking
Strasser (2006) Advanced cancer: 2.5 mg p.o. b.i.d. THC (1) 6 weeks 1 hr before lunch and Word anchored VAS for Baseline, weeks 2,4,6

1) 100 (THC, extract)
2) 95 (THC +
cannabidiol, extract)
3) 48

(placebo)

placebo (2)
2.5mg THC + 1 mg cannabidiol (3)

All oral capsules

supper or bedtime,
preferably with milk

appetite (0= worst, 100 =
best), QOL on VAS 0-
100mm transformed from
EORTC QLQ-C30, full
EORTC QLQ-C30 was
completed biweekly (QOL
scores were combined O-
100), 3 VAS used for
estimation of previous
24hr food intake, current
nausea, current mood

*optimal dose

VAS = Visual analogue scale

MA = Megesterol acetate
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Table 4: Human studies involving administration of cannabinoids (e.g. delta-9-tetrahydrocannabinol, marijuana)

Reference Appetite Mood Taste Weight Gain Side Effects Other Outcomes
Walsh (2005) Not assessed 0% - No side effects were =Stabilized or improved appetite and food intake for all
T (50%) ? (50%) ?(67%) reported by participants participants
=Only 1 participant (developed ascites) reported to feel
worse and have decreased energy levels
=None of the participants lost weight on the drug
Huestis (2001) Not Not Not d Not assessed “High” and heart rates *Smoked marijuana effects were blocked in part by
assessed were reduced by SR141716
SR141716 Higher doses of antagonist may have been more
effective
*SR141716 did not change THC plasma concentration
Strasser (2006) Not assessed No differences Nausea/vomiting, fatigue, *Trial was stopped due to no differences between THC or
(58% ,1) (46% ,1) from baseline pain, anemia, vertigo, CE and placebo groups
(73% ,2) (60% ,2) for any group dyspnea, diarrhea, «No differences in QOL, appetite, mood, or side effects
(69% ,3) (64% ,3) obstipation — no side were reported between groups

effects were significantly
different among groups

* = decrease
= increase
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Appendix I.A.1 Taste and Smell Survey pre-treatment

TASTE AND SMELL DYSFUNCTION IN CANCER PATIENTS
The purpose of this survey is to see how cancectfthe senses of taste and
smell. Please answer the following questions atymai can.

Participant number: Date: / /

1. Have you noticed any changes in your sensasté? yes

If yes, please describe:

2. Have you noticed any changes in your sensmefi3 yes

If yes, please describe:

3. Have you ever noticed that a food tastes diffethan it used to? yes

If yes, please describe:

4. Have you ever noticed that a food smells déffiethan it used to? yes

If yes, please describe:
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no

no

no

no



10.

11.

| have a persistent bad taste in my mouth

aghwONE

never
rarely
sometimes
often
always

The persistent taste is

1
2.
3.
4
5

salty

sweet (like sugar)

sour (like lemon or vinegar)

bitter (like black coffee or tonic water)
other (specify)

|ecBESTanswer)

(circle ALL that apply)

Do specific drugs interfere with your senseaste?

If yes, which ones?

yes  no

Do some drugs taste worse than others?

If yes, which ones?

yes  no

Do specific drugs interfere with your senssrogll?

If yes, which ones?

yes  no

Do some drugs smell worse than others?

If yes, which ones?

yes  no

Comparing my sense of taste now to the wesa# before | was diagnosed
with cancer:
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a. Salt tastes (circle BESTanswer)

1) stronger

2) as strong

3) weaker

4) | cannot taste it at all

b. Sweet (sugar) tastes (circle BESTanswer)

1) stronger

2) as strong

3) weaker

4) | cannot taste it at all

c. Sour (lemon or vinegar) tastes (circle BEBiBwer)

1) stronger

2) as strong

3) weaker

4) | cannot taste it at all

d. Bitter (black coffee or tonic water) tastes r¢ld BESTanswer)

1) stronger

2) as strong

3) weaker

4) | cannot taste it at all

12. Comparing my sense of smell now to the wayas before | was diagnosed
with cancer,
odors are
1) stronger
2) as strong
3) weaker
4) | cannot smell at all
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13.0ver the past 3 months, | would rate my abnoseate of taste as: (circle BESiiswer)
insignificant

mild

moderate

severe

incapacitating

abhwhE

14. How has your abnormal sense of taste affgaiadquality of life?

15. Over the past 3 months, | would rate my abmabganse of smell as: (circle BE&mswer)
insignificant

mild

moderate

severe

incapacitating

arwNhE

16. How has your abnormal sense of smell affegben quality of life?
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Appendix I.A.2 Taste and Smell Survey post-treatmen t

TASTE AND SMELL DYSFUNCTION IN CANCER PATIENTS
The purpose of this survey is to see how the stregitment has affected the
senses of taste and smell. Please answer theviogauestions as best you can.

Participant number: Date: / /

Sincethe study treatment

1. Have you noticed any changes in your sense ofzaste
no, it's the same esyit’'s better yes, it's worse

If yes, please describe:

2. Have you noticed any changes in your sense of 8mell
no, it's the same esyit’'s better yes, it's worse

If yes, please describe:

3. Within the past 2 weeks, have you ever noticeddtfabd tastes different
than it used to?

no, it's the same esyit’s better yes, it's worse

If yes, please describe:
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4. Within the past 2 weeks, have you ever noticeddtfabd smells different
than it used to?

no, it's the same esyit’'s better yes, it's worse

If yes, please describe:

5. | have a persistent bad taste in my mouth lecBESTanswer)
never

rarely

sometimes

often

always

abrwbhpE

6. The persistent taste is (circle ALL that apply)
salty

sweet (like sugar)

sour (like lemon or vinegar)

bitter (like black coffee or tonic water)

other (specify)

agrwhdE

7. Do specific drugs interfere with your senséaste? yes no

If yes, which ones?

8. Do some drugs taste worse than others? yes no

If yes, which ones?

9. Do specific drugs interfere with your senssmogll? yes no

If yes, which ones?

10. Do some drugs smell worse than others? yes no
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If yes, which ones?

11. Comparing my sense of taste now to theitmags before | started the
study treatment:

a. Salt tastes (circle BESTanswer)

1) stronger

2) as strong

3) weaker

4) | cannot taste it at all

b. Sweet (sugar) tastes (circle BESTanswer)
1) stronger
2) as strong
3) weaker
4) | cannot taste it at all

c. Sour (lemon or vinegar) tastes (circle BESBiBwer)
1) stronger
2) as strong
3) weaker
4) | cannot taste it at all

d. Bitter (black coffee or tonic water) tastes r¢ld BESTanswer)
1) stronger
2) as strong
3) weaker
4) | cannot taste it at all
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12. Comparing my sense of smell now to the wayai$ Wwefore | started the study
treatment, odors are
1) stronger
2) as strong
3) weaker
4) | cannot smell at all

13. Over the past 2 weeks, | would rate my abnbsmase of taste as:  (circle BE&iswer)
insignificant

mild

moderate

severe

incapacitating

ogrwNE

14. How has your abnormal sense of taste affgaiad quality of life?

15. Over the past 2 weeks, | would rate my abnbsmase of smell as: (circle BESihswer)
insignificant

mild

moderate

severe

incapacitating

aghRhwONE

16. How has your abnormal sense of smell affegben quality of life?
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Appendix |.B Satiety Labeled Intensity Magnitude Sc  ale
(SLIM)

Participant Number: Date: / /
Time:

Please rate the degree of hunger/fullness youwarertly feeling
(Please put a slash (/) mark somewhere on théoétoav)

r GREATEST IMAGINABLE FULLNESS

- EXTREMELY FULL
- VERY FULL

- MODERATELY FULL

- SLIGHTLY FULL

- NEITHER HUNGRY NOR FULL

- SLIGHTLY HUNGRY

- MODERATELY HUNGRY

- VERY HUNGRY
- EXTREMELY HUNGRY

- GREATEST IMAGINABLE HUNGER
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Appendix I.C.1 Interview pre-treatment
TASTE AND SMELL PERCEPTION IN CANCER PATIENTS

Participant Number: Date: / /

There are 3 short sections to this survey.

This part of the survey asks about changes in famd preferences since the onset of

your cancer.

1. Since the onset of your cancer, do you avoid dikdigertain foods? yes no

If yes which ones,

Foods | dislike or avoid burning sensation, taste too strong, induce
nausea...)

Reasor(e.g. too bland, taste/smells funny, Check (V) if

you
R

ave always
disliked this

food

2. Since the onset of your cancer, do you prefer myerertain foods? yes no

If yes which ones,

taste, satisfying, flavorful, bland, spicy...)

: Reasor{e.g. sweet taste, salty taste, fatty, health
Foods Iprefer or enjoy crunchy, soft, easy to prepare, like the odpr/ ~ YOU

yC;,heck W) if

ave always
liked this food
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3. Are there any odors that are unpleasant to you? yes no
If yes, which ones?
Types of odorsthat are unpleasant Yes No

Food

Perfumes

Hospitals

Medicines

Others

The purpose of this part of the survey is to detieent there are factors other than cancer

that influence your sense of taste and smell. selaaswer the following questions as

best you can.

Do you wear dentures?

o o »

7 Are you currently bothered by your sinuses?
8  Does your sense of smell change from day to day?

9  Does your sense of taste change from day to day?

Are you currently bothered by hay fever and/orrgikes?

10 Has a doctor previously diagnosed you with anyetastsmell

problems?

11 Before your cancer, did you have any problems watlr sense of taste

or smell?

Have you had mouth and/or gum infections in the fvas years?

12 Do you smell “phantom odours™? (you can smell sdrimet but the

source of the smell is nowhere near you)

13  Are you taking herbal medicines?
If yes, which ones?
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Yes

Yes

Yes

Yes

Yes

No
No
No
No
No
No

No

No

No

No



14

15
16
17
18
19
20

Are you currently a cigarette smoker?

If you are not a current smoker, are you a forngarette smoker?
Do you receive acupuncture treatment?

Does a caregiver prepare the majority of your nieals

Do you prepare the majority of your meals?

Do you eat your meals alone?

Are you depressed?

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No

No

Some symptoms or problems can affect your abiitgat. Please indicate the extent to
which you experienced these symptoms or problerttseipast week, using a scale from

one to five, where 1 represents “not at all” améfresents “very often”.

21.

22.

23.

24.
25.
26.
27.
28.

29.

Not
at all
Do you have pain or soreness in your mouth, 1 2
your jaw or your throat?
Do you have problems swallowing liquids? 1
Do you have problems swallowing puréed foods?L 2
E.g. applesauce
Do you have problems swallowing solid food? 1
Do you have a dry mouth? 1
Do you have sticky saliva? 1
Do you have trouble eating? 1
Do you suffer from constipation? 1
Do you enjoy your meals? 1

30. Please list all the medications you are culydaking

Very
often

141



Appendix I.C.2 Interview post-treatment
TASTE AND SMELL PERCEPTION IN CANCER PATIENTS

Participant Number: Date: / /

There are 2 short sections to this survey

The purpose of this part of the survey is to deteent there are factors other
than cancer that influence your sense of tastesaredl. Please answer the
following questions as best you can.

1. Does your sense of smell change from day to day? Yes No

2. Does your sense of taste change from day to day? Yes No

3. Did the study medication make food taste better? Yes No

4. Are you depressed? Yes No
Not Very
at all often

5. Do you enjoy your meals? 1 2 3 4
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This part of the survey asks about changes in famd preferences with
the study treatment

6. Are there any odors that are unpleasant to you? yes no

If yes, which ones?

Typesof odorsthat are unpleasant Yes No

Food

Perfumes

Hospitals

Medicines

Others

7. Since starting the study treatment, do you avoidislike certain foods? yes

no
If yes, which ones?

Reasor(e.g. too bland, taste/smells funny, burning seosat

Foods | dislike or :
taste too strong, induces nausea...)

avoid

8. Since starting the study treatment, do you prefengoy certain foods?
If yes, which ones?

yes no

Reasor(e.g. sweet taste, salty taste, fatty, healthy,
crunchy, soft, easy to prepare, like the odor/das
satisfying, flavorful, bland, spicy...)

Foods Iprefer or enjoy

—
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Appendix I.D Side Effect Survey

Participant Number: Date: / /

Using the study treatment can make you feel different.
Have you noticed any of the following effects when using the study treatment and how did it affect
you?

Did not Enjoyable Neutral Unpleasant
experience
“High” (excessive
i O O O a
happiness/laughter)
Increased appetite O O | |
Hallucinations O | | |
Fear (paranoia) O O | a
Relaxation O | | |
Anxiety O ] m| O
Sleepiness ] m| m| O
Fast heart beat O | | O
Unsteady on feet O O ] a
Abnormal (fuzzy)
_ O O O O
thinking
Dizziness O | | O
Abdominal pain O ] m| O
Nausea O O | O
Heaviness in limbs O O O O
Noises seem louder O O O O
Quiality of sleep has
O O O O
changed

Other side-effects from the study treatment:
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Appendix I.E Macronutrient (Food) Preference Checkl st

Examine each individual item in turn to make yossessment. If you would like
to eat the foodht this momeniplace a check mark/Y on the line next to it. If not,
go on to the next item. Consider each item indegetig from the others. Do not
spend a long time on any item.

A roasted chicken breast
2 slices of raisin bread with butter or raarge
A milk chocolate bar
A medium sized peach
A baked potato
2 fried eggs
A grilled cod fillet
2 average sized tomatoes
A grilled pork chop
A small piece of cheesecake
A mixed green salad
2 dinner rolls
2 slices of roast beef lunchmeat
4 small cookies
A hamburger
A dish of strawberries
2/3 cup of canned tuna
2 pickles
A small piece of pie
A slice of baked ham
¥, cup of ice cream
A medium sized dish of baked beans
A carton of fat-free flavoured yogurt
A small bag of potato chips
2 slices of turkey breast lunchmeat
A dish of canned fruit salad in syrup
2 slices of cheddar cheese
A steak
2 sticks of celery
2 small brownies
A medium sized bowl of fried rice
A small slice of honeydew melon
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Appendix Il Modification and validation of a Macro nutrient
Preference Checklist for use in North America ™

I ntroduction

Assessing individual food preferences is usefutdidoring dietary advice as food
preferences are an important predictor of food gomion [1]. Food consumption
involves inputs from both appetite and reward systf?]. Food reward is described as
both theliking (hedonic) andvanting(motivation) of foods [3], which have recently bee
measured in humans as separate entities involviedehconsumption [4, 5].

Momentary food preferences describe foods an iddaliwould like to eaat that
momentand thus capture’s the willingness to eeiiting and potentially théiking of

the food item as well.

Currently, the most common method for measuring faeference is a 171-item food
preference checklist [6], on which participanterditeir level of liking or disliking for
each food item on a hedonic category scale, usadéipt scale [1, 7, 8]. This method
reveals preferences for food groups, includingrgraregetables, fruits, meat, dairy,
desserts, fats, sugars, and beverages [9]. Thédm food preference checklist is
useful for able populations; however, for the fedderly or chronically ill populations

this method may be too strenuous and impractiddbreover, this method only assesses
one dimension of food intake; tliking not thewantingof food items.

A.J. Hill's 32-item Food Preference Checklist [18}eals momentary preferences for
macronutrients rather than food groups and alsesass taste preferences for sweet
versus savory foods. In this method participaheck off the food items that they
would like to eatt that momenas individual items, not for a meal. Sevetadigs

have used Hill's checklist to assess momentary omatrient preferences and changes in
these preferences following a treatment, suchtastaneal [10-12]. Due to its ease of
completion and ability to assess momentary macri@mmitand taste preferences, Hill's
checklist would be particularly useful for the elgleor patients with chronic diseases for
whom dietary advice often focuses on macronutiigake €.g.high protein/high calorie
diets) [13] and where changes in macronutrientgoesfces commonly occur due to age
or disease-related treatmergsg(chemotherapy and radiation therapy). Howevés, th
tool was developed for use in the United KingdorK)&nd includes several food items
that are not common in North America.

The overall purpose of this study was to modify aalidate Hill's European 32-item
Macronutrient Preference Checklist (MPC) for us&lorth America with the goal of
generating a simple and quick tool to assess ma@aneniacronutrient and taste
preferences. The existing European checklistmadified to meet North American

food terminology, brands, and preferences. Th&M#Rs validated for content validity,
concurrent validity, test-retest reliability, amddrnal consistency. The second part of
this paper further confirms the validity of the MRCmeasure macronutrient preferences

10 A version of this manuscript has been submittefigpetite 2009
(authors Tristin Brisbois Clarkson, Theresa Mclsaadksiri A. Goonewardene, Wendy Wismer)
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in a North American population by comparing theuhessof the MPC to other published
works of factors influencing food preferences, sastage, gender, and appetite level.

M ethods
This study was approved by the Research EthicsdBafathe Faculty of Agriculture,
Forestry, and Home Economics at the University liefta.

Part 1 - Development and Validation of MPC for us@&orth America

Subjects

For Part 1, subjects (n=160) were recruited froehiversity of Alberta campus, a
shopping mall, and a local oil company’s officeditberta, Canada (May-August 2005,
Table I1.1). Subjects were eligible if they weneer the age of 18, fluent in English, and
able to provide informed consent. Vegetariansvexcluded as all high protein items
on the MPC are meat products.

Development of the MPC

The North American MPC used in this study was based previously validated 32-item
food preference checklist developed in the UK by. Alill [10, 14]. The MPC was
created by revising 4 namesd. potato crisps to potato chips) and substitutingflibe
original 32 food items for foods more commonly aamed in North America (Table
I1.2). The substituted foods were selected bgaart of nutrition and food science
professionals including a registered dietician.

The checklist consisted of commercially availaldeds that were either high in 1)
carbohydrates (HC); 2) protein (HP); 3) fat (HR)4d low in energy (LE). Each
category consisted of eight foods, four of whichreveredominantly sweet and four that
were savory, except for the HP category which &tedionly of savory foods. The

Food Processor Il Nutrient Analysis ProgfdntEsha Research, Salem, OR) was used to
ensure that each food item was within a 40 kilagalfkcal, 0.17 megajoule, MJ) range
(185-225kcal, 0.77-0.94MJ) so that energy contehhdt influence food selection as per
the original checklist [10]. The original chedtlincluded portion sizes for most items
(e.g.2 cookies) to ensure appropriate energy contenttidhcsizes which were not
included on the original checklist.g.a steak) were assumed to be based on
recommended daily intakes according to USDA fooapyd and Health Canada
guidelines. The Food Processor program was abs tasensure that the HF, HP and HC
foods contained at least 50% of total energy frbairtmacronutrient category
classification i¢e. fat content of a HF food item is at least 50% stdtal energy

content). Additional condiments.§.margarine or butter) were added to certain items
to increase their caloric content to the appropniange. For the low energy food
category the caloric content of each food wastless 80 kcal/item (0.33MJ/item) as per
the original checklist [10].

The MPC was scored based on the number of iterastedlin each category; 0-8 for
each of the four macronutrient categories for al tef°PC score of 0-32. In each of the
HC, HF, and LE categories there were 4 sweet qaftiods and 4 savory tasting foods.
Thus for the sweet and savory taste componentegscanged from 0-4 for each HC,

HF, and LE macronutrient categories and 0-12 ftal ®weet and savory taste scores. As
the HP foods were all savory, the HP macronutigategory was not scored in this way.
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Procedure

Subjects completed questionnaires on two occasinaesveek apart at approximately the
same time of day after eating a similar meal pidcevaluation [12] On the first
occasion, after providing written informed consguatiticipants completed a
demographic survey, appetite assessment [15], MRcliking of the MPC’s 32-food
items rated on a 9-pt hedonic scale [6]. As perariginal checklist [10], participants
were instructed to check off all food items thagytlfielt like eating at that moment and to
consider each item independent of one anotlefoid trying to make a meal). Self-
perceived appetite was rated prior to assessingomairient preferences as an
individual's willingness to eat preferred foods nmyinfluenced by their level of hunger
[14]. Appetite was assessed using a 100mm Sataigled Intensity Magnitude scale
(SLIM) [15], which assessddliness(score of 10 to 50), drunger(score of -11 to -50),
or neither hungry nor fuli,e. neutral (score of -10 to 9). In the second session,
participants (n=114) completed the appetite assass(BLIM) and MPC (for test-retest
reliability).

After piloting the MPC with 53 participants, tweihs showed a low average acceptance
rating (<6) on the 9-pt hedonic scale [7]. Thiéses,raisin bread with margarinend
canned salmanwere then modified taisin bread with butter or margarinendcanned
tunafor improved preference ratings. After these modifications, all items on the
MPC were rated similarly on the 9-pt hedonic s¢alerage 6.9, range 6.0-8.0). ltis
important that the items on the MPC are geneliédbd and have similar acceptance
ratings, so that the checklist results reflect maatrient preferences rather than
avoidance of generally disliked food items [14].

Part 2- Influence of age, gender, and appetite dtOvkcores

An additional sub-set of older participants (n=ifdyood health and who consumed
regular meals were recruited from six elderly lyiacilities in Edmonton, Alberta
(Table 11.1). The methods used were the same Barinl, with subjects participating in
the first visit only. Both sets of participants=@39) were included in further analyses
(Part 2).

Data Analysis

Statistical analyses were preformed in either tla¢isSical Package for the Social
Sciences (SPSS) for Windows (version 13, SPSS@iucago) or Statistical Analysis
System (SAS, [16]. All correlations reported wBesarson correlation coefficients.

The MPC was validated by comparison with the stechdgethod of measuring food
preferencesig. ratings of food items on a 9-pt hedonic scaleld by verifying its
test-retest reliability and internal consistency][1 Reliability ensures that the test is
consistent, dependable, and stable while validiyfies that the test accurately measures
what it is meant to measure [17]. To assess cograivalidity the MPC scores were
correlated with the 9-pt hedonic scale ratingdhefdame food items. To assess test-
retest reliability of the new MPC, MPC scores frtma two sessions were correlated.
Partial correlations were used to control for tfieas of gender, age, time of day, and
differences in appetite ratings. The internalsistency of the MPC was assessed using
Cronbach’s alpha. To discern if pilot data diéi@from the test data, the correlation
coefficients were compared using a method descelsmvhere [18]. This method was
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also used to determine if allergies and other spedets affected correlation coefficients.
For Part 2, PROC Mixed was used to determine diffees in the selection of the
macronutrient categories, and differences in agagg, gender, recruitment locations,
time of day, and appetite ratings (SLIM scoreg) three-way ANOVA was used to
determine differences in macronutrient prefereetaeen gender, appetite ratings, age
groups, and their interactions. For these anajys&ticipants were grouped into three
age categoriesiopingsubjects aged 18-29 (n=88)jddle agedsubjects aged 30-59
(n=66) andblder subjects aged 60+ (n=88). SLIM scores (0-100evgeouped into
three appetite categoridsil (10-50),neutral(-10 to 9) anchungry(-11 to -50) [15].

The frequency with which MPC items were picked wasipared using chi-square
analysis.

Results

Part 1

Concurrent Validity

MPC scores were significantly correlated with thgng of these items on the 9-pt
hedonic scale for all four macronutrient categoaed for taste components of sweet and
savory items (r=0.34, 0.47, 0.48, 0.36, 0.43, agd tor HC, HC, HF, LE, sweet, and
savory respectively, p<0.001); meanifign item was selected on the MPC this item was
also rated highly on the 9-pt hedonic scale. &lwesrelations were not significantly
different when pilot data were removed or aftededing participants with special diets
or allergies (p>0.05); therefore pilot data andipgrants with allergies (N=33), special
diets (N=8), and/or dietary restrictions (N=3) wereluded in analyses. Dietary
restrictions most likely did not influence resiscause the types of allergies/diets were
too diverse to affect a single macronutrient catggadPartial correlations were

performed to control for the effects of age anddgen After controlling for these

effects, all correlations remained the same, exicegghe HP category, for which the
correlation significantly improved when controllifgy age (r=0.372, p<0.001).

Reliability

Reliability analysis revealed the items in the fmacronutrient categories to have good
internal consistency with Cronbach’s alpha valuddR=0.76, HC=0.72, HF=0.64, and
LE=0.57. The MPC was highly reproducible. MRres for the two test sessions
were significantly correlated for all four macronent categories as well as for sweet and
savory items (r=0.79, 0.73, 0.76, 0.70, 0.79, Oang, 0.69 for HC, HC, HF, LE, sweet,
and savory respectively, p<0.001). PROC Mixedyses revealed that there was no
significant difference in MPC scores between the wsgits (p=0.907). HP category
correlations significantly improved when controllied age (r=0.81, p<0.001).

Part 2 — Factors influencing macronutrient prefeces

Appetite affected macronutrient preferences and MBC scores and this effect was
influenced by both age and gender. On averafpeds chose fewer items on the MPC,
especially savory foods.€. HP, HF savory, and total savory) when they walle
compared to aeutral or hungrystate (Table 11.3). Youngandmiddle agedsubjects
followed this pattern of choosing more items whengryand fewer items whefull,
whereas foplder subjects, appetite status had no influence oanf@unt of items

chosen on the MPC (Table 11.3). There were sigaiftly fewerolder subjects who
reported feelindhungry(23%), compared tmiddle aged65%) andyoungsubjects
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(52%) (p<0.0001). Older subjects more often reported feeling neither humgryfull
(neutral,49%) compared tmiddleagedandyoungsubjects (12% and 22% respectively,
p<0.0001). There was a trend @der subjects to prefer the LE savory items compared
to the other two age groups (p=0.0893).

Women also followed the pattern of choosing feveads wheriull, whereas men
equally preferred HP and HF foods regardless of #ppetite level (Table I1.3). A
greater percentage of men weregry(58%) compared to women (35%) at the time of
data collection (p= 0.0014). Women preferred b&ds compared to HC, HF, and HP
foods (p=0.0054) and men showed a similar tren@.(j568). Men preferred more HP
foods compared to women (p=0.0303), while womededrto prefer sweet foods more
so than men (p=0.1072 for total sweet foods, p=L¥tbr HF sweet, and p=0.0788 for
LE sweet foods). Time of day had no influencdamd preferences (p=0.3743).

Discussion

The modified MPC is a quick and easy tool for eaihg macronutrient and taste
preferences. Correlations were moderate betwde@ btores and the rating of these
items on the 9-pt hedonic scale. These corr@atiemained unaffected when
controlling for gender, but improved for the HPegairy when controlling for age
suggesting that age influenced preferences fomtlaisronutrient. Moderate correlations
were acceptable because the MPC and 9-pt hedal& measured slightly different
aspects of food preferences: the hedonic scalsssdgenerdiking of food items
(constant over time), whereas the MPC determinedilingnessto eat certain types of
foods and thus assessed morewhetingof foods at a point in time [4, 5]. As the MPC
and 9-pt hedonic scale results were moderatelelated, it is feasible that the MPC
measures not only thveantingof foods, but also thiking of these items.

Both Cronbach’s alpha values and test-retest aiioels confirm the reliability of the
MPC to measure momentary macronutrient and tasfenences. Test-retest
correlations were strong for the MPC scores ansktlterrelations remained strong when
controlling for age and gender. Test-retest datian coefficients in this study were
similar to those of the original European checl{ligf]. A limitation of the MPC is the
similar macronutrient composition for certain Héniis {.e. pork chop) and savory HF
items {.e. hamburger) as both are meat products. Therear&®ods that are savory,
high in protein, and low in fat and well acceptegdNibrth Americans, making it difficult
to identify HP items for the MPC that are uniquéifferent from HF items  Still, as all
items on the MPC have at least 50% of their cadac@ntributing to their designated
macronutrient category, we feel the MPC provideala assessment of macronutrient
preference.

A secondary objective was to further confirm the@®validity and use in elderly and
compromised populations, by comparing its resoltsther published works regarding
factors that influence macronutrient preferencest(®). As expected, when participants
werehungrythey picked significantly more items on the MP@npared to participants
who reported feelinfull. De Castret al[19] also reported hunger to influence
palatability and hedonic ratings of food itemsinl&ysonet al(2007) noted that both the
liking and wanting of HF foods was high when sutgegere hungry, but when subjects
were full only the liking of HF foods remained highd these foods were no longer
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wanted. It follows that savory foods are lesselipg in the satiated state, whereas
sweet foods might still be appetizing even whehduk to the rewarding aspects of these
foods,e.g. the consumption of desserts after a large meal [Z0jis may explain why
mainly savory foods were chosen less frequentlynaubjects wertull compared to

other food categories.

Fewerolder subjects reported feelifgungryat the time of data collection, compared to
youngandmiddle agedsubjects. With age, gastric motility is slowsthmach size and
sensory abilitiesi . taste and smell) are diminished, and physical igtis less

frequent; all of which contribute to decreased &pp§l2, 21]. Fooldersubjects, the
number of food items selected on the MPC was inugget of hunger level, suggesting
thatolder subjects found food items equally appetizing wtiery werehungryas when
they werdull. This may be in part due to the set meals aral times followed by the
majority of theolder subjects in this study as most resided in eldérigd facilities.

The lack of community dwelling older subjects iknaitation of this study, however the
observation that food choice in the elderly popatatends to be little influenced by
appetite is consistent with the literature; eldéelyd to have fewer cravings for high
energy foods and show general decrease in appatitenotivation to eat compared to
younger adults [22]. Thus it is possible thatetderly are less sensitive to the MPC and
similar questionnaires as the elderly do not exmee hunger the same way as younger
adults. In future food preference studies of dydeopulations, this limitation should be
considered as well as medications that may interféth appetite and/or taste and smell
abilities [21]. Stillolder subjects in this study displayed a preferencé.bsavory

foods compared to the two other age groups. fiteiference may be of concern because
the diets of elderly people are often low in caerand other nutrients leading to frailty
and weight loss [23].

Compared to women, men were less influenced bydrirgels in their selection of HP
and HF foods, suggesting that men found HP andod8d appetizing even in a satiated
state. Men generally consume more energy derosts fand thus more calories than
women [9], which may in part explain the preferefarethese foods even when feeling
full. Itis not surprising then, that overall menfpreed HP foods more so than women.
These results agree with those of Logue and Si@jtarid Wyant and Meiselman [9],
who reported greater preference for meats by mempaced to women. Pelchat [22]
noted that women had more frequent cravings foetsvend chocolates, as reflected in
our observed trend for women to choose more sweelsfcompared to men.

The MPC is a potentially useful clinical tool ag#n help tailor dietary advice. Tailored
dietary advice is important for those with comprsed nutritional statug(g.cancer and
AIDS patients) who require individualized counsglamd who may experience a change
in preference due to disease-related treatmeRediation and chemotherapy can destroy
taste buds and olfactory receptors [24] as wetlase learned taste aversions due to
post-treatment digestive malaise [25]. Ravasé mpted dietary advice to increase
food intake in colorectal cancer patients who nesgtiradiation therapy. The MPC may
be a quick and easy method of obtaining macromiteed taste preferences from frail
populations who may be unable to rate numerous iteots on a hedonic scale and in
research where a shift in macronutrient preferémespected due to a treatment or test-
meal [14].
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Conclusion

The MPC is a valid and reliable tool for measummgmentary macronutrient and taste
preferences. The MPC showed good internal carsigt test-retest reliability, and
concurrent and content validity. Therefore, the@Imay be used as a simple and
efficient method of assessing momentary macromitead taste preferences in future
research and clinical settings.
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Tablell.1 Demographics of the study population

Part 1 Part 2
n=160 n=239
Gender [n (%)]
Male 80 (50) 100 (42)
Female 80 (50) 139 (58)
Age [n (%)]
Young  18-29 yrs 85 (53) 85 (35)
Middle  30-39 yrs 29 (18) 29 (12)
40-49 yrs 21 (13) 21 (9)
50-59 yrs 16 (10) 16 (7)
Older  60-79 yrs 9 (6) 19 (8)
>80 yrs - 69 (29)
Recruitment Location [n (%)]
University of Alberta campus 100 (63) 100 (42)
Oil company’s office 49 (31) 49 (20)
Shopping mall 11 (6) 11 (5)
Elderly living facilities - 79 (33)
Time of questionnaire completion [n (%)]
Morning (before lunch) 104 (65) 142 (59)
Afternoon (after lunch) 42 (26) 83 (35)
Evening (before supper) 14.(9) 14 (6)
Allergies
Milk Products 8(5) 10 (4)
Other 25 (15) 33(12)
Dietary restrictions
Vegetarian* 12.(7) 12 (5)
Low Energy 5(3) 8 (3)
Religious 3(2) 8 (3)
Diabetes 2 (1) 10 (4)
High protein/High calorie 1(2) 1(<1)
Low sodium - 2 (1)
Modified Consistency - 2 (1)

*Excluded from analyses
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Table 1.2 Nutritional information for the 32-food items dfeMacronutrient Preference
Checklistand substitutions from the original European chstkl

Er(];:%)\lﬂ J) ZOarb ‘I):A]at ‘I):/’Oro Original Checklist Items

High Carbohydrate (HC)

Sweet

2 pieces of raisin bread with 206 (0.86) 61 29 10  Acurrant bun

butter or margarine

4 small cookies 213 (0.89) 50 45 5 gihgerbiscuits

A small piece of pie 208 (0.87) 55 42 3 A small slice of jam-filled
sponge

A dish of canned fruit in syrup 186 (0.78) 97 1 2 diah oftinnedfruit salad

Savory

A baked potato 188 (0.79) 91 1 8 A baked poteth a small
knob of butter

2 dinner rolls 192 (0.80) 71 16 13 A crusty white or brown
bread roll

A medium sized dish of baked 201 (0.84) 67 13 20

beans

A medium sized bowl of fried rice 191 (0.80) 63 30 7

High Fat (HF)

Sweet

A milk chocolate bar 225 (0.93) 41 54 5 Alarge Cadburys Flake

A small piece of cheesecake 193 (0.81) 30 63 7

¥ cup ice cream 225 (0.93) 40 52 8 2 lemon pancakes

2 small brownies 224 (0.93) 39 56 5 A cream filled chocolate
éclair

Savory

2 fried eggs 183 (0.77) 5 68 27 A small dish of fried
mushrooms

A hamburger 225 (0.93) 0 55 45 A medium sausage roll

A small bag of potato chips 214 (0.90) 37 58 5 1 % packets of potato crisps
(any flavour)

2 slices of cheddar cheese 200 (0.84) 1 74 25 2oZAwedgef cheddar
cheese

High Protein (HP)

A roasted chicken breast 187 (0.78) 0 25 75

A grilled cod fillet 199 (0.83) 0 12 88

A grilled pork chop 195 (0.82) 0 46 54 A grilled lean lamb cutlet

2 slices of roast beef lunchmeat 201 (0.84) 13 21 6 6

2/3 cup of canned tuna Half a cup ofinned salmon

A slice of baked ham 186 (0.78) 3 36 61 gilled lean piece of
gammon

2 slices of turkey breast meat 187 (0.78) 0 15 85 A dish of shelled prawns

A steak 225 (0.93) 0 38 62 dxilled ¥4 Ib rumpsteak
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Tablell.2 continued

Eré:g(l)\l/l J) (é/:(]arb (I):A]at (I):/’Oro Original Checklist Items
Low Energy (LE)
Sweet
A medium size peach 40 (0.17) 92 2 7
A dish of strawberries 46 (0.19) 81 11 8
A carton of fat-free flavoured 81 (0.34) A carton ofnatural yoghurt
yogurt 75 0 25
A small slice of honeydew melon 44 (0.18) 92 3 5
Savory
2 average size tomatoes 52 (0.22) 70 14 16
A mixed green salad 18 (0.08) 48 13 39
2 pickles 20 (0.08) 83 0 17 2 pickledonions
2 sticks of celery 10 (0.04) 73 8 19

Abbreviations: Kcal, kilocalories; MJ, megajoul@ris, carbohydrates; pro, protein
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Table 1.3 Effect of appetite, age, and genderMacronutrient Preference Checklist scores based on
SLIM appetite categories

Hungry Neutral Full

Mean SD Mean SD Mean SD p-value
Appetite
HP 28 02 2.6 0.4 1.7 03  0.0227
HF savory 16 01 14 02 11 02  0.0205
Total savory 48 03 38" 05 34 04 0.0423
Age* Appetite N (%) N (%) N (%)
Young 44 (52) 19 (22) 22 (26)
Middle 43 (65) 8 (12) 15 (23)
old 20 (23) 43 (49) 25 (28)
HP
Young 3.4 04 2.9 05 09 05 <0.0001
Middle 31* 04 28° 09 09 06 0.001
old 2.0 0.5 2.2 0.5 2.9 0.6  0.3476
HC savory
Young 1.5 0.2 1.3 03 04 03 0.0017
Middle 15 02 07 05 06 03 0.0297
Old 09 03 1.0° 0.3 1.8 03  0.0431
Total savory
Young 4.9 05 48 0.7 2.7 0.7  0.0097
Middle 4.8 0.5 3.2 1.3 2.3 0.8  0.0095
old 3.9 0.7 3.8 0.6 5.2 0.8  0.1632
Total
Young 13.8 1.2 12.4 1.8 8.4 1.7  0.0096
Middle 12.8 1.2 9.8 32 7% 21 0.0154
old 10.6 1.8  10.2 1.5 14.0 1.9 0.1318
Appetite* gender N (%) N (%) N (%)
Men 58 (58) 18 (18) 24 (24)
Women 49 (35) 52 (38) 38 (27)
HP
Men 3.2 0.3 25 0.7 2.8 05  0.1869
Women 28 03 2.8 04 07 04  0.0005
HF
Men 3.0 0.3 1.8 0.7 2.8 0.5  0.0894
Women 2.9 0.3 3.2 0.4 2.0 0.4  0.0467

Abbreviations: N, number of subjects; %, percentggubjects; SLIM, satiety labeled intensity
magnitude scale; SD, standard deviation; HP, higkem; HF, high fat; HC, high carbohydrate
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