University of Alberta

Comorbidity, body composition and the progressibadvanced
colorectal cancer

by

Jessica Rose Larkin Lieffers

A thesis submitted to the Faculty of Graduate ®sidnd Research
in partial fulfillment of the requirements for thegree of

Master of Science
in
Nutrition and Metabolism

Department of Agricultural, Food & Nutritional Soiee

©Jessica Rose Larkin Lieffers

Fall 2010
Edmonton, Alberta

Permission is hereby granted to the University iiefta Libraries to reproduce single copies of thesis
and to lend or sell such copies for private, sattylar scientific research purposes only. Wheretttesis is
converted to, or otherwise made available in diditan, the University of Alberta will advise potial

users of the thesis of these terms.

The author reserves all other publication and atighits in association with the copyright in thedts and,
except as herein before provided, neither the shesi any substantial portion thereof may be pdirte
otherwise reproduced in any material form whatspew#hout the author's prior written permission.



Examining Committee
Vickie Baracos, Oncology & Agricultural, Food anditNtional Science
Linda McCargar, Agricultural, Food and Nutritioradience

Konrad Fassbender, Oncology



Abstract
The purpose of this work was to further understaugitional status, especially
body weight and composition, during colorectal @rgrogression. Population-
based studies of colorectal cancer patients warduzied using administrative
health data (primary and co-morbid diseases, dempbagrs), and computed
tomography (CT) imaging (body composition). In odhl,administrative
health data was used to study comorbidities andgtiomial status in 574
colorectal cancer patients referred for chemotherdyultivariate Cox
regression revealed several comorbidities, perfaoaatatus and weight loss
20% predicted survival. In cohort 2, a serial Glge analysis assessed
longitudinal body composition changes during thst 122 months preceding
death from colorectal cancer (n=34). Body compaisithanges were typified
by exponential increases in liver metastases vatitarrent accelerations of
muscle and fat loss. These results have the paltémimake a difference in how
colorectal cancer patients are treated and resséimhdietitians, oncologists,

and health services researchers.
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CHAPTER 1: Introduction and literature review

1.1 Purpose

The main purpose of this chapter is to provide raeustanding of
nutritional status, more specifically body weightldbody composition, during
the progression of colorectal cancer, and howanismportant, yet underutilized
prognostic indicator.

1.2 Introduction

The Canadian Cancer Society reports that coloreatater is the third
most common cause of new cancer cases in both @watefemales and second
leading cause of cancer related death in Canadadi¢rall, men have a 1 in 14
chance and women a 1 in 15 chance of having cddreancer in their lifetime
(1).

Even though colorectal cancer screening processsesimproved
substantially over the last several years, manigpatare still diagnosed in the
advanced stages of disease (2), where treatmentsbr given with the intention
to prolong survival time or reduce symptoms. Mameéha 1 in 27 chance and
women have a 1 in 31 chance of dying from coloteaacer in Canada (1).
Overall 5 year survival rates from 1999-2005 follocectal cancer were 65.2%
for all stages combined and more specifically var8% for localized stages,
69.5% for regional stages and 11.3% for distargestqd?2). A representative
Kaplan Meier curve depicting survival by Americanni Committee on Cancer

(AJCC) stage is shown kigure 1-1(3). Patients with cancer are often very



interested in determining their survival time arfttio more so than those
suffering from other chronic diseases (4).
1.3 Cancer trajectories and prognostication

Cancer trajectories and prognosis are highly réladeone another.
Trajectories in health can be defined as the confrsgents following a cancer
diagnosis. Specifically, a cancer disease trajgésothe path a patient’s health
status follows after receiving a cancer diagno€iserall, they are commonly
characterized by a gradual health/functional deativer a timeframe of months
to years, with an accelerated decline in the fimagks to months of life (5-7).
Patients, health care professionals, and researaheinterested in determining
factors which affect both the length and patterthefdisease trajectory.

Prognostication, which is defined as a predictioa trecast of the future
course of events (i.e., death) based on presdnsstan also be described as
predicting the cancer disease trajectory. Prognmmn be estimated by physicians
based on clinical/subjective judgment, or by ustajistical methods
encompassing a large selection of indicators [83ease specific factors
including tumor type, stage, and grade (9) areq@stsome of the most important
prognostic indicators. Several patient specifmgmostic factors also exist which
can influence survival. These include age, gergharetic factors, symptoms,
performance status, psychosocial factors, comdrésdfthe concurrent presence
of non malignant disease) (8) and nutritional &fi0). These factors help to
explain why survival may be different in patientgshasimilar disease

characteristics.



Prognostication is of interest and important fange patients, their
families and health care professionals. Becautierdritional and medical
treatments are based on prognosis, it helps tordete what type of therapies
should be used. It also helps to determine whémeisppropriate time to transfer
patients into different care settings, if necessarg., palliative care) (7) and
allows the patient and their friends and familytan their remaining time.

Comorbidities and nutritional status, which arehbiatportant prognostic
factors, will be discussed in more detail in thisa@ter.

1.4 Comorbidities as a cancer prognostic indicator

The simultaneous presence of non-malignant dis€éasasrbidities) is
common in colorectal cancer patients and has be@nrsto be an important
contributing prognostic factor to overall surviyall-14). Comorbidity
information can be procured from different typeslafa sources (e.g., self report,
medical records, pharmacy records, and adminigé&rakata) (15).

Administrative health data is collected primariby billing purposes after
each encounter with the health system. It is eafppadvantageous in
population based studies. This is because itHealtility to capture relatively
accurate data at a low cost on populations frorardey geographical areas that
were treated at different facilities (15, 16). Gulation of this data begins after a
patient has encountered the health system whi¢tadaes events such
hospitalization or visiting a physician. After ngithe health system, information
including demographics, relevant diagnoses andgghares, admission and

discharge dates are extracted from patient chgrtehlth records personnel.



Diagnoses relevant to the encounter with the hegktem are coded using World
Health Organization (WHO) International Classifioatof Disease (ICD)
diagnostic codes.

World Health Organization ICD diagnostic codesamanternational
language used to track information on diseasesssgymptoms, causes of injury
and reasons for using the health care systemcitriently on its 19 version
which began use in 1992 (17). Canadian provinegalibto phase in this coding
system for hospital diagnoses in 2001 (18). InltBieversion, each disease, sign,
symptom, cause of injury and reason for using #adth care system is given a
unique alphanumeric code (e.g., C&talignant neoplasm of rectum). These
codes are used to track and compare health statuses of death and health
utilization patterns from different populations @&s large geographical regions.
They are also used to compile morbidity and mdytatiformation by the WHO
which allows comparisons between countries. Thkeses are used in different
settings for diverse purposes including billingalie services research and
epidemiology (19). For administrative inpatienspialization data in Alberta,
each abstract (or summary of the hospitalizatie@nBwontains spaces for up to
16 ICD diagnostic codes which can be used to olé&immation on
comorbidities.

Of interest for nutrition research is that weightlaautrition related
conditions can be captured using ICD 10 codes ductuprotein energy
malnutrition (ICD 10: E40-E46), obesity (ICD 10:@@&nd weight changes (ICD

10: R63.4: abnormal weight loss, R64: cachexia,. RG®normal weight gain).



There are also ICD 10 codes available to captuceamutrient deficiency
malnutrition (ICD 10: E50-E64) and micronutrienpleyalimentation (ICD 10:
E67). Of note, the ability of administrative héadtata to properly capture weight
and protein energy malnutrition related data hanlseiggested to be poor (20,
21), but remains unclear.

Comorbidities can be searched in administrativdtiheiata by choosing
the appropriate data source (e.g., inpatient halgmation data), the specific index
date or event and looking back in the data for atuddies recorded from
encounters with the health system occurring oretore that event. A time
period of 1 year from an index date has been corymaed in previous studies
to assess comorbidity burden (22-24). Longer loa¢k periods may identify
more information on comorbidities (with both anre&se in the number of
patients with comorbidities and the number of cdordities per patient).
However, others have found that the majority ofptadizations occur within 6-
12 months from an index date (25) and the comadrbglidentified only in
hospitalizations further from the index date maydss important compared to
those identified closer (22, 25).

After the database, index date and look back pérae been chosen,
ICD codes from the dataset can be aggregated intgpmmgs for different
comorbid conditions (22, 26-28). Two of the mospplar groupings for
comorbidities using administrative health datatheeCharlson (29) and

Elixhauser (26) methods.



The Charlson method (29) is the most well knownsusaused to assess
and risk adjust for comorbidity burden in admirasire health data for cancer and
other patient populations. It encompasses 19 tondiwhich were found to be
predictive of 1 year death in 559 hospitalized nmé medicine patients.
Originally, it was developed using a chart reviéwt it has been subsequently
adapted for use with administrative health data 222 28). Both the number and
severity of conditions are summarized in a singéégivted score. Even though
the Charlson method has been used to successfatljcpdifferent types of
outcomes in diverse populations (22, 29), severlds have been raised. These
include the inclusion of conditions that may nagict survival (e.g., history of
myocardial infarction at a distant prior time), wieis for the different conditions
that may not be appropriate for use for differespydations and outcomes beyond
the derivation cohort, and the concern that sisgtee indices are an
oversimplification of actual comorbidity complexi26, 28, 30). It has also been
suggested that using each Charlson comorbiditygoageas an individual binary
variable in statistical models may be a supergk adjustment method compared
to the score based measure (31). The Elixhausochevas created as an
attempt to address some of these limitations.

The Elixhauser method (26) is a newer approachiwlncompasses 31
conditions (including two weight related conditiondesity and weight loss); this
technique was developed and validated by predit¢tospital charges, in-hospital
mortality and length of stay using a large admraisie database encompassing

all 1992 California adult acute care inpatient hiadizations (n=1,779,167). The



Elixhauser method is not a single weighted scdwetlhe Charlson index; each
comorbidity category is treated as a separateygatitbinary variable).

Comorbidities are an important determinant of ootes and are a very
common finding in cancer patients. They are atsofex as patients can have
different types, combinations, and severities eédse. It is therefore important
to consider comorbidities and their differing impan outcomes when attempting
to determine the unbiased relationship betweema@gpendent variable and
outcome of interest (e.g., survival) in cancergras. The Charlson and
Elixhauser measures are two methods availabledreas this issue.

Risk adjustment is the process of accounting fffedinces in population
characteristics (e.g., age, sex, comorbiditieg afith the goal of obtaining the
true relationship between a specific independenalike(s) and outcome of
interest. This is an important process for most@me studies (32) and plays an
important role in model building.

In statistics, the overall goal of model buildirsgtd select the best and
minimum number of variables which will lead to aaebthat predicts an
outcome of interest and can be generalized to aimopulations (33). When
building a multivariate statistical model, in adlolit to including variables with
statistical significance at the univariate levek(p.1), it is important to include
those which have clinical or biological significan@3). Building a model using
this method will help to ensure an unbiased reteiip between the outcome and

independent variable(s) of interest.



The Elixhauser method is suggested to be a supmmoorbidity risk
adjustment method in hospitalized patients witlpiresory and cardiac conditions
(25, 34), and osteoarthritis (23) compared to thartSon method. Studies
comparing Elixhauser and Charlson in cancer patiaerd scarce (24). The
Charlson method is more commonly used to risk adguscomorbidities in
cancer studies; however, based on results fronr ptiygulations, this may not be
the best choice. This still requires further irtigegtion.

1.5 Nutritional status as a cancer prognostic indetor

Nutritional status has been described as an impiopt@gnostic factor in
cancer (10) and other diseases (35). It can heytitof as a person’s well being
in terms of the balance between intake and usetoients.

1.5.1 Malnutrition

Malnutrition can be defined when there is an exoesaore commonly a
deficiency of calories, protein and other nutriemtéch causes effects on one or
more of the following: body size, shape and compmsi function and outcomes
(36). In adults from developed countries, maltiatni is most commonly
associated with disease (35) (e.g., renal disédS#AIDS, neurogenerative
disease, liver disease, chronic heart diseasenichobstructive pulmonary
disease, and cancer, and often more severelysépten the elderly). Disease
associated malnutrition frequently results in & losbody weight and especially
fat free mass (FFM) ultimately due to requirementseeding intakes.

Malnutrition can be caused by a combination of onmore of the

following factors depending on the individual ahé tisease in question: factors



that can alter nutrient intake, factors that insesautrient losses, and factors that
increase nutrient requirements. Factors which raaylt in altered (or decreased)
dietary intakes could include gastrointestinal nligtons or medications which
may cause symptoms that hinder dietary intakesaut to anorexia (35).
Inadequate absorption of nutrients from the gastestinal tract can result in
increased nutrient losses. Systemic inflammatiahiacreases in other catabolic
factors can result in altered metabolism (35, 3id) l@ad to increases in resting
energy expenditure (REE), the amount of calorigeeagled at rest, to a
hypermetabolic state. A hypermetabolic state ieegaly regarded as a REE
110% predicted using methods such as the HarrisdenEquation (38, 39).
Social factors such as living alone and low edwocatl status (40) can also
increase the risk of malnutrition.

Typically malnutrition is associated with weighsand/or low BMI
values. However, because of the rise in obesitgenCanadian population (41)
and worldwide, this may no longer be completelydhgse. This rise in obesity is
directly relevant to the field of oncology and atlearonic diseases because
obesity is a well established risk factor for carexed many other chronic
diseases (42, 43). Using colorectal cancer axamgle, it was recently
estimated using the population attributable fractieethod that obesity was
responsible for 16.2% and 12.5% of colorectal caimcenen and women,
respectively in Canada (43). Therefore, we expety colorectal cancer
patients presenting for treatment are obese. Hewéus also important for

health care professionals to suspect malnutringmatients even in the presence



of obesity, especially if there has been involuntaeight loss (44) as this could
signal loss of skeletal muscle which may resuliarcopenic obesity. Sarcopenic
obesity can be defined as a muscle mass < 2SD libbhealthy young adult
mean in the presence of obesity (45, 46). It m@nlassociated with poor
outcomes (45-47).

Malnutrition has been reported to be associateld saveral types of
outcomes including decreased survival, increasetbiaioy (including surgical
complications, infections, poor wound healing, pperformance status, and
increased length of hospital stay) (35), increas®dplexity (48), and costs of
care (49-51). In order for these outcomes to begnted, it is important that
malnutrition is diagnosed and treated early.
1.5.1.1 Detecting Malnutrition with Nutrition Screening

In patients with malnutrition, early interventiontivnutritional therapy is
important to increase likelihood of positive out@sn The intention of nutritional
screening is to identify patients who are at nioinél risk by searching for factors
associated with malnutrition. Different tools swashthe Patient Generated
Subjective Global Assessment (PG-SGMgInutrition Universal Screening Tool
(MUST), Nutritional Risk Screening (NRS-2002), tiéni Nutritional
Assessment® (MNA®), and the Malnutrition Screeniiopl (MST) (52, 53)are
available to screen patients which can either Inepbeted by a health care
professional or sometimes by the patient themsel¥Végy frequentlgencompass
guestions asking about body weight, weight histbgyght, dietary intakes,

symptoms which may interfere with nutrition intaked other factors. Body

10



weight measures such as body weight standardize€ighit (body mass index
(BMI) [BMI = weight (kg) / height (M)]) and weight change, are perhaps the
most commonly used variables for this purpolsecancer patients, the PG-SGA
has been the most extensively validated nutriteeening tool, and is currently
the most well regarded and common tool in this petjan (52, 53).

Having different nutritional screening tools andheiques can be
regarded as beneficial as they may be better statddtect malnutrition in
different populations. However, the tools usehtligdifferent criteria (such as
different BMI and weight loss cutpoints, differemays to classify nutritional
intake compared to normal) to determine whetheateept is at nutritional risk.
This helps explain why there idarge diversity in reported prevalence rates of
malnutrition in different patient populations arehanake studies difficult to
compare (35, 54).

Patients who are deemed to be at nutritional nekfscreening should
undergo a full nutrition assessment by a dietianther nutrition professional.
A nutrition assessment is a more comprehensive ieedion of the patient to
determine their nutritional status which will allatve prescription of proper
therapies. It includes medical, social, and distohnies, anthropometry, body
composition, and biochemical measures (55, 56)aondld be repeated over time
to determine the effectiveness of the nutritiondpg (57).

1.5.2 Cancer related malnutrition
Malnutrition is common in cancer patients (58).climical settings, no

formal criteria exist and it can be assessed inynd#ferent ways, but it is
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commonly assessed in cancer patients using weaght(b9) starting at 5%
and/or BMI < 20. Weight loss can occur at différiimes during the cancer
trajectory. It can be among the first symptomsieéase for many patients and is
known to be highly prevalent near the end of tiseae trajectory (60). Itis
more prevalent in patients with solid tumors, asdeghdisease, and the elderly
(61). Dewys et al. (10) revealed that weight l@s$sonths prior to chemotherapy
was common in cancer patients where curative opticgre not possible.
Overall, across all tumor groups, a weight lossOB41vas reported in 17% of
patients and a weight loss of > 10% was reportedb®b of patients. Weight loss
was most common among patients with gastric andrpatic cancer.
Specifically, in colon cancer patients, 14% repbeveight loss of 5-10%, and
14% reported a weight loss > 10%.

Cancer patients develop weight loss at diagnosiglaoughout the rest of
the disease trajectory due to several factors detutumor type and stage (62).
The tumor itself may require energy for its ownasand may also cause
changes in host metabolism which can result irficieht use of nutrients and an
increase in whole body metabolic needs (63). Olveesting energy expenditure
(REE) is suggested to be higher in cancer patibats healthy individuals, but
high levels of variability have been reported (64;66). This variability is not
completely understood. Factors that predict hygéaivolism in cancer patients
include advanced stage disease, a longer durdatidisease, and an acute phase
protein response (60, 66, 67). Symptoms fromuhgot itself and the treatment

(such as abdominal fullness, taste changes, vagngind mouth dryness) have

12



also been found to be more common in patients wéight loss (68). These
symptoms may cause insufficient dietary intakeshewwe combine inadequate
dietary intakes in a person with increased needgyiwloss will occur because
the body is forced to draw upon peripheral enetgses to meet needs.

Malnutrition in cancer patients is associated wiiginy different types of
consequences throughout the disease trajectorseatssd survival, reduced
treatment response and poor quality of life areragrtbe most commonly
reported (10, 69). Body weight loss generally orgrthe cancer trajectory, with
an accelerated decline in the final weeks to moaottie (5), with cachexia
appearing in the end stage.
1.5.2.1 Cancer cachexia

Cachexia is a Greek term, kakos (bad) hexis (camgijtwhich translates
into ‘bad condition’ (i.e., severe skeletal musatal fat loss). Hippocrates (460-
370 BC) first described cachexia as a conditionrefie.the flesh is consumed
and becomes water... the abdomen fills with water félet and legs swell, the
shoulders, clavicles, chest, and thighs melt awayhis illness is fatal”. In
addition to severe weight loss, patients with caeh&equently possess a group
of unfavorable symptoms including anorexia, easlyety, edema, weakness and
anemia which results in several unfavorable outsmeuding decreased quality
of life, diminished performance status, poor treattrtolerance and decreased
survival (70-72). A classic post mortem analysiglg from the 1930s revealed

that cachexia was the cause of death in ~20% ofexilal cancer patients (73),

13



which is likely due to the loss of respiratory mesitinction (70) and poor
immune status.

Despite the number of advanced cancer patientstaffevith severe
weight loss, a formal definition of cancer cachéxas been lacking. This lack of
a formal definition was recently highlighted by Feixal. who found that the
prevalence of cachexia varied substantially depgndn the definition (74).
Fearon et al. (75) suggested that cancer cacheuld be considered present if a
patient had a 10% weight loss, a dietary intak&801kcal/d, and a c-reactive
protein (a marker of inflammation) > 10mg/L. Tarredy the lack of formal
criteria to define cachexia, a consensus definiias recently released which
defined cachexia as a complex metabolic syndromsecested with underlying
illness and characterized by loss of muscle witvitinout loss of fat mass (76).
Using the new definition, a diagnosis of cachexa be made if a patient has a
weight loss of 5% in 12 months (or a BMI < 20) and three or nafrthe
following criteria: decreased muscle strengthgiadi, anorexia, low FFM index,
and abnormal biochemistry (increased c-reactivéeprpanemia, low serum
albumin) (76).
1.5.2.2 Obesity and cancer weight loss

Obesity and cancer related weight loss is a conbeany topic and merits
a special discussion. Currently, it remains undiedealth professionals how to
evaluate the nutritional status of cancer patieitits are obese. Moreover, obese
patients and their families frequently believe @arassociated weight loss is

beneficial (77) which is not the case, especialhewweight loss encompasses
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skeletal muscle. There is also considerable debvateow to best feed obese
cancer patients. Should these patients lose wdigimg their disease, should
they maintain their weight, or should they try trgweight? One new
phenomenon we are beginning to better understashdnary help to partially
answer this question is that obesity may confamaigal advantage in some
patients. Over the past 5-10 years, research stgglpat being overweight or
obese is associated with prolonged survival ingpdsi with a diagnosis of a
wasting disease (78-80). This is because thesenpatre more likely to die
from the wasting disease rather than the riskscezetsa with excess body weight
such as type 2 diabetes and cardiovascular diséaseasting diseases, excess
adipose tissue becomes an energy reserve whidhecanrobilized in response to
catabolic processes. This has been termed theitglparadox” or “reverse
epidemiology” phenomenon because this is opposita how obesity affects
survival in the general population. Obesity in gemeral population is generally
associated with decreased survival.
1.5.2.3 Body weight, weight loss and cancer summary

Some weight loss mechanisms may be overtly evidestme patients,
such as a patient who is not eating. Unfortunatigpite the number of people
affected by both mild and more severe weight lass, Cachexia), many aspects
are still poorly understood. Further understanaifhigody composition and the
composition of cancer associated weight chang&elylstill needed to help

increase understanding of cancer associated Weigght
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1.6 Body Composition

Human body composition is a field of study over ¥8@rs old (81). It
can be studied on 5 different levels: atomic, malc cellular, tissue-organ, and
whole-body (82). The sum of all components at dacél of study is equal to
body weight.
1.6.1 Body composition assessment

Body weight is considered the easiest, lowest ewst,crudest measure of
body composition. It is a one compartment modehage is no measure of the
composition of the body. It does not even makesandtion between the fat
mass (FM) and fat free mass (FFM) (which encompaali@on fat tissues in the
body including bone) compartments. Body weigliteguently standardized to
height and reported as BMI. Body mass index isroomly used to determine
weight related health risk as it is correlated wviittal body fat. A high total body
fat is associated with diseases including diabétgsertension, heart disease,
gallbladder disease and some types of cancer £33,\8hen using BMI, it
should be understood that it has several limitati@3) including masking
guantities and/or changes in different body tissuleish may be associated with
different levels of risk and benefit. Body comgimsi measures are therefore
needed as they can provide more detail on therdiffdoody components
associated with different levels of risk.

Body composition assessment partitions the boaytimd or more
components. Many body composition studies useoactwmponent molecular

model that separates the body into FFM and FM coimeats. Different
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techniques are available to provide a whole botiynese of FFM and FM
including bioelectrical impedance analysis (BIAfar displacement
plethysmography (BOD POD®) (85, 86).

Dual energy x-ray absorptiometry (DXA) is a criteristandard method
that uses a three compartment molecular modglartitions the body into the
lean soft tissue (muscle, organs, and all otherfabtissues excluding bone
mineral), fat mass, and bone mineral compartmé&s (Unlike the two
compartment methods, DXA also has the ability wvate information on the
regional composition of areas such as the headk tind appendages. As such,
appendicular skeletal muscle mass, which is tred lean soft tissue mass in the
arms and legs, can be used as a surrogate for Wwhdieskeletal muscle.
Appendicular skeletal muscle represents ~73—75%hofevbody skeletal muscle
(87). When standardized to height}nit is commonly used as a measure for
sarcopenia (or low muscle mass usually defined 2Sx below the healthy
young adult mean) (88).

Some advantages of tools that partition the bottytimo or three
compartments are the relatively low cost afteritiitgal equipment expense, the
ability to perform rapid testing, and low risks esisted with the testing
procedures. Some disadvantages are lack of ataligcount for alterations in
hydration status, which is important in individualgh edema and ascites (89).
In addition, they do not partition the lean sadstie compartment into different
components with distinct relevance, such as ongané and skeletal muscle, and

the adipose tissue into subcutaneous, visceraim@anuscular depots.
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The tissue organ level examines the mass and gropaf different
tissues and organs in the body including adipaseiéi (visceral, intermuscular,
and subcutaneous depots), skeletal muscle (speuifscles), organs (e.g., liver,
spleen, heart, kidneys) and bone (82). This lef/etudy emphasizes that FM
and FFM are not homogenous compartments. SpdbifiEkM encompasses
muscle and organs which have different functiord gpecific metabolic rates.
For example, the specific metabolic rate of skéletascle is 13kcal/kg/d which
is much lower than the specific metabolic ratesoigans (e.g., 200kcal/kg/d for
liver, 240kcal/kg/d for brain, and 440kcal/kg/d feart and kidneys) (90). Itis
also known that high metabolic rate organs sudlivas brain, spleen, and
kidneys encompasses ~5—-6% of body weight despitg wesponsible for ~60%
of REE (90, 91). Because body composition (andenspecifically FFM (92)) is
the largest determinant of REE and organ massignaficant contributor, this
level of body composition has been used in the fgesticcessfully model REE in
healthy individuals (91, 93).

Computed tomography (CT) and magnetic resonancgingdMRI) are
criterion standard tools capable of measuring lmmigposition at the tissue organ
level. These methods involve taking a series @iges which can be used in
different ways to determine body composition. Aeseof images can be
analyzed to determine the tissue volume (94); theme can then be multiplied
by tissue specific densities to determine tissussnf@7, 95). In addition, muscle
and adipose tissue cross sectional area$) fcom transverse images taken at

standard vertebral landmarks (such as theigbar vertebrae (L3)) can be used
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to provide estimates of whole body muscle and afigissue stores in both
healthy adults (96) and cancer patients (97). ddwantages of CT and MRI are
their high validity and reliability (94, 98), howew the disadvantages are that
they are expensive, can have long testing timasneay or may not be able to
scan individuals with a BMt 40 (89). CT imaging also requires exposure to a
radiation dose that would be considered unethaahéalthy individuals. This is
not an issue in cancer populations as they re@iirecanning as part of routine
care. This part of the patient record is usudkgteonically stored and available
for secondary body composition assessment (97is avoids having the patient
undergo extra body composition tests for reseauchgses. This is important as
studies with advanced cancer patients with multgdts and interventions can
have high withdrawal rates (99, 100).
1.6.2 Body composition and cancer

Body composition research in colorectal canceraaded cancer, and
advanced colorectal cancer can still be considieréd infancy especially when
looking at measurement at the tissue organ leiveAsia, a few studies used CT
imaging to measure the impact of visceral adipssei¢ on overall survival (101)
and surgical outcomes (102-105) in patients witleceable colorectal cancer. In
advanced cancer patients, clinical trial studiesgisody composition as an
outcome measure or research assessing nutrititatas ©f this population from
the past 10 years have relied primarily on BIA (1l@®) and occasionally DXA
(100) to assess body composition. In additiongitolinal studies of body

composition changes in advanced cancer patientelatesely scarce (100, 110).
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Despite how commonly two compartment molecular m@s$hare used in
the literature to assess body composition, they modye the best approaches
based on work from 25 years ago when CT imagingfinstsused for body
composition assessment (111). Heymsfield and Mad4h10) reported in their
classic prospective case study evaluation of tliy lsomposition changes in
cancer patients that different lean soft tissuepamments (i.e., organ, muscle)
change in dissimilar ways over the cancer diseagectory. Specifically in
colorectal cancer patients, they found that livea apleen (which represent high
specific metabolic rate tissues) increased as stetaiscle mass simultaneously
decreased. This increase in liver mass may beadiwveo possible reasons. The
first is that liver metastases, which affect ~50%lbtolorectal cancer patients
(112), can cause increases in liver mass (113)er®lso report that the
increases in liver size in cancer patients mayugetd elevated rates of substrate
recycling, gluconeogenesis, and acute phase prsyeihesis (70, 114). These
findings suggest that if body composition is meadwhere different lean soft
tissues are considered a composite (such as iottwee compartment
molecular methods), changes in one type of leatrtisstie may mask changes in
another. This may have occurred in a study byd&auh et al. (100) who found
that the lean soft tissue mass in the trunk ineeas time to death neared,
whereas in the limbs of the same patients, leartisstie was found to have
decreased, which would be expected with cachexia.

The work by Heymsfield and McManus (110), althowglhy a case study

approach, suggests that body composition assessmasibrectal cancer patients
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should be performed at the tissue organ level.pDethese findings, most recent
body composition work in advanced cancer paties¢s BBIA (or DXA) which
are not able to discern quantities or changesfiardnt lean soft tissue
components. Furthermore, longitudinal studieswissing. This suggests further
work is needed in this area.
1.7 Summary

Many factors have the ability to affect cancertedeoutcomes which may
or may not be considered important by researchezdjcal and nutrition
professionals. Comorbidities are known to affestaer related outcomes and are
frequently accounted for in cancer studies. Howgethe best method to risk
adjust for comorbidities in cancer patients is unkn and previous work
suggests that the most commonly used method mayenibite best choice.
Nutritional status, despite being an important eamprognostic indicator has not
been consistently used by the medical communitipdicg oncologists in the
past (48, 115-119). Nonetheless, poor nutritistetus is often considered a
concern by patients and their families (120). matritional status to be
considered to be an important cancer prognosticamat, it is essential to further

develop our understanding in this area.
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1.8 Hypothesis

The purpose of this thesis is to investigate tileiong two hypotheses in

colorectal cancer patients:

1)

2)

Proper risk adjustment for unbiased survival prigalicwill encompass
disease stage, performance status, age, sex amtldities (both
body weight- and non body weight related conditjons

Colorectal cancer patients aféected by a viscerally driven cachexia
syndromeoriginating from increasing masses of high metatate
tissuesespecially liver, spleen, and tumor. The increadegh
metabolic rate tissues will result in an elevatesting energy
expenditure which will lead to loss of peripheiastes (i.e., skeletal

muscle and adipose tissue).
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1.9 Objectives
The objectives of this thesis are as follows:
Investigated in Chapter 2:

1) To assess how well the Charlson and Elixhauser daidity methods risk
adjust for comorbidities derived from administratimpatient
hospitalization data.

2) To assess the quality of obesity and weight lo$s daptured using
inpatient hospitalization administrative healthadebmpared to
prospectively collected clinical data.

3) To evaluate whether replacing the Elixhauser bodight-related
comorbidities derived with inpatient hospitalizatiadministrative health
data with cancer-appropriate weight variables arfopmance status
derived using clinical data improves the predictrosver of the
comorbidity measure.

Investigated in Chapter 3:

4) To retrospectively measure with CT imaging longitad changes in both
peripheral (i.e., muscle and adipose tissue) agld imetabolic rate (i.e.,
liver and spleen) tissues in a cohort of patientsng) the last year of life.

5) To estimate the effect of liver and spleen chamgeshole body resting
energy expenditure during the last year of lifeangsa computational
model of human metabolism.

6) To prospectively evaluate the relationship betwesting energy

expenditure determined by indirect calorimetry angin mass.
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A timeline showing where these studies are situaiékle colorectal cancer

disease trajectory is shown in Figure 1-1.
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Figures
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CHAPTER 2: A comparison of Charlson and Elixhausercomorbidity
measures to predict colorectal cancer survival usgnadministrative health

data

2.1 Introduction

Cancer survival is related to primary malignancgrelsteristics such as
site and stage, and patient variables such asgexand performance status. The
concurrent presence of non-malignant diseases (dodites) is common and
has been shown to be an important contributingpfaotcancer survival (1-4).
Cancer patients who are70 years typically have 3 comorbidities (5), ofigth
cardiovascular disease and hypertension are arhengdst common (6).
Importantly, weight-related conditions such as umegght, obesity and
involuntary weight loss also predict cancer surv{(va8). Exclusion of any of
these relevant explanatory variables would resutiased estimates of survival.
We suggest that disease features, demographicgoamabidities including
weight-related conditions should all be considenecancer risk adjustment
models.

Inpatient administrative health data is an infoliorasource often used to
identify comorbidities recorded with Internatior@zlbssification of Disease (ICD)
diagnostic codes. The Charlson index (9) is thetraommon measure to assess
comorbidity in cancer patients with ~1000 citatieimgce 2005. It was originally
based on the risk of 1 year death for 19 conditiorEb9 hospitalized internal

medicine patients. The Elixhauser method is a mexent approach which
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encompasses 31 conditions; this technique was alga@land validated by
predicting in-hospital mortality, length of stayidahospital charges using an
administrative database encompassing all aduleazare inpatient
hospitalizations that occurred in 1992 in Califar(m=1,779,167) (10).
Elixhauser is suggested to be a superior risk adgist model in hospitalized
patients with cardiac and respiratory conditioris (12), and osteoarthritis (13).
About 70 citations using Elixhauser in cancer sgadiave appeared since 2005,
showing its emerging popularity. Only one studyléde has compared
Elixhauser with Charlson in cancer patients (14).

Weight loss and obesity are included in the Elibdsubut not the
Charlson measure. Involuntary weight loss is @ependent prognostic factor
for poor treatment response and reduced survivemeer patients (7). Obesity
(defined as a body mass index (BMIBOkg/nf) is normally regarded as a risk
factor for decreased survival in the general pdmnavhen all-cause mortality is
considered (15); however, recent reports suggasiritwasting diseases
(including cancer and renal disease) patients @ab#sity have longer, not
reduced survival, compared to patients with a loBMI (8, 16, 17). It is also
presently uncertain how body weight features shoelthcluded for risk
adjustment in cancer survival models and whethenthnner in which they are
captured in administrative data and included inEmehauser method
corresponds to what is currently known about tlmepact on survival in cancer

patients based on clinical data.
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We studied a population-based cohort of stage Itd\orectal cancer
patients to further develop our understanding adinogl risk adjustment
procedures in cancer survival research. Buildipgnua base model which
included age, sex, and stage, we sought to imprevenodel by adding either
Charlson or Elixhauser comorbidities to determheeltetter risk adjustment tool.
We also evaluated whether adding performance staiseplacing Elixhauser
weight-related conditions with more cancer-apprteriveight variables derived
using clinical data improved the model’s predictpaaver.

2.2 Methods

Ethical approval was obtained from the Alberta @arRRoard Research
Ethics Board.

2.2.1 Patient population, demographics and cancertated variables

All Alberta residents with stage II-IV colorectamcer (ICD-O: C18-C20
excluding appendix cancer) (18) who visited a natiemt medical oncology
clinic at the Cross Cancer Institute (Edmonton, &ia) between June 8, 2004 and
March 31, 2006 were included. This single tertieapcer facility in northern
Alberta (population 1.8 million) handles almost @&I195%) referrals for
consideration of chemotherapy or radiation therafyge, sex, stage, tumor site,
and date of death were obtained from the Albertac€aRegistry. The first
clinic visit date was our index date and the poirtime at which stage was
established and from which survival time was questti All patients were

followed for > 3yrs. Cancer stage was defined gigie American Joint
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Committee on Cancert?GEdition) stage groupings I, II, lll, and IV (19Y.he end
date of our study was June 9, 2009.

Height, weight and weight history were patient-né@od variables
obtained from the Patient Generated Subjective &labsessment (PG-SGA)
(20). The PG-SGA is a clinical tool used for nudnal screening of cancer
patients and is completed at this clinic visit.If-$eported height, weight and
weight history have been found to be reliable messsin healthy adults (21, 22)
and cancer patients (23). The PG-SGA includegsfameance status score
(patient-reported version of the Eastern Coopezd@ncology Group (ECOG)
performance status): 0 = normal with no limitatiohs- not my normal self, but
able to be up and about with fairly normal actesti 2 = not feeling up to most
things, but in bed or chair less than half the @ay;able to do little activity and
spend most of the day in bed or chair; 4 = pretiiglmbedridden, rarely out of
bed.

2.2.2 Comorbidities

Comorbidities were obtained from inpatient hospitgion administrative
data provided by Alberta Health and Wellness, tienay responsible for
administering the provincial health care plan. slttaset includes all inpatient
hospitalizations that occurred in any Alberta hta@nd includes up to 16 ICD-
10 diagnostic codes for each hospitalization. kabpations that occurred in the

year prior to the index date were included in thlewation of comorbidities.
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2.2.2.1 Charlson and Elixhauser methods

Comorbidity burden was quantified using the Charland Elixhauser
methods which have validated coding algorithmslalsée for ICD-10 codes (24).
All diagnostic codes from each hospitalization wesarched to identify codes
specified in the Charlson and Elixhauser algorithf@mary variables were
created indicating presence or absence of eacHisBhand Elixhauser
comorbidity. Patients who were not hospitalizethia year prior to the index
date were considered to have no comorbidities. @biaity categories involving
cancer were excluded and those witB occurrences were omitted for statistical
reasons.
2.2.2.2Augmented Elixhauser method

Both ECOG performance status and clinical body hedgta were used
to augmenthe Elixhauser method. All comorbidities not relatedobdy weight
were derived using administrative data. Two weigldted variables were
created using PG-SGA data for taggmentedElixhauser method: abnormal
weight loss, and abnormal BMI. These variablesraportant because colorectal
cancer patients are normally a weight-losing papaiamean 6 month weight
loss for our population 6.7 = 7.8%) and risk of tthéa cancer patients increases
at lower BMI values (1, 25, 26). Abnormal weigbs$ was defined as loss>of
20% within the past six months (i.e., Grade 3 weigbs from theéNational
Cancer Institute Common Terminology Criteria forvedse Events (v3.])
Abnormal BMI was defined as < 20kg/na value consistent with a diagnosis of

cachexia (27).
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2.2.3 Statistical Analysis

Analysis was conducted in three stages. In eage stagression models
were fitted and comorbidities were determined amaiged using each of the
following methods: 1) Charlson; 2) Elixhauser; pmBgmentedlixhauser.

Two- and 3yr survival (robust Poisson regressiany] overall survival (Cox
regression) were the outcome variables. Becau$¥/4-of the population had the
outcome, robust Poisson regression was used instdagistic regression to
avoid overestimation of risk ratios (28, 29).

First, unadjusted hazard ratios (HR) and incideate ratios (IRR) were
calculated for each Charlson and Elixhauser cordaybvariable using Cox and
robust Poisson regression models; corresponding&@sttdence intervals for
each estimate were also determined.

Second, adjusted Cox and robust Poisson regressidels were fitted.
Models included variables with well-accepted asstomns with survival (i.e., age,
sex, and stage), as well as all the comorbiditjaées using Charlson,
Elixhauser, an@dugmentedElixhauser approaches. For each individual
comorbidity, we calculated adjusted HR, IRR, andesponding 95% confidence
intervals. Age was treated as a continuous vaigd) and performance status
was dichotomized by combining scores 0-1 and 2-+dpesent good and poor
performance status, respectively (7, 23).

Finally, robust Poisson regression models were evetpto determine
which of Charlson, Elixhauser, augmentedlixhauser best predicts 2- and 3yr

survival. Each regression model encompassed ot @firee comorbidity

40



methods as well as age, sex, and stage. We adaated a base model which
included only age, sex, and stage.

To determine which comorbidity method was the Ipestlictor of
survival, change in the concordance (c) statiséis wested using the roccomp
command in Stata (31). This command tests foedkfices between two
correlated receiver operating characteristic (R@&Yyes (32), a graph of the true
positive rate vs. the false positive rate. Theatstic is equivalent to the area
under the ROC curve (33); in this case, the prdibalthat someone who died has
a higher predicted probability of dying than somearho did not die in the
specified timeframe. A c statistic of 0.5 indicatbe model predicts the outcome
as well as chance (i.e., equal numbers of trudasd positives), 0.7 to <0.8 is
acceptable discrimination, 0.8 to <0.9 indicateseignt discrimination, 0.9 to
<1.0 is outstanding discrimination and, 1.0 is @efrprediction (34). Other
comorbidity measure validation studies with binangcomes have used this
method (11, 12, 14). To ensure that our modelvea®verfitting, we internally
validated our robust Poisson regression modelgyusmfold cross validation
(35). We then took all of the predicted probatastgenerated from the 10
models and generated a single ROC curve. Thisepsowas carried out
separately for 2- and 3-year survival for each rhode

SPSS v17.0 (SPSS Inc, Chicago, IL) and Stata (Bidda Corp, College
Station, TX) were used for statistical analysidl tésts were two sided andwas

set at 0.05.
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2.3 Results
2.3.1 Demographic and cancer-related variables

There were 574 patients included, 486 (85%) of whaere hospitalized
in the year prior to the index date in a total 64 hospitalizations. Population
characteristics are listed Trable 2-1 No differences in age, sex, and
performance status were observed between hospiladizd non hospitalized
patients.
2.3.2 Comorbidities
2.3.2.1 Charlson and Elixhauser Comorbidities

Overall, 25.6% had 1 Charlson comorbidities and 7.5% of those patient
had> 3 comorbidities.Table 2-2presents the frequency of each Charlson
comorbidity and their unadjusted and adjusted HRI&RR. The following
Charlson comorbidities were dropped from statistcelyses due to low counts
(i.e.,< 3 patients affected): peripheral vascular disedmimatic disease,
hemiplegia or paraplegia, moderate or severe thagase, and HIV/AIDS.
Diabetes without complications, chronic pulmonaisedse and myocardial
infarction were the most common conditions. Indhadjusted Cox regression
models, congestive heart failure, dementia, andlrédisease were significant
predictors of survival but only renal disease wgaificant in the adjusted model.

Overall, 46.5% had 1 Elixhauser comorbidities and 26.9% of those
patients had 3 comorbidities.Table 2-3presents the frequency of each
Elixhauser comorbidity and their unadjusted andistdjd HR and IRR. The

following Elixhauser comorbidities were droppedniratatistical analyses due to
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low counts (i.e.< 3 patients affected): peripheral vascular dis@adearalysis,
peptic ulcer disease, rheumatoid arthritis, coguatloy, drug abuse, alcohol
abuse, psychosis and HIV/AIDS. The most frequdéimhBuser conditions were
uncomplicated hypertension, uncomplicated diabeted cardiac arrhythmias. In
unadjusted Cox regression models, congestive feelnte, cardiac arrhythmias,
renal failure and fluid and electrolyte disordemrsrgvsignificant predictors of
survival. Cardiac arrhythmias, uncomplicated higresion and fluid and
electrolyte disorders were significant predictorshe adjusted Cox regression
model. Unlike other comorbidities, uncomplicatgghértension was positively
associated with survival.

Pair wise correlations between the comorbiditidsndt reveal any
collinearity issues amongst different conditionshivi the Charlson and
Elixhauser measures.
2.3.2.2Augmented Elixhauser comorbidities

Only 1.0% of hospitalized patients had an ICD ldydbosis of weight loss
recorded, however 4.5% of our cohort reported glatdoss of> 20%. Weight
loss derived using only administrative health deés not a significant predictor
of survival. However, weight loss derived using #0% cutpoint from the self-
reported data was significant in both the adjustedl unadjusted Cox regression
models. Approximately, 6.6% of patients had a B\VAOkg/nf (27). Low BMI
was significant predictor of survival in the unagtpd Cox regression model and

tending towards significance in the adjusted modRgrformance status was a
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significant predictor of survival in the unadjust@ad adjusted Cox regression
models.
2.3.3 Robust Poisson regression model discriminatio

The c statistics for Elixhauser and Charlson cdnaity measures
adjusted for age, sex, and stage for 2- and 3+yinal are reported iffable 2-4
A base model (age, sex, and stage) with no comitidscglready demonstrated
excellent discrimination (i.e., ¢ statistics > 0(@&) 2- and 3yr survival. Adding
Charlson comorbidities as individual binary varegbfenerated a model that was
not different from the base model (2yr: p=0.14,:3%0.17). The addition of
Elixhauser comorbidities to the base model, howewnereased the c statistic by
0.027-0.028 compared to the base model (2yr: pBA0Byr: p=0.0017). The c
statistic for the Elixhauser comorbidities was Q. @&gher compared to the
Charlson comorbidities and significantly differ¢@yr: p=0.018, 3yr p=0.016).
The addition of thaugmentedlixhauser variables to the base model also had
higher discrimination compared to the base modeieal2yr p=0.0003, 3yr
p=0.0001). Thaugmentedlixhauser method achieved a higher c statisaa th
the standard Elixhauser method for 2yr (p=0.026) not 3yr (p=0.13) survival.
The c statistics for models with either the Charl§®) or Elixhauser (36)
weighted scores added to the base model weregrofisantly different from
those of the base model alone. The ten-fold cvaidated c statistics ranged
from 0.804 to 0.839 for all models, including thessb model, Charlson, and

Elixhauser (normal andugmentejlfor both 2- and 3yr survival.
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As stage is a variable with substantial discrimorapower in this
population (c statistics: 2yr: 0.777, 3yr: 0.790% tested the differences in
comorbidity measure performance adjusted for agesar separately by stage
(Table 2-95. The highest c statistic in the base modelsabaerved in stage Il
patients. For all stages and survival times, tinehBuser ancaugmented
Elixhauser methods had significantly higher disenation compared to the base
model (i.e., age, sex). The greatest increasestatestic contributed by the
addition of the Elixhauser comorbidities was for 8yrvival in stage Il patients
(increased from 0.683 to 0.838). Overall, fogmentedElixhauser had higher ¢
statistics compared to the standard Elixhauser adetiowever, this did not reach
statistical significance except for stage 1V, 3ynsval. This analysis clarifies
that c statistics vary by stage, but that the dveomclusions stated above were
also true within stage, including a lack of disanation by Charlson model and
statistically increased discrimination by Elixhauseethod.

2.4 Discussion

As cancer is largely a disease of the elderly whguently possess
multiple comorbidities, it is essential that thesty@easure is used to control for
additional conditions which may impact survivalmé&rging recent evidence,
largely from non-cancer populations suggests tiatlixhauser method is a
superior comorbidity risk adjustment model comparcethe Charlson method
(11, 12). Despite these findings, the Elixhausethrod has not been popular in

cancer studies perhaps due to few reported conpparisith the Charlson
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measure and concerns regarding the inclusion ooy explanatory variables
(i.e., 30+), thus requiring a fairly large samplees

We found that the Elixhauser measure is a supeoimorbidity risk
adjustment method with a significantly higher dista for both 2- and 3-year
survival than the Charlson measure (Table 2-4/né&peasons for this may be
due to the lack of comprehensiveness of the Chademorbidities and because
it was designed to predict one year survival. &ahstudies with colorectal
cancer patients are generally focused on 2 to bsteaival. Baldwiret al is the
only published comparison of the Charlson and Eluder methods in cancer
patients (14). A strength of that study is than@duded both outpatient and
inpatient administrative records data; howeverpeieve our analysis better
addresses the question of whether Charlson or &lisér is a better comorbidity
risk adjustment model in cancer patients. Our faimn encompassed patients of
all ages (i.e., not just thoze66 years) with different stages of disease @tage
[I-1V, not just stage Ill), used different survi@tnes to determine when
comorbidities exert their influence, used all cans®tality, and most
importantly, compared unbiased estimates (c s@tist identify the best
prediction model. Although Baldwigt al examined whether the different
comorbidity measures significantly add to a basdehoontaining standard risk
adjustment variables including age, sex and r&es, did not conduct statistical
comparisons from which concrete conclusions coeldiawn about which

method is best.
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Overall, the c statistics for all cause mortaliy the different comorbidity
measures are similar to or slightly higher tharugalreported in other patient
populations (11, 12, 24, 37); it will be of interés determine how the two
approaches compare for other cancers than the sypéied here. It is important
to do this analysis by cancer stage, since stagsdlf already exerts substantial
survival discrimination. This analysis clearly ealed that the addition of
comorbidities has a larger improvement on survpratliction for stage Il patients
and the magnitude of this effect decreased forestd¢jand IV. This would be
expected as stage Il patients have substantiajlyehi5-year cancer-specific
survival rates compared to stage Il and IV pasentd, therefore, are more likely
to die from a condition other than their cancenthgerson with more advanced
disease. The increased importance of comorbiditgss aggressive compared to
more aggressive cancers has been previously segg@&). Regardless of stage,
however, the Elixhauser method was better thaiCtielson method.

In spite of the likely under-reporting of weighskand obesity in
administrative data noted in this study and otl(®@s 24, 37, 39,40), the
replacement of administrative data with clinicaligie data for obesity and
weight loss Elixhauser comorbidities did not impedlie predictive performance
of the method. Two conditions significantly relhteith survival (congestive
heart failure and renal failure) are well-known s@&i0f cachexia and wasting
(27) and it may be that the addition of weight Idaga adds little to an analysis
where these conditions are already accounteddader-reporting of weight-

related data in administrative data sources majuleeto poor recording of these
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features in medical records, the ICD codes availabidentify weight related
conditions (i.e., abnormal weight loss (ICD 10: RgBhave no specific defining
cutpoints, and/or the lack of incentive to recdnd information.

Testing comorbidity measure performance in diffecancer cohorts is
worthy of future work. This will ensure that thedb risk adjustment model is
used to test the relationships between emergirighlas and cancer survival.
The lack of significance in most of the comorbiestin the adjusted models
shown in Table 2-3 suggests a good predictive mimdedurvival may only need
to include a few comorbidities. Now that we has&blished the value of the
Elixhauser method, it can now be used to risk-ddjuliture cancer studies
evaluating the effects of various treatment moalibn survival.

2.5 Conclusion

Our study is the first to directly compare the O$am and Elixhauser
comorbidity measures using the appropriate unbiasgehate in patients with
colorectal cancer. Choosing optimal risk adjustrmeethods is essential to
ensuring the report of unbiased relationships betvwan independent variable and
outcome of interest. Standardized and comprehemisk adjustment protocols
to control for differences in baseline status wadlve important future applications
in many domains of oncology and will allow for leettomparison between

studies.
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Tables

Table 2-1: Population characteristics (n=574)

Age (years)
64 +12
Range: 32—-9(
Sex (%)
Male 58.4
Female 41.6
Primary Tumor Site (%)
Colon 62.2
Rectum 25.6
Rectosigmoid Junction 12.2
Cancer Stage (%)
Il 27.7
1] 33.3
v 39.0
BMI Category (%)
BMI < 20 6.6
BMI 20-24.9 36.1
BMI 25.0-29.9 37.6
BMI > 30 19.7
Performance Status
Score (%)
0 24.4
1 52.3
2 13.2
3 8.5
4 1.6




Table 2-2: Prevalence of Charlson comorbidities andelationship with all cause mortality in stage 2-4olorectal cancer
patients (n=574)

n (%) Cox Regression Robust Poisson Regression
with CM Died < 2yrs Died < 3yrs
(184 died, 390 survived) (230 died, 344 survived)
Unadjusted HR| Adjusted HRT | Unadjusted IRR| Adjusted IRRT | Unadjusted IRR| Adjusted IRRT
[95%CI] [95% CI] [95%CI] [95% CI] [95%CI] [95% CI]

Myocardial infarction| 31 (5.4) 1.1 0.98 1.1 0.96 1.1 1.1
[0.69, 1.9] [0.54, 1.8] [0.68, 1.8] [0.61, 1.5] [0.76, 1.7] [0.75, 1.5]

Congestive hearnt 19 (3.3) 2.2 1.9 2.0 1.6 1.6 1.2
failure [1.3, 3.8] [0.99, 3.8] [1.4,2.9] [0.87, 3.0] [1.1,2.3] [0.70, 2.1]

Cerebrovascular 7 (1.2) 0.27 0.21 0.44 0.85 0.35 0.67
disease [0.038, 1.9] [0.024, 1.8] [0.072, 2.7] [0.11, 6.4] [0.057, 2.2] [0.095, 4.7]

Dementia| 6 (1.1) 3.1 1.7 2.6 2.0 25 2.3
[1.4,7.0] [0.61, 4.7] [1.8, 3.9] [0.83, 4.9] [2.3, 2.8] [1.1,5.1]

Chronic pulmonary 37 (6.4) 1.4 0.94 1.3 0.84 1.4 0.98
disease [0.89, 2.2] [0.58, 1.5] [0.86, 1.9] [0.55, 1.3] [1.0,1.9] [0.69, 1.4]

Peptic ulcer disease 5 (0.9 1.3 15 0.62 0.63 1.0 0.96
[0.42, 4.1] [0.48, 4.7] [0.11, 3.6] [0.14, 2.8] [0.34, 2.9] [0.56, 1.6]

Mild liver disease| 6 (1.0) 0.30 0.51 0.52 0.78 0.41 0.62
[0.042, 2.1] [0.071, 3.7] [0.086, 3.1] [0.32, 1.9] [0.069, 2.5] [0.24, 1.6]

Diabetes without 65 (11.3) 11 11 1.1 1.0 1.1 1.0
complications [0.73, 1.6] [0.72, 1.5] [0.74, 1.5] [0.75, 1.4] [0.80, 1.5] [0.80, 1.3]

Diabetes with| 7 (1.2) 1.9 0.83 1.8 0.62 1.4 0.70
complications [0.69, 5.0] [0.19, 3.6] [0.94, 3.5] [0.34, 1.1] [0.75, 2.7] [0.42, 1.2]

Renal diseas¢ 11 (1.9 2.5 3.3 2.0 1.9 1.6 15
[1.2,5.0] [1.2,9.1] [1.3,3.2] [1.2,3.0] [1.0, 2.5] [0.99, 2.2]

Bold values were significant (p<0.05), valuestalics represent marginal p values (0.05 < p <0.1).
tHR (hazard ratio) and IRR (incidence rate ratamjusted for age (continuous variable), sex, stage,all comorbidities listed in table.
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Table 2-3: Prevalence of Elixhauser comorbiditiesrad relationship with all cause mortality in stage 24 colorectal cancer
patients (n=574)

n (%) Cox Regression Robust Poisson Regression
with CM Died < 2yrs Died < 3yrs
(184 died, 390 survived) (230 died, 344 survived)
Unadjusted HR| Adjusted HRT | Unadjusted IRR| Adjusted IRRT | Unadjusted IRR| Adjusted IRRT
[95% CI] [95% CI] [95% CI] [95% CI] [95% CI] [95% CI]
Elixhauser

Congestive Heart 19 (3.3) 2.2 1.7 2.0 2.1 1.6 1.6
Failure [1.3,3.8] [0.87, 3.4] [1.4,2.9] [1.1,3.8] [1.1,2.3] [0.88, 2.8]

Cardiac arrhythmias 52 (9.1 1.6 1.6 15 1.4 1.2 1.1
[1.1,2.3] [1.0, 2.5] [1.1,2.1] [0.98, 1.9] [0.91,1.7] [0.79, 1.4]

Valvular disease 10 (1.7 1.8 0.58 1.6 0.65 1.3 0.63
[0.83, 3.7] [0.21, 1.6] [0.84, 3.0] [0.32,1.3] [0.67, 2.3] [0.34,1.2]

Pulmonary circulation 11 (1.9) 1.7 1.4 1.4 0.92 1.6 0.99
disorders [0.80, 3.6] [0.61, 3.2] [0.74, 2.8] [0.49,1.7] [1.0, 2.5] [0.63, 1.6]

Hypertension without 140 0.92 0.60 0.89 0.62 0.88 0.68
complications| (24.4) [0.69, 1.2] [0.43, 0.84] [0.66, 1.2] [0.46, 0.85] [0.69, 1.1] [0.53, 0.88]

Hypertension with| 12 (2.1) 2.0 0.60 1.9 1.1 15 0.98
complications [0.98, 4.0] [0.12, 2.9] [1.1, 3.0] [0.55, 2.1] [0.90, 2.4] [0.58, 1.7]

Other neurological 11 (1.9) 1.3 1.1 1.4 1.3 1.4 1.2
disorders [0.57, 2.9] [0.47,2.7] [0.74, 2.8] [0.65, 2.6] [0.79, 2.4] [0.79, 2.0]

Chronic pulmonary 37 (6.4) 1.4 1.0 1.3 0.93 1.4 1.1
disease [0.89, 2.2] [0.61,1.7] [0.86, 1.9] [0.61, 1.4] [1.0,1.9] [0.79, 1.5]

Diabetes without 65 (11.3) 11 11 11 11 11 1.2
complications [0.74, 1.6] [0.71, 1.6] [0.74, 1.5] [0.78, 1.6] [0.80, 1.5] [0.86, 1.5]

Diabetes with| 7 (1.2) 1.9 0.45 1.8 0.52 14 0.60
complications [0.69, 5.0] [0.095, 2.2] [0.94, 3.5] [0.28, 0.96] [0.75, 2.7] [0.36, 1.0]

Hypothyroidism| 35 (6.1) 1.1 1.0 0.98 0.70 1.1 0.90
[0.64, 1.8] [0.59, 1.8] [0.59, 1.6] [0.47,1.0] [0.72, 1.6] [0.63,1.3]

Renal failure| 11 (1.9) 2.5 4.9 2.0 2.0 1.6 1.6
[1.2,5.0] [0.87, 27.7] [1.3,3.2] [1.1, 3.6] [1.0, 2.5] [1.0, 2.6]

1S




n (%) Cox Regression Robust Poisson Regression
with CM Died < 2yrs Died < 3yrs
(184 died, 390 survived) (230 died, 344 survived)
Unadjusted HR| Adjusted HRT | Unadjusted IRR| Adjusted IRRT | Unadjusted IRR| Adjusted IRRT
[95% CI] [95% CI] [95% CI] [95% CI] [95% CI] [95% CI]
Liver diseasg 8 (1.4) 0.78 1.3 1.2 1.7 0.94 1.3
[0.25. 2.4] [0.39, 4.3] [0.48, 2.9] [0.74, 3.9] [0.38, 2.3] [0.59, 3.0]
Obesity| 16 (2.8) 0.71 1.4 0.78 1.3 0.62 0.96
[0.32, 1.6] [0.57, 3.4] [0.33, 1.8] [0.62, 2.9] [0.26, 1.5] [0.47, 2.0]
Weight loss| 6 (1.0) 0.62 0.46 0.52 0.75 0.41 0.45
[0.15, 2.5] [0.11, 2.0] [0.086, 3.1] [0.099, 5.7] [0.069, 2.5] [0.060, 3.4]
Fluid & electrolyte| 29 (5.1) 2.2 2.0 1.7 1.2 1.7 1.4
disorders [1.4,3.4] [1.2,3.3] [1.1,2.4] [0.78, 2.0] [1.3,2.2] [1.0,1.9]
Blood loss anemia 6 (1.0) 0.66 0.26 0.52 0.26 0.83 0.49
[0.16, 2.6] [0.061, 1.1] [0.086, 3.1] [0.078, 0.88] [0.27, 2.6] [0.19,1.2]
Deficiency anemig 27 (4.7 1.4 1.3 1.2 1.2 1.2 1.3
[0.82, 2.3] [0.75, 2.2] [0.70, 1.9] [0.67, 2.0] [0.81, 1.8] [0.94, 1.8]
Depression 17 (3.0) 15 1.8 15 2.2 15 2.1
[0.79, 2.8] [0.88, 3.6] [0.89, 2.5] [1.2,4.2] [0.99, 2.2] [1.3,3.4]
Augmented Elixhauser*
ECOG performance 134 2.1 2.5 1.9 1.6 1.7 15
status scores 2-4 (23.3) [1.6, 2.7] [1.9, 3.3] [1.5, 2.4] [1.3,1.9] [1.4,2.1] [1.2,1.7]
BMI <20 | 38 (6.6) 1.7 1.6 1.8 1.3 14 1.0
[1.1,2.7] [0.94, 2.6] [1.3,2.5] [0.91,1.8] [1.0,1.9] [0.75, 1.4]
6 month weight loss 26 (4.5) 1.9 1.7 1.7 1.3 15 1.2
>20% [1.2,3.1] [1.0, 3.0] [1.2,2.5] [0.92,1.9] [1.0,2.1] [0.88, 1.6]

Bold values were significant (p<0.05), valuestalics represent marginal p values (0.05 < p <0.1).
tHR (hazard ratio) and IRR (incidence rate ratamjusted for age (continuous variable), sex, stage,all comorbidities listed in table.

* AugmentedElixhauser includes performance status and subesiclinical body weight data for administratieeards weight data, with low body weight

defined as BMI < 20kg/fmand abnormal weight loss defined as > 20% losrionths.
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Table 2-4: Elixhauser and Charlson comorbidity metlod discrimination for
2- and 3-year all cause mortality in stage 2-4 calectal cancer patients

C statistics for 2- and 3-year
survival
2yr 3yr

(184d, 390aj | (230d, 344aj
Base Model (age, sex, stage) 0.824 0.827F
Charlson# 0.83F 0.833
Elixhauserf 0.852 0.854
Augmented Elixhausert* 0.864 0.862

C statistics in the same column with different gapept letters are different, p < 0.05 (Stata
roccomp test).

td=deceased, a=alive

TAdjusted for age (continuous variable), sex, dade

* AugmentedElixhauser includes performance status and subesitclinical body weight data for
administrative records weight data, with low bodsight defined as BMI < 20kg/and
abnormal weight loss defined as > 20% loss in 6th®n
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Table 2-5: Elixhauser and Charlson comorbidity metlod discrimination for

2- and 3-year all cause mortality by stage in colectal cancer patients

C statistics for 2 and 3 year survival

Stage 2 (n=159)

Stage 3 (n=191)

Stage 4 (n=224)

Elixhauser*t

2yr 3yr 2yr 3yr 2yr 3yr
(174, (23d, (28d, (41d, (139d, (1664,
142a)t 136a)t 163a)t 150a)t 85a)t 58a)t
Base Model 0.683' 0.664' 0.783 0.692 0.57F 0.585'
(age, sex)
Charlsont 0.709 0.686 0.817 0.726 0.587F 0.610
Elixhausert 0.838 0.799 0.872 0.789 0.679 0.724
Augmented 0.859 0.807 0.897 0.793 0.717 0.787

C statistics in the same column with different sapapt letters are different, p<0.05 (Stata

roccomp test).

td=deceased, a=alive
tadjusted for age (continuous variable), sex, andtfonal status (dichotomous variable)
* AugmentedElixhauser includes performance status and subesitclinical body weight data for

administrative records weight data, with low bodsight defined as BMI < 20 kg/and

abnormal weight loss defined as > 20% loss in 6th®n
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Endnote

A version of this chapter has been submitted fdaipation inCancer
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CHAPTER 3: A viscerally-driven cachexia syndromem patients with
advanced colorectal cancer: contributions of orgamnd tumor mass to whole

body energy demands

3.1 Introduction

The etiology of cancer cachexia and other wastymgiromes is not
clearly understood, but several hypotheses exid).(I0ne theory is that
peripheral stores of fat and protein are mobilirech adipose tissue and skeletal
muscle to be used as a fuel for energetically delngrvisceral organs, which
have increased activity in the tumor-bearing stdtiee energetic demands of the
liver are particularly substantial. Liver repretsen2% of body weight in healthy
individuals, but its specific metabolic rate ishi00 kcal/kg/d) (5);
consequently, it represents ~20% of whole-bodyngsthergy expenditure
(REE). Organ mass has been used to model anccpRIEE (6, 7) and liver size
is a significant predictor of REE (7).

The potential significance of the mass of highabetic-rate organs on
REE and the development of cancer cachexia hasbe®lly suggested (4);
however, we suspect that it could be importanviorectal cancer. The presence
of hepatomegaly and splenomegaly is common knowléd@ncologists,
however, the changes in size of these organs ha®ean directly quantified in
case reports (8). Tumors, as unresectable hapat&stases, may represent an
additional burden of high metabolic rate tissugyamtantly, ~50% of all

colorectal cancer patients develop this complicaf®) which has been associated
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with weight loss (10, 11). There is currently véew quantitative data on the
contribution of high metabolic rate organs to carmaehexia-associated weight
loss (4, 8, 12); this would require extensive bodsnposition and REE
measurements. However, we know small changeggemamass have the
potential to account for a substantial quantitgieérgy expenditure over time. If
liver mass increased by only 500g and this chargsigied, this would add an
incremental REE of 100kcal/d.

We hypothesized that patients with colorectal cantay be especially
affected by a viscerally driven cachexia syndroarginating from increasing
masses of high-metabolic-rate tissues, especiady, Ispleen, and tumor. Several
approaches were used to investigate this quesAartrospective serial
computed tomography (CT) image analysis was comgliet assess longitudinal
body composition changes (i.e., liver, spleen,etiéimuscle, adipose tissue) in
subjects with colorectal cancer. Using data frbre tohort, we used a
computational model of human metabolism (13, 14siimate the effect of
organ changes on whole-body REE. In a second-sexdfnal cohort, we
evaluated the relationship between REE determigaddirect calorimetry and
organ mass.

3.2 Subjects and Methods
3.2.1 Retrospective cohort

The study was approved by the Alberta Cancer BBaskarch Ethics

Board (Edmonton, Canada). Our region encompassghdéin Alberta, Canada.

A database of all cancer cases in the region (#db@ancer Registry) codes
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primary cancers by their site and morphology, alaitg clinical and
demographic information. We searched the datalékehe following criteria:
1) deceased from colorectal cancer (ICD-9-CM cods3.X, 154.0, 154.1)
between June 1, 2001 and August 31, 2004, anda)ation by CT imaging at
least twice between colorectal cancer diagnosisdaath. With the
understanding that cachexia is most prominenteaétid of life and to take
advantage of the statistical power of repeated oreaswe focused on patients
with > 4 CT scans on record during the year precedinthdea
3.2.2 CT image analysis

Muscle and adipose tissue surface areas were ¢ésdlabta standard
vertebral landmark (thé3umbar vertebrae; L3), because tissue areassn thi
region are significantly related to whole-body masand fat masses (15-17).
Tissues were analyzed on 2 consecutive transversmages extending
inferiorly from L3 with Slice-O-Matic V4.3 (Tomovien, Montreal, Canada),
which permitted specific tissue demarcation by gstounsfield unit thresholds
of —29 to +150 for skeletal musclgsspasgerector spinagquadratus lumborum,
transversus abdominuexternal and internal obliquegctus abdominyg18), —
150 to —50 for visceral adipose tissue (19), ar@ab-b —30 for subcutaneous and
intermuscular adipose tissues (18). Thresholds wemually adjusted as
necessary. Cross-sectional areas’(emere computed for each tissue by
summing tissue pixels and multiplying by the pigetface area. Mean tissue

areas for 2 consecutive images were calculatedngan coefficient of variance
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(CV) of paired images was 1.5% for skeletal musclé 2.7% for adipose tissue
areas.

Regression equations derived from an advanced cpatient cohort
were used to estimate whole-body fat-free mass (Ffd fat mass from L3
skeletal muscle and total adipose tissue surfaessgl7):

*  Whole body FFM (kg) = 0.30 * (skeletal muscle atustng CT
(cn?)) + 6.06; £=0.88 (17)
* Whole body fat mass (kg) = 0.042 * (total adipdssue at L3
(cn?)) + 11.2; £=0.77 (17)
Muscle surface area was also used to estimate vlodle muscle using an
algorithm derived from a healthy population (15nasequation currently exists
to predict this compartment from L3 muscle surfaa in advanced cancer
patients
* Whole body skeletal muscle volume (L) = 0.166 *¢skal muscle
5 cm above L4-L5 (cA)) + 2.142, =0.855 (15)
A density of 1.04g/cthwas used to convert muscle volume to mass (20).

Liver and spleen volumes (Gqwere also measured with CT images.
Because the images encompassed the entire livespdeeh, the organ tissue
surface area on each image was analyzed. Livespledn surface areas on each
consecutive image, the image thickness (usuallijmgpand separation (usually
5mm) were then used by the Slice-O-mdticvolumedgunction to calculate

volume. Liver volume included metastases if presédio estimate organ mass
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from volume, a density of 1.05g/émas used for liver and 1.054g/Efor spleen
(20, 21).
3.2.3 Prospective Cohort

We investigated the relationship between orgarsraad measured REE
in a second cohort of patients with metastatic remltal cancer (n=18). Subjects
were recruited from the Cross Cancer Institute (&abon, Canada) between
April 1, 2005 and October 31, 2006 and providedtemiinformed consent. Each
participant had a REE measurement by indirect ma&iry (VMax 29N,
SensorMedics, Yorba Linda, California). Priorhe REE assessment, subjects
were asked to fast for 12 hours and refrain framnstous exercise and alcohol
for 24 hours. Participants rested for 30 minufesr avhich a canopy was placed
over their head and shoulders for 30 minutes téyaad, consumption and CO
production. Breath samples were measured untdady state was reached for 15
minutes. The Weir equation was used to calcul&E R2). On the same
morning as the REE assessment, all participantsuaiderwent a dual energy x-
ray absorptiometry (DXA) scan (LUNAR Prodigy Higphe&ed Digital Fan Beam
X-Ray-Based Densitometer with enCORE 9.20 softw@emeral Electric,
Madison, Wisconsin) (23) to measure whole-body FFAH.subjects also had a
CT scan 14 + 7 days from this date which was usegliaintify organ mass as
described above.
3.2.4 Mathematical Model Simulations

A mathematical model has been developed which sitesitthe dynamics

of whole-body metabolism, body composition changes, REE during semi-
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starvation and refeeding (13). This model was atsal to integrate data on the
metabolic changes in patients with cancer cachexshow how these
derangements synergize with reduced energy intakesult in progressive loss
of body constituents and alterations in energy bwtsm (14). The initial
conditions of the cachexia simulation (14) wereskld to represent a typical
cancer patient before disease onset: a 69 yeanalel with an initial body weight
of 77.7 kg, 32% body fat, a dietary intake of 24€4lkd and a REE of 1606 kcal/d
(30.6 kcal’kg FFM/d). In the previously reportechglation (15), we applied
several reported metabolic derangements definingezacachexia, including an
increase in rates of lipolysis (+50 + 30%), proysd (+40 = 10%), and Cori
cycle (+300 £ 100%), a tumor mass of 200 + 1004, am energy intake that
linearly decreased to 1700 kcal/d by the end oflthenonth simulation. We also
assumed that the liver and spleen remained the aant®se of healthy adults
(1.8kg for liver, 2509 for spleen), rather thaniisking in response to reduced
energy intake (8, 13). In all simulations, theelivand spleen-specific metabolic
rates were 200kcal/kg/d (5) and 80kcal/kg/d (2d3pectively. Direct measures
of tissue-specific metabolic rates are calculatge@diring blood flow with the
arteriovenous oxygen concentration difference eviessue of interest (5).

In the current study, we modified the original cancachexia simulation
(14) using the directly determined liver and spleesses, in place of our prior
assumptions. Furthermore, we adjusted the decfidestary energy intake to
match the average measured body composition chafigjes retrospective

cohort. We found that a linear decrease of energke from 2400 kcal/d to
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2150 kcal/d at the end of the 62 week simulatibovadd the simulations to match
the retrospective body composition changes.
3.2.5 Data Analysis

Statistical analysis was completed using SPSS deisb.0 (Chicago,
lllinois) and Stata Version 10.0 (College Statibexas). All values are presented
as means = standard deviation, significance wantak:=0.05 and all tests were
two sided. Two sample t-tests gytitests were used to compare patient cohorts.
For statistical analysis of absolute tissue masstg retrospective cohort, we
completed repeated measures analysis of variald®{A) with Bonferroni
pairwise comparisons. Simple linear regressionwsasl to examine relations in
the prospective cohort.

Tissue rates of change were calculated for thespéctive cohort. Tissue
changes in each scan interval were expresseda@senpage and divided by the
number of days in each interval as the timing ofi@&ging was unique for each
individual. The daily rate of loss or gain was tiplied by 100 to form a
standard unit, % change/100d to allow for compasso
3.3 Results
3.3.1 Retrospective Cohort

Our initial search criteria identified 262 patientBhere were 1108 CT
scans available in this cohort (range 2—-16 peepgtiwhich had been conducted
for diagnosis, staging or follow-up. We focusedaosubset of 34 patients who
had> 4 CT scans in the year preceding death. Thisetwbass 35% female, died

at 60 + 8 years of age after surviving a mediaB2months. The distribution of
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primary tumor sites was 68% colon (ICD-9-CM: 153.8% rectosigmoid
junction (ICD-9-CM: 154.0), and 26% rectum (ICD-94AC154.1); 91% of this
group had adenocarcinomas. In total, this groupli% scans available for
assessment; all images were analyzed with the 8moepf subcutaneous adipose
tissue data from 2 obese patients, which was figtvisible in the image field of
view. In addition, liver and spleen could not loewrately identified in 2 different
patients, and liver was not assessed in 2 additinde&viduals due to either a
resection or images not covering the entire orgaglection bias was not apparent
in this subset (n=34); we found that the sex diatron, age at death, survival
time, primary tumor site, tumor morphology and badyposition features (i.e.,
muscle and adipose tissues) in the last 2 monthieafere not different from the
overall cohort (p values > 0.1).

The changes in liver, spleen, muscle, and adipssed over time are
shown Table 3-1). Representative cases of liver and spleen gagule 3-1A)
and muscle and adipose tissue |d3gyre 3-1B) are illustrated. At the earliest
studied time point (10.7 + 2.7 months from dedtd, liver and spleen of the
cancer patients (Table 1) were larger than thgserted for healthy adults (i.e.,
liver: 1.4 — 1.8kg; spleen 0.15 — 0.25kg) (8, 2Diver increased thereafter (mean
gain +0.74 kg) over 9.5 months (p=0.010); there av&end towards increased
spleen mass (p=0.077). Over the same period, ~d2kmyscle (p<0.001) and
~3.5kg of fat (p=0.004) were lost, and the percemtzgestimated FFM occupied

by the liver increased from 4.5% to 7.0% (p<0.00Ihe range of liver masses at
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1.2 £ 0.5 months from death was considerable @uiztile range: 2.0kg —
3.8kg), and many patients had evidence of liverastases (Figure 3-1A).

The largest tissue changes occurred in the lastvialt studied; 80% of the
mean gain in liver, 69% of the mean loss in muaale 91% of the mean loss in
adipose tissue occurred during this time. Thesratd@issue loss or gain over time
(% change/100d) are shownFkigure 3-2 maximal rates were observed close to
death. Mean skeletal muscle tissue loss accetblagarithmically (F=0.99) to —
13%/100d at 2 months from death. Mean adiposediksss also accelerated
logarithmically (fF=0.95) to —41%/100d at 2 months from death. Maaet bain
followed a polynomial relationship*0.90) to +39%/100d at 2 months from
death.

3.3.2 Prospective Cohort

The cohort (n=18) was 45% female and 60 + 11 yebage at time of
assessment. On average, participants had 46.RgtFAR2M, which included a 1.9
+ 0.5kg liver (range: 1.1kg — 3.2kg) and 0.31 #@.%pleen (range: 0.12kg —
0.71kg). Participants had a measured REE of 1523@6kcal/d (33 + 6 kcal/kg
FEM/d). Resting energy expenditure was higheratiepts with larger livers
(r*=0.35, p=0.010)Kigure 3-3A). Moreover, as liver occupied a larger
percentage of whole body FFM, REE/kg FFM/d incrdase0.35, p=0.010)
(Figure 3-3B- dashed line).

The slope of the regression between liver mas$attel (Figure 3-3A) is
a value of interest, which potentially indicatesigh composite metabolic rate of

the liver and metastases (i.e., 343 kcal for e&chiricrease). This is
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considerably higher than 200kcal/kg/d reportediiealthy human livein situ.
However, this must be considered with caution beeaw data exist for the
metabolic raten situ of liver with metastases. While this awaits direc
measurement, done by pairing blood flow with thteramvenous oxygen
concentration difference over the tissue of intef®s a high metabolic rate may
be inferred from the relatively high rates of glseaptake; this is the basis for
detecting metastases by imaging usitigdeoxyglucoseRigure 3-4).
3.3.3 Simulation Results

Key assumptions in our earlier model (stable livass, tumor mass
2009) appear to have been quite conservativeveladithe directly determined
values (Table 3-1), which we used to refine the ehodlodel simulations of the
healthy reference condition (dotted curves) congbari¢h reduced energy intake
alone (dashed dotted curves), our previous caclsaxialation (14) (dashed
curves), and the new cachexia simulation baseti@ditectly determined liver
and spleen masses of our retrospective coloreataler cohort (from Table 3-1)
(solid curves) are illustrated Figure 3-5. The new cachexia simulation
culminated at an REE of 1900kcal/d (39.7kcal/kg Féwhich is 294kcal/d
(9.3kcal/kg FFM/d) above the healthy reference d¢mrd 331kcal/d (9.7kcal/kg
FFM/d) above the reduced energy intake simulaton, 144kcal/d (3.8kcal/kg
FFEM/d) above the previous cachexia simulation. alliyt, the late rapid increase
of liver mass measured in the retrospective cotat@ancer patient cohort was
related to a steep increase in estimated metatad@aduring the last 3 months of

the simulation. The estimated contribution of splevas negligible, because of
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the small overall size, lower specific metaboliteraand relative constancy in size
of this organ. During the last 3 months of theidation, the cumulative energy
expended by the liver was estimated to be 31,9@0fkc the healthy reference
condition, 31,400 kcal for reduced energy intalanal and 49,600 kcal for the
new cachexia simulation (i.e., an increment of @@,kKcal in the liver).

We also plotted the relation between the percent&§&M occupied by
the liver and REE (kcal/kg FFM/d) from the cachestiaulation incorporating
the changes in organ mass from Table 3-1 (FigBB-3solid line); this appeared
to follow a similar relationship to the prospecta@hort.
3.4 Discussion

Our study captured detailed progressive body coitippshanges
occurring in patients with colorectal cancer durthgease progression until death.
These changes were typified by exponential increasthe size of the liver and
hepatic metastases, with concurrent acceleratibmaiscle and fat loss. The
longitudinal CT image review provides a basis fguantitative estimation of the
contribution of visceral organs and metastasesdgB.ROur results suggest that a
considerable catabolic influence underlying coltakcancer cachexia is exerted
by the energetic demands of liver and metastasetoam lesser extent the spleen.
This is supported by estimates based on a compuo#étmnodel of human
metabolism as well as direct measures of REE adgl bomposition in advanced
colorectal cancer patients. In patients with esitenmetastatic disease and
organomegaly, these visceral changes could expraatitatively important

catabolic effect by virtue of their size and congtion of energy. This increased
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energy expenditure occurs during the period of meysd weight loss, but
importantly, also in the end stages of anorexialartte very low food intake,
which likely results in a substantial energy defidn a healthy individual, energy
balance is maintained by an increase in energkentaut in patients with
advanced cancer, it may be difficult to envisagénareased energy expenditure
being covered by an incremental oral intake in putettion with reduced energy
intakes sometimes less than basal metabolism (P&} increased energy
expenditure and consequent energy imbalance sheulicluded among the
major causes of colorectal cancer cachexia in iddals with metastatic disease.

Cachexia has often been attributed to the catabotions of humoral
mediators (i.e., cytokines, proteolysis—inducindipolytic factors), insulin
resistance and low dietary intakes as outlineduiment review articles (1-3);
consequently, most treatments have focused on thes®s. In patients with
substantial tumor burden and organomegaly, thes¢ntients may have limited
efficacy, since the primary problem (extensive dsseburden) is not corrected by
these agents. Quantitative analysis of diseastebunay be included in future
studies to help to explain why some treatmentsreaféective in certain
individuals.
3.4.1 Methodological Considerations

A longitudinal retrospective CT image review wa®alistic approach to
evaluate body composition changes; patients hagiém scans throughout their
illness and were not required to undergo addititesting for this research.

Prospective studies of body composition using othethods are comparatively
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difficult to conduct as participation rates are lamd withdrawal rates are high in
patients with very advanced disease (26, 27). grbep studied in the present
study was not different from a regional cohort afipnts who died from
colorectal cancer with respect to disease chaiatits; demographics and body
composition, and is thus likely a representativada.

Computed tomography imaging allows discriminatietween different
FFM components (i.e., muscle, liver, spleen) wlapbears important as we saw
that different constituents change in oppositediioes. These distinctions
cannot be made with other methods such as DXAawiéctrical impedance. The
guantification of organ volume with CT images iagenably precise, and our
interobserver CV values (3.6% for liver and 4.0%dpleen) are similar to
previously reported values for organs (28). Muscid adipose tissue areas
determined from CT images have a typical CV of 1{2% and whole body
tissue masses estimated from the CT images arecttorthe nearest 3.5kg for
fat mass and 3.0kg for FFM (17). One limitatioroaf analysis is the inability to
guantitatively discriminate liver tissue and medass. We suspect the majority
of progressive increases in liver were metastds®sever, liver parenchyma has
been reported to increase in colorectal canceematiwith liver metastases (29),
which may be connected with increased gluconeogenasd synthesis of acute-
phase proteins (4).

Our study is strengthened by the use of a matheatatiodel (13, 14) that
allowed us to estimate the effect of organ masagéson REE (Figure 3-5).

Computational modeling is a new tool that can iraégclinical data to build a
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conceptual framework for the understanding of atlenergy balance states.
This is especially useful in contexts where patianherability limits the use of
invasive tests and compliance is limited by disgasgression. Using this
model, we showed that the range of increases in &akputed with the new
cancer cachexia simulation (up to 1900kcal/d ovi8&al/kg FFM/d) (Figure 3-5-
solid line) is consistent with reported valuesgatients with advanced cancer
(26, 30).

A further strength of our study was the simultareemeasurement of
different FFM components and REE in the prospeatoleort to explore the
relation between body composition and REE in adedruolorectal cancer. This
also provided information to help authenticate ltssuom the model. These data
suggest that liver mass is proportional to REEFed3-4A). The metabolic rate
of the liver and metastases merits further studgabise our results suggest that
200 kcal/kg/d may be a conservative estimate. & hes several possible reasons
for an increased liver-specific metabolic ratehis fpopulation. The liver plays a
pivotal role in systemic inflammation, acute phpsatein synthesis and
gluconeogenesis which have been documented in edgarancer (1, 31-33).
Moreover, increases in tumor are associated wghédrisubstrate turnover and
oxygen consumption (34).

3.4.2 Implications of High Metabolic Rate TissuesroBody Composition and
Resting Energy Expenditure
The largest observed changes in body compositidimeimetrospective

cohort occurred between 4.2 and 1.2 months frorthddaver increased and
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muscle decreased especially rapidly during thig tifhis resulted in a shift to an
increased proportion of FFM occupied by higher-rbelia-rate tissues. In
healthy populations, the relationship between tiopqrtions of higher metabolic
rate organ mass relative to FFM has been foundptam some of the variance in
REE (6, 7, 28). Our study affirms that this redaship is quantitatively important
in colorectal cancer cachexia, and perhaps othereca where organomegaly and

liver metastases are common.
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Tables

Table 3-1: Absolute tissue masses quantified wittbomputed tomography
(CT) imaging in patients who died of colorectal cacer

Mean months Visceral Organ Mass + Peripheral Tissues***
to death at Tumor**
time of CT Liver + Spleen Skeletal Muscle Fat Mass
image Metastases Volume L3 Surface Area| L3 Adipose Tissue
Volume (crm) (cm) (cn?) Surface Area (ch)
(Estimated (Estimated | (Estimated Wholg (Estimated Whole
Mass (kg)) Mass (kg)) | Body Mass (kg)) | Body Fat Mass (kg)
n 30 32 34 32
10.7 +2.7 2153+ 629" | 302 +204 151 + 38° 339 + 208
(23+0.7) |(0.32+0.2)| (28.3+6.6) (25.4 +8.7)
71413 2245+ 692 | 326+ 220 149 + 37 345 + 208
(24+0.7) |(0.34+0.2)| (28.0+6.4) (25.7 +8.7)
42412 2291+ 77 | 345+237 144 + 37 330 + 214
(2.4 £0.8) (0.36 £0.3) (27.0 £6.4) (25.1 £9.0)
1.2+05 2857 £ 1438 | 366 +238 127 + 36 255 + 196
(3.0£1.5) (0.39 £0.3) (24.1 £6.3) (21.9 £8.0)
Overall changg  +704 cni +64 cnt -24 cnf -84 cnf
in 9.5 months}|  (+0.74 kg) (+0.067 (-4.2 kg) (-3.5 kg)
p=0.010 kg) P <0.001 p=0.004
p=0.077

Means in the same column with different supersdetpers are significantly
different, p < 0.05 (repeated-measures ANOVA witmtrroni pairwise

comparisons).

*The number of subjects varies because of missatg, &s outlined in Results.
**Liver and spleen masses were quantified as oediim Subjects and Methods.
| 3 tissue cross-sectional areas (Omvere used to estimate whole-body
skeletal muscle and fat mass from regression eapgteported by Shen et al (15)
and Mourtzakis et al (17), respectively.

tMean £ SD (all such values).

¥p value for change between 10.7 and 1.2 mo framthdgepeated-measures
ANOVA with Bonferroni pairwise comparison).

75



Figures

Figure 3-1: Representative patients showing change (a) liver and spleen
and (b) skeletal muscle and adipose tissue

Transverse computed tomography images from (a)ye&dold woman at the

12" thoracic vertebrae (i) 10.0 and (ii) 1.5 monttsirdeath; the liver with
metastases (LM) increased by 1.3kg to 3.1kg areksplSP) increased by 0.30kg
to 0.50kg, and (b) a 52 year old man at tféunbar vertebrae (i) 7.7 and (ii) 0.8
months from death; estimated whole body muscle (&&8¢)yeased by 8.8kg to
17.0kg and whole body adipose tissue (AT) decrebgetiOkg to 16.7kg.

LM, liver and metastases; SP, spleen; SM, sketetaicle; AT, adipose tissue.
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Figure 3-2: Time course rates of gain or loss fdiver (including metastases),
muscle, and adipose tissue from the retrospectivelorectal cancer patient
cohort (n=34)
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Scan intervals were categorized relative to the tihdeath and divided into 5
categories. Mean rates of change (% change/10pd&ys determined for each
tissue at each time point. Best-fit regressioadiwere used to determine the
overall rate of change relation over time. The k&tchange in liver followed a
polynomial relation: liver %change/100days = 0.0@ihTe to death (days)}-
0.7316(time to death (days)) + 75.58;0.90 (triangles and dotted curve). The
loss of skeletal muscle was logarithmic: skeletabote %change/100days =
8.8303Ln(time to death (days)) — 50.746:0:99 (diamonds and solid curve).
Loss of adipose tissue was also logarithmic: adifizsue %change/100days =
32.029Ln(time to death (days)) — 172.920.95 (squares and dashed curve).
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Figure 3-3: Relation between measured resting engy expenditure (REE)
and liver mass in the prospective colorectal cancgratient cohort (n=18)

A 2100 -

1900 -
= 1700 -
=
=1
]
2 1500 -
=
= 1300 -

1100 o ¢

*
900 T T T T 1
1.0 1.5 2.0 2.5 3.0 3.5
Liver mass (kg)
B 50-
— ’
z 45
=
Z 40
e
g
£ 35-
g
=g 30 4
=
= 25 te
20 ; , .

2.0 3.0 4.0 5.0 6.0 7.0 8.0
% FFM occupied by the liver

Liver mass (including metastases) was determinezbbyputed tomography
image analysis. REE was determined by indiredrgaktry and fat-free mass
(FFM) was determined by dual energy x-ray absonpéioy. Simple linear
regression was used to assess relations. (A) R&d/day) = 343.52(liver mass
(kg)) + 841.49, (=0.35, p=0.010). (B) REE (kcal/kg FFM/day) = 3.Q(%FFM
occupied by the liver) + 20.513%40.35, p=0.010) (dashed line). The solid line
indicates a similar relation occurring in the neamcer cachexia simulation
incorporating the measured liver masses from ttrespective cohort (Table 3-
1).
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Figure 3-4: ®F-Deoxyglucose positron emission tomography (PET¥an of a
patient with extensive liver metastases
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Figure 3-5: Simulation of resting energy expenditte (REE) over 62 weeks
based on measured liver and spleen masses from tietrospective colorectal
cancer patient cohort (n=34)
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All calculations are based on an assumed liveriipecetabolic rate of 200
kcal/kg/day and spleen specific-metabolic rate@Kc@l/kg/day. The original
cachexia simulation (constant 1.8kg liver and 250lgen) (14) (dashed curve)
can be contrasted to the cachexia simulation spegithe organ masses match
the data at different time points from the retrative cohort computed
tomography images (Table 3-1) (solid curve). Thalthy reference simulation in
energy balance (constant 1.8kg liver and 2509 spl@®tted curve) and the
reduced energy intake simulation (dashed dottedegare also shown (13). (A)
Resting energy expenditure (REE) (kcal/day) andRBE (kcal/kg fat free mass
(FFM)/day).
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Endnote

A version of this chapter has been published inAimerican Journal of Clinical

Nutrition. The citation is as follows:

Lieffers JR, Mourtzakis M, Hall KD, McCargar LJ,&o CM, Baracos VE. A
viscerally driven cachexia syndrome in patientswaidlvanced colorectal cancer:
contributions of organ and tumor mass to whole-bealgrgy demands. Am J

Clin Nutr. 2009:;89:1173-9.
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CHAPTER 4: Final Discussion

4.1 Introduction

The purpose of this work was to further understauttitional status,
especially body weight and composition during cedbal cancer progression. A
population-based study of colorectal cancer patiemis conducted using
administrative health data to collect informatiantbe primary disease,
comorbidities, demographics, CT imaging to assesly somposition, and the
PG-SGA guestionnaire to obtain information on heigbdy weight, weight
history, and performance status. These studiesr@xtat different places in the
cancer disease trajectory; Figure 1-1 situatestildies on a time line. Results
from Chapter 2, which occurred around the timegpasi were first considered for
systemic chemotherapy and involved patients inestaiglV, revealed which
disease conditions predicted survival, and showatiweight related conditions
(e.g., underweight and weight loss) lost some ieddpnt predictive power when
they were placed in statistical models with oth@norbid conditions. This
chapter also revealed that weight related condit{erg., obesity and weight loss)
were not captured in administrative health dataChapter 3, a serial CT image
analysis assessed longitudinal body compositiongémduring the last 12
months preceding death from colorectal cancer ipa&#nts with stage IV
cancer. Body composition changes were typifieéxjyonential increases in

tumor with concurrent accelerations of muscle addss.
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These results have the potential to make a difter@m how colorectal
cancer patients are treated and how they are omerwhich will lead to better
patient outcomes and more accurate research fiadingis following discussion
outlines key points related to the work describethe previous chapters
organized into topics of particular interest tcethdifferent groups of
professionals who treat and research colorectalergratients: dietitians,
oncologists, and health services researchersll &lso present suggestions for
further research and changes to practice in thiesetines.

4.2 Key points for the Dietitian

Nutritional status is a complex phenomenon becduseletermined by
multiple factors. The work presented in Chaptean@ 3 has revealed some key
findings around comorbidities, the importance s$tie organ level body
composition assessment, and the impact of body ositign on resting energy
expenditure (REE). Dietitians may want to consittese findings when
conducting nutrition assessments and performirgventions.

» Comorbidities are an important part of a complete mtritional
assessment in cancer patients

It is widely accepted that comorbidities affect treyoing health of
colorectal cancer patients, as would be expectext st 50% of new colorectal
cancer diagnoses occur in individualg0 years (1). One previous study
suggested that colon cancer patients 65-74 yedrs @b years have a median of
~4 and ~5 comorbidities, respectively (2). Comoti®diin cancer patients,

especially those that may be longstanding and/ocontnolled, have the potential
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to explain and/or exacerbate the development ohuatialion, weight loss and
cachexia (3). Several conditions, other than aaree known to be associated
with wasting syndromes such as chronic heart fajltgnal failure, and chronic
obstructive pulmonary disease (COPD) (4). Fronrdéselts presented in Chapter
2, some colorectal cancer patients have these toomsli

It is known that patients present with both low &mgh body weights (i.e.,
underweight and obesity) when they are first sgea medical oncologist for
consideration of systemic chemotherapy as fouridarcohort presented in
Chapter 2. Rates of underweight from this conBM i< 18.5: 3.1%) were just
slightly higher than the general Canadian aduliutatpn (2%) (5). Rates of
obesity from the cohort in Chapter 2 (19.7%) wéighly lower than the general
adult population (23.1%). This is a bit of a sisptbecause obesity is a risk
factor for this type of cancer. However, this Iprevalence may be due to the
fact that many patients had lost weight in the tprier to coming to the new
patient medical oncology clinic. Examination o€ B month weight history in
this cohort finds that 29.8% of patients were obeiein the 6 months preceding
the clinic visit.

Sarcopenia (or low muscle mass generally regarded2astandard
deviations below the healthy young adult sex spemkan (6)) is also common
when patients are first seen in medical oncoldgythe same patient cohort
presented in Chapter 2 and by using the methodideddoy Prado et al. (7), it
was found that~46% of patients were sarcopenic.n Bveugh the mean age of

this population was 64 * 12 years, the prevalefcacopenia is much higher
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than reported for the healthy elderly < 70 yeaB5224.1%) and similar to what
is reported for healthy elderly > 80 years (43.2068) (6). Because of this high
prevalence of sarcopenia, determining the origitowfmuscle mass is relevant as
it is unlikely to be caused entirely by the cantszlf. It remains unclear if and
how comorbidities may explain sarcopenia, underiteignd obesity.

Table 4-1presents a univariate analysis to determine hawnocbidities
classified according to the Elixhauser categorresligt three different body
weight conditions: sarcopenia, underweight, andipat the time of
presentation to new patient medical oncology céini€his is the same cohort
presented in Chapter 2 except that it only inclymsggents who had a CT scan
near to the clinic visit date. The comorbiditiesrescollected from
hospitalizations occurring in the one year priottte clinic visit date from
inpatient administrative hospitalization data asatied in Chapter 2. Renal
failure was the only significant predictor of sgveaia. This makes sense as this
has been linked with wasting disease (8). Chrpalmonary disease (a known
risk factor for wasting diseases), pulmonary ciatioh disorders (which are
linked with lung diseases such as COPD), hypem@nsith complications
(which is a risk factor for renal failure and hefaiture, two well known wasting
diseases), and renal failure were significant @teds of underweight. Diabetes
with complications, which is well known to be assted with excess body
weight, was a significant predictor of obesity.tiilugh some of the
comorbidities listed in this table might be expéddie predict sarcopenia,

underweight or obesity, there may be other fadtwais might be responsible for
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these conditions that may not be listed in thisetal®ne such factor that may be
associated with sarcopenia is prolonged best 9¢stThis was also tested in the
same patient cohort from Table 4-1. Patients wiems< 5 days (including no
days) in hospital had significantly more musclenttfose who spent 30 days in
hospital in the year prior to the clinic visit datEemales who spent < 5 days (or
no days) in hospital had a L3 skeletal muscle inafe43.8cni/m? which is higher
compared to those who spen80 days in hospital (38.8¢/m?) (p=0.0075).
Males who spent < 5 days (or no days) in hospaadl & L3 skeletal muscle index
of 53.6¢cni/m? compared to those who spef®0 days in hospital (46.3&m?) (p

< 0.001). Specifically for sarcopenia, other cobdities such as previous
fractures and infections may also be related torfaygcle mass. This is a topic
worthy of further investigation.

When dietitians are looking to evaluate the impdatomorbidities on
nutritional status in cancer patients, it is impattthat they have knowledge of
where to procure this information and that a cohensive identification method
is chosen. Comorbidities are rarely included at gfanutrition screening tools,
but are part of a complete nutritional assessmintlinical settings, dietitians
can obtain comorbidities from asking the patiertt a@arching medical records.
Administrative health data would not be an apptprsource in clinical settings
because it is not available until long after theqrd has used the health care
system. Therefore, it should be reserved for rebgaurposes. Administrative
health data, with proper ethical approvals, canlitained in Canada from the

provincial ministry of health or the Canadian Ihgis for Health Information.
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The results presented in Chapter 2 suggest thé&iltklrauser measure
(10) is a comprehensive tool that should be consttor use by dietitians
instead of the more commonly used Charlson comipidsd11). In dietetic
practice and research, the Elixhauser measuredmasrarely used, but it has
important potential uses as a more comprehenskeadjustment method by
researchers or simply a tool to identify more ralgwonditions that may impact
nutritional status in the clinical setting compatedhe comorbidities identified
using the Charlson method (11).

Clinical dietitians will see patients who possedterent types and
combinations of conditions which may have dissimlatritional treatments and
goals. The results presented in Chapter 2 reveélégdolorectal cancer patients
commonly have comorbidities where those nutritidredtments and
recommendations may be different from those suggddst the cancer. For
example, a patient with type 2 diabetes who isrdagd with advanced cancer
might be recommended in one regard to consume emaryy dense foods to
maintain weight (for the advanced cancer) and otlar regard to consume more
lower energy dense foods to lose weight (for tipe t¥ diabetes). Patients with
different illnesses may also be assigned care tliff@rent dietitians, who
specialize in the treatment of the different caonds which may have dissimilar
nutritional aims. Dietitians are trained to assass provide personalized
guidance on how to best meet the nutritional neédse patients, even when they
have many different conditions with conflicting ntibn recommendations.

However, it is possible recommendations may vapedding on the reason for
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the visit (see example above). Ideally, all reca@ndations provided by dietitians
should consider all relevant conditions to besttriiee care of the patient, but this
is not always the case as reported by Orrevall €12). They found that patients
felt confused and uncertain when information gibgrdifferent dietitians about
different conditions (e.g., poor intake and diabeieshort bowel syndrome or an
ileostomy) was conflicting. Conflicting informaticabout nutrition is an added
source of stress for patients at a time when coimgpan adequate diet is already
difficult. Dietitians treating cancer patientsancology settings and likewise
dietitians treating cancer patients in clinics spietng in other diseases may
wish to consult with one another to best meet patieeds.

Although comorbidities have the potential to affieatritional
recommendations, dietitians need to consider pgtiegnosis when deciding the
best nutritional treatment for the patient. Iniguatis who have earlier stages of
disease, comorbidities are something that likedseo be considered by the
dietitian and treated nutritionally if appropriaed necessary. However, in later
stages of disease, especially when the diseasenesa@fractory to treatment (as
seen in Chapter 3), aggressive nutrition intenagrstiof any sort would not be
possible or appropriate. At this point, the riskldurden of artificial nutritional
support likely offsets any potential benefit. Whgatients are in the last few
months of life and cared for in palliative settingstritional goals are to
maximize quality of life and decrease suffering)(1At this time, the patient and

family also need support and knowledge to propeslye with the situation (14).
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* Body composition is an important part of a completenutritional

assessment and a significant determinant of restingnergy

expenditure in cancer patients

Fat free mass (FFM) encompasses all non-fat cantptissues in the
body, which includes organs and skeletal musdlés the most important
determinant of resting energy expenditure (REE).(Fat free mass is not a
homogenous compartment; the tissues in this comeattoccupy different
proportions, and have unique functions and spegigtabolic rates (16, 17).
Even though muscle encompasses the largest propaitihe FFM compartment
(> 50%), it is only responsible for 20-25% of REES). Conversely, organ tissue
(e.g., liver, kidney, heart and brain) encompas$&86 of REE, despite only
accounting for ~7% of overall FFM mass (16, 18).ristéons in both the mass
and proportion of different body constituents, esaléy high specific metabolic
rate organ mass, has the ability to explain diffees in REE among healthy
individuals (18-20). It may also be able to exiplaiportion of the variation
reported in cancer patients (21, 22). Although tkiationship has been
previously suggested to be important in canceep#i(17), the work presented
in Chapter 3 provides among the first evidenceuggpsrt this hypothesis in
advanced colorectal cancer patients. Dietitiamgilshbe aware of the
relationship between FFM and REE in this patieqgybation, because it can

affect both nutritional requirements and treatment.
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0 Body composition assessment

Common tools to measure body composition in clirecal research
settings (e.g., BIA, BOD POD®&ydrodensitometry) use a two compartment
molecular approach, which partitions the body imto compartments, FFM and
fat mass (FM), and gives a whole body measureeadetlissues (23, 24). Because
muscle occupies a large proportion of FFM, FFMoimetimes assumed to
represent skeletal muscle. The findings in Chapidearly reveal this
assumption needs to be used with caution whensasgewutritional status in
colorectal cancer patients nearing the end oblifeause there is a redistribution
of FFM from skeletal muscle to central tissues saskhe tumor in the liver
during this time. Therefore, increases in orgassitave the potential to
overshadow a decrease in skeletal muscle or sigiktarge proportion of organ
mass may hide a small musculature (e.g., sarcopéialy whole body FFM is
measured.

When body composition assessment is deemed todre@ate in
colorectal cancer patients and with the knowledgée possible changes in FFM
components, dietitians should perhaps look beyatwdcompartment molecular
methods. Dual energy x-ray absorptiometry (DXAd isriterion standard body
composition measurement tool that uses a three aament molecular model
which partitions the human body into three compdsidean soft tissue (which
contains muscle, organs, and other non-fat tissxesiding bone), fat mass, and
bone mineral (24). Unlike the two compartment rodthlisted above which can

only provide information at the whole body leveX® also has the ability to

93



provide information on the regional compositiorceftain areas such as the head,
trunk, and appendages. Using the appendagesuaogate for whole body
muscle is one option that could be considered. di$advantages of DXA are

that it is not commonly available in cancer se#ii@5) and inaccuracies could be
present in cancer patients with severe edema.oidth this method is a better
choice, it may not be completely ideal.

Computed tomography and MRI imaging are other oitestandard tools
used for body composition assessment; howeverubeazt their cost, lack of
availability, and radiation exposure with CT imagithey are not frequently
considered feasible methods in non-malignant deseasealthy individuals.
These are not issues in an oncology setting bec@lismaging is routinely used
by physicians for diagnostic purposes (25). Daatg working in oncology or
other areas of practice where this test is roughrauld be educated on the ability
of this method to precisely quantify body compasitat the tissue organ level.
Dietitians should not consider it a tool exclusydr physician use. Computed
tomography imaging may be able to help dietitianprecisely assess initial body
composition features which will allow for a morengorehensive nutritional
assessment. When serial scans are taken, theyator the effectiveness of
nutrition interventions. In order for this methitmdbe integrated into dietetic
practice, training programs and simplification afbysis procedures are likely
needed. It should also not be forgotten that apithmetry is always a potentially
useful means of acquiring some idea of muscle missg.upper arm muscle

circumference may be an option to assess musclkessi?6); measured values can
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be compared to normative Health Canada (27) or NH8Mata. Individuals
falling below the & percentile are considered at risk for poor namiéil status
(26).

o0 Resting energy expenditure

In colorectal cancer patients, the work descrilme@hapter 3 suggests that
especially in advanced disease, there is an inelieasoth mass and proportion of
high metabolic rate organs including liver and tumbich may be responsible
for a large increase in and a substantial propoiocREE. Although patients at
the very end of life would not be candidates fodypoomposition measurement,
REE assessment with indirect calorimetry, and agive nutritional support, this
phenomenon reminds dietitians about the implicatioinestimating REE using
prediction methods such as the Harris Benedicttemué?8). It also reminds
dietitians about the importance of measurementk# Rith indirect calorimetry
if appropriate and possible.

The Harris Benedict equation predicts REE basedeaght, weight, and
age (28). One key drawback of this method isithddes not take into account
body composition which is the largest determindrRIBE. If the proportion of
organ mass has a higher relative contribution, sschdemonstrated in colorectal
cancer patients, these equations would underestiRBBE. Alternatively, if REE
was to be predicted in a sarcopenic patient conagara non sarcopenic patient
with the same organ mass, body weight, height,agedusing the Harris Benedict
equation, it would likely over- predict REE. Thedationship between measured

and predicted REE from the prospective cohort f@mapter 3 is shown in
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Figure 4-1 Despite the*being 0.77, there are some individuals whose REE w
not predicted accurately. In this dataset, intthe individuals where measured
REE was the most under predicted by the Harris @iehequation, the liver
occupied approximately ~5.2% of FFM; in the two induals where measured
REE was the most over predicted by the Harris Beheduation, the liver
occupied ~3.1% of FFM. Differences in size and prapn of other body
composition components as well as the systemianmfhatory response (29) may
be additional reasons why the Harris Benedict egunahay not accurately predict
REE in cancer patients.
4.3 Key Points for the Oncologist
Nutrition information, including body weight andraposition, has been

frequently ignored by physicians and oncologisthis may be due to lack of
nutrition training in medical programs, the lackcohsistent criteria to diagnose
and treat malnutrition, the lack of knowledge ordglines on what to do with
information on nutritional status, the belief thatrition is not important, and the
lack of time to document nutrition information iredical records (12, 30-35).
Despite this oversight, nutritional issues havenkessociated with many cancer
related outcomes of interest such as surgical deatfns (36-39), chemotherapy
toxicity (40, 41), disease recurrence (42), dea@easirvival (7, 43, 44) and are
considered important and a source of worry to p&i€l2, 45).

* Oncologists should have an understanding of body wght and body

composition and its effects on cancer related outomes
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Obesity and cachexia are likely the most famitiatritional issues to
oncologists. Obesity is a well known risk factor many types of cancer (46);
consequently, many patients who present for camneatment are obese. Obesity
associates with increased likelihood of recurreantet decreased disease free
survival (42). It was present in ~20% of the cohused for the study in Chapter 2
at the time of the clinic visit. Cachexia is a lWa&lown consequence of advanced
disease (47) especially after treatment is no Ioeffective. Both obesity and
cachexia are visible by observing the patient aardle measured using BMI.
However, oncologists should be aware that BMI cadietect all nutritional
abnormalities associated with risk and should wtded that a normal BMI does
not mean an absence of risk.

Computed tomography imaging, a tool used dailgrinology practice to
provide diagnostic information and monitor the pes$ of treatment, has
uncovered significant findings about the body cosifpan in cancer patients as
revealed in Chapter 3. In other studies, it has edvealed that sarcopenia,
defined using sex specific muscularity cutpoinisgiuy < 2 SD below the
healthy young adult mean (7, 25), is associateld decreased survival (7), and
increased risk of treatment toxicity (41) in canpatients. In the elderly,
sarcopenia has been associated with poorer physiuaion (6) and nosocomial
infections (48). Sarcopenia cannot be detecteityabetected visually or by
using only body weight indicators (such as BMIjtasan appear at any BMI

including in patients who are obese (7).
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Table 4-2presents a population based cohort of deceasetrectl
cancer patients seen in new patient medical ongatbigics at the Cross Cancer
Institute, Edmonton, Canada, (n=527) grouped byigairtime. Mean BMI is a
relatively stable measure; it remains consistentiyre overweight category
throughout all survival times. There are also tatisal proportions of patients
who are overweight and obese in all survival timegsderweight is not common
in this cohort; even in patients who presented d&gs from death, it was only
found in 9.0% of the population. If BMI was usegithe only indicator of
nutritional status in this cohort, nutritional statmay not appear very
problematic. A different situation is uncoveredamhbody composition is
measured. The prevalence of sarcopenia in thisrt@hhigh; it ranges from
41.7% (in patients who survived longer than 3 yer$0.5% (in patients who
survived< 90 days). This table clearly shows that if BMthe only indicator of
nutritional status that is used, it would missrgéanumber of patients who are
suffering from sarcopenia and compromised nutrai@atus.

Because abnormal body composition types suchraspsenia are
common in colorectal cancer patients, and can taffigicomes in different
domains of oncology (e.g., medical oncology, swaboncology), oncologists
should be interested in using CT imaging to meadifferent body composition
features in their patients. This information migffect how they treat patients
and has the potential to explain outcomes in gegatients such as why some
patients experienced chemotherapy toxicity or witners had more surgical

complications. Perhaps in the future, the impéttoaly composition on cancer-
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related outcomes and the use of CT imaging as g t@maposition assessment
tool could be added into medical school curricula.

Because oncologists (and dietitians) may not hlaggractical means to
work with CT images to assess body compositiorufeat simpler methods are
perhaps needed to provide this type of informatibiew techniques such as
automated CT image analysis programs to assessenaugt adipose tissue stores
(49) and linear dimensions are promising methodshwhave the potential to
provide this information expediently and potentialt a low cost (especially for
linear measurements which could be done in standade viewing software
packages). Radiologists may also be able to pedvatly composition
information on radiology reports that are alreanlytinely completed after CT
imaging.

* Dietitians are available to help oncologists treatutritional issues
throughout the disease trajectory

Cancer patients have evolving nutritional issiresughout the disease
trajectory. Oncologists should have a good undadihg of when to refer
patients to see a dietitian for nutritional interiren as this may result in better
treatment (e.g., decreased likelihood of treatntexitity and recurrence) and
survival outcomes. Nutrition screening tools skdug systematically applied.
Oncologists should also understand that nutritoalgdepend on both the patient
body weight and composition and their disease stage

Obesity is known to be associated with poor ouesiisted above and

there is likely some temptation by oncologistseaoammend weight loss to their
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obese patients. However, we also know that sarcape common and
associated with poor cancer related outcomes (A@)1 Patients who are obese
and are deemed to be in a position where weigktiaaild be appropriate and
beneficial, should see a dietitian to be prescrénégpocaloric, high protein diet
to help ensure a preservation of skeletal musdleg8). In overweight and obese
head and neck cancer patients, a prophylactic fsreaus endoscopic
gastrostomy (PEG) tube has been shown be an &tegty to allow patients to
slowly lose body weight so that it becomes withirtloser to the healthy BMI
range (53). Simply instructing patients to loseghiewithout supervision may
result in undesirable losses of skeletal muscléepravhich may lead to a
worsening of sarcopenia and the poor outcomes iassdavith it.

Although treatments for sarcopenia are still imiitinfancy, nutritional
therapy with higher protein diets is one optionigher protein diets, and protein
spaced evenly throughout the day (54) may helpdagnt or reverse muscle loss.
Further research is still required in this area.

4.4 Key Points for the Health Services Researcher

Administrative health data has the potential t@besfficient and low cost
way to study large populations that span diversggphical areas and use
different health facilities (55, 56). Although $hdata source is convenient and
perhaps the only way to efficiently study large plagions, it does have some
disadvantages such as incompleteness and inabildgpture the severity of
diseases (55, 56). Specifically in relation tortioin and body weight variables,

evidence is mounting that administrative healttadbtes not properly capture this
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information (57, 58) and it has become clear thatay not be suitable for this
task. It has been suggested that obesity ideahiifidnospitalized children using
administrative health data was associated wittefit population characteristics
and health services utilization patterns compaoguhtients who only had obesity
identified using height and weight from their mediecord (57). Changes in the
protocols for recording body weight informatiortla¢ front line in addition to
development of new ways to capturing body weiglit @mposition information
using ICD codes are likely needed to make admatist health data ready for
such an endeavor.
» Administrative health data underestimates the trueprevalence of

weight related conditions in cancer patients

Weight and protein-energy malnutrition recorded®§ diagnostic codes
in administrative health data has been suggestedderestimate the true
population prevalence of these features (57, &&krent information on the
completeness of this data is scarce. In the wioekgmted in Chapter 2 and others
which use administrative health data to calculageElixhauser comorbidity
measure, obesity is reported to be prevalent ifdebthe population (10, 59-61)
even in diseases where obesity is a risk factgr,(g/pe 2 diabetes) while overall
population prevalence rates are typically > 20% (5)

This poor capture may be the result of severaliplessauses (55)
including improper coding and failure to identifiagnosis by the health records
personnel, but the more plausible cause is lika t missing documentation of

body weight, its change, and interpretation ingrdtmedical records. Of specific
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interest to health services researchers is thatdhmleteness of administrative
health data is verified according to medical red®%). However, if weight
related variables are not recorded and/or aremtetgreted compared to any
standard (such as recording BMI and its classificasiccording to the WHO
guidelines (62) instead of just recording heighd areight, which would not give
any indication there is a problem) in patient mebrecords, this method would
not identify a discrepancy.

Health services researchers should be aware ofgambure of weight
related variables and use them with caution in fadjmun based studies, such as
for the identification of patient cohorts. The Ipable first step to better capture is
to ensure health professionals record body werghtmation routinely and an
interpretation in patient medical records. In orde this to happen, the
importance of these variables and their abilitptedict outcomes of interest
needs to be emphasized to physicians and othehh@afessionals. Also,
perhaps incentives are needed to capture thisnaton.

* International Classification of Diseases (ICD) codefor body weight
related diagnoses may need modification

To make administrative health data more usefutherstudy of weight
related conditions, modification of the current I@dgnostic codes for these
features may be necessary. The current codegwstidind do not allow for the
collection of useful body weight related data. @sseie is that the ICD diagnostic
codes for abnormalities in body weight contain eeesity indicator or if they do

contain a severity indicator, it is difficult toeis Specifically for weight loss,
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there are codes to define abnormal weight loss (1GCR63.4) and abnormal
weight gain (ICD 10: R63.5), however, there arenteria on the magnitude of
change that needs to occur to use this code. Ogistd have trouble determining
important degrees of weight loss in cancer pati€#¥ and this also seems to be
due to the absence of a clear and widely acceptating system for weight loss.
The current code format does not allow discrimoranf 5%, 10%, 20% or even
larger weight losses.

The current codes available to track abnormalitidsody weight are
perhaps also in need of revision. There are cadagable to capture obesity
(ICD 10: E66) but they have been described to belpmatic (63, 64). Perhaps
one way to better capture body weight informatiauld be to have a grading
system for body weight (such as codes for diffel®@rtO BMI (62) categories)
and a grading system indicating the percentageeadiw change. A new obesity
clinical staging system which accounts for both Bivit obesity related
comorbidities (64) might be another option to cdesi

The other issue with the ICD body weight codes #igady relevant for
cancer is that there is no code specifically farces cachexia. For very low body
weights, there are codes for cachexia (not inclyiduntritional marasmus, cancer
cachexia and HIV disease resulting in wasting syma) (ICD 10: R64) and HIV
disease resulting in wasting syndrome (ICD 10: Bp2Cancer cachexia is
considered part of the code for malignant neophagitmout specification to site

(ICD 10: C80). Therefore, tracking cancer cachexth ICD codes in their

103



current form is therefore nearly impossible. Cameehexia could be considered
as a candidate to have its own unique code.

With knowledge that sarcopenia and sarcopenic bhesy be associated
with poor outcomes including poor performance s#6) and nosocomial
infections (48) in the elderly and poor survival &nd treatment toxicity (40, 41)
in cancer patients, it is important that ICD codes available to capture this
information. Currently, no ICD diagnostic codes arailable to capture
sarcopenia. With increased consensus on how oedigfis condition (4, 65) this
seems like a worthwhile and perhaps feasible additWithout addition of these
codes, study of the impact of these features gbdipelation level would not be

possible.
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Tables

Table 4-1: The prevalence of Elixhauser comorbidigs (CM) and their relationship with the presence of
sarcopenia, underweight, and obesity in colorectalancer patients seen in new patient medical oncolpg
clinics (n=489)

n (%) with Sarcopeniat BMI < 20 Obesity (BMI > 30)
CM (n=221) (n=34) (n=97)
n (%) of Univariate OR n (%) of Univariate OR| n (%) of Univariate OR
sarcopenic [95% CI] underweight [95% CI] obese [95% CI]
patients who patients who patients who
have CM have CM have CM

Congestive Heart 16 (3.3) 7 (3.2) 0.94 2 (5.9) 2.0 5(5.2) 1.9
Failure [0.35, 2.6] [0.43, 9.0] [0.64, 5.6]

Cardiac arrhythmias 44 (9.0) 26 (11.8) 1.9 3(8.8) 0.98 6 (6.2) 0.61
[0.99, 3.5] [0.29, 3.3] [0.25, 1.5]

Valvular disease 8 (1.6) 5 (2.3) 2.0 0 (0) -* 1(1.0) 0.57
[0.48, 8.7] [0.070, 4.7]

Pulmonary 8 (1.6) 5(2.3) 2.0 3(8.8) 8.7 1(1.0) 0.57
circulation disorderg [0.48, 8.7] [2.0, 38.1] [0.070, 4.7]

Hypertension| 126 (25.8) 61 (27.6) 1.2 5(14.7) 0.48 29 (29.9) 1.3
without [0.79, 1.8] [0.18, 1.3] [0.79, 2.1]

complications

Hypertension with 9(1.8) 7(3.2) 4.4 3(8.8) 7.2 2(2.1) 1.2
complications [0.90, 21.2] [1.7, 30.4] [0.24, 5.7]

Other neurological 10 (2.0) 6 (2.7) 1.8 2 (5.9) 3.5 1(1.0) 0.443
disorders [0.51, 6.6] [0.71, 17.1] [0.055, 3.5]

Chronic pulmonary] 29 (5.9) 14 (6.3) 1.1 5(14.7) 3.1 5(.2) 0.83
disease [0.54, 2.4] [1.1,8.7] [0.31, 2.2]

Diabetes without 59 (12.1) 31 (14.0) 1.4 2 (5.9 0.44 12 (12.4) 1.0
complications [0.81, 2.4] [0.10, 1.9] [0.53, 2.0]
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n (%) with Sarcopeniat BMI < 20 Obesity (BMI > 30)
CM (n=221) (n=34) (n=97)
n (%) of Univariate OR n (%) of Univariate OR| n (%) of Univariate OR
sarcopenic [95% CI] underweight [95% CI] obese [95% CI]
patients who patients who patients who
have CM have CM have CM

Diabetes with 5(1.0) 2(0.9) 0.81 0 (0) -* 3(3.1) 6.2
complications [0.13, 4.9] [1.0, 37.8]

Hypothyroidism 27 (5.5) 14 (6.3) 1.3 4(11.8) 25 6 (6.2) 1.2
[0.61, 2.9] [0.81, 7.7] [0.46, 3.0]

Renal failure 8 (1.6) 7(3.2) 8.7 3(8.8) 8.7 2(2.1) 1.4
[1.1,71.5] [2.0, 38.1] [0.27, 6.8]

Liver disease 8 (1.6) 4 (1.8) 1.2 1(2.9) 1.9 1(1.0) 0.57
[0.30, 4.9] [0.23, 16.2] [0.070, 4.7]

Fluid & electrolyte 24 (4.9) 14 (6.3) 1.7 2 (5.9 1.2 1(1.0) 0.17
disorders [0.76, 4.0] [0.28, 5.5] [0.022, 1.3]

Blood loss anemia 5(1.0) 2 (0.9) 0.81 0 (0) -* 2(2.2) 2.7
[0.13, 4.9] [0.45, 16.6]

Deficiency anemig 24 (4.9) 14 (6.3) 1.7 3(8.8) 2.0 2(2.2) 0.35
[0.76, 4.0] [0.56, 7.1] [0.082, 1.5]

Depression 14 (2.9) 5(2.3) 0.67 2 (5.9) 2.3 2(2.1) 0.67
[0.22, 2.0] [0.50, 10.8] [0.15, 3.0]

Numbers irbold represent significant values (p < 0.05)
The following Elixhauser comorbidities were droppke to low counts (i.es 3 patients affected in the overall sample): paiphvascular
disorders, paralysis, peptic ulcer disease, rheaithatthritis, coagulopathy, drug abuse, alcohaisah psychosis, and HIV/AIDS.

tSarcopenia was measured using the method andrmstgescribed by Prado et al. (41). CT scans teden on average 24 + 22 days from the

new patient medical oncology clinic visit date.

*Cannot be calculated.
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Table 4-2: Body weight and composition characterigs in deceased colorectal cancer patients seennaw patient
medical oncology clinics categorized by time to déa(n=527)

Time to death

<90d 91d-180d | 181d-365d | 366d-545d 545d-730d 730d-1095d >1096d

(n=67) (n=56) (n=111) (n=98) (n=61) (n=73) (n=61)
Mean BMI 254 25.6 25.2 254 26.1 25.9 27.3
WHO BMI Categories (%)
<18.5 9.0 7.1 4.5 5.1 1.6 2.7 1.6
18.5-24.9 43.3 46.4 50.5 45.9 42.6 46.6 36.1
25.0-29.9 29.9 28.6 31.5 31.6 34.4 37.0 37.7
>30 17.9 17.9 13.5 17.3 21.3 13.7 24.6
Body Composition
Sarcopenia (%) | 60.5 | 50.0 | 61.1 | 52.5 | 476 | 54.2 | 41.7




Figures

Figure 4-1: Relationship between measured and prétted REE (using the
Harris Benedict equation (HBE)) from the prospective cohort (n=18)

described in Chapter 3
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