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Classification of Cachexia: Cachexia represents a spectrum. Not all
patients will progress down the spectrum. There are no robust
biomarkers to identify those in the pre-cachectic phase who are likely to
complete the journey or the rate at which they will do so.

Pre-cachexia Cachexia syndrome Advanced cachexia

Normal Death

Weight loss Severe muscle wasting
Weight loss Reduced food intake Fat loss
Systemic inflammation Immunocompromised

Survival > 6-9 months? 3 — 9 months? < 3 months?
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[L-6 regulates the synthesis of
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Weight loss in patients with
advanced pancreatic cancer (n=20)

85% of patients cachectic at diagnosis
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The effect of the acute phase protein
response on energy intake and
expenditure in pancreatic cancer
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Survival of patients with unresectable
pancreatic cancer stratified for APPR

p<0.0001
Cox regression
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Definition of cancer cachexia: effect of weight loss, reduced food
intake, and systemic inflammation on functional status and
prognosis’™
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Cachexia =

« Weight loss > 10%
« CRP>10 mg/L

Food intake < 1500 kcal




Survival following oesophageal resection (n=262)
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Cancer Specific Survival in Advanced
Cancer (n=772)
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Which APPR best predicts
weight loss?

Can we ascribe a relative
importance to systemic
inflammation in the genesis of
cachexia?
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Relationship between serum concentrations of
acute phase proteins with markers of
nutritional status at the time of diagnosis of
OG cancer (n=220).

Wt loss Rate of wt loss
r P r P
CRP 0.30 <0.001 0.36 <0.001
ACT 0.23 0.001 0.27 <0.001
Haptoglobin 0.15 0.038 0.16 0.020

Albumin -0.31 <0.001 -0.35 <0.001
Transferrin -0.30 <0.001 -0.26 <0.001

Spearman rank analysis; r = correlation coefficient

Deans et al (submitted)




Relationship between serum CRP and rate of
weight loss in newly diagnhoses patients with
OG cancer (n=220)

Serum CRP conc [Ln] 0.001
p<0.

r=0.36

Rate of weight loss (%/month) [Ln]




Multiple regression analysis of variables
associated with increased weight loss in newly
diagnosed patients with OG cancer (n=220)

Regression Estimates of

coefficient 95% confidence interval F-test effect size (%)* P value
Dietary intake 0.28 1.80 to 5.09 1.9 38 <0.001
Stage of disease 0.17 0.31 to 2.62 0.9 28 0.013
CRP conc (In) 0.17 0.18 to 1.77 1.3 34 0.017

*multivariate general linear model

Deans et al (submitted)




In patients with OG cancer:

Is of
similar importance to reduced
food intake or mechanical
obstruction by the tumour In
the genesis of weight loss




Serum CRP level: a complex trait!

Environmental Heritable

« Age T e 27 — 40% genetically

« Sex (f) T determined

« Smoking 1  1-2% determined by
SNP’s within CRP gene

e HRT?

o Statin |

Ledue TB Clin Chem 2003, 49, 1258-71
Dupuis J Atherosclerosis 2005, 182, 307-14
Kathuicstan S Circulation 2006, 113, 1415-23




Genetic Biomarkers
of Cachexia?




Cachexia in Cancer
h

* Nutritional insufficiency

« Hypermetabolism

e Inflammation

e Neurohormonal change

« Tumour factors >

* Inactivity

 Oxidative stress

 Anabolic hormone
insufficiency y

Acting on Genetic
Predisposition




Qualitative (SNP’s)

Genetic
Variation

Quantitative (SGVA?*)

*structured genomic variant architecture

Korbel et al. Science 2007, 318, 420-6




Advanced gastric cancer (n = 214)
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(RR: 2.3)

PBMC II-11

(*Weight loss > 10% in previous 6/12)

Population at risk =17%

Zhang D, et al 2007
BMC Cancer, 7, 45




Interleukin-10 polymorphisms are
independently associated with risk
of cachexia among patients with
gastro-oesophageal cancer

Deans DAC1, Tan B, Rose-Zerilli M2, Wigmore SJ', Ross
JA!, Howell M3, Grimble R4, Fearon KCH'
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Gastro-oesophageal
cancer patients (n=203)

N

Phenotyping Genotyping
BMI TaqMan allelic
Anthropometry discrimination
Dysphagia score IL-1-S11 )

Dietary intake IL-6 — 174 _
Systemic IL-10 — 1082 | Cytokine

inflammation (CRP) TNFa — 308 | Polymeorphisms
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Cytokine  Allele  >tudy patients

n (%)
IL-1B -511 cc 89 (45.4)
CT 81 (41.3)
TT 26 (13.3)
HWE# 0.27
IL-6 174 ele 71 (36.0)
GC 83 (42.1)
CC 43 (21.8)
HWE 0.05
IL-101082 GG 54
AG 93 (46.5)
AA 53 (26.5)
HWE 0.32
TNFo. -308 GG 124 (62.0)
AG 61 (30.5)
AA 15 (7.5)
HWE 0.06
LTa +252 AA 82 (42.1)
AG 84 (43.1)
GG 29 (14.9)
HWE 0.33

1P value for Hardy-Weinberg Equilibrium (HWE) (Chi-squared test)




Nutritional variables for the patient group measured at the time of diagnosis
stratified by IL-10 genotype.

IL-10 Genotype P value
AA e GG
(n=53) (n=93) (n=54)

Pre-illness BMI
26.6 (23.1-30.6) 26.4 (23.9-30.1) 26.3 (24.4-30.2) 0.959

BMI at diagnosis
25.6 (21.7-28.7)  24.6 (21.2-27.9)  23.9 (20.7-27.4) 0.214

Mid-arm circumference

(percentile group) 10 (5-25) 10 (1-25) 10 (1-25) 0.347
Triceps skinfold thickness
Arm-muscle circumference (percentile group)
5 (1-25) 5 (1-25) 10 (1-50) 0.748
Food diary intake? 65 (56-91) 87 (68-93) 82 (64-104)
Energy kcal (% of EAR) 115 (104-192) 142 (109-170) 129 (97-169) 0.116
Protein (% of RNI) 0.325
Dietary intake 23 [44] 35 [38] 13 [24]
Normal 21 [40] 44 [47] 32 [59]
Reduced 9 [16] 14 [15] 9 [18] 0.123*
Poor/minimal
Dysphagia score 22 [42] 39 [42] 24 [45]
0 15 [28] 19 [21] 6 [12]
1 11[20] 19 [21] 10 [18]
2 5[10] 14 [15] 13 [24] 0.236*
3 0 2[2] 11[2]
4

1 Calculated from a subgroup of 22 patients. EAR = estimated average requirement. RNI = reference nutritional intake. Values are median (inter-
quartile range). [%]. Kruskal-Wallis Test except *Chi-square test.




The IL-10 genotype is associated with increased
total weight loss at the time of diagnosis

P=0.002
P=0.121 P=0.043
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FUNCTIONAL
SIGNIFICANCE?




IL-10 -1082 genotype and IL-10 production
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Lipopolysaccharide-stimulated whole-blood IL-10 concentrations (levels indicate mean) in
58 patients with pneumococcal disease according to IL-10-1082 genotype. IL-10
concentrations in IL-10 GG patients versus IL-10 A/G or IL-10 A/A patients (p = 0.04).

Schaaf BM et al. Am J Respir Crit Care Med 2003 168, 476-480



Association between genotype INTERLEUKIN-
10-1082 GG and sepsis severity tested with the
Cochrane—-Armitage trend test

Interleukin-10-1082

AA/AG GG
n % n % (0] 3 95% ClI Corrected p
Nonsepsis 16  30.19 2 1250
Sepsis 23 43.40 5 3125 2.065 1.156-3.870
Severe sepsis 8 15.09 2 1250 4.264 1.337-14.977
Septicshock 6  11.32 7 43.75 8.805 1.545-57.962 0.027

Definition of abbreviations: Cl = confidence interval; OR = odds ratio.
IL-10 GG is associated with increasing sepsis severity, most prominent for septic shock.
The p value is corrected for testing multiple polymorphisms (times three).

Schaaf BM et al. Am J Respir Crit Care Med 2003 168, 476-480




Survival of Gastro-oesophageal cancer
patients according to IL-10-1082 genotype

Deans C et al 2007 Ann Surg Oncol 14, 329-39
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Single nucleotide polymorphisms associated with muscle phenotypes. Function
(red) of single nucleotide polymorphisms and published associations (blue) with
muscle phenotypes. ACE (angiotensin 1 converting enzyme), GDF-8 (myostatin),
ACTN3 (alpha actinin 3), IL-15R (interleukin-15 receptor), CNTF (ciliary neurotrophic
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Gordon ES et al. Int J Biochem Cell Biol. 2005 37, 2064-74




SUMMARY

 Both phenotype (CRP) and genotype
(IL-10) aspects of the systemic
inflammatory response are strong
candidate biomarkers for cancer

cachexia

e These and other biomarkers will be
explored further by the EPCRC




Pharmacogenetics: cancer cachexia

Awareness
(diagnostic
acumen)

Optimal
oncological
management

Multidisciplinary
team work

Nutritional
Support
(e.g. high

protein ONS)

Early intervention

Multimodal
therapy

Best supportive
care (treat
secondary factors)

Anti-inflammatory
therapy (e.g.
NSAID, EPA)

Anaemia therapy
(e.g.

erythropoietin)

Multimodal rehabilitation for cancer cachexia. Stabilisation of weight and
physical performance are reasonable goals which may be exceeded in
some and unmet in others.




Response to exercise training is
heterogeneous

« Genomic factors may predict a proportion of non-
responders ( up to 45% may be neutral or negative
responders)

 Functional genomics (gene network activation) may
provide a more integrated signal to allow
prescription of tailored exercise therapy to
maximise the benefits to those who can benefit .

Roth S M J Appl Physiol 2008,104,1243-5
Timmons J J Appl Physiol 2008,104,1250




Personal Genome Sequencing:
so revealing but little revealed!

James Watson’

J Craig Venter?

Statistical likelihoods

Relevance hard to decipher

Need a dictionary of
genotype-phenotype
relationships (e.g. dbGap)

Thttp://[imwatsonsequence.cshl.edu
2http://www.jcvi.org/research/huref/




Predictive gene sets for response and toxicity of different
therapies used in CRC.
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Targeted-therapies

EGFR (Abs or TK inhibitors) VEGF (Bevacizumab)
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Personalised Medicine

{

DNA chip

Electronic health ?

record
O

Insurance card




Biomarkers/Genetics: benefits for
trial design

* Increase homogeneity of trial populations
« Reduce sample size required

o Clarify therapeutic benefit

 Reduce trial costs

 More rapid evaluation of new drugs




Genetically determined disease

« Monogenic: FAP
sickle cell anaemia

 Polygenic: hypertension
obesity
diabetes
schizophrenia
cachexia?




Genotype

Io

Phenotype

(Cachexia)




Classification of Cachexia: Cachexia represents a spectrum. Not all
patients will progress down the spectrum. There are no robust
biomarkers to identify those in the pre-cachectic phase who are likely to
complete the journey or the rate at which they will do so.

Pre-cachexia Cachexia syndrome Advanced cachexia

Normal Death

Weight loss Severe muscle wasting
Weight loss Reduced food intake Fat loss
Systemic inflammation Immunocompromised

Survival > 6-9 months? 3 — 9 months? < 3 months?




Genetic susceptibility in cancer

Within 3 months of the end of life perhaps 1 in 6 with
OG cancer are cachexia

genetic polymorphisms that
underline differential ?




Hazard ratio for risk of cachexia (weight loss
>10%) stratified by IL-10 genotype (Cox’s
univariate regression model).

Hazard Ratio 95% confidence interval P value

AG versus AA 1.3 1.12 to 1.94 0.019

GG versus AA 2.3 1.18 to 4.30 0.014




Multiple regression analysis of variables associated
with increased weight loss

Hazard Ratio 95% confidence interval P value
Dietary intake 3.9 2.32 to 5.57 <0.001
CRP conc (In) 0.8 0.04 to 1.62 0.041
IL-10 genotype 1.9 0.46 to 3.41 0.010




