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Cancer cachexia is a devastating,
multifactorial and often irreversible
syndrome that affects around 50-80% of
cancer patients, depending on the tumour
type, and that leads to substantial weight
loss, primarily from loss of skeletal muscle
and body fat.
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Table 2. The commonest malignancies in which

cachexia develops as part of the clinical course.®
Fetients with CME Palliative care
Malignancy cachexia (%)
Gastric cancer 85 Cancer cachexia and
Pancreatic caricer 83 fatlgue ......................................................
Non-small cell lung cancer DI =~ e etememessmreemsmsresssomsss
Small cell lung cancer 57

Grant D Stewart BSc(Hons) MBCh8 MRCS(Ed),
Prostate cancer 56 Surgical Research Fellow

Richard JE Skipworth 8Sc(Hons) MBCHB
MRCS(Ed), Surgical Research Fellow
Unfavourable non-Hodgkin's lymphoma 48 Kenneth CH Fearon MBChB(Hons) MO

FRCS(Glas) FRCS(Ed) FRCS(Eng), Professor of

Colon cancer 54

Sarcoma 40 i Oncoloa
Surgical Oncology
Acute non-lymphocytic leukaemia 39 Department of Clinical and Surgical Sciences
(Surgery). University of Edinburgh, Royal
Breast cancer 36 infirmary; Edinbiirgh
Favourable non-Hodgkin’s lymphoma 31

cachexia is indirectly responsible
for the death of at least 20%
of all cancer patients
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Tumor-Related
Weight Loss: Outcomes

| Quality of Life
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| Body Image

1 Hospital Length of Stay
1 Unscheduled Hospitalization
1 Complications/Infections
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Cancer and nutrition

! Morbidity ! Mortality

Undernutrition

| Quality of life
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Short Communication
I'he views and practice of oncologists towards nutritional support
in patients receiving chemotherapy

A Spiro’ ', € Baldwin' ', A Patterson®, | Thomas* and MIN Andreyev™ '

Table 4 What bamers prevent inclusion of nutrition on oncologist
patient care’

o

20 40 60 80 %

No clear guidelines |

Lack knowledge

Lack of time
Unclear responsibility

Lack RCT evidence

III”

Low priority

MASCC/ISOO, Vienna, 2018



PubMed Analysis:
Cachexia [title] vs Obesity [title]

8743 vs 286327

1:33




5-year-mortality in Patients aged 50
cachexia (+ CHF/cancer) vs with obesity (no CHF/cancer)

80% vs 4%

BMI 18 BMI 30

|
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You cannot treat a disease
that you cannot define

Clinical Nutrition (2008) 27, 793799 |

available at www.sciencedirect.com
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Opinion Paper
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KEYWORDS Summary

Ancrexia; On December 13th and 14th a group of scientists and clinicians met in Washington, DC, for the
Muscle wasting; cachexia consensus conference. At the present time, there is nc widely agreed upon cperational
Inflammation; definition of cachexia. The lack of a definition accepted by clinician and researchers has limited
Involuntary weight loss; identification and treatment of cachectic patient as well as the development and approval of
Wasting disease potential therapeutic agents. The definition that emerged is: "'cachexia, is a complex metabolic

syndrome associated with underlying illness and characterized by loss of muscle with or without
loss of fat mass. The preminent clinical feature of cachexia is weight loss in adults (corrected
for fluid retention) or growth failure in children {excluding endocrine disorders). Anorexia,
inflammation, insulin resistance and increased muscle protein breakdown are frequently associ-
ated with cachexia. Cachexia is distinct from starvation, age-related less of muscle mass, primary
depression, malabsorption and hyperthyrcidism and is associated with increased morbidity.

operational definition provides an opportunity for increased research.
@ 2008 Elsevier Ltd and European Society for Clinical Nutrition and Metabelism. All rights reserved.
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Multiorgan syndrome
systemic disorder
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The Cachexia Pyramid
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Cachexia is a multifactorial syndrome involving
changes in several metabolic pathways, in many tissues
and organs:

 Energy balance disorder
 Tumour-driven inflammation
* Muscle wasting and atrophy
« Adipose tisue wasting
* Multi-organ syndrome
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Cachexia: a problem
of energy balance

METABOLIC
ANOREXIA CHANGES

! !

REDUCED FOOD INCREASED ENERGY
INTAKE EXPENDITURE
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BASAL METABOLIC RATE (REE)
DIET-INDUCED THERMOGENESIS (DIT)
PHYSICAL ACTIVITY
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Healthy Cancer
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FUTILE CYCLE

ACTIVITY

MASCC/ISOO, Vienna, 2018



Skeletal
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tissue

Nature Reviews | Cancer

Argilés et al. , Nature Rev. Cancer 14: 754-762 (2014)
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 Altered changes in
mitochondrial
morphology

 Decreased oxidative
capacity

* Disrupted protein
synthesis

« Changes in
membrane fluidity

» Oxidatively modified
mitochondrial
proteins

CONTROL

TUMOR

Fontes-Oliveira et al, BBA(2013) 1830, 2770-2778
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CC. Fontes-Oliveira et al. / Biochimica et Biophysica Acta 1830 (2013) 2770-2778

uncoupling

AR ,
l ATP apoptotic

heat production production signals

morphological
Ca?* overload alterations

MUSCLE LOSS
CANCER CACHEXIA <]

Fontes-Oliveira et al. (2013) BBA: 1830: 2770-2778
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Tumour-driven inflammation
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Serum levels of leptin and proinflammatory cytokines in
a population of cancer patients according to performance status

60 -
50 -
40 -
O leptin
30 -
l TNF alpha
20 . &l IL-6
10 -
(V=

controls ECOGO ECOG 1 ECOG 2 ECOG 3

Lowest ECOG PS (2 and 3) are associated with highest levels of proinflammatory
cytokines (especially IL-6)

Mantovani G. et al. (2000) J Mol Med 78: 554-561
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IL-6 and Survival
Advanced cancer patients
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Tocilizumab, a proposed therapy for the cachexia of IL6-expressing lung cancer

Parameters Healthy control groups Cancer cachexia group
Group 1 (n=10) Group 2 (n=10) Group 3 (n=8) Group 4 (n=8) N
without MR16-1 with MR16-1 without MR16-1 with MR16-1
Carcass weight (g) 259413 260+1.5 21409 241223 B
Gastrocnemius muscle (mg) 128.1+49.2 1154+322 60.4+293 1066228
Quadriceps muscle (mg) 102.7+46.5 11422336 147486 485+21.2"
Biceps femoris muscle (mg) 1454279 1746853 27.1+123° 594289
Fat tissue around testis (mg) 4905+80.8 468.4+70.7 169.4=48.1" sizaTw.s
White blood cell (/uL) 4,667+2317 3,867+1,892 48,350+18,288" 4,100+880""
Hematocrit (%) 328425 3544127 94444 21822177
Platelet (x10%/uL) 548+257 653+209 102.2:2817 685+285
Triglyceride (mg/dL) 87.0+182 812+28.1 23.0+9.1° 480+ 1447
Glucose (mg/dL) 31161749 260.040.6 296195 1010:36.0™"

100

— with MR16-1
=== withoutMR16-1

Provability of survival
(9]
o

O ] L L] L) L] L] L]
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, ) . . Days after tumor inoculation
Lewis lung carcinoma-bearing mice

Ando et al. (2014) PLOS One 9(7):e102436
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Inflammation and survival in cancer

Glasgow Pronostic Score: a predictor of survival independent of tumour stage, performance status or treatment
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Score 2 : patients with elevated C-reactive protein serum levels (>10 mg/L) and hypoalbuminemia (<35 g/L)

Score 1: patients with either elevated C-reactive protein serum levels (>10 mg/L) or hypoalbuminemia (<35 g/L))
Score 0: patients with normal C-reactive protein serum levels and normal albuminemia

McMillan D.C. (2008) Proc. Nutr. Soc. 67:257-262
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Muscle wasting and atrophy

50 Years of Academic Nutrition Education Norway,
Oslo, 2016
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Adipose tissue wasting
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Adipose tissue wasting

FA-albumin

1.Increased rate of lipolysis

2. Decreased LPL activity

3. Reduced de novo Glucose
lipogenesis
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Cross-talk between adipose tissue and muscle

ADIPOKINES

TNF
IL6
Leptin
ADIPONECTIN
FFA

e

_——

%tal muscle

MYOKINES

Adipose tissue

Argilés et al. Med Res Revy, 25, No. 1, 49-65, 2005
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White adipose
tissue - -

Cell ‘browning’

Brown adipose
tissue

[ Cachexia |

Nature Reviews | Cancer

Argilés et al. (2014) Nature Rev. Cancer 14: 754-762
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PET Imaging
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(a) Upper row: Whole body FDG-.PET acquired 60 min after intravenous
injection of FDG demonstrating intense and extensive FDG uptake in the
brown adipose tissue in the supraclavicular and paravertebral regions
bilaterally in addition to uptake in the neoplasm. (b) Lower row: Repeat
FDG-PET following propranolol intervention on a different day
demonstrates there was no FDG uptake in the BAT, though the uptake in
the neoplasm persists

Basu (2015) Indian J.Cancer 52: 223-224
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Mechanisms and consequences of WAT browning in cancer cachexia
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Multiorgan syndrome
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Brain

* Altered pattern of
hypothalamic mediators

* Loss of appetite

* Hyposmia

* Hypogeusia

White adipose tissue
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* Release of fatty acids

* Release of inflammatory
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Treating cachexia: elements
to be taken into consideration
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Drugs in cachexia clinical trials:endpoints

Stimulate food intake

Enhance absorption/Gastric emptying
Preserve LBM

Enhance QoL

Control cancer

Promote health
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Cachexia diagnosis & staging
Multidisciplinary team

Multimodal treatment (anabolic + anticatabolic)

Nutritional counseling
Nutritional supplements
Drugs

Exercise program
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Chronic cbstructive pumonary disease,

CHRONIC ILLNESS
e.g. Chronic hean falure,

Chronic kidney dsoase,
Chronic infection & Sepsis,

// Ny S

FAT
Y088 MUSCLE WASTING
Weakness & Fatigue
Weight loss reduced muscie strength, VO, max,
and physical activity
CACHEXIA DIAGNOSIS
+ Docreased muscle strength
« Fatigue
Weight loss of at least 5% L *Ancrexie
in 12 months or less 3o0f5 ] :mm
(or BMI <20 kgim?)  madan (CRP. 1.8)
B i = Avemia (M <12 gidL)
* Low serum abomin (<32 gl )

Figwe 1 Conceptual representation of the defintion; cachexia results from adaptation 1o an underlying iiness such as cancer.
The fliness creates an environment that may be chamcterized by nflammation, loss of appetite (anocexia), low levels of testos-

terone and other anabolic hormones, and anemia.

Decreased food Intake and anorexda result in 1oss of body and muscle mass, In

addition, infammation, nsulin resistance, and low levels of anabolic hormones result in mescle wasting,
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The Inverted Pyramid of Cancer Management

Oncologist Specialist Surgeon Radiologist

Psicologist Nutritionist/Dietitian Dentist

Nurses Caregivers

PATIENT
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Efficacy of Multimodal Therapy

Exercise
program

for Cancer Cachexia

Anti-tumour
treatment

Early
intervention

Diagnostic
awareness

Anti-inflammatory
treatment

Anti-anaemia
treatment

Best supportive
care

Nutritional
support

Multidisciplinary
team

Improved management of cancer cachexia certainly requires

a multimodal approach by a multi-disciplinary team
and is best commenced earlier rather than later
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To take home:

Cancer cachexia is an energy balance
and multi-organ syndrome

Systemic inflammation, particularly cytokines, drives
many of the metabolic
changes associated with muscle wasting.
Special attention should be given to both muscle and
adipose-released cytokines and the intercommunication
between the two tissues

The role of adipose tissues —both white and brown-
deserves further research
and may lead to new therapeutic strategies
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