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Malnutrition

Broad term, with no universal definition

‘Malnutrition is a state of nutrition in which a deficiency or excess (imbalance) 
of energy, protein and other nutrients causes measurable adverse effects on 
tissue/body form (body shape, size, composition) and function and clinical 
outcome’ (Elia 2000)
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Cederholm T et al`2018, in press
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Inadequate Nutrition

• Oral intake negatively affected by both disease burden and 
treatment-induced side effects

1. Cancer cachexia-induced anorexia and early satiety

2. Disease/ Treatment specific nutrition impact symptoms & 
digestive limitations

3. Fear of eating  (pain/ aggravation of symptoms)

4. Food aversion/restriction

5. Anxiety and distress 
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Maldigestion and Malabsorption

• Dysphagia

• Odynophagia

• Gastric Outlet Obstruction

• Radiation Enteropathy

• GI Resection

• Pancreatic Exocrine Insufficiency

• Obstructive Jaundice

• Diabetes

• Underlying pre-morbid conditions e.g IBD, previous surgery, PSC.
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Cancer Cachexia and Inflammation

Tan CR et al. 2014
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B -Nutritional screening and assessment

Regularly evaluate nutritional intake, weight change and 
BMI, beginning with cancer diagnosis and repeated 
depending on the stability of the clinical situation

Validated nutrition screening tools - NRS, MUST, MST, MNA
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B -Nutritional Screening and Assessment

In patients with abnormal screening, objective and quantitative 
assessment of nutritional intake, nutrition impact symptoms, 
muscle mass, physical performance and the degree of systemic 
inflammation

No consensus on methods – SGA, PG-SGA and MNA 

Muscle and fat mass e.g. DEXA, anthropometry, CT, BIA

Physical performance – ECOG, Karnofsky scale, walking tests, dynamometers

Systemic inflammation – CRP and albumin, modified Glasgow Prognostic Score
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• n=8160 cancer patients

• Weight loss and BMI 
independently predicted survival

• Inability to maintain weight, even 
subtle losses 2.4%, significantly 
related to decreased survival
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Regardless of BMI at presentation:

Martin L et al, 2015
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• Nutrition Day Oncology 2012-2016

• n=9100 adults with cancer, inpatient setting, with 30 day outcome data 
available

• Median age 65 years (IQR: 55-74), 54.6% male, mean BMI 24.3  (5.3) 
kg/m²

• 30 – day mortality 7% (95% CI 6.5-7.5), 14.9% for patients with systemic 
infection (95%CI 12-17.7)

Do Weight loss (>5%) and/ or BMI influence the rate of systemic 
infections?

• No difference seen across WHO BMI Categories

• Higher incidence of systemic infections observed in patients with weight 
loss (OR 1.6, P<0.0001) 

Laviano A et al (2018) Clinical Nutrition
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Body Composition Variability in Cancer 

Increased Adipose Tissue

Prado C et al 2016
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BMI 29.4kg/m²
Body Surface Area 1.78m² - identical 

chemotherapy dose
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Prado C et al 2016
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• 24 studies, n=5267

• Sarcopenia  predicted

Major post-operative complications  (RR 1.61, 95% CI 1.24-4.15.)

1, 3 and 5 year  overall survival 

1 year  RR 1.61, 95%CI 1.36-1.91,  p<0.0001

3 year  RR 1.45, 95% CI 1.33-1.58, p<0.0001

5 year  RR 1.25, 95% CI 1.11-1.42, p =0.0003



Trinity College Dublin, The University of Dublin

Sarcopenia  is Associated with Increased Hospital Costs

• n=452 patients undergoing GI cancer surgery  (Erasmus MC, 
Rotterdam)

• 46% sarcopenic pre-op

• Low skeletal muscle mass independently associated with increased 
cost of €4000 per patient

Van Vugt JLA et al, PlOS ONE 31st October, 2017
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Clin Cancer Res 2009

55 days

148 days
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Mechanisms of Sarcopenia

Cruz-Jentoft AJ et al, Age and Aging 
2010:39:412- 423
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Primary Sarcopenia

• Aging population, with increasing numbers developing cancer at a later age

• Loss of lean tissue is normal physiological response to ageing

• Anabolic resistance: blunted protein synthetic response to protein intake

• Aggravated by obesity (↑insulin resistance,  myosteatosis, ↑ pro-inflammatory 
cytokines → “inflammaging”)

• Higher protein intake required, with even protein distribution  (min 20g/meal)

• Exercise: Resistance training vs Endurance Exercise

Haran PH et al, JCSM, 2012
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Body Composition Assessment Methods

DXA CT/MRI

Ultrasound Bio-Impedance Analysis

http://www.google.ie/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjPiuKc1sPXAhWnCMAKHWBzDx4QjRwIBw&url=http://www.medi-shop.gr/en/ultrasound-portable/chison-eco1-plus-portable-ultrasound-machine&psig=AOvVaw1kWRLV3Nk9WdN3QUrgBB-v&ust=1510941595633650
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Technique Advantages Disadvantages

DXA Quick 
3 Compartments
Appendicular Muscle
Small radiation

Access
Weight limitations
Extreme hydration changes

BIA Accessible
Portable, low cost, no burden
Phase angle
Useful for longitudinal changes

Assumes constant hydration factor
Not accurate in extremes of BMI

CT/MRI Precise
Tissue analysis
Cancer, COPD, HIV, CVD, Kidney 
disease, Cirrhosis

Radiation
Opportunistic only

US Portable
Less costly
Quick
No radiation
Separate SAT and VAT

9 anatomical points needed for 
analysis
Sensitive to hydration changes
Protocol required

Prado C, personal communication 2017
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Total Body Skeletal Muscle and Adipose Tissue

Estimation from a single abdominal cross-sectional image

Shen W., et al. J. Appl. Physiol. 2004; 97: 2333

Best correlate for skeletal muscle seen at  L3 (TAMA) 
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Cut-off points for sarcopenia
• DXA analysis: males<7.25 kg/m², females <5.45 kg/m²
• CT analysis: males<55.4cm²/m², females <38.9cm²/m²

Whole body FFM(kg):
0.3*[skeletal muscle at L3 using CT (cm²)] 
+6.06

Whole body FM(kg):
0.042*[fat issue at L3 using CT (cm²)] + 11.2
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Landmarking for CT analysis
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CT – Based Body Composition

• Multiple software packages – Osirix, Slice-O-matic, Image- J

• Hounsfield unit thresholds to discriminate between 
structures/tissues.

• Opportunistic use typically – which may limit timing, controlling for 
use of contrast enhancement

• Requires some anatomical knowledge and training

• Automated software in development (latter stages) 

• Trials in development/ progress to look at alternative 
chemotherapy dosing strategies 
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‘Aubrey J et al 2014

Muscle attenuation  and/or radio-density  
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Cruz-Jentoft AJ et al, Age and Ageing 2018 in press
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Body Composition Assessment
Measuring Muscle Mass, strength and function

Variable Clinical Research

Muscle mass BIA
DXA
Anthropometry

CT
MRI
DXA
BIA

Muscle
strength

Handgrip strength Handgrip strength
Knee flexion/extension
Peak expiratory flow

Physical 
performance

Short Physical Performance
Battery (SPPB)
Usual gait speed
Get-up-and-go test

SPPB
Usual  gait speed
Timed get-up-and-go
Stair climb power test

Cruz-Jentoft AJ et al, Age and Aging 2010:39:412- 423
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Timed Up and Go
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Short Physical Performance Battery Test
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Cruz-Jentoft AJ et al, Age and Aging 2018

EWGSOP2  Suggested Algorithm for Sarcopenia
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SARC- F Questionnaire

Malmstrom et al, 2015
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EWSOP2 sarcopenia cut-offs

Cruz-Jentoft AJ et al, Age and Aging 2018
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Fearon KC 2012
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MENAC Study

Incurable lung and pancreatic cancer 

• Phase II, n= 46 

• Multi-modal intervention (Celecoxib 300mg od, Prosure bd, energy   
and protein targets, home based exercise programme)

• Compliance: 76% Celecoxib, 60% exercise, 48% nutritional 
supplements

Phase III now underway 

• NSAID switched to Ibuprofen

Phase II results

Solheim T et al, JCSM 2017 Oct;8(5) 778-788 
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Nutritional assessment in oncology – what should we 
be measuring?  And monitoring?

• Weight loss – severity and duration

• Functional status and muscle strength

• Adequacy of dietary intake

• Absorptive capacity

• Ability to assimilate nutrients (systemic inflammation)

• Nutrition impact symptoms (Disease/treatment)

• Treatment  tolerance and QOL.

And ideally (and increasingly necessary)

• Formal body composition assessment 

Phenotypic Criteria

Aetiologic
Criteria
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