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Cancer cachexia, resilience and 
impact on anti-cancer treatment

Cardiff Palliative Care Masterclass 2019

Overview

• Current clinical frameworks for definition and assessment

• Current research focus on underlying mechanisms and targets

• Broadening the focus: looking beyond the weight loss

• Concept of phenotypical resilience in cancer patients

• How might we better represent ‘fitness’ for anti-cancer treatment?

• The future MDT: algorithms and A.I. - where is the patient?

• SMARTER MDT ways of working
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Cancer Associated Cachexia Syndrome

Not what it used to be……? Cardiff data on 50 patients 
with criteria for cachexia
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Cancer cachexia: what does it look like now?
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Cancer cachexia: a definition

• What does a definition give us?

• The framework to assess key factors consistently

• The potential to understand when to treat – and not

• The ability to classify severity – and the implications for anti-cancer treatment

• The opportunity to target specific components effectively

• As MDTs

• As part of clinical trials

Fearon K et al. Lancet Oncology. 2011;12:489–495.
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Definition of cancer cachexia

• Loss of skeletal mass (+/- fat mass)

• Negative protein and energy balance

• Complex multifactorial syndrome:
– Reduced food intake (anorexia)

– Abnormal metabolism

– Physical deconditioning

Adapted from: Fearon K et al. Lancet Oncology 2011;12: 489-495
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The value of palliative rehabilitation
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Where has the focus of attention been?

• Assessment

• Quantifying the implications for prognosis

• Understanding the underlying pathophysiology

• The holy grail of therapeutic targets
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Assessment 

Staging and prognosis

Quantity Quality
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Staging and prognosis

Martin et al. JCO 2015;33:90-99

Weight loss as a function of initial body reserves
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Where has the focus of attention been?
• Assessment

• Quantifying the implications

• Understanding the underlying pathophysiology

• The holy grail of therapeutic targets

What lies beneath?
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Weight loss
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Skeletal muscle atrophy: the acronym soup of cancer cachexia signalling pathways

Baracos et al. Nature Reviews Disease Primers 2018;4:17105. doi:10.1038/nrdp.2017.105

CNS, 
sickness 

behaviours 
and cancer 

cachexia Initiation, amplification, and perpetuation of hypothalamic 
inflammation. 

Burfeind KG et al. Semin Cell & Development Biol 2016;54:42-52
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CNS, 
sickness 

behaviours 
and cancer 

cachexia

Baracos et al. Nature Reviews Disease Primers 2018;4:17105. doi:10.1038/nrdp.2017.105

Where has the focus of attention been?

• Assessment

• Quantifying the implications

• Understanding the underlying pathophysiology

• The holy grail of therapeutic targets
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Study n Cancer type Intervention Outcome

Bourdel-
Marchasson et al

RCT

335 pancreatic Structured 
nutritional 

intervention

No improvement in 
mortality or weight 

gain

Sanchez-Lara et al
Double blind RCT

92 NSCLC PUFA ONS Improved LBM and 
weight gain

Temel et al: 
Romana I&II

Double blind RCT

975 NSCLC Anamorelin Improved LBM but 
no improvement in 

grip strength

Golan et al
Phase II RCT

125 Pancreatic cancer Antimyostatin
antibody

Higher deaths in 
intervention; no 
improvement in 

LBM

Dobs et al
Phase II RCT

100 Mixed cancers Enobosarm Within group 
improvements in 

LBM

Hickish et al
Double blind RCT

303 Advanced 
colorectal

Anti IL-1 
Monoclonal Ab

Improvement in 
composite 
endpoint: 

LBM/symptoms

NCT02330926 240 Pancreatic and lung NSAID/exercise/PU
FA ONS

recruiting

Prado et al. Am J Clin Nutr 2013;98:1012-1019
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Looking beyond the weight loss
• Sarcopenia – we all develop it as we get older

• Elderly care: sophisticated approach to loss of strength and 
function as well as mass

• Loss of strength can predate loss of mass: a chance to 
intervene early and understand cachexia as reducing our 
participatory abilities and resilience
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Sarcopenia: definitions from elderly care

• Original definition included importance of muscle function 

as a core component which defines sarcopenia

• New definition upholds importance of muscle strength

• Muscle mass and quality challenging to interpret

• Emphasis on measures of integrated task performance

Sarcopenia and….frailty

Modified from  Fried et al. J Gerontol A Biol Sci Med Sci 2009;64:1049-1057

Sarcopenia
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The Frailty Phenotype
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Muscle as the substrate of frailty and the 
pathway for its effects…….

haematological

endocrine

neurological

cytokines

Frailty as a cumulative deficits syndrome

• We are complex, resilient organisms

• Redundancy in our integrated physiological systems to cope with 
stressors

• Loss of resilience occurs when the number of systems compromised 
reaches a threshold

• Cumulative smaller deficits rather than obvious single large deficits 
produce risk
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             FRAIL older adults are a group at increased risk of seri-

ous adverse clinical outcomes, including mortality and 

loss of independence ( 1  –  5 ). One conceptualization of frailty 

is that it is a distinct medical syndrome, which is clinically 

recognizable when a critical mass of symptoms and signs 

emerge ( 1 , 3 ). This has been operationalized as the concur-

rent presence of three or more of the following: low strength, 

low energy, slowed motor performance, low physical activ-

ity, or unintentional weight loss ( 1 , 2 ), and validated as a syn-

drome ( 3 ). It is hypothesized that this clinical presentation is 

a result of dysregulated energetics linked to abnormal levels 

of individual physiological systems such as a mild proin-

fl ammatory state, anemia, abnormal hormonal levels, micro-

nutrient defi ciencies, sarcopenia, and, possibly, decrements 

in neuromuscular control ( 1,6  –  13 ). Additionally, abnormal 

physiological systems can interact with synergistically in-

creased risk of frailty (ie, insulin-like growth factor-1 [IGF-1] 

and IL-6;  10 , 14 , 15 ). These fi ndings raise the question of 

whether the risk of frailty rises with the number of systems 

abnormal, over and above any specifi c system functioning 

abnormally. If so, this would provide insight into the etiol-

ogy of frailty, and into treatment and prevention. 

      Nonlinear Multisystem Physiological Dysregulation 

Associated With Frailty in Older Women: Implications for 

Etiology and Treatment 

     Linda P.     Fried    ,  1       Qian-Li     Xue    ,  2  ,  3  ,  4       Anne R.     Cappola    ,  5       Luigi     Ferrucci    ,  6       Paulo     Chaves    ,  2  ,  3       Ravi     Varadhan    ,  2  ,  3  ,  4   

    Jack M.     Guralnik    ,  7       Sean X.     Leng    ,  2       Richard D.     Semba    ,  2       Jeremy D.     Walston    ,  2  ,  3       Caroline S.     Blaum    ,  8  ,  9   and 

    Karen     Bandeen-Roche   2  ,  3   

  1 Department of Epidemiology, Mailman School of Public Health, Columbia Uni versity, New York, New York     . 
  2 Division of Geriatric Medicine and Gerontology , Department of Medicine, Johns Hopkins Uni versity, Baltimore, Maryland  . 

  3 Center on Aging and Health, Johns Hopkins Medical Institutions, Baltimore, Maryland  . 
  4 Department of Biostatistics, Bloomber g School of Public Health, Johns Hopkins Uni versity, Baltimore, Maryland  . 

  5 Division of Endocrinology, Diabetes, and Metabolism, Department of Medicine, Uni versity of 
Pennsylvania School of Medicine, Philadelphia  . 

  6 Longitudinal Studies Section, Clinical Research Branch, National Institute on Aging, Baltimore, Maryland  . 
  7 Laboratory of Epidemiology, Demography, and Biometry, National Institute on Aging, Bethesda, Maryland  . 

  8 Division of Geriatric Medicine, Department of Internal Medicine, University of Michigan, Ann Arbor  .  
  9 Geriatric Research, Education and Clinical Center , Veterans Administration Health Center, Ann Arbor, Michigan     .             

   Background.       Frailty in older adults, defi ned as a constellation of signs and symptoms, is associated with abnormal levels 

in individual physiological systems. We tested the hypothesis that it is the critical mass of physiological systems abnormal 

that is associated with frailty, over and above the status of each individual system, and that the relationship is nonlinear. 

   Methods.       Using data on women aged 70 – 79 years from the Women ’ s Health and Aging Studies I and II, multiple 

analytic approaches assessed the cross-sectional association of frailty with eight physiological measures. 

   Results.       Abnormality    in each system (anemia, infl ammation, insulin-like growth factor-1, dehydroepiandrosterone-sulfate, 

hemoglobin A1c, micronutrients, adiposity, and fi ne motor speed) was signifi cantly associated with frailty status. However, 

adjusting for the level of each system measure, the mean number of systems impaired signifi cantly and nonlinearly predicted 

frailty. Those with three or more systems impaired were most likely to be frail, with odds of frailty increasing with number 

of systems at abnormal level, from odds ratios (ORs) of 4.8 to 11 to 26 for those with one to two, three to four, and fi ve or 

more systems abnormal ( p  < .05 for all). Finally, two subgroups were identifi ed, one with isolated or no systems abnormal 

and a second (in 30%) with multiple systems abnormal. The latter group was independently associated with being frail 

(OR = 2.6,  p  < .05), adjusting for confounders and chronic diseases and then controlling for indi vidual systems. 

   Conclusions.       Overall, these fi ndings indicate that the likelihood of frailty increases nonlinearly in relationship to the 

number of physiological systems abnormal, and the number of abnormal systems is more predictive than the individual 

abnormal system. These fi ndings support theories that aggregate loss of complexity, with aging, in physiological systems 

is an important cause of frailty. Implications are that a threshold loss of complexity, as indicated by number of systems 

abnormal, may undermine homeostatic adaptive capacity, leading to the development of frailty and its associated risk for 

subsequent adverse outcomes. It further suggests that replacement of any one defi cient system may not be suffi cient to 

prevent or ameliorate frailty. 

    Key Words  :     Frailty etiology   —   Aging  .   

Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/64A/10/1049/584760
by Acquisitions user
on 16 July 2018

Accumulation and the continuum…tipping 
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Scheffer M. Nature 2010;467:411-412
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Adopting the concept of ‘cancer frailty’
• Beyond muscle loss to a better understanding of:

• What are the deficits that accumulate and threaten our resilience?

• Are they cancer specific and how do we describe this frailty?

• What can they tell us about ‘fitness’ for anti-cancer treatment?

Why does that matter?
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Why does that matter?

• Of patients with complete data: 47.3% did not complete SACT

• For youngest (<55): over 40% did not complete

• For >65 age group: 52% did not complete

Why does that matter?
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Better profiling risk
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2. Scientific quality of the Proposal (7 pages) 

Predictive modelling 

We have developed a survival prediction model for Stage                

I-III NSCLC patients treated with radiotherapy, using data 

from Liverpool, Macarthur and Illawarra Cancer Therapy 

centres.  There were 672 patients treated between 2003-

2017, of which 55% were treated with curative intent and 

45% palliative intent. There were 602 patients with 2-

year survival data, the model was trained in 50% of the 

cohort and tested on the other 50%. Survival curve 

analysis on the withheld data included censored patients 

resulting in 337 patients.  

The model provides an individualised risk score. We 

further identified 3 prognostic groups with different 

degrees of benefit with curative radiotherapy from which 

we report survival statistics for the group of patients with 

similar risk to the individual. (Figure 1) Of 337 patients, 

62 were deemed good, 177 medium and 98 poor 

prognosis. The groups were initially set by the 25th and 

75th percentiles of model output probability where the 

good prognosis patients comprised the highest quartile 

and the poor prognosis patients the lowest quartile. The 

groups were refined by locally optimising the threshold to 

minimise the p-value in comparing treatment group survival 

at 2-years in the good prognosis category and maximise the 

corresponding p-value in the poor prognosis category.  

Refinement of the model using data from a larger cohort of 

Australian NSCLC lung cancer patients is necessary 

before using these predictive models in clinical practice. 

A computer-aided theragnostics network has been 

implemented to collect and analyse routine clinical data 

from additional centres, (Crown Princess Mary Cancer 

Centre, Nepean Cancer Centre, Blacktown Cancer Centre 

and Calvary Mater Newcastle) to enable this. The 

predictive model will be continuously refined using up-to-

date clinical data up to the point at which we are ready to 

commence the trial. The combined data from these seven  

centres will   result in an Australian-specific predictive 

model for survival in Stage I-III NSCLC patients  

undergoing radiotherapy. 

The model will stratify patients into risk groups based on 

their individual patient and tumour features. We will 

ensure that the model performs significantly better than 

clinicians before proceeding to clinical use. The area 

under the curve (AUC) of the Receiver Operating 

Characteristic curve is used to measure the value of 

predictions. A score of 1 is perfect alignment between 

observed and predicted outcomes whereas a score of 0.5 

refers to predictions which are correct 50% of the time i.e. 

the same as random chance. Current clinician estimates of prognosis in NSCLC have an AUC of 

Fig. 1: Predictive modelling at 

Liverpool, Macarthur & Illawarra 

Cancer Therapy Centres has 

identified 3 prognostic groups of 

NSCLC patients undergoing 

radiotherapy. The good and medium 

prognosis group of patients have a 

significant 2-year survival benefit 

with curative radiotherapy whilst the 

poor prognosis group does not. 

(Grey lines are 95% confidence 

intervals.) 

Reframing precision and personalized 
medicine – with the person
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Single systems approach to cancer 
frailty

Task performance and chemo toxicity
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Task performance and chemo toxicity

Paradigm shift: complex host

• Imaging:  lean body 
mass and quality

• Circulating 
biomolecules

• Function
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PrEdicting Treatment Resilience in 
Oesophageal cancer Systemic treatment 

Imaging
• SMI

• myosteatosis

Biomolecules

• CRP, albumin

• Hb, wcc ratios

Function

• SPPB/ADLs

• Comorbidities

• Social

Treatment 
Tolerance:

Delays, dose reduction
discontinuation

Supporting Multidata Analysis to Refine 
Treatment: SMART MDT
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Cachexia and frailty in refining cancer 
treatment

45


