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Orange dots represent sarcopenic obese patients







The tip of the iceberg

Multi-organ dysfunctions are parallelly 
ongoing during tumor growth by 
promoting muscle wasting



Adipose tissue breakdown
- ↑  in lipolysis, ↑ turnover of glycerol and FFA
- elevated levels of lipid mobilising factor (LMF), a tumour-

induced catabolic factor directly acting on the adipose 
tissue with the release of FFA and glycerol.

Inflammation
- elevated levels of  TNF-α, IFN-γ, IL-1 and IL-6 act in a 

synergistic manner, driving mechanisms responsible for the 
progressive muscle wasting

Increased muscle protein breakdown
- via various proteolytic pathways
Decreased protein synthesis
Decreased insulin sensitivity of the skeletal muscle
- prevents the AA uptake, suppressing protein synthesis 
Loss of physical activity 
may also significantly affect the suppression of protein 
synthesis
Oxidative stress
- due to increased production levels of ROS

Main molecular mechanisms of cancer cachexia 



Proteolytic systems act synergistically to degrade both myofibrillar and non-myofibrillar cellular proteins, 
thereby contributing to muscle wasting.

• Ubiquitin–proteasome system
This pathway degrades myofibrillar proteins, which constitute the structural components of muscle 
fibers

• Inappropriately upregulated lysosomal autophagy

• Calcium-dependent proteases
Calpains are activated by elevated intracellular calcium concentrations

• Mitochondrial dysfunction
It impairs energy metabolism in muscle cells, increases oxidative stress, leading to excessive production 
of ROS

Key proteolytic systems in muscle wasting
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Neoadjuvant chemotherapy Adjuvant chemotherapy



Does quantity or quality 
of muscle  mass matter? 



Sarcopenia decreases response to 
chemotherapy and survival 

If patients are sarcopenic, the response to 
chemotherapy may be lower. 

Poor outcomes may be related to higher toxicity 
rates that, in turn, may lead to dose reduction 
and delivering lower doses of effective 
oncological treatment.



The excess of toxicity ranges from 1.6 to a 13 factor, mainly depending on the drug investigated in the different studies









The association between estimated total body FFM and BSA was poor even though both are associated with height. 
A consequence of low FFM would be a low volume of distribution of cytotoxic chemotherapy drugs, with a higher 
incidence of overall toxicity.

C. Prado, The Lancet oncol 2008



How does sarcopenia influence drug toxicity?

Pharmacokinetic alterations due to changes in body composition 

(FFM)

Hypoalbuminemia

Increases the unbound plasma fraction of drugs with high protein 

binding (e.g., carboplatin, etoposide, cisplatin, docetaxel, paclitaxel, 

irinotecan).

Reduced CYP450 activity





Marc Hilmi, Pharmacology & Therapeutics 196 (2019) 135 - 159



Strategies to reverse sarcopenia

• Adequate intake of nutrients 

• Treatments to fight the muscle loss whose efficacy was proved by RCTs

• Anti-inflammatory agents wit both anticatabolic and anabolic effects (omega-3-enriched 
ONS,  orexigenic agents as ghrelin, high protein regimens)

• Muscle exercise

• Better results are expected combining different procedures in an early and 
multimodal approach. 





Muscle exercise
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Resistance exercise is a potent stimulant 
for protein synthesis resulting in increases 
in muscle fibre cross-sectional area, 
particularly hypertrophy of myofibrillar 
proteins, myosin and actin, stimulating 
both myofibrillar and mitochondrial protein 
synthesis.

A key regulator of this process appears to 
be insulin-like growth factor-1 (IGF-1) 





• Cancer patients are susceptible to sarcopenia before and after chemotherapy

• Muscle mass depletion is associated with the risk of discontinuation of 
chemotherapy and dose reduction 

• Sarcopenia worsens chemotherapy mediated toxicity in sarcopenic obese, 
eutrophic and malnourished subjects, with elevated healthcare costs

• Need for a simple, rapid, and reliable approach to enable timely and effective 
intervention. 

Conclusions



Grazie per l’attenzione!
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