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Cachexia,	is	a	complex	metabolic	syndrome		

associated	with	underlying	illness	and	characterized		

by	loss	of	muscle	with	or	without	loss	of	fat	mass.	



CACHEXIA 

DISEASES ASSOCIATED WITH THE CACHECTIC SYNDROME  

•  Acquired	immune	deficiency	syndrome	(AIDS)	
•  Sepsis	
•  Severe	burn	
•  Chronic	obstrucCve	pulmonary	disease	(COPD)	
•  Cardiovascular	pathology	
•  Neuromuscular	disease	hyperthyroidism	

•  Muscle	atrophy	and/or	distrophy	
•  Cancer	
•  …	

Cancer cachexia is a devastating, 

multifactorial and often 

irreversible syndrome that affects 

a  

high percentage of cancer 

patients,  

depending on the tumour type,  

and that leads to substantial 

weight loss,  

primarily from loss of skeletal 

muscle and body fat.  



CACHEXIA 

cachexia is directly 
responsible 

 for the death of at 
least 20% 

 of all cancer patients 
(cardiac/respiratory 

failure)  
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CACHEXIA 

Reduced	survival	Cme	
Poor	prognosis	

Reduced	reponse	to	therapy	
Increased	toxicity	associated	to	treatment	

Altered	immune	response	
Reduced	mobility	

Increased	risk	of	surgery	complicaCons	
Reduced	quality	of	life	
Increased	sanitary	costs	

	



Cachexia,	is	a	complex	metabolic	syndrome	associated	with	underlying	illness	
and	characterized	by	loss	of	muscle	with	or	without	loss	of	fat	mass.	

	
The	prominent	clinical	feature	of	cachexia	is		

weight	loss	in	adults	or	growth	failure	in	children.	
	

Anorexia,	inflamma@on,	insulin	resistance	and	
	increased	muscle	protein	breakdown		
are	frequently	associated	with	cachexia.		

Evans et al. Cachexia a new definition. Clinical Nutrition 2008, 27:793  
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universally agreed upon definition. It is essential to have
a specific definition so clinicians can recognize the problem
and institute corrective measures to treat cachexia.1 On
December 13th and 14th, 2006, scientists and clinicians met
in Washington, DC, to reach a consensus on the definition of
the constellation of abnormalities that have been grouped
under the name cachexia. After 2 days of discussion, a defi-
nition for cachexia was arrived at by a consensus vote. Each of
the sentences that follow were included only if a 75% majority
of the group approved. 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 prominent 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 wasting disease. Wasting disease is distinct from
starvation, age-related loss of muscle mass, primary depres-
sion, malabsorption and hyperthyroidism and is associated
with increased morbidity (Fig. 1).

Cachexia is infrequently identified or diagnosed and
rarely treated. Our purpose is to define the phenomenon,
discuss how it can be identified and describe current and
potential therapies. Because there has been no universally
accepted definition of cachexia, its identification has been
problematic and causal mechanisms are poorly understood.
Increased nitrogen excretion resulting from increased
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CACHEXIA DIAGNOSIS

• Decreased muscle strength

• Fatigue

• Anorexia

• Low fat-free mass index

• Abnormal biochemistry:

• Increased inflammatory
markers (CRP, IL-6)

• Anemia (Hb <12 g/dL)
• Low serum albumin (<3.2 g/dL)

Figure 1 Conceptual representation of the definition: cachexia results from adaptation to an underlying illness such as cancer.
The illness creates an environment that may be characterized by inflammation, loss of appetite (anorexia), low levels of testos-
terone and other anabolic hormones, and anemia. Decreased food intake and anorexia result in loss of body and muscle mass. In
addition, inflammation, insulin resistance, and low levels of anabolic hormones result in muscle wasting.
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METABOLIC CHANGES 



Molecular mechanisms 

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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Cancer cachexia is basically a problem of energy balance 

NEGATIVE ENERGY BALANCE 

? 



Energy-wasting syndrome 

This increased futile cycle activity is 
harmfull for the patient and it results in 

a metabolic inefficiency. 



Cori cicle 



Energy-wasting syndrome 

thermogenesis rate  ATP synthesis  



MITOCHONDRIA 



MITOCHONDRIA: Oxidative phosphorylation 

https://www.youtube.com/watch?v=xbJ0nbzt5Kw 
T=0:41 



Thermogenesis: mitochondrial Uncoupling 



Energy-wasting syndrome 

•  Altered changes in 
mitochondrial 
morfology  

•  Decreased oxidative 
capacity 

•  Disrupted protein 
synthesis 

•  Changes in 
membrane fluidity 

•  Oxidatively modified 
mitochondrial proteins    

Fontes-Oliveira et al, BBA(2013) 1830, 2770-2778 
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Tumour-driven inflammation 
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Muscle wasting 



Muscle wasting 

ubiquitin-dependent proteasome pathway 

autophagy 



Muscle wasting 
TNF or IL1 



Muscle wasting 
insulin-like growth factor 1  



Adipose tissue wasting 

1. Increased rate of lipolysis  
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2. Decreased LPL activity  
 
3. Reduced de novo    
    lipogenesis 



Adipose tissue wasting 

parathyroid-hormone-related protein  



Crosstalk between adipose tissue and muscle 
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Skeletal muscle 
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Argilés et al. Med Res Rev, 25, No. 1, 49–65, 2005 

ADIPOKINES 

MYOKINES 

protein synthesis 

proteolysis 

rate fo fatty acid synthesis  

 lipolysis 



Crosstalk between muscle and other tissues 

 
Benatti et Pedersen, Nat. Rev. Rheumatol. 11, 86-97 (2015) 

MYOKINES 



Multi-organ syndrome 



Conclusions and perspectives 

 

Knowledge of the molecular mechanisms  

underlying cancer cachexia may allow 

 for the design of distinctive therapeutic approaches  

that ameliorate or even successfully cure this syndrome. 

 



DIAGNOSIS OF CANCER CACHEXIA 
 

CASCO: A new tool for staging cachexia  
in cancer patients  
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Cachexia,	is	a	complex	
metabolic	syndrome	

associated	with	
underlying	illness	and	
characterized	by	loss	of	

muscle	with	or	
without	loss	of	fat	

mass.	

Evans et al. Cachexia a new definition.  Clinical Nutrition 2008, 27:793  





Staging cachexia 

¨  Cachexia has been defined but the definition does 
not consider the problem of staging it. Classification 
of patients is important when considering 
therapy.  

¨  The objective of the CAchexia SCOre (CASCO) is to 
fulfill the existing gap in the classification of 
cachectic cancer patients.  

 



CAchexia SCOre (CASCO)  

CASCO takes into consideration five components:  
 

1.  Body weight and lean body mass loss (BWC) 
2.  Inflammatory, immunological, and metabolic disturbances 

(IMD) 
3.  Physical performance (PHP) 
4.  Anorexia (ANO) 
5.  Quality of life (QoL) 

 



Casco web page  

https://www.ub.edu/cancerresearchgroup/ 



PATIENT INFORMATION 



Body weight and lean body mass loss 

40% Body weight and lean body mass loss (BWC) 



•  Bioelectrical impedance analysis (BIA)  
•  Dual X-ray absorptiometry (DEXA)  
•  Cross-sectional imaging: computed tomography (CT) or magnetic resonance imaging (MRI). 

Antoun et al J Clin Oncol. 2010; 28:1054–1060. 

muscle 

Subcutaneus adipose tissue 

visceral adipose tissue 

computed tomography (CT)  

Body weight and lean body mass loss 



Inflammatory, immunological and 
metabolic disturbances 

20% Inflammatory, immunological, and metabolic disturbances (IMD) 



Physical performance 

15% Physical performance (PHP) 



Anorexia 

15% 

Simplified Nutrition Assessment Questionnaire (SNAQ)  

Anorexia (ANO) 



Quality of life  

10% 
Quality of Life Questionnaire [QLQ]-C30  

Quality of life (QoL) 



Validation of CASCO  



Degrees of cachexia	
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miniCASCO (CASCO’s short form) 

Reduction of the number of items  
(component analysis: based on factorial loadings of the items in the 

component and the discrimination index) 
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miniCASCO (CASCO’s short form) 
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CONCLUSIONS 

CASCO is a useful tool for the classification of cachexia 
according to 5 components: 

•  Body weight and lean body mass loss 
•  Inflammatory, immunological, and metabolic disturbances  
•  Physical performance 
•  Anorexia 
•  Quality of life 

  
CASCO and miniCASCO could be also useful tools for the 

treatment and nutritional recommendations of cachectic 
cancer patients and will therefore allow for a more adequate 

therapy depending of the cachexia classification. 



TREATMENT OF CANCER CACHEXIA 
 

Complete	reversal	on	muscle	was@ng	in	an	animal	model	of	
cancer	cachexia:	addi@ve	effects	of	myosta@n	inhibi@on		

and	beta-2	agonist	treatment		
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TARGETS FOR THERAPY 
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Stimulating appetite:
1. Megestrol acetate
2. Ghrelin agonists
3. MC4 receptor antagonists
4. Serotonin antagonists

Interfering with metabolic
alterations:
5. Pro-cachectic cytokine
    antagonists
6. Anti-cachectic cytokines
7. COX-2 inhibitors
8. Beta-2 agonists
9. ACE inhibitors
10. Beta blockers
11. SARMs
12. Myostatin antagonists
13. Proteasome inhibitors
14. Phosphodiesterase
      inhibitors
15. ω3-fatty acids
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Experimental Cachexia model 

Lewis lung carcinoma 
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Lewis lung carcinoma 



Experimental Cachexia model 

Lewis lung carcinoma 

		 Control	 Tumor	 P	-value	

Ini@al	Body	Weight	(g)			 17	±	0.2	 17	±	0.5	 NS	

Final	Body	Weight	(g)	 	22	±	1	 14	±	1		 <0.001	

Weight	Increase	(%)	 29%	 -17%	 		

Muscles	(mg/100g	Ini@al	Body	Weight)	

GASTROCNEMIUS	 764	±	16	 381	±	6	 <0.001	

TIBIALIS	 241	±	8	 123	±	7	 <0.001	

SOLEUS	 42	±	1	 37	±	3	 NS	

EDL	 58	±	4	 39	±	3	 <0.01	

HEART	 656	±	10	 530	±	6	 <0.001	

P-value: Student t-test 



Lewis	lung	carcinoma	(LLC)	
vehicle	(saline)–treated	animals		
(placebo	control)	

LLC-treated animals with: 
soluble receptor antagonist of myostatin 
(10 mg/kg BW s.c. twice a week)  
+ 
Formoterol 
(1 mg/ kg BW s.c. once a day) 
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Figure obtained from: Lynch GS, Schertzer JD, Ryall JG. Therapeutic approaches for muscle wasting disorders. 
Pharmacol Ther. 2007 Mar;113(3):461-87.  

Possible β2-adrenergic signaling pathways involved in  
skeletal muscle hypertrophy following administration of a β2-agonist.  



Figure obtained from: Lynch GS, Schertzer JD, Ryall JG. Therapeutic approaches for muscle wasting disorders. 
Pharmacol Ther. 2007 Mar;113(3):461-87.  

Possible β2-adrenergic signaling pathways involved in  
skeletal muscle hypertrophy following administration of a β2-agonist.  
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MUSCLE	WEIGHTS	

Results	are	mean	±	S.E.M.	for	the	number	of	animals	indicated	in	parentheses.	Muscle	weights	are	expressed	as	mg/100	g	of	iniCal	body	
weight.	GSN:	gastrocnemius	muscle.	 	 StaCsCcal	 significance	of	 the	 results	by	 full	 factorial	 three-way	ANOVA	 (fixed	 factors:	 tumour,	
formoterol	treatment,	and	soluble	receptor	antagonist	of	myostaCn	treatment).	StaCsCcally	significant	difference	by	post	hoc	Duncan	
test.	Different	superscripts	indicate	significant	differences	between	groups.		
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											SKELETAL	MUSCLE	STRENGTH 
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Grip	force	is	expressed	as	g/g	iniCal	body	weight.	StaCsCcal	significance	of	the	results	by	full	factorial	three-way	ANOVA	(fixed	factors:	tumour,	formoterol	treatment,	
and	soluble	receptor	antagonist	of	myostaCn	treatment).		
StaCsCcally	significant	difference	by	post	hoc	Duncan	test.	Different	superscripts	indicate	significant	differences	between	groups.	
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IR ACTIMETER System and ACTITRAK 
software from PANLAB  
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					PHYSICAL	ACTIVITY 



					PHYSICAL	ACTIVITY 
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PLASMA	CYTOKINE	LEVELS 
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Results	are	mean	±	S.E.M.	for	the	number	of	animals	indicated	in	parentheses.	Cytokines	are	expressed	as	pg/ml	plasma.	StaCsCcal	significance	of	
the	results	by	one-way	ANOVA.	StaCsCcally	significant	difference	by	post	hoc	Duncan	test.	Different	superscripts	indicate	significant	differences	
between	groups.	



Results	are	mean	±	S.E.M.	for	the	number	of	animals	indicated	in	parentheses.	Cytokines	are	expressed	as	pg/ml	plasma.	StaCsCcal	significance	of	
the	results	by	one-way	ANOVA.	StaCsCcally	significant	difference	by	post	hoc	Duncan	test.	Different	superscripts	indicate	significant	differences	
between	groups.	

BLOOD	MARKERS 
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FOOD	INTAKE 

StaCsCcal	significance	of	the	results	by	full	factorial	three-way	ANOVA	(fixed	factors:	tumour	(T),	formoterol	treatment	(F),	and	soluble	receptor	
antagonist	of	myostaCn	treatment	(A)).		
Results	are	mean	±	S.E.M.	for	the	number	of	animals	indicated	in	parentheses.	
	Food	intake	is	expressed	in	g/100g	of	iniCal	body	weight	and	refers	to	the	ingesCon	during	the	period	of	the	experiment	prior	to	sacrifice	that	took	
place	14	days	aher	tumour	inoculaCon.	

Food$Intake! C$(7)$ C$+$F$(7)$ C$+$A$(7)$ C$+$A$+$F$(7)$

g/100!g!IBW! 226!±!7!ab! 258$±$4$c$ 260$±$8!c! 256$±$13$c!

$ T$(8)$ T$+$F$(8)$ T$+$A$(8)$ T$+$A$+$F$(8)$

g/100!g!IBW! 216!±!7!a! 221!±!3!a$ 215!±!3!a$ 240$±$4$b$
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TUMOUR	MASS	AND	METASTASES 

Tumor	mass	is	expressed	in	g	and	metastases	are	expressed	as	percentage	of	the	lung	volume.	StaCsCcal	significance	of	the	results	by	full	
factorial	two-way	ANOVA	(fixed	factors:	formoterol	treatment	(F),	and	soluble	receptor	antagonist	of	myostaCn	treatment	(A).	StaCsCcally	
significant	difference	by	post	hoc	Duncan	test.	Different	superscripts	indicate	significant	differences	between	groups.	
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SURVIVAL	
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Kaplan-Meier survival analysis. Comparison of Survival curves were analyzed by Log-rank test (Mantel-Cox).  
The global comparison for the treatments has a P value=0.000.  

Different subscripts means significant differences detected by pairwise comparisons (Bonferroni correction). 
 P values < 0.05 were considered significant. 
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PROTEIN	DEGRADATION:		
MEASURED	EX	VIVO	AS	TYROSINE	RELEASE,		
USING	INCUBATED	ISOLATED	EDL	MUSCLES	

 

EDL isolation 
EDL incubated in a shaking-
thermostatized water bath 

 at 35 °C for 3 hours in 2 ml of Krebs-
Henseleit buffer 

(shaking rate of 45 cycles/min and  
gassed with O2/CO2 19:1)  
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PROTEIN	DEGRADATION:	MEASURED	EX	VIVO	AS	TYROSINE	
RELEASE,	USING	INCUBATED	ISOLATED	EDL	MUSCLES	
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ProteolyCc	rates	were	measured	in	the	presence	of	cycloheximide	(0.5	mmol/L)	and	are	expressed	as	nanomoles	tyrosine	per	gram	and	2	hours	of	
incubaCon.	StaCsCcal	significance	of	the	results	by	full	factorial	three-way	ANOVA	(fixed	factors:	tumour	(T),	formoterol	treatment	(F),	and	soluble	
receptor	antagonist	of	myostaCn	treatment	(A)).	StaCsCcally	significant	difference	by	post	hoc	Duncan	test.	Different	superscripts	indicate	
significant	differences	between	groups.		
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    Lysosomal        Non-Lysosomal 
 
 
       Cathepsins                      Ca2+-dependent system (calpains) 
 

             ATP-ubiquitin-dependent system 
 

PROTEOLYTIC SYSTEMS IN MUSCLE 

PROTEIN	DEGRADATION:	PROTEOLYTIC	SYSTEMS 



PROTEIN	DEGRADATION:	GENE	EXPRESSION	OF	
PROTEOLYTIC	SYSTEMS	IN	TIBIALIS	MUSCLE 



PROTEIN	SYNTHESIS:	MEASURED	IN	VIVO	USING	
TRITIATED	PHENYLALANINE 

Phe-3H  

PROTEINS 
3 h 

Phe-3H  
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PROTEIN	SYNTHESIS:	MEASURED	IN	VIVO	USING	
TRITIATED	PHENYLALANINE 

StaCsCcal	significance	of	the	results	by	full	factorial	three-way	ANOVA	(fixed	factors:	tumour	(T),	formoterol	treatment	(F),		
and	soluble	receptor	antagonist	of	myostaCn	treatment	(A)).	

StaCsCcally	significant	difference	by	post	hoc	Duncan	test.		Different	superscripts	indicate	significant	differences	between	groups.		
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VASTUS 



sActRIIB FORMOTEROL 

Synthesis 

Muscle wasting 

Degradation 
Degradation Synthesis 
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Combining formoterol and the soluble ActRIIB seems to be a  

very promising treatment for experimental cancer cachexia.  

 

Lewis	lung	carcinoma	(LLC)	
LLC-treated animals with: 
soluble receptor 
antagonist of myostatin 
+ 
Formoterol 
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Conclusions and perspectives 

•  Treatment of cancer cahexia: 

•  because cachexia is a multifactorial syndrome, a multimodal 

approach is needed. 

•  Multimodal therapy should incorporate at least a double 

strategy, both anticatabolic and anabolic. 

•  Treatment should be started right from the moment of cachexia 

diagnosis (need of a diagnosis tool). 



Conclusions and perspectives 

CANCER	CACHEXIA	TREATMENT	

anabolic/an@catabolic	drugs		
+		

adequate	nutri@onal	support	

moderate-to-high		
endurance	exercise	
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