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Abstract
Background: None	of	the	published	studies	involving	cancer	cachexia	experimental	
models	 have	 included	 a	measure	of	 the	 severity	of	 the	 syndrome	 like	 the	 scoring	
system	previously	developed	for	human	subjects.	The	aim	of	the	present	investiga‐
tion	was	to	define	and	validate	a	cachexia	score	usable	in	both	rat	and	mouse	tumor	
models.
Methods: In	 order	 to	 achieve	 this	 goal,	 we	 included	 in	 the	 study	 one	 rat	 model	
(Yoshida	AH‐130ascites	 hepatoma)	 and	 two	mouse	models	 (Lewis	 lung	 carcinoma	
and	Colon26	carcinoma).	The	Animal	cachexia	score	(ACASCO)	includes	five	compo‐
nents:	(a)	body	and	muscle	weight	loss,	(b)	inflammation	and	metabolic	disturbances,	
(c)	physical	performance,	(d)	anorexia,	and	(e)	quality	of	life	measured	using	discom‐
fort	symptoms	and	behavioral	tests.
Results: Using	the	ACASCO	values,	 three	cut‐off	values	were	estimated	by	apply‐
ing	hierarchical	cluster	analysis.	Four	groups	were	originally	described,	one	exactly	
below	the	observed	mean,	a	second	exactly	over	the	mean,	and	two	other	groups	
adjusted	to	every	cue	(inferior	and	superior).	The	three	cut‐off	values	were	estimated	
through	maximization	of	the	classification	function.	This	was	accomplished	by	using	
a	similarity	matrix	based	on	the	metric	properties	of	the	variables	and	assuming	mul‐
tinormal	distribution.	The	results	show	that	the	four	groups	were:	no	cachexia,	mild	
cachexia,	moderate	cachexia	and	advanced	cachexia.
Conclusions: The	results	obtained	allow	us	to	conclude	that	the	score	could	be	very	
useful	as	an	endpoint	in	pre‐clinical	studies	involving	therapeutic	strategies	for	can‐
cer	cachexia.	The	potential	usefulness	of	ACASCO	relates	to	the	primary	endpoint	in	
pre‐clinical	cancer	cachexia	drug	evaluations.
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1  | INTRODUC TION

Cancer	cachexia	is	a	multi‐organic	syndrome	that	affects	the	major‐
ity	of	cancer	patients.	It	is	characterized	by	both	anorexia	and	meta‐
bolic	abnormalities	that	lead	to	weight	loss	and,	particularly,	muscle	
wasting.	It	becomes	essential,	in	order	to	treat	cachexia	adequately,	
to	assess	the	cancer	patient	according	to	the	degree	of	his/her	ca‐
chexia.	It	is	for	this	reason	that	our	research	group	introduced	the	
so‐called	CASCO	(CAchexia	SCOre),1	for	assessing	cancer	patients.	
CASCO	was	recently	validated.2	None	of	the	published	studies	in‐
volving	cancer	cachexia	experimental	models	include	a	measure	of	
the	severity	of	 the	syndrome	 like	the	previously	reported	CASCO	
system	for	human	subjects.1,2	Therefore,	the	aim	of	the	present	in‐
vestigation	was	 to	 define	 and	 validate	 a	 cachexia	 score	 usable	 in	
both	rats	and	mice.	In	order	to	achieve	this	goal,	the	study	included	
one	cachexia	rat	model	(Yoshida	AH‐130	ascites	hepatoma)	and	two	
mouse	models	(Lewis	lung	carcinoma	and	Colon26	carcinoma).

The	score	for	classifying	the	degree	of	cachexia	in	experimental	
animals	was	termed	the	Animal	CAchexia	SCOre	(ACASCO)	and	the	
components	of	 this	scoring	system	are	the	following:	 (a)	body	and	
muscle	weight	loss,	(b)	inflammation	and	metabolic	disturbances,	(c)	
physical	performance,	 (d)	anorexia,	and	(e)	quality	of	 life	measured	
using	discomfort	symptoms	and	behavioral	tests.	The	components	
and	the	details	of	the	measured	parameters	can	be	seen	in	Table	1	
and	they	are	based	on	the	components	used	for	the	classification	of	
cancer	cachexia	in	human	patients.1,2

Briefly,	body	weight	 loss	 is	an	essential	component	of	all	defini‐
tions	 of	 cachexia.3	Moreover,	muscle	wasting	 is	 the	main	 phenom‐
enon	 associated	 with	 body	 weight	 loss.	 It	 is	 therefore	 important	
to	 assess	 any	 changes	 that	may	occur	 in	muscle	mass.	 The	 second	
component	of	ACASCO	includes	inflammation	and	metabolic	distur‐
bances.	Inflammation	is	a	very	important	component	of	the	cachectic	
response.4,5	In	addition	to	inflammation,	there	are	a	number	of	met‐
abolic	disturbances	that	are	present	in	most	cachectic	animals,	such	
as	glucose	 intolerance,	anemia	and	 low	 levels	of	plasmatic	albumin,	
among	others,	most	of	them	included	in	ACASCO	(see	Table	1).	The	
third	component	relates	to	physical	performance.	Even	if	there	is	a	rel‐
atively	small	decrease	in	muscle	mass	due	to	the	cachectic	syndrome,	
there	may	be	 a	 significant	decrease	 in	physical	 activities	 related	 to	
muscle	 performance.6,7	 Anorexia	 (ANO)	 constitutes	 the	 fourth	 pa‐
rameter	 included	 in	ACASCO.	Anorexia	 is	an	 important	component	
of	cachexia	 in	many	types	of	diseases.8,9	A	decrease	in	food	intake,	
by	itself,	promotes	changes	in	quality	of	life	and	also	conditions	many	
metabolic	alterations.	Finally,	the	last	component	of	CASCO	is	quality	
of	 life	 (QoL).	Quality	of	 life	 reflects	not	 just	 changes	 in	weight	and	
physical	performance	but	also	metabolic	alterations.5,7	It	is	therefore	
essential	to	take	it	into	consideration	in	the	scoring	system.

The	 five	 different	 factors	 mentioned	 clearly	 interact	 with	
each	 other	 and	 represent	 the	 most	 important	 set	 of	 variables	
that	 indicate	 the	 severity	 of	 the	 cachectic	 syndrome.	 Bearing	
all	this	in	mind,	the	results	obtained	should	allow	for	not	only	a	
qualitative	but	also	a	quantitative	classification	of	the	cachectic	
syndrome	in	experimental	animals.	ACASCO	may	then	be	related	

to	 different	 types	 of	 treatments	 according	 to	 the	 severity	 of	
cachexia.

2  | METHODS

2.1 | Experimental tumor models

Five‐week‐old	 male	 Wistar	 rats	 (for	 the	 AH‐130	 tumor	 model),	
C57BL/6	mice	(for	LLC	tumour	model)	or	Balb/C	mice	(for	C26	tumour	
model)	weighing	about	20	g	(all	from	Harlan,	Barcelona,	Spain)	were	
housed	in	individual	cages	and	maintained	at	a	constant	temperature	
of	 22	 ±	 2°C	with	 a	 regular	 dark‐light	 cycle	 (light	 from	08:00	 am	 to	
20:00 pm),	with	free	access	to	food	and	water	during	the	whole	experi‐
mental	period.	All	animal	manipulations	were	made	in	accordance	with	
the	European	Community	guidelines	for	the	use	of	laboratory	animals.	
They	were	cared	for	in	compliance	with	the	Policy on Humane Care and 
Use of Laboratory Animals	(ILAR	2011)	and	in	accordance	with	the	ethi‐
cal	standards	laid	down	in	the	1964	Declaration of Helsinki	and	its	later	
amendments.	The	animals	were	kept	 in	 individual	 cages	 for	a	week	
prior	 to	 the	beginning	of	 the	experimental	protocol	 (adaptation	pe‐
riod).	No	hyperphagia	was	observed	during	this	period.	All	the	animals	
were	alive	at	the	end	of	the	experiments.	On	the	day	of	sacrifice,	the	
animals	were	weighed	and	anesthetized	with	an	ip	injection	of	keta‐
mine/xylazine	mixture	(3:1)	(Imalgene®	and	Rompun®	respectively).	
Tissues	were	rapidly	excised,	weighed,	and	frozen	in	liquid	nitrogen.

2.1.1 | AH‐130 Yoshida ascites hepatoma

Wistar	rats	were	randomized	and	divided	into	two	groups,	namely	
controls	(C)	and	tumor	bearers	(TB).	Experimental	cachexia	was	ob‐
tained	through	ip	injection	of	108	AH‐130	Yoshida	ascites	hepatoma	
cells,	obtained	from	exponential	tumours,	as	described	previously,10 
into	male	Wistar	rats.	On	days	2,	4,	6,	8,	10	and	11	after	tumor	trans‐
plantation,	 the	 animals	were	 sacrificed	 and	 the	 blood	 and	 tissues	
were	 rapidly	excised	 for	 further	 analysis.	Five	 control	 rats	 and	 six	
tumor‐bearing	rats	were	sacrificed	in	each	time	point.

2.1.2 | Lewis lung carcinoma

C57BL/6	mice	were	randomized	and	divided	into	two	groups,	namely	
controls	 (C)	and	tumor	bearers	 (TB).	Mice	received	an	 intramuscular	
(hind	leg)	inoculum	of	5	×	105	Lewis	lung	carcinoma	cells	obtained	from	
exponential	 tumors.	The	Lewis	 lung	carcinoma	is	a	highly	cachectic,	
rapidly	 growing	mouse	 tumor	 containing	poorly	differentiated	 cells,	
with	a	relatively	short	doubling	time.11	On	days	4,	6,	10,	14,	18	and	20	
after	tumor	transplantation,	the	animals	were	sacrificed	and	blood	and	
tissues	were	rapidly	excised	for	further	analysis.	Five	control	mice	and	
six	tumor‐bearing	mice	were	sacrificed	at	each	time	point.

2.1.3 | Colon26 carcinoma

Balb/C	 mice	 were	 randomized	 and	 divided	 into	 two	 groups,	
namely	controls	(C)	and	tumor	bearers	(TB).	Tumor‐bearing	mice	
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were	inoculated	subcutaneously	in	the	back	with	5	×	105	Colon26	
carcinoma	 cells.12	 Colon26	 cells	 were	 maintained	 in	 vitro	 in	
Dulbecco's	 modified	 Eagle's	 medium	 (DMEM,	 Invitrogen)	 sup‐
plemented	with	10%	FBS,	100	U/mL	penicillin,	100	μg/mL	strep‐
tomycin,	100	μg/mL	sodium	pyruvate,	2	mmol/L	L‐glutamine,	at	
37°C	 in	 a	 humidified	 atmosphere	 of	 5%	 CO2	 in	 air.	 The	 day	 of	

tumor	 implantation	 the	 cells	 were	 trypsinized,	 re‐suspended	 in	
sterile	saline	and	subsequently	implanted	in	the	back	of	the	ani‐
mals	at	the	concentration	indicated	above.	Mice	were	sacrificed	
under	anesthesia	at	days	6,	8,	14,	15,	20	and	24	after	tumor	im‐
plantation.	 Five	 control	 mice	 and	 six	 tumor‐bearing	 mice	 were	
sacrificed	at	each	time	point.

TA B L E  1  ACASCO	components	and	their	relative	scores

Symptom % Measurement Total score Parameter Criteria Points

Body	and	GSN	
weight	loss

40 Body	weight	loss	(BWL) 32  Rat Mouse  

<5% <2% 0

≥5% ≥2% 8

≥15% ≥12% 16

≥30% ≥15% 24

≥50% ≥25% 32

GSN	weight	loss 8  No	change	in	muscle	weight	
or	changes	<10%

BWL	points	
×	0

Change	>10% BWL	points	
×	1

Change	>20% BWL	points	
×	1.25

Inflammation/
metabolic	
disturbances

30 Inflammation 16 Plasma	SAA Difference	vs	control 8

Plasma	IL‐6 Difference	vs	control 8

Metabolic	disturbances 14 Plasma	albumin Difference	vs	control 3.5

Plasma	triglycerides Difference	vs	control 3.5

Plasma	glucose Difference	vs	control 3.5

Hematocrit Difference	vs	control 3.5

Physical	activity 10  6 Total	physical	activity 0	to	9.99 0

10	to	20.99 3

≥21 6

 4 Handgrip	strength 0	to	4.99 0

5	to	20.99 1

21	to	30.99 2

≥31 4

Anorexia 10  10 Decrease	of	food	intake 0	to	4.99% 0

5%	to	19.99% 5

20%	to	29.99% 7

≥30% 10

Quality	of	life 10  1 Discomfort	symptoms 0	‐	2 0

3	‐	6 0.5

4	‐	6 1

 4 Intruder‐resident	
paradigm

Rat Mouse 0

0	to	
0.99%

Very	interested

10%	to	
30.99%

Interested 1

31%	to	
60.99%

Little	interest 2

≥61% No	interest 4

 5 Forced	swim	test 0	to	9.99% 0

10%	to	30.99% 2

31%	to	60.99% 3

≥61% 5
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2.2 | ACASCO measurements

All	the	measurements	are	expressed	as	a	percentage	of	the	difference	
between	non‐tumor‐bearing	 animals	 and	 tumor‐bearing	 animals,	 at	
the	time	of	sacrifice	(see	Experimental	tumor	models	section).

2.2.1 | Body and muscle weight loss

Body	weight	was	calculated	by	subtracting	the	tumor	weight	from	
the	weight	of	the	tumor‐bearing	(TB)	animal	at	the	moment	of	sacri‐
fice,	and	the	weight	loss	was	expressed	as	a	percentage	the	weight	
of	the	control	group	at	sacrifice.	The	criteria	used	for	scoring	are	
depicted	 in	 Table	 1	 and	 are	 different	 for	 rat	 and	mouse	models.	
Muscle	weight	 loss	was	measured	 as	 the	 percentage	 of	 gastroc‐
nemius	(GSN)	muscle	weight	loss	corrected	for	initial	body	weight	
and	referenced	to	the	control	group	(GSN	loss	=	GSN	weight	of	TB	
group	at	sacrifice/GSN	weight	of	control	group	at	sacrifice)	×	100).	
This	formula	takes	into	consideration	the	variation	in	muscle	weight	
related	 to	 the	 non‐tumor	 bearing	 control	 group.	 Gastrocnemius	
muscle	was	chosen	because	it	is	one	of	the	most	studied	muscles	
in	the	experimental	cachexia	field	and	its	weight	reflects	cachexia	
severity.13‐15	 In	the	case	of	the	rat	model,	 the	scoring	criteria	for	
body	weight	loss	(BWL)	is	described	in	Table	1:	<5%,	0	points;	≥5%,	
8	points;	≥15%,	16	points;	≥30%,	24	points;	≥50%,	32	points.	For	
the	mouse	models	the	scoring	criteria	for	body	weight	loss	were:	
<2%,	0	points;	≥2%,	8	points;	≥12%,	16	points;	≥15%,	24	points;	
≥25%,	32	points	(Table	1).	GSN	weight	loss	scoring	criteria	are	also	
depicted	in	Table	1:	<10%,	BWL	score	×	0;	>10%,	BWL	score	×	0;	
>20%,	BWL	 score	×	1.	Despite	 the	 severe	 losses	 seen,	 fat	wast‐
ing	was	not	 included	in	the	cachexia	score	because	(a)	 it	was	not	
considered	in	the	original	CASCO	scoring	system	used	in	humans,	
and	(b)	loss	of	muscle	is	considered	the	main	component	of	cancer	
cachexia,	rather	than	loss	of	fat.

2.2.2 | Inflammation and metabolic disturbances

The	scoring	for	inflammation	and	metabolic	disturbances	indicated	
in	Table	1	is	based	on	the	existence	of	statistically	significant	dif‐
ferences	in	values	between	the	TB	and	control	values.	Depending	
on	the	metabolite/inflammatory	marker	the	punctuation	is	differ‐
ent	(Table	1).

ELISA

IL‐6	 (pg/mL)	 and	 SAA	 (ng/mL)	 plasma	 levels	 were	 detected	 using	
commercially	 available	mouse	and	 rat	ELISA	kits,	 according	 to	 the	
manufacturer	instructions:	mouse	IL6	and	rat	IL‐6	kit	(Diaclone	SAS,	
France);	mouse	SAA	kit	(Abnova,	Taiwan);	and	rat	SAA	kit	(Cusabio	
Wuhan,	China).

Metabolic disturbances

Plasma	 albumin	 (g/dL),	 triacylglycerides	 (mg/dL)	 and	 glucose	 (mg/
dL)	were	analyzed	using	a	METROLAB	2300	autoanalyzer,	based	on	
analysis	of	colorimetric	reactions.

Hematocrit

Total	blood	was	withdrawn	from	anesthetized	mice	by	cardiac	punc‐
ture	and	collected	in	heparinized	tubes.	A	drop	was	used	to	fill	he‐
matocrit	 capillary	 tubes,	 which	 were	 centrifuged	 in	 a	 hematocrit	
centrifuge	for	5	minutes	at	800g.	Hematocrit	was	calculated	as	the	
volume	percentage	of	packed	red	cell	volume	in	total	blood.

2.2.3 | Physical performance
Total physical activity

Total	physical	activity	(IR	ACTIMETER	System	and	ACTITRAK	soft‐
ware	 from	 PANLAB,	 Barcelona)	 was	 determined	 during	 the	 last	
24	hours	before	the	sacrifice	of	the	animals	 in	control	and	tumor‐
bearing	 animals,	 using	 activity	 sensors	 that	 translate	 individual	
changes	 in	the	 infrared	pattern,	caused	by	movements	of	 the	ani‐
mals,	into	arbitrary	activity	counts.	For	the	measurements,	animals	
remained	in	their	home	cage.	A	frame	containing	an	infrared	beam	
system	was	placed	on	the	outside	of	the	cage;	this	minimized	stress	
to	the	animals.16	The	scoring	of	total	physical	activity	(TPA)	is	indi‐
cated	in	Table	1.	The	parameter	is	referenced	to	the	control	group	
(TPA	=	TPA	of	TB	group	at	sacrifice/mean	TPA	of	the	control	group	
at	sacrifice)	×	100).	A	decrease	in	TPA	of	<9.99%	in	relation	to	the	
control	 group	 scores	0	points,	while	a	decrease	 from	10	 to	20.99	
scores	3	points,	and	a	decrease	over	21%	scores	6	points	(Table	1).

Grip force assessment

Skeletal	muscle	strength	(handgrip	strength)	in	the	experimental	ani‐
mals	was	quantified	by	the	grip	strength	test.17,18	The	grip‐strength	
device	(Panlab‐Harvard	Apparatus,	Spain)	comprised	a	pull	bar	con‐
nected	 to	 an	 isometric	 force	 transducer	 (dynamometer).	 Basically,	
the	 grip	 strength	 meter	 was	 positioned	 horizontally	 and	 the	 rats	
and	mouse	were	held	by	 the	 tail	 and	 lowered	 towards	 the	device.	
The	animals	were	allowed	to	grasp	the	pull	bar	and	were	then	pulled	
backward	 in	the	horizontal	plane.	The	force	applied	to	the	bar	 just	
before	the	animal	lost	grip	was	recorded	as	the	peak	tension.	At	least	
three	measurements	were	 taken	per	 rat	on	both	baseline	and	 test	
days,	and	the	results	were	averaged	for	analysis.	Grip	force	(GF)	was	
measured	in	g/g	initial	body	weight.16	The	scoring	of	grip	force	is	in‐
dicated	in	Table	1.	The	parameter	is	referenced	to	the	control	group	
(GF	=	GF	of	TB	group	at	sacrifice/mean	GF	of	the	control	group	at	
sacrifice)	×	100).	A	decrease	in	GF	of	<4.99%	in	relation	with	the	con‐
trol	group	scores	0	points,	from	5	to	20.99	scores	1	point,	from	21%	
to	30.99%	scores	2	points	and	over	31%	scores	4	points	(Table	1).

2.2.4 | Anorexia

Anorexia	 was	 assessed	 by	 measuring	 total	 food	 intake	 (TFI).	 The	
scoring	 is	 indicated	 in	Table	1.	The	parameter	 is	 referenced	to	the	
control	group	 (TFI	=	FI	of	TB	group	at	sacrifice/TFI	of	 the	control	
group	at	 sacrifice)	×	100).	A	decrease	 in	TFI	of	<4.99%	 in	 relation	
with	 the	 control	 group	 scores	 0	 points,	 from	 5	 to	 19.99	 scores	 5	
points,	from	20%	to	29.99%	scores	7	points	and	over	30%	scores	10	
points	(Table	1).
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2.2.5 | Quality of life

In	order	to	estimate	the	quality	of	life	of	the	animals,	several	tests	
were	performed.

Discomfort symptoms

The	 following	symptoms	were	monitored:	 (a)	piloerection,	 (b)	diar‐
rhea	or	constipation,	(c)	hunched	posture,	(d)	tremors,	(e)	closed	eyes	
and	 (f)	 red	 tears	 (chromodacryorrhea).	Points	 to	stablish	 the	score	
of	discomfort	symptoms	are	described	in	Table	1:	0‐2	symptoms,	0	
points;	3‐6	symptoms,	0.5	points;	4‐6	symptoms,	1	point.

Intruder-resident paradigm

This	 paradigm	 is	 based	 on	 the	 establishment	 of	 a	 territory	 by	 a	
male	and	its	defense	against	unfamiliar	male	intruders.	It	consists	
of	introducing	a	male,	the	intruder,	into	the	home	cage	of	another	
male,	the	resident,	with	the	former	being	defeated	by	the	latter.19 
In	 the	 cachexia	 rat	model,	 the	 interaction	 time	 between	 the	 in‐
truder	and	the	resident	was	measured	during	a	2‐minute	interval.	
The	 scoring	 was	 as	 follows:	 a	 decrease	 of	 the	 interaction	 com‐
pared	with	 the	 control	 group	 of	 0‐9.99%,	 0	 points;	 10%‐30%,	 1	
point;	31%‐60%,	2	points;	61%‐100%,	4	points	(Table	1).	In	the	ca‐
chexia	mouse	models,	resident‐intruder	interaction	was	evaluated	
based	on	rating	the	level	of	interest	of	the	resident	in	the	intruder:	

very	 interested,	 0;	 interested,	 1;	 little	 interest,	 2;	 no	 interest,	 4	
(Table	1).

Forced swim test

A	container	filled	with	tap	water	at	26°C	to	a	depth	of	30	cm	was	
used	to	carry	out	the	forced	swim	test.20	Animal	activity	was	reg‐
istered	with	a	video	system	for	90	seconds.	The	time	during	which	
the	animals	were	trying	to	escape	from	the	water	was	registered.	
After	 the	 test,	 the	 rats	 were	 dried	 and	 returned	 to	 their	 cages.	
The	 scoring	was	 as	 follows:	 a	 decrease	 in	 relation	 to	 the	 control	
group	of	0‐9.99%,	0	points;	10%‐30%,	2	points;	31%‐60%,	3	points;	
61%‐100%,	5	points.

2.3 | Statistical analysis

Statistical	 analysis	 of	 the	 differences	 between	 the	 control	 and	
tumor‐bearing	animals	at	each	time	point	was	performed	by	means	
of	the	Student's	t	test,	with	a	significance	level	of	α	=	0.05,	and	cor‐
recting	for	reduction	of	type	I	error	using	the	Bonferroni	correction.	
Cluster	 analysis	between	groups	was	performed	 to	determine	 the	
breakpoints	within	the	scale	and	estimate	the	maximum	inertia	cen‐
troids	values.	The	computer	program	IBM	SPSS	Statistic	20	was	used	
to	take	account	of	data	lost	either	experimental	errors	or	problems	
related	with	the	experimental	animals.

TA B L E  2  Yoshida	AH‐130	ascites	hepatoma	model:	statistical	analysis	of	the	differences	between	the	changes	observed	vs	the	control	
(non‐tumor	bearing)	animals

Parameter Day 2 Day 4 Day 6 Day 8 Day 10 Day 11

Body	weight	loss .093 .085 <.001 <.001 <.001 <.001

GSN	weight	loss .087 .238 .015 <.001 <.001 <.001

Serum	amyloid	A .015 <.001 <.01 .025 <.001 .005

Interleukin‐6 <.001 <.001 <.001 .002 .007  

Albumin .195 .013 .005 .489 .153 .006

Triglycerides .012 .004 <.001 .010 .013 .172

Glucose .260 <.001 .019 <.001 .005 <.001

Hematocrit .011 .022 .408 .017 .002 <.001

Decrease	in	total	physical	activity .032 .020 .0090 .003 <.001 <.001

Decrease	in	handgrip	strength .460 .177 .006 .004 .009 <.001

Decrease	in	food	intake .500 .406 .007 .002 .010 .002

Discomfort	symptoms  <.001 <.001 <.001 <.001 <.001

Decrease	in	intruder‐resident	paradigm .046 <.001 <.001 <.001 .002 <.001

Decrease	in	forced	swim	test .038 .002 .060 .012 <.001 <.001

The	results	represent	statistical	differences	observed	between	the	mean	values	of	the	different	groups.	Body	weight	loss	and	gastrocnemius	(GSN)	
weight	loss	calculations	are	described	in	the	Methods	section.	Serum	amyloid	A	(SAA)	was	expressed	in	ng/mL,	IL‐6	was	expressed	in	pg/mL,	albumin	
was	expressed	in	g/dL,	Triglycerides	were	expressed	in	mg/dL,	glucose	was	expressed	in	mg/dL.	Hematocrit	was	calculated	as	percentage	of	packed	
cell	volume	to	total	blood	volume.	Total	physical	activity	(TPA)	was	referenced	to	the	control	group	(TPA	=	TPA	of	TB	group	at	sacrifice/mean	TPA	of	
the	control	group	at	sacrifice)	×	100).	Handgrip	strength	or	grip	force	(GF)	was	measured	in	g/g	initial	body	weight	and	the	parameter	was	referenced	
to	the	control	group	(GF	=	GF	of	TB	group	at	sacrifice/mean	GF	of	the	control	group	at	sacrifice)	×	100).	Food	intake	(TFI)	was	referenced	to	the	con‐
trol	group	(TFI	=	FI	of	TB	group	at	sacrifice/TFI	of	the	control	group	at	sacrifice)	×	100).	Discomfort	symptoms	are	described	in	Table	1.	The	intruder‐
resident	paradigm	and	forced	swim	test	were	evaluated	using	a	rating	scale	established	to	determine	the	level	of	interest	of	the	resident‐intruder	and	
the	time	during	which	the	animals	were	trying	to	escape	from	the	water,	respectively	(Table	1).
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3  | RESULTS

Table	1	depicts	 the	different	components	of	 the	Animal	CAchexia	
SCOre	 (ACASCO)	 system.	 As	 can	 be	 seen,	 the	 body	 and	 muscle	
weight	 loss	score	contributes	most	 to	 the	overall	 score	 (40%),	 fol‐
lowed	by	inflammation	and	metabolic	disturbances	(30%)	and	then,	
with	 the	 same	 weighting,	 physical	 performance	 (10%),	 anorexia	
(10%)	and	quality	of	life	(10%).

The	different	criteria	used	to	quantify	these	components	are	also	
included	in	Table	1,	together	with	the	total	score	of	each	component.	
It	can	be	seen	that	there	are	some	differences	in	the	scoring	system	
between	rats	and	mice.	These	include	the	scoring	criteria	for	weight	
loss	and	quality	of	life	(specifically	the	intruder‐resident	paradigm).	
Comparing	ACASCO	and	CASCO,	 the	measurements	of	quality	of	
life	for	experimental	animals	were	based	on	behavioral	tests	instead	
of	the	typical	questionnaires	used	in	humans.1,2	Another	difference	
between	ACASCO	and	CASCO	relates	to	one	of	the	measurements	
of	inflammation;	serum	amyloid	A	(SAA)	used	here	is	the	main	acute	
phase	protein	in	rodents	while	C‐reactive	protein	(CRP)	is	the	equiv‐
alent	for	humans.21	The	rest	of	the	measurements	are	basically	the	
same	between	ACASCO	and	CASCO.

In	order	to	follow	the	differences	in	these	parameters	in	the	dif‐
ferent	experimental	models	used,	we	have	included	the	data	in	Tables	
2‐4	for	the	rat	model	(Yoshida	AH‐130	ascites	hepatoma)	and	the	two	
mouse	models	 (Lewis	 lung	 carcinoma	 (LLC)	 and	Colon26	 carcinoma	

(C26)),	 respectively.	Since	the	tumor	models	used	 in	this	study	have	
different	growth	 rates	and	 therefore	 survival	 is	different,	we	chose	
different	 disease	 progression	 time	 points	 (days	 of	 sacrifice)	 in	 each	
model,	 which	were	 adapted	 to	 the	 growth	 characteristics	 for	 each	
cancer.	The	data	in	Tables	2‐4	show	the	changes	in	the	parameters	an‐
alyzed	in	relation	to	the	period	of	tumor	growth.	The	numbers	repre‐
sent	the	statistical	significance	(P	value)	vs	non‐tumor	bearing	animals.	
Among	the	most	relevant	data,	it	can	be	seen	that	body	weight	loss	
affected	the	Yoshida	AH‐130	ascites	hepatoma	model	from	day	6	on‐
wards	(Table	2),	the	Lewis	lung	carcinoma	model	from	day	10	onwards	
(Table	3)	and	the	Colon26	carcinoma	from	day	6	onwards	(Table	4).

Inflammation,	measured	using	SAA	as	a	marker,	was	present	 in	
the	Yoshida	AH‐130	and	LLC	models	from	the	first	day	of	observa‐
tion	and	from	day	8	in	the	C26	model.	Similar	results	were	obtained	
with	interleukin‐6	(IL‐6).	It	must	be	emphasized	that	weight	loss	and	
inflammatory	response	are	considered	the	main	components	of	the	
cachectic	response.3

Interestingly,	 the	decrease	 in	physical	 activity	 (this	 component	
reflects	changes	in	muscle	performance)	took	place	from	day	6	in	all	
the	tumor	models	considered	(Tables	2‐4:	decrease	in	total	physical	
activity	and	decrease	in	handgrip	force).	Many	other	measurements	
were	 also	 significantly	 altered	 at	 the	 early	 tumor	 stages	 (anorexia	
and	quality	of	life	components).

Using	the	ACASCO	values,	three	cut‐off	values	were	estimated	
by	applying	hierarchical	cluster	analysis.	Four	groups	were	originally	

TA B L E  3  Lewis	lung	carcinoma	model:	statistical	analysis	of	the	differences	between	the	changes	observed	vs	the	control	(non‐tumor	
bearing)	animals

Parameter Day 4 Day 6 Day 10 Day 14 Day 18 Day 20

Body	weight	loss .431 .348 <.001 <.001 <.001 <.001

GSN	weight	loss .103 .203 <.001 <.001 <.001 <.001

Serum	amyloid	A .012 .020 <.001 <.001 <.001 <.001

Interleukin‐6 .288 <.001 <.001 .003 .069 .213

Albumin   <.001 <.001 <.001 .012

Triglycerides   .009 <.001 .399 .028

Glucose .013  .064 .197 .089 .316

Hematocrit .394  <.001 <.001 <.001 <.001

Decrease	in	total	physical	activity .319 .007 <.001 <.001 .004 <.001

Decrease	in	handgrip	strength .263 .188 <.001 <.001 .004 .003

Decrease	in	food	intake .373 .041 <.001 .018 .013 .004

Discomfort	symptoms   <.001   <.001

Decrease	in	intruder‐resident	paradigm   .0042 .427 .002 <.001

Decrease	in	forced	swim	test .090 .410 .011 <.001 <.001 <.001

The	results	represent	statistical	differences	observed	between	the	mean	values	of	the	different	groups.	Body	weight	loss	and	gastrocnemius	(GSN)	
weight	loss	calculations	are	described	in	the	Methods	section.	Serum	amyloid	A	(SAA)	was	expressed	in	ng/mL,	IL‐6	was	expressed	in	pg/mL,	albumin	
was	expressed	in	g/dL,	Triglycerides	were	expressed	in	mg/dL,	glucose	was	expressed	in	mg/dL.	Hematocrit	was	calculated	as	percentage	of	packed	
cell	volume	to	total	blood	volume.	Total	physical	activity	(TPA)	was	referenced	to	the	control	group	(TPA	=	TPA	of	TB	group	at	sacrifice/mean	TPA	of	
the	control	group	at	sacrifice)	×	100).	Handgrip	strength	or	grip	force	(GF)	was	measured	in	g/g	initial	body	weight	and	the	parameter	was	referenced	
to	the	control	group	(GF	=	GF	of	TB	group	at	sacrifice/mean	GF	of	the	control	group	at	sacrifice)	×	100).	Food	intake	(TFI)	was	referenced	to	the	con‐
trol	group	(TFI	=	FI	of	TB	group	at	sacrifice/TFI	of	the	control	group	at	sacrifice)	×	100).	Discomfort	symptoms	are	described	in	Table	1.	The	intruder‐
resident	paradigm	and	forced	swim	test	were	evaluated	using	a	rating	scale	established	to	determine	the	level	of	interest	of	the	resident‐intruder	and	
the	time	during	which	the	animals	were	trying	to	escape	from	the	water,	respectively	(Table	1).
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described,	one	exactly	below	the	observed	mean,	the	second	ex‐
actly	over	the	mean,	and	the	third	and	fourth	groups	adjusted	to	
every	cue	(inferior	and	superior).	The	three	cut‐off	values	were	es‐
timated	 through	maximization	of	 the	classification	 function.	This	
was	accomplished	by	using	a	similarity	matrix	based	on	the	metric	
properties	of	the	variables	and	assuming	multinormal	distribution.	
The	 results	 show	 that	 the	 four	groups	 represented:	no	cachexia,	
mild	 cachexia,	 moderate	 cachexia,	 and	 advanced	 cachexia.	 The	
data	for	the	different	models	are	represented	in	Figure	1	with	the	
scoring	 scale	 going	 from	 0	 to	 100.	 The	 intervals	 for	 each	 group	
show	slight	variations	indicated	in	Figure	1	(A,	Yoshida	AH‐130	as‐
cites	hepatoma;	B,	Lewis	 lung	carcinoma;	C,	Colon26	carcinoma).	
In	consequence,	depending	on	the	tumor	model	the	classification	
of	the	severity	of	cachexia	will	be	different:	in	the	rat	model,	the	
score	indicating	the	presence	of	cachexia	was	lower	(>10)	than	in	
the	mouse	models,	where	cachexia	was	only	detectable	at	higher	
scores	(>15	for	C26	and	>22	for	LLC).	 Interestingly,	advanced	ca‐
chexia	was	indicated	by	a	score	of	approximately	65	points	in	the	
mouse	models,	while	in	the	rat	model	cachexia	was	present	at	>53	
points.

Validation	of	the	scores	was	performed	by	establishing	a	correla‐
tion	with	 tumor	weight.	Figure	2	 shows	 the	different	 correlations	
between	the	cluster‐analysis‐established	groups	and	the	weight	of	
the	tumor	for	each	of	the	tumor	models	included	in	this	study.	Very	
good	correlations	were	seen	for	all	of	them,	thereby	validating	the	

methodology	used	in	ACASCO	(Figure	2;	A,	Yoshida	AH‐130	ascites	
hepatoma;	B,	Lewis	lung	carcinoma;	C,	Colon26	carcinoma).

4  | DISCUSSION

In	 summary,	 the	 present	 investigation	 represents	 an	 extension	 of	
the	cachexia	score	developed	for	humans:	a	quantitative	design	for	
classification	of	the	cachectic	syndrome	in	experimental	animals.	It	
is	interesting	to	note	that,	as	in	humans,1,2	four	groups	of	cachectic	
animals	were	 established,	 thereby	 confirming	 the	 parameters	 and	
measurements	 involved	 in	 this	 study.	The	 importance	of	ACASCO	
becomes	clear	when	considering	that	determination	of	the	stage	of	
cachexia	present	 in	 the	animals	at	a	particular	 time	point	 is	of	 the	
utmost	 importance	 to	 preclinical	 testing	 of	 either	 drugs	 or	multi‐
modal	approaches.	The	therapy	necessary	for	the	treatment	of	early	
cachexia	 is	obviously	quite	different	 from	that	of	an	advanced	ca‐
chectic	syndrome.	This	fact,	within	the	limitations	of	extrapolating	
animal	data	to	the	human	condition,	may	be	very	useful	in	the	near	
future	in	the	design	of	different	therapeutic	approaches	for	human	
cancer	cachexia.

This	 classification	 system	 also	 allows	 monitoring	 of	 alterations	
that	occur	 in	the	animal.	One	of	the	characteristics	 that	makes	the	
system	very	 useful	 in	 research	 is	 its	 capacity	 to	 evidence	 the	 first	
symptoms	 and	 signs	 of	 the	 cachectic	 syndrome	 produced	 by	 the	

TA B L E  4  Colon	26	carcinoma	model:	statistical	analysis	of	the	differences	between	the	changes	observed	vs	the	control	(non‐tumor	
bearing)	animals

Parameter Day 6 Day 8 Day 14 Day 15 Day 20 Day 24

Body	weight	loss <.001 .076 .014 .011 <.001 <.001

GSN	weight	loss .246 .033 .017 .020 <.001 <.001

Serum	amyloid	A .122 .002 <.001 <.001 <.001 <.001

Interleukin‐6 .083 .228 <.001 <.001 <.001 <.001

Albumin .005 .004 .002 .003 <.001 <.001

Triglycerides .122 .034 <.001 .074 <.001 .008

Glucose .132 .223 <.001 <.001 <.001 <.001

Hematocrit .008 .022 .007 .003 .0299 .0985

Decrease	in	total	physical	activity .034 .176 .008 .028 <.001 <.001

Decrease	in	handgrip	strength .098 .042 .005 .006 .002 <.001

Decrease	in	food	intake .078 .333 .002 <.001 .035 .006

Discomfort	symptoms  .212 <.001 <.001 .005 <.001

Decrease	in	intruder‐resident	paradigm .212 .031 .185 .023 .024 .008

Decrease	in	forced	swimtest .061 .018 <.001 <.001 .009 <.001

The	results	represent	statistical	differences	observed	between	the	mean	values	of	the	different	groups.	Body	weight	loss	and	gastrocnemius	(GSN)	
weight	loss	calculations	are	described	in	the	Methods	section.	Serum	amyloid	A	(SAA)	was	expressed	in	ng/mL,	IL‐6	was	expressed	in	pg/mL,	albumin	
was	expressed	in	g/dL,	Triglycerides	were	expressed	in	mg/dL,	glucose	was	expressed	in	mg/dL.	Hematocrit	was	calculated	as	percentage	of	packed	
cell	volume	to	total	blood	volume.	Total	physical	activity	(TPA)	was	referenced	to	the	control	group	(TPA	=	TPA	of	TB	group	at	sacrifice/mean	TPA	of	
the	control	group	at	sacrifice)	×	100).	Handgrip	strength	or	grip	force	(GF)	was	measured	in	g/g	initial	body	weight	and	the	parameter	was	referenced	
to	the	control	group	(GF	=	GF	of	TB	group	at	sacrifice/mean	GF	of	the	control	group	at	sacrifice)	×	100).	Food	intake	(TFI)	was	referenced	to	the	con‐
trol	group	(TFI	=	FI	of	TB	group	at	sacrifice/TFI	of	the	control	group	at	sacrifice)	×	100).	Discomfort	symptoms	are	described	in	Table	1.	The	intruder‐
resident	paradigm	and	forced	swim	test	were	evaluated	using	a	rating	scale	established	to	determine	the	level	of	interest	of	the	resident‐intruder	and	
the	time	during	which	the	animals	were	trying	to	escape	from	the	water,	respectively	(Table	1).
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tumor.	This	should	enable	the	 initiation	of	anti‐cachectic	treatment	
in	the	early	phase	of	 the	syndrome,	preventing	 it	 from	reaching	an	
advanced	stage.	Despite	the	advantages	of	the	classification	system	
presented	here,	we	are	aware	of	the	limitations	of	our	study.	These	
are	mainly	based	on	the	fact	that	the	scoring	scale	design	is	adapted	
to	 three	 established	 experimental	 models,	 and	 this	 limits	 the	 use	
of	 the	scale	 in	other	experimental	models	of	cachexia;	bearing	this	

F I G U R E  2  Correlation	of	ACASCO	with	tumor	weight.	A,	
Yoshida	AH‐130	ascites	hepatoma	model	(cells	×	106).	B,	Lewis	lung	
carcinoma	model	(mg).	C,	Colon26	carcinoma	(mg)

F I G U R E  1  Conglomerate	analysis	of	the	different	tumor	
models.	A,	Yoshida	AH‐130	ascites	hepatoma	model.	B,	Lewis	lung	
carcinoma	model.	C,	Colon26	carcinoma
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limitation	in	mind,	the	scale	cannot	be	used	longitudinally	for	all	ca‐
chexia	models.

5  | CONCLUSIONS

The	results	obtained	allow	us	to	conclude	that	the	score	system	will	
be	very	useful	as	an	endpoint	in	pre‐clinical	studies	involving	thera‐
peutic	 strategies	 for	 cancer	 cachexia.	The	potential	benefit	of	 the	
use	of	ACASCO	relates	to	establishing	the	primary	endpoint	in	pre‐
clinical	cancer	cachexia	drug	evaluations.

ACKNOWLEDG EMENTS

This	work	was	supported	by	a	grant	from	the	Ministerio	de	Ciencia	y	
Tecnología	(SAF‐26091‐2011).

CONFLIC T OF INTERE S T

None.

AUTHOR CONTRIBUTION

Each	author	has	participated	sufficiently,	intellectually	or	practically,	
in	the	work	to	take	public	responsibility	for	the	content	of	the	arti‐
cle,	including	the	conception,	design,	and	for	data	interpretation.	All	
authors	have	read	and	approved	the	final	manuscript.

E THIC AL S TATEMENT

All	animal	manipulations	were	made	in	accordance	with	the	European	
Community	guidelines	for	the	use	of	laboratory	animals.	They	were	cared	
for	in	compliance	with	the	Policy on Humane Care and Use of Laboratory 
Animals	 (ILAR	2011)	and	in	accordance	with	the	ethical	standards	laid	
down	in	the	1964	Declaration	of	Helsinki	and	its	later	amendments.

ORCID

Josep M. Argilés  https://orcid.org/0000‐0003‐4683‐5428 

R E FE R E N C E S

	 1.	 Argilés	 JM,	 López‐Soriano	 FJ,	 Toledo	M,	 Betancourt	 A,	 Serpe	 R,	
Busquets	S.	The	cachexia	score	(CASCO):	a	new	tool	for	staging	ca‐
chectic	cancer	patients.	J Cachexia Sarcopenia Muscle.	2011;2:87‐93.

	 2.	 Argilés	JM,	Betancourt	A,	Guàrdia‐Olmos	J,	et	al.	Validation	of	the	
CAchexia	SCOre	(CASCO).	Staging	cancer	patients:	the	use	of	mini‐
CASCO	as	a	simplified	tool.	Front Physiol.	2017;8:92.

	 3.	 Evans	WJ,	Morley	JE,	Argilés	J,	et	al.	Cachexia:	a	new	definition.	Clin 
Nutr.	2008;27:793‐799.

	 4.	 Fearon	KC,	Barber	MD,	Falconer	JS,	McMillan	DC,	Ross	JA,	Preston	T.	
Pancreatic	cancer	as	a	model:	inflammatory	mediators,	acute‐phase	
response,	and	cancer	cachexia.	World J Surg.	1999;23:584‐588.

	 5.	 Delano	 MJ,	 Moldawer	 LL.	 The	 origins	 of	 cachexia	 in	 acute	 and	
chronic	inflammatory	diseases.	Nutr Clin Pract.	2006;21:68‐81.

	 6.	 Maddocks	 M,	 Byrne	 A,	 Johnson	 CD,	 Wilson	 RH,	 Fearon	 K,	
Wilcock	A.	Physical	activity	 level	as	an	outcome	measure	 for	use	
in	 cancer	 cachexia	 trials:	 a	 feasibility	 study.	 Support Care Cancer. 
2010;18:1539‐1544.

	 7.	 Fouladiun	M,	Körner	U,	Gunnebo	L,	Sixt‐Ammilon	P,	Bosaeus	
I,	 Lundholm	 K.	 Daily	 physical‐rest	 activities	 in	 relation	
to	 nutritional	 state,	 metabolism,	 and	 quality	 of	 life	 in	 can‐
cer	 patients	 with	 progressive	 cachexia.	 Clin Cancer Res. 
2007;13:6379‐6385.

	 8.	 Laviano	 A,	 Meguid	 MM,	 Inui	 A,	 Muscaritoli	 M,	 Rossi‐Fanelli	 F.	
Therapy	insight:	cancer	anorexia‐cachexia	syndrome–when	all	you	
can	eat	is	yourself.	Nat Clin Pract Oncol.	2005;2:158‐165.

	 9.	 Granda‐Cameron	 C,	 DeMille	 D,	 Lynch	 MP,	 et	 al.	 An	 interdisci‐
plinary	 approach	 to	 manage	 cancer	 cachexia.	 Clin J Oncol Nurs. 
2010;14:72‐80.

	10.	 Busquets	S,	Serpe	R,	Toledo	M,	et	al.	l‐Carnitine:	an	adequate	sup‐
plement	 for	 a	multi‐targeted	 anti‐wasting	 therapy	 in	 cancer.	Clin 
Nutr.	2012;31:889‐895.

	11.	 Lippman	 MM,	 Laster	 WR,	 Abbott	 BJ,	 Venditti	 J,	 Baratta	 M.	
Antitumor	 activity	 of	 macromomycin	 B	 (NSC	 170105)	 against	
murine	 leukemias,	 melanoma,	 and	 lung	 carcinoma.	 Cancer Res. 
1975;35:939‐945.

	12.	 Toledo	 M,	 Penna	 F,	 Busquets	 S,	 López‐Soriano	 FJ,	 Argilés	 JM.	
Distinct	behaviour	of	sorafenib	in	experimental	cachexia‐inducing	
tumours:	the	role	of	STAT3.	PLoS ONE.	2014;9:e113931.

	13.	 Toledo	M,	 Springer	 J,	 Busquets	 S,	 et	 al.	 Formoterol	 in	 the	 treat‐
ment	of	experimental	cancer	cachexia:	effects	on	heart	function.	J 
Cachexia Sarcopenia Muscle.	2014;5:315‐320.

	14.	 Busquets	 S,	 Figueras	 MT,	 Fuster	 G,	 et	 al.	 Anticachectic	 effects	
of	 formoterol:	 a	 drug	 for	 potential	 treatment	 of	muscle	wasting.	
Cancer Res.	2004;64:6725‐6731.

	15.	 Penna	F,	Bonetto	A,	Aversa	Z,	 et	 al.	 Effect	of	 the	 specific	prote‐
asome	 inhibitor	 bortezomib	 on	 cancer‐related	 muscle	 wasting.	 J 
Cachexia Sarcopenia Muscle.	2016;7:345‐354.

	16.	 Toledo	 M,	 Busquets	 S,	 Sirisi	 S,	 et	 al.	 Cancer	 cachexia:	 physi‐
cal	 activity	 and	 muscle	 force	 in	 tumour‐bearing	 rats.	Oncol Rep. 
2011;25:189‐193.

	17.	 Sinis	N,	Guntinas‐Lichius	O,	Irintchev	A,	et	al.	Manual	stimula‐
tion	of	 forearm	muscles	 does	 not	 improve	 recovery	of	motor	
function	after	injury	to	a	mixed	peripheral	nerve.	Exp Brain Res. 
2008;185:469‐483.

	18.	 Zangarelli	A,	Chanseaume	E,	Morio	B,	et	al.	Synergistic	effects	of	
caloric	restriction	with	maintained	protein	intake	on	skeletal	muscle	
performance	in	21‐month‐old	rats:	a	mitochondria‐mediated	path‐
way. FASEB J.	2006;20:2439‐2450.

	19.	 Martinez	M,	Calvo‐Torrent	A,	Pico‐Alfonso	MA.	Social	defeat	and	
subordination	as	models	of	social	stress	in	laboratory	rodents:	a	re‐
view. Aggress Behav.	1998;24:241‐256.

	20.	 Can	A,	Dao	DT,	Arad	M,	Terrillion	CE,	Piantadosi	SC,	Gould	TD.	The	
mouse	forced	swim	test.	J Vis Exp.	2012;e3638.

	21.	 Cray	 C,	 Zaias	 J,	 Altman	NH.	 Acute	 phase	 response	 in	 animals:	 a	 
review. Comp Med.	2009;59:517‐526.

How to cite this article:	Betancourt	A,	Busquets	S,	Ponce	M,	
et	al.	The	animal	cachexia	score	(ACASCO).	Animal Model Exp 
Med. 2019;2:201–209. https	://doi.org/10.1002/ame2.12082	

https://orcid.org/0000-0003-4683-5428
https://orcid.org/0000-0003-4683-5428
https://doi.org/10.1002/ame2.12082

