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- extremely rare but very aggressive
 (1-5 cases/ year in France).

- half of « secondary » cases  

- No consensus on prognostic factors and on 
standard treatment 

- rare in whole population but frequent in  
predisposed breeds  (BMD, Rottweilers, Retrievers)

- familial transmission- oligo-genic
(Abadie, Hedan et al 2009)

-> Need of models  => unique model to identify genetic  
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Clinical presentations

in dogs

www.histiocytosis.ucdavis.edu/sarcoma.html

localized HS (LHS): 
skin/joint  

Retrievers

disseminated HS (DHS)

BMD

subdural HS: 
Cerebrum/spinal cord

www.histiocytosis.ucdavis.edu/sarcoma.html
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hypotheses 
regarding these different clinical presentations
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Hypothesis	1:	same	cancers		
observed	at	different	time	

Hypothesis	2:	different	subtypes		
of	Histiocytic	cells	

time
disseminated	HS

start	of	cancer								

localized	HS						
	

metastases	of	HS	
(spleen,	liver,	lungs…)						

	

localized	HS	to	external	organs		
(skin,	joint…)						

	

disseminated	HS	to		
internal	organs		
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How explain these breed predispositions?
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Breed practices could increase transmission of risk alleles:

- Breed  = isolated population  <-> reduced diversity

- Consanguinity and sire effect increase frequency of inherited diseases
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A long term goal :  
Identify genetic mechanisms involved in HS  
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Hanahan	et	Weinberg.	Cell.	2011	

Cancer = genetic disease



- Identify predisposing genes and risk alleles 

- Identify recurrent somatic alterations associated with tumor progression 

A long term goal :  
Identify genetic mechanisms involved in HS  

   Healthy	Cell	

germinal mutations 
ProliferaKon

Tumoral	Cells

Invasion

Metastasis

somatic alterations somatic alterations 

-> Blood collection

-> Tissue collection
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Looking for predisposing genes:
Research project

➢ Since 2002 -  Cani-DNA biobank

- > 4000 blood samples and  > 400 tissue samples

- > 450 HS cases with histopathological report
➢ Characterization of the Disease:

Abadie, Hedan et al. 2009

➢  In coll. with E. Ostrander’s lab (NIH, Bethesda) 

GWAS: 232 unaffected and 244 affected BMDs (American/European)
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Looking for predisposing genes:
Research project

GWAS: 232 unaffected and 244 affected BMDs (American/European)

Markers differs between  unaffected and affected BMDs
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Looking for predisposing genes:
Research project

➢ Since 2002 -  Cani-DNA biobank (dog.genetics.genouest.org)

- > 4000 blood samples and  > 400 tissue samples

- > 450 HS cases with histopathological report
➢ Characterization of the Disease:

Abadie, Hedan et al. 2009

➢  In coll. with E. Ostrander’s lab (NIH, Bethesda) 

GWAS: 232 unaffected and 244 affected BMDs (American/European)

 -> Identification of main loci : CFA11, CFA14 (Shearin, Hedan et al. 2012)
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Looking for predisposing genes:
Research project

➢ New GWAS (Illumina SNP array  170K) 2011-2012:    154 unaffected and 172 affected BMDs
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pcorrected: 4.8 x 10-7

pcorrected: 2.5 x 10-5pcorrected: 6.4 x 10-5
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Looking for predisposing genes:
Research project

➢ New  GWAS  on  3  predisposed  breeds  (BMD,  Rottweiler,  Flat  coated  retriever)  :                          
455 affected and 408 unaffected dogs.
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pcorrected: 8.3 x 10-15

pcorrected: 8.7 x 10-7

pcorrected: 1.6 x 10-5
pcorrected: 7.9 x 10-7

pcorrected: 2.3 x 10-5

3 main regions on  CFA 5, 11 and 14 :

- the risk haplotype of CFA5 is shared between 3 breeds

- the risk haplotype of CFA11 is shared between BMDs and Rottweilers

- the protective haplotype of CFA14 is shared between 3 breeds
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pcorrected: 8.3 x 10-15

pcorrected: 8.7 x 10-7

pcorrected: 1.6 x 10-5
pcorrected: 7.9 x 10-7

pcorrected: 2.3 x 10-5

Risk of developing HS is linked to accumulation of risk alleles of these 3 main regions (CFA5, 
CFA11, CFA14) 
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Looking for predisposing genes:
Research project

➢ Work in progress to identify variants associated with HS predisposition
 

➢  Cancers impact BMD life span 

➢ Cancer : polyfactorial disease -> involving genetic and environmental factors 

➢ Many regions are involved in HS predisposition of which CFA11, CFA5, CFA14

> Needs of research to better understand predisposing mutations and interactions

BUT data produced by research could be useful for breeders to help selection!

Benoit Hedan 2022



How these data could be useful for breeders?

In 2012 , in collaboration with Antagene , we decided to develop a genetic risk test
 

➢  Based on our first GWAS data, selection of 140 markers associated with HS 

➢ 	Genotyping of 1081 French BMDs ( 256 affected dogs  + 165 unaffected dogs)	
-> selection of the 9 markers more significantly associated with risk to develop HS  
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In 2012
How these data could be useful for breeders?

In 2012 , in collaboration with Antagene , we decided to develop a genetic risk test
 

➢  Based on our first GWAS data, selection of 140 SNPs associated with HS 

➢ 	Genotyping of 1081 French BMDs ( 256 affected dogs  + 165 unaffected dogs)	
-> selection of the 9 SNPs more significantly associated with risk to develop HS

➢ Estimation of risk to be unaffected (GLM model)   :  
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Index development

Index distribution in case and control populations on 256 affected BMDs and 165 unaffected
	 	 	 	 	

p-value	:	1.754	10-16	(Mann	Whitney	test)
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Index development

Index distribution in case and control populations on 256 affected BMDs and 165 unaffected
	 	 	 	 	

p-value	:	1.754	10-16	(Mann	Whitney	test)

Category	A 47	%	of	healthy	
10%	of	affected

Category	B 43	%	of	healthy	
50%	of	affected

Category	C 10	%	of	healthy	
40%	of	affected
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Index Validation

A B C

Affected 14% 43.1% 42.9%

Healthy 41.5% 46.5% 11.9%

88%

➢ 415	dogs	with	Histiocytic	Sarcoma	

➢ 303	unaffected	dogs	(>	10	years	)

➢ Statistics	:	
			 Index	A	to	detect	healthy	dogs	:		
	 	 	 	 Specificity	ie	probability	that	an	affected	dog	is	not	A	:	86%	

					

	 Index	C	to	detect	affected	dogs	:		
				 	 	 	 	Specificity	ie	probability	that	a	healthy	dog	is	not	C	:	88%

In  collaboration  with  the  European  breeder  clubs  and  the  BernerGarde  (Dr  V Yuzbasiyan-
Gurkan). In total, 718 dogs tested for development and validation of the pre-test 

p-value	:	2.1	10-24	(Xi2	test)

Benoit Hedan 2022



Summary of HS tests performed by Antagene

Since 2012 , Antagene has tested >6700 dogs (unknown phenotypes):

distribution of index in this population: 

0,22$

0,45$

0,33$

A$

B$

C$
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In Sweden : 481 tested dogs  

23% of A , 42,6% of B and 34,4% of C



Summary of HS tests performed by Antagene

Since 2012 , Antagene has tested >6700 dogs (unknown phenotypes):
follow up of >5 years old  dogs (PhD Eléonore Thiery)

-> on the whole population, even with unknown cause of death, we observe 
significant differences of lifespan according to index

Benoit Hedan 2022

pvalue= 4x10-10

mean	 median

11.1	 11.3	

10.3	 10.4

9	 8.8



Summary of HS tests performed by Antagene

Since 2012 , Antagene has tested >6700 dogs (unknown phenotypes):
follow up of >5 years old  dogs (PhD Eléonore Thiery)
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pvalue= 4x10-10

mean	 median

11.1	 11.3	

10.3	 10.4

9	 8.8

A : 10.6% of  deaths
B : 36.1% of  deaths 
C:  53.2% of  deaths

-> almost half of death between 0 and 8 years occurs on C dogs!



Summary of HS tests performed by Antagene

Since 2012 , Antagene has tested >6700 dogs (unknown phenotypes):
Focus on the 68 dogs with HS diagnosis (Histological diagnosis):
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pvalue= 0.032

C Dogs are more likely to be affected younger  (mean 6.7 years) 
while A dogs are more likely to be affected older (mean 8.3 years)

8.3	7.76.7
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Summary of HS tests performed by Antagene

Since 2012 , Antagene has tested >6700 dogs (unknown phenotypes):
follow up of >5 years old  dogs (PhD Eléonore Thiery)
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➢ Why	~14	%	of	affected	are	A?	

➢ Why	~12%	of	unaffected	are	C?

A B C

Affected 14% 43.1% 42.9%

Healthy 41.5% 46.5% 11.9%



Summary of Index Validation

What	explains	the	differences?									->	Histiocytic	sarcoma	=	polyfactorial	disease	

➢ Other	involved	chromosomes	

			 HS	test	based	on	9	known	markers	but	others	regions	involved	
	 	 ->	work	on	discordant	dogs	(GWAS/sequencing)	
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➢ Other	involved	chromosomes	

			 HS	test	based	on	9	known	markers	but	others	regions	involved	:		
	 	 	 	 	 	 	 Adding	new	markers	to	improve	test	(On	going)	
	 	 	
		
				 	 	 	



Summary of Index Validation

What	explains	the	differences?									->	Histiocytic	sarcoma	=	polyfactorial	disease	
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➢ Other	involved	chromosomes	

			 HS	test	based	on	9	known	markers	but	others	regions	involved	:		
	 	 	 	 	 	 	 Adding	new	markers	to	improve	test	(On	going)	
	 	 	
		
				 	 	 	

Charline	Bianchi	
CNRS-ANTAGENE



Summary of Index Validation

What	explains	the	differences?									->	Histiocytic	sarcoma	=	polyfactorial	disease	

➢ Other	involved	chromosomes	

			 HS	test	based	on	9	known	markers	but	others	regions	involved	
	 	 ->	work	on	discordant	dogs	(GWAS/sequencing)	
		
				 	 	 	 	
➢ 	environnemental	factors	:		

	 	 	 	 -	sexual	hormones	

	 	 	 	 -	inflammation	:	orthopaedic	conditions…		
	 	 	 	 	 	 	 	 	 (Manor	et	al.	2017,	Kujik	et	al.	2013,	Ruple	et	al	2016)	
	 	 Inflammation	may	be	a	modifiable	risk	factor	for	the	development	of	HS	in	BMD	
	 	 	 	 	 	 	 	 	

	 	 	 	 -	treatments	:	anti-inflammatory	medications	(Ruple	et	al.	2016)	

Ruple	et	al	2016	
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Use of the test:
Test  of litters in 2012

Test	of	112	puppies	from	18	litters

different	compatibility	of	dogs
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Histiocytic Sarcoma Index Mate Selection 
(HSIMS)

Development of Histiocytic Sarcoma Index Mate Selection (HSIMS)
online webtool 

Participation of numerous Bernese mountain clubs for this online development :
unique in veterinary medicine !

French, Austrian, German, American, Swedish, Czech, Slovenian, Slovak
 and Swiss clubs

4123 sires and dams used for simulations

around 50 000 simulations per year

Benoit Hedan 2022



Histiocytic Sarcoma Index Mate Selection 
(HSIMS)

Development of Histiocytic Sarcoma Index Mate Selection (HSIMS)
online webtool 

Benoit Hedan 2019

Calculate the index for each 
combination



Histiocytic Sarcoma Index Mate Selection 
(HSIMS)

Development of Histiocytic Sarcoma Index Mate Selection (HSIMS)
online webtool 

Benoit	Hedan	–	CNRS	–	august	2015	
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How	to	use	this	test	?
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Histiocytic Sarcoma Index Mate Selection 
(HSIMS)

Question	regarding	the	use	of	the	test:
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Why should you not use these combinations, 
here C is certainly 3% above recommended. but in one case A is 15% and in the other case 26% above 
the normal population. Aren’t these two combinations better than the first mentioned.

Bitch C and Male A

Bitch C and Male B

Bitch B and Male B

Recommendation from SKK and SShK
Dog with risk index C should not be mated with another C dog or with untested dog. For a safer risk 

assessment, the breeding tool HSIMS should be used, if possible, and C should be below 35% (in 

France they say 31%). It is not mentioned that many A’s are recommended.

My question is.
Why is this combination preferable, 
it does have C as the normal population, but A has 17% worse than the normal population.
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Why should you not use these combinations, 
here C is certainly 3% above recommended. but in one case A is 15% and in the other case 26% above 
the normal population. Aren’t these two combinations better than the first mentioned.

Bitch C and Male A

Bitch C and Male B

Bitch B and Male B

Recommendation from SKK and SShK
Dog with risk index C should not be mated with another C dog or with untested dog. For a safer risk 

assessment, the breeding tool HSIMS should be used, if possible, and C should be below 35% (in 

France they say 31%). It is not mentioned that many A’s are recommended.

My question is.
Why is this combination preferable, 
it does have C as the normal population, but A has 17% worse than the normal population.

In Sweden : 481 tested dogs  

23% of A , 42,6% of B and 34,4% of C

We focused on C dogs because breeders focus on A dogs:

- overuse of some A sire

- remove C dogs from reproduction
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Why should you not use these combinations, 
here C is certainly 3% above recommended. but in one case A is 15% and in the other case 26% above 
the normal population. Aren’t these two combinations better than the first mentioned.

Bitch C and Male A

Bitch C and Male B

Bitch B and Male B

Recommendation from SKK and SShK
Dog with risk index C should not be mated with another C dog or with untested dog. For a safer risk 

assessment, the breeding tool HSIMS should be used, if possible, and C should be below 35% (in 

France they say 31%). It is not mentioned that many A’s are recommended.

My question is.
Why is this combination preferable, 
it does have C as the normal population, but A has 17% worse than the normal population.

In a litter of 5 dogs : we expect 
1 to 2 C dogs, 3 B dogs, 0 to 1 A dog

In a litter of 10 dogs : we expect 
3 to 4 C dogs, 6 B dogs, 0 to 1 A dog

In a litter of 5 dogs : we expect 
2 C dogs, 0 to 1 B dog, 2 to 3 A dogs

In a litter of 10 dogs : we expect 
4 C dogs, 1 to 2 B dogs, 5 A dogs
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		 	 other	importants	unknown	genetic	factors			
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➢ keep	diversity	and	select	slowly	



- Identify predisposing genes and risk alleles 

- Identify recurrent somatic alterations associated with tumor progression 

A long term goal :  
Identify genetic mechanisms involved in HS  

   Healthy	Cell	

germinal mutations 
ProliferaKon

Tumoral	Cells

Invasion

Metastasis

somatic alterations somatic alterations 

-> Blood collection

-> Tissue collection
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 Canine histiocytic sarcoma: 
Somatic mutations
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Recurrent somatic mutations identify by RNAseq of 4 tumors
  in the genes TP53 and PTPN11 (MAPKinase pathway) :
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Recurrent somatic mutations identify by RNAseq of 4 tumors
  in the genes TP53 and PTPN11 (MAPKinase pathway) :

 

Proliferation survival differentiation….
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Canine histiocytic sarcoma: 
Somatic mutations

Recurrent somatic mutations identify by RNAseq of 4 tumors
  in the genes TP53 and PTPN11 (MAPKinase pathway) :

 

Sequencing of PTPN11 in >100 HS - different breeds, with different clinical 
presentations

Gene mutated in human myelomonocytic leukemia

 -> PTPN11 mutated in 56,75% (63/111) of cases

Mutated WT

internal 42 25

external 5 20

p-value = 0.00035 (Exact Fisher test)

PTPN11 Mutations linked to internal tumors:

Benoit Hedan 2022

Mutated WT

BMD 48 36

other	
breeds

6 12

p-value = 0.07 (Exact Fisher test)



Canine histiocytic sarcoma: 
Somatic mutations

Benoit Hedan 2022

Recurrent somatic mutations identify by RNAseq of 4 tumors
  in the genes TP53 and PTPN11 (MAPKinase pathway) :

 

Sequencing of PTPN11 in >100 HS of different breeds, with different clinical 
presentations

Gene mutated in human myelomonocytic leukemia somatic

 -> PTPN11 mutated in 56,75% (63/111) of cases

Muté WT

internal 42 25

external 5 20

p-value = 0.00035 (Exact Fisher test)

Mutations linked to disseminated HS:

(J Donnadieu)



Clinical presentations

Benoit Hedan 2021

Hypothesis	1:	same	cancers		
observed	at	different	time

Hypothesis	2:	different	subtypes		
of	Histiocytic	cells

time
disseminated	HS

start	of	cancer								

localized	HS						
	

metastases	of	HS	
(spleen,	liver,	lungs…)						

	

localized	HS	to	external	organs		
(skin,	joint…)						

	

disseminated	HS	to		
internal	organs		

				
	

												
																																																																		
				

PTPN11
mutations PTPN11	mutations	probably	occur	in	late	stages	of	the	tumor



Canine histiocytic sarcoma: 
Somatic mutations : applications for veterinary medicine

Interest for the diagnosis:
- specific of HS  : there are no PTPN11 nor KRAS mutations in any of the lymphoma 
samples (Takada et al. 2019 Genes )
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Interest for the diagnosis:
- specific of HS  : there are no PTPN11 nor KRAS mutations in any of the lymphoma 
samples (Takada et al. 2019 Genes )

- detectable in plasma of affected dogs
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plasma 

globules 
rouges 

Cancer interne 
Cellule tumorale 

Cellule saine 

ADN 
 tumoral 

ADN  
normal 

détection de 
l’ADN tumoral  

circulant 

healthy
DNA

healthy cell

tumor cell

red cells

internal tumor 

specificity 98.8 %

sensitivity 42.8 %
(up to  77% for lung localization) 

-> a tool for diagnosis of none
biopsable masses

-> a prognostic tool?

-> to follow treatment efficacy?

-> useful for earlier diagnosis?

Detection of
tumor
DNA

Prouteau et al. 2021
tumor
DNA

tumor cell



Canine histiocytic sarcoma: 
Somatic mutations : applications for veterinary medicine

Prognosis marker ?
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Somatic mutations : applications for veterinary medicine
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A marker for an earlier diagnosis ?

Follow up 30 dogs from two breeders : at risk (Age/ HS-test)
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A marker for an earlier diagnosis ?
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A marker for an earlier diagnosis ?
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A marker for an earlier diagnosis ?
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A marker for an earlier diagnosis ?
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A marker for an earlier diagnosis ?
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A marker for an earlier diagnosis ?
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Follow up 30 dogs from two breeders : at risk (Age/ HS-test)
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A marker for an earlier diagnosis ?

Follow up 30 dogs from to breeder : at risk (Age/ HS-test)
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Chicha Mazetier20, Angelo Marco21, Molly B. McLeod22, Erin Portillo23, Terry S. Clark24,
Scott Judd25, C. Kirk Feinberg21, Marie Benitez21, Candace Runyan26, Lindsey Hackett27,
Scott Lafey28, Danielle Richardson11, Sarah Vineyard29, Mary Tefend Campbell30,
Nilesh Dharajiya31,33, Taylor J. Jensen32,33, Dirk van den Boom33, Luis A. Diaz, Jr.33,34, Daniel
S. GrosuID

1, Arthur PolkID
1, Kalle Marsal1, Susan Cho Hicks1, Katherine M. LytleID

1,
Lauren Holtvoigt1, Jason Chibuk1, Ilya Chorny1, Dana W. Y. Tsui1

1 PetDx, La Jolla, California, United States of America, 2 Veterinary Specialty Hospital of San Diego, San
Diego, California, United States of America, 3 Veterinary Specialty Hospital of North County, San Marcos,
California, United States of America, 4 Department of Veterinary Medicine and Surgery, University of Missouri,
Columbia, Missouri, United States of America, 5 Department of Clinical Sciences, Colorado State University,
Fort Collins, Colorado, United States of America, 6 Department of Clinical Science and Advanced Medicine,
University of Pennsylvania, Philadelphia, Pennsylvania, United States of America, 7 The Animal Medical Center,
New York, New York, United States of America, 8 Southeast Veterinary Oncology and Internal Medicine,
Orange Park, Florida, United States of America, 9 Bridge Animal Referral Center, Edmonds, Washington,
United States of America, 10 Department of Biomedical Sciences, Ontario Veterinary College, University of
Guelph, Guelph, Ontario, Canada, 11 Institute for Comparative Cancer Investigation at the Mona Campbell
Centre for Animal Cancer, Ontario Veterinary College, University of Guelph, Guelph, Ontario, Canada,
12 Department of Veterinary Clinical Sciences, University of Minnesota, College of Veterinary Medicine, Saint
Paul, Minnesota, United States of America, 13 Veterinary Specialty Hospital of Hong Kong, Wan Chai, Hong
Kong, 14 Department of Veterinary Clinical Sciences, The Ohio State University College of Veterinary Medicine,
Columbus, Ohio, United States of America, 15 Oncovet, Villeneuve-D’ascq, France, 16 AniCura TRIOVet,
Rennes, France, 17 Clinique Vétérinaire de la Pierre Bleue, Pipriac, France, 18 Eiffelvet, Paris, France,
19 Clinique Vétérinaire SeineVet, Rouen, France, 20 Clinique Vétérinaire Mazetier, Argenteuil, France,
21 Governor Animal Clinic, Inc., San Diego, California, United States of America, 22 City Paws Home Health,
Columbus, Ohio, United States of America, 23 VCA Valley Oak Veterinary Center, Chico, California, United
States of America, 24 VCA Metroplex Animal Hospital, Irving, Texas, United States of America, 25 Prices Creek
Veterinary Services, Lewisburg, Ohio, United States of America, 26 Carlsbad Animal Hospital, Carlsbad,
California, United States of America, 27 Oceanside Veterinary Hospital, Oceanside, California, United States of
America, 28 Amici Pet Hospital of Little Italy, San Diego, California, United States of America, 29 Colony
Veterinary Hospital, San Diego, California, United States of America, 30 Carriage Hills Animal Hospital,
Montgomery, Alabama, United States of America, 31 Healthbit.ai Inc., San Diego, California, United States of
America, 32 Laboratory Corporation of America, Durham, North Carolina, United States of America, 33 Advisor
to PetDx, La Jolla, California, United States of America, 34 Division of Solid Tumor Oncology, Memorial Sloan
Kettering Cancer Center, New York, New York, United States of America

* jrafalko@petdx.com

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0266623 April 26, 2022 1 / 33

a1111111111
a1111111111
a1111111111
a1111111111
a1111111111

OPEN ACCESS

Citation: Flory A, Kruglyak KM, Tynan JA,
McLennan LM, Rafalko JM, Fiaux PC, et al. (2022)
Clinical validation of a next-generation sequencing-
based multi-cancer early detection “liquid biopsy”
blood test in over 1,000 dogs using an independent
testing set: The CANcer Detection in Dogs
(CANDiD) study. PLoS ONE 17(4): e0266623.
https://doi.org/10.1371/journal.pone.0266623

Editor: Joseph Alan Bauer, Bauer Research
Foundation, UNITED STATES

Received: November 24, 2021

Accepted: March 23, 2022

Published: April 26, 2022

Copyright: © 2022 Flory et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: This study received funding from PetDx.
The funder had the following involvement with the
study: study design, data collection and analysis,
decision to publish, and preparation of the
manuscript. Study sites were compensated for

Detection of cancer 5 months earlier
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A marker for an earlier diagnosis ?

Follow up 30 dogs from to breeder : at risk (Age/ HS-test) -> interest for an earlier 
diagnosis

Confirm these results on more dogs 

Addition of new mutations to be more sensitive

If we are able to detect earlier HS, do we are able to improve treatment of HS?
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Hanahan	et	Weinberg.	Cell.	2011	
New targeted HS therapy

Interest for the treatment:
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Tests of proliferation rate (72h) with  MEK inhibitor

New therapy opportunities?

cell	line	1 cell	line	2

cell	line	3 cell	line	4



Mutations somatiques  = opportunité pour developper 
des traitements ciblés
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Nouvelles thérapies ?
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Conclusion 

Test HS : first genetic risk test for dogs
-> validated for all BMD origins

-> follow up of  dogs confirms the interest of this test for selection

-> research is still needed to improve our knowledge on genetic bases of HS predisposition and 
hematopoietic cancers!

Looking for samples (suspicion/cases, old dogs…)  to pursue research!

Looking for the follow up of dogs tested with the HS test!

Somatic mutations in HS tumors
- > Useful markers for an earlier diagnosis

for treatment ?

Contact us  : benoit.hedan@univ-rennes1.fr

Double benefit for vet and human medicine 

Benoit Hedan 2022

Unique test for a canine cancer

mailto:benoit.hedan@univ-rennes1.fr
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