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Dear colleagues and friends, 

Welcome to the annual ESVONC congress being held for the first time in Krakow! 

We will still have a great program with state of the art information from different fields of veterinary 
and comparative oncology mixing together the recent knowledge on basic sciences and clinical 
oncology. 
 

We have decided to pursue with two items, that were really appreciated in the last congresses in 
Lisbon and in Vienna: first, the themed sessions with a focus on metronomic chemotherapy and tumor 
microenvironment on Thursday and pain management in cancer patients on Saturday with 
comparative aspects in human oncology as usual; second, there will be some exciting invited clinical 
abstracts, selected by our scientific committee. 
 

A new proposal was attempted for our residents: a resident workshop will take place on Wednesday 
night with the first themed session presented by E Teske on how to critically evaluate scientific 
publications! It points out our willing and determination to be more involved in the residents training. 
 

I would like to warmly thank the local committee, headed by Dariusz Jagielsky, who helped our 
ESVONC team to organize this highly interesting scientific program and a great social program in this 
wonderfull and amazing town! History is everywhere in this town and is revealed in the traces that 
time has left behind for our collective enrichment! Don’t miss it! 
 

ESVONC Annual congress is a place for social events and sharings: the venue will be at the comfortable 
Park Inn Hotel the welcome reception will be in the Krakow’s National Gallery… Wonderfull! 

On Friday evening, we will organize our annual gala dinner at Salt Mines… Amazing! 
 

And we can promise you one thing: this friendly congress in Krakow will be memorable! 

 

The ESVONC President 

 Frédérique Ponce 

 

And the ESVONC Team 

 Ana Lara, Vice-President 

 Tom Hendrickx, Treasurer 

 Joaquim Henriques, Secretary 

 Didier Lanore, Member-at-large 

 Jerôme Benoit, Member-at-large 
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Our Sponsors 
 

Without our sponsors it would be impossible to organise a conference like this! 
On behalf of ESVONC, the Congress Committee wishes to express sincere gratitude. 

 

To all Delegates – Please visit our sponsors and thank them personally!! 
 

Platinum Sponsor: Merial  

Merial is already an ESVONC partner for many years. Merial is a very 
innovative company in the veterinary oncology field. 

This year Merial is the generous sponsor of the Gala Dinner in the Wieliczka 
Salt Mines. 

 
For more information, please see  www.Merial.com  

Bronze Sponsor: AB Science  

AB Science is a young biotechnology company that specializes 
in developing targeted drugs for high medical need indications, 
such as cancer, chronic inflammatory diseases and 
neurodegenerative disorders. Masitinib is the most advanced 
drug in the AB Science pipeline and received the first ever 
anticancer license for dogs by EMA in 2008. It is available under 
the name Masivet® for Veterinary use all over Europe and 
Kinavet in the United States. 
The approval relates to non-resectable mast cell tumor grade 2 
and 3. The clinical study which led to the licensure was one of 
the largest in veterinary oncology with more than 200 dogs. 
Worldwide, more than 15 000 dogs have been treated so far 
with Masivet®/Kinavet® some of them. For more than 5 years. 

 
                          For more information, please see www.ab-science.com  

 

Bronze Sponsor: Zoetis  

Zoetis, is the largest global animal health company and has 
been an ESVONC partner for many years. Zoetis is one of 
the most innovative companies and the manufacturer of 
the drug PALLADIA. 

For more information, please see www.zoetis.com  

 

http://esvonccongress.org/sponsors-exhibitors/item/61-platina-sponsor-merial.html
http://www.merial.com/
http://esvonccongress.org/sponsors-exhibitors/item/72-bronze-sponsor-abscience.html
http://esvonccongress.org/sponsors-exhibitors/item/67-diamond-sponsor-zoetis.html
http://www.zoetis.com/
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Exhibitors Sponsor: PetBioCell 

 

PetBioCell has been an ESVONC partner since 2014 in Vienna. PetBioCell is the manufacturer of 
autologous Dendritic Cell Cancer Therapy. For more information, please see www.petbiocell.de/en 

Exhibitors Sponsor: Perkin Elmer 

 

Perkin Elmer helps scientists, clinicians, and lab professionals accelerate their science through our 
innovative detection, imaging, services, and informatics solutions. Their knowledge and expertise 

supports the discovery of critical insights in diagnostics, life sciences, and environmental applications 
and helps connect human and environmental health. For more information, please see 

www.perkinelmer.com 

Exhibitors Sponsor: Urodelia   

 

Urodelia has developed in collaboration with researchers and practicing veterinarians an innovative 
and patented immunotherapy method to treat cancer in pets: Apavac®. For more information, please 

see www.urodelia.com 
 
 

Exhibitors Sponsor: VetFood  
 

 
 

 

 

For two decades, Regis Food Technology has been operating internationally in many facets of the food 
industry, from quality ingredients to unique finished products ready for market. Regis is the 
manufacturer of Vetfood products: nutrition and supplements for animals. Please see 

www.regisfood.com/en/ 
www.vetfood.pl/en/ 

http://www.petbiocell.de/en
http://www.perkinelmer.com/
http://esvonccongress.org/sponsors-exhibitors/item/74-exhibitors-sponsor-v%C3%A9toquinol.html
http://www.urodelia.com/
http://www.regisfood.com/en/
http://www.regisfood.com/en/


- 9 - 
ESVONC, Krakow 2015 

 

 

Exhibitors Sponsor: Betatech 

 

 
 

Electrochemotherapy Technology 

Please see https://www.leroybiotech.com/en/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Disclaimer 

Although every effort to ensure that the information available in these proceedings is factually correct, 

the Congress Committee does not accept liability for any errors or omissions. The Congress Committee 

does not endorse or accept any liability for views and opinions expressed in any of the text or 

advertisements or any of the associated websites. 

 

 

 

Scientific Abstracts 

The abstracts as published in these proceedings have not been subjected to extensive peer-review and 

therefore should not be quoted in publications. The abstracts may be considered as Personal 

Communications and referenced as such, with permission of the individual authors. Copyrights of the 

material belong exclusively to the authors and may not be reproduced without their permission. 
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Themed session 

METRONOMIC CHEMOTHERAPY AND MODULATION OF 

THE TUMOR MICROENVIRONMENT 

 
 
 

Barbara Biller, DVM, PhD, Diplomate ACVIM (Oncology) 
Associate Professor of Oncology 

Flint Animal Cancer Center 
Colorado State University 

Fort Collins, CO 

 
 
 

Tumor immunology and the tumor microenvironment 
 

Introduction 
Of the treatment modalities available to treat cancer, immunotherapy is unique in its ability to 
selectively target tumor cells, spare normal tissues and generate a long lasting memory response for 
protection against recurrent or relapsing disease. This is the rationale for considerable research over 
the previous two decades focused on the development of immunotherapeutics for cancer patients.  
But despite many encouraging findings the outcome of most immunotherapy clinical trials has been 
disappointing. Unfortunately it is becoming increasingly clear that the efficacy of tumor vaccines, 
monoclonal antibodies and other forms of immunotherapy are limited by multiple mechanisms of 
tumor-induced immune suppression.1 Combination of immunotherapy with treatments to overcome 
these potent immune suppressive pathways is very much needed to improve the outcome for humans 
and animal with cancer. 
 

Major pathways for tumor-induced immune suppression 
The mammalian immune system has the 
important task of distinguishing “self” from 
“non-self”, simultaneously providing 
protection from foreign pathogens while 
maintaining tolerance to normal antigens and 
tissues. And despite subtle differences from 
normal somatic cells, the immune system is 
also well equipped to recognize and 
eliminate transformed cells, often before a 
tumor is clinically evident. But tumor growth 
is an evolutionary process that includes the 
phenomena of “immunoediting” in which the 
phenotype of neoplastic cells change to 
escape detection by the patient’s immune 
system (see Figure 1).  By the time a visible 
tumor is present, the initial ability of the 
immune system to detect and destroy 

Figure 1: Immunoediting of cancer. During the elimination and 

equilibrium phases the immune system is able to kill tumor cells. 

However over time less immune-sensitive tumor cells arise. In the 

escape phase the tumor grows rapidly and may consist of mostly 

immune and chemotherapy resistant tumor cells. 
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neoplastic cells has been overwhelmed by expansion of poorly immunogenic and highly immune 
suppressive tumor cells which are adept at evading further detection.  
Among the most potent mechanisms of immune evasion are tumor-induced recruitment of inhibitory 
immune cells such as regulatory T cells (Treg) and myeloid-derived suppressor cells (MDSCs). Treg and 
MDSCs normally function to prevent autoimmunity and limit chronic inflammation. A significant 
amount of data shows that Treg and MDSC accumulate in most malignant tumors of mice and 
humans.2,3  Increased numbers of Treg and MDSCs are also frequently found in the blood or draining 
lymph nodes of human cancer patients; a finding that correlates with a poorer prognosis or advanced 
stage disease.4-6 While our understanding of the role of Treg and MDSC in tumor-bearing dogs is in its 
infancy, both cell types have been identified in higher numbers in the blood of dogs with cancer 
compared to healthy ones.7-10  Our own studies have contributed to this body of knowledge through 
the initial identification and characterization of Treg in dogs and demonstration of their association 
with outcome in osteosarcoma.11 Others have confirmed and extended this work by demonstrating the 
immunosuppressive functions of Treg and their correlation with outcome for other canine tumors 
including mammary carcinoma and oral melanoma.12-14 Less information is currently available 
regarding the role of canine MDSC; however they have been shown to be present in greater numbers 
in dogs with advanced or metastatic cancers compared to those with earlier stage disease.9,10 
 

Practical strategies to target/influence the tumor microenvironment 
 
Metronomic chemotherapy 
In contrast to conventional chemotherapy, metronomic chemotherapy (MC) is characterized by the 
uninterrupted administration of drugs at doses that are significantly lower than those given in 
conventional treatment protocols. Instead of killing tumor cells directly, this approach targets the local 
endothelial cells and circulating endothelial progenitor cells that support tumor angiogenesis. In 
addition to antiangiogenic activity, recent research has uncovered other mechanisms of action 
including effects on Treg and the stroma/tumor microenvironment.  
 
The selective toxicity of metronomic chemotherapy for Treg has been best studied for the alkylating 
agent cyclophosphamide (CYC).  In mice and in humans, administration of low doses of CYC leads to a 
transient but profound decrease in the number of circulating Treg and directly inhibits Treg function.15-

17 Several studies show that it may also be possible to decrease Treg through the administration of 
cyclooxygenase (COX) inhibitors. For example, administration of COX inhibitors to mice with lung 
cancer resulted in suppression of Treg function and a decrease Treg numbers, in part through 
inhibition of tumor-induced expression of COX-2 and prostaglandins.18 
 
We are just beginning to explore the anti-angiogenic and potential immunostimulatory effects of 
metronomic chemotherapy in veterinary cancer patients. Our lab previously investigated the effects of 
daily low-dose CYC therapy on tumor microvessel density and numbers of Treg in dogs with soft tissue 
sarcoma.19  In this study two dose cohorts were evaluated with one group of dogs receiving daily oral 
CYC at 12.5 mg/m2/daily and the other at 15.0 mg/m2/daily.  We found that at the higher dose there 
were significant decreases in the number of small blood vessels within the tumor and in Treg numbers 
in the blood (while sparing other lymphocyte subsets), suggesting that this dose may have both anti-
angiogenic and immunomodulatory effects. Thus far the impact of other drugs such as chlorambucil 
and COX inhibitors on canine Treg has not been reported. Given the frequent combination of non-
steroidal anti-inflammatories with metronomic doses of chemotherapy drugs such as CYC and 
chlorambucil, this is an area we plan to investigate soon.  
 
Tyrosine kinase inhibitors 
In addition to their cytotoxic effects on tumor cells, tyrosine kinase inhibitors (TKIs) appear to also 
have immunostimulatory properties and therefore may also be useful in improving the antitumor 
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immune response. For example, treatment with the TKI sunitinib has been shown to decrease MDSC 
accumulation, interfere with Treg function and improve the response to immunotherapy in mouse 
tumor models and in humans with aggressive cancers such as renal cell carcinoma.20-22  We recently 
investigated whether toceranib (Palladia), a TKI approved for use in dogs that is structurally similar to 
sunitinib, could modulate canine Treg numbers.23  We found that administration of toceranib at 
standard therapeutic doses (2.75 mg/k EOD or three times weekly) was associated with a significant 
decrease in the relative and absolute numbers of Treg in the peripheral blood of dogs with various 
malignancies.  Interestingly, when metronomic CYC was combined with toceranib there was no further 
decrease in Treg numbers, however increased serum concentrations of the immunostimulatory 
cytokine IFN-γ were observed. This suggests a shift from immune suppression towards a more 
favorable stimulatory immune environment and is another area ripe for further study.  
 
Challenges for the future 
It is exciting to witness the recent development of immunotherapies for veterinary cancer patients 
including the DNA vaccine now available for dogs with malignant melanoma. We anticipate that other 
treatments such as monoclonal antibody therapy for dogs with lymphoma will soon be available as 
well. As our experience with canine cancer immunotherapy grows it will be critical to avoid 
underestimating the potency of tumor-induced immune suppression that has led to failure of many 
similar products for humans. Combining immunotherapies or using chemotherapy to stimulate 
antitumor immunity will be critical to the success of new cancer treatments. Many important 
questions, such as optimal doses and schedules of chemotherapy drugs and ideal combinations of 
immunotherapies, await further investigation. But it is reasonable to expect improvements in the 
overall outcome for cancer patients as new agents targeting alternate and overlapping tumor-
associated immunosuppressive mechanisms are developed and introduced into the clinic.  

 
References 
 

1. Fox BA, Schendel DJ, Butterfield LH, et al. Defining the critical hurdles in cancer  immunotherapy. J 
Transl Med 2011;9:214. 

2. Byrne WL, Mills KH, Lederer JA, et al. Targeting regulatory T cells in cancer. Cancer Res 
2011;71:6915-6920. 

3. Toh B, Abastado JP. Myeloid cells: Prime drivers of tumor progression. Oncoimmunology 
2012;1:1360-1367. 

4. Liyanage UK, Moore TT, Joo HG, et al. Prevalence of regulatory T cells is increased in peripheral 
blood and tumor microenvironment of patients with pancreas or breast adenocarcinoma. J 
Immunol 2002;169:2756-2761. 

5. Ormandy LA, Hillemann T, Wedemeyer H, et al. Increased populations of regulatory T cells in 
peripheral blood of patients with hepatocellular carcinoma. Cancer Res 2005;65:2457-2464. 

6. Umansky V, Sevko A. Tumor Microenvironment and Myeloid-Derived Suppressor Cells. Cancer 
Microenviron 2012. 

7. Abrams VK, Hwang B, Lesnikova M, et al. A novel monoclonal antibody specific for canine CD25 
(P4A10): selection and evaluation of canine Tregs. Vet Immunol Immunopathol 2010;135:257-265. 

8. Biller BJ, Elmslie RE, Burnett RC, et al. Use of FoxP3 expression to identify regulatory T cells in 
healthy dogs and dogs with cancer. Vet Immunol Immunopathol 2007;116:69-78. 

9. Goulart MR, Pluhar GE, Ohlfest JR. Identification of myeloid derived suppressor cells in dogs with 
naturally occurring cancer. PLoS One 2012;7:e33274. 

10. Sherger M, Kisseberth W, London C, et al. Identification of myeloid derived suppressor cells in the 
peripheral blood of tumor bearing dogs. BMC Vet Res 2012;8:209. 

11. Biller BJ, Guth A, Burton JH, et al. Decreased ratio of CD8+ T cells to regulatory T cells associated 
with decreased survival in dogs with osteosarcoma. J Vet Intern Med 2010;24:1118-1123. 



- 13 - 
ESVONC, Krakow 2015 

12. Horiuchi Y, Tominaga M, Ichikawa M, et al. Relationship between regulatory and type 1 T cells in 
dogs with oral malignant melanoma. Microbiol Immunol 2010;54:152-159. 

13. Kim JH, Hur JH, Lee SM, et al. Correlation of Foxp3 positive regulatory T cells with prognostic 
factors in canine mammary carcinomas. Vet J 2012;193:222-227. 

14.Pinheiro D, Singh Y, Grant CR, et al. Phenotypic and functional characterization of a CD4(+) 
CD25(high) FOXP3(high) regulatory T-cell population in the dog. Immunology 2011;132:111-122. 

15.Ghiringhelli F, Menard C, Puig PE, et al. Metronomic cyclophosphamide regimen selectively 
depletes CD4+CD25+ regulatory T cells and restores T and NK effector functions in end stage cancer 
patients. Cancer Immunol Immunother 2007;56:641-648. 

16.Lutsiak ME, Semnani RT, De Pascalis R, et al. Inhibition of CD4(+)25+ T regulatory cell function 
implicated in enhanced immune response by low-dose cyclophosphamide. Blood 2005;105:2862-
2868. 

17. Man S, Bocci G, Francia G, et al. Antitumor effects in mice of low-dose (metronomic) 
cyclophosphamide administered continuously through the drinking water. Cancer Res 
2002;62:2731-2735. 

18. Sharma S, Yang SC, Zhu L, et al. Tumor cyclooxygenase-2/prostaglandin E2-dependent promotion 
of FOXP3 expression and CD4+ CD25+ T regulatory cell activities in lung cancer. Cancer Res 
2005;65:5211-5220. 

19. Burton JH, Mitchell L, Thamm DH, et al. Low-dose cyclophosphamide selectively decreases 
regulatory T cells and inhibits angiogenesis in dogs with soft tissue sarcoma. J Vet Intern Med 
2011;25:920-926. 

20. Finke JH, Rini B, Ireland J, et al. Sunitinib reverses type-1 immune suppression and decreases T-
regulatory cells in renal cell carcinoma patients. Clin Cancer Res 2008;14:6674-6682. 

21. Ozao-Choy J, Ma G, Kao J, et al. The novel role of tyrosine kinase inhibitor in the reversal of 
immune suppression and modulation of tumor microenvironment for immune-based cancer 
therapies. Cancer Res 2009;69:2514-2522. 

22. Yang Z, Zhang B, Li D, et al. Mast cells mobilize myeloid-derived suppressor cells and Treg cells in 
tumor microenvironment via IL-17 pathway in murine hepatocarcinoma model. PLoS One 
2010;5:e8922. 

23. Mitchell L, Thamm DH, Biller BJ. Clinical and immunomodulatory effects of toceranib combined 
with low-dose cyclophosphamide in dogs with cancer. J Vet Intern Med 2012;26:355-362. 

 
 

 

 

 

 

 

 

 

 

 



- 14 - 
ESVONC, Krakow 2015 

Modulating the Tumor Microenvironment by Targeting Macrophages and 
Monocytes 

 

Steven Dow, DVM, PhD, DACVIM 
Flint Animal Cancer Center and 

Center for Immune and Regenerative Medicine 
Department of Clinical Sciences 

Colorado State University 
Ft. Collins, CO, US 

 

Role of stromal cells in tumor microenvironment in shaping immune responses to cancer.   
 It is becoming increasingly clear that stromal cells in the tumor microenvironment play a 
critical role in regulating tumor biology and tumor immune responses.  For example, the major 
populations of host stromal cells found in tumors (fibroblasts, macrophages, endothelial cells) all 
contribute to regulation of tumor growth, tumor genomic stability, tumor metastasis, and tumor 
responses to chemotherapy, as well as tumor angiogenesis and tumor immunity (1-3). Of these 
stromal cells, tumor associated macrophages play the major role in regulating tumor immunity, tumor 
angiogenesis, and tumor responses to chemotherapy.  In addition, tumor macrophages also help 
sustain the growth and repopulation of cancer stem cells, thereby indirectly contributing to tumor 
persistence and resistance to chemotherapy and radiation therapy.  Thus, the design of more effective 
cancer therapies in the future will need to also address the role of host tumor stromal cells, especially 
tumor macrophages.   
 

Clinical importance of tumor-associated macrophages.   
 Two key cytokines, the chemokine CCL2 {MCP-1} and the hematopoietic growth factor CSF-1 
{M-CSF} regulate macrophage recruitment and survival in tumors, respectively (1, 3-5).  The turnover 
of macrophages in tumor tissues is relatively rapid (days to weeks) compared to macrophages in other 
tissues, such that continuous replacement by monocytes from the bloodstream is required to maintain 
macrophage populations in tumors. Tumor associated macrophages are typically the most numerous 
host stromal cells found in tumor tissues, and in some cases can comprise 30-50% of the total tumor 
cell population.  Multiple studies in different cancer types in humans have determined that an 
increasing density of infiltrating macrophages in tumors is directly correlated with poorer prognosis, 
with only a few exceptions to the rule (2).  In veterinary medicine, an increased macrophage density is 
also associated with poorer prognosis in breast cancer in dogs, along with alterations in mammary 
tumor cell responses in vitro (6, 7). These clinical observations illustrate therefore the importance of 
macrophages and their role in promoting cancer progression.  In addition, serum concentrations of 
CSF-1 and CCL2 are also directly correlated with poor prognosis in cancer patients.  For example, we 
determined previously that in dogs with B cell lymphoma, higher concentrations of CCL2 were 
correlated with significantly shorter remission times (8).  We also found that dogs with osteosarcoma 
with higher numbers of circulating monocytes had significantly shorter metastasis-free intervals than 
dogs with lower numbers at the time of initial diagnosis (9).   
 
Both the numbers of macrophages and their functional properties determine the macrophage impact 
on tumor progression and metastasis.  Most tumor macrophages exhibit an M2 phenotype, which is 
associated with production of Th2 cytokines, expression of inhibitory receptors such as mannose 
receptor, and expression of low intracellular concentrations of TNF-a and other inflammatory 
cytokines.  The local tumor environment affects not just macrophage function, but also the 
recruitment of new monocytes and how they mature within tumor tissues.  The primary tumor also 
alters the environment of distant organs such as the lungs and liver, by releasing myeloid cell growth 
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factors such as CSF-1, CCL2, and GM-CSF that help promote survival of early tumor metastases (the so-
called metastatic niche) (10-12).   
 

Suppression of tumor immunity and angiogenesis by macrophages.   
 Tumor macrophages can suppress tumor immunity by reducing the function of tumor-
infiltrating lymphocytes (TIL) and T cells in tumor draining lymph nodes, via several different 
mechanisms.  These mechanisms include local depletion of L-arginine by arginase-expressing 
macrophages, as arginine is an essential growth factor for T cells (1, 12). In addition, macrophages also 
produce reactive oxygen and nitrogen radicals, which interrupt T cell signaling.  Tumor infiltrating 
macrophages also express high levels of checkpoint molecule ligands, including PD-L1, which potently 
suppress T cell activation and functionality.  Macrophages in tumors also stimulate local recruitment of 
immune suppressive regulatory T cells (Tregs) by production of high levels of the chemokine CCL22 
(13).  Tregs in turn suppress the activity of effector lymphocytes in tumors and lymph nodes (14).  In 
addition, production of IL-10 by tumor macrophages suppresses the antigen presentation activity of 
dendritic cells.  Tumor associated macrophages also potently stimulate tumor angiogenesis, in large 
part through production of VEGF-A.  Macrophages also liberate local VEGF-A from extracellular matrix 
proteins through macrophage activation of matrix metalloproteinases (15).  VEGF-A release from 
tumor macrophages is a major mediator of the formation of abnormal blood vessels in tumors, 
resulting in altered circulatory dynamics in tumor tissues that impacts tumor drug delivery.   
 

Macrophage regulation of tumor response to chemotherapy.  
 Tumor macrophages regulate responsiveness to certain chemotherapeutic agents by releasing 
factors that promote tumor survival and inhibiting tumor apoptosis pathways.  For example, 
macrophages can activate the STAT-3 pathway in tumor cells, which leads to resistance to certain 
chemotherapeutic drugs, including doxorubicin, paclitaxel, and carboplatin (1).  The STAT-3 pathway is 
activated in tumor cells by IL-6 and other macrophage derived factors.  Macrophage cathepsin 
protease activity is also thought to contribute to tumor chemotherapy resistance.   
 

Macrophage and monocyte regulation of tumor metastasis.   
 Macrophage depletion studies in rodent models have demonstrated that tumor metastases 
can be suppressed by elimination of macrophages and monocytes in tumor tissues.  This anti-
metastatic activity may result from reduced production of macrophage matrix metalloproteinases, 
which prevents metastases from accessing the bloodstream.  Alternatively, macrophage depletion may 
also deprive early established metastases of the support provided by inflammatory monocytes.  For 
example, elimination of CCL2 production can block monocyte recruitment to metastatic sites and 
thereby interrupt early angiogenic processes essential to survival of metastases (4). In our unpublished 
studies, we have found that blocking signaling by CCR2 (the CCL2 receptor) on monocytes can 
significantly inhibit the growth of tumor metastases in mouse models.  In addition, we have also found 
that hemangiosarcoma and osteosarcoma metastases in dogs are associated with very dense 
infiltrates of monocytes, compared to other metastatic tumors, suggesting a role for monocytes in the 
high metastatic rate observed with these two tumor types (D. Regan, et al; manuscript in preparation).   
 

Targeting macrophages and monocytes to control tumor growth and metastasis.   
 Current strategies to target tumor macrophages and inflammatory monocytes therapeutically 
include macrophage depletion, blocking immune suppressive metabolic pathways, shifting 
macrophage polarization from an M2 to M1 phenotype, and inhibiting monocyte migration via CCR2 
signaling blockade.  Tumor macrophages and circulating monocytes can be rapidly depleted by 
inducing macrophage apoptosis using bisphosphonate drugs encapsulated in liposomes.  We reported 
recently that macrophage depletion in rodent tumor models using repeated i.v. administration of 
liposomal clodronate led to significant inhibition of tumor growth and angiogenesis, in addition to 



- 16 - 
ESVONC, Krakow 2015 

depletion of intratumoral macrophages (16).  Importantly, macrophage depletion also resulted in 
restoration of spontaneous T cell and NK cell activity.  We have also conducted clinical trials of 
liposomal clodronate therapy in dogs with malignant histiosarcoma and in dogs with soft tissue 
sarcoma (17, 18).  Administration of liposomal clodronate to dogs with malignant histiosarcoma 
resulted in tumor regression in several treated animals, although overall survival times were 
equivalent to those induced by treatment with lomustine.  In dogs with soft tissue sarcoma treated 
with liposomal clodronate, macrophage depletion and reduced tumor angiogenesis was observed, 
along with stabilization of tumor growth in the majority of treated animals (17).   
 
Macrophage immune suppressive pathways can be inhibited biochemically, using inhibitors of the 
STAT-3 pathway (eg, sunitinib) or by inhibiting the COX pathway with NSAID drugs, especially mixed 
COX-1 and COX-2 inhibitors such as piroxicam.  Experimentally, CSF-1R inhibitors can control tumor 
growth in brain tumor and pancreatic tumor models, especially when combined with other agents 
such as angiogenesis inhibitors.  The macrophage phenotype can be repolarized from M2 to M1 
experimentally by blocking IL-4 or IL-13 signaling in mouse models, or by activating macrophages with 
IFN-g.  We have also found recently that the tyrosine kinase inhibitor toceranib (Palladia) can 
repolarize canine macrophages and reduce IL-10 production in response to LPS stimulation.   
 
Finally, macrophage accumulation in tumor tissues can be blocked by sustained treatment with drugs 
that block monocyte migration, such as specific CCR2 antagonists.  We have found that sustained 
treatment of mice with small molecule CCR2 antagonists inhibited the growth of tumor metastases, 
blocked monocyte accumulation in the lungs, and suppressed tumor angiogenesis.  Importantly, 
several already approved drugs can be repurposed to generate the same effect.  For example, the 
angiotensin receptor blocking drug losartan also functions as a CCR2 antagonist and blocks monocyte 
migration and tumor growth in mouse models, and also blocks monocyte migration both in vitro and in 
vivo in dogs (Regan, D, et al; manuscript in preparation).  The use of losartan in combination with other 
drugs that affect innate or adaptive immunity is currently being explored in ongoing clinical studies in 
dogs. 
 

Summary.   
 Macrophages and other stromal cells play a major role in regulating tumor immunity and 
responses to chemotherapy.  Increasingly the stromal cell population is being viewed as a valid target 
in cancer therapy and new agents are being developed and evaluated for this use.  In the future expect 
to see much wider utilization of combinations of drugs designed to manipulate the tumor 
microenvironment used together with drugs targeted specifically to tumor cells.  The challenge going 
forward will be to use predictive models and in vitro assays to identify rationale drug combinations 
prior to launching clinical trials in companion animals.   
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Immunomodulatory effects of Imatinib and other therapies in GastroIntestinal 

Stromal Tumors 

Introduction 

Gastrointestinal stromal tumor (GIST) is a mesenchymal tumor of the gastrointestinal tract, with an 

annual incidence of about 10 to 20 cases per million (1). GIST is characterized by mutations in KIT or 

PDGFRA oncogenes, the key molecular drivers of the disease pathogenesis (1). The majority of GIST 

patients (75-80%) harbor a KIT mutation, most frequently in the juxtramembrane domain in exon 11, 

and sometimes in the extracellular domain in exon 9 or in the kinase domain in exons 13 and 17 (2). 

The introduction of imatinib mesylate (IM, Gleevec®), a small molecule inhibitor of KIT and PDGFRA 

tyrosine kinases, in 2001, has dramatically improved the prognosis of GIST patients, with the best 

clinical responses observed in patients bearing the exon 11 KIT mutation (3). IM has become one of the 

most successful targeted molecular therapies in cancer and the standard of care for advanced localized 

and metastatic GIST. To date, the median survival of patients with advanced GIST treated with first line 

IM is 5 years and 34% of the patients survive more than 9 years (4, 5). In addition, adjuvant IM 

decreases the risk of relapse after resection of a localized GIST (6). However, IM is not curative in most 

GIST patients, requiring continuous treatment in advanced phase, and frequently associated with the 

emergence of resistant clones with secondary KIT or PDGFRA mutations (7).  

Role of tumor immunology in GIST 

The natural immune infiltrates of gastrointestinal stromal tumors are composed of T cells, regulatory T 

cells, macrophages and NK cells (8-10). Primary GISTs are enriched in NK cells, which mostly reside in 

peri-tumoral areas and predict progression-free-survival (PFS) in localized stages treated with adjuvant 

IM (8). These NK cells have a particular phenotype, mostly composed of CD3-CD56bright  cells and 

capable to produced cytokines (IFN and to a lesser extent TNF ex vivo after a brief restimulation 

with PMA/ionomycine (8). Moreover, GIST TILs contained activated Th1 (CD3+) cells invading tumor 

foci that have been demonstrated to impact the course of GIST. Of note, most T cells are composed of 

CD4+ T cells (8).   

Immunomodulatory effects of imatinib and other therapies 

In addition to its direct effect on tumor cells, IM has numerous indirect, or off-target effects, on the 

immune system. We have shown that IM targets KIT receptors expressed on dendritic cells (DC), 
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unleashing the beneficial DC/Natural Killer cell cross-talk, leading to NK cell activation (IFN-γ, TNFα 

secretion) in mice and humans (11). The increase of IFN-γ secretion from circulating NK cells by 2 

months of IM therapy correlated with prolonged survival in metastatic GIST patients treated by IM 

(11). We showed that the frequency of NK cells (NKp46+) infiltrating the center of GIST increased after 

IM treatment (8). In addition, in a mouse model of oncogene-driven GIST and in human GIST samples, 

Dematteo and colleagues showed that IM inhibited tumor cell expression of indoleamine 2,3-

dioxygenase (IDO), thus promoting the apoptosis of Tregs and the increase of the CD8+ T cell / Treg 

ratio and NK cells / Tregs ratio and contributing to the intra-tumoral re-localisation of NK cells (12, 8). 

We observed a loss of HLA-class I expression in GIST post-neoadjuvant IM that was independent of IM-

induced oncogene desaddiction, but instead, appeared mediated by T cells infiltrating the remaining 

MHC-class I positive areas (8). The only possible deleterious immunomodulation mediated by IM was 

the M2-like polarization of macrophages, resulting from the induction of the C/EBP transcription factor 

upon macrophage interaction with IM-induced apoptotic GIST cells (13). Taken together, it is clear that 

the immune system plays a critical role in GIST during oncogene desaddiction by IM. 

NKp30 isoforms as predictive biomarkers of IM response in metastatic GIST patients 

Among the different NK cell receptors assessed, the NK cell cytotoxic receptor NKp30 was specifically 

down-regulated on the peripheral and tumor-infiltrating NK cells of GIST patients (14, 15). There are 

three major NKp30 isoforms, each one with a specific intracytoplasmic domain i.e NKp30A, NKp30B 

and NKp30C. NKp30A and NKp30B signaling mediates cytotoxicity and IFN-/TNF- production 

respectively, while the NKp30C isoform induces the production of the immunosuppressive cytokine IL-

10 (15). The predominant transcription of the NKp30C isoform (or low ΔBC ratio) negatively impacts 

the prognosis of metastatic GIST patients treated with IM, independently of the KIT mutational status, 

in two independent cohorts of patients (10, Rusakiewicz S, in preparation). Our group has also 

demonstrated that the ΔBC ratio dictates the progression-free survival of high-risk neuroblastoma 

patients after induction chemotherapy (16). The transcriptional level of NKp30 (regardless of the 

isoforms, ie NK cell fitness) also predicted the overall survival of metastatic GIST, and the event-free 

survival of localized WT or KIT exon 9 mutated patients (Rusakiewicz S, in preparation). The 

combination of both predictors, NKp30 transcription levels and relative isoform ratios, further 

identifies a subgroup of patients with dismal prognosis, i.e. ΔBClow with low transcription of NKp30 

mRNA, who could benefit from a personalized immunotherapeutic strategy aimed at increasing NKp30 

isoform transcription. Indeed, IL-2 or IL-15 are two efficient cytokines to upregulate all three NKp30 

isoforms in a stoichiometric manner (SR, unpublished data). We have evidence that GIST tumors 

derived from ΔBClow patients lack pro-Th1 cytokines (TNF-α, IFN-γ, and IL-12p40) and instead contain 

high amounts of inflammatory chemokines (CCL2, CCL3, IL-8, CCL5) and IL-10. This immunosuppressive 

environment may contribute to the poor clinical outcome of ΔBClow GIST patients (Rusakiewicz S, in 

preparation).  Re-establishing a pro-Th1 microenvironment with an immune-based therapy could 

benefit ΔBClow GIST patients.  
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Soluble NKp30 Ligands (sBAG6 and sB7-H6) as predictive biomarkers of IM response 

in metastatic GIST patients 

IM may also influence the secretion and shedding process of NKp30 ligands. First, sB7-H6 predicts the 

event-free survival of metastatic GIST patients independently of the KIT mutational status (Rusakiewicz 

S, manuscript in preparation). We have previously shown that sB7-H6 levels inversely correlate with 

NKp30 surface expression, and with reduced IFN-γ release by NK cells upon recognition of B7-H6+ 

target (16). Thus, sB7-H6 acts in the periphery, at least in part, by masking the NKp30 receptor and by 

reducing NKp30-dependent NK cell functions. Following IM treatment, sB7-H6 levels significantly 

decreased in the serum of patients while the membrane bound B7-H6 increased on GIST tumor cells, 

hereby resulting in a favorable inhibition of this suppressive mechanism. In contrast to sB7-H6, sBAG6 

levels are specifically associated with down-regulation of NKp30 isoform mRNA transcription, 

rendering NK cells hypo-responsive. sBAG6 also was shown to inhibits NKp30-dependent functions of 

NK cells (17). Thus, the presence of sB7-H6 or sBAG6 in the serum detected at diagnosis was 

associated with a reduction of the event-free survival of metastatic GIST patients on IM therapy. To 

combat this, the use of sB7-H6 and/or sBAG6-blocking mAbs, or NKp30-blocking mAbs for ΔBClow 

patients, could prevent the NKp30-NKp30 ligand-mediated immunosuppression of NK cells (18).  

 

Conclusion and Implications for clinical trials 

Overall, these observations demonstrate that the immune microenvironment, and mostly NK cells, 

play a crucial role in GIST prognosis under IM. With the aim of rescuing the functional defects of ΔBClow 

tumor microenvironments, we performed ex vivo restimulation of GIST TILs from seven primary 

tumors, including two post IM, with a variety of immunomodulators. GIST-derived TILs, including those 

from poor-prognosis ΔBClow patients, can be activated to produce cytokines and to proliferate upon 

stimulation with IFN-α2a (as already shown in a pilot study in GIST patients (19)), or with blocking 

mAbs to IL-10, TRAIL, and FasL. This emphasizes the potential to develop novel IM-immunotherapeutic 

combination strategies, that would benefit ΔBClow patients or patients that relapse under IM. Of note, 

two metastatic GIST patients relapsing on IM therapy have been enrolled for IM+ IFN-α2a therapy and 

appear to have stabilized their disease at 4 months of treatment (Gustave Roussy, personal 

information). In addition, as IM fails to reduce Treg levels in WT GIST, a combined therapy of IM with 

metronomic cyclophosphamide, anti-CTLA-4, or anti-IDO could have therapeutic benefit in this patient 

subgroup (12).  

Thus, NKp30 and NKp30 ligands act as valuable biomarkers predictive of IM efficacy in metastatic GIST 

that could help stratifying patient’s proned to benefit from combinatorial regimen associating 

oncogene desaddiction and immunomodulation.  
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CANCER PAIN AND THERAPEUTIC MANAGEMENT 

 
 

                Peter W Kronen, Dr med vet, DVM, Dipl ECVAA 
 
 
 
 
 

Pain in oncological patients results from complex interactions in the peripheral and central nervous 

system. Nociceptors that are specifically stimulated by certain noxae as well as so-called wide-dynamic 

range nociceptors increase their firing rate of action potentials conferring nociceptive information 

along their nerve fibers, and along the dorsal root ganglia to the dorsal horn of the spinal cord 

providing excitatory "pain" stimuli to the central nervous system. Alongside other pathways, the 

spinothalamic tract transmits that information to the brain stem, not without spreading it 

intersegmentally. In the brain, integration with other information from affective-emotive, "cognitive" 

and other somato-sensory input is effectuated calling the highly complex clinically relevant interaction 

phenomena into place. 

 

Through inflammatory interaction in the periphery, a sensitization of the periphal nociceptors may 

occur (primary or peripheral sensitisation), yet even enhancing the intensity and rate of nociceptive 

information generated. At the level of the spinal cord, increased rate and intensity may cause further 

sensitization of the receiving neuronal structures, leading to an avalange of nociceptive information 

which overcomes inhibitory neuronal activity and further sensitizes central pain-specific neurons 

(secondary or central sensitization). These changes are dynamic and modifications in the functionality 

of the underlying receptor, and neurotransmitter-expressions may happen within a relatively short 

period of time (even hours). 

 

 

Cancer pain may originate from a variety of anatomical structures and varies in its type, duration, 

intensity and extension according to the tumor causing it. A variety of chemical mediators are further 

involved to aggravate the clinical signs of pain. 

 

There may be inflammatory components at the site of primary infiltration, muscle pain resulting from 

volume increase, neuropathic pain from direct involvement of neuronal structures, joint and bone 

pain from involvement of articulations and periostal nociceptor stimulation. Microfractures are a 

common occurrence as is increased endostal pressure and perilesional inflammation in bone cancer. 

Particular of bone cancer forms is the movement related pain, a dull constant and increasing chronic 

pain with breakthrough pain peaks that are very common. Movement and pressure (such as used in 

physiotherapy) worsen the pain. 

Cancer pain most commonly is a clinical presentation of a complex mixture of acute (peak, 
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breakthrough) and chronic pain. Therapeutic management is complicated by the variaty of pain-

generating structures involved, so that inflammatory and neuropathic hypersensiitivity and 

allodynia are frequently encountered. 

 

Therapeutic approaches therefore usually have to be multimodal, encompassing a range of 

pharmacological and non-pharmacological interventions. NSAIDs are the mainstay of basic pain 

therapy but are frequently aided by opioid and adjunctive drugs, such as gabapentin, trycyclic 

antidepressants or NMDA antagonists.  

The use of loco -regional anesthetic and analgesic techniques cannot be overestimated and 

chronically implanted diffusion catheters may be one of the few options to treat terminal cancer pain. 

The WHO-ladder or pyramid of analgesic drug treatment is recommended to adapt to severity of pain. 

Furthermore integration of acupuncture to alleviate clinical signs of pain may prove to be very useful. 

Adaptation of environmental factors may also improve quality of life (such as lowering heights for 

access to food, water, beddding etc.). Additional pharmacological interventions may include 

bisphosphonates (ibandronate, clodronate etc), chemo- and radiotherapy. Cannabinoid component 

therapy may also prove useful as adjunctive therapy. 

 

Treatment options for cancer pain that are in development or have been lately developed may include 

intratumoral deposition of a variaty of analgesic and antitumoral drugs, including NSAIDs, 

chemotherapeutics, hyperthermic agents or deposition of vascular occluders in solitary tumors leading 

to decreased blood supply to the tumor itself. 

 

Furthermore and of great research interest are drugs and methods that reduce or anull peripheral 

nociceptive activation or conduction. Vanilloid receptor (TRPV1) interaction may be a very useful 

approach to desensitize peripheral pathways either by using antagonists (capsazepine, ruthenium) or, 

maybe more practical, agonists such as capsaicins or resiniferatoxins. The advantage of these 

therapeutic forms lays in the duration of action (up to several months) as well as the increased 

effectiveness in reducing nociceptive input. The development of clincally available forms of such 

desensitizations is immament. Other forms of longer acting or permanent desensitization may include 

denervation or implantation of continuous nerve stimulators. Much room for development is open for 

use in veterinary patients. 

 

Overall, pain control in cancer pain patients represents as a complex entity, because the underlying 

pain pathophysiology is generated from a multitude of structures and in a multitude of pathways 

using a variety of transmitters and mechanisms. The treatment is difficult. Assessment of pain, 

however, is challanging as well, as most situations develop over time and changes can be subtle at 

first. Therefore qualification of single components (and their respective treatment) as well as 

quantification of pain and treatment efficacy may require a combination of a variety of diagnostic 

tools. The involvement of a pain specialist is warranted and helpful. 

 

From the Global Pain Council of the WSAVA (Guidelines for Recognition, assessment and treatment of 

Pain, freely downloadable from wsava.org/activities/gpc/ressources), we suggest the following 

algorithm for the assessment and treatment of cancer pain: 
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Martine Puylaert, M.D., FIPP, 

Anesthesiology, emergency medicine and pain treatment 

Ziekenhuis Oost Limburg, Genk, Belgium 
 

Cancer pain management in human medicine  

Many patient who receive the diagnosis of cancer are facing feelings of shock and disbelief, followed 
by signs of depression and anxiety. Pain can worsen the individual suffering by increasing helplessness, 
anxiety and depression. One of the worst aspects of cancer pain is that the patient is continuously 
reminded about his illness. There is also a significant fear that the pain will become unbearable as 
death is approaching. 
In addition to curing the disease, reducing the suffering is one of the ethical obligations of the 
complete medical team. The quality of life of a patient without pain is significantly better than when 
the patient is in pain, and not only in somatic level but also psychological, social and spiritual. 
Family and friends of patients share in the suffering. They are often unprepared to deal with the 
patient’s needs. 
Cancer treatment has become more efficacious but this includes that even though the cancer is cured, 
important pain syndromes may continue.  Patients who were in remission, can return with metastasis 
many years later or with new types of tumors. 
It's important to have realistic goals in mind and discuss them with the patient as soon as needed. (We 
experienced frequent that patients are not aware of their diagnosis). Sometimes it is not possible to 
eliminate all pain. But it is almost always possible to achieve a certain acceptable level of distress. 
In order to be able to treat the pain as efficiently as possible, it is necessary for the pain syndrome to 
identify the pathology of the associated cancer process.  A big problem is to qualify and quantify pain. 
The goal of the publication of the pain ladder by the World Health Organization was to achieve the 
relief of pain by cancer as a human right and also to provide assistance to doctors to realize this.  
Unfortunately we have to conclude in 2015 that even in Western countries pain is poorly 
implemented. Until this conclusion came after Dr. Van der Beuken her thesis on the subject at the 
University of Maastricht in 2007. Pain is the most prominent symptom in oncological problems and is 
present in all stages of the disease process.  She repeated the study recently and although a lot of 
excellent publications are available, we don’t seem to learn from the past. 
In pain treatment,   medication is a useful tool were we should think out of the box regularly. New 
products are scares and more and more the economic impact becomes an issue also in pain treatment 
in humans. On the other hand, old invasive techniques should find there revival.  Technology has made 
them saver and they can make a big difference in quality of life. The might have a big cost reducing 
effect on medication and care. Euthanasia is in veterinary practice common.  In humans, this is a 
possibility but under strict legislation.  People should think of writing down their testament when they 
are still in good general condition.  As a health care giver you can’t do anything unless the patient 
himself wrote it down.  Often it is also a cry for help for important pain problems.   
I hope I can provide you all a realistic view on this important problem at one hand to get some tools to 
use in your own practice, on the other hand to know what can be achieved is one of us becomes a 
patient. 
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GRADE MAST CELL TUMOURS 

 

Dr Gerry Polton MA VetMB MSc (Clin Onc) DipECVIM-CA(Onc) MRCVS 

European Veterinary Specialist in Oncology 

RCVS Recognised Specialist in Veterinary Oncology (Small Animals) 

 

I have accepted the invitation to speak at this Congress with some trepidation. I don’t want to deliver 

an off-the-shelf summary of all the things you could read in recent papers and I don’t feel that I have a 

lengthy research pedigree in mast cell tumours with which to impress you. What I do have is a freedom 

of thought and a willingness to challenge accepted opinion. What I would like to do with this 

opportunity to speak is to captivate you by asking the questions that we should all have been asking, to 

identify inconsistencies and controversies, and to stimulate discussion and hopefully even some really 

constructive clinical research in this area. So let’s get started… 

 

Clinician versus Histologist 

If there is going to be a clinician versus histologist stand-off, clearly I find myself in the clinician 

category. I state that at the beginning so that I can be clear that bias is perfectly likely to exist. But, I 

have a question for you. 

 

Is histological grade the best indicator of prognosis for mast cell tumours? 

 

As time passes, I rely on histological grade less and less. This is particularly true when reports quote 

the two-tier Kiupel grading scheme rather than the three-tier Patnaik scheme or both. High-risk mast 

cell tumours are recognised by clinical characteristics primarily with occasional cases coming to light 

due to a high mitotic index or, sometimes, a surprising histological description. 

 

This is a talk about management of high-risk mast cell tumours. We need to be clear that a high-risk 

status does not necessarily require a histological specimen to be obtained. Take as an example the 

subcutaneous tumour that exhibits a strong positive Darier’s sign in response to handling. Incisional 

biopsy confers significant risks. The mass is clearly high-risk from the clinical consequences for the 

patient of even gentle handling. 

 

Additionally, about ten years ago now, there were two papers published in JVDI, which described the 

results of a series of mast cell tumour grade examinations performed by a group of ten independent 

pathologists. The degree of inconsistency was extraordinary. This was a lesson to us all that we should 

not rely entirely on a single resource for our prognostic information. We certainly should not ignore 
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clinically relevant prognostic information if it is in contradiction to pathologically relevant prognostic 

information. 

 

Proliferation of Proliferation Markers 

Recent years have seen an unseemly proliferation of available tests for prognosis in mast cell tumours. 

You can guess that this frustrates me. The most annoying thing about this is the seemingly deliberate 

failure to undertake appropriate regression analyses to evaluate the positive impact of these new tests 

in the context of the tests that we already have. I blame this on a feverish drive to attain publications 

but perhaps I am being unfair. 

 

 

So here’s another question for you. 

 

When are additional mast cell tumour prognostic markers truly useful? 

 

I am also frustrated beyond measure by the perpetual invitations from (UK only?) histology 

laboratories for further histochemical or immunohistochemical testing on just about every mast cell 

tumour diagnosis that is ever issued. For many of us, the clinical behaviour of a mast cell tumour can 

be sufficiently accurately predicted from clinical evaluations and a simple Patnaik grade alone. Those 

of us with the confidence and experience to decline these invitations do so, when appropriate, without 

a second thought. However, there are countless practitioners across the continent who are not so able 

and who really do not understand the limited value of additional testing in many circumstances. 

 

Do we have the right prognostic markers? 

  

With the advent of the tyrosine kinase inhibitors there was a general expectation that c-kit mutation 

status would define utility of this new class of drugs. Amusingly, however, the pivotal studies reporting 

first use of the two licensed agents revealed consistent response rates among mutation positive 

tumours which are embarrassed by the response rates achieved in far cruder simpler clinical 

judgement-based studies.  While c-kit mutation undoubtedly has a role to play in the development and 

survival of some high-grade mast cell tumours, it is clearly not the whole story. Perhaps we need to 

take a broader look at other discriminatory markers which might then lead to alternative avenues for 

drug exploration. 

 

So what is the best treatment? 

 

It seems that battle lines have been drawn. Some favour Masivet; others favour Palladia. Is that with 

steroids or without? Others prefer vinblastine and prednisolone and a recent publication appears to 

have demonstrated superiority of the 20th century approach over attractive and expensive 21st century 

medicine. Are all of these arguments the wrong arguments? In the 1970s we realised that multidrug 

therapy was better for the management of canine lymphoma than single drug therapy. Why are we 

not choosing combination therapies for high-risk mast cell tumours? 
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What about surgery and radiotherapy? We are talking today about high-risk and recurrent mast cell 

tumours. I recall a statistic that 88.5% of recurrent mast cell tumours have or will have metastasis. 

Surely local therapies such as surgery and radiotherapy would be contraindicated in such cases? My 

answer would be, ‘not always’. 

 

We remain at the very beginning of the era of the ‘designer drug’ era. There is insufficient work done 

to answer questions relating to the optimal duration of a treatment course. As veterinary surgeons we 

must also consider the balance between cost and benefit. So even if a superior health benefit can be 

demonstrated with a longer course of treatment, this does not mean that a shorter course would not 

be advantageous. A further question that is often asked but to which I do not know the answer is that 

of the role of neoadjuvant TKI therapy. Would a dog with a high-grade mast cell tumour have a 

superior outcome if it received a short course of TKI therapy prior to definitive surgery compared to 

the outcome with surgery alone? Would TKI therapy plus surgery or radiotherapy achieve a better 

outcome than either therapy alone? It seems rational to believe that they would but there needs to be 

structured research to answer these questions. And if there is structured research, it is critical that the 

cases enrolled have a consistent and definable manifestation of their high-risk or recurrent mast cell 

tumour disease. 
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Introduction 
Canine Non Hodgkin Lymphomas, and mainly Diffused Large B-cell Lymphomas (DLBCL) require 
systemic therapy, based on combination chemotherapy protocols (variations of CHOP), in order to 
achieve remission and prolong survival time. However, dose, timing and use of the drugs at varying 
times throughout the CHOP-based protocols, currently depend on the authors and clinicians 
experience. 

The majority of dogs that achieve a remission under chemotherapy will experience relapse of their 
lymphoma. It is generally due to the presence of tumor clones that are inherently more resistant to 
chemotherapy than the original tumor, the so-called MDR clones that either were initially or became 
drug resistant following exposure to selected chemotherapy drugs. Reinduction and then rescue 
therapies are needed! Treatment of aggressive NHL in relapse is difficult and addresses many 
questions. 

 
Assessing treatment response and early relapse 
A major concern for us, as clinicians, is to detect and then assess early recurrence of the lymphoma. 
This include the problematic of the first evaluation of clinical response to treatment according to the 
Veterinary Cooperative Oncology Group (VCOG) consensus document for response evaluation criteria 
for peripheral nodal lymphoma in dogs (v1.0)1: differentiating complete and partial responses (CR, PR), 
detecting minimal residual disease (MRD), detecting early recurrences… To help clinicians, different 
methods are suggested, including conventional methods as cytological assessment or more and more 
available advanced imaging, or brand new techniques as molecular and biological markers whose 
utility remains theoretical and questionable in canine NHL, because we don’t know how to use these 
new informations for clinical application so far. 
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Reinduction treatment options 
At the first recurrence of lymphoma, it is recommended that reinduction be attempted first by 
reintroducing the induction protocol that was initially successful. 
In general, the length of the reinduction will be shorter than that encountered in the initial therapy.  
According to a recent study (Flory et al 2011), regarding efficacy of a CHOP-based reinduction protocol, 
the duration of the remission with the same reinduction protocol was predicted by the duration of the 
first remission, as we already know, and the duration of the interval between protocols. Many dogs 
relapse when they have been off chemotherapy for several months. They speculated that the high 
second CR rate in their study might have been related to the fact that patients were no longer 
receiving chemotherapy at the time of relapse. Relapse of patients when not receiving treatment 
might mean that cells that are emerging are still responsive to chemotherapy and that relapse has 
occurred because of the time since treatment. In contrast, lymphomas in patients that relapse during 
chemotherapy are drug resistant and, as such, would not be expected to be responsive to retreatment. 
But, 1) even if immunophenotype was determined in this study, cytohistological subtypes were not 
distinguished and not correlated with survival times, missing the heterogeneity of treatment responses 
2) an unanswered question remains: whether short-term chemotherapy is of benefit and for what kind 
of subtype of NHL. 
It has been shown to be of significant value in humans with most subtypes of NHL. However: 1) in 
dogs, the initial induction course of chemotherapy is much less aggressive than that used in humans, 
2) no prospective studies have been performed to assess the therapeutic benefit of a discontinuous 
protocol in dogs, and mainly taking into account the heterogeneity of treatment responses according 
to the subtypes as it was done in humans. 
That is probably the reason why there are a lot of general concepts with some ideas of median survival 
durations of NHL whatever the treatment leading to the common feeling we have achieved as much as 
we can from currently available chemotherapeutics in standard settings. In addition it explains there is 
no consensus so far!  
In their report, Flory et al. found that 78% of dogs achieved a CR to their reinduction CHOP protocol, 
with a median second remission duration of 159 days, close to previously published data including 
varying chemotherapy protocols. 
It is suggested that dogs that relapse quickly after completion of their initial CHOP protocol may be 
better served by initiating rescue therapy immediately and bypassing reinduction altogether. However, 
the absolute temporal cutoff for what constitutes a 'quick' relapse is currently unknown. 
 
Rescue therapy options 
If reinduction fails or if there is no adequate response to the initial induction, the use of rescue 
protocols may be attempted. These are single drugs or drug combinations that are typically not found 
in standard CHOP protocols and are withheld for use in the drug-resistant setting. In the literature, 
most common rescue protocols used in dogs included single-agent use or a combination of 
actinomycin D, mitoxantrone, doxorubicin (if doxorubicin was not part of the original induction 
protocol), dacarbazine, temozolomide, lomustine (CCNU), L-asparaginase, mechlorethamine, 
vinblastine, vinorelbine, procarbazine and etoposide. Some rescue protocols are relatively easy and 
convenient single-agent treatments, whereas others are more complicated (depending on law 
restriction in each country) and expensive multiagent protocols, such as MOPP (M, mechlorethamine; 
O, Oncovin®; P, procarbazine; P, prednisone). 
Overall rescue response rates of 40 to 90% are reported; however, median response durations are 
usually short with 1.5 to 2.5 months, regardless of the complexity of the protocol. Less than 20% of the 
dogs will enjoy longer rescue durations.  However, all the published studies on rescue protocols don’t 
have statistical power, and don't compare protocols in a randomized prospective fashion.  
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Therefore, the choice of a particular rescue protocol should depend on several criteria, including 
efficacy, adverse event profile, cost, time commitment required, and experience of the clinician. 
In our Small Animal Clinical Oncology Unit of Vetagro-Sup, canine NHL are firstly managed with L-COP 
protocol (associating L-asparaginase, vincristine, cyclophosphamide and prednisolone). In case of 
failure of reinduction, the most common rescue protocols used include successively, doxorubicin, 
CCNU and then mitoxantrone. The switch to another agent/protocol is guided by the response and the 
clinical state of the dog. The sequential use of several protocols results in several months of survival 
with confortable quality of life. 
 
Conclusion 
Most of the published protocols were reported prior to the publication of the VCOG consensus 
document1 and as such, the preferred temporal endpoint measure of progression-free survival (PFS) 
for which efficacy between different protocols should be compared was not available. Moreover, 
various data such as staging, inclusion criteria, response evaluation and the lack of large series and 
randomized prospective studies don’t allow any relevant comparisons. 
In addition, the subsumption of the different subtypes into one common category of NHL, or even two 
categories, i.e., T- and B-cell lymphomas, would miss the prognostic heterogeneity and therefore 
would fail to identify dogs which might require other than the so-called standard treatment. 
Beyond a better understanding and a better evaluation of MRD and relapse, further advances in 
remission and survival durations await, firstly therapeutic studies on each subtype of NHL, secondly, 
novel adapted treatments to each subtype as needed, and only after these 2 steps, the development 
of new methods of delivering or targeting traditional chemotherapeutic drugs, new generations of 
treatment modalities, as it is performed in humans.  
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Scientific meetings foster the exchange of information between individuals. This occurs in many 
different ways, from informal discussions with friends and colleagues, to dedicated formats including 
scientific posters, oral presentations and keynote lectures.  
Unless you have been specifically invited to give a presentation, gaining the opportunity to detail your 
latest research or clinical experience at a meeting depends on submission of a scientific abstract.  This 
summary of your work will undergo careful scrutiny and a peer-review process before you are 
informed about whether you have been successful or not. The scoring and ranking of abstracts is 
based not just on their scientific content; scrutineers are also looking for excellence in scientific 
writing.  
In this presentation, the process of abstract review that took place for ESVONC 2015 will be discussed. 
The statistics regarding the number of successful and unsuccessful abstract submissions will be shown 
and briefly the reasons why an abstract may have gained a higher or lower ranking will be described. 
Early proposals on how we may build excellent scientific programs for future ESVONC meetings will 
also be briefly layed out.   
The presentation will conclude with a short overview of scientific writing technique. It is hoped that 
you will gain some useful indicators to promote excellence in your future abstract submissions. These 
include clarity and simplicity in your writing, adherence to guidelines on word count and effective 
organisation of your abstract to ensure that it follows an established layout and structure. 
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Introduction 
Fibroblastic activating protein (FAP) is a membrane serine protease expressed by activated fibroblasts, 
particularly tumour associated fibroblasts.  FAP is not expressed in normal tissue except for 
granulation tissue but is overexpressed in the stroma of numerous human carcinomas where a high 
level of FAP has been associated with aggressive behaviour and metastasis. FAP expression has never 
been reported in canine mast cell tumours (MCTs). The objective of this study was to evaluate the 
expression of FAP in TAF in MCT and the correlation with grade and mitotic index. 
 
Material and Methods 
FAP expression was evaluated by immunohistochemistry in 30 canine MCT paraffin embedded 
samples. Overall percentage of stromal FAP staining was assessed semi-quantitatively (1+, 2+, 3+, 4+) 
and staining intensity was also graded as none (0), weak (1), intermediate (2), strong (3), with a final 
score (0-12), considered high from (8-12). Correlation between grade (Patnaik and Kiupel), mitotic 
index and FAP was obtained by Spearmann test. Overall survival was estimated by Kaplan-Meier plot 
and compared using the Longrank statistics of Cox-Mantel. 
 
Results 
16 cases showed low-to-intermediate FAP score the median survival for this group was not reached. 

Whilist in the high FAP score group (n=13) the median survival was 200 days (p < 0.0009). FAP score 

was positively correlated to Patnaik (rs=0.480, p=0.007) and Kiupel (rs=0478, p=0.008) grading 

systems and mitotic index (rs=0.579, p=0.0008). 

Conclusion 
FAP expression within canine MCT is significantly correlated to grade and mitotic index, and may 

potentially be of prognostic significance. 
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Introduction 
Tumor hypoxia is a widely studied physiologic phenomenon in cancer research, particularly because it 
contributes greatly to treatment-resistance. Two forms of hypoxia have been described: chronic and 
cycling. 
Hypoxic cells rely on glycolysis for energy production, which accumulates lactate. Lactate-specific 
monocarboxylate transporters (MCT) (especially subtypes 1 and 4) are present in cancer cells and are 
often upregulated. It is known that MCT4 is regulated by hypoxia-inducible factor 1alpha (HIF-1a).  
The purpose of this study was to evaluate the potential of two monocarboxylic acid transporters 
(MCT), MCT1 and MCT4, as a means to establish the prominence of chronic vs. cycling hypoxia in 
canine tumors. 
 
 
Material and Methods 
The kinetics of MCT1 and MCT4 regulation under various microenvironmental conditions was assessed 
in a canine squamous cell carcinoma cell line (coSCC) of oral origin with Western blots. Biopsies from 
canine oral SCC (n=45) were sectioned and stained for MCT1, MCT4, microvessel density and 
cytokeratin. 
 
Results 
In the coSCC cell line grown in tissue culture under hypoxia (0.5% O2), MCT1 was found to be down-
regulated, whereas MCT4 was upregulated.  MCT1 was upregulated by 10mM of sodium lactate under 
normoxic conditions. Cycling hypoxia upregulated MCT1 and MCT4. MCT1 and MCT4 staining was 
present in 96% of analyzed tumor specimens. Regions of overlap between MCT4 and MCT1 staining 
were observed, indicative for cycling hypoxia. Regions of chronic hypoxia were distant from stained 
vessels. 
 
Conclusion 
Quantification of overlap between MCT1 and MCT4 may serve as a means to estimate the prevalence 
of cycling hypoxia in canine tumors as indicator for prognosis. 
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Introduction 
In recent years, metronomic chemotherapy (MC) has been increasingly considered as an attractive 
antiangiogenetic and immune-modulating strategy for treating various canine cancers, including 
hemangiosarcoma. Particularly, MC has been used as an alternative to the traditional dose-intense 
(maximum-tolerated dose, MTD) chemotherapy to treat canine hemangiosarcoma with results similar 
to historical controls treated with MTD. 
In this evolving scenario, we retrospectively compared MC preceded by standard adjuvant 
doxorubicin-based chemotherapy to MTD treatment only, in terms of efficacy (time to metastasis, 
TTM, and survival time, ST) and safety in dogs with biologically aggressive hemangiosarcoma. We 
hypothesized that MC as maintenance after MTD chemotherapy may improve long-term control. 
 
 
Material and Methods 
Criteria for inclusion were surgical excision of the primary hemangiosarcoma and no obvious 
metastasis after MTD chemotherapy. The dogs were categorized into 2 groups based on treatment: 
group “MTD” consisted of dogs treated with dose-intense doxorubicin-based chemotherapy alone, and 
group “MC” comprised dogs treated with MTD chemotherapy and MC (cyclophosphamide, 
cyclooxygenase inhibitors +/- thalidomide). 
 
Results 
Eighteen dogs matched the inclusion criteria: 9 were treated with MTD chemotherapy, and 9 received 
MC thereafter. Median TTM was 165 days for dogs treated with MTD and was not reached in MC 
group (p=0.028). Similarly, median ST was significantly longer for dogs receiving MC after MTD (time 
not reached versus 180 days, respectively, p=0.016). Overall, treatment was well tolerated. However, 
adverse events were more common in the MC group. 
 
Conclusions 
MC preceded by standard MTD is safe and improves TTM and OS in dogs with surgically-removed, 
biologically aggressive hemangiosarcoma. 
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Introduction 
Melanocytic neoplasms are uncommon in cats and most frequently affect the eye and periocular 
structures. As a consequence, the biological and clinical behaviour of non-ocular melanomas are not 
well understood which makes the most appropriate therapeutic option difficult to define.   
 
Material and Methods 
Animal histopathological laboratory of ONIRIS (France) database was retrospectively searched to 
identify cases of feline non-ocular melanomas between june 2009 and june 2014. For each case, 
collected clinical data including signalement, location of the primary tumour, staging, treatment and 
case outcome were collected by review of the medical records or interview of referring veterinarians. 
Histological data included mitotic index, cytonuclear atypias, junctionnal activity and surgical margins. 
Overall survival was defined as the time between histopathological diagnosis and death. Univariate 
analysis to assess the prognostic value of the different variables was performed by the Kaplan-Meier 
product limit curves using the log-rank test of significance. 
 
Results 
Thirty cats were included in the study. Eleven had a cutaneous melanoma, 6 had a tumour located on 
the pinna and 12 in the oral cavity. Location and presence of clinical signs were not prongnostic but 
the achromic phenotype was significantly associated with a poorer prognosis. Twenty cats were 
treated with surgery and survived significantly longer. According to our data, mitotic index, 
cytonuclear atypias, junctionnal activity and surgical margins were not associated with survival. 
 
 
Conclusions 
Most feline non-ocular melanomas are malignant and achromic tumors are associated with a poorer 
prognosis. According to this study, surgery should be considered as a priority. 
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Introduction 
Hypofractionated stereotactic radiotherapy (RT) yields better tumor control than the predictions of the 
radiobiological models. It is suggested that co-targeting of tumor microenvironment, mainly tumor 
vasculature, mediates tumor response mechanisms. Herein, we aim to describe the 
microenvironmental descriptors for subsequent studies using highly hypofractionated RT. 
 
Material and Methods 
Immunohistochemistry for Glut-1, Ki-67, and von Willebrand factor VIII for microvessel density (MVD) 
were performed on formalin-fixed paraffin-embedded samples of canine oral malignant neoplasms. 
Polarographic oxygen measurements (median pO2) and sonographic contrast-enhanced perfusion data 
(median vascularity and median blood volume) provided additional information. 
 
Results 
Fifty-three samples were analyzed: sarcoma (n=20), carcinoma (n=15), and malignant melanoma 
(n=18). Polarographic oxygen and perfusion data was available in 40%, and 47% of cases, respectively. 
Glut-1 expression was detected in 36% of samples, and was generally weak. Median Ki-67 score and 
MVD count was 24% and 21%, respectively. No significant difference of Glut-1 expression (score and 
continuous data) or staining intensity, Ki-67 expression, and polarographic oxygen measurements was 
found between the 3 histological groups. MVD was significantly higher in carcinomas versus 
melanomas and in carcinomas versus sarcomas (p=0.021/ 0.044). Carcinomas, as well as melanomas 
displayed a significantly higher median blood volume and vascularity relative to sarcomas. Median 
tissue oxygenation was negatively associated with MVD (p=0.035). No association was found between 
MVD and perfusion parameters. 
 
Conclusion 
Glut-1, proliferative index and microvessel density levels were established as a baseline for subsequent 
studies with the aim of investigating the effect of highly hypofractionated RT on tumor 
microenvironment. 
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Introduction 
Electrochemotherapy (ECT) is a new modality of local control of tumors which has high selectivity to 
neoplastic cells, allowing to treat a wide margin, without needless destruction of healthy tissue  
Sixteen cases of malignancies in dogs limbs were treated by ECT as an alternative to amputation. The 
study aims to evaluate the effectiveness of the technique as a conservative option for tumors whose 
traditional treatment would be amputation. 
 
Material and Methods 
Sixteen patients treated between 2009 and 2011 were included. The criteria were having at least two 
of the three following topics: extensive infiltration of margins, tumor affecting more than 50% of the 
limb circumference and diagnosis of aggressive neoplasm.  
In 3 cases Electrochemotherapy was used as sole therapy and in the other 13 was associated with 
conservative surgery to treat margins. Among the tumors there were: mast cell tumor (6), 
hemangiosarcoma (2), neurofibrosarcoma (1), hemangiopericytoma (1), osteosarcoma (1), carcinoma 
(1), synovial sarcoma (1) and melanoma (3) .All animals were staged. 
 
 
Results 
In 15 cases was not necessary limb amputation and in one case the technique offered no satisfactory 
local control and amputation was necessary. Only one animal of the 14 not amputees had local 
recurrence which happened more than 3 years later. Four animals showed metastases in other organs 
later, including the amputated animal. 
The median survival was 1100 days and the mortality rate was 50%, being 25% attributed to the 
tumor. 
 
Conclusion 
The implementation of Electrochemotherapy in the treatment of tumors in members may present an 
efficient and conservative alternative to amputation. 
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Introduction 
Conventional staging in cats with lymphoma includes blood work, urinalysis and radiographic 
evaluation of liver and spleen to determine involvement of these organs. The purpose of this 
retrospective study was to analyse the effect of the addition of splenic and hepatic cytology on stage 
migration and prognosis. 
 
 
Material and Methods 
Between 2006 and 2013 records of cats with lymphoma were reviewed. Cats with complete clinical 
staging, additional cytologic examination of liver and spleen and treatment with chemotherapy were 
included. Data recorded included epidemiology, conventional stage, cytologic findings, response, and 
remission and survival duration. 
 
Results 
24 cats were included.  Based on radiographic examination 11 cats showed an involvement of the liver, 
4 of the spleen. 5 of the cats with radiographic liver enlargement showed cytologic evidence of 
lymphoma. 4 cats had evidence of lymphoblasts without radiographic hepatomegaly. Of the cats with 
radiographic splenomegaly, 1 cat was classified negative after cytologic assessment, whereas 10 cats 
showed an involvement without enlargement of the spleen on radiographs. Median remissionl time 
for cats undergoing chemotherapy with radiographic evidence of spleen involvement was 131 days 
and 123 days for cats with positive splenic cytology. Remission duration for cats with radiographic and 
cytologic evidence of liver involvement was 41 and 123 days, respectively. 
 
 
Conclusion 
Additional cytologic examination of spleen and liver led to differences in staging in feline lymphoma 
patients. Prognostic significance of cytologic examination may be limited and warrants further 
investigation. 
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Introduction 
Canine malignant melanoma (CMM) is the most common oral tumor in dogs. Approximately 75-80% of 
dogs with MM stage II and III and Ki-67 >19,5% die within 1 year after surgery alone. PDGFRα and 
PDGFRβ are tyrosine kinases receptors over-expressed in several human tumors as well as in canine 
osteosarcomas and lymphomas. The purpose of this study was to evaluate the immunohistochemical 
expression of PDGFRα and PDGFRβ in CMMs, to correlate their expression with the prognosis and to 
evaluate the possibility to consider them as a suitable target for new biological therapy. 
 
 
Material and Methods 
PDGFRα and PDGFRβ expression was evaluated by immunohistochemistry on 36 cases of formalin 
fixed CMMs. Immunopositivity was evaluated both in neoplastic and stromal cells of the tumors and 
significance of PDGFRs expression with overall survival and disease-free survival was performed (log 
rank test). 
 
Results 
55,6% (20/36) of cases were positive to PDGFR α and β. Among them, 14 samples (38,8 %) were 
positive to PDGFR α and β. Four samples were positive exclusively to PDGFR α (11,1%) and 2 samples 
to PDGFRβ (5,5%). Statistical analysis demonstrated that PDGFRβ expression in neoplastic cells is 
statistically associated to DFI (P<0,05) and overvall survival (P<0,05). 
 
Conclusion 
PDGFRα and PDGFRβ are highly expressed in CMMs suggesting a significant role in the pathogenesis of 
this tumor. β isoform expression is statistically associated to a worse prognosis. The potential use of 
PDGFRβ inhibitors as an adjuvant treatment should be considered. 
 
 
 
 
 
 
 
 
 
 
 
 
 



- 42 - 
ESVONC, Krakow 2015 

Enhanced therapeutic effect of APAVAC vaccine in combination with dose-intense 
chemotherapy in dogs with clinically-advanced multicentric indolent B-cell lymphoma 
 
Laura Marconato1 

 
1Centro Oncologico Veterinario, Italy 

 
 
marconato@centroncologicovet.it 
 
 
Introuction 
Canine indolent multicentric B-cell lymphomas are responsive to single-agent and combination 
chemotherapy agents, but unfortunately possess an incurable, relapsing nature, particularly those 
diagnosed in an advanced clinical stage. Innovative treatment approaches need to be evaluated, with 
the ultimate goals of maintaining good quality of life and prolonging time to progression (TTP) and 
overall survival. 
 
Material and Methods 
Dogs with newly-diagnosed, clinically-advanced, histologically-confirmed, multicentric indolent B-cell 
lymphoma were entered into a prospective non-randomized controlled trial of an autologous vaccine 
(consisting of hydroxyapatite ceramic powder and Heat Shock Proteins purified from the dogs’ tumors, 
HSPPCs-HA) plus chemotherapy versus chemotherapy alone. Endpoints included TTP, lymphoma-
specific survival (LSS), and safety. 
 
Results 
Thirty-seven dogs met the inclusion criteria and were enrolled. There were 23 marginal zone 

lymphomas, 9 follicular lymphomas, and 5 B-cell small lymphocytic lymphomas. Twenty-two dogs had 

stage V disease, and 15 had stage IV disease. Fifteen dogs were treated with dose-intense 

chemotherapy, and 22 received concurrent immunotherapy, as wished by their owners. TTP was 

significantly longer for dogs treated with chemo-immunotherapy versus those receiving chemotherapy 

only (209 versus 121 days, respectively, p=0.03). Although LSS was not significantly different between 

groups, dogs treated with chemo-immunotherapy tended to live longer compared to those treated 

with chemotherapy only (349 versus 211 days, respectively, p=0.25). Treatment was well tolerated, 

with no exacerbated toxicity in dogs also receiving the vaccine. 

 
 
Conclusion 
Collectively these results demonstrate that vaccination with HSPPCs-HA may produce clinical benefits 
with no increased toxicity, thereby providing a strategy for enhancing chemotherapy in dogs with 
advanced indolent lymphoma. 
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Introduction 
High grade mastocytomas in dogs are characterized by an uncontrolled growth of neoplastic mast cells 
(MC) and a poor prognosis. Recently, the KIT-targeting drugs masitinib and toceranib have been 
approved for the treatment of MC tumors. However, in many patients relapses are seen. Therefore, 
research is focusing on new drug targets. More recently, the transcription factor STAT5 has been 
reported to play an important role in growth and survival of human neoplastic MC. The aim of the 
present study was to evaluate the JAK2-STAT5 pathway in canine mastocytomas. 
 
Material and Methods 
We examined 2 mastocytoma cell lines (C2, NI-1) and histologic samples of 9 dogs for phosphorylated 
(p)STAT5 expression using immunostainings and flow cytometry. To evaluate the effects of STAT5 
blockers (pimozide, piceatannol) and JAK2 blockers (R763, TG101348, AZD1480, ruxolitinib) on 
proliferation, we performed 3H-thymidine uptake experiments. To analyze drug-induced effects on 
apoptosis and cell cycle we applied flow cytometry. 
 
Results 
C2, NI-1 cells and primary neoplastic MC stained positive for pSTAT5. The tested drugs (except 
ruxolitinib) inhibited the proliferation and induced substantial apoptosis in canine MC. Hereby, R763 
showed the highest efficacy (IC50: 5 nM) followed by TG101348 and AZD1480 (IC50: 0.5 µM and 1.5 
µM, respectively). Furthermore, these three inhibitors were found to counteract STAT5 activation and 
to induce cell cycle arrests in C2 and NI-1 cells. 
 
Conclusion 
Our data show that the tested drugs exert anti-proliferative and apoptosis-inducing effects in canine 
MC, underlining the relevance of the JAK2-STAT5 pathway in canine mastocytomas. The clinical 
relevance of this observation remains to be determined. 
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Introduction 
Disseminated histiocytic sarcoma (DHS) is a late-onset neoplastic disease with non-specific clinical 
signs. It is a major cause of mortality in Bernese Mountain dogs (BMD) accounting for 40% of the 
mortality in the Danish BMD population.  
MicroRNAs (miRNAs) are small regulatory non-coding RNAs that play important roles in physiology and 
disease. Circulating miRNAs are found stably in blood and have been identified as promising non-
invasive biomarkers in various neoplastic diseases in humans.  
In this prospective study, we aimed at detecting differentially expressed miRNAs between healthy and 
DHS-affected BMDs. 
 
Material and Methods 
Healthy and DHS-affected non-treated BMDs were prospectively enrolled in the study between 2012 
and 2014. All had a physical exam, CBC, biochemistry, coagulation profile, urinalysis, abdominal 
ultrasound and thoracic x-rays performed. DHS was confirmed by histopathology.  
MiRNA profiling was performed on RNA from whole blood preserved in PAXgene® tubes. 24 canine 
miRNAs were investigated based on their possible relevance in DHS and in cancer in general, by using 
quantitative real-time PCR (qPCR). 
 
Results 
7 healthy and 7 DHS-affected BMDs were included in the study. Mean age was 6.8 years in both 
groups.  
17 miRNA assays performed satisfactorily. One miRNA was found to be highly significantly 
differentially expressed between the two groups (p=0.0008). This miRNA is a known tumor suppressor 
and was found to be downregulated in the DHS affected BMDs. 
 
Conclusion 
One differentially expressed miRNA between healthy and diseased BMDs was identified. Further 
analyses are in progress to assess the value of this miRNA as an early non-invasive screening tool for 
DHS in BMDs. 
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Introduction 
London et al. (2011) looked at biologic activity of toceranib phosphate in seven dogs with head and 
neck squamous cell carcinoma (HNSCC). This current, retrospective, European multicentre pilot study 
aimed to assess Objective Response (OR) and Progression Free Survival (PFS) in a larger cohort of dogs 
with HNSCC treated similarly. 
 
Material and Methods 
Dogs with macroscopic or incompletely removed, primary and/or secondary HNSCC, treated with 
toceranib between 01/01/2010-01/01/2015, commencing treatment at least 3 months before end of 
the study, were included. Any pre-treatment was permitted, as well as concomitant NSAIDs. Response 
to therapy was evaluated according to RECIST v.1.1. 
 
 
Results 
Twenty-two dogs were included, of which two had incompletely removed, microscopic SCC. Three 
dogs had frontal sinus (2CR -1 still alive at 181 days; 1PR; median/mean PFS 129/140 days), seven nasal 
plane (1 CR -incompletely removed- still alive at 219 days; 2PR; 2SD; 2PD; median/mean PFS 40/95 
days), two tonsillar (1 SD 52 days; 1 PD after incomplete removal), one tongue (PR 30 days), and nine 
gingival SCC (2CR -1 still alive at 295 days; 4PR; 2SD -1 still alive at 111 days; 1PD; median/mean PFS 
76/95 days). Median treatment time with toceranib for dogs with OR was 103 days (range: 30-219). 
Metastases were present in both tonsillar, two mandible and one frontal sinus tumour. Thirteen dogs 
had concomitant NSAIDs. 
 
Conclusion 
Toceranib showed biological activity, with 59% OR, in this cohort of dogs. 23% achieved CR, with 3 
dogs still alive in CR over 6 months after start of therapy. Further prospective studies are warranted. 
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Introduction 
Surgery is the first treatment modality for canine soft tissue sarcoma (STS). Determination of the 
optimal method of STS excision is often a challenge in practice.  This phase II proof-of-concept clinical 
study aimed to evaluate the feasibility and interest of using per-operative fluorescence imaging system 
associated with a near-infrared nanotracer (POFIS) for evaluation of tumors margins and for guided 
resection in STS.   
 
Material and Methods 
Dogs with preliminary cytologic diagnosis of STS received intravenously 48h before surgery an imaging 
agent based on the encapsulation with a fluorophore in patented lipid nanovectors (LipImageTM 815), 
which has been previously tested in a phase-I study. Staging for all dogs included full-body CT-Scan. 
Tumors were excised with wide margins and per-operatively imaged using POFIS. Tissue fluorescence 
was evaluated with Wasabi™ software. Tumor infiltration on histologic examination was compared to 
the fluorescent signal. 
 
Results 
Five dogs met all inclusion criteria, all of them were in clinical stage 1 (2 T1a, 1 T2a, 2 T2b). All tumors 
were labelled by the nanoparticles. Clinical use confirmed STS fluorescence in all cases, and helped to 
visualize tumoral extension. Evaluation of tumor bed tissues after resection showed only minimal 
residual fluorescence except in 1 dog in which cranial margin was still highly fluorescent after 
resection. Histologic examinations confirmed the diagnosis of STS in each case (2 grade-1 and 3 grade-
2) and showed no false negative and no false positive. 
 
Conclusion 
This study demonstrated that POFIS using nanotracer is a promising tool for the accurate and complete 
resection of STS under real surgical conditions. 
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Introduction 
The tyrosine kinases receptors PDGFR-alpha and PDGFR-beta, over-expressed in several human and 
canine cancers, could represent suitable target for biological therapy. Canine mammary tumors (CMT) 
are the most frequent tumors in bitches, and usually are resistant to chemotherapy. The aim of the 
study was to evaluate the immunohistochemical expression (IHC) of alpha and beta PDGF receptors in 
CMT and to correlate their expression with grade, histological type and clinical follow-up. 
 
Materials and Methods 
IHC against alpha and beta isoforms of PDGFR was performed on 83 CMT (42 simple, 25 complex and 
16 mixed carcinomas) samples. Total RNA was extracted from 11 fresh CMT surgical samples. cDNA 
was subjected to q-PCR and quantitative expression (2 Ct) was determined. Immunohistochemical 
expression of PDGFR alpha and beta was compared to histological type, grade and clinical follow-up. 
 
Results 
IHC and q-PCR revealed that PDGFR alpha and beta are expressed in 88% and 78% of tumors 
respectively, and their expression is significantly more frequent in mixed and complex tumors 
compared to simple carcinomas (p=0.0262 and p=0.0447). PDGFR alpha and beta loss of expression is 
significantly correlated to high grade in mixed CMT and simple CMT, respectively. Over-expression of 
alpha isoform confers a better prognosis in all CMT, while beta isoform only in mixed CMT. 
 
Conclusions 
PDGFRs could have a different role in the pathogenesis and histological differentiation of CMT. 
Collectively, these data suggest that continued characterization of PDGFR expression in CMT should 
present opportunities for improved accuracy in prognosis and also to assess the efficacy of PDGFR-
directed tumor therapy. 
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Introduction 
Chemotherapy is recommended for high-risk mast cell tumours (MCTs) in conjunction with adequate 
local therapy. The primary objective of this study was to determine if escalating vinblastine early in the 
protocol was well tolerated in dogs with MCTs. 
 
Material and Methods 
Dogs with MCT were prospectively enrolled if clients elected vinblastine-prednisolone chemotherapy 
as part of their treatment. Vinblastine was administered intravenously weekly for 4 doses, followed by 
every 2 weeks for 4 doses. The intended protocol escalated to 3.0 mg/m2 on week 3, with all 
subsequent dosages of 3.0 mg/m2. Haematology and a standardised quality of life questionnaire were 
assessed prior to each dosage. All toxicities were graded according to VCOG criteria and standard 
criteria for dosage reductions and treatment delays were followed. 
 
Results 
Twenty-nine dogs were enrolled in the study. The median number of administered doses per dog was 
8, and the median administered dosage was 3.0 mg/m2 (range 2.1-3.0 mg/m2). Treatment delays 
occurred in 6 dogs and vinblastine dosage reductions were required in 7 dogs. Overall, a total of 184 
treatments were administered with 8 episodes of dose-limiting toxicities (DLTs; 4.3%), 7 of which 
occurred in the dose-escalation phase. Of the 20 dogs that received 3.0 mg/m2 once weekly, there 
were no DLTs; 2 of these dogs later developed DLTs with every other week administration. There were 
no dose-limiting gastrointestinal toxicities. 
 
Conclusions 
Escalating vinblastine to 3.0 mg/m2 with weekly administration was well tolerated in dogs with MCTs. 
Further prospective investigation of vinblastine administration at 3.0 mg/m2 weekly is warranted in 
canine MCTs. 
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Introduction 
Novel imaging techniques are rapidly developing in human oncology, allowing application of similar 
advanced imaging in veterinary oncology. The following study aims to characterize combined 18F-FDG 
PET/MR in a selection of dogs with cancer. 
 
Material and Methods 
Combined 18F-FDG PET/MR and traditional MRI (gadolinium contrast) were performed as part of 
tumor staging in 15 canine cancer patients with naturally occurring malignant solid tumors. The 
tumors included six soft tissue sarcomas, two squamous cell carcinomas, and one each mast cell 
tumor, melanoma, meningioma, cutaneous lymphoma, thyroid carcinoma, chondrosarcoma and 
osteosarcoma.  
Imaging was performed in an integrated 3Tesla PET-MR scanner (Siemens Biograph). Additional CT 
imaging was performed in 11 dogs prior to or after 18F-FDG PET/MR, as part of staging or radiation 
planning. 
 
Results 
15 dogs were scanned with 18F-FDG PET/MR, with an additional full body scan in 11 of 15 dogs. 18F-
FDG PET/MR showed tumor heterogeneity in some of the imaged tumors. Local dissemination in 
cutaneous lymphoma and nasal squamous cell carcinoma was better appreciated with PET/MR than 
gadolinium contrast. The combined modality showed local metastasis in one dog and distant 
metastasis in 3 dogs, but in one dog failed to show suspected thoracic metastasis visible on CT 
imaging. 
 
Conclusions 
Combined 18F-FDG PET/MR imaging appeared to be a promising modality when evaluating the 
metabolic heterogeneity in canine tumors. For some tumors imaging with 18F-FDG PET/MR was 
superior to standard MRI. Failure to show suspected metastatic disease in one patient could be due to 
different slice thickness in MR and CT. 
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Introduction 
Antibody-based cancer therapeutics aim to inhibit growth of the bulk of dividing cancer cells, leaving 
the cancer stem cells (CSCs) untouched. Since the vast majority of cancer patients die of their 
metastases, and not of their primary tumors, it is of utmost importance to develop novel therapies 
that target metastasis-initiating CSCs. CD90 is a marker of CSCs in several human cancer types. We 
demonstrate that CD90 is a CSC marker in insulinomas and that it is a promising therapeutic target in 
both canine and human cancers. 
 
Material and Methods 
Pancreatic endocrine tumor cell lines CM, and BON1 and canine mammary carcinoma cell line CIPm 
were screened for CSC markers using FACS. 3D tumor spheroid culture assays, and doxorubicin 
resistance assays were used to enrich for CSCs. Gene expression was quantified by RT-PCR. As proof of 
principle athymic nude mice (n=8) were injected with CD90-based FACS sorted insulinoma cells. 
Finally, zebrafish embryo xenograft in vivo models were established to assess the effect of CD90 
antibodies on cell proliferation and migration. 
 
Results 
All cell lines contained 5-15% CD90+ cells. CD90 mRNA was overexpressed in 3D tumor spheroids and 
doxorubicin resistant cells. CD90+ cells demonstrated a clear growth advantage over CD90- and 
unsorted cells: 6/8 mice developed CD90+ tumors, whereas only 1/8 mice developed a tumor from 
unsorted cells. Finally, addition of anti-CD90 antibodies to tumor cells in the zebrafish embryo 
xenograft models inhibited tumor cell migration. 
 
Conclusion 
Development and adjuvant administration of novel CD90+ CSC-targeted vaccines to patients with 
CD90+ cancers will innovate current cancer treatment protocols. 
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Introduction 
The prognosis for canine nasal tumours with intracranial extension is poor with an expected survival of 
1 month with palliation and 6.7 months with irradiation. However, studies regarding stage IV nasal 
tumours treated with brain-sparing irradiation techniques are lacking. The aim of this prospective 
study was to evaluate feasibility and efficacy of definitive intent stereotactic radiotherapy in dogs with 
nasal tumours with massive intracranial extension. 
 
Material and Methods 
Seven dogs with stage IV nasal tumours were treated with high-dose hypo-fractionated stereotactic 
radiotherapy with VMAT technique. Dose prescriptions were 32-36 Gy in four consecutive-day 
fractions to the gross tumour and 30 Gy to limphatics. Adjuvant treatment included carboplatin. Serial 
clinical and CT/MRI examination were performed. Disease control and toxicity effects were evaluated 
according to RECIST and VRTOG criteria. Median survival time (MST) was evaluated using Kaplan-Meier 
curves. 
 
Results 
Six carcinoma and 1 sarcoma were treated. Prescription goals were obtained in four cases with 
V95%>95% and V107%>2% whereas in 3 dogs V95%=86-90% was accepted to limit maximum brain 
punctual dose <27 Gy. Two partial response and 5 complete responses were obtained. MST was 9 
months. One grade II late brain radiotoxicity and two brain ascending infections were observed. 
Relapse pathways involves diffuse meningeal and sphenoid invasion. 
 
Conclusion 
The initial experiences with the RT regimen adopted indicate a feasibility and effectiveness in modified 
stage IV nasal tumours. The relapse pathways observed suggest to evaluate alternative adjuvant 
treatmnt in dogs treated with stereotactic radiotherapy. 
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Introduction 
A retrospective study of 36 dogs to identify prognostic factors for survival with gross or microscopic 
thyroid tumors treated with radiotherapy. 
 
Material and Methods 
Retrospective study. Dogs with minimum one year follow up were included. Patients were included 
with definitive or palliative therapy (13 vs 26 dogs), gross or microscopic disease (29 vs 7 dogs), and 
with or without metastasis (11 vs 25 dogs). CT scans were available for 25/36 patients. Histology was 
available for 14/36 patients. 
 
Results 
Overall median survival time (MST) was 504 days. Overall survival outcomes with definitive therapy 
were superior to palliative (MST=623 days vs 264 days; p=.001). MST for all dogs with gross disease 
was superior with definitive therapy vs palliative (630 vs 164 days; p=.001). MST for dogs with gross 
disease excluding metastasis was also superior with definitive therapy (637 vs 513 days; p=.027). Dogs 
with microscopic tumors treated with palliative therapy had similar outcomes to dogs with gross 
tumors treated with definitive therapy (MST=792 vs 630 days; p=0.23)  
Metastasis negatively influenced survival (150 vs 630 days; p=.001).  
CT-derived tumor volume was significant for survival at one year (p=.005). Median tumor volume for 
those surviving less than one year was 184.7 cm3 vs 63.4 cm3. 
Several histology factors were evaluated. Capsular invasion had negative impact on survival (6/14 
dogs; MST 587 vs 1156 days; p=.04). 
 
Conclusion 
Definitive radiation appears to be superior to palliative as a single therapy. Metastasis, tumor volume, 
and capsular invasion negatively influence survival. Radiotherapy is an effective treatment for gross 
thyroid tumors. 
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Introduction 
Current techniques for canine lymphoma imaging have poor specificity and limited sensitivity. Specific 
imaging techniques like immuno-SPECT or –TEP using monoclonal antibodies (MAb) coupled to 
radioactive isotopes are recommended for staging of human patients with lymphomas, allowing 
identification of the nature of internal lesions by a non-invasive procedure. We prepare here the 
transposition of these techniques to the dog, describing newly developed antibodies recognizing 
canine CD22, a promising surface antigen targeted in human B-cell lymphomas (BCL). 
 
Material and Methods 
Seven MAbs have been produced by the hybridoma method after immunization of mice against canine 
CD22.  Their isotype, affinity and epitope characterization (ELISA) and ability to stain canine BCL in 
immunohistochemistry (IHC) were studied in order to choose the best candidates for in vivo studies. 
36 canine-CLBL1 xenografted mice were used to carry out biodistribution studies (using 4 selected 
anti-CD22 MAbs coupled to Iodine-125) and Immuno-PET images (2 MAbs coupled to Copper 64), 
before trying SPECT imaging with an anti-CD22 MAb coupled to Indium-111 (111In-DOTA-10C6) in 
healthy dogs. 
 
Results 
IHC with anti-CD22 MAbs was able to detect CD22 expression in several canine BCL, but only 4/15 
were 100% positive (IHC optimal threshold for CD22 in canine lymphomas remains to be determined 
on a larger series). Studies in mice confirmed specific fixation of MAbs into the canine tumour in vivo. 
SPECT procedure in healthy dogs using the 111In-DOTA-10C6 showed no toxicity and good feasibility. 
 
Conclusion 
Our results open the way to an assay of SPECT imaging using 111In-DOTA-10C6 in lymphoma bearing 
dogs. 
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Introduction 
We evaluated the effect of metronomic cyclophosphamide and temozolomide on regulatory T cells 
(Tregs), suppressors of an anti-tumor immune response. Also the effect on thrombospondin-1 and 
vascular endothelial growth factor (VEGF), respectively an inhibitor and stimulator of 
neovascularization, was measured. 
 
Material and Methods 
Blood was collected from 10 healthy dogs and from 30 dogs with advanced cancer before and after 
four weeks of metronomic cyclophosphamide (12.5mg/m2), temozolomide (6.6mg/m2) or 
cyclophosphamide and temozolomide. Tregs were quantified with flow cytometry, for the first time in 
canine cancer patients with the recently available anti-canine CD25 marker included. Plasma levels of 
thrombospondin-1 and VEGF were measured with ELISA. 
 
Results 
There was a significant difference in percentage Tregs between cancer patients and healthy dogs (4.2 
+/- 2.1% vs 2.5 +/-0.7%, p<0.001) (t-test). A significant decrease was noted in patients treated with 
cyclophosphamide (5.2+/-2.2% vs 3.8+/-1.7%, p=0.02) and the combination (3.7+/-2.0% vs 2.8+/-1.0%, 
p=0.03) (paired t-test). Treatment with temozolomide had no effect on the percentage Tregs. 
Thrombospondin-1 levels were significantly lower (927.26+/-783.11 pg/ml vs 121.67+/-90.92 pg/ml, 
p=0.001) and VEGF significantly higher (57.17 +/-28.49 pg/ml vs 139.27+/-132.66 pg/ml, p= 0.03) 
(Mann-Whitney-U test) in cancer patients than in healthy dogs but both were not influenced by any 
metronomic treatment. 
 
Conclusion 
As Tregs are increased in cancer patients, immunotherapy should include a strategy aimed at depleting 
them. Metronomic cyclophosphamide can be such a strategy. More research is needed to identify 
optimal dosing for clinical efficacy, as none of the evaluated treatments had an effect on angiogenic 
factors, considered biomarkers for efficacy of metronomic chemotherapy. 
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Introduction 
G-quadruplexes (G-quad) are DNA secondary structures formed by stacked G-tetrads frequently 
located in telomeres and promoter regions of proto-oncogenes. Recently, two G-rich sequences, 
canine kit1 (d_kit1) and kit2 (d_kit2), folding into G-quad, have been identified in canine c-KIT 
promoter. Accordingly, the aim of the present study was to test whether a small molecule known to 
stabilize specifically KIT1 and KIT2 G-quad structures may decrease significantly target gene 
expression. 
 
Material and Methods 
The constitutive gene expression of c-KIT and other proto-oncogenes (BCL2, VEGFα, VEGFR2, KRAS, 
TERT) mRNA was measured in canine mast cell tumor (MCT) cell line C2 by quantitative RT-PCR (qPCR). 
Therefore, the G-quad ligand 50% inhibitory concentration (IC50) was determined by using the Alamar 
Blue cytotoxicity test. Finally, its time- and dose-dependent transcriptional effects upon c-KIT and 
other target genes were evaluated by using qPCR. 
 
Results 
In C2 cell line, target genes were shown to be constitutively expressed and measurable up to 96 hours 
of culture. The IC50 value of G-quad ligand was shown to be 1,37 µM and, at lower cytotoxic 
concentration, it significantly down-regulated c-KIT mRNA levels (after 24h hours of incubation, two-
way ANOVA p<0.0023). A similar effect, although at lower intensity, was noticed for BCL2 (two-way 
ANOVA p<0.0033). 
 
Conclusion 
The G-quad candidate ligand seems to be a promising candidate for targeting KIT-dependent tumors 
such as MCT. However, such an assumption needs to be confirmed with further molecular studies. 
Comparative studies about the efficacy of this and other G-quad ligands in blocking human c-KIT G-
quad are currently underway. 
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Introduction 
Prognostic, patient, and veterinarian factors may affect the decision to recommend chemotherapy 
following surgery for canine cutaneous mast cell tumours (CMCT). 
 
Material and Methods 
In 2014 a postal questionnaire was sent in every UK vet practice providing care dogs containing a 
fictitious case history for a dog that had undergone surgical resection of CMCT. Mail merge was used 
to vary history factors including patient age, comorbidity, insurance status, histopathological grade, 
mitotic index, excision margins, and clinical stage. The addressee vet and these factors were 
randomised. Respondents were asked if they would recommend chemotherapy. Multivariate binary 
logistic regression was used to examine how historical and veterinarian factors affected responses. 
 
Results 
The response rate was 22%(548/2493). Patient age and mitotic index did not significantly influence 
chemotherapy recommendation. Respondents were more likely to recommend chemo if excision 
margins were incomplete (OR 1.44[95%CI 1.02,2.04]), if metastasis to regional lymph nodes (3.29 
[2.11,5.15]) or liver/spleen (1.71 [1.13,2.59]) had occurred, if the tumour was Patnaik high grade 
rather than intermediate (1.32 [0.93,1.86]), and if the patient were insured (1.60 [1.13,2.26]). 
Recommendation was less likely if there was comorbidity (0.66 [0.46,0.93]). Undergraduate 
chemotherapy tuition and a staff member at the practice with a postgraduate small animal medicine 
qualification were significantly associated with chemo recommendation. Interaction assessment 
showed that metastasis diminished the positive effect of grade and margins and comorbidity had less 
effect in practices employing a vet with a postgraduate medical qualification. 
 
Conclusion 
Adjuvant chemo recommendations for CMCT are affected by veterinarian knowledge, stage and grade 
but mitotic index had no effect. 
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Introduction 
Human systemic mastocytosis (SM) and canine cutaneous mast cell tumor (MCT) are both 
characterized by proliferation and the accumulation of abnormal mast cells in tissues and the presence 
of activating mutations in the receptor tyrosine kinase c-KIT, though at different frequency (higher in 
SM). Recently, it has been shown that additional cooperating events are likely to contribute, with c-kit 
mutations, to SM pathogenesis and/or phenotype. In the present study, the mutational profile of some 
genes, commonly mutated in human myeloid malignancies and involved in different cellular processes, 
was investigated in canine MCTs. 
 
Material and Methods 
Primers for canine TET2, IDH2, IDH1, SRSF2, SF3B1, KRAS and NRAS were designed. The presence of 
“human-like” hot spot mutations in these genes was checked by using a ABI 3730 sequencer, in a 
cohort of 75 DNA samples obtained from MCT biopsies and already investigated for c-KIT mutations. 
 
Results 
No mutations were ever identified in the target genes except for TET2, for which one point-mutation 
and one amino-acid deletion were detected in 2 samples (3.7%). A single nucleotide polymorphism 
(SNP) was found out in TET2 exon 11 (a tandem repetition of a glutamine amino-acid). 
 
Conclusion 
In SM, TET2 mutations occur at a frequency around ten times higher than the one observed in the dog. 
Therefore, it looks like that the two pathologies might differ in molecular pathways involved in the 
disease pathogenesis; despite this, the TET2 SNP is actually under investigation in a population of 
healthy dogs to verify any predisposition in disease development. 
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Introduction 
Among others centroblastic polymorphic B-cell lymphoma and pleomorphic mixed T-cell lymphoma 
are the most common subtypes of canine lymphomas. The aim of the present study was to compare 
transcriptomic profiles of these two subtypes. 
 
 
Material and Methods 
The study was conducted on n=9 dogs with centroblastic polymorphic lymphoma and n=5 dogs with 
pleomorphic mixed lymphoma. The samples of neoplastic tissues from peripheral lymph nodes were 
taken using fine-needle aspiration. The analysis of gene-expression profile was performed  using 
Canine (V2) Gene Expression Microarray, 4x44K (Agilent Technologies, USA). 
 
Results 
Transcriptomic analysis revealed the n=328 differentially regulated transcripts what correspond to 
n=190 genes of known ontology. The highest fold-change difference was observed for LBH, PPAP2B, 
CDKN2C, NAB2, CHN2, TLE1, MIPOL1, PRKAR2B, PTPLAD2, OAF, PTPRE, IRAK1BP1, KCNJ12, KIF5C, 
IDO1, SMOC2, GSTA3, GTSF1. The PANTHER analysis of these genes allowed identification of most 
significantly regulated signalling pathways differentiating these two types of lymphoma. These 
pathway were as follows (according to decreasing level of statistical significance): p38 MAPK pathway, 
Enkephalin release pathway, Gonadotropin releasing hormone receptor pathway, Pyridoxal phosphate 
salvage pathway, Methylcitrate cycle, Leucine biosynthesis, Flavin biosynthesis, Alanine biosynthesis, 
Acetate utilization, Heterotrimeric G-protein signaling pathway-Gi alpha and Gs alpha mediated 
pathway, PDGF signaling pathway, Vitamin B6 metabolism, Valine biosynthesis, PLP biosynthesis, 
Isoleucine biosynthesis, GABA-B_receptor_II_signaling.   
 
Conclusion 
The relative overrepresentation of signalling pathways responsible for branched chain amino acids 
synthesis requires further investigation. Among differences we found PDGF signaling pathway seems 
to be especially interesting from clinical point of view, due to possible goal for targeted therapy. 
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Introduction 
Nasal lymphoma is the most common extra-nodular type of lymphoma, and the most frequently 
occurring of all nasal-cavity tumors in cats. Treatment with chemotherapy, radiation therapy or a 
combination of both is documented. Currently, the only alternative for cats that cannot be treated 
with radiation or chemotherapy, or for owners declining those options, is prednisone 
monotherapy.This study was designed to investigate the use of single-agent peg-asparaginase as an 
adequate long-term alternative treatment for cats with nasal lymphoma. 
 
Material and Methods 
Fifteen cats with nasal lymphoma were treated with multiple intramuscular peg-asparaginase 
injections at a dosage of 40 IE/kg. The initial protocol comprised four injections at two-week intervals, 
followed by four injections at three-week intervals, and four injections at four-week intervals. In four 
cases, therapy was continued indefinitely after the initial protocol, at increasing-length intervals. 
 
Results 
The cats tolerated the injections very well. The response rate was 100%, and, from a clinical 
perspective, all cats achieved complete remission after 25 days (mean). Median disease-free period 
was 242 days. Nine cats showed a relapse at 212 days (mean). Three of these cats were still alive at the 
end of the study; one of which having recommenced treatment, the other two having continued 
treatment at increasing-length intervals. Median survival time was 363 days, with five cats surviving by 
the end of the study. 
 
Conclusion 
Single-agent peg-asparaginase is an effective, safe and minimally-aggravating alternative treatment for 
cats suffering from nasal lymphoma. Further studies are required to determine the optimal protocol 
and number of treatments. 
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Introduction 
Serum thymidine kinase (sTK) activity is a tumor marker used as a prognostic indicator for lymphoma 
in humans, dogs and cats. The aim of this study was to evaluate the clinical utility of sTK as a biomarker 
for lymphoma in horses. 
 
Material and Methods 
Serum samples were collected from clinically normal horses (n = 37), horses with lymphoma (n = 23), 
horses with non-haematopoietic neoplasia (n = 9) and horses with inflammatory disease (n = 14). sTK 
was measured using a radioenzyme assay. 
 
Results 
A reference cut-off value of < 2.7 U/L (mean + 2 standard deviations, SDs) was established using data 
from clinically normal horses. sTK activity  (mean ± SD) was 26.3 ± 91.5 U/L (range 0.8-443 U/L) for 
horses with lymphoma, 2.3 ± 1.4 U/L (range 0.6-5.7 U/L) for horses with non-haematopoietic neoplasia 
and 1.5 ± 0.6 U/L (range 0.6-2.8 U/L) for horses with inflammatory disease. Horses with lymphoma had 
significantly higher sTK activity than horses without clinical signs of disease (P < 0.01), horses with 
inflammatory disease (P < 0.01) and horses with non-haematopoietic neoplasia (P < 0.05). 
 
Conclusion 
sTK activity is a potentially useful biomarker for equine lymphoma, especially as such horses many 
times present with unspecific clinical signs making the tumor diagnosis more difficult to conclude. 
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Introduction 
CD138 (Syndecan-1), a transmembrane heparan sulfate proteoglycan, is expressed in most epithelia, 
activated B cells and plasma cells. In diffuse large B-cell lymphomas, multiple myeloma, and various 
human carcinomas including breast cancer, CD138 expression is associated with poor prognosis. We 
describe here the generation of monoclonal antibodies specific to canine CD138, the normal tissue 
distribution of CD138 in dogs and the frequency of CD138 positivity in canine diffuse large B-cell 
lymphoma (DLBCL) and triple negative invasive mammary carcinoma (TNCMC, negative for estrogen 
receptor, progesterone receptor and HER2, human epidermal growth factor receptor-2). 
 
 
Material and Methods 
11 monoclonal antibodies were generated by immunization of Balb/C mice with a soluble form of 
canine CD138. The clone 8A1 was chosen for immunohistochemistry on formalin-fixed paraffin-
embedded samples: normal organs (1 dog), 15 canine DLBCLs and 15 TNCMCs. 
 
Results 
The 11 clones generated recognize 4 different epitopes on the canine CD138 molecule. 10/11 clones 
are IgG1/k, 1 is IgG2a/k. Their affinity (dissociation constant, kD) is in the nanomolar range. In normal 
tissues, CD138 is strongly expressed at the membrane of activated B cells, plasma cells, and most 
epithelia (skin, digestive tract, urothelium, hepatocytes, bile ducts, pancreas, salivary glands); CD138 is 
absent in nervous and muscle tissues. Strong membrane expression of CD138 was observed in 12/15 
DLBCLs and 11/15 TNCMCs. 
 
Conclusion 
Given the membranous location and high frequency of CD138 expression in aggressive cancer types of 
dogs, CD138 antibodies are promising tools for imaging and immunotherapy of canine cancers. 
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Introduction 
Management of human B-cell lymphoproliferative disorders, including B-cell lymphoma (BCL), includes 
a monoclonal antibody that targets the B-cell antigen CD20.  The aggressive form of DLBCL has many 
similarities to the most common form of lymphoma in dogs. Addition of the species-specific antibody 
rituximab to chemotherapy for the treatment of BCL in humans is associated with little increase in 
toxicity, yet enhanced efficacy. This study evaluates a monoclonal antibody that binds specifically with 
the canine B-cell antigen CD20 (canine Mab), used with chemotherapy. 
 
Material and Methods 
Dogs were enrolled in a prospective, randomized, blinded, placebo-controlled study, treated with one 
4-week cycle of L-CHOP chemotherapy and then randomized to either receive treatment with the 
canine Mab or placebo. Once remission was lost, all dogs received one dose of doxorubicin followed by 
treatment with the canine Mab. Efficacy was assessed by evaluation of measurable lymph nodes, 
cytology and clinical status.  Safety was based on Veterinary Cooperative Oncology Group’s common 
terminology criteria. 
 
Results 
Dogs (n=27 enrolled, 24 randomized) all had measurable, cytologically-confirmed and flow 
cytometrically immunophenotyped high grade BCL. The median progression-free and overall survival 
times in the canine Mab arm of the study were 167 and 325 days, respectively, compared to 93.5 and 
177 days for the placebo arm. Adverse events were restricted to the L-CHOP cycle. Owner treatment 
satisfaction parameters were superior for the antibody treated dogs compared to placebo group. 
 
Conclusion 
The canine Mab was well-tolerated and, in conjunction with L-CHOP, caused significant increases in 
survival in dogs with BCL. 
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Introduction 
Parameters of CBC are considered reliable, relatively inexpensive, reproducible and 
standardized but often underestimated and not utilized in complete. Biomarkers of tumour 
associated systemic inflammatory responses have an important effect on disease-related 
outcomes of many tumour types of different anatomical locations. The investigation was 
focused on the identification of the CBC indices differences between healthy controls, dogs 
with inflammatory diseases and dogs with cancer. The prognostic value of N/L, P/L, MPV/PLT 
and PLCRi indices in dogs with cancer was assesed as well.   
 
Material and Methods 
The retrospective study included 350 dogs (100 healthy controls, 100 dogs with inflammatory 
diseases, 150 dogs with cancer). Pre-treatment CBC data were obtained from the recorded 
computerized database in AHP, Slovenia. The neutrophil/lymphocyte ratio (N/L), 
platelet/lymphocyte ratio (P/L), mean platelet volume/pletelet ratio (MPV/PLT) and adjusted 
P/L ratio for large platelets (PLRi) were calculated. Statisticaly significant differences between 
groups investigated (healty controls/dogs with inflammatory conditins/dogs with neoplastic 
conditions) were preliminary explored by Kruskal-Wallis test. Multivariable analysis were 
performed according to the polytomous logistic regression model and linear regression model 
in the case of prediciting overall survival. P values <0.05 were considered as statisticaly 
significant.    
 
Results 
Significant differences in N/L, P/L, MPV/PLT, PLCRi indices between groups of dogs 
investigated were determined. Significantly higher pretreatment values of N/L, P/L, MPV/PLT, 
PLCRi indices correlated with worse prognosis and shorter overall survival times of dogs with 
more aggressive tumour biological behaviour.   
 
Conclusion 
Apart from CBC with differentials, N/L, P/L, MPV/PLT, PLCRi indices may serve as supportive 
biomarkers in diagnostic, therapeutic and prognostic assessments. 
 
 
 
 
 



- 64 - 
ESVONC, Krakow 2015 

 
The Ki-1 antigen (CD30) is a novel target for brentuximab vedotin in neoplastic canine mast 
cells 
 
Karin Bauer1, Emir Hadzijusufovic1, Sabine Cerny-Reiterer1, Armin Pirker2, Martin Reifinger3, Peter 
Valent4, Michael Willmann2 

 
1Department of Internal Medicine I; Medical Universitiy of Vienna; Austria 
2Department/Clinic for Companion Animals and Horses; Clinic for Small Animals; Clinical Unit of Surgery; University of 
Veterinary Medicine Vienna; Austria 
3Department of Pathobiology; University of Veterinary Medicine Vienna; Austria 
4 Department of Internal Medicine I; Medical University of Vienna; Austria 

 
 
bauer.karin@meduniwien.ac.at 
 
 
Introduction 
The Ki-1 antigen (CD30) is a novel target in human mast cell (MC) neoplasms. Here, we examined the 
expression, regulation and function of CD30 in neoplastic canine MCs. 
 
Material and Methods 
We determined CD30 expression by immunocytochemistry, flow cytometry and quantitative real-time 
PCR analysis in the canine mastocytoma cell lines C2 and NI-1. To study the regulation of CD30 
expression, we applied a panel of immunomodulatory cytokines and performed flow cytometry 
staining experiments. Additionally, we examined the effects of the CD30-targeting antibody 
brentuximab vedotin as well as the tyrosine kinase inhibitors masitinib and PKC412. Proliferation was 
measured by 3H-thymidine uptake and apoptosis was analyzed by AnnexinV/propidium iodide staining 
and active caspase-3 staining. 
 
Results 
Both canine mastocytoma cell lines stained positive for CD30, with higher expression levels in NI-1 cells 
compared to C2 cells. Interestingly, of all cytokines tested, interleukin-4 was found to downregulate 
expression of CD30 on canine MCs. We also found that brentuximab vedotin induces growth inhibition 
and apoptosis in canine MCs. Moreover, incubation of canine mastocytoma cell lines with brentuximab 
vedotin as well as with the tyrosine kinase inhibitors masitinib and PKC412 resulted in a significant and 
dose-dependent decrease in CD30 surface expression on NI-1 cells and C2 cells. Furthermore, 
brentuximab vedotin was found to synergize with masitinib and PKC412 in inhibiting the proliferation 
of NI-1 cells and C2 cells. 
 
Conclusion 
Together, we have identified CD30 as a target of neoplastic canine MCs. Whether CD30-targeting 
drugs are effective in canine mastocytoma patients, remains to be determined. 
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Introduction 
The major concern for a surgeon over treatment of patients with primary bone tumors is to extirpate a 
tumor with minimal functional deficit of support ability. The reconstructive limb-sparing surgery with a 
deimmunized bone graft coated with autologous mesenchymal stromal cells might be used as an 
alternative to an amputation. The study was aimed to evaluate possibility of application of the 
technique in treatment of dogs and cats with primary bone tumors. 
 
Material e Methods 
His study was conducted on animals with primary malignant bone tumors (osteosarcoma and 
chondrosarcoma). All animals were treated with combination of chemotherapy, irradiation and 
surgery. The surgical technique included wide segmental resection of the affected bone and its 
subsequent replacement with the deimmunized donor bone graft coated with autologous 
mesenchymal stromal cells. 
 
Results 
Five dogs and one cat have been included. The graft rejection has not been noted in all dogs over the 
period of the observation. Lameness progressively improved from 30-40% on 1-7 day post-surgery to 
70-80% weight bearing while walking in all animals. The most effective method of the bone transplant 
fixation is its immobilization with an angular stable plate. Mild postoperative septic complications 
were treated with standard protocols of antibiotic therapy. All animals are alive and no recurrence of 
the tumor has been noted at the time of the abstract submission. 
 
Conclusion 
These data provides evidence that the reconstructive limb-sparing surgical technique with the bone 
graft is a perspective method for replacement of large bone defects after segmental resection in 
animals with osteal tumors. 
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Introduction 
This prospective study evaluated the effectiveness and safety of the combination of tramadol plus 
acetaminophen/codeine and a non-steroidal anti-inflammatory drug (NSAID) for treating moderate to 
severe bone cancer pain in dogs, and its impact on quality of life (QOL). 
 
Material and Methods 
Inclusion criteria included a cytological or histopathological diagnosis of primary or metastatic bone 
cancer. The initial assessment included physical exam, CBC, biochemistry and UA. Tramadol dose was 
4-6 mg/kg/8h. Acetaminophen 500mg/codeine 30mg tablets were dosified following 1-2mg/kg 
codeine dosing.  A CBC, biochemistry and UA were performed monthly. Adverse events were recorded 
and evaluated following VCOG-CTCAE. A visual analog scale (VAS) pain score and a QOL form was filled 
at day 14 and monthly thereafter. Pain was scored by the 0 to 100 mm VAS and analgesic therapy was 
considered effective if 30 mm differences in VAS scores were observed between day 0 and the follow 
ups. 
 
Results 
16 client-owned dogs have been included until abstract submission with multiple forms of bone 
cancer. Following our criteria 69% of dogs had improved pain control for an average of 68 days. The 
QOL forms showed that 72% of the owners felt that the health of their pet was better than before 
treatment, 65% felt that their pet had greater mobility, 59% that their pet had less pain. No adverse 
events were reported with this combiantion. 
 
Conclusion 
Tramadol plus acetaminophen codeine combined with a NSAID were well tolerated and clinically 
effective to treat moderate to severe bone cancer pain in dogs with cancer and improved QOL. 
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Introduction 
Facing to the extensive data regarding cancer pain in humans, no studies regarding canine patients has 
be conducted. The aim of this study was to evaluate clinical features of cancer pain in dogs and cats. 
 
Material and Methods 
Single referral institution series of dogs with histologically and imaging defined tumors were 
retrospectively evaluated. Cancer pain was classified as nociceptive, inflammatory, due to spasm-
compression and neuropathic. A Melbourne Measure Pain Scale was applied to grade pain. 
Contingency tables were generated for categorical variables (breed, sex, grade and type of pain, chief 
complaint, localisation, histology, imaging, pain site, treatment). Associations were assessed by 
Fisher’s exact, Wilcoxon rank sum test, t-test, and one-way ANOVA. 
 
Results 
1543 dogs with a tumor were considered. Of these, 42% showed no pain, in 38% pain was a presenting 
complaint, in 21% pain was not known by owner but demonstrated at clinical examination, in 9% pain 
was the chief complaint. Pain was slight in 33%, moderate in 15%, severe in 5%. Pain was in 64% 
chronic, in 33% episodic acute pain in a chronic setting, 3% chronicle. Type of pain was in 66% 
nociceptive, 23% inflammatory, 10% due to spasm-compression and 1% neuropathic. Appendicular 
osteosarcoma and urethral ulcerated tumors were associated with more severe pain. No correlation 
between age, breed, sex, presence of metastasis and grade of pain was observed. 
 
Conclusion 
Pain associated with cancer in dogs seem to be of lesser degree comparing to humans. The different 
type of pain observed can suggest different treatment modalities. 
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Introduction 
The clinical and investigational use of whole body hybrid imaging (SPECT/CT, PET/CT) and therapeutical 
radiopharmaceutical applications is increasing worldwide both in human and veterinary fields. 
Meanwhile there is still no perfect consensus in low-dose effects and concerns are still present  in  
human and veterinary nuclear medicine and radiological clinics. 
 
Material and Methods 
We evaluated the radiotoxicological data of Beagles (28 altogether) and spontaneously occuring tumor 
bearing dogs (116 altogether) before and after whole body PET/CT (18FDG and 68Ga-ligands), 
SPECT/CT (99mTc-ligands) and radiopharmaceutical treatments (131I, 90Y, 177Lu-ligands). Beyond 
basic hematological and biochemical parameters micronucleus frequency, chromosome aberrations, 
sperm morphology and motility tests and proliferation assay, DNA repair in isolated lymphocytes. 
 
Results 
Decreased bone marrow (PLT, WBC) and renal function (CARB, CREA, PHOSP) only was realized after 
extreme-high therapeutical radiopharmaceutical application (170Tm-EDTMP and 90Y,177Lu-
DOTATOC) in dogs.  The more sensitive assays however sometimes showed a slight, transitory 
radiotoxicological effect even after diagnostical whole body hybring imaging. 
 
Conclusion 
Conventional hematological and biochemical panel in generally not available to detect 
radiotoxicological effects after applying normal clinical-dose of therapeutical radiopharmaceuticals. 
Controversaly, micronucleus frequency, chromosome aberrations in cultured lymphocytes, sperm 
morphology and motility tests, the proliferation assay and DNA repair test is sensitive enough to 
measure the radiotoxicological effects after whole body hybrid imaging (SPECT/CT, PET/CT) and 
therapeutical radiopharmaceutical applications. 
The presented work was supported by several national (KMOP-1.1.1-08/1-2008-0017, KMOP-1.1.1-
09/1-2009-0056, GOP-1.1.1-09/1-2010-0107) and international (IAEA-CRPs, EMIL NoE ) grants. 
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Introduction 
Inhibiting angiogenesis can slow the progression of neoplasia. Thalidomide inhibits vascular 
endothelial growth factor, tumour necrosis factor-alpha and other angiogenic cytokines, so its use  to 
inhibit angiogenesis and reduce neoplasm progression is hypothesised. Canine haemangiosarcomas 
are common aggressive vascular neoplasms that are ideal to test this hypothesis. 
 
Material and Methods 
Dogs were enrolled in the study prospectively after undergoing total splenectomy for 
haemangiosarcoma. There were no exclusion criteria. All dogs were staged at the time of enrolment 
with CT scans of the chest and abdomen. Patients received thalidomide (8.5mg/kg SID) until their 
death. Survival times in treated dogs were compared to a cohort of dogs who had splenic 
haemangiosarcoma removed during the same time period, but did receive adjuvant therapy. 
 
Results 
15 dogs received thalidomide with 20 dogs receiving no adjuvant therapy after splenectomy. There 
were no significant differences in the age, breed or tumour stage between the two groups of dogs. All 
patients tolerated thalidomide with no adverse effects. The median survival time of the thalidomide 
group was significantly improved compared to the non-adjuvant population  (115 days vs. 30 days, p = 
0.001, HR 2.89 95% CI .12-.65, p=.003). On multivariate analysis, tumour stage was significant for 
survival (HR 17.5, p=0.02) Two dogs with stage 2 haemangiosarcomas survived for greater than 
>600days. 
 
Conclusion 
Initial results suggest that thalidomide can prolong survival times of dogs with hemangiosarcoma. 
Additional studies are required to investigate the mechanism of the effect and to determine if 
thalidomide can slow the progression of other canine neoplasms. 
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Introduction 
The DNA represents the main cellular target for radiotherapy. Many studies in vitro could show that 
the process of DNA-repair takes several hours to complete and affects the radiosensitivity of tumor 
cells. However, the kinetic of DNA-repair during antineoplastic treatment in vivo is not yet well 
characterized.  
In the present study, we aim to evaluate the differences in initial DNA-damage levels and DNA-repair 
kinetics during radiotherapy in canine tumors. 
 
Material and Methods 
Repeated fine needle aspirate (FNA) samples of different canine tumors were collected over 6 hours 
after irradiation. Bulky superficial tumors of different histologies were included. DNA-damage was 
monitored using the alkaline comet assay. The DNA in comet`s tail  was quantified with the COMET-IV 
scoring system. A second assay of γ-H2AX is used to analyze DNA-damage in tumor tissues.   
 
Results 
56 samples from 6 dogs were analyzed at the first fraction. 15 min after irradiation the DNA in comet`s 
tail increased from 3.5-10.26% to 12.94-19.4%. At 2 h DNA in comet`s tail decreased to 4.29-18.14% 
and fell further to 3.89-12.45% at 6 h. This reflects repair of most of the DNA-damage. However, a high 
variance in the initial and induced DNA-damage of different tumor types could be revealed. This 
heterogeneity was confirmed by our first results of γ-H2AX assay using tumor tissues. 
 
Conclusion 
FNA-sampling is a feasible method to monitor DNA-repair in a clinical setting, which will contribute to 
better understanding of DNA-repair during radiotherapy. The second assay of γ-H2AX might help to 
characterize the heterogeneity of DNA-damage in tumor tissues. 
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Introduction 
Hemangiosarcoma (HSA) is a highly metastatic common canine splenic tumor. Splenectomy with 
doxorubicin-based chemotherapy is the current standard of care.  Low dose metronomic 
cyclophosphamide (LDM) has been proposed as an antiangiogenic/immunomodulatory agent that 
could delay metastasis.  This retrospective study evaluates progression free survival (PFS) and overall 
survival (OS) for canine HSA treated with splenectomy and doxorubicin, with or without LDM. 
 
Material and Methods 
Histologically confirmed HSA cases treated with splenectomy and at least 1 dose of doxorubicin were 
included.  The chemotherapy protocol was 6 doses given every 2 weeks. Some dogs also received LDM. 
 
Results 
Thirty-eight dogs were included.  Clinical stage was available for 35 dogs (5 Stage 1, 18 stage 2 and 12 
stage 3).  Ten were macroscopic and 25 microscopic at the start of chemotherapy. Twenty dogs 
completed the chemotherapy protocol. Twenty dogs received LDM.  Thirty-five dogs died of HSA, 1 of 
dilated cardiomyopathy (day 148), 1 is alive (day 924) and 1 lost to follow-up (day 398).   The median 
PFS was 110 days and the median OS was 131 days.  Clinical stage and disease setting  at the start of 
chemotherapy was prognostic for PFS and OS.  Of the 20 dogs that completed the doxorubicin 
protocol, dogs treated with LDM did not have increase OS or PFS. 
 
Conclusions 
The results of this retrospective study are similar to previous reports.  A randomized prospective trial 
would be necessary to prove clinical benefits of additional LDM therapy and whether earlier institution 
of LDM is of benefit. 
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Introduction 
Understanding the inherent radiosensitivity of tumour cells can be utilized to optimize radiation 
treatment protocols.  The linear quadratic model used to determine radiosensitivity of cells is 
expressed as the alpha/beta ratio.  The majority of tumours show a relatively high alpha/beta ratio, 
which is optimally treated with a small dose per treatment of radiation multiple times over an 
extended period (curative protocol).  However, malignant melanoma in humans has been shown to 
have a low alpha/beta ratio and therefore may be better treated with coarse-fractionated protocols.  
Clinical radiation protocols for canine melanoma treatment reflect this belief however the alpha/beta 
ratio for canine melanoma has not been previously reported.  The objective of this study was to 
determine the radiosensitivity of canine melanoma cell lines, with the hypothesis that canine 
melanoma has a low alpha/beta ratio. 
 
Material and Methods 
Four established canine melanoma cell lines were utilized.  Cells were grown under standard culture 
conditions and clonogenic survival assays were performed following radiation with 0-10Gy.  
Experiments were performed 3 times for each cell line. 
 
Results 
Plating efficiency for the 4 cell lines ranged from 15 – 45%.  Mean surviving fraction differed 
significantly for 1 the 4 cell lines.  Mean alpha/beta ratios were low in 3 of the 4 cell lines tested: 0.26, 
0.65, 1.02, 11.89. 
 
 
Conclusion 
The low alpha/beta ratios indicate the majority of canine melanoma cell lines were fairly 
radioresistant.  These data support the current clinical practice of coarse-fractionated radiotherapy for 
canine melanoma.  Future clinical investigations should involve increasing dose to maximize tumour 
response without adversely affecting surrounding tissues. 
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Introduction 
Current carcinogenesis theory ascribes to cancer stem cells (CSCs) the origin of tumor development 
and recurrence, since CSCs efficiently survive radio- and chemo-therapy than differentiated cancer 
cells. CSCs are innovative therapeutic targets and canine mammary cancer (CMC) represents a good 
pre-clinical model in comparative oncology. 
 
Material and Methods 
Primary cultures from 16 CMC tissues were enriched in CSCs by selection in a stem-permissive medium 
(containing EGF-bFGF) and corresponding differentiated cells grown in 10% FBS-medium. Self-renewal, 
clonogenicity, stem marker expression (i.e. CD44) and tumorigenicity were investigated. Cytotoxicity of 
the chemotherapeutic agent doxorubicin (DOX) and metformin was tested by MTT assay. DOX uptake 
was evaluated in the presence or absence of the drug-efflux pump inhibitor verapamil. 
 
Results 
CSC-enriched cultures showed phenotypic and functional stem features: spherogenesis, CD44 
expression, clonogenicity, tumorigenicity. CSCs exhibit high resistance to DOX, reverted by verapamil, 
suggesting the involvement of ATP-binding cassette efflux transporter in the extrusion of DOX from 
cells to confer resistance. Metformin shows significant antiproliferative effects in DOX-resistant CSCs, 
although not restricted to this cell subpopulation, while DOX exerts its cytotoxic activity only in 
differentiated cells. In vivo, metformin treatment significantly impaired CMC growth. 
 
Conclusion 
Our findings demonstrate that CSC exists within CMC and are a reliable pre-clinical model to test drug 
effects on CSC biological features such as drug-resistance sustained by increased drug-efflux. Cytotoxic 
treatments (i.e. DOX) reduce the bulk of the tumor, without affecting CSCs, highly responsive to 
metformin. Thus combined treatment with metformin and conventional cytotoxic drugs may provide a 
therapeutic advantage, targeting both CSCs and differentiated non-CSCs. 
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Introduction 
The goal of optimized radiation therapy (RT) is applying a high radiation dose to tumor volumes and 
simultaneously sparing of adjacent organs at risk. Using intensity-modulated, image-guided RT 
(IMRT/IGRT) and adaptive radiation therapy (ART), this is achievable, furthermore modifications during 
the treatment course to re-optimize treatment can be made. 
 
Material and Methods 
A 6.5-year-old pug with a 1-year history of abdominal sertoli-cell tumor with lymph node metastases, 
previous surgeries and carboplatin chemotherapies was presented with advanced bulky disease, 
hyperestrogenism and severe myelosuppression. Due to lack of options, RT was initiated to improve 
local control. 
 
Results 
Gross tumor volume (GTV) at presentation was 391cm3, neutrophil count 2110/ul, platelet count 
55’000/ul, and estrogen was elevated (959pg/ml). IMRT/IGRT with 10x3Gy (total dose 30Gy) was 
initiated, with daily cone-beam-computed-tomography for position verification. A significant plan 
adaptation halfway through the protocol to a GTV of 170cm3 was performed. Gastrointestinal side 
effects remained negligible, and estrogen levels were within reference limits 15 days after RT. 
Concurrently platelet count increased giving the option to remove/ debulk the remaining disease (GTV 
41.3cm3). Unfortunately, 50 days after surgical removal, disease progression was found in new lymph 
nodes. 
 
Conclusion 
RT led to a massive disease reduction paralleled with hormonal improvement and subsequent 
decrease in myelosuppression. The impressive tumor and hormonal response to RT in a sertoli-cell 
tumor was unexpected and led to further treatment options. Using advanced RT techniques in the 
management of large bulky tumors, side effects can be minimized even in RT-sensitive regions as the 
abdomen. 
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Introduction 
CD138 (Syndecan-1), a transmembrane heparan sulfate proteoglycan, is expressed in most epithelia, 
activated B cells and plasma cells. In human diffuse large B-cell lymphomas and breast cancer, CD138 
expression is associated with poor prognosis. We describe here the generation of monoclonal 
antibodies specific to canine CD138, the normal tissue distribution of CD138 in dogs and the frequency 
of CD138 positivity in canine diffuse large B-cell lymphoma (DLBCL) and triple negative invasive 
mammary carcinoma (TNCMC, negative for estrogen receptor, progesterone receptor and Human 
Epidermal growth factor Receptor-2). 

 
Material and Methods 
11 monoclonal antibodies were generated by immunization of Balb/C mice with a soluble form of 
canine CD138. The highest-affinity clone (8A1) was chosen for immunohistochemistry on formalin-
fixed paraffin-embedded samples: normal organs (1 dog), 15 DLBCLs and 15 TNCMCs. 
 
Results 
The 11 generated clones recognized 4 different epitopes on the canine CD138 molecule. 10/11 clones 
were IgG1/k, 1 was IgG2a/k. Their affinity (dissociation constant, kD) was in the nanomolar range. In 
normal tissues, CD138 was strongly expressed at the membrane of activated B cells, plasma cells, and 
most epithelia (skin, digestive tract, urothelium, hepatocytes, bile ducts, pancreas, salivary glands); 
CD138 was absent in nervous and muscle tissues. Strong membrane expression of CD138 was 
observed in 12/15 DLBCLs and 11/15 TNCMCs. 
 
Conclusion 
Given the membranous location and high frequency of CD138 expression in aggressive B-cell 
lymphomas and mammary carcinomas of dogs, CD138 antibodies are promising tools for imaging of 
these cancers by immuno-SPECT (single-photon emission computed tomography using radiolabeled 
antibodies). 
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Introduction 
Mesenchymal stem cells (MSC) have a natural tropism for tumors. A human phase I clinical trial is on 
development (EudraCT number 2008-000364-16), based in previous results, showing a beneficial 
antitumor effects of oncolytic adenovirus delivered by MSC in human neuroblastoma. We are focused 
on elucidating the mechanisms underlying the therapeutic effect and their application for canine 
patients.   
 
Material and Methods 
The therapy (CELYVIR) was based in the use of allogenic MSC infected ex vivo with a canine oncolytic 
adenovirus (ICOCA17). Twelve dogs with different sarcomas were treated intravenously with 
allogeneic MSC with ICOCAV17 (CELYVIR) on day 1, 15, 22 and 29. Complete blood test was performed, 
including fibrinogen, before each treatment. Tumor samples were obtained on days 0 and 36. Clinical 
response and adverse effects (VCOG-CTCAE criteria) were registered. 
 
Results 
Sixty nine percent of the dogs showed clinical response (38% CR, 31% PR), categorized as “responder”, 
and 31% PD (“no responder”). There was a significant association between high fibrinogen levels and 
no responder group (p < 0.004, T student). Tissue biopsies pre- and post-CELYVIR treatment didn´t 
showed viral replication. Intratumoral infiltrates of T cells (CD4+, CD8+) and 
macrophages/granulocytes (MAC387+) were identified in post- CELYVIR infusion samples. 
 
Conclusion 
Our data indicate that CELYVIR is safe and effective in dogs with sarcomas. An immune response may 
be playing a principal role on this antitumoral effect.  Pretreatment fibrinogen blood level could be a 
parameter for predicting response. Further prospective trials are needed to determine more 
accurately the impact of this therapy in canine sarcomas. 
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Introduction 
In the multimodality strategy to treat feline injection site sarcoma (ISS), radiation therapy (RT) is 
indicated postoperatively to increase progression-free-interval (PFI). However, in some cases PFI 
cannot be satisfyingly prolonged in spite of a full-course protocol, leading to the hypothesis that a 
subset of cats would have similar disease control with a more simple protocol consisting of fewer 
fractions. The aim of this retrospective bi-institutional study was to compare PFI of full-course and 
coarser fractionated RT-protocol in a cohort of cats. 
 
Material and Methods 
Cats with microscopic ISS receiving electron beam 6MV RT with either a 16X3Gy daily or 6X6Gy twice-
weekly protocol were included. Medical records were reviewed for demographic and follow-up 
information. The Kaplan-Meier-method and Cox-regression-analysis were used to compare PFI 
between the protocols and to test the influence of clinical variables. 
 
Results 
Forty-nine cats were included. After surgery, 27 cats received 16 RT fractions and 22 cats 6 fractions. 
PFI was not significantly different between the two groups. When only first occurrence cases were 
included (n=35), median PFI was significantly longer in the full-course group compared with the 
coarser-fractionated group (time-not-reached versus 540 days; p=0,007). PFI did not change according 
to protocol in cats receiving multiple surgeries before RT (median, 395 days). 
 
Conclusion 
There is a strong indication that cats with primarily occurring injection site sarcoma benefit from 
adjuvant full-course RT. Conversely, after multiple surgeries there might be no advantage of a full-
course over a lesser-fractionated protocol. Therefore, a hypofractionated protocol seems to be a valid 
alternative in such cases. 
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Introduction 
Canine nasal tumours (NT) are very invasive malignancies that represent the 1% of all neoplasms in the 
dog. The objective of this retrospective study was to evaluate the clinical benefit, the median survival 
time (MST) and the adverse effects (AE) in dogs with nasal tumours, treated with antiangiogenic drugs 
as unique therapy. 
 
Material and Methods 
Thirteen dogs with NT were treated with toceranib phosphate (Palladia®) and COX2 inhibitor +/- 
metronomic therapy. Four received a combination of toceranbib with metronomic therapy (2 with 
chlorambucil and 2 with cyclophosphamide) and 9 a combination of toceranib with a COX2 inhibitor (8 
firocoxib, 1 meloxicam). Clinical benefit (defined as improved of clinical signs: nasal bleeding or 
discharge, sneezing, etc.) was evaluated on days 30, 60, 120, 180, 240, 300, 360. Adverse effects were 
registered following the VCOG-CTCAE criteria. 
 
Results 
Ten animals had malignant epithelial tumours and 3 had nasal sarcomas. Clinical benefit was observed 
in 11/13 (84.6%) dogs (8/10 malignant epithelials, 1/3 sarcomas). Overall survival time was 323 days 
(range 171 to 476 days). AE were reported in 5/13 (38.5%), however AE were reason of withdrawal in 
only two dogs (15.4%). 
 
Conclusion 
Most of the dogs tolerated this treatment very well which seems a promising therapy. Unfortunately 
clinical response was not evaluated in most of the cases during the follow up period due to the cost of 
the CT scan. MST looks superior to previously reported with chemotherapy based protocols. Further 
prospective trials are needed to determine more accurately the impact of this therapy in canine nasal 
tumours. 
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Introduction 
Intracranial lesions are common in dogs and pose a diagnostic challenge for veterinary professionals. 
Although brain biopsy is required for a definitive diagnosis, it carries a risk of increased patient 
morbidity or mortality. Magnetic resonance spectroscopy (MRS) can be a noninvasive method to differ 
brain tumors from other pathologies, by determining the chemical composition of the brain tissue. 
 
Material and Methods 
MRS was performed on two dogs with a presumptive diagnosis of intracranial lesions. The animals 
were examined with a 1.5-Ingenia Philips MRI system under general anesthesia. After executing 
standard MRI scans, single-voxel acquisitions were obtained using a voxel size of 1×1×1. The results 
were compared with MRS of a healthy dog’s brain. 
 
Results 
Based on the evaluation of the proportions of three basic metabolites (n-acetylaspartate, creatine, 
choline) in the brain tissue of two dogs, preliminary diagnoses of a brain tumor and abscess were 
made. Choline and creatine peaks were significantly increased and the n-acetylaspartate peak was 
decreased in the dog with the brain tumor compared to the basic metabolite content of healthy brain 
tissue, while all three metabolite peaks were markedly lower in the abscess. The diagnoses were 
confirmed with a brain biopsy and CSF analysis. 
 
Conclusion 
These preliminary results suggest the possible use of MRS in the diagnosis of brain tumors and in 
determining the degree of their malignancy in companion animals. MRS has a potential to enable of 
non-invasive differentiation of intracranial masses, that may minimalize the need of invasive diagnostic 
brain biopsies in dogs. 
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Introduction 
Preliminary study was performed to assess the efficacy of doxorubicin-gemcitabine combined protocol 
in mice model of mammary cancer and its tolerability in nine cats. 
 
Material and Methods 
Female BDF1 mice were inoculated with the transplantation tumours mammary adenocarcinoma Ca-
755. Fifty tumour-bearing mice were divided into five groups (n=10 each). Mice from control group 1 
were not treated and mice from group 2 were treated with intraperitoneal administration of 
doxorubicin (7.5 mg/kg). In groups 3-5 doxorubicin was concurrently administered with different doses 
of gemcitabine (50;100 or 200 mg/kg). Antitumor activity was assessed by drug-induced growth 
inhibition of the tumour. The tolerability of the protocol was assessed in nine cats with advanced 
stages of mammary cancer. Equivalent doses for cats were calculated as described by Freireich et al. 
Cats received IV doxorubicin (20 mg/m2) on day 1 and gemcitabine during 20 min on days 1;7;14 (3 
doses) in dose of 800 mg/m2. 
 
Results 
Preliminary evaluation of the combined protocol in mice model bearing mammary cancer showed 
dose-dependent effect resulted in 92% tumour regression using gemcitabine dose of 200 mg/kg, 
compared to 88% and 85% tumour regression induced by doses 100 and 50 mg/kg, correspondingly. 
Doxorubicin alone induced 83% tumour regression. The administration of doxorubicin-gemcitabine 
protocol in nine cats with advanced mammary cancer showed partial response in 6 cats, complete 
response in one cat, progressive disease in two cats. The protocol was well tolerated. Side effects 
noted were myelosuppression grade 3-4 in three cats. 
 
Conclusion 
Combined doxorubicin-gemcitabine protocol needs further evaluation in cats with mammary cancer. 
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Introduction 
Immunophenotyping by flow cytometry (FCM) is an important complementary tool in the classification 
of haematopoetic malignancies. It provides reliable quantitative information about the malignant cell 
populations. Especially for lymphocyte subsets a variety of markers are currently available. 
Identification of specific disease entities and their comparison with human leukemias have become 
feasible and should be pursued. 
 
Material and Methods 
This retrospective study summarizes the results of all whole blood FCM samples received at the 
University of Veterinary Medicine Vienna between 2010 and 2014 for immunophenotyping of a 
suspect leukemic population. Multi-color staining with canine-specific and human cross-reactive 
monoclonal antibodies against CD3, CD4, CD5, CD8, CD11a, CD11d, CD14, CD21, CD34, CD45, CD45RA, 
CD79, CD3 12, MHC II and Thy-1 was performed. 
 
Results 
From the 42 cases, 30 had a leucocytosis in the CBC, 3 had TWBC within Reference Interval, 3 were 
leukopenic and from 6 cases no results were available. Fifteen (35.7%) were B-cell leukemia, 5 (11.9%) 
were T-cell leukemia and 5 (11.9%) showed a mixed phenotype expression of B- and T- cell markers. 
Eight samples (19%) remained unclassified, showing no lineage marker expression and 5 (11.9%) were 
of myeloid origin. Two samples (4.8%) showed NK like character. In 2 (4.8%) samples it was not 
possible to detect a specific pattern. 26 cases (61.9%) showed CD34 expression, and were classified as 
acute and the 16 (38.1%) negative cases were chronic leukemias. 
 
Conclusion 
These data provide interesting insight in the frequency and subtype of leukemias diagnosed in the area 
of Vienna and Lower Austria. 
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Introduction 
Lymphoma phenotype (B or T) has a prognostic value in dogs and could also become predictive of 
therapeutic response for specific targeted therapies. Phenotyping is performed either using 
immunohistochemistry (IHC) on tissue sections, or flow cytometry or immunocytochemistry (ICC) on 
cytologic specimens. But biopsies may be refused and flow cytometry and ICC are not everywhere 
available and/or standardized. We describe here a new technique for lymphoma phenotyping on 
cytologic specimens, using a process that makes these samples compatible with routine validated IHC 
techniques. 
 
Material and Methods 
10 dogs with IHC-phenotyped multicentric lymphoma were included. Fine needle aspirations were 
performed on enlarged lymph nodes. Specimens were immediately resuspended in 100µl isotonic 
saline solution and centrifuged to obtain cell pellet. One drop (20µl) of HistoGel™ (Richard-Allan 
Scientific™) previously liquefied by heating was added to each cell pellet and allowed to solidify by 
cooling at room temperature. Cell pellets in HistoGel were placed inside a histological cassette and 
processed as standard histological specimens: fixed in formalin, paraffin embedded and 
immunostained for CD3 and CD20 by routine IHC technique. 
 
Results 
Repeated aspirations (4/lymph node) were necessary to obtain enough cells for analysis. Lymphoma 
phenotype could be identified for each specimen in HistoGel and was in accordance with results 
obtained by IHC on biopsy sections. 
 
Conclusion 
This method, although not suitable for morphological analysis of cells, allows identification of 
lymphoid neoplastic cells and identification of their B or T phenotype by routine IHC techniques on 
fine-needle aspirates, without the need of a biopsy. 
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Introduction 
Multiple Myeloma (MM) represent <1% of all canine malignant tumours and 8% of all canine 
hematopoietic tumours. The aim of this study was to present epidemiological data of canine MM in 
Italy. 
 
Material and Methods 
The San Marco Veterinary Clinic data-base POA® system was searched between 2002-2014 for dogs 
diagnosed with MM (Group 1, n=65). Dogs presented within the same period were included as control 
(Group 2, n=47,873). Differences in sex, age, and body weight (BW) were compared between groups. 
Breed’s risk to develop MM was also evaluated. Overall prevalence, and prevalence compared to other 
malignant lymphoproliferative disorders (MLDs), was calculated. 
 
Results 
47,949 dogs were included in the study; 76 dogs (prevalent cases) were diagnosed with MM (overall 
prevalence 0.16%) and 65 dogs were incident cases. The total incident cases with MLDs (i.e., 
lymphoma, lymphoid leukaemia, and MM) were 546 dogs (MM prevalence among all MLDs was of 
11.9%). Dogs with MM were more likely female neutered (p=0.005) or intact male (p=0.024) compared 
to controls. There was a difference (p<0.0001) in age between Group 1 (median 124 months; range: 
68-145) and Group 2 (median 78 months; range: 0-203). There was a difference (p=0.0002) in BW 
between Group 1 (median 26.4 Kg; range: 3.7-52.0) and Group 2 (median 16.0 Kg; range: 0.1-84.0). 
Twenty-two different breeds were affected with MM with Giant Schnauzer at increased risk (p<0.0001; 
OR = 16.52; 95% CI 5.72–47.7). 
 
Conclusion 
Giant Schnauzer, female neutered, intact male, higher BW, and older dogs are at increased risk to be 
diagnosed with MM. 
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Introduction 
Immunophenotype is an established prognostic marker in canine chronic lymphocytic leukaemia and 
lymphoma. To the authors’ knowledge, there are no reports of its value in acute leukaemia (AL). The 
aim of this study was to determine the relationship between the immunophenotype and the survival 
time (ST) in canine AL. 
 
Material and Methods 
Dogs with AL (CD34+) were retrospectively included in this study and assigned to one of three groups 
according to the immunophenotype: acute lymphoblastic leukaemia (ALL), acute myeloid leukaemia 
(AML), and acute undifferentiated leukaemia (AUL). Log rank analysis was used to compare ST 
between these groups. In ALL dogs, the association between CD5, CD79a and CD90 expression and ST 
was also evaluated. Data are presented as median (interquartile range). 
 
Results 
Dogs with AUL tended to have longer ST (59 [2-61] days, n=4) than dogs with ALL (12 [2-25] days, n=16; 
P=0.056) and AML (3 [0-12] days, n=4; P=0.076). ST of dogs with ALL and AML was not significantly 
different (P=0.407). In addition, CD5+ ALL dogs tended to have a longer ST (13 [2-36] days, n=8) 
compared with CD5- ALL dogs (6 [1-14] days, n=8; P=0.074). There was no significant association 
between CD79a or CD90 expression and ST in dogs with ALL (P=0.230 and P=0.574 respectively). 
 
Conclusion 
The results of this pilot study suggest that immunophenotyping in cases of AL may have prognostic 
value, although the prognosis is invariably poor regardless of the immunophenotype. Further studies 
including higher numbers of patients, and accounting for differences in treatment, are warranted to 
confirm these findings. 
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Introduction 
The objective of the study is to evaluate a new questionnaire for obtaining owner-perceived quality-of-
life assessment for oncology patients during a chemotherapy protocol. 
 
Material and Methods 
The questionnaire was adapted from a multidimensional concept of assessing quality-of-life described 
in human and veterinary studies and was studied in 50 pets. Twenty of them (17 dogs, 3 cats) were 
diagnosed with cancer (lymphoma, mast cell tumour, soft tissue sarcoma, and others) and received 
chemotherapy. Thirty of them (15 dogs, 15 cats) were healthy control pets. 
Pet owners were asked first to provide a quality-of-life score with a visual analog scale (VAS). 
Afterwards, owners were asked to answer multiple-choice questions divided into 9 themes (behavior-
consciousness-mobility-pain-appetite-weight-hydration-hygiene-general health). A quality-of-life score 
was calculated (ranging from 0 to 60). 
 
Results 
Sixty quality-of-life questionnaires (30 in each group) were collected.  
A linear correlation was found between VAS and total calculated quality-of-life scores. 
Pets with cancer treated with chemotherapy had significantly lower VAS and calculated scores than 
healthy control pets, even if chemotherapy was well tolerated (no severe adverse event was reported 
by the veterinary staff). 
The questionnaire is able to detect a difference in quality-of-life assessment between two groups (pets 
with cancer and control pets) that have a significant difference in VAS score. 
 
Conclusion 
This study shows that collecting perception of pet owners concerning these 9 themes is relevant for 
veterinary cancer patients. The questionnaire and scoring method could be used for the follow up of 
pets receiving chemotherapy and may facilitate veterinary-client communication in the healthcare 
decision-making. 
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Introduction 
The dog is the only animal developing spontaneous prostate cancer with significant incidence showing 
a comparable disease progression and histopathology to the human disease. Although prostate cancer 
is of great importance in veterinary as well as comparative medicine, only few canine cell lines are 
available. Herein, we report the establishment and primary characterisation of a cell line derived from 
a canine prostate adenocarcinoma. 
 
Material and Methods 
The cell line DT08/46 was derived from a German rough-haired pointer with spontaneous prostate 
adenocarcinoma. The tumour tissue was minced, collagenase-digested and cultivated in medium 199. 
Total RNA was isolated from DT08/46 cell line, DT08/46 primary material, non-neoplastic tissue, and 
two further canine prostate cancer cell lines (CT1258: adenocarcinoma, DT08/40: transitional cell 
carcinoma). Gene expression of MYC, HMGA1 and HMGA2 was analysed by real-time PCR. Western 
blotting was performed to detect HMGA2. Cell proliferation was measured to determine if DT08/46 
has a proliferation comparable to CT1258 or DT08/40. 
 
Results 
The cells of DT08/46 grew quickly showing evidence of spontaneous immortalisation when crossing 
passage 20. DT08/46 actually exceeds passage 300. No changes in morphology and growth pattern 
occurred during cultivation. DT08/46 expresses high levels of HMGA2 and MYC while HMGA1 
expression remained low. In DT08/46 HMGA2 could also be detected by Western blotting. DT08/46 
showed increased proliferation compared to CT1258 and DT08/40. 
 
Conclusion 
We successfully established the cell line DT08/46. The cell line showed similar gene expression and 
growth behaviour compared to CT1258 and primary adenocarcinoma material. These characteristics 
make DT08/46 to a valuable complementary model for prostate cancer research. 
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Introduction 
The recommendation to treat canine lymphoma with a discontinuous protocol without maintenance 

phase is based on a relatively small number of cases. The aim of this study was to compare a 

discontinuous chemotherapy protocol to the same protocol with a maintenance phase regarding 

duration of first remission (DFR) and overall survival time (ST). 

Material and Methods 
410 dogs were treated with a CHOP-LAsp based induction protocol of 6 months duration. In the first 75 
dogs (Group 1) the induction protocol was followed by a maintenance-protocol consisting of 
Vincristine, Chlorambucil and Actinomycin D (total treatment duration two years). In the subsequent 
335 dogs therapy was discontinued after induction (Group 2). In incomplete and/or unstable remission 
Lomustin was used for intensification.   
 
Results 
85.3% (group 1) and 75.5% (group 2) of the patients reached a complete remission. The median DFR 

and median ST in group 1 versus group 2 was 216 and 375 days versus 184 and 304 days, respectively.  

6-month, 1-year and 2-year survival rates were 72% vs. 60%, 48% vs. 33%, and 20% vs. 17%. Statistical 

analysis revealed no significant difference between both treatment groups (ST p=0.291; DFR p= 0.071). 

On multivariate analysis corticosteroid pretreatment (p=0.005), thrombocytopenia at time of diagnosis 

(p=0,016), stage (p=0,009), substage at relapse (p<0.001), age (p=0.009), and incomplete or unstable 

remission during induction (p=0,016) were negatively correlated with overall ST in both groups. 

Conclusion 
This study did not detect any significant difference in DFR and ST between both protocols in a large 

study cohort and supports the use of a discontinuous protocol. 
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Introduction 
Neoplasic initiation and progression has been related with oxidative stress, since it acts as a genetic 
lesion agent, increasing mutations and leading to DNA damage, genome instability, cellular 
proliferation, increased survival and cell migration. Associated with the neoplasic existence, low 
concentrations of essential antioxidants are observed in the bloodstream. Paraoxonase 1 is a fast 
negative acute phase protein with antioxidant properties, thereby it is related to several diseases 
involving oxidative stress. 
The present study aimed to determinate the prognosis value of the PON1 variation in canine oncology. 
 
Material and Methods 
The studied sample consisted in 48 dogs, half of which belonged to the control group and the 
remaining were oncologic patients: 8 with lymphoma and 16 with mast cell tumour. In these animals 
we proceeded with the blood collection, after the diagnosis and before the beginning of any 
treatment. The value of PON1 activity in serum was determined by a spectrophotometric 
methodology, according to the adapted Tvarijonaviciute et al (2012) technique. Statistical analysis was 
done to compare the PON1 values in the different groups, as well as the survival function. 
 
Results 
The results revealed a decrease in PON1 value in the oncologic patients, which was more pronounced 
in the lymphoma patients. Significant differences were observed in the survival function results 
between animals with “Higher” and “Lower” PON1 values. 
 
Conclusion 
Although there are several prognostic factors in these tumours, the PON1 activity analysis can be 
beneficial and can help the owners with their decisions concerning the therapeutic approach of their 
pet. 
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Introduction 
In dogs, melanomas are one of the most frequently diagnosed malignancies of the oral cavity and 
account for 7% of all malignant canine tumors. These cancers present focal infiltration, recurrence, and 
metastasis to regional lymph nodes and share the same anatomical sites as humans. Moreover, the 
strong homologies in clinical presentation, morphology, and overall biology of melanomas in humans 
and dogs, make companion animals a good model to investigate tumor process from aetiology to 
tailored treatments. 
Many challenges have been identified in the past decade, among which, immune escape, and tumor 
dormancy. This is for example the case in the PDL-1/PD-1 interaction axis and its importance in 
melanoma, inducing immune escape and invasion through cytotoxic T lymphocyte blockade. 
 
Material and Methods 
Two groups of SCID/ Nude mice were subcutaneously injected with cancer cells extracted from 
surgically removed tumors. Tumor growth was monitored every 3 - 4 days and mice were euthanized 
when tumors reached 2cm3 volume, tumors cells were then extracted and cultured in flasks. We are 
also studying chromosomal copy number variation among isolated melanoma cell lines using CGH-
array studies. 
Also, cancer stem cells are being identified through a functionalized test battery. 
 
Results 
We recently developed two canine xenograft melanoma mouse models and canine derived melanoma 
cell lines, expressing immunoevasion markers and among which, a population of stem cells have been 
identified. 
 
Conclusion 
This promising results make a step forward in the validation of canine spontaneous tumors as good 
model to better drug development and give rise to new hope in cancer research. 
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Introduction 
Fibrosarcoma is characterised by predominantly aggressive growth, which contributes to a high local 
recurrence rate. In many cases standard surgical resection does not provide satisfying results. 
Radiotherapy is used as an additional method of the treatment in combination with radiosensibilizing 
low-dose chemotherapy in order to achieve the resectability of the tumor and prevent its early 
recurrence. 
 
Material and Methods 
The study was conducted on 57 cats with morphologically confirmed primary fibrosarcoma of the 
trunk. The animals were divided in four groups: surgery alone (n=16), preoperative irradiation (n=14), 
preoperative radiosensibilizing chemoradiotherapy (n=14), postoperative radiotherapy (n=13). The 
resection inclusion and tumor response evaluation criteria were tumor’s size, its mobility, possibility of 
the wound closure. All tumors, treated with radiotherapy or chemoradiotherapy, were assessed as 
non- or poorly resectable.  Conventional external-beam gamma-radiotherapy was administrated in a 
hypo-fractioned regimen  (5 Gy/fraction), two times a week, up to a total dose of 24-45 Gy. 
Carboplatin (50 mg/m2, i/v infusion, 40 min before radiotherapy session) was used as a radisesitizer. 
 
Results 
For the overall group, recurrence rate was 64,7%. Relapse-free survival (RFS) and overall survival (ОS) 
were 256±57 and 546±241 (days, respectively) for the group of surgical resection; preoperative 
irradiation – 186±33 RFS, 196±32 OS; preoperative radiosensibilizing chemoradiotherapy - 386±101 
RFS, 398±100 OS; postoperative radiotherapy - 96±25 RFS, 117±27 OS. 
 
Conclusion 
These data suggests that preoperative radiosesibilizing chemotherapy with Carboplatin increases the 
overal survival and relapse-free interval by two times in cats with primary non-resectable 
fibrosarcoma. The method can be used in combination with surgery in cats with locally advanced 
tumors. 
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Introduction 
Pain evaluation in companion animals is complex and challenging and there are few studies regarding 
cancer pain. The objective of this study was to investigate possible indicators of life quality and well-
being in canine oncologic patients throughout treatment using surveys and analysing serum activity of 
PON1 (paraoxonase type 1), a protein with antioxidant properties that has been linked to diseases 
where oxidative stress ensues. 
 
Material and Methods 
28 canine patients of both genders diagnosed as oncologic patients were studied throughout the time, 
being treated by chemotherapy (n=12), surgery (n=12) or both (n=3). In each visit the owners filled a 
quality of life survey regarding their pet. Pain was classified using the Glasgow Composite Pain Scale. 
Blood samples were drawn for PON1 analysis, which was performed, using a spectrophotometric 
technique by Tvarijonaviciute et al. (2012), adapted. 
 
Results 
The age of diagnosis was on average 9.9 ± 3.1 years. After one month the PON1 activity decreased in 
18 of the patients, but in the remaining 10, PON1 activity increased, what appeared to be positively 
correlated with the life quality score. 
Mobility scores were positively correlated with cardiovascular, respiratory, hygiene, pain and mental 
state scores. The mental state score was positively correlated with the happiness score. As expected, 
pain has a negative correlation with life quality. 
 
Conclusion 
These results suggest that the quality of life surveys, the PON1 activity analysis and the Glasgow 
Composite Pain Scale can be helpful parameters that can facilitate treatment decisions and are worth 
of continued investigation. 
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Introduction 
Carboplatin is commonly used to treat canine cancer. It has immunosuppressive and nephrotoxic 
potential due to renal excretion. Optimal dosaging requires glomerular filtration rate measurement, 
something not always feasible in the clinical setting. The objective of this study was to describe the 
toxicity profile in carboplatin treated dogs and determine parameters predicting toxicity risk. 
 
Material and Methods 
Records of client-owned spontaneous cancer-bearing dogs treated with carboplatin at the RVC from 
2008-2013 were reviewed retrospectively. Prevalence of gastrointestinal, haematological and urinary 
toxicity was assessed according to the VCOG-CTCAE v1.1. Repeated measures linear model was used to 
assess effect of USG, urea, creatinine, age, weight and use of NSAIDS or anti-emetics on adverse event 
prevalence. 
 
Results 
74 dogs were included with total of 233 carboplatin doses, average 3 doses (range 1-8). Intended first 
dose was 300 mg/m2 with 29% subsequent dose reduction. Prevalence of toxicity and grade III–V 
adverse events per treatment were: 33% and 3,5% for gastrointestinal toxicity, 52% and 21% for 
neutropenia at nadir, 50% and 10% for thrombocytopenia at nadir, 22% and 2,6% for neutropenia at 
day 21, 4,3% and 1,6% for thrombocytopenia at day 21. Prevalence of grade V adverse events was 
5,5%. Of all analysed factors, USG predicted risk of neutropenia (p=0,048) and thrombocytopenia 
(p=0,015) at day 21; creatinine predicted neutropenia at nadir (p=0,011); increasing weight correlated 
with lower gastrointestinal toxicity risk (p=0.016). 
 
Conclusion 
Carboplatin has a high adverse events rate. USG could be used to predict delayed hematologic toxicity 
and minimize treatment delays. 
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Introduction 
Claudin-proteins are a structural and functional part of epithelial tight junctions performing connection 
of adjacent cells, sealing intercellular space and maintaining homeostasis via facilitation of diffusion for 
selected solubles. Immunohistochemical studies on canine tissue revealed specific deregulations of 
canine Claudin-proteins in canine mammary tumor samples. Luminex bead technology allows 
simultaneous detection of several targets within one sample. Herein we analysed the expression of 
Claudin-genes-1, -3, -4 and -7 relative to reference genes in 119 canine mammary RNAs of different 
sources. Further the results were compared to conventional and quantitative PCR. 
 
Material and Methods 
Canine mammary tissues: 16 non-neoplastic tissue samples, 44 benign neoplasia samples, 59 
malignant neoplasia samples. RNA isolation, cDNA synthesis, PCR analyses, qPCRs analyses, Luminex 
analyses, according to the manufacturers instructions. 
 
Results 
Claudin-gene-expression was analysed for all samples by Luminex technology. The results demonstrate 
that the branched DNA signal amplification combined with multi-analyte profiling bead technology is a 
stable method for gene-expression analyses. Comparative evaluation to qPCR showed that Luminex 
technology allows stable detection of the targets. 
 
Conclusion 
Luminex technology offers the possibility of simultaneaous expression analyses of multiple targets as 
e.g. Claudins. Simultaneous detection possibility reduces handling variances allowing detailed 
characterisation of multipel targets in limited material sources. 
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Introduction 
Intraoperative frozen section is used by surgeons to obtain information on the nature of the tumors, to 
help decision making about free surgical margins or surgical technique and the presence of 
metastases. 
 
Material and Methods 
Intraoperative frozen section of three dogs with endocrine neoplasias was performed. Case1: 
insulinoma; 11 years female, Bichon frisé, 5.9 kg. Case 2: bilateral thyroid carcinoma; 16 years female, 
Lhasa apso, 8.6 kg, Case 3: parathyroid adenoma; 9 years female, Maltese, 8 kg. 
 
Results 
Insulinoma with hepatic metastases was confirmed with a poor prognostic value. Microscopically these 
neoplasms have a lobular and solid form, of carcinoma cells, that display moderate nuclear 
pleomorphism and staining, that was confirmed in routine sections. The hepatic nodules were not 
visible at ultrasound neither computed tomography. 
 
Conclusion 
The association of intraoperative frozen section of endocrine neoplasias was useful to guide successful 
decision making by the surgeon.   
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Introduction 
With an incidence of 200 per 100.000 individuals lymphoma is the most common hematopoietic 
neoplasia in cats. Evaluation of a fine needle aspirate is often the first step in the diagnostic work-up. 
Diagnostic classification of infiltrates consisting of well differentiated small lymphoid cells is often 
challenging and the differentiation between a resident mature lymphocyte population and small cell 
lymphoma cannot be made by cytology alone. These cases warrant the application of complementary 
tools like PCR-based immunoglobulin and T-cell receptor clonality testing (PARR) for confirmation. In 
this study, we evaluated diagnostic sensitivity and specificity of the PARR assay with specified primer 
sets for routine diagnosis of feline TCR gamma (TCRG) and complete IG heavy chain (IGH) V-J gene 
rearrangements. 
 
Material and Methods 
Cytology samples from 20 histologically confirmed feline lymphoma cases were evaluated. Lymph 
node material from 10 cats without hematopoietic neoplasia served as negative controls. The feline 
lymphoma cell lines MS4 and FT-1 and histologically confirmed patient material were used as positive 
controls. To assess clonality, different primer sets were compared in triplicate PCRs followed by size 
separation of the PCR products by capillary electrophoresis. 
 
Results 
Diagnostic sensitivity and specificity of the assay were 84% and 89%, respectively. Overall diagnostic 
accuracy was 86%, the PPV 94% and the NPV 72%. 
 
Conclusion 
The PARR clonality assay differentiates between a monoclonal and a polyclonal lymphoid population 
and can be used as a reliable complementary tool for the confirmation of feline lymphoma. 
Nevertheless, present data are only valid for these particular primer sets used in this study. 
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Introduction 
Lymphomas are a heterogeneous group of malignancies, representing 83% of all canine hematopoietic 
tumors. Canine lymphoma requires prompt chemotherapy but cure is rarely achieved. There is a 
pressing need to develop novel therapeutic strategies. Recently, we demonstrated the strong potential 
of rabbit derived antibody fragments for diagnosis and therapeutic applications against human 
diseases. In the present study, we exploit the properties of these molecules in this field. 
 
Material and Methods 
A canine lymphoma biobank was constructed from lymph nodes collected from dogs followed at FMV 
Teaching Hospital. Three rabbits were immunized with primary cells obtained from biobank. Immune 
response was monitored by serum analysis. Final bleeds were analyzed for binding to canine 
lymphoma cell lines by ELISA and FACS. In order to validate potential targets for immunotherapy 
recognized by antibodies presented in rabbits serum, experiments were performed by ELISA, SDS-
PAGE and Western Blot. Considering the similarities between the human and canine lymphoma, CD20 
expression and rabbit serum binding activity against CD20 were evaluated. 
 
Results 
Rabbits presented a specific immune response against primary canine lymphoma cells and CLBL-1. 
Binding activity of polyclonal sera against total protein extracts were analyzed and potential receptors 
were identified. Moreover, results showed a high CD20 expression in canine lymphoma primary cells 
and CLBL-1, validating this receptor as a potential cancer target and the presence of a significant anti-
CD20 antibody titer in rabbit polyclonal sera. 
 
Conclusion 
Using rabbit derived antibody library and a phage display screening, we aim to select engineered 
recombinant antibody fragments against canine lymphoma antigens for diagnosis and treatment. 
 
 
 
 
 
 
 
 
 
 



- 98 - 
ESVONC, Krakow 2015 

Expression analyses of cancer associated genes in canine prostatic neoplasias 
 
Siegfried Wagner1, Hugo Murua Escobar2, Ingo Nolte1 

 
1University of Veterinary Medicine Hannover; Foundation; Small Animal Clinic; Buenteweg 9; 30559 Hannover, Germany  
2Division of Medicine; Dept. of Haematology/Oncology; University of Rostock; Ernst-Heydemann-Straße 7; 18057 Rostock, 
Germany 

 
siegfried.wagner@tiho-hannover.de 
 
 
 
Introduction 
Prostate cancer is a polygenic, morphologically heterogeneous malignancy occurring spontaneously in 
man and dog. Owing to the very aggressive biological behavior and diagnosis at an advanced disease 
stage most of the pet dogs die within one year after diagnosis. Thus detection of reliable prostate 
cancer biomarkers is of major interest. 
Herein we measured the expression of six genes, which are commonly deregulated in a variety of 
human cancers, within 11 canine prostatic samples.  
 
 
Material and Methods 
RNA was isolated from 11 prostatic samples (three non-neoplastic, four hypoplasia and four malignant 
tissues). Transcripts of MAPK1, PIK3CA, PTEN, HMGB1, HMGA2 and IL6 were quantified relative to 
ACTB by real-time PCR using 5-25 ng total RNA per reaction. 
 
Results 
HMGA2 was highest in the adenocarcinomas. HMGB1 levels were lowest in the malignant samples. 
MAPK1 presented as well lowest levels in the malignant tissues. IL6 and PIK3CA were barely detectible. 
PTEN expression was variable within each sample group. 
 
Conclusion 
MAPK1 and HMGB1 screening revealed a significantly lower expression in the malignant tissues 

whereas in human prostatic carcinomas higher activities were described, indicating that these markers 

are not comparable between man and dog. HMGA2 was significantly higher expressed in all 

adenocarcinomas matching our previous results. PTEN and the barely detectible IL6 and PIK3CA on the 

other hand appear not to correlate with canine prostate cancer. 
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Introduction 
Total prostatectomy for prostatic tumors may be followed by many complications, including urinary 
incontinence. The goal here is to report total prostatectomy for prostatic carcinoma without urinary 
incontinence as a long term complications in two dogs. 
 
Material and Methods 
Tumor staging consisted of blood work, urine examination, cardiologic examination, ultrasound guide 
FNAB of the prostate and cytology and total body TC. Total prostatectomy was performed through a 
caudal ventral midline celiotomy and bilateral pubic osteotomy to increase exposure. A urethral 
catheter was maintained in place during all the procedure. Attention was driven to spare the 
neurovascular supply to the bladder. The urethra was transected caudal and cranial to the prostate, 
and the catheter advanced across the defect into the bladder. The urethra was anastomosed with 
simple interrupted sutures using a 4-0 monofilament absorbable suture material. A urinary catheter 
was maintained postoperatively for seven days. 
 
Results 
There were no major intraoperative complications and surgical times was 120 and 140 minutes 
respectively. Post operative complications included prepubic herniation in one dog that was repaired 
with a polypropylene mesh. No urinary incontinence was reported both in short and long term follow 
up. Histopatology reported prostatic carcinoma with clean excision margins. 
At the moment the two dogs are alive and disease free after 1120 and 912 days. Respectively being 
also clinically continent. 
 
Conclusion 
Total prostatectomy is feasible for well confined (T1,T2 and N0) prostatic carcinoma in selected 
patients. Urinary incontinence may not be a concern in these cases. 
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Introduction 
Equine Sarcoids are caused by bovine papillomavirus 1 and 2 (BPV1/2). There is general consensus 
among experts that the disease is spread from equid to equid. The basis for this understanding is the 
existence of horse-specific variants of BPV1. In the face of a sarcoid outbreak in a donkey herd in 
northern Italy it was hypothesised that the disease was introduced into the herd by one or a few 
animals. 
 
Material and Methods 
A total of 26 samples (tumour tissue, tumour swabs, hair roots from adjacent to the tumour) were 
collected from 10 sarcoid-bearing and 24 clinically unaffected donkeys out of a herd of 111 donkeys. 
After DNA purification and successful β-actin PCR, DNA isolates were screened for the presence of 
BPV1/2 E2, LCR and E5 sequences. The resulting amplicons were subjected to sequencing and BLAST 
analysis. 
 
Results 
All sarcoid-bearing donkeys scored positive for BPV1/2 DNA whereas all samples from clinically 
unaffected animals tested negative. Bidirectional sequencing yielded 6 LCR, 11 E2 and 8 E5 sequences 
of sufficient quality for subsequent BLAST alignment. The latter revealed that donkeys were infected 
by different, and predominantly horse-type BPV1 variants and in one case by BPV2. Two samples from 
one donkey harboured different horse-type BPV1 variants. 
 
Conclusion 
Obtained data led to the conclusion that a common source of infection was unlikely. Consequently, the 
disease situation in the investigated herd could not be classified as a true sarcoid outbreak. It seems 
more likely that donkeys were already BPV-infected before being introduced into the herd. 
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Introduction 
No updates for canine peripheral nerve sheaths tumor (PNST) appeared in recent literature. The aim of 
this study was to evaluate the correlation between clinical aspects and MRI findings of tumors 
involving a major peripheral nerve, plexus or root and to determine the survival time in dogs treated 
with palliation, surgery or stereotactic radiotherapy (SRT). 
 
Material and Methods 
Records of dogs with PNST evaluated from 2000 to 2014 were reviewed to determine signalment, 
duration of clinical signs, neurological examination, MRI features, treatment option (palliation, 
surgery, stereotactic hypo fractionated radiotherapy). Time to first event, survival times and statistical 
differences across categories were calculated by the Kaplan-Meier product limit method and log-rank 
test. 
 
Results 
Forty-seven dogs (median age 9 years, male:female ratio 1.76) were included, with Labrador retriever 
overrepresented (17%). Roots lesions were the most frequent (46.8%), with C5-T1, V nerve and left 
side more involved (25.5%, 19.1% and 61.7%). Presenting sings were lameness, paresis and pain. Mean 
duration of clinical signs was 90 days. MRI findings comprises increased diameter, hyper intense and 
contrast enhancing nerve roots (57.1%), plexus or peripheral nerve (42.9%), focal hypomiotropy and 
muscle hyper intensity (73%). The time to first event was 30 days after surgery and 240 days after SRT. 
Overall mean survival was 97, 144 and 371 days with palliation, surgery and SRT. 
 
Conclusion 
A predilection for Labrador retriever is observed. Comparing our results with published data, SRT seem 
to promise better results than palliation or surgery and warrant further evaluation. 
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Introduction 
Both ethical and economical considerations raise the possibility to insert two or more (4, 6 ...) different 
xenografts into the same host animal and to use these multiple xenograft modells for 
radiopharmaceutical investigations. 
 
Material and Methods 
Five-six weeks old (18-22 gramm weight) Nude mice (BALB-C nu/nu) altogether over 100 were used for 
the xenograft inoculations. Xenografts were inoculated either as simple cell-line suspensions (107 
cells/0.1ml) or as pre-cultured them into an in-laboratory developed biodegradable matrix scaffold. 
Different cancer cell lines (MKN-45, A431, C6) and tumorigen non-cancer cell lines (mesenchymal 
originated stem cells, fibrocytes) were used to develope the novel models. Non-specific (18FDG, 
99mTc MIBI) and specific (68Ga, 177Lu, 99mTc-labelled receptor-affin analogues) tumor targeting 
agents were injected intravenously into mice and standard biodistribution studies SPECT/CT and 
PET/CT image were done at different time postapplications. 
 
Results 
There were slight but not significant differencies between 18FDG and 99mTcMIBI uptakes (SUV) by 
non-malignant laesions and the malignant xenografts. However we were able to detect significant 1.4-
2.1 times higher uptakes in target (over) expressing malignant xenografts compared to target non-
expressing laesions after injecting specific radiopharmaceuticals (MoAbs, specific peptides). 
 
Conclusion 
Using our multiple xenograft modells we could significantly reduce the number of Nude mice in 
radiopharmaceutical tests. Beside the regular data (major excretory organ uptakes, blood clearance, 
tumor uptake, mean residency times, calculated internal dosimetry) the most valuable data we believe 
it could be obtained from multiple xenograft modells is the comparative data eg.: specific vs non-
specific tumor uptakes and cancer vs non-cancer mass uptakes in the same host organism. 
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Introduction 
The actual problem in cancer treatment is maintaining a long-term, safe and easily obtained vascular 
access. One of the most effective ways to achieve it is an implantation of central venous ports. The 
study was aimed to evaluate optimal surgical technique, efficacy and possible complications of the use 
of totally implantable intravenous access devices. 
 
Material and Methods 
15 dogs with osteosarcoma (n=13), lymphoma (n=1) and advanced urinary bladder cancer (n=1) 
requiring multiple cycles of chemotherapy which were undergoing placement of totally implantable 
venous ports (Celestine®, B.Braun) over 4 years (2010-2014) were studied. The surgical procedure 
included catheterization of external jugular vein using Seldinger technique followed by subcutaneous 
pocket creation, port attachment to the catheter with fixation, and closure of the pocket. 
 
Results 
The follow-up period for evaluating the venous port ranged from 60 to 540 days. Early complications 
included one instance of  port thrombosis. Late complications comprised one case of catheter rapture 
and its migration without any further aggravation. 
 
Conclusion 
According to the present study, totally implantable venous access ports could be used for patients 
treated with multiple cycles of chemotherapy and may improve quality of life. These data support their 
prospective use in oncologic veterinary practice. 
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