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Welcome from the Organizing Committee

Lugano, June 22nd, 2013

Dear colleagues,
humans and dogs share many heritable and environmental risk factors and are prone to the same
types of cancers, with comparable clinical-pathological aspects. Ethical issues, shorter survival and
remission times in dogs compared to humans, a broad genetic background and their size, elect dogs
with spontaneous cancers as an appropriate tool for pathogenetic and therapeutic studies including
anticancer drug development. This particularly applies to lymphoma, which is the most diffuse
hematopoietic tumor in dogs and whose prevalence, risk factors, subtypes and clinical presentation
share many similarities with human non-Hodgkin lymphoma.
We wish to acknowledge the kind invitation of 12th ICML congress organisators to join with the
present satellite workshop. This can be interpreted as a sign of the potential interest towards canine
lymphoma as a comparative model. To take advantage of, and to further develop this model common
efforts and strategies are warranted. Also, there is the urgent need to standardize staging work-up
and treatment protocols among veterinary oncologists to enable more insight into the biological
mechanisms in specific disease entities, ultimately aiding in the development of treatment strategies,
which are specifically tailored to the characteristics of the disease. The creation of the European
Canine Lymphoma Network (www.eu-can-lymph.net), born in 2009 and now linking more than 70
researchers from 25 European institutions involved in research and cure of canine lymphoma, has
been a first significant step. The present workshop shall be the next.
The workshop is divided in three major sessions (pathogenesis, diagnosis and therapy) with a series
of invited lectures focused on the state of the art on different aspects of canine lymphoma, with
comparison with the human counterparts. We expect that the ensuing discussion will unveil hot
issues, foster the development of common strategies, establish diagnostic and therapeutic guidelines,
and reinforce collaboration within the network. In addition, a poster session with studies on various
other topics wll provide further material for discussions.
Enjoy the workshop!

The organizing committee,

Stefano Comazzi, Laura Marconato and Franco Guscetti
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Programme
12:45

WELCOME AND INTRODUCTION
Stefano Comazzi, Franco Guscetti, Laura Marconato

13:00-14:50

SESSION ON PATHOGENESIS
Chairs: Hugo Murua Escobar, Franco Guscetti

13:00-13:15

Comparative transcriptional analysis of canine and human Diffuse Large B Cell
Lymphoma (DLBCL). Molecular signatures of NF-κB activation and subclassification of DLBCL, Ted Hupp, UK-Edinburgh

13:15-13:30

Apoptosis in human and canine lymphoma: the Bcl-2 family of proteins, Franco
Guscetti, CH-Zurich

13:30-13:45

Proliferation index (Ki67 and s-phase) in human and canine lymphoma, Fulvio
Riondato, I-Turin

13:45-14:00

Role of canine lymphoma cell lines in research: comparison with human lines,
Barbara Ruetgen, A-Vienna

14:00-14:15

The role of MMP, VEGF and PDGF in canine lymphomas, Luca Aresu, I-Padua

14:15-14:55

General Discussion

14:55 – 15:40

COFFEE-BREAK AND POSTER VIEWING

15:40-16:50

SESSION ON DIAGNOSIS AND CLASSIFICATION
Chairs: Frédérique Ponce, Stefano Comazzi

15:40-15:55

Cytology in classification and therapy of canine lymphomas, Frédérique Ponce, FLyon

15:55-16:10

Flow cytometric immunophenotyping: how could it assist in lymphoma diagnosis
and management? Stefano Comazzi, I-Milan

16:10-16:25

Classification and prognosis algorithms in canine lymphoma: Are we getting
there? Joaquim Henriques, P-Lisboa

16:25-16:50

General Discussion

16:50-18:00

SESSION ON THERAPY
Chairs: T. Hupp, L. Marconato

16:50-17:05

Role of immunotherapy in canine lymphoma: shaping the future? Laura
Marconato, I-Bologna

17:05-17:20

Role of radiation therapy in canine non-Hodgkin lymphoma, Julia Buchholz, CHHünenberg

17:20-17:35

Role of surgery in the management of canine lymphoma: the example of splenic
lymphoma, Damiano Stefanello, I-Milan

17:35-18:00

General Discussion

18:00

END OF WORKS AND TAKE-HOME MESSAGE
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Abstracts of invited lectures
SESSION ON PATHOGENESIS
Chairs: Hugo Murua Escobar, Franco Guscetti

01 Comparative Transcriptional Analysis of Canine and Human Diffuse Large B Cell Lymphoma
(DLBCL). Molecular Signatures of NF-κB Activation and Sub-Classification of DLBCL
Ted Hupp
Edinburgh Cancer Research UK Centre, Edinburgh, United Kingdom
E-mail: Ted.Hupp@ed.ac.uk
Hupp T.1, Mudaliar, M.A.V.2, Haggart, R.D.2, Miele, G.3, Sellar, G.3, Tan, K.A.L.4, Goodlad, J.R.5, Milne,
E.4, Vail, D.M.6, Kurzman, I.6, Crowther, D.3, and Argyle D.J.4
1

Edinburgh Cancer Research UK Centre, Edinburgh EH4 2XR, UK; 2Translational Medicine Research
Collaboration, Ninewells Hospital, University of Dundee, Dundee DD1 9SY, UK; 3Pfizer Inc, Translational
Medicine Research Collaboration, Ninewells Hospital, Dundee DD1 9SY, UK; 4Royal (Dick) School of
Veterinary Studies and Roslin Institute, University of Edinburgh, Easter Bush, Midlothian EH25 9RG, UK;
4
Western General Hospital, Department of Pathology, University of Edinburgh, UK; 6University of WisconsinMadison School of Veterinary Medicine, University of Wisconsin-Madison, Madison, USA
We present the first comparison of global transcriptional changes in canine and human diffuse large
B-cell lymphoma (DLBCL), with particular reference to the nuclear factor-kappa B (NF-κB) pathway.
Microarray data generated from canine DLBCL and normal lymph nodes were used for differential
expression, co-expression and pathway analyses, and compared with analysis of microarray data
from human healthy and DLBCL lymph nodes. The comparisons at gene level were performed by
mapping the probesets in canine microarrays to orthologous genes in humans and vice versa. A
considerable number of differentially expressed genes between canine lymphoma and healthy lymph
node samples were also found differentially expressed between human DLBCL and healthy lymph
node samples. Principal component analysis using a literature derived NF-κB target gene set mapped
to orthologous canine array probesets and human array probesets clearly separated the healthy and
cancer samples in both datasets. The analysis demonstrated that for both human and canine DLBCL
there is activation of the NF-κB/p65 canonical pathway, indicating that canine lymphoma could be
used as a model to study NF-κB-targeted therapeutics for human lymphoma. The model was further
validated by identification of molecular signatures sub-classifying canine DLBCL into activated Bcell-like (ABC) or germinal centre B-cell-like (GCB) types.
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02 Apoptosis in human and canine lymphoma: the Bcl-2 family of proteins
Franco Guscetti
Institute of Veterinary Pathology, Vetsuisse Faculty, University of Zurich, Zurich, Switzerland
E-mail: franco.guscetti@vetpath.uzh.ch
Deregulated apoptosis contributes to malignant transformation and progression and to the
development of resistance to therapy. Intrinsic apoptosis has a main protective role against the
establishment of neoplastic cell clones. The Bcl-2 family exerts a central function in this pathway by
regulating the integrity of the outer mitochondrial membrane and the efflux of pro-apoptotic factors
such as cytochrome c from the mitochondria into the cytosol. This results from the mainly
stoichiometric interplay of three subgroups, i.e. the anti-apoptotic members (prototype: Bcl-2), the
multidomain pro-apoptotic members (Bax, Bak) and the BH3-only proteins, which can act either as
sensitizers or as activators.
Since the initial discovery of the oncogenic properties of Bcl-2 in human follicular lymphoma an
ample body of basic research studies involving lymphoid cell lines and murine tumor models has
implicated the involvement of members of the Bcl-2 family of proteins in lymphomagenesis. Three
potential blocks have been postulated, including absence or loss of function of activator BH3-only
proteins, or of Bax/Bak, and overexpression of anti-apoptotic members. Further, the status of
mitochondrial priming, which can be functionally assessed using BH3-peptides, has been shown to
predict response to therapy as a result of the relative abundance of Bcl-2 family members in the cell.
Recently, the potential of this protein family as a therapeutic target has emerged with the
development and current testing in clinical phase I/II trails of small molecule inhibitors of antiapoptotic Bcl-2 proteins. They partly showed efficacy as single agents, e.g. for the treatment of CLL.
At the sequence level, canine Bcl-2 family proteins display high levels of homology with their human
counterparts especially at the BH-domains where they show almost 100% identity. Rare preliminary
reports of use of such inhibitors in dogs with tumors are available, albeit this has not been reported
yet with lymphoma.
In canine lymphoma, the Bcl-2 family of proteins has received little attention so far. Our approach is
to develop immunohistochemical methods for Bcl-2 proteins in biopsies collected for histopathology
with the intent of establishing, in the mid-term, predictive markers. Previous immunohistochemical
studies of human lymphoma were based on the combined assessment of Bcl-2 family members
variably including Bcl-2, Bcl-x, Mcl-1, Bax and Bak; while it was early shown that overexpression of
Bcl-2 was associated with worse prognosis, data on prognostic significance were inconsistent for the
remaining proteins. This may be due to the heterogeneity of the cases studied. A recent work has
found a significantly higher apoptotic activity and expression of pro-apoptotic Bcl-2 members in
human tumors with a germinal center vs. non-germinal center B-like profile. We have carried out
immunohistochemistry using tissue arrays containing over 80 classified, archival canine lymphoma
samples. We put much emphasis on antibody validation using recombinant proteins, normal canine
tissues and western blots. So far, we have analysed the expression of the Bcl-2 family members Mcl-1
and Bcl-x, Bak and Bax, and the BH3-only protein Bad in this material. These proteins were found to
be frequently and variably expressed across lymphoma immunophenotypes and subtypes. B-cell
neoplasms significantly expressed more Mcl-1 than T-cell tumors. Bak and Bax were frequently
expressed. Interestingly, the expression of Bax was significantly positively correlated with the
percentage of cleaved caspase-3 positive apoptotic cells, indicating an association with the apoptotic
activity of the tumors.
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Selected References
Bai M, Skyrlas A, Agnantis NJ, Kamina S, et al. Diffuse large B-cell lymphomas with germinal center B-celllike differentiation immunophenotypic profile are associated with high apoptotic index, high expression of the
proapoptotic proteins bax, bak and bid and low expression of the antiapoptotic protein bcl-xl. Mod Pathol.
2004 Jul;17(7):847-56.
Dettwiler M, Croci M, Vaughan L, Guscetti F. Immunohistochemical Expression Study of Proapoptotic
BH3-Only Protein Bad in Canine Nonneoplastic Tissues and Canine Lymphomas. Vet Pathol. 2013 Feb 15.
[Epub ahead of print]
Letai AG. Diagnosing and exploiting cancer's addiction to blocks in apoptosis. Nat Rev Cancer. 2008
Feb;8(2):121-32.
Ni Chonghaile T, Sarosiek KA, Vo TT, et al. Pretreatment mitochondrial priming correlates with clinical
response to cytotoxic chemotherapy. Science. 2011 Nov 25;334(6059):1129-33.
Youle RJ, Strasser A. The BCL-2 protein family: opposing activities that mediate cell death. Nat Rev Mol
Cell Biol. 2008 Jan;9(1):47-59.

03 Proliferation index (Ki67 and s-phase) in human and canine lymphoma
Fulvio Riondato
Dept. of Veterinary Sciences, University of Torino, Italy
E-mail: fulvio.riondato@unito.it
Both s-phase fraction (SPF) and Ki67 index (Ki67) correlate with tumor grading of human nonHodgkin lymphoma (NHL) and cut-off values to discriminate between aggressive and indolent forms
have been suggested. Most importantly, both indexes present independent prognostic significance.
However, contradictory results have been reported especially concerning Ki67. This is due in part to
the heterogeneity of Ki67 and SPF values between and among different NHL histotypes. Other factors
accounting for the contrasting results are the differences in the cut-off values adopted and in the
method of Ki67 evaluation. More recently both indexes have been studied in specific lymphoma
entities demonstrating the need for a different interpretation in relation to the histotype of NHL.
These studies showed that a low Ki67 was associated to a worse prognosis in DLBCL and to a better
prognosis in indolent NHL. Similarly, a better prognosis has been linked to a lower SPF in indolent
lymphomas and to a higher SPF in aggressive lymphomas using different specific threshold values.
Moreover, there is evidence of improved efficacy of the IPI (International Prognostic Index) score
when combined with Ki67 evaluation. In patients affected by DLBCL and presenting with low or
intermediate IPI score, a higher overall survival has been highlighted for Ki67 <70% and <75%,
respectively; in mantle cell lymphoma a combined biological index (MIPIb) adding Ki67 to the MIPI
(Mantle Cell Lymphoma IPI) score was useful to stratify patients into different risk groups.
Very few studies have been carried out on the assessment of SPF and Ki67 in canine lymphoma, and
similarities with the human counterpart have been found. In a study by Teske, SPF varied among the
different canine lymphoma entities but didn’t show diagnostic or prognostic significance. In dogs,
like in humans, Ki67 resulted as a very good indicator of grade of malignancy: in a study by FournelFleury, 21% was identified as the cut-off value being able to discriminate between low- and highgrade NHL (the cut-off was reduced to 10% if mycosis fungoides cases were excluded). In this study
Ki67 varied significantly among subtypes with marginal zone lymphoma (MZL) presenting the
lowest index (3%). However, a certain degree of heterogeneity within each type was reported. In a
recent study on canine indolent lymphomas, Flood-Knapik described significantly different Ki67
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indexes in follicular lymphoma compared to marginal zone lymphoma, and hypothesized that Ki67
might be useful in detecting more aggressive MZL.
Our preliminary flow cytometric data confirm that both SPF and Ki67 are very good markers to
differentiate between low-grade and high-grade lymphomas (cut-off values of 3,9% and 12%,
respectively); furthermore, Ki67 may have prognostic significance in DLBCL, with a better outcome
associated to intermediate values (20-40%). However, a much larger series is necessary to get reliable
results, considering the very low incidence of some NHL subtypes in dogs. Moreover, combining
flow cytometric determination of cell size (FSC), immunophenotype, proliferative activity (Ki67) and
apoptotic activity (Annexin-V) ,we developed a scheme to help in classifying different entities. Thus,
flow cytometric analysis of SPF and Ki67 are useful in stratifying canine lymphoma cases according
to biological behaviour. Further studies are warranted to confirm their utility as prognostic indicators
in canine NHLs and to define their role in characterizing specific entities for comparative studies.
Selected References:
Duque et al. Cytometry 1993;14: 492-496
Lackowska et al. Pol J Pathol 2012; 1:18-24
Broyde et al. Am J Hematol 2009; 84:338-343
Teske et al. Exp Hematol 1993; 21:579-584
Fournel-Fleury et al. J Comp Pathol 1997; 117:61-72
Flood-Knapik et al. Vet Comp Oncol 2012 (epub ahead of print)

04 Role of canine lymphoma cell lines in research - comparison with human lines
Barbara Rütgen
Clinical Pathology, Department of Pathobiology, University of Veterinary Medicine Vienna, 1210
Vienna, Austria
E-mail: barbara.ruetgen@vetmeduni.ac.at
Since the 50ies of the last century cell lines serve as worldwide used tools for in vitro and in vivo
studies. Stable well characterised cell lines ensure stable and reproducible experimental conditions
throughout a research project and are used for preclinical drug testing, antigen production,
development of animal models, basic research on tumorigenesis and for quality control in diagnostic
testing.
Establishment of leukemia/lymphoma cell lines is known to be difficult. Given the small amounts of
sample material available and the lack of specific growth factors for optimal cell culture conditions
the establishment of cell lines in veterinary medicine is particularly challenging. Nevertheless, also in
humans success rates for the establishment of leukemia/lymphoma cell lines are poor. In humans,
liquid sample material such as peripheral blood and pleural effusions show the highest success rate
with 48% and 13%, respectively, whereas out of solid lymph node materials the success rate is only
3%. Approximately 1500 hematopoietic neoplastic cell lines have been described. Many of them were
developed before the ‘genomics revolution’; thus their characterisation is often based solely on their
clinical origin in combination with immunophenotyping analysis.
In veterinary medicine only a few canine lymphoma/leukaemia cell lines are described and even a
smaller number is well characterized. The first canine cell lines were established in the late 1980ies
and early 1990ies and more recently in 2007, 2010 and 2013. Most of the well described cell lines, as in
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humans, were established from effusion material or whole blood. One lymphoma cell line has been
established from lymph node material and only two, OSW and CLBL-1, have been characterized in
detail at the genomic level. The OSW cell line is characterized as T-cell line out of a peripheral T-cell
lymphoma, whereas the CLBL-1 cell line is a B-cell line derived from a Diffuse Large Cell Lymphoma.
As tools enabling genomic characterization are now available, previously established canine
hematopoietic cell lines are revisited. Generation of a genotypic and phenotypic profile for each cell
line is important to ensure its usefulness as in vitro and in vivo models of lymphoid neoplasia and for
the development of adequate animal models for equivalent human disease entities.
Canine haematopoietic malignancies are highly comparable with their human counterparts with
regard to clinical presentation, tumour biology and response to therapy. Dogs share evolutionarily
conserved chromosome aberrations and mutations within key oncogenes, indicative of common
pathogenesis mechanisms. Moreover dogs have also been sharing their environment with humans for
thousands of years and are outbred individuals, which makes canine lymphoma a suitable large
animal model in comparative medicine. These facts make also canine lymphoma cell lines valuable
for canine and furthermore for comparative medicine.
In humans, as well as in dogs, these cell lines represent important tools providing repeatable and
reproducible results and, after sufficient characterization, these cell lines have the potential to be
representative for several aspects of the respective diseases.
Selected References:
Seiser EL, Thomas R, Richards KL, Kathryn Kelley M, Moore P, Suter SE, Breen M. Reading between the
lines: molecular characterization of five widely used canine lymphoid tumour cell lines. Vet. Comp. Onc.
2011;11,1:30–50.
Kisseberth WC, Nadella MVP, Breen M, Thomas R, Duke SE, Murahari S, Carrie E. Kosarek CE, Vernau W,
Avery AC, Burkhard MJ, Rosol TJ. A novel canine lymphoma cell line: a translational and comparative model
for lymphoma research. Leuk. Res. 2007;31:1709–20.
Rütgen BC, Hammer SE, Gerner W, Christian M, de Arespacochaga AG, Willmann M, Kleiter M,
Schwendenwein I, Saalmüller A. Establishment and characterization of a novel canine B-cell line derived
from a spontaneously occurring diffuse large cell lymphoma. Leuk. Res. 2010;34:932–938.
Momoi Y, Okai Y, Watari T, Goitsuka R, Tsujimoto H, Hasegawa A. Establishment and characterization of a
canine T-lymphoblastoid cell line derived from malignant lymphoma. Vet. Immunol. Immunopathol.
1997;59:11–20.
Nakaichi M, Taura Y, Kanki M, Mamba K, Momoi Y, Tsujimoto H, Nakama S. Establishment and
characterization of a new canine B-cell leukemia cell line. J. Vet. Med. Sci. 1996;58:469–71.
Rütgen BC, Willenbrock S, Reimann-Berg N, Walter I, Fuchs-Baumgartinger A, Wagner S, Kovacic B,
Essler SE, Schwendenwein I, Nolte I, Saalmüller A, Murua Escobar H. Authentication of Primordial
Characteristics of the CLBL-1 Cell Line Prove the Integrity of a Canine B-Cell Lymphoma in a Murine In
Vivo Model. PLoS ONE 2012;7(6): e40078. doi:10.1371/journal.pone.0040078
Umeki S, Ema Y, Suzuki R, Kubo M, Hayashi T, Okamura Y, Yamazaki J, Tsujimoto H,Tani K, Hiraoka H,
Okuda M, Mizuno T. Establishment of Five Canine Lymphoma Cell Lines and Tumor Formation in a
Xenotransplantation Model. J. Vet. Med. Sci. 2013;75(4): 467–474.
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05 The role of MMPs, VEGF and PDGF in canine lymphomas
Luca Aresu
Department of Comparative Biomedicine and Food Science, Legnaro, Padova CAP 35020, Italy
E-mail: luca.aresu@unipd.it
Vascular Endothelial Growth Factor (VEGF) and enzymes involved in extracellular matrix (ECM)
remodelling, including Matrix Metalloproteinases (MMPs), are recognized useful molecules for the
early prognosis assessment of different human haematologic malignancies. Tumour cells in
lymphoma and leukaemia can self-produce and secrete MMPs to promote invasion and increase their
metastatic potential. These processes are controlled by tissue inhibitor metalloproteinases (TIMPs)
that are co-secreted by MMP-producing cells. Among MMPs, MMP-2 and MMP-9 play a critical role
in the modification of ECM and tumour invasion.
In canine lymphoma VEGF and active-MMP-9 plasmatic levels are significantly higher when
compared with healthy dogs and in T-cell lymphomas compared with B-cell lymphomas. Increased
levels of VEGF in plasma are also correlated to the biological behaviour in T-cell lymphoma.
Decreased VEGF and act-MMP-9 levels are observed in dogs with B-cell lymphomas during the
chemotherapy protocol. This data is in agreement with human studies indicating that VEGF and
MMP-9 might predict treatment response. Conversely, in T-cell lymphomas, VEGF and MMP-9 levels
are unaffected.
In lymph nodes affected by lymphoma, the most significant results are higher MMP-9 protein and
mRNA expression levels in T-cell lymphomas compared with B-cell lymphomas and healthy control
lymph nodes, indicating that MMP-9 may be associated with tumour phenotype. MMP-9 is also
associated with prognosis since it is higher in HG T-cell lymphomas that are characterized by organ
invasion and frequent bone marrow infiltration, and are considered highly aggressive. Biologically, Tcells are able to migrate across ECM barriers during the inflammatory process towards target tissues
and the activation of MMP-9 can cause alteration of adjacent connective tissues and degradation of
collagen. Interestingly, significantly higher levels of TIMP-1 mRNA are observed in T-cell
lymphomas compared with B-cell lymphomas and controls. The in vitro model of T-cell lymphoma
cell line (OSW) confirms this data. The most realistic hypothesis is that MMP-9 and TIMP-1 may act
in concert in canine T-cell lymphoma: MMP-9 causes ECM degradation, whereas TIMP-1 shows an
anti-apoptotic action. VEGF-A mRNA and protein expression are also correlated with prognosis and,
moreover, the mRNA VEGF-A results are correlated with MMP-9 results in T-cell lymphoma. Future
efforts should be directed to the functional VEGF polymorphisms, which have an effect on the
regulation of gene expression.
Platelet Derived Growth Factors (PDGFs) and receptors are known to induce tumour growth by
directly stimulating growth, to stimulate angiogenesis and to recruit pericytes. Peripheral T-cell
lymphomas and cutaneous T-cell lymphomas shows the most significant results with a high level of
protein and mRNA expression of PDGF-B and PDGF-Rβ. Conversely, PDGF family seems not to be
involved in the pathogenesis of Diffuse Large B-cell lymphomas and Marginal Lymphomas. The
PDGF-B gene has been identified as the human homologue of the v-sis oncogene, and the strong
expression of PDGF-B and PDGF-Rβ suggests that this autocrine signalling may be important in the
malignant transformation of T-cell lymphomas. Conversely, this mechanism seems not to be
associated with B-cell lymphomas.
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SESSION ON DIAGNOSIS AND CLASSIFICATION
Chairs: Frédérique Ponce, Stefano Comazzi

06 Cytology in classification and therapy of canine lymphomas
Frédérique Ponce
Vet Agro Sup, Veterinary School of Lyon, Lyon, France
E-mail: frederique.ponce@vetagro-sup.fr
Ponce F., Belluco S., Marchal T., Fournel-Fleury C.
Clinical Oncology Unit and Research Unit ICE 2011-03-101, Oncology. Vet Agro Sup, Veterinary School of
Lyon, France.
Following the Human Classifications of Non-Hodgkin’s Lymphomas (NHLs), the goal is to define
canine disease entities, with their particular morphology, immunophenotype and clinical data. They
must be recognized by pathologists and have clinical relevance.
The first rationale for a precise morphological classification of NHLs appears obvious as the
examination at the cellular level is now an essential step to make the diagnosis of the various
subtypes of NHLs. In our experience, there appears to be a good correlation between morphology
and phenotype allowing the pathologists to formulate a tentative diagnosis of B or T-phenotype by
cytologic analysis in most cases. However, the immunophenotype always has to be precisely
determined by immunolabelling.
As in humans, the cytological diagnosis is based on: i. the architectural pattern (e.g. recognition of a
follicular organization, aspect of the background) ; ii. the cell type ; iii. the differentiation block in the
lymphomatous process (concept of transformation during the course of the disease) ; iv. the
proliferating power (mitotic index, Ki67 index).
The second rationale for a precise morphological classification is to allow oncologists to predict
outcome and responses to chemotherapy. Hence, there are many distinct diseases each with their
particular clinical presentation at the time of diagnosis, their own prognostic relevance and associated
with distinctive responses to chemotherapy. This suggests that recognition and classification of the
different subtypes of lymphomas is clinically justified in dogs, as in humans.
The third rationale for a precise cytological classification is to allow, in the context of the daily
diagnostic work, a precise diagnosis of the majority of subtypes and a regular cytological follow-up of
the clinical course of indolent lymphomas until transformation. Cytological monitoring allows an
earlier detection of transformation from a low to a high-grade lymphoma. In addition, fine needle
aspirations are easily and quickly performed in case of infiltration of deeply located organs.
In humans, there is still significant skepticism towards the role of cytology, and excisional biopsy is
frequently regarded as essential for a precise classification of NHLs. However, cytology is an accurate
method of diagnosing and typing common forms of human’s NHL. Awareness of the diagnostic
limitations and pitfalls is of key importance in promoting the acceptance for a cytologic diagnosis.
Excisional biopsy should be considered where the cytologic diagnosis is equivocal or
lymphadenopathy persists without identified cause.
Out of the new World Health Organization classification, two B-cell entities will be presented as
examples and will be compared to their humans counterparts: i. the Diffuse Large B cell lymphoma ;
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ii. The Marginal Zone lymphoma and the concept of transformation towards higher grade as in
humans (indolent and aggressive). The definition of canine T-cell and NK cell neoplasms, based on
morphological immunophenotypic features and postulated cell of origin is less well known than for
B-cell tumors and still imprecise. However, two particularly striking clinico-morphological entities
will be pointed out: i. the small clear cell/T-zone lymphoma with indolent clinical course, as a
specific canine entity ; ii. the aggressive T-cell Lymphoma with Large Granular cells, compared to
humans aggressive N/K cell lymphoma/leukemia, hepatosplenic T-cell lymphoma and enteropathy
type.
Selected References
Fournel-Fleury C, Ponce F, Felman P, Blavier A, Bonnefont C, Chabanne L, Marchal T, Cadore JL, GoyThollot I, Ledieu D, Ghernati I, Magnol JP. Canine T-cell lymphomas: a morphological, immunological, and
clinical study of 46 new cases. Vet Pathol. 2002 Jan; 39: 92-109.
Schwock J, Geddie WR. Diagnosis of B-cell non-hodgkin lymphomas with small-/intermediate-sized cells in
cytopathology. Patholog Res Int. 2012: 1-13.
Landgren O, Porwit MacDonald A, Tani E, Czader M, Grimfors G, Skoog L, Ost A, Wedelin C, Axdorph U,
Svedmyr E, Björkholm M. A prospective comparison of fine-needle aspiration cytology and histopathology in
the diagnosis and classification of lymphomas. Hematol J. 2004;5(1):69-76.
Ponce F, JP Magnol, A Blavier, C Bonnefont, I Ghernati, P Felman, S Buff, C Fournel-Fleury. Clinical,
Morphological and Immunological Study of 13 Cases of Canine Lymphoblastic Lymphoma: Comparison with
the Human Entity. Comp Clin Path (2003) 12: 75-83.
Ponce F, JP Magnol, D Ledieu, T Marchal, V Turinelli, K Chalvet-Monfray, and C Fournel-Fleury.
Prognostic Significance of Morphological Subtypes in Canine Malignant Lymphomas during Chemotherapy.
Vet J, 2004, 167(2): 158-166.
Ponce F, T. Marchal, JP. Magnol, V. Turinelli, D. Ledieu, C. Bonnefont, M. Pastor, M.L. Delignette, and C.
Fournel-Fleury. A Morphological Study of 608 Cases of Canine Malignant Lymphoma in France with a focus
on comparative similarities between canine and human lymphoma morphology. Vet Path. 2010 47(3) : 414433.

07 Flow cytometric immunophenotyping: how could it assist in lymphoma diagnosis and
management?
Stefano Comazzi
DIVET, University of Milan, Italy
E-mail: stefano.comazzi@unimi.it
Immunophenotyping plays a central role in refining the cyto-morphological diagnosis of canine
lymphoma (cNHL). Flow cytometry (FC) offers some advantages over other immunophenotyping
techniques: 1) the large panel of antibodies allows to easily detect aberrancies (thus confirming
clonality) and to more precisely determine lymphoma subtypes; 2) the possibility to perform multicolour labeling helps to pinpoint also poorly represented cell populations, which is useful for staging
and evaluation of minimal residual disease; 3) the accurate quantification of both the number of
positive cells and the amount of positivity allows to quantitate antigenic expression and improves the
evaluation of maturative and activation status; 4) FC is rapid and relatively cheap and this facilitate
its introduction in a clinical setup as an important step for diagnosis of c-NHL.
However some disadvantages remain: 1) FC needs a fresh sample (within 24 hours from sampling),
however some preservative solutions are under evaluation to prolong storage and facilitate shipping
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of samples to reference labs; 2) the lack of information about the architecture of tissues limits the use
of FC in some nodular (follicular L), and most splenic (marginal zone and mantle cell L) cNHL and a
contemporary evaluation of cyto-morphological aspects is mandatory; 3) the lack of lineage specific
markers for some populations (plasma cells, immature B cells, NK cells) and of antibodies labeled
with different fluorochromes limits the diagnostic power of FC in veterinary in comparison to human
medicine.
In veterinary medical clinical diagnostics the use of FC is relatively recent and lacks standardization
among different institutions and labs. The establishment of a consensus among research groups
working on FC in canine onco-haematology is mandatory. It should define common strategies,
similar protocols and panels, and result in standardized reports and contribute to increase case
numbers on specific lymphoma subtypes and pathological conditions. Moreover, a closer cooperation
between clinical pathologists working on FC, molecular biologists working on genetic aspects and
histopathologists could bring to a better definition of a common chartflow to properly define
lymphoma subtype, staging the disease and predict prognosis in order to help the clinicians to tailor
the appropriate therapy.
Some hot topics that could require discussion are: 1) is bone marrow evaluation mandatory for
clinical staging and which technique should be used? 2) are there specific immunophenotypic
signatures that could be considered of prognostic impact? 3) may FC help in monitoring minimal
residual disease and predict recurrence? 4) which data from immunophenotyping of cNHL (either by
FC or IHC) are clinically useful and how should they be reported?
Selected References
Marconato L, Martini V, Aresu L, Sampaolo M, Valentini F, Rinaldi V, Comazzi S. Assessment of bone
marrow infiltration diagnosed by flow cytometry in canine large B cell lymphoma: Prognostic significance
and proposal of a cut-off value. Vet J. 2013 doi:pii: S1090-0233(13)00215-3. 10.1016/j.tvjl.2013.05.003.
Martini V, Poggi A, Riondato F, Gelain ME, Aresu L, Comazzi S. Flow-cytometric detection of phenotypic
aberrancies in canine small clear cell lymphoma. Vet Comp Oncol. 2013. doi: 10.1111/vco.12043.
Comazzi S, Gelain ME. Use of flow cytometric immunophenotyping to refine the cytological diagnosis of
canine lymphoma. Vet J. 2011;188(2):149-55.
Gelain ME, Mazzilli M, Riondato F, Marconato L, Comazzi S. Aberrant phenotypes and quantitative antigen
expression in different subtypes of canine lymphoma by flow cytometry. Vet Immunol Immunopathol.
2008;121(3-4):179-88.
Joetzke AE, Eberle N, Nolte I, Mischke R, Simon D. Flow cytometric evaluation of peripheral blood and bone
marrow and fine-needle aspirate samples from multiple sites in dogs with multicentric lymphoma. Am J Vet
Res. 2012;73(6):884-93.
Rao S, Lana S, Eickhoff J, Marcus E, Avery PR, Morley PS, Avery AC. Class II major histocompatibility
complex expression and cell size independently predict survival in canine B-cell lymphoma. J Vet Intern Med.
2011;25(5):1097-105.
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08 Classification and prognosis algorithms in canine lymphoma: Are we getting there?
Joaquim Enriques
Center for Investigation in Veterinary Sciences, Faculty of Veterinary Medicine, University Lusófona
of Humanities and Technologies, Lisbon, Portugal
E-mail: oncovet@gmail.com
Non-Hodgkin lymphoma is one of the most common neoplasms in dogs. Despite the advances in the
veterinary oncology field, when considering lymphoma as a general disease entity, the available
chemotherapy with CHOP based protocols induces response in about 80% of patients obtaining an
overall remission of about 6-11 months [1]. In more recent years, the WHO classification of canine
hematopoietic diseases, which groups lymphomas by morphology, phenotype, genetic and molecular
aspects, allowed its identification as specific entities of B and T cell neoplasms [2]. When applying the
WHO classification on canine B cell neoplasms, a high incidence of Diffuse Large B-Cell Lymphoma
(DLBCL) subtype is found; this is the most common entity found in dogs [2]. Very few clinical studies
exist in the veterinary field regarding pathogenesis and clinical outcome in dogs with DLBCL.
Preliminary results suggest that DLBCL is associated with shorter remission time than the historical
reports (personal data). In human medicine it has been nearly 10 years since two distinct molecular
and prognostic subtypes of DLBCL were differentiated by gene expression profile (GEP) analysis into
Germinal Center (CG) and non-Germinal Center B-cells (nGC) with different clinical prognosis and
response to therapy [3]. These different subtypes could be differentiated easily using an
immunohistochemistry panel, a widely available technique. The use of a classification algorithm that
replicates the GEP results could stratify patients according to their survival and consequent response
to therapy [3]. Recently, molecular profiling has been performed in a cohort of canine lymphomas,
but DLBCL subtypes were not identified [5]. Recent studies (personal data) failed to apply Hans’
algorithm to canine DLBCL (cDLBCL), following inconsistency of BCL6, MUM1 and CD10
immunostaining. These results can be due to different genetic causes in cDLBCL or suggest a nonGerminal Center (nGC) origin of cDLBCL, which may behave in an aggressive way as in nGC human
counterpart. As in humans, at the present time, there is no consensus on which biological prognostic
markers should be routinely assessed in canine DLBCL or what is the actual benefit of the IHC
algorithms. Further studies focusing on the comparison between various algorithms reported in
human DLBCL, and association with GEP results of the canine lymphoma samples are required. The
author will present a review of the DLBCL algorithms used in people and its applicability to canine
lymphomas.
Selected references
1. Marconato, L. , Gelain, ME., Comazzi. S.; The dog as a possible animal model for human non Hodgkin
lymphoma: a review; Hematol Oncol 2013; 31: 1–9.
2. Valli, VE., San Myint, M., Barthel, A., et al; Classification of canine malignant lymphomas according to
the World Health Organization criteria; Vet Pathol 2011; 48: 198–211.
3. Hans, C et al Confirmation of the molecular classification of diffuse large B-cell lymphoma by
immunohistochemistry using a tissue microarray; Blood, 2004; 103:275–82.
4. Frantz, AM., Sarver, AL., Ito, et al.; Molecular Profiling Reveals Prognostically Significant Subtypes of
Canine Lymphoma; Vet Pathol. 2013 Feb 22. [in Press]
5. Henriques, J. et al.; Application of Hans’ algorithm to classify diffuse large B cell lymphoma in dogs;
Proceedings WVCC, Paris, 2012
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SESSION ON THERAPY
Chairs: Ted Hupp, Laura Marconato

09 Role of immunotherapy in canine lymphoma - shaping the future?
Laura Marconato
Centro Oncologico Veterinario, Bologna, Italy
E-mail: lauramarconato@centroncologicovet.it
Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of canine lymphoma, and it
shares many features with the human counterpart, including clinical presentation, biological behavior,
genetics and treatment response. The present standard of care for canine DLBCL includes doseintense multidrug chemotherapy. Although chemotherapy elicits remission and extends overall
survival, the disease is essentially incurable, therefore new approaches are needed.
In the last decades, much attention has been paid to immunotherapy, which attempts to foster
elimination of malignant cells through the immune system. Active immunotherapy offers two main
advantages: i. it elicits a tumor-specific immune response, ii. it potentially establishes a long-lasting
tumor immunity via the capacity to exhibit memory, thereby limiting the likelihood of relapse.
The clinical experience in dogs with lymphoma is still at an embryonic stage. In 14 dogs with B-cell
lymphoma, a genetic cancer vaccine targeting telomerase in combination with chemotherapy
significantly increased survival time when compared with 8 historic controls treated with
chemotherapy only. Since diagnosis was obtained by cytology different disease entities may have
been included. Also, chemotherapy and type of vaccination differed among dogs. Sorenmo et al.
demonstrated the immunogenicity of a cell-based vaccine in dogs with lymphoma using CD-40
activated B-cells. Time to progression (TTP) and lymphoma-specific survival (LSS) were not
significantly different between vaccinated and non-vaccinated dogs; however, vaccination
potentiated the effects of salvage therapy and improved the rate of durable second remissions and
LSS following rescue therapy. Overall, the tolerability and efficacy of the vaccines in these studies
were compelling enough to justify evaluation of alternative vaccines considering the criteria of
easier/faster production, better cost-effectiveness, or stronger immune response.
Typically, active immunotherapy in people with lymphoma consists of vaccines that use the
immunoglobulin idiotype as a tumor-specific antigen. However, a possible disadvantage of active
immunotherapy is its reliance on the patient’s immune system, which may be compromised or
deregulated by the tumor itself or by previous chemotherapy. Consequently, efforts to enhance the
efficacy of active immunotherapy are ongoing with an emphasis on optimization of antigen delivery
and presentation and modulation of the immune system toward counteracting immune-suppression.
A new promising approach in people is the delivery of an autologous vaccine consisting of
hydroxyapatite ceramic powder and proteins purified from the patients’ tumors, such as Heat Shock
Proteins (HSPs). A randomized controlled double-blinded trial was conducted at the Centro
Oncologico Veterinario, with the primary aim of showing that an autologous vaccine with
hydroxyapatite and tumor derived HSP-peptide complexes (HSPPCs) is safe and therapeutically
effective in dogs with DLBCL. Nineteen dogs with DLBCL were prospectively enrolled; among these,
12 received chemo-immunotherapy (Group 1) and 7 received chemotherapy only (Group 2). Median
duration of first remission was significantly longer in Group 1 compared with Group 2 (282 vs 41
days, respectively; p=0.0004). Dogs in Group 1 were significantly less likely to experience a relapse
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compared to dogs in Group 2 (risk ratio: 0.583333; 95%CI: 0.36-0.94). In Group 1, 5 dogs were still
alive at the time of analysis; in Group 2, no dogs survived. Median survival was significantly longer
in Group 1 than in Group 2 (473 days versus 159 days, respectively; p=0.0018). Overall, treatment was
well tolerated in both groups. In conclusion, our results suggest that HSPPCs is well tolerated and
synergizes with chemotherapy to improve TTP and LSS in dogs with DLBCL.
Selected References
Hollander N. Immunotherapy for B-cell lymphoma: current status and prospective advances. Front Immunol.
2012;3:3.
Peruzzi D, Gavazza A, Mesiti G, Lubas G, Scarselli E, Conforti A, Bendtsen C, Ciliberto G, La Monica N,
Aurisicchio L. A vaccine targeting telomerase enhances survival of dogs affected by B-cell lymphoma. Mol
Ther. 2010;18:1559-67.
Sorenmo KU, Krick E, Coughlin CM, Overley B, Gregor TP, Vonderheide RH, Mason NJ. CD40-activated B
cell cancer vaccine improves second clinical remission and survival in privately owned dogs with nonHodgkin's lymphoma. PLoS One. 2011;6:e24167.
Ciocca DR, Frayssinet P, Cuello-Carrión FD. A pilot study with a therapeutic vaccine based on
hydroxyapatite ceramic particles and self-antigens in cancer patients. Cell Stress Chaperones. 2007;12:33-43.

10 Role of radiation therapy in canine non-Hodgkin lymphoma
Julia Buchholz
Animal Oncology and Imaging Center (AOI Center), Switzerland
E-mail: buchholz@aoicenter.ch
In veterinary medicine radiotherapy (RT) is commonly and successfully used for localized lymphoma,
such as nasal, spinal, cutaneous, rectal, osseous and mediastinal forms. The strong radiation
sensitivity of lymphocytes justifies inclusion of RT also into the treatment regimen of multicentric
lymphoma. Dogs are mainly suffering from non-Hodgkin lymphoma (NHL) and RT is not used
routinely. If radiotherapy is used for not localized NHL, mainly half or total body radiation is/has
been performed, which consequently carries a higher risk of toxicity.
Already in 1968 Johnson et al. stated that canine lymphomas closely resemble their human
counterparts. They observed objective remissions to total-body irradiation (TBI) in dogs with
lymphoma. In 1989, Laing et al. evaluated the technique of half-body radiation therapy to treat canine
lymphoma patients administering 7 Gray (Gy) in a single exposure (Phase I-II study). During these
first studies, the overall tumor response was poor compared to combination chemotherapy protocols
and the toxicity was unacceptable, including deaths due to tumor lysis syndrome, sepsis,
thrombocytopenia, and with up to 80 % of dogs showing signs of radiation sickness. Since then more
commonly 4 Gy fractions on 2 consecutive days have been administered to each half of the body 3-4
weeks apart to reduce toxicity. To increase efficacy, RT was incorporated in protocols to be given in
combination with chemotherapy rather than using the two treatments separately, in an attempt to
take advantage of complementary effects of the two modalities. Another approach has been to treat
relapsed canine lymphoma using low-dose total body irradiation (LDTBI) with the additional
rationale to induce an immune response. Recently, also low-dose rate irradiation was administered to
half of the body in order to shorten the inter-radiation interval. This means that half of the body gets
treated first with this low dose rate allowing for sublethal damage repair to occur, and allowing for
safe treatment of the other half of the body after 2 weeks already, thereby minimizing tumor cell
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repopulation between the two RT-fractions. Results of this study were very promising with median
survival times of about 3 years; chemotherapy was continued for a long time though (about 2 years).
Potential side effects after half-body/TBI are myelosuppression (mainly neutropenia and
thrombocytopenia), alopecia, vomiting/diarrhea and anorexia. These side effects are minimal if
patients in clinical complete remission are irradiated. If macroscopic lymphoma is irradiated, tumor
lysis syndrome is a possible severe, potentially life-threatening complication. Main indications for RT
of canine lymphoma are 1) chemotherapy-resistance, 2) consolidation for dogs already in complete
remission after systemic multi-drug chemotherapy, and 3) local and/or locoregional lymphoma.
Our group tried to follow the idea of involved-field RT for canine NHL to spare as much tissue as
possible, but so far results are very preliminary. The use of functional imaging could be helpful to
identify eligible patients.
Bone marrow transplantation (BMT) has not been used much clinically in dogs so far, although 95%
of all human BMT protocols were first perfected in dogs. The dog was considered a suitable animal
model also for BMT following myeloablative therapy. As a consequence of the recent improvements
of lymphoma subtype diagnostics, dogs might become a more important model again for new
approaches.
Gustafson NR, Lana SE, Mayer MN, LaRue SM. A preliminary assessment ofwhole-body radiotherapy
interposed within a chemotherapy protocol for canine lymphoma. Vet Comp Oncol. 2004:125-31
Laing EJ, Fitzpatrick PJ, Norris AM, Mosseri A, Rider WD, Binnington AG, Baur A, Valli VE. Half-body
radiotherapy. Evaluation of the technique in normal dogs. J Vet Intern Med. 1989;3(2):96-101.
Laing EJ, Fitzpatrick PJ, Binnington AG, Norris AM, Mosseri A, Rider WD, Valli VE, Baur A. Half-body
radiotherapy in the treatment of canine lymphoma. J Vet Intern Med. 1989;3(2):102-8.
Rassnick KM, McEntee MC, Erb HN, Burke BP, Balkman CE, Flory AB, Kiselow MA, Autio K, Gieger TL.
Comparison of 3 protocols for treatment after induction of remission in dogs with lymphoma. Vet Intern Med.
2007 Nov-Dec;21(6):1364-73.
Shi Z, Esiashvili N, Flowers C, Das S, Khan MK. Leuk Lymphoma. 2013: Renewed interest in the role of
consolidative radiotherapy in advanced stage diffuse large B-cell lymphoma.
Williams LE, Johnson JL, Hauck ML, Ruslander DM, Price GS, Thrall DE. Chemotherapy followed by halfbody radiation therapy for canine lymphoma. J Vet Intern Med. 2004;18(5):703-9.

11 Role of surgery in the management of canine lymphoma: the example of splenic lymphoma
Damiano Stefanello
Dipartimento di Scienze Veterinarie e Sanità Pubblica, Università degli Studi di Milano, Italy
E-mail: damiano.stefanello@unimi.it
Splenic masses are frequent in dogs with half of cases being non-neoplastic lesions and the other half
consisting of hematopoietic and non-hematopoietic splenic tumors. Two thirds of these malignancies
are hemangiosarcomas, whereas hematopoietic tumors of the spleen make up 5-24% of cases. While
primary lymphoma of the spleen is often an incidental finding in canine oncology, an invasion of the
spleen by nodal lymphoma (e.g. in canine multicentric lymphoma), is frequently detected during
standard staging work-up. Little information regarding clinical, pathologic, therapeutic and
prognostic findings is available on primary splenic lymphoma in dogs. The most frequently reported
canine splenic lymphoma histotype is marginal zone lymphoma (MZL). However, according to
recent literature aimed at recognizing specific disease entities, MZL has a low incidence in dogs.
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The detection of splenic masses is often incidental during abdominal palpation or ultrasonography,
and patients can be completely asymptomatic. In some cases, symptoms are due to hemoabdomen
caused by spontaneous rupture of the spleen. Splenectomy is routinely performed few days after the
detection of a splenic mass in order to prevent a rupture, or within 24h in the presence of
hemoabdomen. The diagnosis of canine splenic MZL is then obtained by histology performed after
splenectomy. Upon confirmation of canine splenic MZL, clinical staging must follow. Nonetheless,
amongst the cases observed at our institution, the involvement of peripheral lymph nodes, liver,
blood and bone marrow was rare. As per our experience, in absence of systemic involvement, surgery
without adjuvant therapy is sufficient to ensure prolonged survival with good quality of life, without
further progression of the disease. Nevertheless, these results must be interpreted with caution. No
prospective studies on treatment efficacy have been carried out by stratifying canine splenic MZL
cases on the base of clinical, hematological, pathological and molecular variables.
In humans, splenic MZL is a rare condition, generally with good prognosis, which may be classified
as an indolent lymphoma. Hemoglobin concentration, platelet count, high lactate dehydrogenase
level, and extrahilary lymphadenopathy affect lymphoma-specific survival. Treatment options
include surgery with or without chemotherapy, chemotherapy alone, and in some cases a “wait and
see” approach. Splenectomy alone results in a prolonged survival time with good quality of life;
however there is still no consensus on the best treatment strategy. The recent identification of risk
group categories on a large sample population could be the basis for selecting future risk-tailored
treatment approaches for splenic MZL in humans. In conclusion canine splenic MZL seems to share
the favorable prognosis of human splenic MZL; however, in people, nodal MZL has a more
aggressive biologic behavior. Whether the same holds true for dogs is currently unknown.
Selected References
Eberle N, von Babo V, Nolte I, et al. Splenic masses in dogs. Part 1: Epidemiologic, clinical characteristics as
well as histopathologic diagnosis in 249 cases (2000-2011).Tierarztl Prax Kleintiere. 2012;40(4):250-60.
Stefanello D, Valenti P, Zini E, et al. Splenic marginal zone lymphoma in 5 dogs (2001-2008). J Vet Intern
Med. 2011 25(1):90-3.
Valli VE. Marginal zone and MALT lymphoma. In: Valli VE, ed. Veterinary Comparative Hematopathology.
Ames, IA: Blackwell Publishing; 2007:168–189.
O'Brien D, Moore PF, Vernau W, et al . Clinical Characteristics and Outcome in Dogs with Splenic
Marginal Zone Lymphoma.J Vet Intern Med. 2013 Jun 4. doi: 10.1111/jvim.12116
Valli VE, Kass PH, Myint MS, et al. Canine Lymphomas: Association of Classification Type, Disease Stage,
Tumor Subtype, Mitotic Rate, and Treatment With Survival. Vet Pathol. 2013 Feb 26. doi:
10.1177/0300985813478210
Montalbán C, Abraira V, Arcaini L et al. Risk stratification for Splenic Marginal Zone Lymphoma based on
haemoglobin concentration, platelet count, high lactate dehydrogenase level and extrahilar lymphadenopathy:
development and validation on 593 cases. Br J Haematol. 2012, 159(2):164-71.
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P01 Minimal Residual Disease assessment based on IgH rearrangements and flow cytometry in
canine Diffuse Large B-cell Lymphoma
Arianna Aricò1, Serena Ferraresso1, Mery Giantin1, Mauro Dacasto1, Eleonora Guadagnin1, Stefano
Comazzi2, Valeria Martini2, Patrick Frayssinet3, Laura Marconato4, Luca Aresu1
1

Department of Comparative Biomedicine and Food Science, University of Padova, Legnaro, Italy; 2Department
of Veterinary Sciences and Public Health, University of Milan, Milan, Italy; 3Urodelia, St Lys, France; 4Centro
Oncologico Veterinario, Sasso Marconi, Italy
E-mail: arianna.arico@unipd.it
Introduction. Canine diffuse large B-cell lymphoma (cDLBCL) accounts for 30-40% of lymphoma
cases. The persistence of cells unidentifiable through cytology is termed Minimal Residual Disease
(MRD). Currently, MRD is measured by flow-cytometry (FC). The aim of the study was to determine
the diagnostic and prognostic role of rearranged IgH (PARR analysis) in the lymph node (LN),
peripheral blood (PB) and bone marrow (BM) of cDLBCL compared with FC.
Materials and methods. PB, BM aspirate and LN tissue from 17 cDLBCL were available for PARR
analysis at diagnosis (T0) and at the end of treatment (T1). The concordance between PARR and FC
was analyzed for LN, PB and BM.
Results. At T0, the B-cell origin of the lymphomas was confirmed by IgH Major rearrangements in
the LN of all dogs. Eleven dogs (64,7%) showed simultaneous IgH rearrangements in BM and PB,
whereas 6 dogs (35,3%) had no rearrangements in none of the samples. At T1, IgH monoclonal
rearrangement was found in 13 (81%), 8 (50%) and 6 dogs (38%) in LN, PB and BM, respectively.
At T0, the concordance rate between FC and PARR was 100%, 82%, and 47% for LN, PB and BM,
respectively. The highest concordance rate was obtained in LNs (PARR-positive/FC-positive),
whereas the highest discordance was obtained in BM (PARR-positive/FC-negative).
At T1, the concordance rate was overall reduced, accounting for 47%, 50%, and 63% in LN, PB and
BM, respectively. The highest discordance was found in LNs (PARR-positive/FC-negative), whereas
the highest concordance was found in BM (PARR-negative/FC-negative).
Discussion. We propose the use of both, PARR and FC, in tandem to offset the possibility of falsenegative MRD assessment; in case of discrepant results, dogs should be closely monitored to detect a
possible early recurrence. The concordance rate was largely dependent on the time point, being
higher in T0. The discordance between PARR and FC results in dogs in clinical remission may be due
to the limited number of available cells, which reduces the sensitivity of FC.
P02 Is it really hopeless to target CD20 in canine B-cell lymphoma?
Lajos Balogh1, Gabor Andocs2, Domokos Mathe3, Veronika Haasz1, Zita Postenyi1, Andras Polyak1,
Gergely Janoki4, Julianna Thuroczy5, and Gyozo Aladar Janoki6
1

National „”F.J.C.” Research Institute for Radiobiology and Radiohygiene, Budapest, Hungary; 2Tottori
University,Veterinary Faculty, Japan; 3CroMed Ltd, Budapest, Hungary; 4Radiopharmacy Laboratorium Ltd,
Budaors, Hungary; 5Szt Istvan University, Veterinary Faculty, Budapest, Hungary; 6Medi-Radiopharma Ltd,
Erd, Hungary
E-mail: balogh.lajos@osski.hu
Aim. Radiolabelled anti-CD20 (Rituximab) has a proven effect in treating human non-Hodgkin
lymphoma but there are only a few and ambiguous data about its use against canine B-cell
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lymphoma. We aimed to perform a pilot study with nude mice xenografts to compare the effectivity
of 177Lu-anti CD20 against human and canine cell-lines.
Materials and Methods. Altogether 20, 5-6 weeks old (18-22 gram weight) nude mice (BALB-C
nu/nu) were xenografted. Ten animals were grafted with human cells (Burkitt and Jurkat), the other
ten with canine (own cell lines) by injecting B-cells into the left and T-cells into the right thigh muscle.
Five mice from both groups were treated with a single intravenous application of 10 (low-dose) and
20 MBq (high-dose) 177Lu-antiCD20 MoAbs, respectively. Then there was a 6 weeks follow-up
period when mice body weights and tumor diameters (volumes) were checked twice weekly and
whole body hybrid imaging (nanoSPECT/CT) was carried-out in representative mice from each
group every week to estimate standard uptake values (SUV) by B- and T-cell lymphomas.
Results. In serial SPECT/CT examinations both the human and the canine B-cell lymphoma
xenografts showed significantly higher (1.4-2.1x) SUV-values compared to T-cell lymphomas. Lowdose treatments resulted in smaller B-cell lymphomas than T-cell lymphomas both in human and in
canine xenografts but these differences were not significant. High-dose treatments resulted in
significantly reduced B-cell lymphoma growth both in human and in canine models 2 weeks postapplication and later on. Only 6 out of 10 mice treated with high dose radiopharmaceutical lived 6
weeks postapplication.
Conclusion. In our double xenograft models 177Lu-antiCD20 seems to have an equal efficacy
potential against human and canine B-cell lymphomas. Our preliminary results however need further
confirmations before considering the possibility of using CD20 targeting treatments in canine B-cell
lymphomas. The radiotoxicological properties of the pharmaceutical need to be taken into account to
establish the doses.
This 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.

P03 Comparative expression profiling of four canine lymphoma cell lines
Hugo Murua Escobar1, Barbara Rütgen2, Saskia Willenbrock1, Nicola Reimann-Berg1, Armin
Saalmüller3, Ilse Schwendenwein2, Ingo Nolte1, Sabine Essler3
1

Small Animal Clinic, University of Veterinary Medicine Hannover, Germany; 2Clinical Pathology, University
of Veterinary Medicine Vienna, Austria; 3Institute of Immunology, University of Veterinary Medicine Vienna,
Austria
E-mail: sabine.essler@vetmeduni.ac.at
Introduction. Since many of the lymphomas and leukaemias of the dog resemble morphologically
those of humans it is logical to expect that they also have an underlying and recurring basis in genetic
injury detectable by current technology. Prior to this study, several marker genes have been
evaluated as potential prognostic or diagnostic markers for canine B- and T-cell lymphomas. In the
course of this project, we aim at assigning unique expression signatures to canine B- and T-cell NonHodgkin's Lymphoma (NHL) subtypes in consequence of gene expression alterations induced by
tumorigenic processes.
Methods. Comparative gene expression profiling of two canine lymphoma B-cell lines (CLBL-1, Gl-1)
and two T-cell lines (OSW, CL-1) were conducted by quantitative real-time PCR (qPCR) assays for
important tumorigenic genes playing key roles in lymphopoiesis, differentiation, proliferation, cell
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survival and apoptosis. Comparative Cq method-based data evaluation was done by normalizing
mean Cq values against three reference genes and using non-malignant lymph node samples for
calibration.
Results. Preliminary relative RNA expression data showed for the CLBL-1 cell line a downregulation of Bcl-XL, c-kit, the analysed MAP kinase signalling related genes as well as the tumour
suppressor genes PTEN, Rb and p16. In contrast, the T-cell line OSW is mainly driven by the elevated
expression of c-kit but also exhibits downregulation of p16 and PTEN.
Conclusions. Expression analysis has great potential in the field of veterinary oncology to advance
our knowledge of tumorigenic processes. Applying gene expression profiling as a quantitative
molecular framework for the study of lymphomas represents a novel innovative approach in
veterinary cancer research.

P04 Safety and efficacy of a genetic vaccine targeting telomerase plus chemotherapy for B-cell
canine lymphoma therapy
Alessandra Gavazza1, George Lubas1, Arthur Fridman2, Gennaro Ciliberto3,4 and Luigi Aurisicchio5,6
1

University of Pisa, Dept. of Veterinary Sciences, Pisa, Italy; 2Merck & Co. Inc., West Point, PA USA;
University of Catanzaro “Magna Graecia”, Dept. of Experimental and Clinical Medicine Catanzaro, Italy;
4
National Cancer Institute “G. Pascale”, Naples, Italy; 5Takis, via di Castel Romano 100, 00128 Rome, Italy;
6
BIOGEM scarl, via Camporeale, 83031 Ariano Irpino (AV), Italy
3

E-mail: agavazza@vet.unipi.it
Background. We have recently shown that a genetic vaccine targeting dog telomerase (dTERT) and
based on Ad/DNA-EP technology can induce strong immune response and increased overall
survival of dogs affected by B-cell malignant lymphoma (ML) in comparison with historical controls
when combined with COP chemotherapy regimen.
Objectives. Here, we have conducted a double arm clinical trial including 21 dogs for each arm,
(vaccine vs. control), measured the antigen-specific immune response and evaluated potential toxic
effects of the immunotherapy along with following patients survival for three years and half.
Methods: Changes in hematological parameters, local/systemic toxicity or organic dysfunction and
fever were monitored over time during the treatment. The immune response was measured by
ELISPOT.
Results. No adverse effects attributable to treatment were observed in any dog patient. dTERTspecific immune response was induced in 19 of 21 treated animals. The overall survival time of
vaccine/COP treated dogs was significantly increased over contemporaneous COP-treated animals
(>76.1 vs 29.3 weeks, respectively, p<0.0001), while no differences were found between the groups
regarding the relapse-free interval.
Conclusions. Ad/DNA-EP-based cancer vaccine against dTERT in combination with COP
chemotherapy is safe and significantly prolongs the survival of ML canine patients while having no
remarkable effect on the relapse-free interval. These data suggest that the dTERT has therapeutic
efficacy and support the evaluation of this approach for other cancer types.
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P05 NK-cell Large Granular Lymphocyte leukemic lymphoma in a dog
Gabriele Ghisleni1, Maria Gabriella Ferrari2, Sara Francesca Santagostino1, Annalisa Forlani1
1

Dipartimento di Scienze Veterinarie e Sanità Pubblica, University of Milano, Italy; 2Ambulatorio Veterinario
Liscate, Liscate, Italy
E-mail: ghisleni@ticino.com
Large granular lymphocytes (LGL) are defined as a lymphoid subset that constitutes 1–10% of the
circulating pool of lymphocytes in dogs and are characterized either by CD3 positivity (in > 90% of
the cases) or negativity for both T- and B-cell markers (in < 10% of cases, natural killer origin). A 11year-old, male, mongrel dog was submitted to the referring veterinarian following a 2-month history
of progressive generalized weakness, vomiting, weight loss and anorexia. Physical examination
revealed severe jaundice and hepatomegaly. Results of a complete blood count (CBC) were within
reference intervals (RI). Serum biochemical analysis revealed increases in ALT (175 U/L; RI, 20-150
U/L), AST (295 U/L; RI, <80 U/L) and total bilirubin (6,3 mg/dL; RI, 0,1-0,6 mg/dL). Ultrasoundguided fine-needle aspiration of the liver was also performed. Cytological examination of hepatic and
blood smears revealed the presence of a large number of lymphoid cells characterized by an
abundant amount of pale bluish cytoplasm containing numerous distinct magenta granules variably
in size and shape (LGL), with densely stained reniform nuclei and without apparent nucleoli. On
immunocytochemistry, neoplastic cells were negative for both T- and B-cell markers. A final
cytological diagnosis of LGL leukemic lymphoma of NK origin was made. Due to the poor clinical
condition of the animal the owner did not allow any chemotherapic approach and the dog died
spontaneously few days later. Large granular lymphocyte leukemias of NK-type are surface CD3negative disorders with variable clinical behaviour in dogs, as reported in humans.

P06 A CLBL-1 based canine B-Cell lymphoma model - comparative evaluation of in vitro and in
vivo characteristics
Barbara Rütgen1, Saskia Willenbrock2, Nicola Reimann-Berg2,
Schwendenwein1, Hugo Murua Escobar2, Sabine Essler3, Ingo Nolte2

Armin

Saalmüller3,

Ilse

1

Clinical Pathology, University of Veterinary Medicine Vienna, Austria; 2Small Animal Clinic, University of
Veterinary Medicine Hannover, Germany; 3Institute of Immunology, University of Veterinary Medicine
Vienna, Austria
E-mail: hescobar@tiho-hannover.de
Introduction. In cancer research, cell lines are a major tool for studies of the generation of neoplasias
in animal models mimicking the original neoplasias in vivo. Canine lymphoma is the major
hematopoietic malignancy in dogs and considered as a valuable spontaneous large animal model for
human Non-Hodgkin's Lymphoma (NHL). Herein we used a canine B-cell lymphoma cell line
(CLBL-1) and Rag2-/-yc-/- mice to establish an in vivo model and analysed the key features specially
focusing on the comparability of the induced tumours to the original cell line and primary material.
Methods. The canine CLBL-1 cell line was injected into Rag2-/-yc-/- mice. The generated tumour
material was used to establish the cell line CLBL-1M. Both cell lines were compared for their
expression of leukocyte differentiation antigens and their doubling time features. Further, the cell
lines were stimulated with IL-2 and DSP30 to examine the stimulatory effect on cell proliferation.
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Results. FCM studies for the expression of leukocyte differentiation antigens revealed comparative
pattern of marker antigen expression. Doubling time as well as the reaction on DSP30 and IL-2
stimulation showed that both cell lines respond in the same way as primary, xenograft-derived
lymphoma material.
Conclusions. The herein described CLBL-1 in vivo model provides a highly stable tool for B-cell
lymphoma research allowing various further in vivo studies.

P07 Prognostic value of Hans’ algorithm and Bcl-2/C-MYC double hit score in canine Diffuse
Large B-cell Lymphoma (DLBCL)
Frédérique Nguyen1, Jérémy Fourel1, Anne Moreau2, Jérôme Abadie1, Steven Le Gouill3, François
Davodeau4
1

LUNAM university, Oniris, AMaROC, CS40706, F-44307 Nantes cedex 3, France; 2Laboratoire d’Anatomie
Pathologique A, Hôtel Dieu, 30 Bd Jean Monnet, F-44093 Nantes cedex 01, France; 3Service d’Hématologie
Clinique, Université de Nantes, Hôtel Dieu, place Alexis Ricordeau, F-44093 Nantes cedex, France; 4INSERM
U892, CRCNA, Team 13: Nuclear Oncology Research, 8 quai Moncousu, BP70721, F-44007 Nantes cedex 1,
France
E-mail: frederique.nguyen@oniris-nantes.fr
Introduction. Relevant animal models of human cancers are highly warranted to accelerate transfer
of innovative therapies into human clinical practice. Non-Hodgkin lymphoma is frequent in dog,
with diffuse large B-cell lymphoma (DLBCL) being the most common subtype. In order to validate
spontaneous DLBCL in dog as a model for preclinical studies in humans, we applied Hans’ algorithm
and a canine-adapted immunohistochemical double-hit score to canine DLBCLs and evaluated their
prognostic value.
Methods. 49 DLBCLs diagnosed between 2005 and 2011 in the College of Veterinary Medicine of
Nantes (France), with available 2-year follow-up, were evaluated for CD10, BCL-6, MUM-1, BCL-2
and c-MYC (clone Y69) by automated immunohistochemistry. Thresholds for positivity were 30% for
CD10, BCL-6, MUM-1; 10% for BCL-2 and 80% for c-MYC.
Results. Thirty-three dogs (67%) presented with stage III disease according to the World Health
Organization scheme. Six (12%) samples were classified as immunoblastic, while 43 (88%) were
centroblastic. Seven cases (25%) were germinal center (GC)-DLBCLs according to Hans’ algorithm
and 42 cases (75%) were non-GC DLBCLs. 26 cases (53%) carried overexpression of c-MYC. A high
immunohistochemical double-hit score (DHS) (c-MYC and BCL-2 positivity) was observed in 6 cases
(12%). Twelve dogs (24%) received no treatment, 26 (53%) received prednisolone alone, and 11 (22%)
received CHOP-like chemotherapy regimen. Median overall survival (OS) according to treatment
options was 19, 45 and 220 days, respectively. In multivariate analysis, 4 parameters (absence of
treatment, high WHO clinical stage, non-GC phenotype and high DHS) were associated with shorter
OS.
Conclusion. Hans’ algorithm applied in the dog showed that non-GC DLBCL is more frequent than
GC DLBCL. As observed in human DLBCL, a high DHS is associated with worse outcome. Our
results suggest that spontaneous canine DLBCL may be used as a model for non-germinal-center
DLBCL for preclinical investigations.
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P08 The use of canine lymphoma and leukemia cell lines in the study of cytotoxic activity of
common antineoplastic agents used in dogs.
Aleksandra Pawlak1, Bożena Obmińska-Mrukowicz1, Andrzej Rapak2
1

Department of Biochemistry, Pharmacology and Toxicology, Faculty of Veterinary Medicine, Wroclaw
University of Environmental and Life Sciences, Poland; 2Laboratory of Tumor Molecular Immunobiology.
Ludwik Hirszfeld Institute of Immunology and Experimental Therapy, Wroclaw, Poland
E-mail: aleksandra.pawlak@up.wroc.pl
Introduction. Hematopoietic neoplasms in dogs represent about 25% of all cancers and, among them,
lymphoma is the most commonly diagnosed. Traditional chemotherapy protocols using classical
cytostatics (doxorubicin, vincristine, prednisone, cyclophosphamide) administered alone or in
combination are used for lymphoma treatment. However, there is a lack of data describing the effects
of different antiproliferative agents on induction of apoptosis in established canine
lymphoma/leukemia cell lines. The aim of our study was to evaluate the concentration-dependent
cytotoxicity and the ability of common antineoplastic drugs, used as single agents, to induce
apoptosis in selected canine lymphoma and leukemia cell lines.
Materials and Methods. The canine cell lines CL-1 (primitive ab T-cell leukemia), GL-1 (B-cell
leukemia), CLBL-1 (B-cell lymphoma) and the human Jurkat line (T-cell leukemia) were used. The
cells were treated for 24 or 72 h with either etoposide in the concentration range of 0.005-20 µg/ml,
lomustine (0.05-50 µg/ml), prednisolone (0.01–10 µg/ml), 4-HO-cyclophosphamide (0.01–100 µg/ml),
chlorambucil (0.01–20 µg/ml), dexamethasone (0.005-24 µg/ml), vincristine (0.000001-1 µg/ml),
cytosine arabinoside (0.001-1 µg/ml) or doxorubicin (0.05-10 µg/ml). Early apoptotic events and
DNA fragmentation were detected by flow cytometry using the Annexin V-FITC Apoptosis Detection
Kit and ethanol-fixed propidium iodide stained cells, respectively. Cell viability was determined
using the MTT test. The cytotoxic activity was expressed as IC50.
Results. Vincristine and doxorubicin strongly decreased the viability of canine cells; CL-1 with IC50
of 0.00001 and 0.08 mg/ml respectively, GL-1 with IC50 of 0.01 and 0.08 mg/ml respectively and
CLBL-1 with IC50 of 0.0005 and 0.05 mg/ml respectively, whereas 10 mg/ml cyclophosphamide
induced the highest level of apoptosis in all tested cell lines (70-80 % dead cells). The most sensitive to
all drugs was CLBL-1 cell line, which in contrast to the CL-1 and GL-1 was also sensitive to the effects
of steroidal anti-inflammatory drugs.
Conclusions. Our study provides a useful frame to test the efficacy of anti-cancer drugs.

P09 The diagnostic and prognostic value of the serum C-reactive protein and haptoglobin levels in
canine lymphoma
Arno Roos1, Jurgen V.F. Tan 1 , Ilias Alexandrakis2, Kevin Slater2 and Erik Teske3
1

Veterinary Oncology Centre Korte Akkeren, Gouda, the Netherlands; 2Petscreen Limited, Nottingham, United
Kingdom; 3Department of Clin Sciences Comp. Animals, Utrecht University, Utrecht, The Netherlands
E-mail: caecilius@live.nl
Introduction. The aim of this study was to determine the prognostic significance of serum CReactive Protein (CRP) and haptoglobin (HAPT) levels in dogs diagnosed with malignant lymphoma.
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Materials and methods.
From thirty dogs diagnosed with malignant lymhpoma by
(immuno)cytology, serum was collected at day 0 and at control visits. CRP and HAPT levels were
determined and used for the Canine Lymphoma Blood Test (CLBT)1. The CLBT software utilises kNN
(k-nearest neighbours) algorithms and decision trees taking into consideration the CRP and
haptoglobin levels of the dog along with risk factors, as age and sex, and the presence of
lymphadenopathy.
Results. The CLBT proved to be sensitive (92,19%) and specific (79,49%) for determining the clinical
status (detectable disease vs. remission) of canine lymphoma patients. A high CLBT % (>80%) on day
0 was associated with a significantly less favorable prognosis achieving a median Time to Progression
(TTP) of 14 weeks (MST 19 weeks) in comparison with a value of <80% (median TTP 37 weeks, MST
59 weeks).
The lowest achieved CLBT value during treatment proved also to be important, with median TTP of
50 weeks for values <20% being significantly longer (Mann Whitney p=0.0087) than for patients
reaching a lowest CLBT% of 20-40% (30 weeks), 40-60%, (18 weeks), 60-80% (20 weeks), and >80% (7
weeks) respectively.
Conclusion. Ratcliffe et al.2 have shown that serum CRP and HAPT levels are sensitive and specific
for diagnosing canine malignant lymphoma. Now we showed a good correlation between clinical
status (detectable disease vs. remission) and CLBT results of canine lymphoma patients during
treatment. Even more importantly the CLBT% at presentation and during treatment both appear to be
of prognostic value. As CRP is a valuable prognostic factor in human NHL, this test might also be of
use for human NHL patients.
1
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2

Ratcliffe, L., Mian, S., Slater, K., King, H., Napolitano, M., Aucoin, D., and Mobasheri, A., Proteomic
identification and profiling of canine lymphoma patients. Veterinary and Comparative Oncology, 2009. 7: p.
92-105.

P10 Lymphomas in dogs: spontaneous models to decipher the genetics of lymphomagenesis in
dogs and humans
Ronan Ulvé1,2*, Benoit Hédan1,2*, Edouard Cadieu1,2, Clotilde De Brito1,2, Anne Sophie Guillory1,2,
Patrick Devauchelle3, Jocelyn Plassais1,2, Frédérique Nguyen4, Jérome Abadie4, Laëtitia Lagoutte1,2,
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Background and Aim. There are over 400 genetically distinct breeds of dogs, each of them
corresponding to a genetic isolate. The consequence of breeding practices is that most breeds
naturally develop specific cancer types, reflecting the presence of predisposing alleles. Moreover,
dogs beneficiate of an excellent medical follow-up, allowing access to different samples, and dogs
also share our own environment, allowing to decipher the genetic and environmental features of
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cancers. This is especially interesting for lymphoma, for which dogs represent powerful models.
Indeed, most human lymphoma subtypes are encountered in dogs, with some subtypes being
associated to a higher frequency in specific breeds (Pastor et al., 2009; Villamil et al., 2009; Rowell et
al., 2011; Marconato et al., 2013). We focused on lymphoma occurring in large families of Dogue de
Bordeaux (DDB) and Bernese Mountain Dog (BMD) with the objective to identify predisposing
genetic regions and somatic alterations involved in lymphomagenesis and tumoral progression.
Materials and Methods. We thus collected blood and tumour samples, clinical and genealogical
information of affected dogs in BMD and DDB families, using the French CaniDNA archive
developed in the lab (http://dog-genetics.genouest.org). DNA and RNA were extracted using
Macherey-Nagel kits. Dogs were genotyped on Illumina 170 000 SNP-arrays. Histopathological
diagnosis was performed from FFPE tumour samples by veterinary histopathologists FN and JA.
Results. We collected blood and lymphoma tissue samples from 150 dogs from affected breeds, of
which 55 affected BMDs and 6 DDBs, belonging to large pedigrees, have been analysed. First, we
demonstrated a familial segregation of lymphoma; second, a genome-wide association study (GWAS)
has been performed on 46 BMD cases and 156 controls. Preliminary data showed a significant region,
associated with lymphoma, on canine chromosome CFA 23.
Conclusions. We collect different types of lymphoma in different predisposed breeds, expecting that
the discovery of genes and pathways involved in given breeds will shed light on the allelic
combinations predisposing to lymphomas in humans. We anticipate that these results will open the
field of targeted clinical trials for the benefit of both dogs and humans.
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