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How to 
diagnose 
neoplasia?

• Signalment
• Physical examination
• Diagnostic imaging

• Routine clinical pathology (hematology/clinical chemistry)
• Advanced clinical pathology

• Hormones, Proteins, Biomarkers

• Cytology
• Histopathology
• Immunocytochemistry/Immunohistochemistry

• Flow cytometry
• DNA-tests

• Cytogenetics
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Abby
bobtail F 3½Y 

Not doing well for 2 weeks: eating less, more “tired”, last heat 4 months ago
Physical examination: unremarkable
• No improvement with NSAID’s

After 2 weeks
• Clinical pathology:

• Mild anemia (38%), mild thrombocytopenia (102 G/L)
• Mild increase in ALP (108 IU/L)

• Diagnostic imaging:

• Thoracic radiographs unremarkable
• Abdominal US: mild hepato-splenomegaly, no pyometra

• Serology
• Negative for Anaplasma

3



CSAVA 2025 2

Abby
bobtail F 3½Y 

Now owners get worried, they lost their other dog to cancer 
“Question doc, could this be cancer??”

Referring veterinarian: 
• Repeat PE: mild generalized lymphadenopathy….. 
• Referred Abby to oncology service: Does Abby have lymphoma?

Oncology service
• P.E.: mild generalized lymphadenopathy, otherwise unremarkable
• Cytology: 

monomorphic population of intermediate-sized lymphoid cells 
absence of reactive lymphoid component.
Atypical lymphoid proliferation, suspect lymphoma.
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Staging

Clinical Pathology

Imaging

CT-scan, cardiac US, 
PET-CT

CBC/diff, blood 
smear, renal + 

hepatic function, 
glucose, calcium, 
albumin, LDH, 

beta2-microglobulin

Diagnosis

Clinic

Advanced 
diagnostics

Molecular and 
cytogenetic 

analysis

Peripheral blood &  
bone marrow

(flow-cytometry, molecular, 
cyogentic analysis)

Initial 
diagnostics

Histopathology
lymph  node biopsy 

(H&E, IHC, FC)

Cytology 
only in case of 
“emergency”

Clinical suspicion

Human 
lymphoma

work-up
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Imaging

Clinical Pathology

Canine 
lymphoma

work-up

Thoracic radographs,
Abdominal ultrsaound

CBC/diff, blood 
smear, renal + 

hepatic function, 
calcium, TP/albumin

Diagnosis

Clinic

Advanced 
diagnostics

Molecular 
analysis

Initial 
diagnostics

Cytology 
(lymph node, liver, spleen)

Clinical suspicion

Histopathology
lymph  node

(H&E, IHC)

Bone marrow
(cytology)

Flow 
cytometry

Staging
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What can we 
look for?

Cells 
(morphology)

= 
Cytology or 
Histology

Proteins
=

Immunochemistry,
Flow-cytometry

DNA
=

Mutations,
PARR
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What are we 
looking for?
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Canine 
lymphoma

biomarkers

Various targets have been evaluated:
• calcium
• LDH iso-enzymes
• acute phase proteins

Ø alpha-1-acid glycoprotein
Ø C-reactive protein
Ø haptoglobin

• Nucleosomes
• glutathione-S-transferase (ROS)
• VEGF/MMPs
• serum Thymidine Kinase 1 (TK-1)
• circulating cell-free DNA
• microRNA expression patterns
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Canine 
lymphoma

biomarkers
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Tecles, 2005

Canine 
lymphoma

biomarkers
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Utility of a multiple serum biomarker test to monitor remission status and relapse in dogs 9

Figure 5. Number of samples, based on clinicians’ diagnosis, categorized into cLBT groups using the dichotomous criteria
generated from the ROC analysis.

Figure 6. A detailed breakdown of data obtained from 23
dogs undergoing treatment for lymphoma illustrating the
mean cLBT scores obtained at time points prior to the
appearance of peripheral lymphadenopathy. Green colour
indicates complete remission status with cLBT< 1.93, amber
indicates partial remission with 1.93≥ cLBT <3.29 and red
indicates progressive disease with cLBT≥ 3.29.

assessment of remission status and the cLBT)
in a canine population diagnosed with lymphoma
were in good agreement. However, there was less
agreement between the two methods of assessing
disease status when the cLBT gave intermediate
scores. Feedback from practicing veterinarians
using palpation to determine remission status
suggests most dogs achieve remission between
three and four weeks into their chemotherapeu-
tic scheme. However, the cLBT data obtained in
this study showed that a low cLBT value (<1.93),
indicating CR, was not achieved until after the
seventh week of treatment (Figure 4). The effect

Figure 7. Kaplan–Meier graph for two groups of dogs
defined by their week 0 cLBT values: cLBT≥ 4.11 and
3.29≥ cLBT< 4.11 as measured at day 0 before the start of
the chemotherapy scheme.

of this is an apparent reduction in specificity of
the cLBT when compared to palpation. However,
whilst these dogs may have had the gross disease
reduced by chemotherapy up to that point, the
data indicate that dogs which achieved the lowest
cLBT scores well below the CR cut-off had longer
times to progression and longer survival times
(Figures 7 and 8), indicating that remission status
is monitored well, and perhaps better, by the cLBT
and that some of the apparent false positive results
obtained by cLBT are in fact true positives.

At the other end of the treatment regime another
source of apparent false positive results arises from
dogs appearing to come out of remission according
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Figure 8. Time to progression for five different groupings
of dogs defined by the minimum cLBT value obtained
during chemotherapy.

to the cLBT assessment but showing no clinical
signs of the disease. The data in Figure 6 indicate
that the cLBT can detect relapse with a high degree
of significance (P= 0.0012) up to 8 weeks before the
appearance of physical signs. As the cLBT measures
metabolic changes, whereas palpation determines
only gross physical manifestation of the disease, it is
likely that the observed discrepancies are due to the
cLBT picking up recurrence in advance of enlarged
lymph nodes being detectable. This could be a sig-
nificant finding, enabling veterinarians to re-treat
these dogs much earlier than is currently likely to
happen. This is supported by Williams et al.29 who
identified a delay in relapse using lymph node pal-
pation compared to their cytological assessments.

There are currently no accurate prognostic indi-
cators for canine lymphoma. Currently, clinical
stage, WHO sub stage, grade and immunophe-
notype are used as a guideline. Although much
research has been carried out with serum for levels
of LDH or thymidine kinase12,21,30 the prognostic
significance has so far been unsubstantiated. The
cLBT data presented here indicate a potential prog-
nostic value both at the point of diagnosis from
the initial cLBT value and during treatment from
the lowest cLBT score achieved by chemotherapy.
Dogs showing very high cLBT values (≥4.11) at
the time of diagnosis lived for significantly shorter
times than those dogs that had lower week 0
cLBT values (3.29≥ cLBT< 4.11) (Figure 7). This
difference in survival time correlated with cLBT
value could just be due to these two groupings
actually identifying dogs with B-cell and T-cell

lymphoma but the samples in these two groups that
were immunophenotyped did not show a bias of
either group towards B-cell or T-cell lymphoma.
In fact the relative proportions of T- and B-cell
lymphomas in these two groups were similar (the
group 3.29≥ cLBT< 4.11 (N= 25) comprised
64.7% B-cell, 5.9% T-cell and 29.4% undeter-
mined lymphoma cases and the group cLBT≥ 4.11
(N= 32) consisted of 50.0% B-cell, 8.3% T-cell and
41.7% non-differentiated lymphoma cases), which
suggests that the differences in observed survival
times were not due to immunophenotype of the
disease. The different methodology used along
the samples for the immunophenotyping is not
believed to be a problem, because flow cytometry
can only refine cytological findings.31 It was also
noted that the lower the cLBT value achieved dur-
ing treatment, the greater the survival time was for
those dogs. Dogs which achieved a minimum cLBT
value of <1.93 lived approximately three times
longer (54.9 weeks mean survival time) compared
with those that did not achieve a cLBT value below
this “complete remission” threshold set for the cLBT
scoring. Furthermore there was a group of dogs
which did achieve CR by cLBT and also achieved
very low cLBT values <0.83 (n= 28) which sur-
vived 62.5± 11.4 weeks suggesting that the lowest
cLBT value achieved during chemotherapy also has
prognostic value.

In the study, treatment was stopped at 25 or
28 weeks (according to the modified Wisconsin–
Madison protocol), after which most of the dogs
came out of remission according to both meth-
ods. On another note, there was no comparison
attempted to test the efficacy of the two modi-
fied WM protocols used by the two practices. As
this was a retrospective blinded study, there is cur-
rently no intervention data available to determine if
greater treatment efficacy could have been achieved
by treating more aggressively until a low cLBT score
had been achieved for a determined amount of
time. However, despite literature disclosing no pos-
itive evidence for treating for longer periods,32,33

these data (Figure 7) suggested that the lower the
cLBT score achieved during treatment, the longer
the overall time to progression for the dogs. The
cLBT data suggested that remission takes longer
to be achieved than indicated by palpation alone

© 2014 The Authors. Veterinary and Comparative Oncology published by John Wiley & Sons Ltd, Veterinary and Comparative Oncology, doi: 10.1111/vco.12123

Canine 
lymphoma

biomarkers - cLBT

Alexandrakis et al,  2014
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Diagnosis

Stage

Complete response

Partial response

Treatment response

TK1 o levels ver time

Canine 
lymphoma

biomarkers – TK1

Von Euler et al 2004, Elliott et al 2011
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Nucleosomes
• Complexes of DNA and histone proteins 
• Leak into the blood

• Present in healthy, diseased, and individuals with cancer

• Higher levels in cancer than healthy individual
• Higher levels in systemic cancers than local cancers
• Does not differentiate between cancers

• False-positives
• <4 hours fasted
• immune-mediated disease
• systemic inflammation
• sepsis
• trauma

• Should not be used for screening purposes 

• High specificity (>95%), poor to moderate sensitivity
• overall cancer 50%, systemic cancers 76% 
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Nu.Q® test
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The cytology can be used to:
� Diagnose lymphoma
� Assess cell morphology
� Grading
� Immunophenotyping
� Differentiate between prognostic groups?

Canine 
lymphoma

cytology

Results - Classification accuracy for lymphoma consistently was 
>80% for all examiners.
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Intermediate/High grade (B cell) Low grade (T cell)

Canine 
lymphoma

cytology
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High-grade 
B-cell

High-grade 
T-cell

Low-grade 
B-cell

Low-grade 
T-cell

Updated Kiel
(Teske, Fournel-Fleury, Ponce)

Canine 
lymphoma

cytology – 
classification
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Sensivity (%) Specificifty (%)

Lymphoma 92.6 (88.8-95.1) 89.4 (79.0-95.0)

High grade B cell lymphoma 68.8 (62.7-74.3) 60.9 (51.2-69.8)

Low grade B cell lymphoma 17.9 (12.3-25.4) 90.1 (86.6-92.7)

High grade T cell lymphoma 72.9 (57.4-84.3) 82.5 (77.6-86.4)

Low grade T cell lymphoma 82.2 (59.1-93.6) 95.4 (93.2-97.0)
Martini 2021

Canine 
lymphoma

cytology

19

Immunochemistry

https://www.biomol.com/media/image/bd/22/8d/Principle_IHC_EN.png
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Immunostaining

B cell receptor

B cell receptor (BCR)
transmembrane protein on the surface of  B cells consisting of a 

membrane-bound immunoglobulin molecule and a signal transduction 
region (CD79).  Disulfide bridges connect the Ig-isotype and the signal 

transduction region.
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Immunostaining

T cell receptor

T cell receptor complex
TCR-α and TCR-β chains (top), ζ-chain (CD247) accessory molecules 

and CD3 (CD3γ, CD3δ and two CD3ε).
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Canine 
lymphoma

immunocyto-
chemistry

CD79a  / PAX-5
B-cell

CD3
T-cell
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Summary of Canine Malignant Lymphoma Revised From the Revised European-
American Classification of Lymphoid Neoplasms/ WHO Classification of 

Lymphoid Neoplasms

B cell T cell

High 
grade diffuse large B-cell lymphoma 

(52%)

peripheral T-cell lymphoma 
NOS (15%), 

T-lymphoblastic lymphoma 
(3%)

Low 
grade

marginal zone lymphoma
(8%)

mantle zone lymphoma
(2%)

nodal T zone lymphoma 
(4%) 

Canine 
lymphoma

histology - 
classification
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Canine 
lymphoma

Histology - 
classification

Seelig et al, 2016

Histological classification schemes

• 1940 Gail and Mallory
• 1966 Rappaport 
• 1974 Lukes–Collins

• 1978 Kiel
• 1982 Working Formulation 
• 1988 Updated Kiel

• 1994 REAL
• 2000’s W HO

52%

4%15%

8%2%
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Immunohisto-
chemistry

round cell tumor 
panel

Marker
Neoplasia

PAX-5 /
CD79a

CD3 Melan A kit CD18 Iba-1 MUM1
Kappa/
Labda

Histiocytic + +

Lymphoid B-cell T-cell + ±

Plasma cell + + + +

Mast cell +

Amelanotic
melanoma

+

Other commonly used diagnostic IHC-markers:
Cytokeratin (epithelial), Vimentin (mesenchymal), Desmin (myogenic), 
vWF/FactorVIII (endothelial),  Hormones (PTH, ACTH, Thyroglobulin, 

Calcitonin, Chromogranin/Synaptophysin, Insulin) 
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Canine 
lymphoma

cDLBL

Valli et al, 2011
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Flow 
cytometry

UVDL

32

Flow cytometry / Technique

33

Dot-plot
(parameter vs parameter)

Histogram plot
(number events vs parameter)

Positive 
cells

Negative 
control

Flow 
cytometry

representation data
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Canine 
lymphoma

Flow cytometry

Marker Cells

CD1 Dendritic cells

CD3 Pan-T cells

CD4 Helper T-cells; neutrophils

CD5 Pan-T cells

CD8 Cytotoxic T cells

CD14 Monocytes

CD18 Pan-leukocytes

CD19/20/21/22 Mature B-cells

CD34 Hematopoietic stem cells

CD45 Non-erythroid hematopoietic cells

CD79α/β Pan-B cells (incl. some plasma cells)

MHCII Antigen-presenting cells, most lymphocyte types 

Surface IgM Immature B cells

Light-chain Antigen-producing cells, plasma cells

CD138 Plasma cells
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Why so many?

Stem cell

Progenitor 
T-cellCommon 

lymphoid 
progenitor

Progenitor 
B-cell

Precursor 
T cell

Double positive 
T cell

Immature
T cell

Mature
T cell

Pre B-cell Immature
B-cell

Mature
B-cell

Plasma cell

PeripheryBone marrow

PeripheryBone marrow Thymus

Multiple 
myeloma

Plasma cell 
tumorsAcute leukemia Immature lymphoid cells

DLBCL
MZL
B-CLL
SBCL

Acute leukemia PTCL / PTCL-NOS
T-CLL / TZL

CD45

CD34 CD5 ± and MHC-II ±

CD3

CD4

CD8 CD4 or CD8

CD21

CD45

CD34 CD79a and MHC-II 
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� Differentiate cells on cell size and “internal complexity” (FSC-SSC)

� Staining with specific antibodies to detect specific epitopes (“CD”)

� Useful for diagnosing and characterizing lymphoproliferative diseases 
including lymphomas and leukemias

� useful for subtyping some histological T cell, but not B cell diseases

Diagnostic criteria

� Over-representation of a single population 

� Aberrant expression

Flow 
cytometry

Results
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Enlarged  
lymph nodes

Lab. retriever MN 7Y

45

Enlarged  
lymph nodes

Lab. retriever MN 7Y

B cell lymphoma
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Enlarged 
lymph nodes

mixed breed MN 8Y

T zone lymphoma
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1. Identify a specific mutation
� Diagnostic

� BRAF – urothelial carcinoma
� RCND – renal cell carcinoma (German shepherd)

� Therapeutic
� c-Kit- mutation – mast cell tumor
� MDR1-1Δ – deletion mutation, increased drug sensitivity 

� Diagnostic , prognostic and therapeutic
� Searchlight DNA –next generation sequencing 120 cancer genes

2. Demonstrate clonality
� Diagnostic / Staging

� PARR – lymphocyte clonality
� MRD (minimal residual disease) – lymphoma

DNA-based 
tests

53

Canine 
lymphoma

PARR

The antigen-binding (variable region) of the antibody / TCR
Is encoded by the VDJ genes

54

Diversity in the hypervariable or complementarity-determining regions 
region of V(H) is sufficient for most antibody specificities

PARR

Ig/TCR genes are assembled 
through random assortment of V 

(86), D (6) and J (6) genes and 
insertion of a random number of 

nucleotides 

Keller 2016
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PARR

Keller 2016

PARR = 
PCR 
Antigen 
Receptor 
Rearrangement
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Keller 2016

PARR results
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Can be used for:
• Differentiate neoplastic from reactive lymphoid proliferations
• Detecting and monitoring lymphoproliferative disorders 

• Detection of rare neoplastic cells 
• Quantifying tumor burden: MRD, Staging

• Immunophenotyping

Burnett et al, 2003

PARR
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Abby
bobtail F 3½Y 

So what’s next??

• Nu.Q®-test: Caution zone

• Flow-cytometry peripheral lymph node: 
• Higher % T cells, abnormal ratio CD4+/CD8+
• No aberrant expression
• High Ki-67 expression

• PARR: monoclonal T cell and polyclonal B cell proliferation 
• MDR1-1Δ:  N /P

Conclusion: 
• high grade T-cell lymphoma (PTCL-NOS)
• carrier of MDR-1 deletion
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