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Foreword

In 2006 organiseerden de Samenwerkende Diergeneeskundige Kankercentra
(SDK) het eerste ONCOlogisch Treffen, met als onderwerp Head and Neck
Tumours. Het succes van dit eerste congres heeft de lat voor de volgende congres-
sen hoog gelegd, maar we zijn ieder jaar opnieuw geslaagd een zeer boeiend pro-
gramma, de benaming internationaal congres waardig, te verzorgen. Ook dit
jaar zijn wij ervan overtuigd dat u ons programma zult waarderen.

Het ONCOlogisch Treffen is bedoeld als een congres waar niet alleen de ontwik-
kelingen op oncologisch gebied worden besproken, maar waar de practicus ook
handvaten worden gegeven, die hij/zij direct in de praktijk kan gebruiken. Ook
voor de meer gespecialiseerde collega’s is het programma uitdagend. Het onder-
werp van dit jaar, de rondceltumoren, leent zich daar bij uitstek voor. De spre-
kers van wereldformaat staan garant voor lezingen van een zeer hoog niveau.

Nieuw dit jaar is de paneldiscussie waarbij ook u, vanuit de zaal, uw vragen kunt
voorleggen aan een panel van specialisten. Wij hopen op deze manier het con-
gres nog interactiever te maken en zijn dan ook zeer benieuwd hoe u deze panel-
discussie ervaart.

Dit laatste brengt ons bij het belang van het evaluatieformulier. De uitkomsten
van deze enquête stellen ons in staat het congres nog meer aan uw wensen aan
te passen. Wij willen u dan ook vragen de moeite te nemen het formulier in te
vullen en te retourneren. Ook willen we u graag op de prijsvraag wijzen die in
samenwerking met onze sponsoren is opgesteld. Wanneer u deze prijsvraag
invult en op zaterdag inlevert, maakt u kans op een sledehondenavontuur (hele
dag inclusief diner) voor 6 personen bij Lowlandpack in Limburg ter waarde van
1000 euro!!

Rest ons verder u een gezellig, maar vooral leerzaam congres toe te wensen,

Tom Hendrickx
Arno Roos

Voorzitters S.D.K.

www.kankerbijdieren.nl

 



ONCOlogisch Treffen 2012

Lymphoma, Melanoma, Mastocytoma
and other round cell tumours:
what’s known and what’s new?

Saturday 11th of February 2012 (chairman Dr. Erik Teske)

09.00 - 09.30 Welcome coffee

09.30 - 09.45 Arno Roos
Opening of the congress with presentation of the prize contest

09.45 - 10.45 Dr. Ted Valli (Page 11)

Malignant lymphoma in the dog and cat: Pathology

10.45 - 11.15 Coffee break

11.15 - 12.45 Dr. Doug Thamm (Page 95)

Malignant lymphoma in the dog and cat: Clinical oncology

12.45 - 13.45 Lunch

13.45 - 14.15 Dr. Ted Valli (Page 105)

Histiocytic tumours in the dog and cat: Pathology

14.15 - 15.15 Dr. Doug Thamm (Page 119)

Histiocytic tumours in the dog and cat: Clinical oncology

15.15 - 15.45 Coffee break

15.45 - 16.45 Dr. Jolle Kirpensteijn (Page 149)

Melanoma in the dog and cat and results of the melanoma vaccine

16.45 - 17.30 Panel discussion Dr. Ted Valli and others:
how cytology and histo-pathology reports of lymphoma patients
can guide the clinician: some actual theorems.

17.30 - 19.00 Drinks offered by the sponsors and announcement of the prize winner

19.00 Dinner
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Sunday 12th of February 2012 (Chairman Dr. Maurice Zandvliet)

09.00 - 09.30 Welcome coffee

09.30 - 10.15 Dr. Ted Valli (Page 153)

Mastocytoma in the dog and cat: Pathology

10.15 - 11.15 Dr. Doug Thamm (Page 183)

Mastocytoma in the dog and cat: Clinical oncology

11.15 - 11.45 Coffee break

11.45 - 12.30 Dr. Doug Thamm
Mastocytoma (continuing story)

12.30 - 13.00 Dr. Doug Thamm (Page 203)

Pfizer Palladia evaluation

13.00 - 14.00 Lunch

14.00 - 14.45 Keynote lecture: (Page 205)

Prof. Dr. J. H. Veelken, Hematology, Leiden University Medical Center. 
Current concepts to improve outcomes of standard therapies
for human lymphomas.  

14.45 - 16.00 Dr. Ted Valli & Dr. Doug Thamm (Page 206)

Other round cell tumours, e.g. leukaemia’s

16.00 Closure of the congress and farewell …
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ONCOlogisch Treffen, february 11th - 12th, 2012

The speakers

Dr. Douglas H. Thamm, VMD, DACVIM (Oncology)
Associate Professor and Barbara Cox Anthony Chair in Oncology
Colorado State University Animal Cancer Center

Dr. Thamm is an Associate Professor and Barbara Cox Anthony Chair in Oncology and at the

Colorado State University Animal Cancer Center.  He is also a member of the Developmental

Therapeutics Section of the University of Colorado Comprehensive Cancer Center and the Cell

and Molecular Biology Graduate Program at Colorado State University, and is Director of Clinical

Research for the Animal Cancer Center.  Dr. Thamm received his Bachelor’s and V.M.D. degrees

from the University of Pennsylvania.  He completed a Residency in Medical Oncology at the

University of Wisconsin, and was a researcher there for 5 additional years before joining the

faculty at CSU in 2004.  He is the author of over 65 peer-reviewed publications in veterinary and

basic cancer research and was Oncology Section Editor for the most recent edition of Kirk’s

Veterinary Therapy.  His clinical and research interests include novel targeted therapies for animal

and human cancer and ways to integrate these therapies with existing treatment.

Dr. V.E. (Ted) Valli, DVM
Diplomate, American College of Veterinary Pathologists

Dr. Ted Valli received his DVM from the University of Toronto, Ontario Veterinary College in 1962.

He then returned to his hometown of Brooks, Alberta where he started Bow Valley Veterinary

Clinic. In 1967 he received his M.Sc. in clinical pathology and his Ph.D. in pathology in 1969 from

Ontario Veterinary College. In 1969, Dr. Valli was boarded in anatomic pathology by the

American College of Veterinary Pathologists and in 1975 was also boarded in clinical pathology.

Dr. Valli was appointed Associate Professor of Pathology in 1969 at the Ontario Veterinary College

and later became a full professor and head of the department in 1978. In 1984, he was appoin-

ted the Associate Dean of Research. From 1990-2008, Dr. Valli served as the Dean of Veterinary

Medicine at the University of Illinois before joining the pathology staff of VDx in 2008. 
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Jolle Kirpensteijn, DVM, PhD, Diplomate ACVS & ECVS
Department of Clinical Sciences of Companion Animals, Faculty of Veterinary Medicine,
Utrecht University, PO Box 80154, NL-3508 TD Utrecht, The Netherlands, j.kirpensteijn@uu.nl

Jolle Kirpensteijn graduated from the Utrecht University Faculty of Veterinary Medicine, Holland
in 1988 and finished and internship and residency training in small animal surgery in the USA.
The residency was followed by a fellowship in surgical oncology at the Colorado State University
Comparative Oncology Unit, USA. In 1993, Jolle returned to Europe to accept a position in surgi-
cal oncology and soft tissue surgery at Utrecht University. In August 2008 Jolle was appointed
Professor in Soft Tissue Surgery at Utrecht University. Jolle is Diplomate of the American and
European College of Veterinary Surgeons. Jolle is currently the President of the World Small
Animal Veterinary Association. 
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Current Professor of Hematology & Department Chair
Position Leiden University Medical Center, Department of Hematology

Postdoctoral Training and Positions:
2002 - 2010 Professor of Medical Molecular Biology, Attending Staff Physician

Freiburg University Medical Center, Department of Hematology/Oncology 
2004 - 2010 Associate Director Research, Comprehensive Cancer Center Freiburg 
2000 - 2002 Research Scholar, Division of Oncology, Stanford University Medical Center
1999 - 2000 Attending Staff Physician, Freiburg University Medical Center, Department of

Hematology/Oncology
1998 Habilitation (PhD) with appointment as Privatdozent (Assistant Professor),

Freiburg University,Faculty of Medicine
Venia legendi (Academic Teaching Licence) for Internal Medicine 

1992 - 1998 Resident/Clinical Fellow, Freiburg University Medical Center, Department of
Hematology/Oncology.

1989 - 1992 Postdoctoral Research Fellow, Harvard Medical School and Brigham & Women’s
Hospital, Department of Pathology, Boston

1988 - 1989 Resident, Mainz University Medical Center, Division of Hematology

Education:
1988 Graduation (Promotion). Dissertation: “Monoclonal antibodies against mast cell lines

of the mouse: Development and functional studies” (magna cum laude). 
University of Mainz. Thesis Advisor: Prof. Dr. Erwin Rüde, Department of Immunology

1987 - 1988 Final Year Rotations: Anaesthesiology, Internal Medicine: Hammersmith Hospital
& Royal Postgraduate Medical School, London, UK; Surgery: Kantonales Spital Sursee,
Switzerland

1982 - 1988 Medical School, University of Mainz, Germany

Certifications
2009 Certified Principal Investigator according to ICH-GCP 
2000 German Board of Hematology and Medical Oncology
1998 German Board of Internal Medicine
1989 U.S. Foreign Medical Graduate Examination in the Medical Sciences (FMGEMS)
1988 German Medical Licence

Membership in Professional Societies:
American Society of Hematology (ASH)
German Society for Hematology and Oncology (DGHO)
Dutch Society for Hematology (NvvH)
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Dutch Oncology ConferenceDutch Oncology Conference
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LYMPHOID NEOPLASMS in DOGS and CATSLYMPHOID NEOPLASMS in DOGS and CATS

V. E. Valli DVM

2

Leukemia or LymphomaLeukemia or Lymphoma

uAccording to the revised WHO
Classification the area with the greatest
volume of tumor is regarded as the main
anatomic site of tumor.

u Thus if there is more tumor in the marrow
than in the peripheral tissues the lesion is
a Leukemia and vice versa.

3

Classification of HematopoieticClassification of Hematopoietic
TumorsTumors

u The Working Formulation lacked
Phenotypic interpretation and had less
detail than the Kiel Classification.

u The WHO Classification had international
(REAL) input and has become the world
standard in humans.

uAnimal lymphomas can be accurately
classified by the WHO system and
largely respond to therapy as in humans.

2012 11
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Diagnostic StrategiesDiagnostic Strategies
uCytologic Examination
u In preparing slides from a nodal FNA use
the same technigue as for a blood film
with a spreader slide and immediately
wave the slides dry.

uCytologic preparations can be formalin
fixed (1min) with heat activated antigen
retreival and immunostained with any of
the antibodies active in FFPE tissues

5

CytologicCytologic ExaminationsExaminations

uCytology can provide these answers:
u Inflammation and inciting agent,
Hyperplasia, Likely Lymphoma,
Lymphoma and Phenotype.

u It is not possible to reliably provide a
specific subtype of lymphoma for
therapeutic management by cytologic
examination

6

HistologicHistologic ExaminationExamination

uHistologic examination is required for a
specific subtype identification on which to
base a therapeutic protocol.

uPhenotypic identification is considered
essential for humans as it is for animals.

uA Tru-cut biopsy of lymphoid tumor of 14-
12 gauge (1.5mm) is sufficient and gives
excellent fixation and cellular detail

12 ONCOlogisch Treffen

Dr. Ted Valli
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Immune Staining in Animals VariesImmune Staining in Animals Varies
with Specieswith Species

uCD3 marks T-cells in all domestic animals
and stains necrotic T-cells

uCD79a works in dog and ruminant B-cells
uCD79a is irregularly positive in cats and
horses. In these species CD20 strongly
marks B-cells

uCD20 marks Plasmacytomas in most
species and is fully reliable when paired
with CD3

8

The WHO Classification SystemThe WHO Classification System

u The WHO Classification system for
lymphomas permits grading that is
applicable to animals.

u Low: TZL, MZL, MCL, TCRLBCL
u Intermediate: DLBCL, PTCL
uHigh: LBL, Burkitt-like L.

9

Low grade Lymphoma Dog NodeLow grade Lymphoma Dog Node
TZLTZL

2012 13

Dr. Ted Valli



10

Dog Node Lymphoma TZLDog Node Lymphoma TZL

11

Detail Dog Node Lymphoma TZLDetail Dog Node Lymphoma TZL

12

Dog Node Cytology TZLDog Node Cytology TZL
Wright/Wright/GiemsaGiemsa

14 ONCOlogisch Treffen

Dr. Ted Valli
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Dog Node TZL BDog Node TZL B--cell CD79a Staincell CD79a Stain

14

Dog Node TZL TDog Node TZL T--cell CD3 Staincell CD3 Stain

15

Low grade Lymphoma Dog SpleenLow grade Lymphoma Dog Spleen
MZLMZL

2012 15
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Low grade Lymphoma Dog SpleenLow grade Lymphoma Dog Spleen
MZL Fading Germinal CentersMZL Fading Germinal Centers

17

Low grade Lymphoma MZL DogLow grade Lymphoma MZL Dog
Fading Germinal CenterFading Germinal Center

18

Low grade Lymphoma MZL DogLow grade Lymphoma MZL Dog
TruTru--cut biopsycut biopsy poplitealpopliteal nodenode

16 ONCOlogisch Treffen

Dr. Ted Valli
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Detail Low grade Lymphoma MZLDetail Low grade Lymphoma MZL
DogDog TruTru--cut biopsycut biopsy poplitealpopliteal nodenode

20

Low grade Lymphoma MZL DogLow grade Lymphoma MZL Dog
TruTru--cut biopsy Tcut biopsy T--cell CD3 Staincell CD3 Stain

21

Low grade Lymphoma MZL DogLow grade Lymphoma MZL Dog
TruTru--cut biopsy Bcut biopsy B--cell CD79 Staincell CD79 Stain

2012 17
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Low grade Lymphoma MZL DogLow grade Lymphoma MZL Dog
TruTru--cut biopsy Bcut biopsy B--cell CD79 Staincell CD79 Stain

23

Low grade Lymphoma MZL DogLow grade Lymphoma MZL Dog
FNA Cytology Wright/FNA Cytology Wright/GiemsaGiemsa

24

Low grade Lymphoma TCRLBCLLow grade Lymphoma TCRLBCL
Cat (HodgkinCat (Hodgkin’’ss--Like)Like)

18 ONCOlogisch Treffen
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Detail Low grade LymphomaDetail Low grade Lymphoma
TCRLBCL Cat (HodgkinTCRLBCL Cat (Hodgkin’’ss--Like)Like)

26

Low grade Lymphoma CatLow grade Lymphoma Cat
TCRLBCL TTCRLBCL T--cell CD3 Staincell CD3 Stain

27

Low grade Lymphoma CatLow grade Lymphoma Cat
TCRLBCL BTCRLBCL B--cell CD79 Staincell CD79 Stain

2012 19
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Low grade Lymphoma Cat TCRLBCLLow grade Lymphoma Cat TCRLBCL
FNA Cytology Wright/FNA Cytology Wright/GiemsaGiemsa

29

Intermediate grade Lymphoma DogIntermediate grade Lymphoma Dog
DLBCLDLBCL TruTru--cut biopsycut biopsy

30

Detail Intermediate grade LymphomaDetail Intermediate grade Lymphoma
Dog DLBCLDog DLBCL TruTru--cut biopsycut biopsy

20 ONCOlogisch Treffen
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Intermediate grade Lymphoma DogIntermediate grade Lymphoma Dog
DLBCLDLBCL

BB--cell CD79 Tcell CD79 T--cell CD3cell CD3

32

Intermediate grade Lymphoma DogIntermediate grade Lymphoma Dog
DLBCL FNA Cytology Wright/DLBCL FNA Cytology Wright/GiemsaGiemsa

33

High grade Lymphoma DogHigh grade Lymphoma Dog
BurkittBurkitt--likelike TruTru--cut Biopsycut Biopsy

2012 21
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Detail High grade Lymphoma DogDetail High grade Lymphoma Dog
BurkittBurkitt--likelike

35

High grade Lymphoma DogHigh grade Lymphoma Dog
BurkittBurkitt--likelike

BB--cell CD79 Tcell CD79 T--cell CD3cell CD3

36

High grade LymphoblasticHigh grade Lymphoblastic
Lymphoma DogLymphoma Dog TruTru--cut Biopsycut Biopsy

22 ONCOlogisch Treffen
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Detail High grade LymphoblasticDetail High grade Lymphoblastic
Lymphoma DogLymphoma Dog TruTru--cut Biopsycut Biopsy

38

High grade LymphoblasticHigh grade Lymphoblastic
Lymphoma DogLymphoma Dog

BB--cell CD79 Tcell CD79 T--cell CD3cell CD3

39

High grade Lymphoblastic LymphomaHigh grade Lymphoblastic Lymphoma
Dog FNA Cytology Wright/Dog FNA Cytology Wright/GiemsaGiemsa

2012 23
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Conclusions WHO ClassificationConclusions WHO Classification
and Animal Lymphomasand Animal Lymphomas

uVeterinary Pathologists in General
Practice achieved an 83% accuracy in
applying the WHO System to Dog
Lymphomas (Valli et al Vet Path vol 48
#1 p198-211) see digitized slides

u The survival of dogs treated for
lymphoma is highly related to a specific
diagnosis with appropriate therapy

41

Survival of 497 dogs by diagnosisSurvival of 497 dogs by diagnosis
treated for lymphomatreated for lymphoma

24 ONCOlogisch Treffen
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Classification of Canine Malignant
Lymphomas According to the
World Health Organization Criteria

V. E. Valli1, M. San Myint2, A. Barthel3, D. Bienzle4, J. Caswell4,
F. Colbatzky5, A. Durham6, E. J. Ehrhart7, Y. Johnson2, C. Jones8,
M. Kiupel9, P. Labelle10, S. Lester11, M. Miller12, P. Moore13,
S. Moroff10, P. Roccabianca14, J. Ramos-Vara12, A. Ross15,
T. Scase16, H. Tvedten17, and W. Vernau13

Abstract
A study was carried out to test the accuracy and consistency of veterinary pathologists, not specialists in hematopathology, in
applying the World Health Organization (WHO) system of classification of canine lymphomas. This study represents an
initiative of the ACVP Oncology Committee, and the classification has been endorsed by the World Small Animal Veterinary
Association (WASVA). Tissue biopsies from cases of canine lymphoma were received from veterinary oncologists, and a
study by pathologists given only signalment was carried out on 300 cases. Twenty pathologists reviewed these 300 cases with
each required to choose a diagnosis from a list of 43 B and T cell lymphomas. Three of the 20 were hematopathologists who
determined the consensus diagnosis for each case. The 17 who formed the test group were experienced but not specialists in
hematopathology, and most were diplomates of the American or European Colleges of Veterinary Pathology. The overall
accuracy of the 17 pathologists on the 300 cases was 83%. When the analysis was limited to the 6 most common diagnoses,
containing 80% of all cases, accuracy rose to 87%. In a test of reproducibility enabled by reintroducing 5% of cases entered
under a different identity, the overall agreement between the first and second diagnosis ranged from 40 to 87%. The
statistical review included 43,000 data points for each of the 20 pathologists.

Keywords
dog, oncology
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Introduction

Malignant lymphoma is the most common canine neoplasm

treated by chemotherapy and a disease that affects dogs of all

breeds and ages. Classifications that were developed for non-

Hodgkin lymphoma in humans have been used in the past by

veterinary pathologists to classify canine malignant lymphoma.

Whereas early classification systems were based entirely on the

morphologic characteristics of malignant lymphocytes, the

ability to further differentiate cells immunophenotypically led

to a revision of the historical classification systems. The Rap-

paport classification28 from 1966 represents one of the earliest

classification systems applied to canine malignant lymphomas,

and according to this classification, the large cell lymphomas

were termed histiocytic.12

With increasing knowledge of the immunologic aspects of

malignant lymphomas, a better understanding of maturation

and differentiation of lymphoid cells, and the advance of che-

motherapy, new classification systems were developed. Almost

simultaneously, the Lukes-Collins classification20 in North

America and the Kiel classification18 in Europe were pub-

lished. Both systems were based on immunologic concepts and

only differed significantly in the position of centrocytes within

the line of maturation in each classification. Despite these dif-

ferences, translation from one to the other classification was

still possible.16 The Kiel classification was easily adapted for

canine malignant lymphoma.37

To avoid further confusion and in an attempt to unify the

European and North American classifications, the National

Cancer Institute initiated a 1,400-casemulti-institutional study

published as the working formulation.26 The working formula-

tion represented a translational system for the existing human

non-Hodgkin lymphoma classifications. The working formu-

lation was primarily oriented on the clinical outcome and less

on cellular criteria.17 The various lymphoma entities in this

classification were based on groups of human patients with

similar survival curves, and the morphologic features for each

group were described. Numerous studies addressed the limita-

tions of the working formulation,19 and in succeeding years,

these deficiencies became more apparent as new entities were

described.3,6 The working formulation became widely used in

North America with animal studies based on this system,4,8,9

whereas the Kiel system became widely used in Europe for

both humans and animals.7,32

The original Kiel classification was revised, and an

‘‘updated’’ version31 was shown to be applicable to canine

malignant lymphomas,32 and multiple studies documented its

prognostic utility.13,32 The Kiel classification was limited to

nodal pathology, and advances in immunology and histo-

chemistry indicated the need for updating all of the previous

systems. This prompted the formation of the International

Lymphoma Study Group (ILSG), which proposed a Revised

European-American Classification of Lymphoid Neoplasms

(REAL).11

The objectives of the ILSG were to devise a system that did

not have obvious ties to any country or region and greatly

expanded criteria for disease recognition. The unique features

of the ILSG proposal were that neoplasms were identified as

diseases and not as cell types, with the diagnostic criteria

including all relevant information: cellular morphology and

cell lineage, as well as topography and general biology of each

neoplasm that defined it as a specific disease entity. The REAL

system was adopted largely intact as the revised World Health

Organization (WHO) system of classification.
10 The efficacy

of this classification was demonstrated by a group of medical

pathologists in the Non-Hodgkin’s Lymphoma Classification

Project of 1997.1 The results of that study on more than

1,400 cases of human leukemia and lymphoma showed that

5 expert hematopathologists obtained an 85% consensus on

major types of lymphoma using the criteria of the ILSG classi-

fication system. These results immediately rendered other sys-

tems of classification obsolete and pointed to the need for a

similar study to demonstrate the applicability of the WHO sys-

tem to animal neoplasms.

The specific purpose of this study was to test the application

of the WHO system for classification of canine malignant lym-

phomas by veterinary diagnosticians who were experienced but

not expert in hematopathology. We also wanted to test the

consistency (interobserver variability) and reproducibility

(intraobserver variability) on a large group of canine lympho-

mas and determine the influence of immunophenotyping for

making the correct diagnosis.

Materials and Methods

Case Material

Cases included in this study consisted of 285 excisional or

incisional biopsies with 15 cases duplicated to test for consis-

tency of interpretation. These biopsy specimens had been

fixed in 10% neutral buffered formalin; most were broad

Tru-cut biopsy specimens of lymph nodes. Cases were

derived from 20 US states and Quebec with most (91) from

California; 10 states were represented by only 1 case each.

Tissues were routinely processed and sectioned at 3 microns

and stained with hematoxylin and eosin (H&E). Serial sec-

tions of each case were placed on positively charged slides for

further immunohistochemical labeling. To test intraobserver

reproducibility 15 (5%) of the cases, including examples from

the most common entities, were recut and included in this

study with a similar signalment but different pathology acces-

sion numbers and American College of Veterinary Patholo-

gists (ACVP) serial numbers. The total number of cases

reviewed by each pathologist was 300, including the 15 dupli-

cated cases.

Immunophenotyping

All cases were labeled immunohistochemically for B and

T cell antigens following a routine protocol. Briefly, antigen

retrieval was achieved by heating slides to 125�C for 30 sec-

onds followed by 90�C for 10 seconds in citrate buffer at pH
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6.0 in a commercial pressure cooker, Decloaker (Biocare

Medical, Walnut Creek, CA). Endogenous peroxidase was

blocked for 15 minutes with 3% hydrogen peroxide. Nonspe-

cific immunoglobulin binding was blocked by incubation of

slides for 10 minutes with a protein blocking agent (Dako,

Carpinteria, CA) prior to application of the primary antibo-

dies. The latter were allowed to react for 30 minutes at room

temperature. Sections were stained in a Biogenex autostainer

(BioGenex Laboratories, San Ramon, CA). The slides were

incubated with a mouse monoclonal anti-CD79a antibody

(clone HM57) for B cells at a dilution of 1:100 and a rabbit

polyclonal anti-CD3 antibody for T cells at a dilution of

1:100 (both Dako). A supersensitive multilink kit was used

for detection (BioGenex Laboratories). The immunoreaction

was visualized with 3,39-diaminobenzidine substrate (Bio-

Genex Laboratories). Sections were counterstained with

Mayer’s hematoxylin. Positive immunohistochemical con-

trols included a normal canine lymph node to which the

appropriate antisera were added. For negative controls, the

primary antibodies were replaced with homologous nonim-

mune sera.

Review Process

A total of 20 pathologists reviewed all 300 cases during August

and November 2007. The study group included international

participation with 7 of the pathologists currently residing out-

side of the United States and 5 pathologists currently residing

in the United States who received their residency training in

Europe or Australia.

The original diagnosis for each case was made by one

pathologist (Valli). Two other pathologists (Moore, Vernau)

worked as expert reviewers using a double-viewing microscope

to develop the consensus interpretation by reviewing each case

diagnosis against that of the first author. Each of the other

pathologists worked independently. Each participant received

a CD with annotated photographs of each lymphoma subtype,

including immunophenotyic reactions, before the slide review

period.

The 300 cases were divided into 8 groups of 37 to 38 cases

each. Each review began with a general discussion of the pro-

cess followed by distribution of the slides and individual work.

All cases were classified by each reviewer into B and T cell

subtypes as designated in the WHO classification system (see

Table 1). A single group review after the first 2 hours of indi-

vidual work was used to discuss complicated cases and reach

consensus on how to classify specific tumor entities.

To classify each lymphoma into a distinct entity of the

WHO classification, the following features were examined

sequentially for each case: nodular versus diffuse growth

pattern, the relation of cellular nodules to remnants of

non-neoplastic follicles, nuclear size, the detailed nuclear

morphology, the number of mitoses per high-power field, and

the immunophenotype. Nuclear size was determined as small

(<1.5� the size of a red blood cell), intermediate (1.5–2� the

size of a red blood cell), or large (>2� the size of a red blood

cell). The number of mitoses was identified in a microscopic

field with a 40� objective. Lymphomas with 0 to 5 mitoses/

400� field were graded as 1 or low grade (low), those with

6 to 10 mitoses/400� field were graded as 2 or medium grade

(med), and those with greater than 10 mitoses/400� field were

graded as 3 or high grade (high). Detailed morphological and

clinical characteristics of each of these 6 entities are described

in detail in the Results section.

Statistical Analysis

A Microsoft Access database was created from the 20 patholo-

gists’ reports. The data set contained 25 B cell lymphoma vari-

ables, 18 T cell lymphoma variables, and 3 phenotype selection

Table 1. Summary of Canine Malignant Lymphoma Revised From the
Revised European-American Classification of Lymphoid Neoplasms/
World Health Organization Classification of Lymphoid Neoplasms

B Cell Neoplasms
Precursor B cell neoplasms
Precursor B lymphoblastic leukemia/lymphoma
Mature (peripheral) B cell neoplasms
B cell chronic lymphocytic leukemia/prolymphocytic
Leukemia/small lymphocytic lymphoma
B cell prolymphocytic leukemia
Lymphoplasmacytic lymphoma
Splenic marginal zone B cell lymphoma
Plasma cell myeloma/plasmacytoma
Extranodal marginal zone B cell lymphoma of mucosa-associated

lymphoid tissue type
Nodal marginal zone lymphoma
Follicular lymphoma
Mantle cell lymphoma
Diffuse large B cell lymphomaa

Mediastinal large B cell lymphoma
Burkitt’s lymphoma/Burkitt’s cell leukemia
Provisional entity: high-grade B cell lymphoma
Burkitt’s-likea

Primary effusion lymphoma
T Cell and Putative Natural Killer Cell Neoplasms
Precursor T cell neoplasm
Precursor T lymphoblastic
Lymphoma/leukemia

Mature (peripheral) T cell and natural killer cell neoplasms
T cell prolymphocytic leukemia
Large granular lymphocyte leukemia (LGL)
Aggressive natural killer (NK) cell leukemia
Peripheral T cell lymphomas, unspecifieda

Adult T cell lymphoma/leukemia
Intestinal T cell lymphoma (+enteropathy associated)

Hepatosplenic gdT cell lymphoma
Subcutaneous panniculitis-like T cell lymphoma
Mycosis fungoides/Sezary syndrome
Anaplastic large cell lymphoma, T and null cell primary cutaneous
type
Peripheral T cell lymphoma not otherwise specified
Angioimmunoblastic T cell lymphoma
Angiocentric T cell lymphoma

a Peripheral T cell lymphomas are those that are not otherwise specified
(NOS) to a specific subtype by further definition. See PTCL (Fig.3 a-d).
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variables. A total of 43,300 data points were generated per

pathologist for the 300 reviewed cases. Descriptive statistical

analysis was conducted using Microsoft Excel software. Analy-

tical statistics were conducted using Statistix 8 software. The

consensus diagnoses reached by Drs Moore, Vernau, and Valli

were used as the gold standard for comparison with the findings

of the other 17 pathologists. For this study, sensitivity was

defined as the rate of agreement for a positive diagnosis

between each panel pathologist and the gold standard. The spe-

cificity was defined as the rate of agreement for ruling out a

diagnosis between each panel pathologist and the gold stan-

dard. This initial analysis included many categories of unusual

tumors that rarely occur. This may overestimate the specificity

and underestimate the sensitivity of the diagnoses. To correct

for this potential source of bias, a subset of the database con-

sisting of only the 6 most common diagnostic entities (which

constituted 79.5% of total cases) was analyzed separately.

Results

The overall rate of consensus between panel pathologists and

the gold standard was 83%. The mean sensitivity (rate of pos-

itive agreement) was approximately 70% with a range of 46 to

100%. The mean specificity rate was 99% with a range of 99 to

100%. The mean overall agreement between the first and sec-

ond diagnosis on the 15 duplicate cases for the 20 test observers

was 65.5% with a range of 40 to 86.7%.

The second analysis was based on the 6 most common neo-

plastic entities, which encompassed 79.5% of the total cases. For

this group of cases, the overall rate of consensus between panel

pathologists and the gold standardwas approximately 87%, with

an average sensitivity of 77% and a specificity of 96%. These 6

subtypes of lymphoma included the following entities: diffuse

large B cell lymphoma (145 cases), marginal zone lymphoma

(11), peripheral T cell lymphoma not otherwise specified (42),

nodal T zone lymphoma (38), T lymphoblastic lymphoma

(12), and disease other than lymphoma (20). Detailedmorpholo-

gical and clinical characteristics of each of the 6 most common

entities are described in detail below.

Diffuse Large B Cell Lymphoma (Fig. 1a-d)

The study included 145 cases of large B cell lymphoma (all

CD79a positive), which comprised nearly half of the 300 cases

studied. The defining features of diffuse large B cell lymphoma

(DLBCL) are the diffuse arrangement of sheets of neoplastic

B cells and the uniformly large nuclei (>2 red cells in diameter)

and scant cytoplasm of the neoplastic cells. Nuclei are usually

round or rarely cleaved or indented. Mitotic rates vary but are

detectable in all fields at 40� magnification. For the purposes

of this study and consistent with the Kiel classification, DLBCL

was further divided according to the number and location of their

nucleoli. Large B cells withmultiple nucleoli, often located at the

nuclear periphery, were referred to as centroblastic (DLBCL-

CB). Those with a single central prominent nucleolus were

termed immunoblastic (DLBCL-IB). The study included 111

cases ofDLBCL-CBand34cases ofDLBCL-IB.However,many

cases had both types of nucleolar arrangement and were only

assigned toDLBCL-IB if at least 90% of nuclei were of that type.

An additional subtype included in the category of DLCBL

was the T cell–rich large B cell lymphoma (TCRLBCL). This

neoplasm has variable numbers of neoplastic B cells amid a pre-

dominant population of small non-neoplastic T cells, and abun-

dant fine stroma is present. These neoplasms are rare in dogs.

Architectural changes in DLBCL include thinning of the

lymph node capsule and compression of the peripheral sinus.

Fading germinal centers may be present in the outer cortex.

There is destruction of normal nodal structures, filling of the

medullary cords, and compression of medullary sinuses. Tingi-

ble body macrophages may be diffusely present, and their num-

ber varies with the mitotic rate.

DLBCL must be distinguished from marginal zone lym-

phoma, which has a characteristic arrangement of neoplastic

B cells around atrophic fading follicles, intermediate-sized

rather than large nuclei, more uniformly abundant cytoplasm,

and an absence of mitotic figures in most cases. DLBCL must

also be distinguished from large T cell lymphoma that may

appear identical except for immunophenotype. Late-stage

(grade III) follicular lymphoma may be similar cytologically

but is distinguished on the basis of the uniformly diffuse archi-

tecture present in DLBCL.

DLBCL was the most common lymphoma of this case

series, representing about 40% of cases. Most dogs present with

one or more enlarged peripheral nodes, with involvement of

abdominal nodes or viscera in 15 to 20% of cases and of skin

in about 10% of cases. Up to 5% have primary involvement

of the spleen or mediastinum. Overt leukemia is uncommon.

DLBCL are strongly positive with CD79 and CD20 and are

negative with CD3. It is likely that in dogs as in people, there

is marked biological variation in DLBCL that is not detectable

by morphological or limited immunophenotypic analysis.

Marginal Zone Lymphoma (Fig. 2a-d)

Marginal zone lymphomas (MZL), whether in spleen or node,

are indolent clonal proliferations of B lymphocytes of distinc-

tive architecture in which aggregates of neoplastic cells sur-

round fading remnants of germinal centers and thus resemble

the marginal zone of the lymph node follicle. MZL has a dis-

tinctive cytological appearance characterized by nuclei of

intermediate size with prominent single central nucleoli and

abundant lightly stained cytoplasm and with mitoses absent

except in advanced cases. MZL cells strongly express CD79

and CD20 and lack CD3.

This study included 11 (3.7%) MZL, of which 8 were biop-

sies from lymph nodes, 2 were from the spleen, and 1 involved

both lymph node and spleen. In humans, MZL may be nodal25

or splenic27 or involve a mucosal surface as mucosal-associated

lymphoid tumor (MALT).25,30

MZL occurs in mature dogs and in some reviews comprises

up to 15 to 17% of canine lymphomas. MZL typically occurs in

large breed dogs as a single enlarged submandibular or cervical
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lymph node that typically remains mobile beneath the skin. The

dog usually retains normal appetite and activity.

A second presentation of canine MZL is as a primary splenic

tumor, and MZL is the most common primary lymphoma in the

spleen in dogs and in humans. Spread from the spleen to

abdominal lymph nodes occurs slowly, and spread to extra-

abdominal lymph nodes occurs over several years. Leukemia

is not a feature of MZL.33 In the spleen, the tumor is multi-

centric and locally extensive.33

MZL is the most common lymphoma in dogs character-

ized by neoplastic expansion of marginal lymphocytes sur-

rounding (‘‘fading’’) germinal centers, but a comparable

arrangement can be seen with marginal zone hyperplasia, fol-

licular lymphoma, and a faintly nodular form of DLBCL.

MZL is distinguished from hyperplasia by a uniform popula-

tion of medium-sized lymphocytes with peripheralized

chromatin that accentuates a large central nucleolus and with

abundant lightly stained cytoplasm with distinct cell bound-

aries. Hyperplasias have a mixture of smaller mantle lympho-

cytes that have less cytoplasm. MZL cells strongly express

CD79 and CD20 and lack CD3. MZL can be distinguished

from follicular lymphoma (FL) by having an inner remnant

collapsed mantle cell cuff or a heterogeneous follicular

center, whereas FL has a uniform proportion of centroblasts

and centrocytes across the entire follicle. MZL is distin-

guished from a type of DLBCL that surrounds germinal

centers, but DLBCL is of large cells with a higher mitotic

rate; a single large nucleolus is a feature of both MZL and

DLBCL-IB. Late-stage MZL retains the same cellular charac-

teristics as the earlier stages, but the nodules coalesce, the

mitotic rate increases, and tingible body macrophages become

apparent.

Figure 1. (a–d) Dog lymph node, diffuse large B cell lymphoma (DLBCL), high-grade centroblastic type. (a) Effacement of nodal architecture with
thinning of the capsule and compression of the peripheral sinus. Hematoxylin and eosin (H&E). (b) Nuclei of neoplastic lymphoid cells are large (2 red
cells in diameter) and have multiple prominent peripheral nucleoli that are often associated with the nucleolemma. H&E. (c) Neoplastic cells are
negative forCD3.Numerousnon-neoplasticT cells are associatedwith the involuted follicular structure. Immunolabelingwith anti-CD3, hematoxylin
counterstain. (d) Irregular cytoplasmic reactivity of neoplastic B cells with CD79a. Immunolabeling with anti-CD79a, hematoxylin counterstain.
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Peripheral T Cell Lymphomas Not Otherwise Specified
(Fig. 3a-d)

Peripheral T cell lymphomas (PTCL) comprised 42 cases

(nearly 15%) in this study. The category of PTCL not other-

wise specified (PTCL-NOS) includes all T cell lymphomas

that are not well categorized and cannot be further differen-

tiated based on topography and cellular size. In human med-

icine, the term NOS is used less frequently, because many

entities originally included are now given specific names.

These include small T cell lymphomas such as mature T cell

leukemia/lymphoma,36 T zone lymphoma,2,34 angioimmuno-

blastic T cell lymphoma (AILT),29 the hepatosplenic and

enteropathy types,8 the subcutaneous panniculitis-like type,14

and anaplastic large cell lymphoma39 that in human condi-

tions is specifically labeled for anaplastic lymphoma kinase

(ALK) and CD30. Many of these diseases may be recognized

in dogs on the basis of immunophenotype and topographical

involvement but are still incompletely characterized.7,23 The

designation of peripheral refers to extrathymic location.

PTCL are characterized by a diffuse proliferation of neo-

plastic T cells, but there is variable cellular morphology and

Figure 2. (a–d) Dog, spleen, marginal zone lymphoma (MZL). (a) Coalescing neoplastic lymphoid nodules have periodicity that indicates
localization around terminal arterioles. There is lymphoid atrophy of the normal area of spleen. Hematoxylin and eosin (H&E). (b) Nuclei of
neoplastic lymphoid cells are vesicular with peripheralized chromatin causing apparent thickening of the nuclear membranes. There is marked
parachromatin clearing with thin chromatin bands and very prominent single central nucleoli. Cytoplasm is relatively abundant and of moderate
staining density with cell boundaries irregularly distinct. Mitoses and tingible body macrophages are not present. H&E. (c) Fine CD3-positive
inner rings of T cells remain within mantle cell cuffs of B cells surrounding fading germinal centers. Outer rings of T cells surround the
unlabeled areas of neoplastic B cells of the marginal zone cell layer. Immunolabeling with anti-CD3, hematoxylin counterstain. (d) Strong focal
labeling for CD79a of neoplastic B cells in areas of coalescing MZL proliferation, with sharp boundaries that interface with the areas of residual
T cells. Some germinal centers are still apparent, and these are lightly labeled due to the presence of unlabeled dendritic cells and atrophy of
benign B cells. The mantle cell cuff is inapparent and is labeled in continuum with the surrounding outer layer of MZL cells. Immunolabeling
with anti-CD79a, hematoxylin counterstain.
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mitotic rate from case to case. They are associated with

prominent high-endothelial venules, and an angioprolifera-

tive category has prominent fine vascular proliferation and

focal ischemic necrosis. The presence of a mixture of cell

types, including eosinophils or macrophages, is suggestive

of PTCL.

Nodal peripheral T cell lymphoma is the most common form

and exhibits diffuse paracortical expansion of the lymph node.

The capsule is typically thin, and the sinus is compressed and

focally obliterated with spread of neoplastic cells to perinodal

tissue. The neoplastic cells are usually large but may be of vari-

able cell size and frequently have cleaved or oval nuclei.

Nucleoli are inconsistent in number and size. Mitotic rates are

variable, and even those with many mitoses may lack numerous

tingible body macrophages.

The extranodal form of PTCL is less common and may

occur in the subcutis. The more aggressive forms of this disease

have frequent vascular, especially arterial, invasion causing

focal necrosis and edema.

Some of the less well-recognized types of peripheral T

cell lymphoma include a rapidly progressive disease in

young large breed dogs that presents with generalized skin

disease and mimics an aggressive angioinvasive lymphoma

of children.21 In dogs, these masses are composed of

strongly CD3-positive cells with large atypical nuclei, pro-

minent nucleoli, marked irregular distribution of chromatin,

and high mitotic rates. Another rare type of peripheral T cell

lymphoma occurs in mature, healthy dogs that present with

a single subcutaneous mass that may be interpreted as a

puncture wound. The lesions are 1 to 2 cm in diameter with

Figure 3. (a–d) Dog, lymph node, peripheral T cell lymphoma (PTCL). (a) The capsule is thinned and irregularly invaded. The peripheral
sinus is compressed but only focally obliterated. Germinal centers are fading. Hematoxylin and eosin (H&E). b) Nuclei of neoplastic cells are
closely aggregated and large (2 to nearly 3 red cells in diameter). The chromatin is branched with large chromocenters and marked
parachromatin clearing. There are 2 to 4 quite prominent nucleoli in each cell with cytoplasm moderate in volume, lightly stained with cell
boundaries indistinct. H&E. (c) Intense labeling of neoplastic T cells with CD3. Immunolabeling with anti-CD3, hematoxylin counterstain. (d)
Irregular dense clusters of CD79a-positive B cells indicate the fading follicular centers. Immunolabeling with anti-CD79a, hematoxylin
counterstain.
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large CD3þ neoplastic lymphocytes, often adjacent to small

veins with mixed inflammatory cells, including eosinophils,

and with diffuse fine sclerosis and foci of necrosis.35 Prolif-

erations of this type are usually considered of infectious

origin before lymphoma is considered.

In this study, 39 PTCLwere nodal, 2 were hepatic, and 1 was

enteric. Of these, 31 were of large cell type, including

3 anaplastic; 9 were of intermediate size; and 1 each was of

mixed and of small cell size. Of the 42 PTCL, 19 were of high

grade, 7 were medium grade, and 16 were low grade. PTCL

strongly expressed CD3 and was negative for CD79 and

CD20. PTCL of diffuse large cell type cannot be distinguished

from DLBCL on H&E stains. The mixed cellular types of

PTCL are distinguishable from TCRLBCL since all cells

express CD3 in PTCL but not TCRLBCL.

T Zone Lymphoma (Fig. 4a-d)

The T zone lymphoma (TZL) category first appeared in the Kiel

classification with a description of a nodal lymphoma that

occurs rarely in humans.2 In this study, there were 38 cases of

TZL (12.7%). T zone lymphoma is defined as a nodal T cell

lymphoma, in which neoplastic cells expand the paracortex and

medullary cords but do not efface the nodal architecture. The

neoplastic cells are small or intermediate in size, lack internal

nuclear detail, and have shallow nuclear indentations, with

mitoses absent in early cases and very low in advanced cases.

There is consistent clonal rearrangement of T cell receptor

genes. The architecture of TZL is characteristic. The capsule

of the lymph node is at least focally thinned, but perinodal tissue

is not involved. The peripheral sinus is compressed but not

Figure 4. (a–d) Dog, lymph node, T zone lymphoma (TZL). (a) The nodal capsule is thinned without involvement of perinodal tissue.
Neoplastic lymphoid cells are peripheralizing the fading germinal centers beneath the capsule. Fibrovascular supporting structures are
prominent. Hematoxylin and eosin (H&E). (b) In this early stage, TZL nuclei are small (only slightly larger than red cells). Nuclei have sharp
shallow indentations, and some nuclei have small central nucleoli. H&E. (c) Neoplastic T cells are uniformly CD3 positive; an occasional cell is
more deeply labeled. Immunolabeling with anti-CD3, hematoxylin counterstain. (d) B cells in fading follicular structures are CD79a positive,
and these fading follicles are adjacent to the capsule and to bands of fibrovascular connective tissue. Immunolabeling with anti-CD79a,
hematoxylin counterstain.
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infiltrated. There typically are fading atrophic germinal centers

in the outer cortex that are characteristically pressed against the

outer sinus by the expanding population of neoplastic T cells.

Fading germinal centers occur throughout the medulla, where

they are peripheralized against the fibrovascular supporting

structures.34 The intervening areas of paracortex are filled

with a uniform population of small- or intermediate-sized

lymphocytes.

There are 2 subtypes: TZL of small cells, with nuclei only

slightly larger than red cells, and TZL of intermediate-sized

cells. The nuclei have little internal detail and stain densely,

and the nucleoli are inapparent. Sharp shallow nuclear indenta-

tions are characteristic and frequent. The cytoplasm is abun-

dant, so that the nuclei of adjacent cells are not in contact.

Mitoses are not present in most fields at 400�. The

postcapillary venules are prominent. TZL cells are solidly

CD3 positive and are negative for CD79 and CD20. Later

stages of TZL will have areas of empty sinus ectasia.

TZL must be differentiated from small lymphocytic lym-

phoma (SLL) of T or B cell type. SLL are not associated with

frequent fading germinal centers or sinus ectasia. Further,

nuclei of SLL cells do not have consistent nuclear indentations.

T cell proliferations result in peripheralized and fading germ-

inal centers, whereas B cell proliferations symmetrically sur-

round germinal centers. This feature gives TZL its architectural

signature.

TZL comprises about 10 to 12% of lymphomas in dogs.

Almost all cases of TZL occur in peripheral lymph nodes, usu-

ally submandibular,34 and generally in animals that had a single

enlarged node for as long as a year with normal appetite and

Figure 5. (a–d) Dog, node, lymphoblastic lymphoma (LBL). (a) The nodal capsule is thinned with a compressed peripheral sinus and focal
colonization of the capsule. The medulla is filled with distended cords and compressed sinuses. Hematoxylin and eosin (H&E). (b) Nuclei of
neoplastic cells are of intermediate size (1.5 times the size of red cells). There is moderate anisokaryosis, and the chromatin is finely dispersed.
Nucleoli are present but not readily apparent because they are obscured by the dispersed chromatin. Cytoplasm is minimal and highly
basophilic. H&E. (c) The cytoplasm of neoplastic T cells is densely positive for CD3. Immunolabeling with anti-CD3, hematoxylin counterstain.
(d) Neoplastic T cells do not express CD79a. Without eosin staining, the nuclear shape is more easily identified. Nucleoli are inapparent after
antigen retrieval. Immunolabeling with anti-CD79a, hematoxylin counterstain.
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Figure 6. (a–d) Dog, lymph node, follicular lymphoma (FL). (a) The homogeneity of cell type and architecture, with an absence of tingible body
macrophages throughout the follicle, identifies the proliferation as FL. Small arteries and postcapillary venules are interfollicular and
peripheralized by neoplastic follicles. The capsule is thin, and the peripheral sinus is open between nodules. Hematoxylin and eosin (H&E). (b)
Follicles are composed of intermediate-size centrocytes with indented, heterochromatic nuclei and large-size centroblasts that have large
nucleoli impinging on the nuclear membrane. H&E. (c) The interfollicular areas consist of small areas of residual benign paracortex composed
of CD3-positive T cells. There is complete absence of mantle cell cuffs. Immunolabeling with anti-CD3, hematoxylin counterstain. (d) Follicles
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activity. Leukemia may occur in advanced cases of TZL.

Examination of fine-needle aspirates may not distinguish

malignant from benign small lymphocytes.

T Cell Lymphoblastic Lymphoma (Fig. 5a-d)

T cell lymphoblastic lymphoma (T-LBL), in contrast to T cell

lymphoblastic leukemia, is a neoplasm of peripheral tissues usu-

ally involving lymph nodes, and the cellular features are charac-

terized by uniformly intermediate-sized nuclei with evenly

dispersed chromatin that obscures nuclear detail and a highmito-

tic rate. There is with very rapid spread to visceral organs and

marrow and characterized by short remission times in treated

animals. In this study, there were 12 cases of T-LBL (4%).

The term lymphoblastic has not been used with precision in

veterinary medicine and has been used in the hematologic con-

text to indicate a large neoplastic cell in blood.22 With newer

classification systems for human tumors and their application

in veterinary pathology, lymphomas of intermediate nuclear

size with dispersed chromatin have become recognized as LBL

that can be of either B or T cell type, indistinguishable without

immunohistochemistry.5

Cytologically, the cells of LBL are similar to those of

acute lymphoblastic leukemia (ALL) of B or T cell type.

Dogs with ALL have overt leukemia and bone marrow invol-

vement. LBL may be diagnosed on fine-needle aspiration

where the diagnosis is based on the presence of uniformly

large cells with few differentiating features. LBL cells are

characterized by a dispersed chromatin pattern that obscures

nucleoli in cells with nuclei of intermediate size. The chro-

matin appears uniformly dense in both cytology and histol-

ogy. The mitotic figures are less sharply defined and may

be underestimated.

Architecturally, T-LBL typically has a thin capsule with

focal perinodal colonization, diffuse cortical and medullary

filling, and lack of tingible body macrophages. Cytologically,

there is a high mitotic rate (>10/400� field), and the cells

appear densely stained because of the dispersed chromatin that

obscures nucleoli. There is moderate anisokaryosis, and nuclei

range from round to oval or irregularly indented.

LBL is the most aggressive lymphoma regularly encoun-

tered in veterinary practice, with T-LBL more common than

B-LBL. Dogs with LBL are visibly ill but in good body condi-

tion, indicating rapid onset with reduced appetite and activity.

Most cases present with one or more peripheral nodes enlarged.

There is marked similarity between canine mediastinal T cell

lymphoma that rapidly involves the bone marrow and human

adolescent acute lymphocytic leukemia.15

T-LBL can be distinguished from PTCL of similar cell size

since the latter has more prominent nucleoli and mitoses.

T-LBL must be differentiated from B-LBL through immuno-

histochemistry (IHC) for CD3, CD79, and CD20 and from

T-ALL on the basis of topographical involvement.

Follicular Lymphoma (Fig. 6a-d) Versus Follicular
Hyperplasia (Fig. 7a-c)

Diseases other than lymphoma totaled 20 cases in this study.

Eleven (3.7%) of these cases were lymphoid hyperplasia;

9 cases were benign atypical follicular hyperplasia (BAFH),

identified by having coalescing follicles, and 2 cases were

benign follicular hyperplasia (BFH). BFH needs to be differen-

tiated from the indolent lymphomas of dogs (FL, MZL, mantle

cell lymphoma [MCL], and TZL).38 None of these, with the

possible exception of BFH, is associated with clinical illness.

Both humans and dogs with FL tend to present with widespread

involvement but lack clinical illness. FL in humans constitutes

more than 30% of all lymphomas in North America but repre-

sent only about 1% of lymphomas in dogs. The morphologic

features of these groupings are sufficiently well defined that

they can be distinguished on H&E staining.9,38

Architecturally, BFH, in contrast to FL, usually retains a

thin mantle cell cuff, and many may have antigen-related polar-

ity with larger cells at one side of the follicle.24 Perinodal

extension may occur in both BFH and FL. BFH is characterized

by the presence of intrafollicular tingible body macrophages,

whereas FL, having disabled the apoptotic gene, has few or

none. Both FL and BFH label strongly with CD79 and CD20.

CD3 labeling is primarily interfollicular. There are a few resi-

dual T cells in FL follicles and many in those of BFH.

FL is a rule out in nodes with follicular architecture and is

confirmed on the basis of an identical mixture of centrocytes

and centroblasts across each individual follicle and between

follicles anywhere in the node. Additional criteria are loss of

mantle cell cuffs and absence of antigen-related polarity. FL

may only partially involve the lymph node and only rarely

develops into diffuse areas in advanced cases.

FL must be distinguished from BFH on the basis of the

absence of antigen-related polarity, loss of the mantle cell cuff,

and homogeneity of centrocytic and centroblastic proportions.

The proportion of the centrocytes and centroblasts is the basis

on which the FL is graded from I to III, and with time, the

Figure 7 (continued) are composed of strongly and uniformly CD79a-positive B cells. There are irregular areas of follicular coalescence
present in the outer cortex. Immunolabeling with anti-CD79, hematoxylin counterstain. (a–c) Dog, lymph node, benign atypical follicular
hyperplasia (BAFH). (a) A perceptible mantle cell cuff encircles the germinal center, with a broad surrounding area of marginal zone hyperplasia
that greatly increases the follicle size. The follicle has retained antigen-related polarity, characterized by lighter staining of the more superficial
follicular lymphocytes and more dense staining of the lymphocytes in the deeper aspect of the follicle. Hematoxylin and eosin (H&E). b) The
marking of the periphery of follicles is due to numerous scattered CD3-positive T cells within the mantle cell layer. Immunolabeling with
anti-CD3, hematoxylin counterstain. (c) Small CD79a-positive B cells of the mantle cell cuff have greater cytoplasmic density than large
CD79a-positive B cells of follicular centers. Immunolabeling with anti-CD79, hematoxylin counterstain.
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proportion of large cells of the centroblastic type increases and

the proportion of small cells of the centrocytic type decreases.10

Discussion

This study confirms that veterinary pathologists, even those

who are not specialists in hematopathology, can achieve a high

degree of accuracy in applying the WHO classification system

to canine lymphomas. The histologic diagnosis of specific sub-

types of non-Hodgkin lymphoma in humans is widely believed

to be imprecise.1 We believe that the same can be said for the

histologic diagnosis of canine malignant lymphoma. Since only

follicular lymphoma can be accurately diagnosed on H&E

staining and that subtype constituted less than 1% of total cases

in this study, immunophenotyping is essential for an accurate

diagnosis of canine lymphoma. The accuracy of the 17 review-

ing pathologists can best be assessed by comparing this study to

that carried out by the medical pathology group.1 It is important

to recognize that in that study, the reviewers did not work

independently as their daily results were tracked, and if all

5 reviewers did not provide the same diagnosis on each case,

they were required to review all of these to reach a consensus

diagnosis. An odd number of pathologists (5) was chosen pre-

cisely to facilitate reaching agreement in cases in contention. No

consensus agreements were reached in this current study except

those between the 3 pathologists who established the diagnostic

interpretation for each of the 300 cases. The fact that the overall

accuracy by this diverse group so closely mirrored that of the

human study is a remarkable achievement.

The prognostic significance of eachmorphologic entitywill be

reviewed in a future article. A preliminary evaluation of clinical

data from this study shows that dogs with indolent lymphoma

retain normal appetite and activity, even with advanced stages

of lymphoma. The specific lymphomas with these characteristics

include nodal and splenic marginal zone lymphoma, follicular

lymphoma, small cell lymphomaofBandTcell types, T cell–rich

large B cell lymphoma, and T zone lymphoma.

To our knowledge, no other system of veterinary diagnostic

classification has been tested in a system of equivalent rigor and

detail. The success of this study exemplifies an important concept.

Experience provides pathologists with a breadth of knowledge

that is difficult to gain other than by hands-on activity. However,

an equivalent need is access to diagnostic criteria for specific

lymphoma entities bywhich they can be accurately distinguished

by observers who are talented but not experienced. The critical

value ofwell-described and illustrated disease entities was appar-

ent in the analysis of this study, where a senior resident scored

higher than many experienced and certified pathologists. Thus,

experiencemayalsobring a bias that impedes use ofnewdiagnos-

tic criteria. This demonstrates that careful application of well-

described criteria is paramount for accuracy in diagnosing canine

lymphoma or any other disease entity. In the historical develop-

ment of lymphoma classifications, it was those that had

well-defined and easily applicable criteria that gained use. This

study is an affirmation of the WHO criteria that are generally

directly applicable to canine lymphomas.

The basic premise behind the development of the WHO

classification system for human leukemias and lymphomas

deserves comment. In reviewing the existing disease classifica-

tion systems, the working group saw how new knowledge made

each of the preexisting systems obsolete. Therefore, a goal was

to develop a classification system that was capable of absorb-

ing new knowledge without requiring a complete revision of

the system. Their strategy of classifying human lymphomas

on the basis of well-defined diseases rather than on cellular

type recognized that there was no gold standard by which round

cell tumors can be classified. Thus, every aspect of these dis-

eases, including topography, cell type, immunophenotype,

cytogenetics, and molecular analysis, were all included. Fortu-

nately, the first 3 of those criteria provide most of the informa-

tion required to arrive at a specific diagnosis of lymphoma in a

dog. The open-ended aspect of the WHO classification system

is valuable to veterinary pathology since it permits application

of oversight criteria and allows addition of newly derived infor-

mation. By this process, large diagnostic categories, such as

DLBCL, will be subdivided as diagnostic specificity increases.

This process is apparent in the initial list of human peripheral T

cell lymphomas: those listed as not otherwise specified (NOS)

have become progressively fewer as more of these diseases

were found to have specific criteria by which they could be

identified.

It is pragmatic for veterinary pathologists to apply the cur-

rent WHO criteria, recognizing that this is a work in progress

that will advance as more information becomes available. In

summary, because the 6 disease categories described in detail

here include nearly 80% of all canine lymphomas, application

of this system is practical for most veterinary pathologists.
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Canine Indolent Nodular Lymphoma

V. E. VALLI, W. VERNAU, L.-P. DE LORIMIER, P. S. GRAHAM, AND P. F. MOORE

Department of Pathobiology (VEV) and Clinical Medicine (LPdL), College of Veterinary Medicine,
University of Illinois at Urbana-Champaign, IL; and Department of Pathobiology, Microbiology and

Immunology, University of California–Davis, CA (WV, PSG, PFM)

Abstract. Sixty-six cases of indolent canine lymphoid proliferation were reviewed. Age ranged from
1.5 to 16 years (median 9.0 years). Dogs of 26 breeds, plus 13 of mixed breeding or unknown lineage,
were represented. B-Cell lymphomas (CD79a+) predominated. Marginal zone lymphoma (MZL), the
largest group, involved lymph node (33 cases) and spleen (13 cases), with both tissues involved in five of
these cases. Follicular lymphoma (FL) involved lymph nodes (five cases), and mantle cell lymphoma
(MCL) occurred as solitary splenic masses (three cases). Nodal CD3+ T-zone lymphomas (TZL) (10
cases), were included since they resembled late-stage MZL at the architectural level. Two cases of
marginal zone hyperplasia (MZH) were included to aid in differentiation of early MZL. Clonality status
was determined in 54 cases by analysis of immunoglobulin heavy chain (IGH) and T-cell antigen
receptor gamma (TCRG) gene rearrangement. Clonal rearrangement of IGH was detected in 28 of 35
MZL cases (80%), four of four FL cases (100%) and three of three MCL cases (100%). Concurrent cross
lineage rearrangement of TCRG was detected in six MZL and two FL cases. Clonal rearrangement of
TCRG was documented in five of eight TZL cases (63%). Limited survival data obtained for 18 dogs
indicated that the B-cell lymphomas (MZL, MCL, and FL) and the T-cell lymphoma (TZL) were
associated with indolent behavior and long survival. Although to the authors’ knowledge, the true
incidence of canine indolent lymphomas is unknown, the tumors are not rare and may have been
underrecognized. Recognition of their architectural features, routine application of immunophenotyp-
ing, and molecular clonality assessment should alleviate this.

Key words: Dogs; lymphoma; mantle cell; marginal zone; marrow; node; spleen.

In animals, indolent lymphomas, similar to the
low-grade, B-cell lymphomas of humans, are
seldom recognized as specific diseases.8,23,26,37,42,43

In animals, a generic diagnosis of lymphoma is
most often made, and is based on cell morphology,
often without phenotype, and assessment of
architectural integrity.8,26,37,42,43 The linkage of
specific lymphoma type and type-specific therapy,
as seen in human clinical trials, is therefore missing
in most veterinary studies. Trials of therapy of
lymphoma need to be conducted on biologically
similar tumors to document differences in thera-
peutic strategies.
Indolent lymphomas arise on a background of

follicular lymphoid hyperplasia, and include follic-
ular, mantle cell, and marginal zone lymphomas of
B-cell type, and T-zone lymphoma of T-cell
type.4,14,18,30,45 The indolent lymphomas of B- and
T-cell types share a low mitotic rate and slow rate
of clinical progression. Indolent lymphomas in
advanced stages retain the same cytomorphologic
features, but lose the follicle-related architecture,
without which their indolent nature may not be
apparent on histologic examination. These lym-

phomas usually arise after a long period of benign
hyperplasia and tend to contain capsular and
medullary sclerosis.

The aim of the study reported here was to alert
oncologists and pathologists to the less commonly
observed indolent types of lymphoma, which
require recognition and appropriate management.
The treatment of hematopoietic neoplasia in dogs
and cats requires a specific, rather than general
diagnosis that is based on architecture, cell
morphology, and phenotype.17,21,22,31,34 Chemother-
apeutic trials require determination of subtypes of
lymphoma as part of the protocol.5,11,34,36,54 The
remarkable conservation of genetic information in
mammals suggests that the same type of lesion
would respond to a similar type of therapy in
humans and in dogs.37,39,48,51,53

Materials and Methods

Study population

From 1992 to the present, 66 cases of indolent canine
lymphoid proliferation were received from state and
university diagnostic services. The study group included
mantle cell (MCL) and marginal zone (MZL) lympho-
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mas as were defined in humans over this period.4,29,36,41

Phenotype was determined for 51 cases by immunohis-
tochemical reaction to CD3 and CD79a antibodies for
T- and B-cell lineages, respectively (DAKO, Carpinteria
CA). Clonality was determined for 52 cases where DNA
was available, including nine cases where phenotype was
not determined (Table 1). Diagnoses for the 66 cases
with all information considered were: five cases of
follicular lymphoma (FL) (Table 1, cases 1–5); 46 cases
of MZL (Table 1, cases 6–51); three cases of MCL
(Table 1, cases 52–54); and 10 cases of T-zone
lymphoma (TZL; Table 1, cases 55–64). The 46 cases
of MZL included primary splenic MZL in 13 dogs
and nodal MZL in 33 dogs. Five primary splenic
cases also had lymph node involvement (Table 1,
cases 11, 14, 24, 38, 44). The three cases of MCL were
located in the spleen. T-Zone lymphomas were included
since, in the absence of phenotyping, they closely
resembled late-stage MZL at the architectural level.
Two cases of marginal zone hyperplasia (MZH) were
included to aid in differentiation of early MZL (Table 1,
cases 65, 66).

Diagnostic criteria

Follicular-derived lymphomas frequently develop in
the presence of germinal centers that may be involuting
to ‘‘fading’’ follicles.22,28,38,44 Involution of germinal
centers may result in collapse of the mantle cells into the
follicular dendritic cell center, with the formation of
clusters of small dense cells in place of the original
germinal centers (see late MZL). This is called fading
follicular hyperplasia (FFH). Generalized FFH was
present in virtually all cases of MZL. The presence of
defined mantle cell cuffs is characteristic of lymphoid
hyperplasia (Figs. 1–3). In follicular lymphoma (FL),
the follicles tend to be large, but uniform in size; lack
a mantle cell cuff (‘‘bare’’); and are tightly faceted
throughout the entire area of the node in an advanced
lesion (Fig. 2).14,44 Cytologically, the proliferative
follicles of FL lack the antigen-related polarity that
serves to distinguish FL from lymphoid follicular
hyperplasia (Figs. 1, 3a). In FL, the high endothelial
venules of the paracortex are compressed between
opposing follicles and are not found within them. The
FL cases were graded using human criteria for propor-
tions of centrocytes and centroblasts.44

Marginal zone hyperplasia (Fig. 3) and MZL (Figs. 4,
5) occupy a region within the node or spleen that lies
outside of the mantle cell cuff and is clearly related to
germinal centers that usually are in regression.18,41

Prolonged, vibrant follicular hyperplasia may be ac-
companied by some degree of MZH that stains more
lightly than the mantle cell cuff (Fig. 3a). Marginal zone
hyperplasia consists of cuffs, often discontinuous, of
larger cells with mild vesiculation of nuclei and single
prominent nucleoli (Fig. 3b). The MZH cells are
intermixed with smaller mantle cells and large ‘‘centro-
blasts’’ with multiple small nucleoli that lie near the
nuclear membrane (Fig. 3c).

Marginal zone lymphoma is characterized by co-
alescing areas of perifollicular proliferation usually
accompanied by paracortical atrophy (Fig. 4a). MZL
can be graded for ‘‘early, mid, or late’’ stage of
development, on the basis of area of tissue involved,
degree of coalescence of focal areas of neoplastic
proliferation, and number of cells in mitosis.18,19,29,32,38

In early MZL, the cytologic homogeneity suggests
neoplasia before there is coalescence of the marginal
zone cuffs. Neoplastic transformation of marginal zone
lymphocytes results in an increase in nucleolar size, but
not larger nuclei. The chromatin pattern becomes finer,
with chromatin more uniformly peripheralized and
lining the nuclear membrane (Fig. 4b). The mitotic rate
remains low, with none found at 4003 magnification in
most fields: a key factor in the diagnosis of MZL.
Immunophenotypically, marginal zone lymphocytes
strongly and uniformly express CD79a with prominent
membrane marking. In advanced MZL, the perifollicu-
lar cuffs coalesce (Fig. 5a), and cytologically contain
a homogeneous cell population (Fig. 5b). Late-stage
MZL is characterized by paracortical atrophy with
marked and irregular sinus dilatation. These large
cavities are filled with red blood cells and neoplastic
lymphocytes (Fig. 5a). As a consequence, cases of late
MZL have poorly cohesive tissues that may fragment on
sectioning.

Mantle cell lymphoma (MCL) consists of round
masses of deeply stained cells, with regularity of spacing
that suggests their anatomic relationship to small
arterioles in the spleen and germinal centers in the
lymph node outer cortex.10,16 Some foci can be seen to
surround hyalinized and hypocellular germinal centers,
which indicates their relationship to fading follicles
(Figs. 6a–c). Cytologically, neoplastic mantle cells have
nuclei slightly larger and with more internal nuclear
detail than their benign counterparts. They lack
nucleoli, and mitoses are rarely found (Fig. 6d). The
diagnosis of MCL is more difficult than that of MZL,
because the intermediate cells of MCL overrun the
fading germinal centers and the benign mantle cells.

T-Zone lymphoma (TZL) is characterized by cellular
proliferation between fading follicles, rather than
surrounding them, as in MZL (Fig. 7a).22,36,45,49 Cyto-
logically, TZL is composed of homogeneous population
of CD3+ small lymphocytes that have sharp, shallow
nuclear indentations, inapparent nucleoli, and a moder-
ate volume of pale cytoplasm (Fig. 7b). In contrast, T-
zone hyperplasia consists of a heterogeneous population
of small lymphocytes, macrophages, and dendritic cells,
which imparts a moth-eaten appearance at low magni-
fication (not shown).

Assessment of clonality by polymerase chain reaction
(PCR) analysis

The DNA from three to four (25-mm-thick) sections
of formalin-fixed paraffin-embedded tissues was ex-
tracted and collected into 1.5-ml Eppendorf tubes.
Genomic DNA was extracted (DNeasy tissue kit,
Qiagen, Valencia, CA) using the manufacturer’s recom-

242 Valli, Vernau, de Lorimier, Graham, and Moore Vet Pathol 43:3, 2006

by guest on December 21, 2011vet.sagepub.comDownloaded from



2012 45

T
a
b
le

1
.

C
a
n
in
e
in
d
o
le
n
t
ly
m
p
h
o
m
a
:
su
m
m
a
ry

o
f
d
ia
g
n
o
si
s,

d
em

o
g
ra
p
h
ic
s,

im
m
u
n
o
p
h
en
o
ty
p
e,

m
o
le
cu
la
r
cl
o
n
a
li
ty
,
th
er
a
p
y
,
a
n
d
su
rv
iv
a
l
d
a
ta
.*

C
a
se

D
ia
g
-

n
o
si
s

T
is
su
e

A
g
e

(y
)
S
ex

B
re
ed

C
D
7
9

C
D
3

IG
H

C
lo
n
a
li
ty

T
C
R
G

C
lo
n
a
li
ty

T
h
er
a
p
y

S
u
rv
iv
a
l

(m
o
)

D
ea
th
,

C
a
u
se

o
f

1
F
L
II
I

N
o
d
e
1

1
1
F

C
o
ck
a
p
o
o

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

C
O
P
L
A

2
1

R
el
a
p
se

o
f
F
L

2
F
L
II
I

N
o
d
e

g
en

U
n
k

U
n
k

N
D

N
D

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

3
F
L
II
I

N
o
d
e
1

1
1
M

P
ek
in
g
es
e

P
o
s

N
eg

C
lo
n
a
l

C
lo
n
a
l

4
F
L
II
I

N
o
d
e
1

U
n
k

U
n
k

N
A

N
A

C
lo
n
a
l

C
lo
n
a
l

5
F
L
II
I

N
o
d
e
2

0
9
F

T
er
ri
er

P
o
s

N
eg

N
D

N
D

6
M
Z
L

L
N
o
d
e
1

0
7
M

B
el
g
ia
n

S
h
ee
p

P
o
s

N
D

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

N
IL

3
U
n
k
n
o
w
n

7
M
Z
L

M
N
o
d
e
2

1
0
M

M
ix
ed

P
o
s

N
eg

C
lo
n
a
l

N
o
a
m
p

L
-A

sp
2

L
u
n
g
ca
rc
in
o
m
a

8
M
Z
L

M
N
o
d
e
1

1
0
F
S

L
a
b
R
et

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

C
O
P
L
A

2
6

D
eg

m
y
el
o

9
M
Z
L

M
S
P
L
N

9
.9

F
S

P
o
m

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

S
p
le
n
-X

7
C
a
rc
in
o
m
a
to
si
s

1
0

M
Z
L

M
N
o
d
e
2

1
1
F
S

W
H
W

T
er
ri
er

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

C
O
P

4
3

C
h
ro
n
ic

re
n
a
l

fa
il
u
re

1
1

M
Z
L

M
S
P
L
N
+

N
o
d
e

1
3
F
S

M
ix
ed

N
D

N
D

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

S
p
le
n
-X

1
9
.5

C
a
rd
ia
c
fa
il
u
re

1
2

M
Z
L

L
N
o
d
e

g
en

8
.4

F
E
n
g
li
sh

B
u
ll
d
o
g

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

C
H
O
P

9
A
sp
ir
a
ti
o
n

p
n
eu
m
o
n
ia

1
3

M
Z
L

M
(T
Z
L
)

N
o
d
e
1

1
1
M

S
ib
er
ia
n

H
u
sk
y

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

1
4

M
Z
L

E
S
P
L
N
+

N
o
d
e

1
0
F
S

R
o
tt
w
ei
le
r

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

1
5

M
Z
L

L
N
o
d
e
1

0
7
F
S

R
o
tt
w
ei
le
r

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

1
6

M
Z
L

M
N
o
d
e
1

1
0
F
S

P
it
B
u
ll

T
er
ri
er

N
A

N
A

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

1
7

M
Z
L

M
N
o
d
e
1

9
.5

F
S
h
el
ti
e

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

1
8

M
Z
L

E
N
o
d
e

g
en

1
3
F
S

C
o
ck
er

S
p
a
n
ie
l

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

1
9

M
Z
L

M
N
o
d
e

g
en

5
.5

M
C

M
ix
ed

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

2
0

M
Z
L

E
(M

Z
H
)

N
o
d
e
1

1
2
M

S
td

P
o
o
d
le

N
D

N
D

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

2
1

M
Z
L

M
N
o
d
e
2

0
8
F
S

D
a
lm

a
ti
o
n

N
D

N
D

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

2
2

M
Z
L

L
N
o
d
e
2

1
3
F
S

L
h
a
sa

A
p
so

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

2
3

M
Z
L

L
N
o
d
e
1

0
5
M
N

G
o
ld
en

R
et

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

2
4

M
Z
L

M
S
P
L
N
+

N
o
d
e

1
1
F
S

P
o
in
te
r

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

2
5

M
Z
L

L
N
o
d
e
1

0
9
F

T
er
ri
er

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

Vet Pathol 43:3, 2006 Canine Indolent Lymphoma 243

by guest on December 21, 2011vet.sagepub.comDownloaded from



46 ONCOlogisch Treffen

C
a
se

D
ia
g
-

n
o
si
s

T
is
su
e

A
g
e

(y
)
S
ex

B
re
ed

C
D
7
9

C
D
3

IG
H

C
lo
n
a
li
ty

T
C
R
G

C
lo
n
a
li
ty

T
h
er
a
p
y

S
u
rv
iv
a
l

(m
o
)

D
ea
th
,

C
a
u
se

o
f

2
6

M
Z
L

M
N
o
d
e
1

1
2
M

M
ix
ed

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

2
7

M
Z
L

L
N
o
d
e

g
en

4
.5

F
M
ix
ed

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

2
8

M
Z
L

M
S
P
L
N

1
6
M
N

B
ea
g
le

P
o
s

N
eg

C
lo
n
a
l

C
lo
n
a
l

S
p
le
n
-X

7
O
ld

a
g
e

2
9

M
Z
L

L
N
o
d
e
1

1
4
F

S
h
ih

T
zu

P
o
s

N
eg

C
lo
n
a
l

C
lo
n
a
l

3
0

M
Z
L

M
S
P
L
N

1
3
F

A
ir
ed
a
le

P
o
s

N
eg

C
lo
n
a
l

C
lo
n
a
l

3
1

M
Z
L

M
N
o
d
e
2

0
8
M
N

D
o
b
er
m
a
n

P
o
s

N
eg

C
lo
n
a
l

C
lo
n
a
l

3
2

M
Z
L

M
S
P
L
N

0
7
F
S

S
p
ri
n
g
er

P
o
s

N
eg

C
lo
n
a
l

C
lo
n
a
l

3
3

M
Z
L

M
N
o
d
e

g
en

0
8
F
S

R
o
tt
w
ei
le
r

P
o
s

N
eg

C
lo
n
a
l

C
lo
n
a
l

3
4

M
Z
L

E
S
P
L
N

1
4
M
N

G
o
ld
en

R
et

P
o
s

N
eg

P
o
ly
cl
o
n
al

C
lo
n
a
l

3
5

M
Z
L

M
S
P
L
N

0
7
M

G
o
ld
en

R
et

P
o
s

N
eg

P
o
ly
cl
o
n
al

P
o
ly
cl
o
n
a
l

S
p
le
n
-X

N
A

L
o
st

to
fo
ll
o
w
u
p

3
6

M
Z
L

L
N
o
d
e

g
en

0
8
M
N

M
ix
ed

P
o
s

N
eg

P
o
ly
cl
o
n
al

P
o
ly
cl
o
n
a
l

C
O
P
A

9
.5

R
el
a
p
se

o
f
M
Z
L

3
7

M
Z
L

M
S
P
L
N

0
2
F

L
a
b
R
et

P
o
s

N
eg

P
o
ly
cl
o
n
al

P
o
ly
cl
o
n
a
l

3
8

M
Z
L

M
S
P
L
N
+

n
o
d
e

1
2
F
S

B
ea
g
le

P
o
s

N
eg

P
o
ly
cl
o
n
al

P
o
ly
cl
o
n
a
l

3
9

M
Z
L

L
N
o
d
e
1

1
0
F
S

W
H
W

T
er
ri
er

P
o
s

N
eg

P
o
ly
cl
o
n
al

P
o
ly
cl
o
n
a
l

4
0

M
Z
L

M
S
P
L
N

4
.8

F
S

L
a
b
R
et

P
o
s

N
eg

P
o
ly
cl
o
n
al

P
o
ly
cl
o
n
a
l

4
1

M
Z
L

M
N
o
d
e
3

1
1
M
N

C
o
ck
er

S
p
a
n
ie
l

P
o
s

N
eg

N
D

N
D

4
2

M
Z
L

L
N
o
d
e
1

0
7
M
N

G
er
m
a
n

S
h
ep

P
o
s

N
eg

N
D

N
D

4
3

M
Z
L

L
N
o
d
e

g
en

0
8
F
S

D
o
b
er
m
a
n

P
o
s

N
eg

N
D

N
D

4
4

M
Z
L

E
S
P
L
N
+

N
o
d
e

1
3
F
S

M
ix
ed

P
o
s

N
eg

N
D

N
D

4
5

M
Z
L

L
N
o
d
e
1

0
9
F

G
o
ld
en

R
et

P
o
s

N
eg

N
D

N
D

4
6

M
Z
L

M
N
o
d
e
1

1
.5

U
n
k

U
n
k

N
D

N
D

N
D

N
D

4
7

M
Z
L

M
N
o
d
e

g
en

0
5
M
N

K
er
ry

B
lu
e
T
er

N
D

N
D

N
D

N
D

4
8

M
Z
L

L
N
o
d
e
1

1
2
F

G
er
m
a
n

S
h
ep

N
D

N
D

N
D

N
D

4
9

M
Z
L

E
N
o
d
e

g
en

0
9
M

S
h
el
ti
e

N
A

N
A

N
D

N
D

T
a
b
le

1
.

C
o
n
ti
n
u
ed
.

244 Valli, Vernau, de Lorimier, Graham, and Moore Vet Pathol 43:3, 2006

by guest on December 21, 2011vet.sagepub.comDownloaded from



2012 47

T
a
b
le

1
.

C
o
n
ti
n
u
ed
.

C
a
se

D
ia
g
-

n
o
si
s

T
is
su
e

A
g
e

(y
)
S
ex

B
re
ed

C
D
7
9

C
D
3

IG
H

C
lo
n
a
li
ty

T
C
R
G

C
lo
n
a
li
ty

T
h
er
a
p
y

S
u
rv
iv
a
l

(m
o
)

D
ea
th
,

C
a
u
se

o
f

5
0

M
Z
L

E
N
o
d
e

g
en

1
1
F
S

N
A

N
A

N
A

N
D

N
D

5
1

M
Z
L

M
N
o
d
e
2

1
5
M
N

T
er
ri
er

N
A

N
A

N
D

N
D

5
2

M
C
L

S
P
L
N

0
3
F
S

S
td

P
o
o
d
le

N
A

N
A

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

5
3

M
C
L

S
P
L
N

0
9
F
S

G
o
ld
en

R
et

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

5
4

M
C
L

S
P
L
N

0
8
M
C

R
o
tt
w
ei
le
r

P
o
s

N
eg

C
lo
n
a
l

P
o
ly
cl
o
n
a
l

5
5

T
Z
L (F
F
H
)

N
o
d
e
1

0
8
F
S

U
n
k

N
D

N
D

P
o
ly
cl
o
n
al

C
lo
n
a
l

5
6

T
Z
L (M
Z
H
)

N
o
d
e
1

1
0
F

G
o
ld
en

R
et

N
eg

P
o
s

P
o
ly
cl
o
n
al

C
lo
n
a
l

C
O
P
L
A

2
6

C
h
ro
n
ic

re
n
a
l

fa
il
u
re

5
7

T
Z
L

N
o
d
e

g
en

0
9
F
S

P
it
B
u
ll

T
er
ri
er

N
eg

P
o
s

P
o
ly
cl
o
n
al

C
lo
n
a
l

N
IL

9
0

O
ld

a
g
e

5
8

T
Z
L

N
o
d
e

g
en

0
8
F
S

T
er
ri
er

N
eg

P
o
s

P
o
ly
cl
o
n
al

C
lo
n
a
l

C
H
P

1
9

L
iv
in
g

5
9

T
Z
L

N
o
d
e

g
en

0
8
F
S

R
o
tt
w
ei
le
r

N
eg

P
o
s

C
lo
n
a
l

C
lo
n
a
l

N
IL

4
8

C
h
ro
n
ic

re
n
a
l

fa
il
u
re

6
0

T
Z
L

N
o
d
e
1

6
.4

M
G
o
ld
en

R
et

N
eg

N
eg

P
o
ly
cl
o
n
al

P
o
ly
cl
o
n
a
l

P
re
d

1
7

L
o
st

to
fo
ll
o
w
u
p

6
1

T
Z
L

N
o
d
e

g
en

1
0
F
S

L
a
b
X

N
eg

P
o
s

P
o
ly
cl
o
n
al

P
o
ly
cl
o
n
a
l

P
re
d

3
2

L
iv
in
g

6
2

T
Z
L

N
o
d
e
2

0
7
M

L
a
b
R
et

N
eg

P
o
s

N
o
a
m
p

N
o
a
m
p

P
re
d

1
2

L
u
n
g
ca
n
ce
r

6
3

T
Z
L

N
o
d
e
2

8
.7

M
C

T
er
ri
er

N
eg

P
o
s

N
o
a
m
p

P
o
ly
cl
o
n
a
l

N
IL

1
A
cu
te

p
a
n
cr
ea
ti
ti
s

6
4

T
Z
L

N
o
d
e
1

1
1
F
S

T
er
ri
er

N
eg

P
o
s

N
D

N
D

6
5

M
Z
H

N
o
d
e
1

8
.7

F
S

L
a
b
R
et

N
D

N
D

P
o
ly
cl
o
n
al

P
o
ly
cl
o
n
a
l

N
IL

N
A

L
o
st

to
fo
ll
o
w
u
p

6
6

M
Z
H

N
o
d
e
1

0
2
F

W
ei
m
a
ra
n
er

P
o
s

N
eg

N
D

N
D

*
N
o
d
e
st
a
g
in
g
:
1
5

1
n
o
d
e
in
v
o
lv
ed
,
2
5

2
n
o
d
es

in
v
o
lv
ed
.
3
5

n
o
d
es

in
v
o
lv
ed
,
g
en

5
g
en
er
a
li
ze
d
ly
m
p
h
a
d
en
o
p
a
th
y
.
M
a
rg
in
a
l
zo
n
e
ly
m
p
h
o
m
a
(M

Z
L
)
st
a
g
in
g
:
E
5

ea
rl
y
,

M
5

m
id
-s
ta
g
e,
L
5

la
te

st
a
g
e.
C
lo
n
a
li
ty
:
IG

H
5

im
m
u
n
o
g
lo
b
u
li
n
h
ea
v
y
ch
a
in
,
T
C
R
G

5
T
-c
el
l
a
n
ti
g
en

re
ce
p
to
r
g
a
m
m
a
,
P
o
s
5

p
o
si
ti
v
e,
N
eg

5
n
eg
a
ti
v
e,
N
D

5
n
o
t
d
o
n
e;

N
o
a
m
p
5

n
o
a
m
p
li
fi
ca
ti
o
n
,
N
A

5
n
o
t
a
p
p
li
ca
b
le
.
D
ia
g
n
o
se
s:
F
L
II
I
5

F
o
ll
ic
u
la
r
ly
m
p
h
o
m
a
st
a
g
e
II
I,
M
C
L
5

m
a
n
tl
e
ce
ll
ly
m
p
h
o
m
a
,
T
Z
L
5

T
-z
o
n
e
ly
m
p
h
o
m
a
.
T
is
su
e:

N
o
d
e
5

ly
m
p
h
n
o
d
e,
S
P
L
N

5
sp
le
en
.
D
o
g
se
x
:
F
5

fe
m
a
le
,
M

5
m
a
le
,
F
S
5

sp
a
y
ed

fe
m
a
le
,
M
N

5
n
eu
te
re
d
m
a
le
.
D
o
g
b
re
ed
:
U
n
k
5

u
n
k
n
o
w
n
,
S
h
ee
p
5

sh
ee
p
d
o
g
,
S
h
el
ti
e
5

S
h
et
la
n
d
S
h
ee
p
d
o
g
,
M
ix
ed

5
m
ix
ed

b
re
ed
in
g
,
S
td

5
S
ta
n
d
a
rd
,
R
et

5
re
tr
ie
v
er
,
L
a
b
5

L
a
b
ra
d
o
r,
a
n
d
X

5
cr
o
ss
b
re
ed
.
T
h
er
a
p
y
:
C
O
P
L
A

5
cy
cl
o
p
h
o
sp
h
a
m
id
e,

v
in
cr
is
ti
n
e,

p
re
d
n
is
o
n
e,
L
-a
sp
a
ra
g
in
a
se

a
n
d
d
o
x
o
ru
b
ic
in
,
N
IL

5
n
o
sy
st
em

ic
ch
em

o
th
er
a
p
y
,
L
-A

sp
5

L
-a
sp
a
ra
g
in
a
se
,
S
p
le
n
-X

5
sp
le
n
ec
to
m
iz
ed
,
C
H
P
5

ch
lo
ra
m
b
u
ci
l
a
n
d
p
re
d
n
is
o
n
e,

P
re
d
5

p
re
d
n
is
o
n
e
o
r
p
re
d
n
is
o
lo
n
e,
C
O
P
5

cy
cl
o
p
h
o
sp
h
a
m
id
e,
v
in
cr
is
ti
n
e,
p
re
d
n
is
o
n
e,
C
H
O
P
5

cy
cl
o
p
h
o
sp
h
a
m
id
e,
d
o
x
o
ru
b
ic
in
,
v
in
cr
is
ti
n
e,
p
re
d
n
is
o
n
e.
D
ea
th

ca
u
se
:
D
eg

m
y
el
o
5

d
eg
en
er
a
ti
v
e
m
ey
el
o
p
a
th
y
.

Vet Pathol 43:3, 2006 Canine Indolent Lymphoma 245

by guest on December 21, 2011vet.sagepub.comDownloaded from



48 ONCOlogisch Treffen

Fig. 1. Lymph node; dog, follicular polarity. A
peripheral cortical germinal center with an eccentric cuff
of small mantle cells characteristically thicker over the
lighter or superficial pole area. The superficial pole (upper)
contains amixture of lymphocytes with many small cells of
centrocytic type that have abundant pale-staining cyto-
plasm. The dark or deep pole area (lower) contains large
dividing cells of centroblastic type that have a narrow cuff
of highly basophilic cytoplasm. HE. Bar 5 10 mm.

Fig. 2. Lymph node; dog, follicular lymphoma. Solid
nodules of closely packed lymphocytes that lack an
antigen-dependent polarity and with incomplete mantle
cell cuffs occupy the entire node with atrophy of the
paracortical and medullary areas. HE. Bar 5 300 mm.

R

Fig. 3. Lymph node; dog, marginal zone hyperplasia.
Fig. 3a. Well defined germinal centers with a narrow,
dark, mantle cell cuff that is surrounded by a thicker,
lighter stained outer layer of marginal zone cells. HE.
Bar 5 300 mm. Fig. 3b. Detail of Fig. 3a. A germinal
center with a broad continuous marginal zone is well
defined on the outer surface. HE. Bar5 100 mm. Fig. 3c.
Detail of Fig 3b. The smaller, more darkly stained cells

of the mantle cell cuff (bottom) are surrounded by larger
cells with round and irregular shaped nuclei that have
a fine but irregular chromatin distribution without
parachromatin clearing and small nucleoli. Abundant,
usually lightly stained cytoplasm is characteristic as well
as absence of mitoses. HE. Bar 5 10 mm.
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mended protocol, with the exception that tissue lysis
with proteinase K was performed overnight or until lysis
was complete, whichever was longer. Extracted genomic
DNA was quantified spectrophotometrically using an
Ultraspec 2100 pro spectrophotometer (Amersham
Pharmacia Biotech, Uppsala, Sweden).

Primers for assessment of T-cell clonality were
designed as described.52 Primer sequences are listed in

Table 2. A single set of primers was used for assessment
of T-cell clonality (T-cell receptor gamma [TCRG]
locus), and a single canine sequence-specific sense
primer was used in combination with two canine
sequence-specific antisense primers for assessment of
B-cell clonality (immunoglobulin heavy chain [IGH]
locus); manuscript in preparation). The T-cell clonality
primers yield a product(s) approximately 111 basepairs

Fig. 4. Lymph node; dog, early marginal zone lymphoma, clonal immunoglobulin heavy chain (IGH) gene
rearrangement. Fig. 4a. Broad areas of marginal zone proliferation are becoming confluent between adjacent
germinal centers. HE. Bar 5 500 mm. Fig. 4b. Detail of Fig. 4a. Marginal zone cells have round to oval nuclei of
intermediate size with peripheralization of chromatin on nuclear membranes without parachromatin clearing but
with prominent single central nucleoli. Cytoplasm is abundant, with nuclei evenly spaced, and mitoses are absent.
HE. Bar 5 10 mm.

Fig. 5. Lymph node; dog, late marginal zone lymphoma, clonal IGH gene rearrangement. Fig. 5a. Fading
follicular hyperplasia is being replaced by marginal zone proliferation that is becoming confluent and invading
mantle cell cuffs. Notice multifocal dilation of cortical sinuses that are filled with marginal zone lymphocytes.
The node capsule is invaded and irregularly thinned, but the peripheral sinus is largely intact. HE. Bar 5 500 mm.
Fig. 5b. Detail of Fig. 5a. Marginal zone cells appear homogeneous with round vesiculated nuclei, a branched
and coarse granular chromatin pattern with parachromatin clearing, and prominent central nucleoli. Notice
invasion of the residual small mantle cells (bottom), and cytoplasm is abundant and unusually deeply stained. HE.
Bar 5 10 mm.
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Fig. 6. Spleen; dog, mantle cell lymphoma. Fig. 6a. Multiple foci of cellular proliferation are centered on end
arterioles identified by lightly stained areas (arrows) that represent hypocellular involuted germinal centers. HE. Bar
5 300 mm. Fig. 6b. Notice architecture of areas of mantle cell proliferation. CD79a immunohistochemical stain,
DAB chromogen, hematoxylin counterstain. Bar 5 500 mm. Fig. 6c. Foci of mantle cell proliferation are
surrounded by irregular cuffs of small T lymphocytes that loosely occupy the intervening areas. CD3
immunohistochemical stain, DAB chromogen, hematoxylin counterstain. Bar 5 500 mm. Fig. 6d. Detail of
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(bp) in size, whereas the B-cell clonality primers amplify
a product(s) of approximately 180 bp. The PCR mixes
contained approximately 100 ng of genomic DNA
template in a total reaction volume of 50 ml. All PCR
analyses were performed with an Applied Biosystems
GeneAmp PCR system 2700 thermocycler (Foster City,
CA). Amplification conditions involved use of a two-
step, touch-down protocol to increase specificity of the
reactions.52 Briefly, an initial activation step of 95uC for
15 minutes (HotStar Taq DNA polymerase, Qiagen,
Valencia, CA) was followed by five cycles of 94uC for
30 seconds and 72uC for 2 minutes, five cycles of 94uC
for 30 seconds and 70uC for 2 minutes, and 35 cycles of
94uC for 20 seconds and 68uC for 2 minutes. A final
extension of 68uC for 10 minutes was performed. All
PCR-analyzed samples were run in duplicate. All PCR
products were screened on 2% agarose 1X Tris acetate–
EDTA gels for the presence of a band. Subsequently,
polyacrylamide gel electrophoresis was performed using
native and denatured 15-ml samples from each PCR.
Native samples were loaded directly onto precast, 10%
nondenaturing polyacrylamide Tris borate–EDTA
(TBE) gels (Criterion Precast gels, Bio-Rad, Hercules,
CA). Denatured samples were heated at 95uC for
10 minutes, then were allowed to reanneal at 4uC for
1 hour prior to polyacrylamide gel electrophoresis
(heteroduplex analysis). Polyacrylamide gels containing
native and denatured PCR products were assayed on ice
in 1X TBE at 150 V for 2 hours. Duplicate samples were
always run side by side in the PCR analysis (Fig. 8). Gels

were then stained for 30 minutes with Gel Star (BioWhi-
taker Molecular Applications, Rockland, ME) and were
visualized with a UV transilluminator (Fisher Scientific,
Pittsburgh, PA). The determination of a sample being

r

neoplastic mantle cells adjacent to a dendritic cell area. Cytologically, the proliferating cells closely resemble normal
counterpart mantle cells with small round or sharply indented, deeply stained nuclei, most lacking nucleoli. Mitosis
and apoptosis are characteristically absent. HE. Bar 5 10 mm.

Fig. 7. Lymph node; dog. T-zone lymphoma, clonal TCRG gene rearrangement. Fig. 7a. Staining with CD79a
demonstrates characteristic architectural features with paracortical proliferation eccentric to the fading areas of
germinal centers rather than surrounding them as in marginal zone proliferation. Notice typical atrophy of mantle
cell cuffs. The node capsule is thinned without involvement of perinodal tissues, and the peripheral and cortical
sinuses are irregularly dilated with low cellularity. CD79a immunohistochemical stain, DAB chromogen,
hematoxylin counterstain. Bar 5 300 mm. Fig. 7b. Detail of same tissue as that in Fig. 7a. Notice paracortical
proliferation of small cleaved lymphocytes with densely stained, uniformly distributed chromatin, with small or
inapparent nucleoli and little internal nuclear detail. Mitoses are characteristically absent, and cytoplasm is typically
abundant, with nuclei evenly spaced and cell boundaries indistinct. HE. Bar 5 10 mm.

Table 2. Primers used to assess clonality of T- and B-cell antigen-receptor gene rearrangement in DNA extracted
from canine indolent lymphomas.*

Primer Product Primer Specificity Primer Sequence 59–39{

TCRc 2U-forward Canine TCRc CDR3 Canine Vc TGK TGC AGA ARC TGG AGA AGA
TCRc 2L-reverse Canine TCRc CDR3 Canine Jc GCA CTG TGC CAG GAC CAA ATA
D Ig 1U-forward Canine IgH CDR3 Canine VH GMC GVT TCA CCA TCT CCA RRG
D Ig 1L-reverse Canine IgH CDR3 Canine JH TGA RGA GAC RGT GAC CWG GGT
D Ig 2L-reverse Canine IgH CDR3 Canine JH GGA CAC GAA GAS TGA GGT GCC

*TCR 5 T-cell receptor, CDR3 5 complementarity-determining region 3, IgH 5 immunoglobulin heavy chain;

{K 5 guanine (G) + thymine (T), R 5 adenine (A) + G, M 5 A + cytosine (C), W 5 A + T, S 5 C + G, V 5 A + C + G.

Fig. 8. Heteroduplex analysis of B-cell clonality
(IGH gene rearrangement) polymerase chain reaction
(PCR) products run on a GelStar-stained 10% poly-
acrylamide gel. Lanes 2–8 are duplicate analyses
(separate reaction tubes) of DNA extracted from
paraffin blocks of samples from dogs with a diagnosis
of marginal zone lymphoma (MZL). The DNA was
amplified with canine-specific,B-cell ‘‘clonality’’ primers
that produce a product(s) approximately 180 base pairs
(bp) in size. Lanes: 1, negative control; 2, polyclonal
with pseudoclonal bands; 3, pseudoclonal; 4 and 5,
clonal with one or two repeatable sharp bands of
appropriate size; 6, pseudoclonal; 7, polyclonal control;
and 8, clonal positive control. Heteroduplex products
have retarded gel mobility and ‘‘run’’ approximately
300–400 bp in size.
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clonal required the presence of the appropriately and
same-sized one or two sharp bands in duplicate samples
run in adjacent lanes (Fig. 8). Duplicate PCR assays
were used to assist distinction between true clonal
samples and pseudoclonal samples.50 If the result was
equivocal on the basis of the duplicate native samples,
the denatured heteroduplex result was used to determine
the clonality status of the sample. The presence of
a broad band, smear, or ladder of bands covering a range
of product sizes was interpreted as a polyclonal or
reactive lymphoid sample.

Results

Demographics

The study population consisted of: dogs of mixed
breeding (n 5 7); Golden Retrievers (n 5 7);
Labrador Retrievers (n 5 6); dogs of unknown
breeding (n5 5); Rottweilers (n5 5); terrier types (n
5 5); West Highland White Terriers (n 5 2); Cocker
Spaniels (n 5 3); two each of Beagle, pit bull type,
Shetland Sheepdog, German Shepherd Dog, and
Doberman Pinscher; and one each of 15 other
breeds. Large-breed dogs totaled 32, with 21 of
small breed, eight dogs of mixed breeding, and five
dogs of unknown size or breed. The sex distribution
was 23 spayed female, 19 reproductively intact
female, 11 neutered male, and 10 reproductively
intact male, with 3 of unreported sex. Age of the 66
dogs ranged from 1.5 to 16 years, with median age of
9.0 years (Table 1). The median age distribution by
diagnosis was 7.7 years for MZL (n 5 46), 8.0 years
for MCL (n 5 3), 11.0 years for FL (n 5 3; 2 age
unknown), and 8.9 years for TZL (n 5 10).

Presentation

Four dogs with FL had a history of chronic
enlargement of one or more lymph nodes, and two
of these had chronic inflammatory skin disease. One
dog with FL presented with a single enlarged node
that regressed on treatment with steroids, and re-
presented 2 years later with diarrhea and melena.
The animals with MZL presented with general-

ized lymph node enlargement (10 cases), one or two
nodes enlarged (22 cases), and three nodes enlarged
(one case). The remaining 13 cases had focal splenic
involvement which, in most cases, was noted on
palpation, or was an incidental finding on ultraso-
nography. The 10 cases of MZL with generalized
node involvement included three cases at an early
stage (Table 1, cases 18, 49, 50), three cases at mid-
stage (Table 1, cases 19, 33, 47) and four cases at
late stage (Table 1, cases 12, 27, 36, 43). All 13 cases
with splenic involvement had multifocal areas of
neoplastic proliferation within a solitary splenic
lesion. The remaining 23 animals that presented
with one to three enlarged nodes were found to be

at an early stage (one case), mid-stage (12 cases),
and late stage (10 cases).

All three dogs with MCL presented with a splenic
mass that appeared to be the only site of tumor at
the time of surgery. In these cases, the foci of
cellular proliferation were apparently arising in
association with an end arteriole.

The 10 dogs with TZL had a history of chronic
node enlargement, present or developing, for
7 months, 9 months, 2 years, and 3 years, and for
an unspecified time in the other 6.

Correlation between morphologic diagnosis and
clonal analysis

Cases for which the histologic diagnosis was
altered on the basis of clonality results have the
initial diagnosis following in brackets (Table 1,
cases 13, 20, 55, and 56).

For FL, DNA was available from four of five
cases. Two cases were clonal for B-cell immuno-
globulin gene rearrangement (Table 1, cases 1 and
2), and two were clonal for rearrangement of T-
and B-cell genes (Table 1, cases 3 and 4).

With DNA available from 35 of the 46 cases
interpreted to be MZL, 22 cases had clonal
rearrangement of IGH only (Table 1, cases 6–27).
With inclusion of the six cases that had clonal
rearrangements for IGH and TCRG genes,
(Table 1, cases 28–33) the level of agreement
between histologic diagnosis and molecular clon-
ality was 80% (28/35). The single case found to
have a clonal TCRG gene rearrangement and
included in the MZL category (Table 1, case 34;
spleen) had almost complete atrophy of periarter-
iolar lymphoid sheaths with multiple foci typical of
MZL. The neoplastic lymphocytes expressed
CD79a. There was no evidence of T-cell lympho-
ma, and the diagnosis was interpreted to be early
MZL. The lack of a clonal IGH gene rearrange-
ment was interpreted as a false-negative result. One
case of MZL, initially diagnosed as TZL (Table 1,
case 13), had clonal IGH gene rearrangement only.
On review, it had architecture typical of MZL, with
areas of cellular proliferation around the foci of
fading germinal centers. Cytologically, the areas of
proliferation were composed of large cells with
prominent nucleoli typical of MZL. The immuno-
phenotype was equivocal; the CD3 staining result
was favored, the cell type typical of MZL was
ignored, and an incorrect initial diagnosis of TZL
was made.

The DNA from all three cases interpreted
histologically to be MCL was available. All three
had a clonal IGH gene rearrangement (Table 1,
cases 52–54).
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The DNA from 8 of the 10 cases diagnosed as
TZL was available (Table 1). Five cases had
a clonal TCRG gene rearrangement (Table 1, cases
55–59), and three were polyclonal (Table 1, cases
60, 61, 63). Case 55 was originally diagnosed as
FFH. Case 56 was initially interpreted to be MZH.
The tissue from case 56 was small and fragmented,
and on review, there was small cell proliferation
eccentric to the fading follicles, which that was
typical of TZL. Immunophenotyping was not
available to aid interpretation. In this case, a clonal
TCRG gene rearrangement was definitive. The
polyclonal results for TZL cases were considered
falsely negative.
Only one of two cases of MZH (Table 1, case 65)

had molecular clonality assessment, and as ex-
pected, the result was polyclonal.

Biological behavior

Clinical information was available for 18 dogs
(Table 1). The diagnoses for this group of dogs
included MZL (nine cases), TZL (eight cases), and
FL (one case).
A dog with clinical stage-IIIa FL (Table 1, case

1) responded with complete remission to initial
treatment with COPLA, and rescue therapy with
the same protocol at first relapse, with further good
responses to CCNU (lomustine), DTIC (dacarba-
zine), and L-asparaginase on three subsequent
relapses.This dog died with rapidly progressive
lymphadenopathy after the fourth relapse at
21 months.
Follow-up data were available for three cases of

splenic MZL (Table 1, cases 9, 11 and 28). Case 11
also had involvement of the splenic hilar node. All
were treated solely by splenectomy, and none died
because of MZL in the follow-up period (7 to
19 months).
Follow-up information was available for six

cases of nodal MZL (Table 1, cases 6–8, 10, 12,
36). The six cases of MZL were in various clinical
stages, as follows: case 6, stage 1a; cases 7 and 10,
stage IIIa; cases 8 and 36, stage IVa; and case 12,
stage Vb. When treated with standard multi-agent
chemotherapy protocols,8 the animals tended to be
responsive to therapy, with longstanding complete
clinical remissions (Table 1, cases 7, 8, 10, 12, 36).
Relapses were observed in two of these dogs, but
lymphoma was the documented cause of death in
only one dog (Table 1, case 36). Interestingly, one
of the dogs with stage-IIIa disease that was treated
sporadically because of poor owner compliance
had repeated clinical remissions followed by
relapses (Table 1, case 10). This dog had good

quality of life until progression of chronic renal
failure, 43 months after initial diagnosis of MZL.

Clinical history was available for eight dogs with
TZL (Table 1, cases 56–63). All dogs with TZL had
generalized lymphadenopathy, without clinical
signs of illness (stage- IIIa disease), and none were
hypercalcemic. Only two dogs received systemic
therapy other than prednisone alone. Therapy did
not appear to influence survival or quality of life in
this subgroup of dogs, given that the two longest
survivors (both clonal for TCRG) were untreated
and maintained a normal quality of life (Table 1,
cases 57, 59). No dogs with TZL were reported to
die of causes related to the lymphoma. The median
survival time for dogs with TZL was not yet
reached at 22.5 months (range 1–90 months), with
two dogs still alive at 19 and 32 months, and one
dog lost to follow up at 17 months.

Discussion

An important finding of this study was that
indolent lymphomas are not rare in dogs, although
the true incidence remains unknown. The current
emphasis on B- versus T-cell type in the manage-
ment of canine lymphomas is based on extensive
experience. In terms of survival, it may be as
important to distinguish between the aggressive
and indolent types of B- and T-cell lymphomas.
Reliable information about the biological behavior
and response to therapy of the various subtypes of
canine lymphoma is needed. The major change in
approach of the Revised European-American
Lymphoma/World Health Organization (REAL/
WHO) system of classification of hematopoietic
tumors is that it is based on categorizing neoplasms
as single disease entities with definable biological
characteristics anchored by topographic, morpho-
logic, immunophenotypic, and molecular genetic
evaluation.1,28,34 The first step in this process for
animal oncology is for neoplasms to be accurately
defined for diagnostic purposes before they can be
managed as treatment entities. There is need for
collaboration between pathologists and clinicians
to determine the boundaries of animal disease
categories if they are to be based on diagnostic
criteria and response to therapy. Interpretation of
nodal architecture is required for the diagnosis of
indolent nodular lymphoma, and this requires an
adequate biopsy specimen.

In general, the FL, as they occur in animals,
appear to be directly comparable to the human
counterparts in cytomorphologic and biological
progression. Twenty percent of human lymphomas
are of the follicular type, but FL are less common
in dogs and cats, and are infrequently re-
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ported.3,20,21,25,30,31 Recognition of neoplasms re-
lated to the germinal center has been facilitated by
routine immunophenotyping of animal lympho-
mas. Immunophenotyping may document the
‘‘footprint’’ of a follicle-related heritage in diffuse
lymphomas by outlining fading follicles with
a mixture of smaller B and T lymphocytes. In the
absence of immunophenotyping, follicular lesions
that have progressed to a diffuse architecture are
likely to be categorized generically as ‘‘lymphoma.’’
Follicular lymphoma needs to be distinguished
from follicular hyperplasia, and this requires care-
ful morphologic assessment aided by molecular
clonality determination.
Human splenic MZL is a rare form of lymphoma

that make up ,1% of lymphoid tumors. The
prevalence of canine MZL is unknown. Human
MZL is the most common primary splenic lym-
phoma, and this may be the case in dogs. Splenic
MZL in humans always involves the whole spleen
in a micronodular pattern attributable to uniform
involvement of all follicular areas.12,29,41 In sharp
contrast, canine splenic MZL is a focal or locally
extensive lesion that projects abruptly from the
normal contour of the splenic capsule. These
tumors are palpable and evident on ultrasound
examination.46 Cytologically, neoplastic marginal
zone lymphocytes in dogs have a more immature,
immunoblastic appearance than their counterparts
in MZH. A major feature of canine MZL is the
initial low mitotic rate, despite an immunoblastic
appearance. With disease progression, the cells are
morphologically similar, but there are many
apoptotic cells and up to 5–10 mitoses/4003 field.
In terms of presentation, nodal and splenic MZL

in humans are described as separate diseases.18,19

Human primary splenic MZL usually also involves
splenic nodes and liver, bone marrow, and
blood.12,29 By contrast, in canine splenic MZL,
the spleen is usually the only site of involvement,
with occasional spread to the splenic hilar nodes.
The focal areas of neoplastic lymphocytes form
irregular clusters that are larger than germinal
centers and that, similar to human MCL and MZL,
surround end arterioles. These areas are separated
by small CD3+ lymphocytes and occasionally by
solid sheets of plasma cells that appear cytologi-
cally similar to cutaneous plasmacytoma. These
diseases are reported to occur together in humans.10

Human nodal MZL accounts for ,2% of all
lymphoid neoplasms. A third of cases involve
extranodal soft tissue and, occasionally, bone
marrow and blood.27 A second form of human
nodal MZL has cells that are more irregular and
slightly larger and resemble a nodal form of

mucosa-associated lymphoid tissue-type (MALT)
lymphoma.38 MALT lymphoma is not well defined
in the dog, but a single case in this series (Table 1,
case 3 FL III,) had submandibular node involve-
ment with complete destruction of an adjacent
salivary gland and multiple areas of ‘‘lympho-
epithelial lesions’’ characteristic of human MALT
lymphoma. The nodal lesion was typical of FL and
not of MZL.

Human MCL constitutes 3–10% of all human
non-Hodgkin lymphomas. In animals, MCL ap-
pears to be rare or largely undetected.20,21,26,40

Unlike MZL, which appears to follow a long
period of marginal zone hyperplasia, MCL appears
not to be detected at a stage of hyperplasia.
Cytologically, canine MCL is similar to that of
humans, but a major difference appears to be that
canine MCL develops more frequently in the spleen
than in the nodes. The ‘‘blastoid’’ variant of human
MCL has larger, more aggressive-appearing nuclei
that have nucleoli, and tends to become leukemic
with progression.2,6,16 This variant was not ob-
served in the dogs of this study. Cyclin D1 is
overexpressed in most cases of human MCL;
detection of cyclin D1 is useful diagnostically, but
this reaction is difficult to carry out on human
tissue.7,13,35 Detection of cyclin D1 was attempted
without success in our cases of canine MCL.
Human MCL tends to present as a disseminated
disease with lymph node, spleen, bone marrow, and
gastrointestinal tract frequently involved.16

The diagnosis of canine splenic fibrohistiocytic
nodule or nodular lymphoid hyperplasia is com-
mon, and cases of MZL and MCL may have been
included in this designation.46,47 Similarly, on
cytologic examination of specimens, the population
of uniform small lymphocytes of canine splenic
MCL would likely be considered benign.15 This
underscores the need for architectural assessment
in establishing a diagnosis of these lymphomas.
Hence, the current trend toward fine needle
aspiration biopsy for the diagnosis of canine
lymphoma will lead to continued underrecognition
of MZL and MCL.

T-Cell lymphomas of large cell type in lymph
nodes, skin, and gut of dogs have been well
described.17,22,24,32,33,42 Indolent forms of nodal T-
cell lymphoma in humans have been described.1,28,36

The ‘‘T-zone lymphoma,’’ as recognized in the Kiel
classification, has also been referred to by others as
‘‘small clear cell’’ lymphoma.21 The T-zone desig-
nation (TZL) is preferred here because the archi-
tectural identification of the paracortex as a T-cell
domain gives more indication of the expected
immunophenotype of the lesion. Even when well
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advanced, TZL may be difficult to recognize as
a malignant neoplasm because of the small mature-
appearing cell type and paucity of mitotic activity.
The inclusion of 10 cases of TZL in this study was
intended to highlight the difficulty that may occur
in distinguishing TZL and late-stage MZL. The
report that human peripheral T-cell lymphoma
(TZL) may mimic MZL is highly applicable to the
dog.49 A subtle difference in architecture exists
between MZL where the proliferation is concentric
and encircles the fading germinal centers, whereas
in TZL, the proliferation is eccentric to the residual
B-cell foci.
The detection of clonality in lymphoid prolifera-

tions of the dog is a useful adjunct to histologic
examination.9,52 Clonal rearrangement of IGH was
confirmed in 28 of 35 cases (80%) diagnosed as
MZL, supporting the diagnosis of B-lymphoid
neoplasia, despite the nodular appearance of the
tumor and indolent biological behavior. Addition-
ally, the initial histologic diagnosis was altered on
the basis of clonality results (and reassessment of
other results) in four instances (Table 1, cases 13,
20, 55, 56). Failure to detect clonality in 7 of 35
cases (20%) is consistent with the sensitivity of
PCR-based clonality assays.50 This can be attribut-
able to inadequate or inappropriate selection of
tissue for PCR analysis as well as lack of primer
coverage of all possible IGH rearrangements,
partial rearrangements of IGH, and chromosomal
defects (deletion or translocation).50 In view of
convincing histologic findings, the seven negative
IGH results in canine MZL were interpreted as
falsely negative. Careful histologic examination of
tissues and immunophenotyping are necessary for
the accurate interpretation of clonality results. This
is underscored by the finding that 6 of 28 cases
(21%) of MZL with a clonal IGH gene rearrange-
ment had a concurrent TCRG gene rearrangement.
Clonal rearrangement of B- and T-cell receptor
genes from the same DNA sample may occur under
a number of circumstances. These include true
cross-lineage rearrangement, in which some B-cell
lymphomas will aberrantly rearrange TCRG.50

Additionally, the presence of a benign population
of T lymphocytes of limited diversity, reacting
against the B-cell lymphoma, may result in an
oligoclonal or clonal TCRG gene rearrangement.50

In the absence of duplicate PCR clonality analysis,
amplification of TCRG from scant residual re-
active T cells could produce a false-positive result
(‘‘pseudoclonality’’). This possibility was excluded
because the PCR assays were conducted in
duplicate and were analyzed side by side in the
same gel. With these caveats recognized, molecular

clonality assessment integrated with clinical, mor-
phologic, and immunophenotypic data provides an
important advance in the assessment of canine
lymphoma. This is especially so when doubt still
exists after routine morphologic and immunophe-
notypic assessment.

Limited follow-up information for dogs of this
study indicated that indolent nodal MZL tends to
respond well to systemic chemotherapy, and
prolonged or repeated clinical remissions may be
achieved. It also suggests that, as in humans, the
benefit for postsplenectomy adjuvant cytotoxic
chemotherapy for purely splenic MZL may be
limited.5 It appears that some canine indolent B-cell
lymphomas, when in late histologic stage, will
behave clinically like high-grade lymphomas and,
in fact, may have made that transformation.
Results of follow-up evaluation of eight cases of
TZL suggest that canine indolent nodal T-cell
lymphomas (TZL) have long survival time,
despite marked lymphadenopathy and limited
clinical response to therapy. This is in marked
contrast to the typical observation associated with
high-grade lymphomas, where a B-cell immuno-
phenotype generally predicts more favorable re-
sponse to therapy, remission duration, and overall
survival time.48 Traditional combination systemic
chemotherapy is still recommended for indolent
lymphomas in late histologic stage, when the
clinical behavior mimics that of high-grade lym-
phomas.

In conclusion, the level of heterogeneity in canine
lymphomas is deserving of greater attention by
pathologists and oncologists. Greater precision in
diagnosis will permit more accurate prognostica-
tion and therapy better tailored to high-grade and
indolent lymphomas. Current methodologies,
which include immunophenotyping and molecular
clonality assessment, provide the means to better
recognize the gray zone between hyperplasia and
neoplasia, and for better recognition of specific
subtypes of lymphoma. Recognition of homoge-
neous subtypes of lymphoma is essential for future
studies designed to discover the specific underlying
genetic defects that define these disease entities and
their biologic behavior.
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Establishing Prognostic Factors forEstablishing Prognostic Factors for
Treatment of Canine LymphomaTreatment of Canine Lymphoma

V. E. Valli S. Myint A. Durham M. Breen

2

Prognostic TerminologyPrognostic Terminology

u Prognostic Factors –relate to overall
survival time

uDiagnostic markers – those that relate
to a specific tumor like phenotyping

u Predictive Markers- those that are
associated with a long or short
survival time

3

The International PrognosticThe International Prognostic
IndexIndex

u A system developed for use in human
medicine for determining the
prognosis of non-Hodgkin’s lymphoma

u Based on:
u Factors related to the patient
u Factors related to the disease
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4

Prognostic Factors Related to thePrognostic Factors Related to the
PatientPatient

uGen Health or “Performance status”
u Indicators of Specific disease
u Age
u Serum Enzyme levels (LDH)
uCormobid disease

5

Performance Status of PatientPerformance Status of Patient

u 0 Asymptomatic with normal activity
u 1 Symptomatic fully ambulatory
u 2 Symptomatic in bed <50% of day
u 3 Symptomatic in bed >50% of day
u 4 Bedridden may need hospitalization

6

Prognostic Factors Related to thePrognostic Factors Related to the
DiseaseDisease

u Proliferative Indices
uGenetic and Molecular Abnormalities
u Treatment Related Factors
uDisease related Factors
u Tumor Staging
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7

Staging of Lymphoma ProgressionStaging of Lymphoma Progression

Human IV Stages
u Based on the absence (a)
or presence (b) of
systemic signs and
nodes >10cm

u Stage I and II considered
local disease (a or b)

u Stage III and IV are
considered advanced
disease (a or b)

Animal V Stages
u Stage I single node in
one region (a or b)

u Stage II Multiple nodes in
one region (a or b)

u Stage III Generalized
u Stage IV Nodes plus
spleen and liver (a or b)

u Stage V Manifestations in
blood and marrow (a or b)

8

Human International PrognosticHuman International Prognostic
Index factor weightingIndex factor weighting

u 5 factors each considered of equal
impact on outcome

u Age <60 vs >60
u Serum LDH level n or elevated
u Performance Index <2 vs >2
u Stage I, II vs III ,IV
uNumber of extranodal sites <1 vs >1

9

Risk Factor Assessment for IPIRisk Factor Assessment for IPI

u 4 Groups for adverse risk

u 1 Low 0-1 risk factor
u 2 Low intermediate 2 risk factors
u 3 High intermediate 3 risk factors
u 4 High 4-5 risk factors
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10

Clinical Impact Assessment of IPIClinical Impact Assessment of IPI

u This design for risk evaluation tested on
2000 human patients with high grade B-
cell lymphoma treated with a CHOP
protocol had 5 year survivals of:

u 1 Low risk 73%
u 2 Low intermed 51%
u 3 High intermed 43%
u 4 high risk 26%

11

Impact of New TherapyImpact of New Therapy
u The development of Rituximab an
antibody active in humans against B-cell
tumors (anti CD20 ) markedly improved
response rates with IPI altered to 3 risk
groups with 4 year survivals of:

u 1 Very Good 0 risk factors 94%
u 2 Good 1-2 risk factors 79%
u 3 Poor 3-5 risk factors 55%

12

A Prognostic Index for CanineA Prognostic Index for Canine
LymphomaLymphoma

u Prognostic factors in humans considered
to have impact in dogs:

u 1 Current general health
u 2 Stage of disease
u 3 Specific subtype of lymphoma
u 4 Mitotic rate of tumor
u 5 Age ? Mean age of 1000 dogs 8.4 SD
3.1 yrs

u 6 Breed?
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13

Example of Impact of Mitotic RateExample of Impact of Mitotic Rate
on Survivalon Survival

uDogs treated for Diffuse Large B-cell
Lymphoma mean age 8.0-8.9 yrs

uGrade Mean MI # Cases Survival days
u high 15.4 252 199.7
u Mid 7.5 80 277.6
u Low 3.5 35 347.5

14

Example of Impact of DiagnosisExample of Impact of Diagnosis

uDx Mean MI # Cases Age Survival (D)
u

uB-LBC 13.9 3 10.3 166.0
uB-LBL 12.2 15 8.4 160.6

u T-LBC 15.2 14 8.1 193.8
u T-LBL 16.5 16 6.5 182.3

15

Proposed Format for CanineProposed Format for Canine
Lymphoma IPILymphoma IPI

u Six risk factor areas
u 1. Age
u 2. Breed (importance to be determined)
u 3. Stage I/II vs III/IV vs V (taken as 1-3)
u 4. Stage a or b depending on clin signs
u 5. # of extranodal sites (<1 vs >1)
u 6. Specific Dx and grade
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16

Canine Prognostic Index LevelsCanine Prognostic Index Levels

u Three levels of Risk Proposed

u 1. Very Good (1-2 risk factors )
u 2. Good (3 risk factors )
u 3. Poor ( >3 risk factors )

17

Clinical Impact Assessment forClinical Impact Assessment for
Canine IPICanine IPI

u The IPI proposed for canine lymphoma is
being tested in a retrospective application to
the ACVP canine lymphoma study with
data where complete contains : Age, Breed,
Stage, Dx, and Mitotic rate. The data does
not include specific data on later stages
other than generalized and a or b.

uMarrow or blood involvement is unknown.
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Establishing Prognostic Factors for the Treatment of
Canine Lymphoma

V.E. Valli1, San Myint2, A. Durham3 and M. Breen4

1 VDx Veterinary Diagnostics, Davis, CA, USA
2 Department of Veterinary Clinical Medicine, College of Veterinary Medicine, University of Illinois,

Urbana, IL, USA
3 Department of Pathobiology, University of Pennsylvania, School of Veterinary Medicine, Philadelphia,

PA, USA
4 Department of Public Health and Pathology College of Veterinary Medicine North Carolina State

University Raleigh NC USA

Introduction: Establishing prognostic factors for survival in treated cases of
canine lymphoma involve the systematic testing of prognostic markers that
appear clinically to be related to complete remission and increased overall sur-
vival time. Diagnostic markers, such as phenotypic differentiation, are widely
applied but are useful only when related to specific subtypes of lymphoma.
Predictive markers are those which are associated with either a shortened or pro-
longed survival time. Currently, such markers apply to specific disease subtypes
such as lymphoblastic lymphoma (LBL) of either immunophenotype; a disease
characterized by poor responsiveness to treatment and short survival periods. 
In humans, the prognosis of hematopoietic neoplasms has been codified in an
evaluative process known as the International Prognostic Index (IPI). The fac-
tors on which this evaluation is based are related to both the general health of
the patient and the biological characteristics of the specific neoplasm. 

Those factors that are nonspecific and relate to the patient are:
1. General health or “Performance Status”.
2. Indicators of specific disease.
3. Age.
4. Serum enzymatic factors.
5. Comorbid disease.

Those factors related to the specific type of cancer are:
1. Tumor stage.
2. Tumor proliferative indices. 
3. Tumor related genetic changes.
4. Tumor biology as response to therapy. 

Patient Related Factors
Performance Status: 
Performance status in humans as defined by the Eastern Co-operative Oncology
Group has the following categories:

0 - Asymptomatic with normal activity
1 - Symptomatic fully ambulatory and able to carry out activities of daily living
2 - Symptomatic in bed less than 50% of the day
3 - Symptomatic in bed greater than 50% of the day
4 - Bedridden and may need hospitalization

In general, dogs with lymphoma often retain normal appetite and activity, or
may show various clinical signs such as lethargy, loss of appetite and or weight,
respiratory changes, and alterations in normal urination and defecation pat-
terns.

Specific indicators of systemic disease: These factors as described in humans
are generally considered “B symptoms,” which are defined as recurrent fever
with temperatures greater than 38.3 C or 101 F, possible night sweats, and loss
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of more than 10% body weight. Although there are no specific “B symptoms” in
canine lymphoma patients, inappetance, weight loss, nodal enlargement, and
proliferative lesions on the skin and mucous membranes have been described. 

Age is considered an independent risk factor for survival in human lymphoma
patients with a breakpoint at around age 60; those individuals under 60 years of
age tend to tolerate more aggressive therapy regimens, have longer remission
periods and greater overall survival times. 
Additional Factors: The serum lactic dehydrogenase (LDH) level is considered
to be an important independent factor in the prognosis of survival, particularly
for B-cell type tumors. Other factors evaluated have been sites of extra nodal
disease including bone marrow, liver, lung and central nervous system and
spleen. Involvement of the gastrointestinal system was found to be statistically
significant but in application is clinically unimportant. Sex is not considered to
be a predictive factor in the prognosis or treatment of lymphoma. 

Comorbid Disease: Factors such as coincident disease of a specific organ system
greatly influence the treatment protocol and overall survival. These factors
include the presence of heart, kidney or pulmonary disease, diabetes and obesi-
ty. To some extent, these factors may be related to age in some cases. The assess-
ment of comorbid disease in the dog is complicated by the numbers of breeds,
breed-specific diseases, and the tendency for a longer lifespan in small breeds of
dogs. 

Tumor Staging: The factors predictive of length of survival in the treatment of
lymphomas in humans have been established in first retrospective1 and subse-
quently in prospective studies. These studies led to the development of the
International Prognostic Index2 (IPI) which considers a variety of factors in pre-
dicting survival of treated lymphomas. 
The staging of lymphomas in humans follows the Ann Arbor system that is based
on the number and size of nodes involved and the presence or absence of system-
ic signs. Generally stage I and II are considered to be equivalent in predictive
impact. Evaluation includes the presence or absence of bulky tumor involve-
ment based on the size of the largest node (equal to or greater than 10 cm in dia-
meter) Stages I and II are considered local diseases, whereas stages III and IV
represent advanced disease states based on the number of extranodal sites invol-
ved. Currently the Ann Arbor staging system as applied inhuman medicine has
four categories2 while the system used in veterinary medicine has five stages3.
These are (1) Stage I: single node involvement, (2) Stage II: multiple nodal invol-
vement in a single region Stage III: generalized lymphadenopathy, (4) Stage IV:
involvement of spleen and or liver, and (5) Stage V: manifestations in blood and
marrow. Animals that present without clinical signs of systemic disease are sub-
labeled as “a” and those with clinical signs of systemic illness as “b”3.

Proliferative Indices: Tests which evaluate the number of cells cycling have
had variable interpretations in human medicine. In dogs, certain subtypes of
lymphoma, like Burkitt-like lymphoma, are characterized by numerous cycling
cells. Dogs with this subtype often achieve partial or complete remission with
reduction in affected node size. In contrast, dogs with lymphoblastic lymphoma
also have many cells in cycle, but have poor rates of remission and short survival
times. 

Genetic and molecular abnormalities: Chromosomal aberrations have been
widely characterized and are of value in defining lymphoma subtype in humans.
In part due to the fact that dogs have many more chromosomes, conventional
cytogenetic testing of metaphase chromosomes has not been readily applied in
veterinary medicine. The development of genome wide reagents for fluorescen-
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ce in situ hybridization (FISH) has greatly enabled the study of genetic abnorma-
lities in both humans and animals because it permits the detection of chromo-
somal abnormalities in interphase nuclei. The release of the canine genome
sequence assembly 6[1] and the associated development of genome anchored
chromosome specific FISH reagents for the dog 7,8,9 has facilitated the emerging
field of canine clinical cytogenetics10. It has been shown already that numerous
cytogenetic features that are diagnostic of a variety of human cancers are patho-
genetically conserved in the corresponding canine cancer 11,12,13. The presence
of such evolutionarily conserved changes provides great promise to developing
improved treatment regimes for our canine patients.
Following on from the recent ACVP initiative to establish consensus opinion of
diagnosis using the WHO classification of canine lymphoma5 a collection of
>600 histopathologically confirmed canine lymphoma samples are now being
assessed by high resolution molecular cytogenetics in a project aimed at identi-
fying regions of the canine genome that undergo recurrent cytogenetic changes.
These data, when combined with diagnosis and outcome of the patients in the
population, may provide new opportunities for the development of new cytoge-
netic indicators of diagnosis and prognosis for canine patients diagnosed with
lymphoma. In addition the same cohort has been used to generate a series of tis-
sue microarrays (TMA) that now are being evaluated en-masse for a variety of
cytogenetic changes that have emerged from on-going research activities. The
development of these more sophisticated means of refining diagnosis and prog-
nosis are expected to have a great impact on canine lymphoma in the coming 3-
5 years.

Treatment-related prognostic factors: The time to achieve complete remissi-
on and the volume of residual tumor mass are shown to be important indicators
of overall survival. Other treatment related factors are the duration of first
remission and the clinical features of patients with relapsed lymphomas. 

Disease-related prognostic factors: The Working Formulation, which was
based on survival, divided patients with treated lymphomas into low, intermedi-
ate and high grade types. The updated revised European American Lymphoma
(REAL) and World Health Organization (WHO) classification systems incorporate
immunophenotypic and genetic factors to define specific so-called biologic enti-
ties. Many of these factors are not yet currently determined in the dog. 
One example of a disease-related prognostic factor in humans is mantle cell lym-
phoma (MCL) which has a unique phenotypic signature, CD5+ and CD23-, plus a
specific chromosomal translocation. Human MCL is characterized by frequent
relapses and lack of an overall curative outcome. Another example includes the
topographic presence of disease in the mediastinum. In humans, mediastinal
large B-cell lymphoma is a high grade lymphoma. Currently, this subtype of lym-
phoma is recognized in the dog as an uncommon occurring tumor. 

International Prognostic Index (IPI): Remarkably, the major factors in the
determination of the human IPI are independent of each other and have an
approximately equal impact on outcome. The clinical features associated with
survival in humans are: (1) Age (<60vs>60), (2) Serum LDH level, (3) Performance
status (<2 vs >2), (4) Stage (I/II vs III/IV) and (5) number of extranodal tumor sites
(<1 vs >1). Furthermore, the IPI recognizes four risk groups for adverse prognos-
tic factors: (1) low with zero to one risk factor, (2) low intermediate risk (2 factors),
(3) high intermediate risk group (3 risk factors), and (4) high risk group with 4-5 risk
factors. When this design was tested on over 2,000 patients with aggressive B-cell
lymphoma treated with a CHOP (or similar) protocol, the four risk groups had 5
year survivals of 73%, 51%, 43% and 26%, respectively. Since the advent of
Retuximab- an antibody active against B-cell tumors (anti CD20 antibody) - the
complete response rate improved to 76% from 63% and has markedly altered tre-
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atment regimens. A revised IPI system has divided the prognostic groups into
three categories: very good (0 risk factors), good (1-2 risk factors) and poor (3-5 risk fac-
tors). The corresponding four year overall survivals for these revised groups are
94%, 79% and 55%, respectively. 

A Prognostic Index for Canine Lymphoma
The prognostic factors in humans that appear to have direct comparability to the
dog include: current general health, the stage of disease, the specific type of lym-
phoma, and the mitotic rate of the tumor. Age is likely biologically important
but is not clinically relevant as most dogs do not develop lymphoma until late in
life (average 8 years of age).Breed may also be a relevant risk factor; the NCI
Monograph listed the boxer as the breed at greatest risk of developing lympho-
ma4. Most dogs present with lymphoma without signs of systemic disease and
without apparent involvement of liver, spleen or bone marrow. They are general-
ly staged as I-II and the most common subtype is diffuse large B-cell lymphoma
(DLBCL). An example of the impact of mitotic rate within one diagnostic subtype
is given below (data from the ACVP Oncology initiative for canine lymphoma) 5.
Cases of DLBCL are categorized as high, intermediate and low grade on the base
on the number of mitotic figures per single high power (400x) field (MI): Low =
0-5 MI, Mid = 6-10 MI and High = greater than 10 MI

Grade Mean MI #of cases Age (yrs) Survival (days)

High 15.4 252 8.4 199.7
Mid 7.5 80 8.0 277.6
Low 3.5 35 8.9 347.5

Lymphoblastic lymphoma, of either B or T cell immunophenotype is a high
grade lymphoma which is clinically characterized by a poor prognosis with low
remission rates and short survival times. In this disease, the diagnosis itself is
the major factor in determining the outcome of the patient. In the study5, this
disease was further subdivided into those with neoplastic cells with smooth
nuclear contours (LBL) and those with indented nuclei, termed “convoluted
type” (LBC). It was found that nuclear shape does not define an important biolo-
gical difference, thus the diagnosis of LBL itself defines the clinical outcome.

Diagnosis Mean MI # of cases Age (yrs) Survival (days)

B-LBC 13.9 3 10.3 166.0
B-LBL 12.2 15 8.4 160.6 

T-LBC 15.2 14 8.1 193.8
T-LBL 16.5 16 6.5 182.3

Based on the information available to date, a Prognostic Index for dogs with
lymphoma could be based on these 4 risk factors: (1) Age/Breed (importance to
be determined), (2)Presence or absence of systemic disease (Stage a vs b ), (3)Stage
(I/II vs III/IV vs V taken as 1-3 risk factors) and (4)Number of extranodal tumor
sites ( <1 vs >1). A three level Index system is proposed: Very Good, Good and Poor
based on total risk factors of Very Good (1-2), Good, (3) and Poor (>3). This infor-
mation from the clinical examination of the animal would be coupled with the
subtype of lymphoma in order to determine the treatment protocol and a best
estimate of overall survival. 

Discussion
The management of lymphoma in dogs has advanced tremendously in the past
25 years. We now recognize multiple subtypes of lymphoma and thus are
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moving away from treating lymphoma as a single generic disease. There are 16
subtypes of B-cell lymphoma and 15 sub types of T-cell lymphoma recognized in
humans and most of these diagnoses have direct counterparts in the dog. We
have noted differences in incidence of certain lymphoma subtypes; for example,
dogs have a higher proportion of T cell lymphomas than humans, and follicular
lymphomas are comparatively rare in dogs (1% contrasted to 25% of human cases
of lymphoma). 
Clearly defined prognostic markers have not been established for any of these
subtypes in animals. With the advent of phenotypic differentiation of canine
lymphomas there was a general and unsubstantiated feeling that T-cell lympho-
mas were generally more aggressive than B-cell lymphomas. However, there is
now evidence of a range of lymphomas of both immunophenotypes that vary
from highly aggressive to indolent. Treatment protocols now differ between the
highly aggressive and indolent subtypes. The objective of this review is to define
diagnostic markers in the dog in order to establish future studies to validate
these factors by evaluating the lymphoma subtype, treatment protocols and
patient outcome. 

Summary
Sequencing of the canine genome in 2005 revealed the close phylogenetic relati-
onship between humans and dogs. Domestic dogs share the same environment
with humans and are subject to the same influences on tumor initiation and
progression as their human counterparts. Thus, it is likely that dogs have simi-
lar risk factors in the treatment of lymphomas as humans. We can now design
studies to define the presence and impact of prognostic factors for survival in
dogs with lymphoma by specific investigations that measure the importance of
age, stage, mitotic index, phenotype and diagnosis of lymphoma subtype. It is
expected that gene studies in dogs will soon be added to the list of factors that
help to determine the prognosis, response to therapy and overall survival period. 
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A Systematic Approach to
Histologic Examination of Lymph

Node

ACVP Lymphoma Workshop
V.E.Valli DVM

2

Interpretation of Node
Architecture

• 1. Capsule
• -thickness. taut or wavy, invaded with
perinodal tissue

• 2. Peripheral sinus
• -open or compressed or invaded
• 3. Medullary fibrovascular structures
• -obscured or prominent and fibrous

3

Architecture Benign BFH
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4

Architecture FL II

5

Architecture Low Grade TZL

6

Architecture Mid Grade PTCL

2012 75

Dr. Ted Valli



7

Architecture High Grade LBL

8

Interpretation of Node
Cytology

Lymphoid Nuclear Size

– 1. Small Slightly larger than a rbc
– 2. Intermediate <1.5 rbc
– 3. Large >1.5rbc

9

Nuclear Size
Small Intermediate Large

TZL Benign Mantle cells DLBCL
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10

Chromatin and nucleoli

• 1. Centroblastic
• – Aggregated chromatin with
parachromatin clearing and multiple
central and peripheral nucleoli

• 2. Immunoblastic
• – Peripheralized chromatin with single
prominent central nucleoli

• 3. Lymphoblastic
• –dispersed chromatin with obscured
nucleoli

11

Nucleoli and
Chromatin distribution

centroblastic immunoblastic lymphoblastic
DLBCL MZL LBL

12

Determining Proliferative
Rate

• Low grade 0-5 mitoses /400x field
• Intermediate grade 6-10 mitoses /400x field
• High grade – > than 10 mitoses /400x field
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13

Diagnosis and Characteristic
proliferative Rate

• 1. Burkitt-like, Lymphoblastic
• high
• 2. T zone, Marginal zone, Mantle cell,
Follicular, T cell Rich large B cell, Small
cell, Chronic leukemia

• low
• 3. Diffuse large B-cell highly variable
• 4. Peripheral T-cell variable
• low

14

Application of Dx Criteria
TZL

15

Cellular Detail TZL
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16

Immunophenotype TZL
CD79 CD3

17

Diagnostic Criteria DLBCL

18

Deduction of Phenotype from
Architecture
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19

Cellular Detail DLBCL

20

Immunophenotype DLBC
CD3 CD79

21

Diagnostic Criteria T-LBL
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Cellular Detail T-LBL

23

Immunophenotype T-LBL
CD79 CD3

24

Diagnostic Criteria BKL
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25

Architecture BKL

26

Cellular Detail BKL

27

Immunophenotype BKL
CD3 CD79
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28

Summary Diagnostic
Sequence

• 1. Architecture tumor or benign
• 2. Determine tumor cell size,

nuclear and nucleolar type
• 3. Determine level of mitoses
• 4. Diagnosis on H&E staining
• 5. Phenotype and final Dx
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A Systematic Method for Examination
of Lymph Node Histology

V.E. Valli DVM

The slides from which the images depicted in this presentation were taken have
been digitized for whole slide imaging and are available on line from SAGE the
publisher of Veterinary Pathology. For details on accessing these slides see the
online article entitled “Classification of Canine Malignant Lymphomas
According to the World Health Organization Criteria” by V.E. Valli et al.

Slide 2: A Stepwise Approach to Examination. The process of nodal diagnosis is
best begun with a mental algorithm to guide you through a series of determina-
tions. The order of examination is important since each branch point leads to a
series of decisions, which need to be based on the information already gained.
The first image is of a condition that while not common demonstrates the
importance of nodal architecture. If the proliferation is of follicular type, then
the involved cells must be of B-cell phenotype since T-cells never form a follicu-
lar pattern. 

Slide 3: The Six Steps in Lymphoma Diagnosis. The stepwise process of nodal
diagnosis involves 6 steps of which the first four provide the basis for the pre-
sumptive diagnosis. The first step is to determine nodal architecture. The second
is to determine lymphoid nuclear size and shape, noting if the nuclei are round
or oval or indented. The third step is to determine the chromatin and nucleolar
patterns. The chromatin is determined to be dispersed or more likely aggregated
into fine, coarse, or large and branched chromatin patterns. The nucleoli are
assessed for size, number and location within the nucleus. The fourth step is to
determine the mitotic figures per unit area as well as the number of tingible
body macrophages present. In most lymphomas the highest number of mitoses
will be where there are the most tingible body macrophages. In lymphoblastic
lymphoma with a high mitotic rate and follicular lymphoma with a low mitotic
rate macrophages are characteristically not present. 
The diagnosis is then made on the oversight staining with immunophenotypic
staining required to confirm the diagnosis. Phenotypic determination has been
found to be essential for all types of lymphoma except those of follicular type for
which the phenotype can be determined on the architecture to be of B-cell type.
Follicular lymphoma, while common in human pathology constitute about 1%
of lymphomas in dogs indicating that phenotyping is almost universally essenti-
al for specific diagnosis of lymphoma in animals. 

Slide 4: Interpretation of NodeArchitecture. If an entire tissue is received the
capsule should be determined to be of normal thickness or thinned and taut if
the node is expanded or less often wavy and folded, if the node is undergoing
atrophy. It is important to note if there is invasion of perinodal tissue but this in
itself does not constitute a criterion of malignancy and occurs in any chronic
antigenemia. Perinodal colonization is seen in equine infectious anemia and
bovine trypanosomiasis as examples of chronic immune stimulation. 
Secondly, the condition of the peripheral sinus is very important to note since
hyperplasia will compress the sinus but will never destroy it although this may
happen in septic inflammation. Lymphomas will compress and invade the sinus
and adjacent capsule, with this more likely to occur in high-grade lymphomas
and maybe absent in indolent lymphomas. 
Thirdly, the medullary fibrovascular structures should be identified as these tell
you the rate at which the node has increased in size. In high grade lymphomas
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the vascular supporting structures will be obscured and inobvious. In contrast,
in chronic benign nodal hyperplasia the fibrovascular structures become promi-
nent and fibrous. Since this fibrous proliferation is frequently seen in indolent
lymphomas is it likely that benign hyperplasia is a risk factor for subsequent
lymphoma. 
Fourthly, and finally the pattern of lymphoid proliferation should be noted.
Follicular hyperplasia usually involves the entire nodal area and is immediately
identifiable and relatively uncommon. Diffuse lymphomas in the early stage
maybe multifocal and careful attention should be made to identify areas of
homogenous cell proliferation which may be found to be irregularly coalescing
and compressing residual benign cells between the enlarging foci. if the node
has a completely diffuse pattern of lymphoid proliferation, note the extent to
which the proliferation involves the medullary areas and whether the medulla-
ry cords are filled with the sinuses compressed. 

Slide 5: Benign Follicular Hyperplasia. The capsule is thinned and relatively
taut, but the peripheral sinus can be seen to be intact in a number of areas. This
lesion is more correctly termed atypical follicular hyperplasia because it can be
seen that a number of the follicles have coalesced into larger areas of prolifera-
tion. Most follicles have a complete or incomplete mantle cell cuff. Also in many
areas there is a lighter stained layer of cells outside of the mantle cell cuff that
is interpreted to be of marginal zone hyperplasia. These findings should alert
the observer that the tissue represents a benign proliferation. Closer examinati-
on will identify numerous tingible body macrophages that are most apparent in
the large follicle in left center. Since B-cells that have become malignant on pas-
sing through the germinal center process inactivate the apoptosis gene, follicu-
lar lymphomas are characterized by a general absence of tingible body macro-
phages. In contrast in benign follicular hyperplasia there are very numerous
macrophages in follicular centers. Follicles should be carefully examined at hig-
her power to determine if antigen related polarity remains and if this is present
in a number of the follicles this suggests that the entire lesion is likely benign
and reactive. 

Slide 6: Follicular Lymphoma Grade II The capsule is thinned and the peripher-
al sinus remains largely intact and compressed over areas of follicular prolifera-
tion. There is complete loss of the mantle cell cuffs and the follicles appear bare
and are closely facetted with compression of the intervening benign paracortical
areas. The follicles have a bland uniform appearance that is compatible with a
clonal proliferation. Unlike benign follicles which have a “deep and superficial”
pole with a variety of large and small cells present, follicular lymphoma will
have the same proportion of large and small cells in every area of a single folli-
cle. Further, the same cell types and proportions are present from one follicle to
another. In this way follicular lymphoma can be graded on the proportions of
large centroblastic cells present in proportion to the declining numbers of smal-
ler centrocentic cells. 

Slide 7: T-Zone Lymphoma. This image has the characteristic architecture of low-
grade lymphoma of T-zone lymphoma type. The capsule is thin and peripheral
sinus is irregularly open and apparent. There is compression of the darkly stai-
ned areas of fading germinal centers against the peripheral sinus. The pink areas
in the interior of the node are the hyperplastic fibrovascular supporting structu-
res that indicate the node has been through a long period of benign hyperplasia.
It is diagnostically important to recognize that the fading germinal centers wit-
hin the interior of the node are invariably compressed and peripheralized
against a connective tissue barrier. This is because the fading germinal centers
are peripheralized by the paracortical T-cell expansion. This is a feature common
to T-cell lymphomas and is less apparent in other types of T-cell tumors. An occa-
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sional follicle still appears to have an open and functional germinal center as
appears at the upper center, left upper margin and center left areas. There are
open sinus areas within the medulla of the node and even in areas of the cortex
that is characteristic of TZL since the proliferation of the tumor cells appears to
proceed more slowly than the replenishment of dying benign cells by incoming
lymphocytes from the blood. 

Slide 8: Peripheral T-Cell Lymphoma. Peripheral T-cell lymphoma is a midgrade
lymphoma of T-cell type. The capsule is thin and taut with the peripheral sinus
compressed or obliterated and with focal colonization of the capsule and the
perinodal tissue. The architecture is completely diffuse with patchy congestion.
The darker appearing areas are residual areas of benign paracortex irregularly
surrounded by the infiltrating tumor. There are numerous pale foci within these
areas representing tingible body macrophages and a high death rate in the sur-
viving benign cells. The thickened area of fibrovascular supporting tissue in the
center and lower right area suggest that the node has been through prior peri-
ods of benign hyperplasia. The thinning of tissues below is artifactual separati-
on of the tissue that indicates there is very little fine fibrovascular proliferation
present in this lymphoma. 

Slide 9: Lymphoblastic Lymphoma. Lymphoblastic lymphoma is of high grade
with the capsule very thin and the peripheral sinus is compressed or obliterated.
There is a completely diffuse architecture with wide separation of fine fibrovas-
cular supporting structures indicating that the node has rapidly increased in
size without hyperplasia of the connective tissue elements. There is a small clus-
ter of darkly stained cells in lower center that is a small foci of residual benign
cells. The reddened areas with thin tentacular shapes represent residual sinus
areas of the node that are filled with benign cells and increased numbers of red
cells. The irregular shaped reddened area in lower center represents filled
medullary cords compressing what is left of the medullary sinuses. Note that
there is a complete absence of focal pale foci that would indicate tingible body
macrophages that are characteristically absent from this high-grade tumor.
Lymphoblastic lymphoma has a high proliferative rate and also a high level of
apoptosis that the macrophages are not attracted by. 

Slide 10: Interpretation of Nodal Cytology. Part of the process of tumor charac-
terization is determining the relative size of tumor cells. Few lymphomas are
regularly encountered with small nuclei. Small nuclei are seen in small cell lym-
phocytic lymphoma and small cell lymphocytic leukemia, which are rare. Small
nuclei are most commonly observed in T-zone lymphoma. Many commonly
encountered lymphomas are of intermediate size including the high-grade lym-
phoma of Burkitt-Like type and most of the cells in the B or T-cells of lymphoblas-
tic lymphomas. Large cell lymphomas are the most common and include the
most common tumor of diffuse large B-cell lymphoma and many of the peripher-
al T-cell lymphomas. Comparing nuclear size to red cells appears the most prag-
matic method since red cells can usually be identified in the same field as the
tumor cells affording direct comparison. 

Slide 11: Determining Nuclear Size. These expanded images permit comparison
of cells of varying sizes. On the left cells are of T-zone lymphoma. The nuclei tend
to be rounded but have sharp shallow nuclear indentations that can be seen to
be approximately the same diameter as the canine red cell. It is a characteristic
of these tumors that the nuclei have abundant lightly stained cytoplasm and the
nuclei are characteristically not in contact.
The center panel is of benign mantle cells that are of small to intermediate size.
Note that the nuclei are slightly larger than the central red cell with much gre-
ater internal nuclear detail than is present with the small cells of T-zonal lym-
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phoma. These cells have coarsely aggregated chromatin with a single small cen-
tral nucleolus and generally very little cytoplasm. 
The panel at the right is of diffuse large B-cell lymphoma with nuclei 2 or more
red cells in diameter. The chromatin is very fine granular and irregularly disper-
sed with prominent nucleoli that are located both centrally and impinging on
the nuclear membrane. The cytoplasm is moderately abundant and deeply stai-
ned with cell boundaries generally distinct. 

Slide 12: Assessing Chromatin Patterns and Nucleoli. Nuclear chromatin pat-
terns are an important feature of interpreting lymphoid proliferations.
Centroblastic appearing nuclei are most common and have variably aggregated
chromatin with parachromatin clearing and multiple central and peripherali-
zed nucleoli. Immunoblastic nuclei are less common and many have peripher-
alized chromatin that tends to make the nuclear membrane look thickened and
adds prominence to the single central nucleolus. Lymphoblastic nuclei are the
most difficult to recognize and have completely dispersed chromatin that is of
uniform density throughout and obscures the nucleoli. This feature of chroma-
tin distribution is the most characteristic feature of lymphoblastic lymphoma
and that feature alone trumps all other criteria including cell size. To properly
evaluate chromatin distribution it is important that the tissues are well and
immediately fixed following biopsy. In this context Tru-cut biopsies are an exam-
ple of tissues that have generally undergone immediate fixation without artifac-
tual changes. When a complete node is submitted for examination the cells
should be examined near the subcapsular areas where fixation has been relati-
vely immediate. 

Slide 13: Characteristic Chromatin and Nucleolar Patterns. This panel demon-
strates variations in chromatin distribution and nucleolar placement in diffe-
rent diagnostic categories of lymphoma. The image at the left is of diffuse large
B-cell lymphoma. The chromatin is fine granular with parachromatin clearing
and multiple moderately prominent nucleoli that are central or impinging on
the nuclear membrane. These changes are exaggerations of what is seen in the
large cells of a normal benign germinal center. The center panel is of marginal
zone lymphoma of low-grade lymphoma and intermediate nuclear size with
immunoblastic type nuclei. The nuclei are generally 1.5 cells in diameter with
the chromatin tending to be peripheralized against the nuclear membrane that
adds prominence to a large single central nucleolus. These cells typically have
abundant cytoplasm that tends to be lightly stained and leaves the nuclei ten-
ding to be separately arranged and seldom in contact. Areas of MZL typically
appear as lightly stained areas around the smaller mantle cuff cells that have
very little cytoplasm and appear as densely stained areas. 
In contrast the panel at the right is of lymphoblastic lymphoma where the chro-
matin is characteristically very fine, dense and dispersed. Note that nucleoli are
present but not readily apparent because their boundaries are obscured by the
dispersed chromatin. Lymphoblastic lymphoma is generally considered to be a
tumor of intermediate size but large cells are present and typically tend to be of
oval shape. This lymphoma is of the convoluted or indented cell type that does
not appear to be a factor in the biological characteristics of the tumor or of the
survival of treated animals. 

Slide 14: Grading Lymphomas on Mitotic Rate. The survival of dogs treated with
lymphoma tends to vary quite markedly depending on the mitotic rate as deter-
mined by counting mitoses in a 400 times field. Dogs with diffuse large B-cell
lymphoma of low-grade type with less than 6 mitoses per 400 times field tend to
live about a year. In contrast dogs with high grade lymphoma with more than 10
mitoses per 400 times field tend to live about 7 months with those of the inter-
mediate level of mitotic figures tending to be intermediate in survival between
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those with low and high grade categories. These findings indicate that determi-
ning the mitotic rate is a critical factor in determining the relative risk in terms
of survival time of dogs treated for a lymphoma. 

Slide 15: Matching the Findings to a Specific Diagnosis of Lymphoma. Once the
mitotic rate has been determined these results can be compared to what is typi-
cal for the different diagnostic categories of lymphoma. Typically the Burkitt-
Like Lymphoma and lymphoblastic lymphomas have more than 10 mitoses per
400 times field. All of the indolent lymphomas like T-zone lymphoma, marginal
zone and mantle cell lymphoma as well as follicular and T-cell rich large B-cell
lymphoma have low rates of mitotic figures. Any lymphoma with more than 10
mitoses per 400 times field cannot be considered for one of the low-grade types
of lymphoma diagnosis. In contrast diffuse large B-cell lymphoma has a very vari-
able mitotic rate and can vary from low to high with the response to chemothe-
rapy varying accordingly with the poorer survival in the animals with highest
mitotic rate. Peripheral T-cell lymphomas are also quite variable but tend to have
mid to low levels of mitotic figures and tend not to have the high mitotic rate of
more than ten mitoses per 400 times field. 

Slide 16: Application of Diagnostic Criteria for Architecture. Once the architec-
ture, cell size, chromatin and nucleolar pattern and mitotic rate have been deter-
mined those results direct the diagnosis to a narrow range of options. This is T-
zone lymphoma that characteristically has multiple fading germinal centers wit-
hin the interior of the node. The darkly stained areas represent benign fading
germinal centers that are invariably peripheralized against a connective tissue
barrier. There is hyperplasia of the medullary fibrovascular supporting structu-
res that suggests the node has had a long period of benign hyperplasia, likely of
follicular type before developing T-zone lymphoma. On the basis of what can be
deduced from the architecture the node is examined for cytologic detail in the
areas of diffuse lymphoid proliferation that constitute the areas of lymphoid
neoplasm. 

Slide 17: Determining Cell Size Nuclear Shape and Mitotic Rate. Typically in
early cases of T-zone lymphoma the cells are of small and occasionally of inter-
mediate size with densely stained chromatin and small or inapparent central
nucleoli. The sharp shallow nuclear indentations are characteristic and present
in cells of small or intermediate size as well as the abundant pale staining cytop-
lasm. The mitotic rate is very low with none present in most fields at 400 times
magnification and is very characteristic of this neoplasm.

Slide 18: Prominent Post-Capillary Venules in TZL. One of the prominent cha-
racteristics of T-cell lymphomas particularly of T-zone lymphoma is that they
tend to have very prominent post-capillary venules. This feature has been noted
in human lymphomas and has been recognized in animal lymphomas by Dr.
Corinne Fournel-Fleury of the University of Lyon in France. In this image the
cytoplasm of the post-capillary venules is abundant and quite deeply eosinophi-
lic. The nuclei tend to be vesicular with prominent small nucleoli. There may be
numerous lymphocytes in the lumen of the post capillary venules, but the pas-
sage of these cells through the wall into the node is characteristically low in T-
zone lymphoma with low transmural cellular traffic. 

Slide 19: Immunophenotyping T-zone lymphoma. The immune stains provide a
striking contrast because of the constant presence of intramedullary fading ger-
minal centers. Note how distinctly these structures are identified with CD79 as
well as the very diffuse and sharply defined areas of T-cell proliferation identi-
fied on staining with CD3. 
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Slide 20: Diffuse Large B-Cell Lymphoma. This image is of diffuse large B-cell
lymphoma. The capsule is thin and taut and the peripheral tissues do not appe-
ar to be invaded. There is a single fading germinal center in the subcapsular area
at the lower right of center. The apparent darker stained cells in the center of the
node is an artifact of fixation with the cells in the outer areas that have had
more rapid fixation have cell boundaries intact and in contact, with slower fixa-
tion in the center cells appear more discrete. The cellular proliferation is com-
pletely diffuse and the fibrovascular supporting structures tend to be minimal
and discontinuous suggesting that the node has quite rapidly increased in size. 

Slide 21: Deduction of Phenotype From Architecture. A feature of diffuse large
B-cell lymphomas is that they will frequently surround and isolate fading germi-
nal centers. This is apparent in this image with darker clusters of cells apparent
beneath the capsule and in the outer cortex in the region commonly occupied
by germinal centers. While T-cell lymphoma tends to peripheralize germinal cen-
ters it is a characteristic of B-cell lymphomas that they tend to surround them.
Thus knowledge of these architectural traits can provide strong indication of
what the likely phenotype will be of the proliferating cell population. 

Slide 22: Cytologic Detail of Diffuse Large B-cell Lymphoma. The cells of diffu-
se large B-cell lymphoma are 1.5-2 times the diameter of a red cell. In well fixed
tissues there is a fine granular chromatin pattern with mild irregular parachro-
matin clearing. There are multiple nucleoli that are variably central and perip-
heralized. The cytoplasm is moderate in volume and staining density with cell
boundaries irregularly distinct. 

Slide 23: Immunophenotyping Diffuse Large B-Cell Lymphoma. Staining diffu-
se large B-cell lymphoma with CD3 marks residual T-cells present wherever there
are fading germinal centers. These are part of the managerial cells that direct
maturation of B-cells in the benign germinal center process. There are scattered
positive cells with the CD3 positive stain in the diffuse areas of lymphoid prolife-
ration with the tissue remaining largely negative and unstained. In contrast, on
staining with CD79 the fading germinal centers tend to stain very strongly and
the diffuse areas of lymphoid proliferation are less strongly but uniformly mar-
ked that tends to outline the unlabeled fibrovascular supporting structures.

Slide 24: Architecture of T-Cell Lymphoblastic lymphoma. There is a very thin-
ned capsule, and compressed and obliterated peripheral sinus. The proliferation
tends to be diffuse with destruction of node architecture and with minimal
fibrovascular supporting elements characteristic of a node that is increased very
rapidly in size. 

Slide 25: Cytologic Detail of Lymphoblastic Lymphoma. Lymphoblastic lympho-
ma may have similar cytologic features for both T and B cell types with the main
criteria being density of the dispersed chromatin that is the same feature in
both T and B cell neoplasms. The nucleoli are present but tend to be obscured
and there is less internal nuclear detail than is apparent with other types of lym-
phoma. The cells are generally of intermediate size with some occasional large
cells present with the chromatin pattern tending to be the major deciding crite-
rion. The nucleus in lower right is in prophase. In cytologic preparations the
cytoplasm is minimal in volume and highly basophilic and in this presentation
there appears to be a moderate volume of cytoplasm with cell boundaries indis-
tinct. 

Slide 26: Immunophenotyping Lymphoblastic lymphoma. This type of lympho-
ma is either solidly of B or T cell type. This lymphoma follows that pattern and
on staining with CD79 a few positive residual benign cells are present in the sub-
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capsular areas in upper left with the rest of the tissue largely negative. In con-
trast, that area in upper left is unstained with CD3 stain and the node in other
areas is densely stained that sharply outlines the vascular structures. Note the
absence of tingible body macrophages. 

Slide 27: Architecture Determined on Tru-cut Biopsy. The image is of a broad
cutting-needle biopsy of Burkitt-Like Lymphoma. Lymphomas are frequently bio-
psied by this method. The lymphoma has a multinodular and coalescing pattern
as can be barely discerned in the center of this image. The size of the fibrovascu-
lar supporting structures present indicates that the biopsy needle has penetra-
ted the medullary areas of the node. 

Slide 28: Architecture of Burkitt-Like Lymphoma. The irregular nodular prolife-
ration of Burkitt-Like Lymphoma is more apparent at this level of magnification.
Note that the tingible body macrophages tend to be most prominent in areas of
homogeneous cell proliferation. There is a fading germinal center in the upper
right. 

Slide 29: Cytologic Detail of Burkitt-Like Lymphoma. This tumor is of high
grade and intermediate sized cells. There is a faintly red stained cell in the lower
right for size comparison with nuclei. The chromatin is irregularly arranged
with quite sharply apparent internal nuclear detail with mild parachromatin
clearing. There are multiple prominent nucleoli that tend to be both centrally
and peripherally arranged. The cytoplasm is typically moderate in volume and
staining density with cell boundaries irregularly distinct. The more densely stai-
ned small nuclei in the upper left is likely an anaphase with a metaphase to the
right and a cell in early mitosis in lower right of center. A tingible body macro-
phage is present in the upper right with an ingested pyknotic tumor nucleus. 

Slide 30: Immunophenotyping Burkitt-Like Lymphoma. There are T-cells pre-
sent in areas of fading germinal centers with scattered cells in the interior of the
tissue, generally surrounding small vessels and adjacent to fibrovascular suppor-
ting structures. The cells stained strongly and uniformly with CD79 that sharply
outlines the fibrovascular supporting structures. 

Slide 31: Sequence Summary. This slide summarizes the sequence of determina-
tions that need to be made in the process of examining a lymphoid proliferati-
on for architecture, tumor cell characteristics, level of mitoses and presumptive
diagnosis on H&E staining. Phenotypic characterization is essential for all lym-
phomas other than follicular type, which can be determined to be of B-cell type
on the basis of follicular architecture.
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Malignant lymphoma in the dog and cat

Douglas H. Thamm, VMD, DACVIM (Oncology)
Colorado State University Animal Cancer Center
300 West Drake Road, Fort Collins, CO 80523 USA

INTRODUCTION 
Lymphoma (LSA) is a relatively common disease entity in veterinary medicine.
Most small animal practitioners will encounter LSA in their practice, and will be
asked to provide information and treatment recommendations for pets with this
condition. 

DIAGNOSIS AND STAGING – DOGS
The typical dog with LSA will present with generalized (or less commonly region-
al) lymphadenopathy. Differential diagnoses for generalized adenopathy can
include Ehrlichiosis or other immune-mediated diseases, systemic mycosis,
severe pyoderma or other skin disease, and reactive hyperplasia. The most sim-
ple way do discern the cause for lymphadenopathy is via needle aspiration
cytology of an affected lymph node. If possible, the submandibular lymph nodes
should be avoided due to the likelihood of some component of reactive hyperpla-
sia being present due to drainage from the mouth and ears. Although many clin-
ical pathologists are able to confirm a diagnosis of canine LSA cytologically, exci-
sional biopsy of an affected lymph node provides the most information. It is crit-
ical that empiric prednisone therapy not be employed prior to diagnosis if lym-
phoma is a differential, as this may mask the signs of illness and has the poten-
tial to induce resistance to other forms of chemotherapy (See below).
Complete clinical staging helps to ascertain the extent of disease, ensures that
other types of medical problems are not present, and can provide prognostic
information for the client. Complete staging should include complete blood
count, serum chemistry panel, urinalysis, thoracic radiographs, and a bone mar-
row aspirate. Imaging of the abdominal cavity is of limited use, unless abdomi-
nal palpation is extremely difficult, or if abnormalities other than cranial
organomegaly are palpated or clinical signs consistent with primary gastroin-
testinal disease are present. The World Health Organization has developed a clin-
ical staging system for dogs with multicentric LSA, which takes into account the
number and location of involved lymph nodes, presence or absence of
hepatosplenomegaly, and the presence or absence of disease in the bone mar-
row, central nervous system, or other extranodal sites. In addition, a substage is
assigned, (a) representing a patient without clinical signs of illness, and (b) rep-
resenting a patient with clinical signs (anorexia, lethargy/weakness/ depression,
significant weight loss, vomiting, diarrhea, etc.) (See Table 1). Most dogs that
present are WHO Stage IIIa or IVa.

Table 1. WHO Staging Criteria for Canine Lymphoma

Stage I: Disease confined to a single lymph node.

Stage II: Regional lymphadenopathy

(confined to one side of diaphragm).

Stage III: Generalized lymphadenopathy.

Stage IV: Hepatosplenomegaly (with or without lymphadenopathy)

Stage V: Bone marrow, CNS, or other extranodal site involvement

Substage a: No clinical signs

Substage b: Clinical signs of illness
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Complete staging allows a thorough assessment of factors that may help to pre-
dict the outcome with treatment for an individual patient. Factors that have his-
torically carried the most prognostic significance for remission duration and
survival include presence of clinical signs at presentation (substage b), presence
of hypercalcemia, mediastinal lymphadenopathy, and significant bone marrow
infiltration. It is probable that both hypercalcemia and mediastinal lym-
phadenopathy are actually surrogate markers for LSA with a T cell immunophe-
notype, a very powerful predictor of outcome. Most veterinary pathology labora-
tories are capable of immunophenotyping lymphomas with the use of CD3
immunohistochemistry. Additionally, the University of California at Davis,
Colorado State University and North Carolina State University can perform this
evaluation on fine-needle aspirates using flow cytometry or PCR for antigen
receptor rearrangement (PARR). These prognostic factors do not typically alter
the likelihood that a patient will achieve a complete response (CR); they do how-
ever, affect the likely duration of that response.

DIAGNOSIS AND STAGING – CATS
Generalized lymphadenopathy is an uncommon presentation for cats with LSA.
Clinical signs are dependent on the body system affected. Common anatomic
sites include alimentary, mediastinal, nasal, renal, cutaneous and multicentric.
Due to the changes in FeLV testing and vaccination, there has been a shift in the
anatomic distribution of feline LSA over the past 20 years. Whereas the mediasti-
nal form, occurring in young FeLV+ cats previously predominated, we are now
seeing a great deal more of the alimentary form in older, FeLV- cats. Given the
anatomic distribution in cats, diagnosis is more often achieved through
histopathology after exploratory laparotomy or endoscopy. Needle aspiration
cytology of enlarged peripheral lymph nodes in cats can sometimes be difficult
to interpret, as cats are subject to a variety of lymphoid hyperplastic conditions
that can mimic LSA cytologically.

Clinical staging in cats with LSA is very similar to that in the dog. However, addi-
tion of FeLV and FIV serology is reasonable, due to its impact on prognosis and
husbandry. A pre-treatment abdominal ultrasound can be helpful to establish a
pre-treatment baseline in cats with alimentary LSA. 

WHAT’S NEW – DIAGNOSIS, STAGING, PROGNOSIS
Most veterinary pathology laboratories are now capable of immunophenotyping
lymphomas with the use of immunohistochemistry. However, this does require
a biopsy. Several laboratories in the US are capable of performing immunocyto-
chemistry for T-cell and B-cell markers on air-dried fine-needle aspirates as well. 

The University of California at Davis, Colorado State University and North
Carolina State University can perform immunophenoptying on fresh fine-needle
aspirates using flow cytometry. This method is useful for not only lymphoma
immunophenotyping, but also for phenotyping and confirming diagnoses in
animals with suspected leukaemias and distinguishing between lymphoma and
thymoma in dogs with mediastinal masses. Additional information regarding
prognosis may be obtained through flow cytometry; specifically, dogs with B-cell
lymphoma whose tumour cells have low expression of MHC class II have a signif-
icantly worse outcome than those with higher class II expression.

A fourth method for establishing immunophenotype is through PCR for antigen
receptor rearrangement (PARR). This molecular diagnostic test evaluates the
presence or absence of a clonally expanded population of B cells or T cells, and
is approximately 85% sensitive and 95% specific for canine lymphoid neoplasia.
It is approximately 65% sensitive for feline lymphoid neoplasia. An advantage of
this technique is that it can be performed on almost any type of sample, includ-
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ing air-dried or previously stained cytology slides, effusions, aspirates, cere-
brospinal fluid, frozen tissue and peripheral blood. Formalin-fixed tissues gener-
ally cannot be used for this technique.

A recent publication suggests that immunostaining for the cellular survival pro-
tein survivin may be a useful prognostic factor in dogs with stage IIIa and IVa B
cell lymphoma, a population for which there are no reliable prognostic factors
currently. Another recent study has demonstrated that monocyte count may be
an independent predictor of outcome in dogs with lymphoma: dogs with mono-
cyte counts higher than 800 cells/dL had an outcome nearly 4 times worse than
those with lower monocyte counts. These interesting preliminary findings need
to be confirmed in additional studies. 

TREATMENT AND PROGNOSIS – DOGS 
Chemotherapy is the mainstay of treatment for LSA. A large number of single-
agent and multi-agent chemotherapy protocols have been investigated over the
last 20 years. However, one optimal chemotherapy protocol has not been identi-
fied which can integrate positive outcome, toxicity and cost. In general, combi-
nation chemotherapy is considered more efficacious than single-agent
chemotherapy.

Corticosteroids alone have been shown to induce at least partial remission in
many dogs with LSA by their direct cytotoxic effect on the tumor cells. In addi-
tion, dogs that are systemically ill will often show improvements in appetite,
activity and attitude while receiving steroids. Finally, steroids may reduce the
magnitude of hypercalcaemia, if present. Oral corticosteroids (most commonly
prednisone at 2 mg/kg/day initially, then tapered over time to 0.5-1 mg/kg/day)
are an excellent treatment option for some owners if chemotherapy is declined.
However, it is important that owners understand the ramifications of utilizing
prednisone as a single agent before initiating treatment. I will commonly inform
owners that “Prednisone is a one-way street”. While most dogs and cats will
experience significant short-term improvement, the duration of that improve-
ment is typically on the order of only 1-2 months, and prednisone appears to be
a powerful inducer of chemotherapy resistance. In other words, multi-agent
chemotherapy is much less likely to be efficacious if a patient has come out of
remission after treatment with prednisone alone. 

A relatively simple, non-toxic and inexpensive chemotherapy protocol with
intermediate efficacy is the COP (CTX/Vincristine/Prednisone) protocol.
Prednisone is administered orally as above, cyclophosphamide is administered
either orally or injectably at 200 mg/m2 every 3 weeks, and vincristine is inject-
ed weekly for 4 weeks, then every 3 weeks thereafter. Response rates of approxi-
mately 75% can be achieved, and the median survival times are in the range of
6-8 months in most reports. Another protocol with similar efficacy is single-
agent doxorubicin (DOX). This has become more affordable for many clients
since DOX has become available in a generic form, and has the advantage of
requiring only one injection every three weeks. In addition, if a side effect is
encountered the drug responsible is easy to identify. Two unique effects of DOX
are its potential for cumulative cardiac toxicity in dogs and cumulative nephro-
toxicity in cats, and its potential to cause severe skin necrosis if extravasated.

Generally, the most successful chemotherapy protocols have been multiagent
protocols that include doxorubicin. A protocol of this type (one of many pub-
lished protocols), referred to here as LA-CHOP, is employed at many institutions.
(It has also been referred to in publications as the UW-Madison protocol, UW-25,
or L-ASP-VCAM.) This treatment utilizes sequential injections of vincristine, CTX,
and DOX, combined with daily oral prednisone for the first 4 weeks (See Table 2).
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Table 2. LA-CHOP (UW-Madison) Protocol for Canine Lymphoma

Complete response rates are 85-90% with these protocols, and median survival
times are approximately 12 months, with 20-25% of dogs living longer than 2
years. Despite the improvements made in recent years in extending disease-free
interval and survival time in dogs with LSA, all but 5% of patients will eventual-
ly relapse.

Current versions of this protocol generally suspend all therapy following the
25th week: monthly rechecks are appropriate following completion to assess
remission status. This is typically performed simply through a thorough physi-
cal examination for those dogs presenting initially with peripheral lym-
phadenopathy: those dogs whose initial lymphoma presentation was solely
internal may require serial imaging in order to assess remission status.

Maintenance vs. No Maintenance
One of the debates among veterinary oncologists centers around the utility of
“extended maintenance” chemotherapy for dogs with LSA. In human medicine,
treatment is rarely continued for longer than 6 to 10 months, and randomized
trials have not demonstrated significant survival advantage for patients receiv-
ing extended maintenance chemotherapy. However, the dosages of chemothera-
peutic agents that dogs with LSA can tolerate are less than half of what a human
would receive of the same agents. We previously investigated the effect of discon-

Week 1: Vincristine 0.7 mg/m2 IV
Prednisone 2 mg/kg PO QD

Week 2: *Cyclophosphamide 250 mg/m2 IV
Prednisone 1.5 mg/kg PO QD

Week 3: Vincristine 0.7 mg/m2 IV
Prednisone 1 mg/kg PO QD

Week 4: Doxorubicin 30 mg/m2 IV
Prednisone 0.5 mg/kg PO QD

Week 6: Vincristine 0.7 mg/m2 IV
Prednisone: Discontinue

Week 7: Cyclophosphamide 250 mg/m2 IV

Week 8: Vincristine 0.7 mg/m2 IV

Week 9: Doxorubicin 30 mg/m2 IV

Week 11: Vincristine 0.7 mg/m2 IV

Week 13: Cyclophosphamide 250 mg/m2 IV

Week 15: Vincristine 0.7 mg/m2 IV

Week 17: Doxorubicin 30 mg/m2 IV

Week 19: Vincristine 0.7 mg/m2 IV

Week 21: Cyclophosphamide 250 mg/m2 IV

Week 23: Vincristine 0.7 mg/m2 IV

Week 25: Doxorubicin 30 mg/m2 IV

* 1 mg/kg furosemide is given concurrently with
each cyclophosphamide injection to diminish the
occurrence of sterile hemorrhagic cystitis
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tinuing treatment after 25 weeks of standard-dose chemotherapy. Analysis of a
cohort of 50 dogs treated with this protocol showed no statistical difference in
survival time or disease-free interval when compared with dogs receiving a sim-
ilar protocol including extended maintenance chemotherapy. 

Asparaginase vs. No Asparaginase
Older publications routinely include a single injection of asparaginase at the
beginning of multi-agent treatment. Recently, 2 studies have demonstrated no
improvement in any measure of outcome in dogs receiving asparaginase. For
this reason, the author chooses to omit asparaginase from initial treatment and
save it for use as a potential therapy at relapse.

Oral vs. Intravenous Cyclophosphamide
Although all of the statistics generated regarding the efficacy of multi-agent
lymphoma chemotherapy protocols such as the UW-Madison protocol have uti-
lized injectable cyclophosphamide, many clinicians substitute oral cyclophos-
phamide at the same dose. Until recently it was not clear whether this is as effi-
cacious, owing to cyclophosphamide’s unknown oral bioavailability in dogs.
Investigators at CSU have recently performed a pharmacokinetic analysis com-
paring oral versus injectable cyclophosphamide in dogs with lymphoma, and
preliminary results indicate that, while there is a significant difference in con-
centrations of the parent drug, the active metabolite of cyclophosphamide is
quite similar between the 2 routes of administration, suggesting probable equal
efficacy. One remaining advantage to injectable cyclophosphamide is that the
appropriate dose can be administered with greater exactness that can be
attained with tablets.

Is there an all-oral chemotherapy protocol that is effective for canine lym-
phoma?
Many owners may be uncomfortable with the idea of injectable chemotherapy
but may be more comfortable with the concept of oral chemotherapy pills.
While owner education regarding the excellent tolerability of most injectable
chemotherapy, and the potential for side effects even with oral medications,
may help to change some owners’ minds, there remains a subset of owners for
whom an oral chemotherapy protocol is the only acceptable choice.

Oral chemotherapy can be efficacious for 1 very specific form of canine lym-
phoma: cutaneous T cell lymphoma in dogs (lomustine +/- prednisone); approxi-
mately 85% of dogs with this form of lymphoma will have at least a partial
response to lomustine, although the majority of the responses are incomplete
and the median response duration is only approximately 3 months. Anecdotally,
dogs diagnosed with low-grade or indolent lymphomas may respond well to a
conservative oral protocol such as prednisone and chlorambucil (see below
regarding treatment of feline lymphoma). However, for the majority of interme-
diate- or high-grade multicentric lymphomas in dogs, no efficacious oral proto-
col as been identified. One recent study evaluated the efficacy of prednisone and
lomustine as first-line therapy for canine multicentric lymphoma and found it
to be no better than what has been reported with prednisone alone.

Radiation Therapy
Since LSA is considered a systemic disease in most circumstances, radiation ther-
apy (RT) is not used commonly. One exception is in cases of feline nasal LSA,
which is often solitary at presentation. In this disease, RT can be very efficacious.
LSA can be very sensitive to RT, and thus is can be useful as a palliative treatment
in animals with clinical signs related to lymphoma at a specific site (e.g. pleural
effusion from mediastinal disease). Several studies have been published recently
evaluating the outcomes of dogs treated with chemotherapy followed by half-
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body radiation therapy, and some studies have suggested possible improvement
over patients treated with chemotherapy alone. Definitive evidence of improve-
ment in outcome is lacking. 

Bone Marrow Transplant
One treatment modality which is commonly employed in the treatment of some
forms of human lymphoma and leukemia is high-dose chemotherapy and/or
whole-body radiation therapy followed by autologous stem-cell or bone marrow
transplant to “rescue” the patient from fatal myelosuppression. A combination
chemotherapy protocol incorporating high-dose cyclophosphamide and autolo-
gous bone marrow rescue has been evaluated in one pilot study in dogs, with
encouraging preliminary results.

North Carolina State University currently has an active stem cell transplant pro-
gram for dogs with lymphoma. This involves the use of leukapheresis, which har-
vests hematopoietic stem cells from the peripheral blood. Leukapheresis is used
in conjunction with granulocyte-macrophage colony-stimulating factor to mobi-
lize stem cells from the bone marrow into the peripheral circulation. The har-
vested stem cells are then reintroduced after total body irradiation is used to kill
residual cancer cells remaining following induction of remission with tradition-
al chemotherapy. Data regarding the efficacy of this form of therapy are current-
ly unavailable.

TREATMENT AND PROGNOSIS - CATS
The basic tenets of treatment for feline LSA are very similar to canine. One
important difference, however, is that single-agent doxorubicin appears to have
less activity in feline LSA. Even with injectable multiagent chemotherapy,
response and survival rates are lower in cats than in dogs, with approximately
70% of cats achieving a complete response, and median survival times in the 6-8
month range, even with aggressive therapy. However, approximately 30% of cats
may do well for a very long time, with survival times exceeding 2 years.

Recent reports suggest that cats with low-grade gastrointestinal LSA may
respond favorably and enjoy median survival times in the 18-month range when
a protocol employing oral chlorambucil (15 mg/m2 PO daily for four days, repeat-
ed every 3 weeks, or 20 mg/m2 PO every 2 weeks) and prednisone is employed.
Importantly, this designation can only be made histologically – if a cytologic
diagnosis of feline lymphoma is made, we feel it is obligatory to assume that the
disease is intermediate or high-grade and treat accordingly.

The most important prognostic factors for feline LSA are early clinical stage, clin-
ical substage (the vast majority of cats, unlike dogs, are substage “b”), incorpora-
tion of doxorubicin into the chemotherapy protocol, and FeLV status. 

There are no studies in the literature investigating the necessity for maintenance
chemotherapy in feline LSA. In the Author’s practice, this knowledge gap is dis-
cussed with owners and a choice is provided between discontinuation after 6
months of treatment and continued maintenance chemotherapy. Similarly, the
necessity/utility of asparaginase when utilized within a CHOP-type protocol has
not been assessed in cats. For this reason, it is typically still administered at the
first treatment in the Author’s practice.

RESCUE
When remission is lost (either after an interval with no chemotherapy or after
treatment at 2 or 3 week intervals), a large number of patients may experience a
second remission simply by returning to the “top of the protocol”, i.e. switching
back to weekly treatments and re-initiating prednisone therapy. However, a rule
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of thumb is that the second remission is likely to be about half as long as the
first. After a period of time, the tumor cells will acquire resistance to the initial
drugs utilized, and “rescue” or “salvage” chemotherapy drugs or protocols can
be considered. A summary of rescue agents/protocols that have been systemati-
cally evaluated in dogs is shown in Table 3.

Table 3. Published Rescue Protocols for Canine Lymphoma

%CR: Percent complete response. %PR: Percent partial response. ORR: Overall
response rate. MRD: Median response duration.
CCNU: Lomustine. DTIC: Dacarbazine. 
MOPP: Mechlorethamine / Vincristine / Procarbazine / Prednisone
DOX: Doxorubicin
DMAC: Dexamethasone / Melphalan / Actinomycin D / Cytosine arabinoside
BOPP: BCNU / Vincristine / Procarbazine / Prednisone
LOPP: Lomustine / Vincristine / Procarbazine / Prednisone
TMZ: Temozolomide

The take-home message is that while there are many different drugs that can be
utilized in this setting, no one agent or protocol is uniformly superior over the
others in terms of response rate and duration. As a group, response rates tend to
be higher for multi-agent protocols than for single-agent protocols, although the
average response duration remains in the 2-3 month range for both types of pro-
tocol. Sometimes, attaining a second or third remission can be a matter of trial
and error, until an efficacious drug or protocol is found.

Unfortunately, virtually no information is available regarding the efficacy of res-
cue therapy for feline lymphoma. Generally, similar drugs and protocols are
attempted in cats.

In summary, although LSA is a disease that can rarely be cured, it can be man-

%CR %PR ORR MRD N Reference

GS-9219/VDC-1101 48 14 62 99 17 Vail 2009

Mitoxantrone 26-47 0-21 21-47 84-126 68
Moore 1994, Lucroy 1998,

Ogilvie 1991

Actinomycin D 0-44 0-33 0-77 0-42 34 Moore 1994, Hammer 1994

Etoposide 8 8 16 NR 13 Hohenhaus 1990

CCNU 7 20 27 86 82 Moore 1999

PEG-Asparaginase 12 38 50 30 8 MacEwen 1994

Ifosfamide 0 2.6 2.6 112 39 Rassnick 2000

DTIC 2.3 30 35 43 40 Greissmayr 2009

MOPP 31 34 65 63/47 117 Rassnick 2002

DOX/DTIC 47 27 74 NR 15 Van Vechten 1990

DMAC 44 28 72 61 54 Alvarez 2006

BOPP 28 21 50 130/140 14 LeBlanc 2006

LOPP 27-36 24-25 52-61 98-112 44 LeBlanc 2006, Fahey 2011

ASP/CCNU 52-65 23-35 87-88 63-70 79 Saba 2007, Saba 2009

TMZ-Anthracycline 50 22 72 40 18 Dervisis 2007

DTIC -
Anthracycline

62 9 71 50 35 Dervisis 2007

CCNU-DTIC 23 12 35 83/25 57 Flory 2008
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aged effectively in the majority of cases. Therapy is typically very well tolerated,
and patients experience an excellent quality of life. Significant improvements
have been made in recent years with regard to the treatment of this common dis-
ease, and we are hopeful that the coming years will bring equally great improve-
ments. 
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Histiocytic Neoplasms ofHistiocytic Neoplasms of
the Dog and Catthe Dog and Cat

V.E. Valli DVM

2

Histiocytic and Dendritic CellHistiocytic and Dendritic Cell
PopulationsPopulations

uBoth lineages are bone marrow derived.
uMacrophages are part of the innate
immune system that are phagocytic and
produce a range of cytokines.

u The interstitial dendritic cells home to the
epithelium and become the Langerhans
cells that carry antigen to the node follicles

uA third line of cells forms the antigen
presenting cells of the node paracortex

3

Characteristic staining patternsCharacteristic staining patterns

uMacrophages in tissues are
CD11b+,CD14+ and CD68+

uDendritic cells in tissues are CD1+ and
CD11c+
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4

Histiocytic NeoplasmsHistiocytic Neoplasms

uCutaneous Histiocytoma a benign dermal
proliferation usually in young dogs of
Langerhans cells

uCutaneous Reactive Histiocytosis a
multifocal dermal proliferation of
interstitial dermal dendritic cells of
variable progression

5

The Histiocytoses ContThe Histiocytoses Cont’’dd
uSystemic Reactive Histiocytosis a disease
of Bernese mountain and other breeds of
dogs composed of large solid masses of
non-neoplastic interstitial dendritic cells

uHistiocytic Sarcoma an aggressive
malignant neoplasm of dogs and cats
composed of non phagocytic histiocytic
cells

uHemophagocytic Histiocytic Sarcoma a
fatal neoplasm of avid erythrophagocytosis

6

Canine Cutaneous HistiocytomaCanine Cutaneous Histiocytoma

uA high up dermal proliferation of round
cells that have many reniform shaped
nuclei and tend to be self limiting in
younger dogs

u The cells are of non-activated epidermal
dendritic or Langerhans cells that are Thy-
1 or CD90+
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7

Histiocytoma Dog HistoryHistiocytoma Dog History

uA 3 year old FS Rottweiler was presented
with a 1cm raised round mass in the
center of the anterior surface of the left
ear

uA FNA was taken and stained with a
Wright/Giemsa preparation

8

Histiocytoma Dog CytologyHistiocytoma Dog Cytology

9

Histiocytoma Dog HistoryHistiocytoma Dog History

uA 2 year old FS Boxer dog was presented
with a dermal mass on the left thigh that
had been present for the last month and
was now ulcerated and bleeding

uExcisional biopsy was carried out and the
mass was stained with H&E.
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Histiocytoma Dog HistologyHistiocytoma Dog Histology

11

Detail Histiocytoma Dog HistologyDetail Histiocytoma Dog Histology

12

Canine Cutaneous HistiocytosisCanine Cutaneous Histiocytosis
HistoryHistory

uA 6 year old MN Golden Retriever was
presented with multiple areas of patchy
alopecia with some response to
Prednisone.

uPunch biopsies were taken from the
muzzle area and a full thickness biopsy
from the right front limb and an enlarged
mandibular node was excised

uCells of similar type were present in all
sites

108 ONCOlogisch Treffen

Dr. Ted Valli



13

Histiocytosis Dog Skin from RightHistiocytosis Dog Skin from Right
front limbfront limb

14

Detail Histology CanineDetail Histology Canine
HistiocytosisHistiocytosis

15

Histiocytic Sarcoma Dog HistoryHistiocytic Sarcoma Dog History

uA 6 year old MN Bernese Mountain Dog
was presented for examination because of
Sternal and mediastinal lymphadenopathy
with a cranial abdominal mass.

u FNA was taken of sternal node and
diagnosed as Histiocytic Sarcoma
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Histiocytic Sarcoma Dog CytologyHistiocytic Sarcoma Dog Cytology

17

Histiocytic Sarcoma Dog HistoryHistiocytic Sarcoma Dog History

uAn 9 year old MN Basenji Dog was
presented with enlarged with mandibular
and prescapular lymph nodes. A Tru-cut
biopsy was taken of the prescapular node
that was interpreted to be a pleomorphic
round cell sarcoma, likely histiocytic
sarcoma and immune staining was
recommended.

18

Histiocytic Sarcoma Dog HistologyHistiocytic Sarcoma Dog Histology
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Detail Histiocytic Sarcoma DogDetail Histiocytic Sarcoma Dog
HistologyHistology

20

Histiocytic Sarcoma Dog HistologyHistiocytic Sarcoma Dog Histology
BB--Cell CD79 TCell CD79 T--Cell CD3Cell CD3

21

Histiocytic Sarcoma Dog HistologyHistiocytic Sarcoma Dog Histology
Histiocyte CD18Histiocyte CD18
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Feline Progressive HistiocytosisFeline Progressive Histiocytosis
History (early case)History (early case)

u An 11 year old FS Domestic Short hair
Cat was presented with an intradermal
mass on the ventral abdomen 2.0 x2.0
x0.5 cm that was noticed by the owner a
week previously.

u The cat was irritated by the mass and
was frequently licking the affected area.

u A FNA of the area was taken for
diagnostic purposes.

23

Feline Progressive HistiocytosisFeline Progressive Histiocytosis
CytologyCytology

24

Detail Feline Progressive HistiocytosisDetail Feline Progressive Histiocytosis
Cytology (early case)Cytology (early case)
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Feline Progressive HistiocytosisFeline Progressive Histiocytosis
History (late case)History (late case)

u A 16 year old Domestic Shorthair Cat
was presented with multiple masses on
digits 3 and 4 of the RR paw
unresponsive to antibiotics. The cat now
has an enlarged right popliteal node.
Prior FNA’s were interpreted as
pyogranulomatous inflammation.

u Further FNA’s were taken of the node
and several areas of the foot.

26

Feline Progressive HistiocytosisFeline Progressive Histiocytosis
CytologyCytology

27

Detail Feline ProgressiveDetail Feline Progressive
Histiocytosis CytologyHistiocytosis Cytology
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Feline Progressive HistiocytosisFeline Progressive Histiocytosis
Cytology Popliteal nodeCytology Popliteal node

29

Detail Feline Progressive HistiocytosisDetail Feline Progressive Histiocytosis
Cytology Popliteal nodeCytology Popliteal node

30

Conclusions HistiocyticConclusions Histiocytic
NeoplasmsNeoplasms

uCytology and Histology are equally
capable of providing an accurate
diagnosis especially if coupled with IHC

u In the dog Histiocytic Sarcoma is
frequently found surrounding a limb joint
with the tumors cells thought to arise
from the dendritic cells of the synovial
membrane
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Conclusions ContConclusions Cont’’dd
uHistiocytic Sarcoma is much more
commonly encountered and variable in
presentation in the dog as compared to
the cat

u Anecdotally HS in the dog maybe
mistaken for large cell lymphoma and
treated for that disease resulting in a
remission lasting for months

u Tissues taken from initial sites of tumor
maybe free of tumor at necropsy despite
widespread metastases
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Histiocytic Tumours in the Dog and Cat
Clinical Oncology

Douglas H. Thamm, VMD, DACVIM (Oncology)
Associate Professor of Oncology, Colorado State University

Owing to the rapid increase in immunohistochemical markers available for
determining leukocyte subsets, a large number of different diseases of histiocyt-
ic origin have been described recently in dogs and cars. Unfortunately, many of
the immunohistochemical markers described are not widely available and some
are not amenable to use on formalin fixed paraffin embedded samples.
Additionally, optimal therapy and clinical outcomes are not always well
described for many of these conditions, adding to the confusion. A brief descrip-
tion of the identified syndromes follows, as well as what is known about treat-
ment and outcome when appropriate.

Histiocytoma
Histiocytoma is a common, benign, cutaneous tumor of the dog. Histiocytomas
usually occur as solitary lesions, and most will spontaneously regress. Although
histiocytomas can be seen in dogs of any age, they are most common in younger
dogs. They generally present as solitary raised, tan-pink, fleshy cutaneous mass-
es. Most can be diagnosed through cytologic evaluation, although occasionally
histopathology may be necessary. If the lesions are ulcerated, secondarily infect-
ed or pruritic, conservative marginal excision can be performed and is curative.

Transmissible Venereal Tumor
Transmissible venereal tumor (TVT) is a horizontally transmitted clonal round
cell tumor typically involving the external genitalia, although oral and nasal
cavity and other sites can occasionally be involved. The incidence is higher in
warmer climates with a high frequency of free roaming, sexually intact dogs.
TVT is transmitted across major histocompatibility complex (MHC) barriers, gen-
erally through sexual activity. TVTs from across the world have a relatively con-
served, atypical karyotype (59 chromosomes), supporting the contention that
the same cells have been passed from dog to dog. TVT is generally classified as a
histiocytic neoplasm, owing to positive staining for lysozyme and ACM1, both
macrophage-specific markers. Lesion typically present as well vascularized, fri-
able, erythematous masses arising from the penis or vagina/vestibule. Multifocal
disease and/or regional lymph node involvement is possible.
Some TVTs will undergo spontaneous regression, likely an immune-mediated
rejection of this foreign tissue. The mainstay of therapy for clinical TVT is single-
agent vincristine, which induces complete responses in 90-95% of patients.
Weekly therapy is typically pursued, until 2 treatments beyond clinical remis-
sion. Both doxorubicin and radiation therapy have been reported to be effica-
cious in vincristine-refractory cases.

Langerhans Cell Histiocytosis
Langerhans cell histiocytosis is a rare disease characterized by extensive region-
al infiltration by histiocytes, which appear cytologically and histologically simi-
lar to those observed in simple histiocytomas; however, systemic dissemination
occurs. The outcome appears to be very poor in dogs with this disease, and effec-
tive medical therapy has not been described. Localized lesions may be amenable
to surgery or radiation therapy in the early stages. In humans, prednisone, vin-
blastine, cytosine arabinoside, 2-chlorodeoxyadenosine, etoposide and interfer-
on-alpha appear to have some efficacy.
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Systemic Histiocytosis and Cutaneous Histiocytosis
Systemic histiocytosis (SH) is most commonly recognized in Bernese Mountain
Dogs, but has been observed in other breeds occasionally. SH is a generalized his-
tiocytic proliferative disease with a marked tendency to involve skin, ocular and
nasal mucosae, and peripheral lymph nodes. Clinical signs can include anorex-
ia, marked weight loss, respiratory stridor and conjunctivitis. Multiple ulcerated
cutaneous nodules can be present throughout the skin and palpable peripheral
lymphadenopathy is common. 
Cutaneous histiocytosis is a histiocytic proliferative disorder that primarily
involves skin and subcutis and rarely extends to the local draining lymph nodes.
If disease extends beyond the nodes, a diagnosis of SH would be made. CH occurs
in a number of breeds. 
Both CH and SH cells possess markers consistent with an “activated” dendritic
cell phenotype. This, combined with the waxing and waning course and
response to immunosuppressive therapies, suggests a reactive rather than a true
transformed neoplastic condition.
As mentioned, above, CH and SH lesions may spontaneously regress, so careful
observation for 3-5 weeks may be appropriate. Immunosuppressive doses of cor-
ticosteroids may be used, but most patients require additional immunosuppres-
sive therapy in the form of cyclosporine or leflunomide. Recent reports suggest
that treatment with tetracycline and niacinimide may also be efficacious.
Exposure to infectious agents and vaccines should be avoided in these patients. 

Histiocytic Sarcoma / Malignant Histiocytosis

Clinical presentation
Histiocytic sarcoma (HS) and the related disorder, malignant histiocytosis (MH),
occur with greatest frequency in Bernese Mountain Dogs (BMD), Rottweilers, Flat
Coated Retrievers, Golden Retrievers and sporadically in many other breeds.
Histiocytic sarcomas occur as solitary lesions in spleen, lung, subcutis and peri-
articular tissue. Histiocytic sarcomas can also occur as multiple lesions in single
organs. MH is a multi-system, rapidly progressive disease in which there is simul-
taneous involvement of multiple organs such as spleen, lymph nodes, lung, sub-
cutaneous tissues and/or bone marrow. 
In the BMD breed up to 30% of individuals may be affected. The mean age of
onset is 6.5 years, and 70% of affected individuals have a first- or second-degree
relative with HS/MH, suggesting a strong hereditary component. Perdigree ana-
lysis suggests an oligogenic mode of inheritance. Recurrent losses of chromoso-
mal regions incorporating the tumor suppressor genes CDKN2A/B and Rb1have
been identified in the majority of evaluated tumors.
Clinical signs of HS/MH include anorexia, weight loss, and lethargy. Other signs
depend on the organs involved and are a consequence of destructive mass forma-
tion. Accordingly, pulmonary signs such as cough and dyspnea have been obser-
ved. Lameness is often observed in periarticular HS. 
A distinctive syndrome called hemophagocytic HS has been described recently. This
disease is frequently confused with immune-mediated hemolytic anemia/throm-
bocytopenia. Regenerative anemia and thrombocytopenia have been consistent-
ly documented, and affected dogs also frequently demonstrate hypoalbumine-
mia and hypocholesterolemia. Diffuse splenomegaly is a common finding, and
bone marrow and hepatic infiltration can be observed. The outcome is general-
ly poor for these cases, although splenectomy may be considered for solitary
splenic lesions. 

Diagnosis and staging
Needle aspiration cytology of lesions accessible either peripherally or via ultra-
sound guidance, combined with signalment and clinical presentation informa-
tion, can often lead to a high suspicion of HS/MH. Histology +/- immunohistoche-
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mistry is often required for a definitive diagnosis however. A recent study sugge-
sted that measurement of serum ferritin may be a useful complement to micros-
copic evaluation for supporting a diagnosis of histiocytic neoplasia. 
Once a suspicion of HS/MH has been established through cytology/histopatholo-
gy, extensive staging is appropriate. In addition to standard presurgical blood
work, this should include needle aspiration of any accessible regional lymph
nodes (for peripheral lesions), whether clinically enlarged or not, abdominal
ultrasound +/- needle aspiration cytology of any structural abnormalities, and 3-
view thoracic radiographs. The information obtained from complete staging is
vital, as the first line of treatment for disease that is confined to the local site (+/-
regional lymph node) is surgical excision. 

Therapy and prognosis
Some localized HS affecting skin and subcutis have been cured by early surgical
excision, and radiation therapy can be considered in cases of incomplete excisi-
on. In the case of periarticular HS, amputation of the affected limb is indicated,
and the outcome following this procedure is invariably superior to that obtained
with any “limb sparing” local treatment options. Owing to the comparatively
poor outcome with surgery alone (reported median survival times are approxi-
mately 5 months), adjuvant chemotherapy is offered for all cases of HS. 
Disseminated HS (including MH) is not readily treated surgically. Unfortunately,
responses to chemotherapy are generally incomplete and brief. The agent that
has been utilized the most for medical therapy of HS/MH is lomustine (CCNU). 2
separate investigations report overall response rates of 29-46% in dogs with mea-
surable disease (10-15% complete responses), with median response durations of
85-96 days. One study investigating the outcome following surgery and CCNU for
localized HS reported a median survival time of 568 days. Other agents where
there is at least preliminary evidence of efficacy include paclitaxel, liposomal
doxorubicin and liposome clodronate. Anecdotal efficacy has been reported
with single-agent doxorubicin and combination protocols as pursued for lym-
phoma, as well as with the tyrosine kinase inhibitor toceranib. Etoposide appe-
ars to have clinical activity in humans with HS/MH.

Feline Histiocytic Diseases
Cats have a narrower range of histiocytic proliferative diseases than dogs. Clear
feline equivalents of cutaneous histiocytoma and the reactive histiocytoses (CH
and SH) have not been described. Cats are afflicted by the HS complex, and pre-
sent with many of the same clinical syndromes as in dogs, including hemopha-
gocytic HS. However, the incidence is much lower. Some injection site sarcomas
in cats are reported to have a histiocytic appearance. The most common histio-
cytic disorder of cats is feline progressive histiocytosis (FPH), which has no cani-
ne equivalent. Cats present with skin lesions, which are solitary or multiple,
non-pruritic, firm papules, nodules and plaques. Lesions have a predilection for
feet, legs and face. FPH appears to follow a slowly progressive, indolent course,
although terminal systemic involvement appears to occur. Therapy has been
poorly studied for feline histiocytic disease in general; however, therapeutic
recommendations as for dogs would seem appropriate.
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The Diagnosis andThe Diagnosis and
Prognosis of CaninePrognosis of Canine

MelanomaMelanoma

V. E. Valli

2

Diagnostic CriteriaDiagnostic Criteria

uMost melanomas have some areas of
pigmentation

u For completely amelanotic lesions several
stains have been used including Melan-A
, PLN2 and Fontana –Masson

uConclude: there is no absolutely reliable
stain for all cases of suspected
amelanotic melanoma

3

Traditional CriteriaTraditional Criteria
u For shallow cutaneous lesions with no
mitoses most are considered as
melanocytomas

u For Oral lesions most have been
considered malignant on the basis of
location.

uNew data suggests about 30% of oral
lesions are not likely to be metastatic or
recurrent if completely removed

2012 125

Dr. Ted Valli



4

The Histologic and Epidemiologic BasesThe Histologic and Epidemiologic Bases
for Prognostic Considerations in Caninefor Prognostic Considerations in Canine

Melanocytic NeoplasiaMelanocytic Neoplasia

u W.L.Spangler and P.H. Kass
uVeterinary Pathology vol 43 p136-149
2006.

uA review of 800 cases of canine
melanoma of which 384 had follow-up
survival information

5

Major Body Sites ReviewedMajor Body Sites Reviewed

uOral cavity
u Feet and mucosal surface of lips
uCutaneous

6

Measures of Malignancy MeasuredMeasures of Malignancy Measured
and found to be relevantand found to be relevant

uMitotic Index (10 fields at 400X)
uNuclear atypia (chromatin distribution and
number and position of nucleoli)

uNuclear diameter (10 nuclei in 10 fields at
400X)

u Intralesional inflammation
u Intralesional necrosis
uComplete removal with clean borders
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7

Features evaluated and found notFeatures evaluated and found not
to be predictive of survivalto be predictive of survival

uCell type: mixed, epithelioid, spindle,
signet ring, balloon and dendritic

uNuclear size and diameter
u Intraepithelial melanocyte proliferation
u Junctional activity
uPresence of giant cells
uAge of the dog
uGender

8

Nuclear Criteria Well DifferentiatedNuclear Criteria Well Differentiated
MelanomaMelanoma

uNuclei of uniform size with dispersed
chromatin and small single central
nucleoli, implications for long survival (P
<0.001)

u Low mitotic rate. Implications for long
survival (P <0.001)

9

Nuclear criteria of PoorlyNuclear criteria of Poorly
Differentiated MelanomaDifferentiated Melanoma

u Variation in nuclear shape and size
uNucleoli peripheralized and impinging on
the nuclear membrane

uMultiple nucleoli or variations in nucleolar
shape

u Irregular aggregations of nuclear
chromatin
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10

Features of melanocytic lesionsFeatures of melanocytic lesions
predictive of poor survivalpredictive of poor survival

u Lesion size (cm)
u Intralesional inflammation
u Intralesional necrosis

11

Cutaneous Melanoma DogCutaneous Melanoma Dog

uCase 1. 10 year old FS Rottweiler that
presented with a pedunculated mass on
the right caudal antebrachium.

uMixed polygonal and spindle cell type
uMitotic rate 0.0/10 fields at 400X

12

Cutaneous Melanoma DogCutaneous Melanoma Dog
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Detail Cutaneous MelanomaDetail Cutaneous Melanoma

14

Oral Melanoma DogOral Melanoma Dog

uCase 2. 3 year old MC Labrador Retriever
cross dog that presented with a right side
mandibular mass with a partial
mandibulectomy carried out.

uMixed polygonal and spindle cell type
uMitotic rate 12/10 fields at 400X

15

Oral Melanoma DogOral Melanoma Dog
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Detail Oral Melanoma DogDetail Oral Melanoma Dog

17

Oral Melanoma DogOral Melanoma Dog

uCase: 3 A 15 year old FS Chow cross
dog that presented with a lingual mass
first noted 5 months earlier. The dog
development difficulty eating with
frequent bleeding with deep incisional
biopsies taken

uMixed polygonal and spindle cell type
uMitotic rate 27/10 fields at 400X

18

Oral Melanoma DogOral Melanoma Dog
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Detail Oral Melanoma DogDetail Oral Melanoma Dog
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Conclusions Melanoma PrognosisConclusions Melanoma Prognosis

u For a fast and relevant comment on grade
of melanoma the mitotic rate over 10
fields at 400X is readily achievable and is
highly related to overall survival and risk
of recurrence or metastasis

uCellular atypia in melanomas of epithelioid
nuclear type is highly related to survival

uCellular atypia is not a factor in
determining mitotic rate

21

Conclusions ContConclusions Cont’’dd

uSince melanomas can be so variable in
cell type there is poor correlation between
cellular atypia for cell types other than
epithelioid

u Since the mitotic rate varies with
ischemia and other factors the areas with
the most prevalent mitoses should be
considered most typical of tumor grade
and these should be the included in areas
counted
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The Histologic and Epidemiologic Bases for Prognostic
Considerations in Canine Melanocytic Neoplasia

W. L. SPANGLER AND P. H. KASS

IDEXX-VS, Sacramento, CA (WLS1); and Department of Population Health and Reproduction, School
of Veterinary Medicine, University of California, Davis, CA (PHK)

Abstract. The laboratory records from 384 dogs with a diagnosis of either melanoma or
melanocytoma were selected for study. Significant negative determinants of patient survival for
melanocytic tumors were: 1) metastasis, 2) mitotic index (MI), 3) nuclear atypia, 4) tumor score, 5)
increasing size/volume, 6) the presence of deep inflammation, and/or 7) intralesional necrosis. In
addition to these attributes, age was a significant determinant for tumors of the skin. For the feet and
lips, 8) age and 9) junction activity negatively impacted survival. Mathematic models were constructed
based on these significant determinants to predict the postsurgical outcome of melanocytic neoplasia.
Melanocytic oral neoplasms comprised 19% (73/384) of the neoplasms; 92% of these were classified as
malignant in the biopsy report, but malignant behavior (i.e., metastasis or recurrence) was observed in
only 59% of cases. The prognostic model for oral tumors based on nuclear atypia provided the most
accurate (89%) prediction of overall behavior. Melanocytic tumors of the feet and lips were also 19% (73/
384) of the total population. Seventy-four percent were reported malignant, whereas only 38% actually
demonstrated malignant behavior. The prognostic models based on both MI or nuclear atypia had an
overall correct behavioral classification of 81%. Melanocytic tumors in the skin comprised 59% (227/384)
of study specimens. Although 39% were reported as malignant, only 12% exhibited malignant behavior.
A satisfactory predictive model that employed MI could not be constructed, but one using nuclear atypia
gave an overall correct classification in 93.3% of the cases.

Key words: Canine; melanocytoma; melanoma; morphology; prognosis.

Information correlating histologic features of
canine melanocytic neoplasms with biologic behav-
ior offers diverse perspectives and little consen-
sus.1–5,8,9,11,13,15,16–20,22–25 Because of the prevalence
and aggressive nature of oral cavity tumors in dogs,
the available information is clearly weighted to-
ward those tumors. The consequences attending
diagnosis and treatment of melanocytic neoplasia
in human medicine have stimulated a large volume
of data specifically focused on the accurate
prognosis of cutaneous melanocytic neoplasms.
Information related to canine melanocytic disease
is often supplemented by and modeled on the
abundant and accessible human literature.9,20,22 The
obvious anatomic and biologic differences that
distinguish the human disease from its canine
counterpart, however, suggest that attempts to
arrogate the human data for veterinary purposes
may obscure a real understanding of the canine
disease. In the foundational descriptive literature
correlating behavior and pathology in melanocytic
disease of dogs,4,5 the tumors were anatomically
classified and prospectively designated as benign or

malignant based on subjective anatomic criteria
contained in the World Health Organization
(WHO) Bulletin.28 These dogs were then followed
to document the correlation between the diagnosis
and observed behavior. Over the years, this pub-
lished information, as well as earlier data,6–10,14,22

has enjoyed dissemination and validation primarily
via textbooks, resulting in ‘‘melanoma dogma’’ that
is widely utilized as a generalized prognostic tool
by diagnostic pathologists and as teaching material
in the training of pathology residents.

In this study, we have retrospectively followed
a series of cases to document the behavior of
melanocytic neoplasms. With this information at
hand, the histologic characteristics of each neo-
plasm were evaluated for morphologic features, in
aggregate, that might predict benign and malignant
behavior of melanocytic disease in dogs. The
purpose of this study was to examine histologic
characteristics of selected melanocytic neoplasms in
384 dogs in which ultimate outcomes were known
and to: 1) expand the available data related to
prevalence, metastasis, and survival of canine
melanocytic neoplasia; 2) identify morphologic
characteristics of melanocytic neoplasia that might1 Present address: PO Box 749, Winters, CA.
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distinguish malignant from benign behavior; and 3)
compare the prognosis reported to the referring
veterinarian for each melanocytic neoplasm with
the actual outcome.

Materials and Methods

The canine accessions considered in this study were
retrospectively selected from surgical cases originally
examined by one or more members of a group of eight
board-certified veterinary pathologists who were work-
ing in one location and who had extensive interaction.
Cases were selected from the laboratory database when
the computerized diagnosis field contained either of the
words melanoma or melanocytoma. Eight hundred
accessions were selected for follow-up. Approximately
100 cases per month from September 1993 through
December 1993 were followed up in the same months of
1997, producing 400 cases with a follow-up interval of
4 years. Approximately 100 cases per month from
January 1996 through April 1996 were followed up in
the same month of 1998, producing 400 cases with
a follow-up interval of 2 years.

To obtain follow-up information, we sent a single-page
questionnaire to the veterinarians who were responsible
for the submission of the 800 cases. The questionnaire
included: 1) verification of the dog’s age, sex, and breed
taken from the original submission; 2) the date of death/
euthanasia and reason (if known) and whether death was
a direct result of the neoplasm under inquiry; 3) the
anatomic site from which the specimen was obtained and
the size and/or diameter of the tumor (in those cases,
where possible, the diameter was verified or corrected
based on measurements of the histologic sections); 4)
whether the tumor recurred locally or metastasized and
the time interval between initial treatment and recurrence
or metastasis (either local recurrence or distant metasta-
ses were considered indicators of malignancy); and 5)
whether additional tissue (related to this case) had been
submitted and any narrative comments that might clarify
the outcome of the case.

Almost all cases were treated by surgical excision of
the tumor, with submission of tissue for pathologic
evaluation. A few of the animals ( ,10) whose tissues
were submitted from specialty practices received ad-
junctive therapies of varying type and duration follow-
ing surgery that, for the purposes of this article, were
considered inconsequential.

Cases were excluded from the study when completed
follow-up questionnaires contained conflicting informa-
tion (e.g., when it was indicated that the dog was alive at
the time of follow-up but a date of death was given,
when the date of death was reported to have occurred
prior to the submission of the specimen in question,
after the actual receipt of the questionnaire). If a date of
death were unknown, the case was similarly excluded
from consideration. In some instances, a ‘‘last-seen’’
date was used as a survival period for a patient that was
designated ‘‘alive at follow-up’’ when that date was at
least 12 months following biopsy submission.

Because there were numerous examples of poorly
differentiated tumors presumed by the reporting pathol-
ogists to be melanocytic (especially in the oral cavity),
the cases of melanocytic neoplasms considered by this
article were restricted to those that the majority of
veterinary pathologists could agree were melanocytic in
origin. With few exceptions (11/384 dogs in which the
file slide was missing), the histologic slides from each
case were reviewed (W. L. Spangler), and those cases
that did not conform to the following histologic criteria
were excluded: 1) at least minimal melanin pigment was
required in cells of the neoplasm considered to represent
melanocytes; 2) a population of ‘‘melanocytic cells’’
identified and differentiated from other present cell
types; 3) neoplastic cellular proliferation that tended to
occur in the form of ‘‘packets’’ was positively considered
a melanocytic trait; 4) neoplasms arising from or
resulting in a proliferative disruption of the basal
epidermal cells ( junctional activity) and/or intraepider-
mal proliferation of melanocytes was considered char-
acteristic for melanocytic neoplasia; 5) neoplasms were
excluded when it was felt by the reviewer that the tissue
had originally been misdiagnosed or would, by current
convention, not be reasonably considered a neoplasm of
melanocytic origin; 6) when melanocytic tumors were
simultaneously submitted from more than one location
on the body, none was considered except when it
occurred in close proximity and possessed similar
histologic properties; and 7) when the only submitted
surgical specimen was obviously a metastatic lesion
(e.g., present in a lymph node), it was excluded from
analysis.

Based on these criteria, 405 of approximately 800
follow-up cases initially qualified for study inclusion.
These 405 cases were arbitrarily grouped by anatomic
location into the following categories: 1) Oral; 2) Lips
(involving mucosal tissues); 3) Lips (involving cutaneous
tissues); 4) Feet; 5) Head; 6) Body (torso, neck, limbs,
back); 7) Eyelids; and 8) Eye/Globe. Eleven of these
cases were ocular tumors (five intraocular, six scleral/
limbal). These were arbitrarily excluded from further
consideration because the numbers were too small to
accurately represent the full range of canine ocular
melanocytic tumors and would not contribute useful
information to extant literature regarding these neo-
plasms.25

As the study progressed, 10 more dogs were
ultimately excluded for various reasons (as previously
described). There were 384 dogs and 389 neoplasms
considered in this study. Five of the dogs each had two
melanocytic neoplasms located in relative close proxim-
ity and of similar histologic appearance, and these five
dogs were alive at the end of follow-up. The dogs in the
existing seven anatomic-location groups were ultimately
consolidated into three larger groups (i.e., oral, feet and
mucosal surface of lips, and cutaneous) based on
statistic analysis (chi-square) of the mortality/cause of
death. The status of each dog at follow-up was
categorized as alive at follow-up, dead (euthanatized
or naturally occurring) from causes related to the
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neoplasm, or dead (euthanatized or naturally occurring)
from causes not related to the neoplasm (competing
causes).

To evaluate potential malignancy of melanocytic
tumors, each case was microscopically examined to
determine: 1) mitotic index (MI), 2) degree of nuclear
atypia, 3) nuclear diameter (10 randomly selected nuclei
from the 10 high-power fields) and the qualitative
presence/absence of 4) intralesional inflammation, 5)
intraepithelial melanocyte proliferation, 6) junctional
activity, 7) the presence of giant cells, 8) the presence of
intralesional necrosis, and 9) the cell type(s). All these
criteria were analyzed against the actual outcome of
each case (alive or dead) based on the questionnaire
survey. The cell type in each tumor was classified as: 1)
mixed, 2) epithelioid, 3) spindle, 4) signet ring, 5)
balloon, or 6) dendritic.

MI was the number of mitotic figures counted in 10
consecutive, nonoverlapping high-power fields (500 mm
in diameter). Mitotic activity varied within specimens
from one location to another, so the entire specimen was
scanned to find mitotic figures and the counts were
commenced from the point of highest mitotic density.
Nuclear atypia, indicating the relative degree of cellular
maturation, was scored only in epithelioid cells and was
determined as follows. Well-differentiated or typical
melanocytic tumor cells were characterized by a small
nucleus with a single, centrally oriented nucleolus and
minimal clumping of chromatin material. Often, con-
densed strands of nuclear chromatin extended from the
nucleolus to the nuclear membrane, with condensation
of chromatin along the inner surface of the membrane.
In sections of cells lacking a nucleolus, the chromatin
was fine and evenly dispersed at the periphery of the
nucleus (Figs. 1, 2). More undifferentiated neoplastic
cells (atypical) were characterized by larger nucleoli of
less-regular shape. They were eccentrically located in the
nucleus and often multiple. In some cases, multiple
nucleoli haphazardly connected to the inner surface of
the nuclear membrane by thin strands of chromatin and
gave the appearance of a coarsely vacuolated nucleus
(Figs. 3, 4). Nuclear atypia was evaluated on an
incremental scale from 1 to 10, signifying the sub-
jectively estimated percentage of nuclei involved (i.e.,
0 5 no nuclear atypia, 1 5 1–9% involved nuclei, 2 5
10–19% involved nuclei, 3 5 20–29% involved nuclei,
etc.). Described nuclear atypia criteria could not be
easily defined among those neoplasms predominantly
composed of spindle, dendritic, or signet ring cells, and
those tumors were excluded from the scoring system.

Tumor attributes that did not contribute to mortality
(i.e., cell types, nuclear diameter, intraepithelial mela-
nocyte proliferation, junctional activity, giant cells) were
excluded from the determination of ‘‘tumor score.’’
Each of the tumor attributes found to significantly and
positively affect mortality (i.e., MI, nuclear atypia, deep
inflammation, intralesional necrosis of tumor cells,
tumor size/volume) were combined to form a tumor-
scoring system. The ‘‘tumor score’’ was calculated by
adding the numeric values obtained or assigned for each

individual attribute; for example, [(numerical value of
MI) + (numerical value of nuclear atypia) + (deep
inflammation {+1 when present, 0 when absent}) +
(intralesional necrosis of neoplastic cells {+1 when
present, 0 when absent}) + (size/volume factor {
,0.5 cm 5 0, 0.5–1.0 cm 5 +1, .1.0 cm 5 +2})] 5
‘‘tumor score.’’

Median survival was calculated for each of the three
tumor groups using the product-limit method of survival
function estimation. The influence of age, sex, and
anatomic tumor characteristics on survival was evalu-
ated using a proportional-hazards regression model.
Continuous variables were fit using fractional polyno-
mials to obtain the best concordance between the model
and data. The assumption of constancy of the pro-
portional effect over time was assessed using likelihood
ratio tests of improvement in model fit by adding an
interaction between each factor in the model and log
time. Results are presented as hazard rate ratios and
95% confidence intervals.

Dogs were treated as censored observations if they
were either lost to follow-up or died from competing
causes (i.e., for reasons unrelated to melanoma-induced
illness). Dogs that either died from the tumor or were
followed up for a minimum of 1 year were included in
a logistic-regression analysis to develop a model to
predict patient status (alive versus dead) after 1 year.
Cut points for continuous variables were established to
maximize the overall correct classification while ensur-
ing that a minimum of 75% of both alive and dead dogs
were correctly classified. Findings are presented as
model sensitivity, specificity, positive predictive value
(the proportion of dogs predicted to die and those that
actually die in the first year following diagnosis), and
negative predictive value (the proportion of dogs
predicted to live at least 1 year following diagnosis
and those that actually do). In the material reviewed for
this study, it was generally not feasible to definitively
evaluate the surgical margins; thus, incomplete excision
of benign melanocytic neoplasms may result in reported
recurrence of the tumor and, therefore, functional
classification of malignancy.

Results

The mortality characteristics associated with
tumors in each of the eight topologically oriented
tumor groups of this study were compared in a chi-
square analysis to detect differences among groups.
Based on this analysis, three distinct mortality
groups emerged from the eight originally used: 1)
neoplasms that originated in the oral cavity and
included the gingiva, tongue, palate, and pharynx,
which were consistently the most lethal; 2) neo-
plasms arising from either the feet (distal to the
carpal or hock joints) or mucosal (buccal) surfaces
of the lips, which were similar in their mortality
characteristics but not as lethal as those in the
palate or gingival; and 3) cutaneous melanocytic

138 Spangler and Kass Vet Pathol 43:2, 2006

by guest on December 21, 2011vet.sagepub.comDownloaded from



136 ONCOlogisch Treffen

tumors of all other body sites (i.e., torso, eyelids,
ears, face, legs, back, neck, perineum), which had
the lowest mortality rates.
Table 1 gives the cell-type distribution of

melanocytic neoplasia in the various body loca-
tions. Epithelioid cells were the most common type
in all locations, whereas a mixture of cell types
(consisting primarily of epithelioid and spindle
types) was seen with less frequency. Melanocytic
tumors entirely comprised of signet ring cells,
spindle cells, balloon cells, or dendritic cell types
were even less frequently seen. Table 2 provides the

distribution of oral melanocytic tumors in this
study compared with the site predilections reported
in previous articles.

Tables 3, 4, and 5 provide an evaluation of the
anatomic variables used as potential determinants
of survival for melanocytic neoplasia occurring in
the oral cavity, feet, lips (mucosal), and skin,
respectively. MI (P # 0.001), nuclear atypia (P #
0.001), tumor score (P # 0.001), and the presence
of metastasis or recurrence (P # 0.001) provided
a strong indication of eventual outcome of the
disease for melanocytic tumors in general. Deep

Fig. 1. Cutaneous melanocytic neoplasm (low-grade malignancy), left tarsus; dog No. 267. MI 5 15, nuclear
atypia 5 1, tumor score 5 17. Alive at the end of follow-up (1,473 days). The preponderance (90%) of nuclei in this
section are typical melanocytic with a single, centrally oriented nucleolus (horizontal arrows). There is little
variation in size and shape of individual nuclei. The inset represents a pen-and-ink enhancement of nuclear detail.
HE. Bar 5 100 mm.

Fig. 2. Cutaneous melanocytoma, lip; dog No. 368. MI 5 2, nuclear atypia 5 2, tumor score 5 7. Alive at 733
days after surgery. The preponderance of nuclei are typical of melanocytic cells (horizontal arrows), but some show
atypical eccentric nucleoli, multiple nucleoli, and mild anisokaryosis (vertical arrows). The inset represents a pen-
and-ink enhancement of nuclear detail. HE. Bar 5 100 mm.
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inflammations, increasing size/volume of the tu-
mor, and intralesional necrosis varied in P value
among the different sites but were significant in all
cases. In addition, increasing age and the presence
of junctional activity were significant in the case of
melanocytic tumors of the feet and mucosal
surfaces of the lips. Similarly, age was a significant
determinant of mortality in melanocytic tumors of
the skin. Sex, intraepithelial proliferation, and the
presence of neoplastic giant cells were not signif-
icantly related to mortality in any of the three
topologic categories. The less subjective but more
labor-intensive measurement of nuclear size (di-

ameter) was determined only for the oral neo-
plasms and was dropped from consideration
because it was a cumbersome and time-consuming
procedure not significantly related to mortality in
that group of tumor-bearing dogs.

Different mathematic models were developed for
melanocytic neoplasms occurring in the three
topologic categories, minimizing prognostic mis-
classification while constraining the sensitivity and
specificity of the model to be at least 75%. Table 6
gives the general characteristics and distribution of
384 canine melanocytic neoplasms that met the
criteria for study consideration. Nineteen percent

Fig. 3. Mucosal lip melanoma; dog No. 325. MI 5 23, nuclear atypia 5 9, tumor score 5 34. Alive at 735 days
postoperative recurrence or metastasis at 23 months postoperative. Typical melanocytic cells are indicated by
horizontal arrows. The inset represents a pen-and-ink enhancement of nuclear detail. HE. Bar 5 100 mm.

Fig. 4. Oral melanoma; dog No. 23. MI 5 72, nuclear atypia 5 9, tumor score 5 84. Dead of related causes
101 days after surgery. The preponderance of nuclei ( .90%) are atypical with multiple nucleoli, prominent
anisokaryosis, and pleomorphism (vertical arrows), with only occasional well-differentiated (typical) nuclei that
have a single, centrally located nucleolus indicated by horizontal arrows. Focal, deep lymphoid inflammation (lower
right) is present. The inset represents a pen-and-ink enhancement of nuclear detail. HE. Bar 5 100 mm.
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of all melanocytic tumors occurred in the mouth/
oral cavity, 19% fell into the group derived from
the feet or mucosal surface of the lips, and 59%
were found in the skin at a variety of specific sites.
The remaining 3% involved the eye.

Oral melanocytic neoplasia

The neoplasms from this group were disqualified
from the study at the highest rate because of the
proportion of poorly differentiated (anaplastic)
tumors that lacked the specific criteria used in this
study for the identification of melanocytic tumors.
Dogs with oral melanocytic tumors also had the
highest mortality rate (68%), resulting in the
shortest median survival time (147 days) and
median time to recurrence or metastasis (78 days)
when compared with the other two groups
(Table 6). These results are compatible with those
observed in other studies.4,17,24

The 68% mortality experienced from oral mela-
nocytic neoplasia agrees well with the 59% of oral
tumors that were actually reported to metastasize
or recur. However, the degree of malignancy
reported to submitting veterinarians (92%) was
disproportionate when compared with the 59% of
tumors that were reported to manifest malignant
behavior (Table 6). Interestingly, 32% of dogs (with
oral melanocytic tumors) were either alive at
follow-up or had died of competing causes, and
12% remained alive to the end of the 2- to 4-year
follow-up period (mean follow-up period 5 1,065
days). Although 12% survival correlates well with

the reported diagnosis of malignancy in 92% of
cases (Table 6), these numbers also suggest a subset
(8%) of oral tumors that were easily distinguished
as benign or inconsequential neoplasms. If the
percentage of tumors that resulted in related deaths
(68%) or those reported to recur or metastasize
(59%) were subtracted from the percentage origi-
nally reported to veterinarians as malignancies
(92%), the differences argue in favor of a method to
anatomically distinguish the 24% or 33% of
melanocytic neoplasms for which the consequences
were more favorable.

When the scoring method was applied to dogs
with oral tumors, among 9/73 dogs alive at the end
of follow-up, 33% (3/9) had tumors graded $10
and 67% (6/9) had tumors graded,10. Only 1 (2%)
of the 46 dogs that died of causes related to the
melanocytic tumors during the study period had
a tumor grade ,10. Thirty-two of the 36 dogs
(89%) with documented metastatic or recurrent
neoplasms had tumors that were graded .10. In
the construction of predictive models for oral
melanocytic neoplasia, 60 dogs were available with
qualifying 1-year follow-up data. The overall
correct classification of malignancy and subsequent
death in this group of dogs was 89% (Table 7). The
best prognostic model was based on nuclear atypia
scores of $5. The models constructed using tumor
score, based on the other individual indicators of
a poor clinical outcome (Tables 3–5), could not
remain within the 75% constraint established for
sensitivity and specificity of the model.

Table 1. Predominant cell type in canine melanocytic tumors.

Cell Type Oral (n 5 70) Feet/Lips (n 5 72) Cutaneous (n 5 219)

Epithelioid 46 (66%) 49 (68%) 129 (59%)
Spindle 5 (7%) 5 (7%) 18 (8%)
Mixed 17 (24%) 17 (24%) 70 (32%)
Dendritic 2 (3%) 0 2 (1%)
Signet ring 0 1 (1%) 0

Table 2. Locations of oral melanocytic neoplasms (%) from previous literature6,23,27 and current study.

Oral Site Brodey6 Mulligan23 Todoroff and Brodey27 Spangler and Kass*

Gingiva 55 21 55 42
Labial/buccal mucosa 29 52 29 38
Palate 12 10 11 11
Tongue 1 7 3 7
Tonsil 1 3 1 0
Pharynx 1 7 1 2
Total number of cases 76 29 121 104

* Some cases included in this table were excluded from analysis in other areas because of missing or incomplete data.

Vet Pathol 43:2, 2006 Prognostic Considerations in Canine Melanocytic Neoplasia 141

by guest on December 21, 2011vet.sagepub.comDownloaded from



2012 139

Melanocytic neoplasia of the tongue appears to
represent another exception to the oral melanoma
dogma;2 unfortunately, the information is based on
relatively few dogs. In one report, 43% (3/7) of the
dogs died of competing causes, and in 57% (4/7) the
local disease responded favorably to treatment.
The mean survival of all dogs with melanocytic
disease associated with the tongue was .1 year
(459 days).2 The dogs with melanocytic tumors of
the tongue in the current study presented similar
results. In eight dogs with oral melanocytic tumors
(8/73), the neoplasm was in the tongue (11%). Of
the eight dogs, three (38%) were alive at the end of
the study or died of competing causes. The grading
system used in this study predicted 2/3 of these
results. On the other hand, 62% (5/8) of the dogs
died of related causes, all of the five had neoplasms
of high grade ( .10), and 3/5 were Chow Chows.
The problems inherent in citing these data are the
relative paucity of dogs in the groups and the
likelihood that the numbers do not represent the
overall population of dogs with lingual melanocytic
neoplasia.

Melanocytic neoplasms of the feet and lips (mucosal)

In this group of dogs, 32 had melanocytic tumors
involving the feet and 41 had neoplasms that
involved the mucosal surfaces of the lip. Among
the tumors of the feet, 2/32 were taken from the
cutaneous tissue of the toe (or between the toes), 7/
32 from the footpads, 14/32 from the skin of
metacarpus or metatarsus, and 9/32 from the nail
bed. One of the tumors removed from the skin of
the toe was a small, circumscribed, and completely
excised melanocytoma. This dog was alive at the
end of the follow-up period. The other neoplasm
was a large, ulcerated melanoma that recurred or
metastasized and eventually resulted in the death of
the dog.

Melanocytic tumors of the foot pads (7/32)
showed a range of behaviors. Three of these
tumors showed evidence of malignancy, but only
one resulted in the death of the patient, one dog
was alive at the end of the study period, and five
others had died of competing causes. The cutane-
ous neoplasms of the metatarsal/metacarpal region
were generally benign in behavior; one recurred or

Table 3. Determinants of survival for oral melanocytic neoplasms in dogs.*

Factor
Transformation or

Factor Level Deaths Censored HRR 95% CI P Value

MI Linear — — 1.019 1.010–1.028 ,0.001
Nuclear atypia Linear — — 1.409 1.202–1.651 ,0.001
Score Inverse — — 5.676E4 1.665E7–0.196 ,0.001
Age (years) Linear — — 1.106 0.966–1.267 0.144
Size (cm) Inverse — — 2.560E4 14.850–4.414E8 0.008

Square root — — 1.314E11 365.4–4.728E19 0.011
Quadratic — — 0.115 0.0184–0.715 0.020
Cubic — — 1.274 1.034–1.569 0.023

Metastasis Absent 5 16 1.000 — —
Present 28 3 6.597 2.505–17.370 ,0.001

Inflammation Absent 36 13 1.000 — —
Present 8 8 1.427 0.217–1.018 0.056

Necrosis Absent 29 17 1.000 — —
Present 15 4 1.891 0.999–3.579 0.050

Giant cells Absent 36 21 1.000 — —
Present 8 0 0.427 0.661–3.081 0.365

Intraepithelial
proliferation

Absent 21 9 1.000 — —
Present 13 11 0.555 0.277–1.115 0.098

Junctional
activity

Absent 18 8 1.000 — —
Present 16 12 0.620 0.315–1.221 0.167

Sex Absent 23 11 1.000 — —
Present 23 11 1.023 0.573–1.826 0.939

*HRR 5 hazard rate ratio; CI 5 confidence interval; MI 5 mitotic index. Survival and censoring information was available
on 68 dogs; not all data were available for all dogs. Median survival was 167 days; 2-year survival was 28.9% (95% CI 5 17.9–
40.7%). For continuous variables (e.g., MI, nuclear atypia), HRR refers to a 1-unit change in the variable. For binary variables
(e.g., metastasis, necrosis), the condition of absent is the baseline level. Transformation refers to the continuous variables and how
these were entered into the model. Factor level refers to the binary (factored) variables in which there are only two possible states
(absent or present).
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metastasized but the dog died from competing
causes, as did another dog in that subgroup. Ten of
these dogs were alive at the end of the follow-up,
and the cause of death in two dogs was unknown.
The death of nine dogs with nail bed tumors was
split between those related to the neoplasms (4/9)
and competing causes (5/9), but the outcomes of
these cases were not necessarily reflected by the
tumor scores. In dogs that died of competing
causes, 2/5 had scores,10, and the remaining three
scores ranged from 32 to 78. All of the tumor scores
in the four dogs that died from related causes
ranged from 32 to 74.
Melanocytic tumors of the combined location of

feet and mucosal surfaces of the lips comprised 19%
of all melanocytic neoplasms, the same as oral
tumors, and possessed intermediate mortality char-
acteristics. Intermediate mortality is reflected in the
reduced number of ‘‘malignant’’ tumors in this
group (74%) reported to referring veterinarians
(Table 6). This number, however, substantially
overstates the actual percentage of neoplasms that
were reported to recur or metastasize (38%) and
‘‘related’’ deaths that occurred during the follow-up
period (30%). Eighty-one percent (21/26) of the dogs

alive at the end of the follow-up interval had scores
,10, and only 4% (1/26) of those dogs experienced
serious consequences. Among dogs with ‘‘related’’
deaths, 90% (19/21) had tumors scored .10.
Follow-up data for 1 year, including MI, were
available for 61 dogs. Three predictive models in
which specificity and sensitivity were simultaneously
constrained to exceed 75% are illustrated in Table 8.
Regardless of which of the three models is used,
a model value in the malignant range would have
predicted death within 1 year with 66% accuracy,
whereas a ‘‘benign’’ model value would correctly
predict survival for a least 1 year in 90% of cases.

Cutaneous

Skin over the remainder of the body was the site
of the majority (59%) of canine melanocytic tumors
(Table 6). Fifty-nine percent of the dogs with
cutaneous melanocytic tumors were alive at follow-
up. Although this agrees closely with the 39% of
tumors actually reported as malignancies to the
submitting veterinarians, it grossly exceeds the 12%
of cutaneous melanocytic tumors that actually
expressed malignant behavior (recurrence or me-
tastasis). Only 7% (16/227) of the dogs with

Table 4. Determinants of survival for feet or lip melanocytic neoplasms in dogs.*

Factor
Transformation or

Factor Level Deaths Censored HRR 95% CI P Value

MI Linear — — 1.088 1.038–1.141 ,0.001
Quadratic — — 0.999 0.999–1.000 0.017

Nuclear atypia Quadratic — — 1.038 1.020–1.056 ,0.001
Score Linear — — 1.086 1.037–1.137 ,0.001

Quadratic — — 0.999 0.999–1.000 0.014
Age (years) Linear — — 1.045 0.899–1.214 0.569
Size (cm) Natural log — — 3.656 1.479–9.039 0.005
Metastasis Absent 1 39 1.000 — —

Present 17 8 46.720 6.062–160.100 ,0.001
Inflammation Absent 11 38 1.000 — —

Present 9 11 2.677 1.085–6.606 0.033
Necrosis Absent 12 43 1.000 — —

Present 8 6 4.604 1.822–11.630 0.001
Giant cells Absent 16 42 1.000 — —

Present 4 7 1.538 0.513–4.614 0.443
Intraepithelial

proliferation
Absent 10 28 1.000 — —
Present 5 19 0.778 0.265–2.284 0.648

Junctional
activity

Absent 10 15 1.000 — —
Present 6 32 0.338 0.122–0.935 0.037

Sex Female 9 27 1.000 — —
Male 11 22 1.441 0.597–3.478 0.417

*HRR 5 hazard rate ratio; CI 5 confidence interval; MI 5 mitotic index. Survival and censoring information was available
on 70 dogs; not all data were available for all dogs. Two-year survival was 69.7% (95% CI 5 56.9–79.3%). For continuous
variables (e.g., MI, nuclear atypia), HRR refers to a 1-unit change in the variable. For binary variables (e.g., metastasis,
necrosis), the condition of absent is the baseline level. Transformation refers to the continuous variables and how these were
entered into the model. Factor level refers to the binary (factored) variables in which there are only two possible states (absent or
present).
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cutaneous melanocytic neoplasms died of related
causes, further illustrating the substantial disparity
between those tumors perceived histologically to
represent dangerous neoplasms from those deemed
benign. Among the 59% of living dogs at the end of

follow-up, 96% (128/134) had tumors with a score
,10. Of the remaining 4% (6/134), 1% (2/135) were
spindle cell types not amenable to scoring and the
remaining 3% (4/135) were tumors with scores.10.
Only one dog in that small group suffered serious

Table 5. Determinants of survival for cutaneous melanocytic neoplasms in dogs.*

Factor
Transformation or

Factor Level Deaths Censored HRR 95% CI P Value

MI Linear — — 1.159 1.086–1.37 ,0.001
Quadratic — — 0.999 0.998–1.000 0.004

Nuclear atypia Linear — — 1.540 1.339–1.770 ,0.001
Score Linear — — 1.156 1.087–1.229 ,0.001

Quadratic — — 0.999 0.998–1.000 0.002
Age (years) Quadratic — — 1.013 1.005–1.021 0.002
Size (cm) Natural log — — 11.31 4.263–30.00 ,0.001
Metastasis Absent 1 168 1.000 — —

Present 10 14 86.870 11.110–679.500 ,0.001
Inflammation Absent 8 178 1.000 — —

Present 7 17 6.874 2.492–18.960 ,0.001
Necrosis Absent 8 187 1.000 — —

Present 7 8 16.970 6.112–47.130 ,0.001
Giant cells Absent 15 186 1.000 — —

Present 0 9 0 NE NE
Intraepithelial

proliferation
Absent 92 182 1.000 — —
Present 2 10 3.121 0.669–14.560 0.148

Junctional
activity

Absent 3 74 1.000 — —
Present 8 118 1.653 0.438–6.240 0.458

Sex Absent 7 107 1.000 — —
Present 8 93 1.238 0.448–3.416 0.681

*HRR 5 hazard rate ratio; CI 5 confidence interval; MI 5 mitotic index; NE 5 not estimable. Survival and censoring
information was available on 215 dogs; not all data were available for all dogs. Two-year survival was 93.5% (95% CI 5 89.0–
96.2%). For continuous variables (e.g., MI, nuclear atypia), HRR refers to a 1-unit change in the variable. For binary variables
(e.g., metastasis, necrosis), the condition of absent is the baseline level. Transformation refers to the continuous variables and how
these were entered into the model. Factor level refers to the binary (factored) variables in which there are only two possible states
(absent or present).

Table 6. Characteristics and distribution of canine melanocytic neoplasms.

Characteristics Oral Feet/Lips Cutaneous Eyes

Total cases 19% (73/384) 19% (73/384) 59% (227/384) 3% (11/384)
Diagnosis of malignancy reported to

veterinarians
92% (67/73) 74% (54/73) 39% (88/227) —

Tumors reported to metastasize or recur 59% (32/54) 38% (26/68) 12% (24/202) —
Alive at follow-up 12% (9/73) 36% (26/73) 59% (135/227) —
Dead from related causes 68% (46/68) 30% (21/70) 7% (16/216) —
Alive/dead from competing causes 32% (22/68) 70% (49/70) 93% (200/216) —
Median survival (days): death from

related causes
107 158 250 —

Median survival (days): death from all
causes

118 281 493 —

Median survival (days): living and dead
dogs

147 676 725 —

Median time (days) to recurrence or
metastasis

78 (n 5 37) 160 (n 5 22) 270 (n 5 21) —

Mean follow-up interval (days): all dogs 1,065 902 874 —
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consequences (local recurrence). Among the dogs
with deaths related to skin tumors, 69% (11/16) had
scores .10. Only 3% of the living dogs had tumor
scores greater than 10, but 27% (4/11) of the dogs
that died as a result of the tumors in the skin had
a tumor score ,10 (which, based on the score,
would have been predicted benign). There were no
attributes of these tumors, in retrospect, that would
allow one to predict malignant behavior. Com-
pleteness of excision in these cases may have been
a factor in the final outcome.
A predictive 1-year follow-up mathematic model

for cutaneous melanocytic neoplasia was available
on 193 dogs. It was not possible to construct
a model using MI that maximized sensitivity or
specificity while constraining the other to be no less
than 75%. Only one model could be constructed to
the previously mentioned constraint (Table 9). By
using a nuclear atypia cutoff of $3, the model has
a sensitivity of 80%, a specificity of 94.4%,
a positive predictive value of 54.5% (reflecting that
only 15/193 dogs died from the melanocytic tumor
within 1 year of diagnosis), and a negative pre-
dictive value of 98.2%. The overall correct classi-
fication with the model was 93.3%. This model
suggests that using the nuclear atypia metric,
predicting that a dog with cutaneous melanoma
will die from the disease within 1 year of diagnosis,
will be wrong nearly as often as correct. On the
other hand, predicting survival to at least 1 year
will almost always be correct. Attempting to
improve this positive predictive value would come
at a cost. The model sensitivity would become so
low that the majority of dogs that died within

1 year would have been predicted to live to 1 year
and beyond.

Discussion

The literature dealing with canine ‘‘melanoma’’
teems with conflicting information. In one instance,
when tumors were arbitrarily classified as malig-
nant or benign based on histopathologic features,4,26

the behavior of oral melanocytic tumors could be
effectively predicted, but the clinical outcomes for
melanocytic neoplasms of the skin were predicted
accurately in ,50% of cases. When MI was
included as a prognostic guide, the clinical course
of cutaneous melanocytic neoplasms was much
more accurately predicted, but that technique was
not effective with oral tumors.4,24 In another
report3 using the same criteria of malignancy,28

the authors were able to accurately predict the
clinical course in almost 90% of those animals.
Some authors,17 have found that tumor size, MI,
and tumor location were useful in predicting
clinical outcomes, whereas others1,18,23 found sim-
ilar criteria to bear no statistic relationship to
patient survival. Even the terminology for melano-
cytic neoplasia in dogs, until recently, had not been
solidly established.12,14 In this article, the conven-
tion established by the most recent WHO report14

has been followed: the term melanoma indicates
a melanocytic malignancy, and melanocytoma
indicates a benign tumor of melanocytic origin
regardless of its topologic location.

The most basic classification of melanocytic
tumors is the prevalence of malignancy or mortal-
ity of neoplasms from different body sites.4,5,9

Table 7. Characteristics of prognostic models for oral melanocytic neoplasms.*

Characteristic Model 1 (MI $14) Model 2 (nuclear atypia $5) Model 3 (nuclear atypia$8)

Sensitivity 77.3% 92.5% 87.5%
Specificity 75% 81.3% 87.5%
Positive predictive value 89.5% 92.5% 94.6%
Negative predictive value 54.5% 81.3% 73.7%
Overall correct classification 76.7% 89.3% 87.5%

*MI 5 mitotic index.

Table 8. Characteristic of prognostic models for melanocytic neoplasms of feet and lips.

Characteristic Model 1 (MI $5) Model 2 (MI $16) Model 3 (nuclear atypia $4)

Sensitivity 90% 75% 90%
Specificity 78.1% 82.9% 76.3%
Positive predictive value 66.7% 68.2% 66.7%
Negative predictive value 94.1% 87.2% 93.5%
Overall correct classification 82% 80.3% 81%

*MI 5 mitotic index.
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Because the current study and others3,5,9,26 have
shown a distinct difference in mortality based on
location of the tumor, this subdivision seems
appropriate as an initial categorization for this
class of neoplasia. Overall, the most predominant
cell type found in canine melanocytic neoplasms
was epithelioid (Table 1).27 Melanocytic tumors
composed of mixed cell types were next in
abundance and most often comprised varying
numbers of epithelioid and spindle cells. Although
cell type appears to play some role in the prognosis
of ocular melanocytic neoplasms,25 this feature
lacked significance in prognoses (i.e., prediction of
mortality) of melanocytic tumors occurring in the
mouth, feet, buccal mucosa, and skin of dogs in
this and other studies.1,3,4,16–18,22,24

MI, nuclear atypia, and tumor score were all
highly correlated (P # 0.001) with malignancy.
Other features of melanocytic tumors statistically
associated with malignancy were: 1) deep lympho-
cytic inflammation, 2) intralesional necrosis, 3) size
of the tumor (volume), and 4) metastasis/recur-
rence. Tables 3, 4, and 5 provide the P values
obtained for each of the neoplastic features
significantly associated with malignancy (defined
by death of the dog from causes related to the
neoplasm). MI has been found useful to predict
malignant behavior in some reports1,4,17 and lacked
significance in others.18,24 Although it was not
possible to predict with 100% assurance the
outcome for any specific neoplasm, when MI was
used in conjunction with nuclear atypia, it was
possible to model a system to provide relative
probabilities of experiencing the outcome predicted
by the diagnosis. In addition, it has recently been
shown that proliferative index21 and DNA ploidy,3

as assessed by immunohistochemistry and flow
cytometric analysis, respectively, where they are
available, can be expected to provide an accurate
prediction of clinical outcome. Profiles of genetic
changes within tumor cells may eventually comple-
ment all the currently available methods to predict
malignancy.22

The statement frequently encountered in the
literature that all (or nearly all) melanocytic oral
neoplasms should be considered malignant,12,13,15,18

or that benign oral melanocytic tumors are
extremely rare,8 is misleading. Unfortunately, this
concept is so deeply embedded in the canine
‘‘melanoma’’ literature (thus ‘‘dogma’’) that it
impacts clinicians as well as pathologists. The
effect on pathologists is the emphasis of potential
malignancy of these neoplasms (Table 6), and the
effect on clinicians or oncologists is overreaction in
some cases where minimal intervention would
suffice. Although a high proportion of oral
melanocytic neoplasms behave with malignant
characteristics, as seen in Table 6, 32% of all the
dogs with melanocytic oral neoplasia were either
alive at follow-up or had died of causes unrelated
to the neoplasm. Similar results have previously
been reported in a different context.3,11,17,24 In the
current study, 12% of dogs with neoplasms in the
oral cavity were alive at the end of the follow-up
period and had not experienced difficulties associ-
ated with the neoplasm. Although this fact alone
may not be interpreted as an absolute indication of
benign behavior, it is the best indicator available.
Information in Table 6 indicates that truly benign
melanocytic tumors (melanocytomas) are indeed
recognized in the oral cavity on a routine basis and
have now been reported elsewhere.11

The scoring method used in this study was highly
correlated with deaths actually caused by the
tumors and accurately identified those animals
likely to die as a result of their disease. However,
when modeling the data to obtain the most
consistent prognostic information, MI and nuclear
atypia were simpler to obtain and gave the best
overall result for tumors arising in the mouth, feet,
or mucosal surfaces of the lip. The data presented
on oral melanocytic tumors in Table 6 illustrates
that, with adequate numbers of cases, a well-
defined group of oral tumors with benign behavior
emerges. This observation is supported by in-
formation from other follow-up studies of oral
melanocytic neoplasia18,24 in which recurrence or
metastasis was observed in 71% and 73% of cases,
respectively, leaving 29% and 27% of the oral
melanocytic tumors with no observed consequences
during the follow-up period. Previous studies have
been unable to make a strong correlation between
MI and malignancy (or death of the animal) with
oral melanocytic tumors.4,18,24 In the current study,
MI is strongly correlated with death due to the
neoplasm (P # 0.001).

The scoring system used in this study for
melanocytic tumors of the feet and lips was highly

Table 9. Characteristic of prognostic models for
cutaneous melanocytic neoplasms.

Characteristics Model 1 (nuclear atypia $3)

Sensitivity 80%
Specificity 94.4%
Positive predictive value 54.5%
Negative predictive

value
98.2%

Overall correct
classification

93.3%
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correlated with deaths actually caused by the
tumors and was able to identify neoplasms likely
to metastasize or recur with about 90% accuracy.
The prognostic model using an MI $ 5 (Table 8)
provided an overall correct classification of 82%.
Longer survival times in this group of dogs
(Table 6) may, in part, be due to the fact that
tumors of the lips and feet are likely treated earlier
in their development because they are more readily
detected by owners than those in the oral cavity.
Also, 10% (7/73) of ‘‘foot tumors’’ were amputated
toes in which invasive, poorly differentiated,
melanocytic neoplasms were invading and destroy-
ing osseous tissue of the digits (nail bed tumors).
These tumors are histologically malignant, with
high scores, but they can be effectively treated by
early amputation and are, therefore, more surviv-
able and carry a better overall prognosis.
Correlation of subjective histologic characteris-

tics and biologic behavior in melanocytic tumors,
specifically of the extremities (feet), was previously
documented in 28 dogs.1 In that study, 50% of the
neoplasms were histologically designated benign
and 50% were histologically designated malignant.
Survival times for dogs with malignancies were not
different from those with designated benign mela-
nocytic neoplasms. Although there may be a variety
of ways to explain these disappointing results, it
likely has to do with the effectiveness of amputa-
tion when the tumor is peripherally located on an
extremity. In this case, a better overall clinical
result or lengthened survival time positively skews
the survival of those dogs with anatomically
designated malignancy. In this study, 92% of dogs
with oral melanocytic tumors were reported to
veterinarians with a diagnosis and/or comment
indicative of malignancy. This correlates with the
fact that 12% of the dogs with oral neoplasms were
alive at follow-up (Table 6). However, only 59% of
dogs with oral melanocytic tumors were reported
to have developed metastasis or recurrence, and
only 68% of the dogs actually died from causes
related to their oral tumors. Similar proportions
are evident (Table 6) for the other anatomic sites
(i.e., feet, lips, skin) and suggest that, where
melanocytic tumors are concerned, malignancy is
consistently overstated by about 30%.
The prognostic record for the histologic evalua-

tion of cutaneous melanocytic neoplasms (i.e.,
torso, head, neck, proximal extremities) was not
so clear cut. Although only 7% of dogs died of
related causes and 12% of neoplasms were reported
to recur or metastasize, there was a subset of
cutaneous melanocytic tumors with malignant
behavior that would have been predicted benign

using the criteria so far indicated. Because the
mortality was so low among cutaneous tumors, the
positive predictive value of the model was a virtual
coin toss (54.5%), even though the overall correct
classification was 93% (Table 9). The median
survival times for dogs in the cutaneous category
were the longest. Median survival for all dogs with
cutaneous melanocytic tumors was 88% of the total
follow-up time period in the study, whereas
survival for dogs with oral tumors or tumors of
the feet and lips was 30% and 67%, respectively
(Table 6).

Grave consequences associated with melanocytic
neoplasms may be defined as death of the animal
caused directly or indirectly by the neoplasm,
metastasis, or perhaps even local recurrence. If
death is used as an end point and euthanatized
animals are included in that end point, it is
important to distinguish those dogs euthanized as
a medical necessity to avoid unacceptable pain and
discomfort from those whose disease inception or
progression merely coincides with euthanasia per-
formed as a convenience or economic expediency to
the owner.5 Unfortunately, this is a difficult or
perhaps impossible statistic to derive from any
source. The results of this study should be
interpreted with that in mind.

Necropsy examinations were generally not avail-
able for any of the dogs in this study, so the causes
of death (i.e., related, competing, or unknown)
were obtained from the questionnaires returned by
the submitting veterinarians or, in some instances,
directly from the dog’s owner.

The reason for disparity in sex distribution
between earlier reports6,8,16,23 (male dominance)
and those published more recently3,24 (equal sex
distribution) has no obvious explanation, but is an
example of the ‘‘melanoma dogma’’ that has
developed around the canine disease.6,16,23 The
prevalence of castrated male dogs today, as
opposed to several decades ago, may provide some
explanation.

The mean age of melanocytic tumor–bearing
dogs has consistently increased in the 4 decades
covered by the reviewed literature, from something
more than 9 years of age to about 12 years of
age.6–9,16,17,24 This probably reflects favorably on
both owners and veterinarians and on more
effective management of neoplastic diseases in
general. In the correlation of histologic appearance
and behavior, a number of variables should be
considered. An apparently aggressive neoplasm
with a high proliferation index may be identified
and completely excised before it has an opportunity
to extend beyond the local area, thus exhibiting
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putative benign behavior. Similarly, the peripheral
location (e.g., digit) of such a neoplasm, readily
removed, likely enhances the probability of a suc-
cessful long-term outcome for cancer in general,
whereas those originating in the mouth are much
more difficult given the traditional and most widely
used treatment for neoplasia of this type (surgery).
On the other hand, a neoplasm that begins life as
a virtually static or slow-growing entity, over an
extended time, may take on more aggressive and
malignant characteristics and behavior. This vari-
ability in time and space necessarily complicates the
relationship between histology and observed be-
havior. Along with the evidence of the current
study, more recent reports11,24 suggest that, al-
though a serious threat, oral melanocytic neoplasia
is not the uniformly fatal disease that it was once
reported to be, denying the ‘‘dogma’’ that has
developed around this class of tumor.4,5,9,13,16,26

Although it is impractical to accurately predict,
on an individual basis, the final outcome of
melanocytic neoplasia by applying numeric criteria
to certain histologic features (e.g., MI, nuclear
atypia), it is possible to maximize the percentage of
correctly classified tumors. In human medicine, the
documented biology of the neoplasm drives the
selection of a treatment regimen that is favorably
known to alter the projected outcome of the
disease. In veterinary medicine, the decision to
recommend an expensive (and sometimes painful)
treatment of neoplastic disease, especially in an
older dog, is often influenced by a cost–benefit
relationship that must be based on a similar
knowledge of the projected outcome. An alternate
and viable decision in canine medicine may be to
simply withhold treatment altogether and recom-
mend euthanasia. When making these decisions, it
is essential to have the best available information.
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Epidemiology
Malignant Melanoma (MM) is a neoplasm of melanocytic cells of dogs and cats.
It is a relatively common neoplasm, accounting for 4 to 7% of all neoplasms, 7%
of all malignant neoplasms and 9 to 20% of all skin tumors in dogs. A benign
neoplasm of melanocytes is called a melanocytoma (or melanoma). The most fre-
quently affected site is the oral cavity, making C(anine) MM the most common
oral neoplasm. Oral melanomas are pigmented, but amelanotic oral melanomas
have also been reported. The site for oral melanomas is the gingiva, buccal or
labial mucosa, hard or soft palate and the tongue. Malignant melanoma is the
second most common tumor of the digits. Most other cutaneous melanomas are
benign. 
CMM is a rapidly growing, invasive and potentially metastatic tumor. Especially,
oral melanomas and, to a lesser degree, digital melanomas often recur after sur-
gical excision and radio- or chemotherapy. They may invade bone as well as soft
tissues. Oral melanomas tend to metastasize in 70 to 90% of all cases, while
melanomas of the digits do so in 32 to 40% and melanomas of the skin in 15%.
Dogs that are more susceptible to the development of oral melanoma are dogs
with heavily pigmented oral mucosa. Dogs at greater risk of melanocytic tumors
of the digits and foot nails are the Irish and Gordon Setters and the Golden
Retriever. 
Dogs predisposed for developing cutaneous melanomas are dogs of small breeds
with heavily pigmented skin. CMM is most often diagnosed in dogs older than
10 years; one study reported a mean age of 11.6 years. (Smedley et al., 2011; Smith et
al., 2002) 

Pathogenesis
There is not much known about the pathogenesis of melanomas in dogs. There
is an indication that other factors, than those known from human melanomas,
may play a key role in developing canine melanocytic tumors. In humans, the
cause of neoplastic tranformation of melanocytes is mainly by UVA and UVB
solar radiation.

Classification
The World Health Organization (WHO) has developed a scheme for classifying
oral melanomas in dogs. The classification of a tumor is based on: 

1. de anatomic site of the tumor
2. the tumor size
3. the tumor stage. 

These variables give an impression of the prognosis of CMM. The anatomic site
of the tumor gives an indication for local invasiveness and metastatic potential.
As dscussed before, melanomas of the haired skin are often benign, while oral
melanomas and melanomas of the digit and footpad are often malignant.

The tumor size and stage can be subdivided in categories: 
- Category 1: tumor ≤ 2 cm diameter 
- Category 2: tumor diameter 2 to 4 cm
- Category 3: tumor ≥ 4 cm diameter 
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- Category 4: distant metastasis. Distant metastasis has a higher grade than
lymph node metastasis.

The tumor stage is subdivided in:
- Stage 1; tumor ≤ 2 centimeter in diameter, without lymph node involve

ment and no proven metastasis
- Stage 2; tumor 2-4 centimer in diameter, without lymph node involvement

and no proven metastasis
- Stage 3; tumor ≥ 4 centimeter in diameter, with or without lymph node 

involvement and has no proven metastasis
or any tumor size with lymph node metastasis

- Stage 4; proven metastasis, independent of tumor size or lymph node 
involvement

Clinical guidelines
Dogs with masses on the digits, foot pads or in the oral cavity are suspects for
CMM. The differences between benign and malignant melanocytic tumors are
unclear macroscopically. Melanocytic tumors are usually solitary, well circum-
scribed, round shaped, solid, brown to black but sometimes non-pigmented,
hairless, sometimes ulcerated, peduncle or wart like shape and 0.5 to 10 cm in
diameter. An oral melanoma causes signs of oral discomfort, loss of appetite and
difficulty in swallowing. The next step in the diagnostic procedure is to determi-
ne whether the melanoma has metastasized to the regional lymph nodes or to
the internal organs. Fine needle lymph node aspiration with cytology could
show a metastasis or a reactive lymph node with some melanocytes. Depending
on the site of the tumor, a radiograph or CT scan of the thorax or an ultrasound
of the abdomen will be performed to check for distant metastasis. Radiographic
evidence of bone involvement is present in approximately 57% of the oral mela-
noma patients, and pulmonary metastasis is observed in 14 % of cases at presen-
tation.

Prognosis
Dogs diagnosed with malignant melanoma have a poor prognosis. In spite of the
surgical removal of the tumor with additional radio- or chemotherapy, most
dogs die of distant metastasis and not from local recurrence. Recent studies have
reported a median survival time of 12 up to 14 months for dogs with oral mela-
noma stage 1, after surgical removal and radio- or chemotherapy. Dogs with
stage 2 melanoma have a median survival time of less than 5 months after sur-
gical intervention, and dogs with stage 3 or 4 melanoma have a survival time of
2 to 3 months.

DNA vaccine for CMM
Because of the tissue specific expression of the glycoprotein tyrosinase, tyrosina-
se is a useful target for immunotherapy against CMM. The melanoma vaccine
contains the human tyrosinase will be introduced into the muscle of a dog
through an trans-dermal injection system. Once inside the animal, the muscle
cells take up the plasmid with the human tyrosinase antigen and express it on
their own cells. The muscle cells are now seen by the dog’s immune system as
foreign due to the human tyrosinase antigen.
The induced antibodies and cytotoxic T-cells will attack the canine melanocytes.
Preliminary studies with xenogeneic DNA vaccines have shown increased survi-
val time and tumor disappearance or protection, while syngeneic vaccinations
with body-own antigens did not show these effects. DNA vaccination only seems
to work optimal when metastasis is limited to micro-metastasis. Therefore it will
always be administered after local tumor control and radio- or chemotherapy. 
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The Diagnosis and Prognosis ofThe Diagnosis and Prognosis of
Canine and Feline Mast CellCanine and Feline Mast Cell

TumorsTumors

V. E. Valli

2

Diagnostic CriteriaDiagnostic Criteria
uMost tumors are well enough granulated
to establish the tumor type

uC-Kit and Giemsa stains are used when
Mast cell is suspected but not defined

uCell size and atypia are used in the Dog
for a I,II,III (Patnaik) grade with troubling
variation in progression in grade II

u In cats the tumor may be visceral or
cutaneous

3

Traditional CriteriaTraditional Criteria
u The Patnaik system has few cases of
grade I MCT with most in grade II some
of which are aggressive with few grade
III most of which are aggressive

uMCT is not as prevalent in the cat and
the cells are granular but stain poorly

uNew data suggests that there is poor
correlation between grade and survival
but that mitotic rate is fully predictive
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Mitotic Index is Predictive forMitotic Index is Predictive for
Survival for Canine CutaneousSurvival for Canine Cutaneous

Mast Cell TumorsMast Cell Tumors

uRomansik E.M. Reilly C.H. Kass P.F.
Moore P.F. and London C.A.

u

Veterinary Pathology vol 44 p335-341
2007.

5

Description of StudyDescription of Study
u 148 dogs with MCT examined with full
survival data

u Tumors classified according to the
Patnaik criteria with mitotic rates
determined on 10 fields at 400X

uEach grade was divided into those with
<5MI/400X or >5MI/400X

uSurvival correlated with MI but not with
grade P<0.001

6

Cutaneous Mast Cell Tumor CatCutaneous Mast Cell Tumor Cat

uCase: 1 A 15 year old MN Domestic
Long Hair cat was presented with a
cutaneous mass located on the right
triceps with excisional biopsy carried out

uCell type: Low grade (II) Mast cell
uMitotic rate: 0.0/10 fields at 400X
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Cutaneous Mast Cell Tumor CatCutaneous Mast Cell Tumor Cat

8

Detail Cutaneous Mast Cell TumorDetail Cutaneous Mast Cell Tumor
CatCat

9

Cutaneous Mast Cell Tumor CatCutaneous Mast Cell Tumor Cat

uCase 2: A 16 year old MN Domestic Long
Hair cat was presented with a cutaneous
mass on the left shoulder that had been
present for months to years that had
recently become ulcerated and was
removed by excisional biopsy

uCell type: High grade (II) Mast cell
uMitotic rate: 15/10 fields at 400X
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Cutaneous Mast Cell Tumor CatCutaneous Mast Cell Tumor Cat

11

Detail Cutaneous Mast Cell TumorDetail Cutaneous Mast Cell Tumor
CatCat

12

Cutaneous Mast Cell Tumor CatCutaneous Mast Cell Tumor Cat

uCase 3: A 14 year old FS Domestic Long
Hair cat was presented with a mass on
the side of the face present for years that
waxed and waned and recently became
swollen and oozing brownish material
with cystic salivary duct suspected. A
large solid mass was removed.

uCell type: High grade (II) Mast cell
uMitotic rate: 0.0/10 fields at 400X
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Cutaneous Mast Cell Tumor CatCutaneous Mast Cell Tumor Cat

14

Detail Cutaneous Mast Cell TumorDetail Cutaneous Mast Cell Tumor
CatCat

15

Splenic Mast cell Tumor CatSplenic Mast cell Tumor Cat
uCase 4: A 9 year old MN Domestic Short
Hair cat was presented for anorexia with
circulating Mast cells identified. The
spleen was enlarged (30cm) and was
removed. The liver grossly had pale
areas and histologically had Mast cell
infiltration.

uCell type: well differentiated (grade II)
Mast Cell with moderate anisokaryosis

uMitotic rate: 0.0/400X
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Splenic Mast cell Tumor CatSplenic Mast cell Tumor Cat

17

Detail Splenic Mast cell Tumor CatDetail Splenic Mast cell Tumor Cat

18

Splenic Mast cell Tumor CatSplenic Mast cell Tumor Cat
Giemsa StainGiemsa Stain
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Cutaneous Mast Cell Tumor DogCutaneous Mast Cell Tumor Dog

uCase 5: 8 year old FS Pit Bull that
presented with a mass on the ventral chin
area present for two weeks

uCell type: low grade (I) Mast cell well
differentiated

uMitotic rate: 0.0/400X

20

Cutaneous Mast Cell Tumor DogCutaneous Mast Cell Tumor Dog

21

Detail Cutaneous Mast Cell TumorDetail Cutaneous Mast Cell Tumor
DogDog
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Cutaneous Mast Cell Tumor DogCutaneous Mast Cell Tumor Dog

uCase 6: A 5 year old Female Flat Coated
Retriever was presented in late
pregnancy with a mass on the left thigh. A
FNA was interpreted as Mast Cell Tumor.
Following whelping the mass shrank and
was removed by excisional biopsy.

uCell type: Low grade (II) Mast cell
uMitotic rate: 5.0/10 fields at 400X

23

Cutaneous Mast Cell Tumor DogCutaneous Mast Cell Tumor Dog

24

Detail Cutaneous Mast Cell TumorDetail Cutaneous Mast Cell Tumor
DogDog
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Cutaneous Mast Cell Tumor DogCutaneous Mast Cell Tumor Dog
uCase 7: An 8 year old MN Boxer dog was
presented after marginal removal of a
mass on the hip diagnosed as Mast cell
tumor. On re-examination there was
swelling at the surgical site and with an
enlarged underlying popliteal node.

uCell type: Large likely high grade (III) with
necrosis

uMitotic rate: Node 35/400X

26

Cutaneous Mast Cell Tumor DogCutaneous Mast Cell Tumor Dog
Cytology Wright/GiemsaCytology Wright/Giemsa

27

Mast cell Tumor Dog Metastatic toMast cell Tumor Dog Metastatic to
Popliteal nodePopliteal node
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Detail Mast cell Tumor DogDetail Mast cell Tumor Dog
Metastatic to Popliteal nodeMetastatic to Popliteal node

29

Mast cell Tumor Dog Metastatic toMast cell Tumor Dog Metastatic to
Popliteal node GiemsaPopliteal node Giemsa

30

Conclusions Mast Cell TumorConclusions Mast Cell Tumor
PrognosisPrognosis

u In MCT in the dog the Mitotic Index
trumps all other criteria for prognostic
correlations

u The overall mean MI does correlate with
grade

u In MCT in the dog some tumors of very
atypical nuclear type graded as III by the
Patnaik system had very few mitoses in
10 fields at 400X
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Conclusions Mast Cell TumorConclusions Mast Cell Tumor
Prognosis ContPrognosis Cont’’dd

u There is no widely accepted grading
system for MCT in the cat.

u In the cat the MI is the strongest cytologic
variable predictive of survival

u There are three forms of MCT in the cat
with cutaneous generally benign, splenic
systemic and enteric characterized by the
shortest survival

uYoung Siamese cats are predisposed to a
high grade of “histiocytic” MCT

2012 163

Dr. Ted Valli



164 ONCOlogisch Treffen

Notes



2012 165

Mitotic Index Is Predictive for Survival for Canine Cutaneous Mast
Cell Tumors

E. M. ROMANSIK, C. M. REILLY, P. H. KASS, P. F. MOORE, AND C. A. LONDON

Veterinary Medical Teaching Hospital, School of Veterinary Medicine, UC Davis, CA (EMR);
Departments of Pathology, Microbiology, and Immunology (CMR, PFM); and Population Health and
Reproduction (PHK), School of Veterinary Medicine, UC Davis, CA; and Department of Veterinary

Biosciences, College of Veterinary Medicine, The Ohio State University, Columbus, OH (CAL)

Abstract. Mitotic index (MI) is an indirect measure of cell proliferation that has been demonstrated
to be a strong predictor of outcome for several human and canine cancers. The purpose of this study was
to evaluate the utility of MI as a predictor of biologic behavior and survival in dogs with cutaneous mast
cell tumors (MCTs). Medical records from 148 dogs with histologically confirmed MCTs were reviewed.
Information regarding tumor grade, local recurrence, metastatic disease, date of death/last follow-up,
and outcome was obtained. The region of the tumor with the highest overall mitotic activity was chosen
for evaluation, and the MI value was defined as the number of mitotic figures/10 high-power fields
(4003, 2.7 mm2). A Cox proportional hazards regression model was used to compare MI with survival
data. A Mann-Whitney test was used to compare MI on the basis of the development of local recurrence
and metastatic disease. The MI correlated directly with tumor grade (P , .0001). The median survival
time for dogs with an MI #5 was significantly longer (70 months) than for those with an MI .5
(2 months), regardless of grade (P, .001). For grade II tumors with an MI#5, the median survival time
(MST) was 70 months, compared with 5 months for those with an MI .5 (P , .001). For grade III
tumors with an MI #5, the MST was not reached, compared with ,2 months for those with an MI .5
(P, .001). In conclusion, MI is a strong predictor of overall survival for dogs with cutaneous MCTs and
should be included as a prognostic indicator when determining therapeutic options.

Key words: Dog; mast cell tumor; mitotic index.

Mast cell tumors (MCTs) are one of the most
frequently occurring malignant tumors in dogs,
representing 7–21% of all cutaneous tumors in the
species.8,9,24 This is in direct contrast to humans
where neoplastic disease of mast cells is extremely
rare. The reason for such a high incidence of mast
cell neoplasia in the dog is not known, but it is clear
that this cancer represents a source of frustration
for both dog owners and veterinarians. The
biologic behavior of these tumors is highly de-
pendent on tumor grade. Those patients with grade
I tumors are likely to experience long-term survival,
while those with grade III tumors have a reported
median survival time of only 6 months.5,18,19,22,28,30

Although most grade II MCTs are considered
benign, a proportion of these will metastasize to
local lymph nodes and distant sites.18 While tumor
grade is often used to determine prognosis, there is
widespread disagreement on standardization of
grading, as evidenced by a recent publication in
which there was significant variation among 10
pathologists in the grading of the same set of 60
MCTs.21

There are several other characteristics of canine
MCTs that may contribute to potential outcome. It
has been suggested that MCTs that develop in the
oral cavity, nail bed, and inguinal, preputial, and
perineal regions behave in a more malignant
fashion regardless of histologic grade, although
definitive proof for this is lacking.7,12,18,31 Evidence
indicates that tumors present for long periods of
time (months to years) may be more likely to
behave in a benign manner.5 Certain breeds such as
Boxers and Pugs have a high incidence of MCTs,
but these tend to be more well differentiated and
carry a better prognosis.4,5

Several markers of tumor proliferation have
been employed to help differentiate benign from
malignant tumors. The relative frequency of
argyrophilic nucleolar staining organizing regions
(AgNORs) correlated with histologic grade and
was predictive of postsurgical outcome: the higher
the AgNOR count, the poorer the prognosis.6,15,28

MCTs possessing an abnormal DNA content
(aneuploidy) exhibited a trend toward shorter
survival times.2 Proliferating cell nuclear antigen

Vet Pathol 44:335–341 (2007)
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(PCNA) was significantly higher in recurrent-
versus-nonrecurrent tumors and metastatic-versus-
nonmetastatic tumors and was a good predictor for
tumor recurrence at 6 months.28 Last, in 1 study,
the mean number of Ki-67–positive nuclei/1,000
tumor nuclei was significantly higher for dogs that
died of MCTs than for those that survived.1 The
potential utility of Ki-67 in distinguishing benign
from malignant grade II MCTs was also recently
demonstrated.27

Other factors investigated for their possible
prognostic value include the levels of active matrix
metalloproteinase 2 and 9, tryptase, and chymase,
as well as p53 overexpression.11,13,14,17,33 Unfortu-
nately, none of these were shown to be useful in
predicting the biologic behavior of MCTs. One
recent study attempted to correlate Kit staining
patterns with prognosis of grade II MCTs. While
there was a subset of dogs with MCTs possessing
particular Kit staining patterns (1, 2, or 3) that did
not do well, none of the groups reached a median
survival time (i.e., .50% of all dogs in each group
did not die of disease), with most dogs in each
category surviving .20 months, indicating that
this method was unable to definitively identify the
grade II tumors that were more likely to result in
death of affected patients.33 In summary, there is
no clear consensus on how to identify those MCTs
likely to behave in an aggressive manner.
Mitotic index (MI) is an indirect measure of cell

proliferation based on the quantification of mitotic
figures in a histopathologic specimen and is easier
to perform than AgNOR and Ki-67 assessment,
which both require additional staining techniques
and may necessitate the use of automated image
analysis that is not currently widely available. It
has been demonstrated that MI is a strong pre-
dictor of outcome for a variety of human and
canine cancers, including thyroid carcinoma, breast
carcinoma, sarcomas, among others.3,16,26,32 There-
fore, the purpose of the following study was to
determine whether MI is a useful predictor of the
biologic behavior of canine MCTs, as this would
provide a relatively simple method for assessing
MCTs during routine histopathologic examination.

Materials and Methods

Source of MCTs

The cutaneous MCTs evaluated in this study were
part of a database that had been used in a previous
study to investigate the role of c-kit mutations in this
disease and consisted of MCTs evaluated at UC Davis
from 1989 to 2000.10 Those dogs for which there was
adequate information, including signalment; location of
tumor; staging of tumor; dates of local recurrence,

metastasis, death, or last follow-up examination; prior
or subsequent occurrence of mast cell tumors; prior
surgery, adjuvant therapy; and cause of death were
eligible for inclusion in the study. Follow-up informa-
tion was obtained via direct communication with owners
or referring veterinarians. After final review, MCTs
from 148 dogs were deemed appropriate for inclusion in
the study. New HE sections were obtained for each
tumor sample, and a single pathologist (PFM) reviewed
each by means of light microscopy. Tumors were graded
in accordance with the Patnaik scheme.22

Evaluation of MI

A single pathologist evaluated the HE sections via
light microscopy and generated an MI per 10 high-
power (4003) fields (HPFs), field size 2.7 mm2. The
region of the tumor sample with the highest overall
mitotic activity was chosen for evaluation (field selection
method). A single count of 10 HPFs was obtained for
each tumor sample.

Statistical analysis

A Kruskal-Wallis 1-way analysis of variance and
Jonckheere-Terpstra and Wilcoxon-Mann-Whitney
tests were used to evaluate the relationship between
MI and tumor grade. Additionally, a Wilcoxon-Mann-
Whitney test was used to compare MI based on dogs’
presence or absence of local recurrence and metastatic
disease. Finally, a Cox proportional hazards regression
model was used to compare MI with survival data. Of
the original 148 dogs, 49 were excluded from survival
analysis because they were immediately lost to follow-up
(n 5 10) or died of other/unknown causes (n 5 39).
Kaplan-Meyer (KM) survival curves were generated
evaluating MI in all patients, MI in patients without
metastatic disease, MI within grade II MCTs, and MI
within grade III MCTs. Statistical significance was set at
P , .05.

Results

Patient and tumor characteristics

A total of 148 MCTs were evaluated in this
study, of which 11 were grade I tumors, 113 were
grade II tumors, and 24 were grade III tumors. The
MCT specimens were obtained from dogs that
ranged from 0.4 to 16.5 years of age (mean,
8.3 years; median, 8.7 years). The most common
breeds from which MCT were obtained were
Labrador Retriever (n 5 37), Boxer (n 5 12),
Golden Retriever (n 5 12), Cocker Spaniel (n 5
10), Staffordshire Bull Terrier (n 5 6), Boston
Terrier (n 5 5), Chinese Shar-Pei (n 5 5),
Miniature Schnauzer (n 5 5), German Shepherd
Dog (n 5 4), and Bernese Mountain Dog (n 5 4).
The remaining 48 dogs comprised various breeds
including 3 Pugs.
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MI and tumor grade

All tumors were evaluated to determine the
average MI (number of mitoses/10 HPFs). Figure 1
shows the distribution of MI within grade I, II, and
III cutaneous MCTs. Grade I tumors exhibited
a mean of 1.2 (range, 0–6), grade II tumors
exhibited a mean of 2.0 (range, 0–45), and grade
III tumors exhibited a mean of 19.3 (range, 0–87).
A Kruskal-Wallis 1-way analysis of variance
revealed a significant association between at least
1 of the 3 grades of MCTs with respect to MI (P ,
.0001). Furthermore, a Jonckheere-Terpstra test
found a ‘‘dose-response’’ or ‘‘trend’’ relationship
between grade and MI where the MI significantly
increased as the grade of the tumor increased (P ,
.0001). However, a Wilcoxon-Mann-Whitney test
indicated there was no significant difference in the
distribution of MI between grades I and II. This
test was not used to compare grade I with III or
grade II with III as the difference in MI was
obvious.

MI and tumor outcome

Using a Wilcoxon-Mann-Whitney test, we found
no significant difference between MI and local
tumor recurrence (P 5 .97). However, there was
a significant association between MI and rate of
metastatic disease, where the higher the MI, the
greater was the risk of metastatic disease (P ,
.0001). For survival analysis, 49 dogs were excluded
because they were immediately lost to follow-up (n

510) or died of other/unknown causes (n 5 39). A
Cox proportional hazards regression model was
used to correlate survival with MI, grade, and the
presence of metastatic disease. Overall survival was
significantly associated with all 3 variables (P ,
.001).

The 99 cases were then stratified into 4 individual
MI groups based on the distribution of MI as well
as previously documented MI categories from
other tumor types, namely canine soft-tissue
sarcoma and dermal melanoma.16,29 Group 1 (n 5
80) was cases with an MI #5; group 2 (n 5 5), MI
6–9; group 3 (n 5 7), MI 10–29; and group 4 (n 5
7), MI $30. Groups 2, 3, and 4 had rates of death
secondary to MCT that were 9.98 (P 5 .0011), 7.51
(P5 .0011), and 14.47 (P, .001) times higher than
that of group 1, respectively. Dogs presenting with
metastatic disease had a rate of death due to MCT
4.99 times higher than those without metastatic
disease (P 5 .0031). For all dogs in this study, the
median survival time (MST) for group 1
(70 months) was significantly longer (P , .001)
than that for group 2 (1 month), group 3
(3.5 months), and group 4 (,1 month). There
was no statistically significant difference in MST
between groups 2, 3, and 4; therefore, these cases
were consolidated into 1 group (MI .5) for
generation of KM curves.

Four KM curves were generated using 2 groups
of cases: Group A had an MI #5, whereas group B
had an MI .5. In Fig. 2, the KM curve for all
patients (n 5 99) included in the survival analysis is
shown. The MST of group A (n 5 80) was

Fig. 1. Mitotic index (MI) correlates with tumor
grade. Shown is a jitter plot demonstrating the spread of
MI among grade I, II, and III tumors. An MI of 5
(dashed line) was used to separate cases into 2 groups
(group A, MI 0–5; group B, MI .5). Using the
Jonckheere-Terpstra test, we identified a trend relation-
ship between grade and MI, where the MI significantly
increased as the grade of the tumor increased (P
, .0001).

Fig. 2. Mitotic index (MI) is predictive of overall
survival for dogs with mast cell tumors (MCTs)
independent of tumor grade. Dogs with MCTs with an
MI of 0–5 (solid line, n 5 80) had a median survival of
70 months. Dogs with an MI .5 (dashed line, n 5 19)
had a median survival of 2 months. This difference was
statistically significant (P , .001).
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70 months and that of group B (n 5 19) was only
2 months (P , .001). When only those patients
without metastatic disease were included in the
analysis, the MST of group A (n 5 71) was
80 months compared with 3 months for group B (n
5 7) (P , .001, Fig. 3). For those patients with
grade II tumors, group A (n 5 72) had an MST of
70 months compared with 5 months for group B (n
5 7) (P , .001, Fig. 4). Finally, for those patients
with grade III tumors, the MST of group A (n 5 3)

was not reached at 16 months, while the MST of
group B (n 5 14) was less than 2 months, with no
patients living beyond 4 months (P 5 .001, Fig. 5).

Discussion

Cutaneous MCTs are one of the most commonly
diagnosed and treated neoplasms in canine veter-
inary medicine.18 Grade is often predictive of
biologic behavior, with grade I tumors behaving
in a benign fashion and grade III tumors tending to
follow a highly malignant course.5,18,19,22,28,30 Many
grade II tumors are treated successfully with
surgical resection followed by local radiation
therapy as needed, but there exists a subset of
grade II tumors that spread to local lymph nodes as
well as distant sites such as the spleen, liver, and
internal lymph nodes, eventually leading to death
of the affected patient.18 Predicting the behavior of
grade II MCTs has proven to be difficult, and this
problem is confounded by the fact that despite
specific guidelines for determination of grade (i.e.,
the Patnaik system), there is significant variation in
grade assignment among pathologists.21

Over the past several years, attempts have been
made to improve the characterization of cutaneous
MCTs in order to better predict biologic behavior
and therefore provide guidelines for therapeutics.
For example, as previously discussed, Ki-67,
PCNA, and AgNOR staining have been used as
surrogate markers of proliferation in cutaneous
MCTs, and some studies have demonstrated that
they do correlate with biologic behavior.1,6,15,27,28

Fig. 3. Mitotic index (MI) is predictive of survival
for dogs with mast cell tumors (MCTs) and no
metastasis. Dogs with MCTs with an MI of 0–5 (solid
line, n 5 71) had a median survival of 80 months. Dogs
with an MI .5 (dashed line, n 5 7) had a median
survival of 3 months. This difference was statistically
significant (P , .001).

Fig. 4. Mitotic index (MI) is predictive of survival
for dogs with grade II mast cell tumors (MCTs). Dogs
with grade II tumors with an MI of 0–5 (solid line, n 5
72) had a median survival of 70 months, while those
with an MI .5 (dashed line, n 5 7) had a median
survival of 5 months. This difference was statistically
significant (P , .001).

Fig. 5. Mitotic index (MI) is predictive of survival
for dogs with grade III mast cell tumors (MCTs). Dogs
with grade III tumors with an MI of 0–5 (solid line, n 5
3) had a median survival that was not reached, while
those with an MI .5 (dashed line, n 5 14) had a median
survival of ,2 months. This difference was statistically
significant (P , .001).
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However, these assays require specialized staining
techniques and necessitate careful evaluation/
counting of positive cells and/or automated image
analysis, making them somewhat time-consuming
and tedious to perform. As a consequence, evalu-
ation of Ki-67, AgNORs, and PCNA are not
routinely performed on MCT specimens. Other
approaches have involved the evaluation of DNA
aneuploidy, Kit mutation status, and Kit staining
patterns.2,10,33 However, these tests have failed to
definitively identify those MCTs, particularly grade
II tumors, likely to behave in a biologically
aggressive manner.
MI is an indirect measure of cellular prolifera-

tion much like AgNOR and Ki-67. However,
assessment of MI does not require special stains
and can be provided relatively quickly at the time
of standard evaluation of HE-stained tumor sec-
tions. MI has been found to be one of the most
useful prognostic indicators for poorly differenti-
ated human thyroid carcinomas, and MI was
shown to be the best predictor of outcome
following surgical resection of human gastrointes-
tinal stromal tumors.32,34 Furthermore, several
studies indicate that MI is an important prognostic
factor for human breast cancer and is, therefore,
often included in determining the tumor grade.3,20

In veterinary medicine, MI has been found to be
predictive for outcome in canine soft-tissue sarco-
mas, mammary tumors, as well as cutaneous
melanoma.16,26,29 Last, it has been shown that MI
strongly correlates with other parameters used to
assess cell proliferation in canine and feline solid
tumors, including AgNOR, MIB1, and PCNA.25

On the basis of the fact that a variety of
proliferation indices have been shown to have
some prognostic value for canine MCTs, we
predicted that MI would be a relatively simple,
straightforward measure of proliferation that
would provide similar prognostic information.
One possible concern with assessment of MI in
MCTs is the potential for granulation to obscure
nuclear detail, thereby making it difficult to
accurately identify mitotic figures. In the current
study, the vast majority of samples were amenable
to MI evaluation, with only 5% of all samples
possessing sufficient granulation to interfere with
an accurate count. A future consideration may be
to evaluate MCTs for MI using a toluidine blue
stain, which does not obscure nuclear detail, is
readily available and inexpensive, and does not
require special equipment for preparation. A pre-
vious study used toluidine blue stains to evaluate
cutaneous MCTs for both intratumoral vessel
density and MI and found both to be independent

prognostic variables for survival. However, the MI
was determined per 1 HPF instead of 10 HPFs and,
therefore, may not have been as accurate with
respect to true mitotic activity of the whole
tumor.23

In the present study, we evaluated the MI in 148
cutaneous MCTs to determine if this simple test
could be used to predict the biologic behavior of
these tumors. We found a direct correlation
between tumor grade and MI, with grade III
tumors having the highest mean MI. Furthermore,
there was a significant association between MI and
rate of metastatic disease and overall survival,
indicating that this test is predictive for the biologic
behavior of cutaneous MCTs and can, therefore, be
used to guide clinical decision-making. These
results are particularly important with respect to
grade II tumors, as it is often difficult to determine
which subset is likely to need adjuvant treatment
following local control. Our data demonstrate that
dogs with grade II tumors possessing an MI .5
had an extremely short median survival time
(3 months) compared with those with an MI ,5
(80 months). Moreover, for dogs with grade III
MCTs possessing an MI ,5, the median survival
time was not reached, suggesting that MI can be
used to identify a subset of grade III tumors likely
to have a good prognosis.

As with any retrospective study, there are
limitations to the data and statistical analysis.
Our follow-up time started at histopathologic
diagnosis of cutaneous MCT at UC Davis, not at
the time the tumor was first appreciated or even
diagnosed at the referring veterinarian. It is
possible that some dogs that died shortly after
their visit to UC Davis may have actually been
alive with their disease for a much longer time than
indicated in our data. Also, some patients had
follow-up times of less than 6 months, and
although they were alive at the time of last contact,
they may have died shortly thereafter, thus
affecting our statistical analysis. The majority of
tumors evaluated in this study were categorized as
grade II, limiting the evaluation of MI impact on
grade I and grade III tumors. However, clinical
decision-making is most difficult for grade II
tumors; thus, our results provide important new
information with respect to determining how
a particular grade II cutaneous MCT is likely to
behave. Also, while it appears as if grade III MCTs
with a low MI may not be biologically aggressive,
the number of tumors with low MI was limited (n
5 3), and as such, further studies to explore this
possibility are warranted. The cut-off point (MI 5
5) was determined using the set of data analyzed in
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this study; thus, further validation of MI as
a prognostic indicator would be ideally performed
by testing an additional set of MCTs. Last, the MI
was determined by 1 individual, and there is likely
to be interobserver variability in the assessment of
MI, especially as the field selection technique was
used. However, given the clear significant differ-
ences in outcome between the groups in this study,
we believe that the results of this work are valid.
In conclusion, MI of canine MCTs is easily

obtained using standard HE stains and requires
only a small amount of additional time by the
pathologist during routine histopathologic evalua-
tion of tumor samples. Our data indicate that MI is
strongly predictive of biologic behavior and overall
survival and should therefore be included as an
additional prognostic indicator when determining
therapeutic options for canine patients with cuta-
neous MCTs.
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Proposal of a 2-Tier Histologic
Grading System for Canine Cutaneous
Mast Cell Tumors to More Accurately
Predict Biological Behavior
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Abstract
Currently, prognostic and therapeutic determinations for canine cutaneous mast cell tumors (MCTs) are primarily based on
histologic grade. However, the use of different grading systems by veterinary pathologists and institutional modifications make
the prognostic value of histologic grading highly questionable. To evaluate the consistency of microscopic grading among
veterinary pathologists and the prognostic significance of the Patnaik grading system, 95 cutaneous MCTs from 95 dogs were
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graded in a blinded study by 28 veterinary pathologists from 16 institutions. Concordance among veterinary pathologists was 75%
for the diagnosis of grade 3 MCTs and less than 64% for the diagnosis of grade 1 and 2 MCTs. To improve concordance among
pathologists and to provide better prognostic significance, a 2-tier histologic grading system was devised. The diagnosis of
high-grade MCTs is based on the presence of any one of the following criteria: at least 7 mitotic figures in 10 high-power fields
(hpf); at least 3 multinucleated (3 or more nuclei) cells in 10 hpf; at least 3 bizarre nuclei in 10 hpf; karyomegaly (ie, nuclear
diameters of at least 10% of neoplastic cells vary by at least two-fold). Fields with the highest mitotic activity or with the highest
degree of anisokaryosis were selected to assess the different parameters. According to the novel grading system, high-grade
MCTs were significantly associated with shorter time to metastasis or new tumor development, and with shorter survival time.
The median survival time was less than 4 months for high-grade MCTs but more than 2 years for low-grade MCTs.

Keywords
canine, histologic grading, mast cell tumor

Cutaneous mast cell tumors (MCTs) commonly occur in dogs

and account for 7 to 21% of all canine cutaneous

neoplasms.2,4,6,12,14 The biological behavior of MCTs varies

from benign solitary tumors that can be cured by complete sur-

gical excision to potentially fatal metastatic malignancies.6,9,12

Additionally, MCT degranulation can result in paraneoplastic

syndromes varying from local hemorrhage and wound dehis-

cence to systemic hypotension, hemorrhage, and death.6,9,12

Because of the high incidence of MCTs, their variable biologi-

cal behavior, the potential fatal outcome attributed to aggres-

sive disease or paraneoplastic syndromes, and the costs and

risks associated with treatment, accurate prognostication of

MCTs is critical.1,10,11,17

Histologic grading has been the primary tool for veterinary

pathologists to assess the potential biological behavior of

canine MCTs, and it is commonly used for prognostication and

therapeutic determination.1,9-11 The grading systems developed

by Bostock in 1973 and Patnaik et al in 1984 are the two most

commonly used histologic grading systems for canine

cutaneous MCTs.1,10 Both systems are 3-tier grading systems;

however, they grade MCTs in reverse order to one another,

with well-differentiated MCTs being Patnaik grade 1 and

Bostock grade 3, intermediately differentiated tumors being

Patnaik and Bostock grade 2, and poorly differentiated tumors

being Patnaik grade 3 and Bostock grade 1.1,10 In both systems,

poorly differentiated tumors have been associatedwith decreased

survival compared with well-differentiated and intermediately

differentiated tumors; however, they vary in histologic grading

criteria.1,10 Histologic grading criteria used by Bostock included

nuclear:cytoplasmic ratio, mitotic figures, cellular pleomorph-

ism, discreteness of tumor cells, tumor cellularity, and metachro-

matic granules.1 In contrast, Patnaik et al employed cellular

morphology, mitotic index, cellularity, extent of tissue involve-

ment, and the stromal reaction for histologic grading.10

Today, the Patnaik grading system is most commonly used

by diagnostic pathologists in the United States to grade

canine cutaneous MCTs.6,9 According to this system, grade 1

MCTs are composed of rows or clusters of monomorphic

well-differentiated mast cells with round nuclei and medium-

sized cytoplasmic granules and are by definition confined to

the dermis.10 Grade 1 MCTs have no mitotic figures and

minimal stromal reaction or necrosis. Grade 2 MCTs are

moderately to highly cellular and composed of moderately

pleomorphic mast cells with round to indented nuclei and

mostly finely granular cytoplasm that extend to the lower

dermis, subcutis, and occasionally into deeper tissues. Grade 2

MCTs have 0 to 2 mitotic figures per high-power field (hpf),

and some contain areas of edema, necrosis, and hyalinized

collagen. Grade 3 MCTs are highly cellular and composed of

pleomorphic mast cells, with indented to round vesicular nuclei

and 1 to multiple prominent nucleoli, arranged in sheets that

replace the subcutis and underlying tissues. Grade 3 MCTs

have 3 to 6 mitotic figures per hpf and contain areas of hemor-

rhage, edema, necrosis, and hyalinized collagen. According to

Patnaik and colleagues’ original study, 93% of dogs with grade

1 MCTs survived longer than 1,500 days, compared with 47%
of grade 2 and only 6% of grade 3.10

Although histologic grade is considered the gold standard

for MCT prognostication, the predominance of grade 2 MCTs

and interobserver variation are repeatedly cited weaknesses of

the current histologic grading systems.8,9,11,15,16 An additional

criticism of the Patnaik grading schema is that criteria for grade

3 MCT—specifically, the high mitotic rate (3 to 6 mitotic

figures per hpf)—exclude some tumors that are likely to

be biologically aggressive. We conducted a multi-institutional

study in which 95 canine MCTs were histologically graded by

28 experienced surgical veterinary pathologists from institutions

in North America and Europe to address these issues.

Material and Methods

This study used 95 cutaneous MCTs from 95 dogs that had

been submitted to the Diagnostic Center for Population

and Animal Health at Michigan State University between

1998 and 2001. Surgical excision was the only treatment

modality for all MCTs. Clinical history and follow-up data

were available for all dogs. All cases had sufficient tissue for

histologic examination and additional prognostic studies.

History and follow-up information that were obtained for

each case included the following: age at diagnosis, sex, breed,
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weight, diagnostics performed, adjunct medications given at

the time of surgery, tumor duration before removal, tumor

location, number of tumor masses at the time of diagnosis,

additional tumor development, survival time (time from

diagnosis of MCT to time of death), and cause of death, if

applicable. For surviving dogs, follow-up data were obtained

for up to 4 years after surgery. Subsequent tumor development

was divided into 2 groups: MCTs recurring at the original sur-

gical site and MCTs occurring elsewhere (outside the original

surgical margins). All MCTs were fixed in 10% neutral buf-

fered formalin and paraffin embedded at the time of submis-

sion. Five-micron sections were cut and routinely stained

with hematoxylin and eosin for histologic evaluation and tumor

grading.

Slides were graded by 28 pathologists at American and

European surgical pathology services. Pathologists were

instructed to grade all MCTs according to the Patnaik grading

system. In addition, 6 institutions provided additional data

based on internally developed grading systems that were based

on cell morphology only or included a subdivision of grade 2

MCTs into grade 2a (more differentiated) and 2b (less differen-

tiated). All pathologists graded blindly without knowledge of

other pathologists’ grades or the biological behavior.

For statistical analysis, median grades were computed for

each tumor from observations by 28 pathologists using the

Patnaik grading system.10 Consistency among pathologists was

evaluated with the Cronbach alpha test. To determine to cap-

ture interobserver differences, the proportion of pathologists

grading each tumor with a specific grade was calculated. A

series of yes/no grade index variables was created to describe

these proportions. The indices for MCT grades of 3 were as fol-

lows: 3-90, at least 90% of pathologists graded the tumor as a 3;

3-80, at least 80% graded as a 3; 3-70, at least 70% graded as 3;

and 3-50, at least 50% graded as 3. Comparable indices were

generated for grades of 1 and 2. A similar approach was used

for the 6 institutional grading systems.

The significance of association between mortality (MCT

related or any cause, including euthanasia) and grade indices

was assessed with the Fisher exact test, and the direction and

strength of association were reported as the odds ratio with

95% confidence intervals (CIs). CIs whose lower limit was

greater than 1.0 indicated significant positive association

between grade index and mortality; CIs with an upper limit less

than 1.0 indicated significant negative association; and CIs that

included 1.0 indicated no significant association.

Analysis of variance (ANOVA) was used to assess the

association between grade indices and days to additional tumor

development/metastasis (MCTs occurring at distant sites,

outside the original surgical margins) and the association

between grade indices and time to mortality (MCT related or

any cause, including euthanasia) or the end of the study. Sur-

vival curves were plotted for mortality outcomes by the MCT

median grade and by each grade index.

A novel grading system splitting canine cutaneous MCTs

into 2 grades—high grade and low grade—was applied to the

MCTs of this study in another trial. Based on this grading

scheme, a high-grade MCT is characterized by any one of the

following criteria: at least 7 mitotic figures in 10 hpf; at least 3

multinucleated (3 or more nuclei) cells in 10 hpf; at least 3

bizarre nuclei (highly atypical with marked indentations,

segmentation, and irregular shape) in 10 hpf; karyomegaly

(ie, nuclear diameters of at least 10% of neoplastic mast cells

vary by at least two-fold). To assess the parameters, fields were

selected that were the most mitotically active or had the highest

degree of anisokaryosis. MCTs were originally graded by

1 pathologist (M.K.) according to the proposed 2-tier grading

system. The assigned grades were used as the gold standard for

this grading system. All tumors were then graded in a blind trial

by 5 American College of Veterinary Pathologists board certi-

fied veterinary pathologists who had not previously graded or

examined these MCTs. All 5 pathologists had been provided

with the criteria of the new 2-tier grading system but with no

microscopic training. The consistency between the grading of

the 6 pathologists was assessed as previously described. The

association between the novel 2-tier grading system and mor-

tality was assessed with multivariable survival analysis. Initial

univariable analyses were undertaken for the following

explanatory variables: age, sex, presence of multiple masses,

development of additional MCTs or metastasis of tumor, and

novel grading system. All variables significant at P < .05 were

subsequently included in a multivariable Cox proportional

hazards model, with death or euthanasia due to MCT or MCT

complication identified as the outcome event. The multivariable

model was fitted using backward elimination.

A final analysis was undertaken to compare the use of the

Patnaik grading system and the novel 2-tier grading system for

prognostication of mortality. Two Cox proportional hazard

models were performed with Patnaik grading system and novel

grading system included as explanatory variables in both

models but fitted in different orders and the 2 ANOVA tables

were compared.

Results

Ninety-five dogs in this study ranged from 1 to 14 years of age

(mean, 7.3 years; median, 7 years). Fifty dogs were spayed

females; 33 dogs were castrated males; 7 were intact females;

and 5 were intact males. The dogs represented 22 breeds,

including mixed-breed dogs (n ¼ 21), Labrador Retrievers

(n ¼ 21), Boxers (n ¼ 11), Golden Retrievers (n ¼ 10), Pugs

(n ¼ 4), Boston Terriers (n ¼ 3), Cocker Spaniels (n ¼ 3),

Bassett Hounds (n ¼ 3), and 14 other breeds represented by

1 to 2 animals each.

In the 4 years following the first surgical excision of the

MCTs, 10 dogs developed a subsequent MCT at the original

tumor location and 22 developed a MCT at a distant site.

Thirteen dogs died or were euthanized within the follow-up

period because of MCT-associated disease. Eleven dogs died

within the follow-up period because of non-MCT-associated

diseases. Seventy-one dogs were alive at the end of the study.

Based on the Patnaik grading system, there was 74.6%
concordance among pathologists for the diagnosis of grade 3
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MCTs, 63.0% concordance for the diagnosis of grade 2 MCTs,

and 63.1% concordance for the diagnosis of grade 1 MCTs

(Table 1). Greater than 50% of pathologists agreed on the

diagnosis of grade 3 MCT for 9 tumors. These MCTs were

significantly associated with an increased incidence of

MCT-related mortality (Fig. 1) and increased development

of additional MCTs at different sites, as well as shorter survival

times (Tables 2–4). Eighteen MCTs diagnosed as grade 2 MCT

by at least 70% of pathologists were also significantly associ-

ated with an increased MCT-associated mortality and shorter

survival time (Tables 2 and 4). However, when tumors for

which more than 50% of pathologists agreed on the diagnosis

were included (75MCTs), grade 2MCTs were not significantly

associated with MCT-associated mortality or shorter survival

time (Tables 2 and 4). Grade 2 MCTs were not significantly

associated with increased development of additional MCTs at

different sites (Table 3). Grade 1MCTswere not associatedwith

increased incidence of MCT-associated mortality, regardless of

the agreement among pathologists (Table 2). WhenMCTs were

categorized on the basis of theirmedian histologic grade, grade 3

MCTs (but not grade 2 or grade 1 MCTs) were significantly

associated with decreased overall survival times.

None of the individual institutional grading systems

provided prognostically useful information in regard to survival

times, MCT-associated mortality, or development of additional

MCTs at different sites. A consensual subgrade of 2a, represent-

ing microscopically well-differentiated grade 2 MCTs, was

significantly associated with decreased MCT-associated

mortality (Table 5). However, neither grade 2b, representing

microscopically less differentiated grade 2 MCTs, or grade 1

MCTs were significantly associated with MCT-associated

mortality. The majority of tumors were classified as grade 2a

or 3, providing little prognostic differentiation of the studied

population (Table 5).

The lack of consistency in grading MCTs, combined with

the lack of prognostic significance in differentiating grade 1

from grade 2 MCTs, prompted a review of the current grading

criteria and a revised grading system. In review of the morpho-

logic features of those MCTs that had been assigned a median

grade 3, alterations in nuclear morphology or a large number of

mitotic figures were identified as the primary indicators of a

higher grade. Based on the review of the nuclear morphology

and the number of mitotic figures per 10 hpf of all cases,

criteria were defined to differentiate canine cutaneous MCTs

into 1 of 2 grades: high-grade or low-grade MCTs. The choice

of these criteria was informed by the results of previous studies

that established the importance of the number of mitotic figures

per 10 hpf and nuclear morphology for MCT prognosis but did

not find an association between depths of infiltration of

neoplastic mast cells and prognosis.3,5,13,15,16 High-grade

MCTs are characterized by one or more of the following

criteria: at least 7 mitotic figures in 10 hpf, at least 3 multinu-

cleated (3 or more nuclei) cells in 10 hpf, at least 3 bizarre

nuclei (highly atypical with marked indentations, segmentation,

and irregular shape) in 10 hpf; karyomegaly (ie, nuclear

diameters of at least 10% of neoplastic mast cells vary by at least

2-fold). The selected fields were those that were most highly

mitotically active or had the highest degree of anisokaryosis.

All MCTs were graded in another blind trial according to the

proposed 2-tier grading system by 6 pathologists (5 that had not

previously graded these MCTs). Statistics were applied as

previously described.

Using the proposed 2-tier grading system, all 6 pathologists

identified the same 10 MCTs as high-grade tumors. Nine

of these MCTs had been identified as grade 3 MCTs by 50%
of the 28 pathologists who had originally graded them accord-

ing to Patnaik et al.10 Only 7 of these tumors would have been

identified on the basis of the number of mitotic figures alone.

Two pathologists each identified 2 additional MCTs (3 cases)

as high-grade tumors. The survival times for these 3 cases were

between 17 and 19 weeks, and none of these tumors metasta-

sized. The proposed grading system had a 96.8% consistency,

and the weighted average of agreements was 99.3%. Based

on the consensus grade (10 high-grade MCTs), the proposed

2-tier grading system had a significant association between

high-grade MCTs and increased mortality (Table 6, Fig. 2),

as well as increased risk of developing additional tumors/

metastasis (Table 6). There was no significant association of

either grade with the simultaneous occurrence of multiple

tumors (Table 6). High-grade MCTs were significantly

associated with shorter times to additional tumor development/

metastasis (Table 7) and shorter survival times (Table 8). The

median survival time was less than 4 months for high-grade

MCTs; it was more than 2 years for low-grade MCTs.

The multivariable model included the novel grading system

as the only explanatory variable. The hazard of death for

high-grade tumors was 53.8 times (95% CI, 49.83–57.77) that

of low-grade tumors. In addition, the ANOVA table (Table 9)

from the model fitting the proposed 2-tier grading system first

showed that, after fitting this variable, the Patnaik grading

system is not statistically significant (ie, does not contribute

any more to explaining survival). However, when the Patnaik

grading system is fitted first, the proposed 2-tier grading

system is still significant in the model, showing that the system

contains additional statistically significant information about

survival. It is thus a better predictor of survival than the

traditional Patnaik grading system.

Discussion

The results of this study demonstrated significant interobserver

variation in MCT grading among pathologists at various insti-

tutions. Although 74% of pathologists agreed on the diagnosis

Table 1. Assignment of Grades for 95 Canine Cutaneous Mast Cell
Tumors by 28 Pathologists: n (%)

Grade Agree Disagree Total

1 389 (63.15) 227 (36.85) 616
2 1,129 (63.00) 663 (37.00) 1,792
3 188 (74.60) 64 (25.40) 252
Total 1,706 (64.14) 954 (35.86) 2,660
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Figure 1. Survival curves for mortality due to mast cell tumors (MCTs), stratified by median histologic grades according to Patnaik et al10 from
95 cases. Figure 2 Survival curves for mortality due to mast cell tumors (MCTs), stratified by histologic grades of proposed 2-tier grading
system from 95 cases.

Table 2. Mast Cell Tumor–Related Mortality by Percentage Class for Histologic Grades According to Patnaik From 95 Cases

Mortality, % Odds Ratio

Class n In Class In Other Classes w2 P Fisher P Point Estimate CI

Grade 3
> 90% 3 100.00 10.87 19.33 < .0001 .0021 55.00 –
> 80% 3 100.00 10.87 19.33 < .0001 .0021 55.00 –
> 70% 5 100.00 8.89 32.94 < .0001 < .0001 106.70 –
> 50% 9 77.78 6.98 34.21 < .0001 < .0001 46.67 7.9–275.9

Grade 2
> 80% 5 60.00 11.11 9.48 .0021 .0174 12.00 1.8–80.7
> 70% 18 38.89 7.79 11.81 .0006 .0024 7.53 2.1–26.6
> 50% 75 17.33 0.00 3.97 .0462 .0635 8.86 –

Grade 1
> 80% 4 0.00 14.29 0.66 .4183 1.0000 0.65 –
> 70% 5 0.00 14.44 0.83 .3629 1.0000 0.52 –
> 50% 23 0.00 18.06 4.76 .0291 .0335 0.09 –

a Confidence interval—reported only where odds ratio is estimable.

Table 3. Days to Development of Additional Mast Cell Tumors or Metastasis by Percentage Class for Histologic Grades According to Patnaik
From 95 cases

Class n In Class, Mean Other Classes, Mean

Analysis of Variance Wilcoxon Rank–Sum

F P w2 P

Grade 3
> 90% 3 0.87 2.42 0.22 .6391 1.72 .1902
> 80% 3 0.87 2.42 0.22 .6391 1.72 .1902
> 70% 5 4.42 2.25 0.71 .4023 6.90 .0086
> 50% 9 4.12 2.18 0.98 .3254 7.90 .0049

Grade 2
> 80% 5 5.12 2.22 1.28 .2606 3.30 .0695
> 70% 18 2.51 2.34 0.01 .9085 0.15 .6951
> 50% 75 2.42 2.18 0.03 .8631 0.11 .7434

Grade 1
> 80% 4 4.50 2.27 0.60 .4390 0.08 .7827
> 70% 5 3.60 2.30 0.25 .6155 0.00 1.0000
> 50% 23 2.61 2.29 0.06 .8109 0.01 .9391

Kiupel et al 151

by guest on May 8, 2011vet.sagepub.comDownloaded from



178 ONCOlogisch Treffen

of grade 3 MCTs, only 63% agreed on the diagnoses of grade 1

and grade 2 MCTs. This degree of interobserver variation

suggests that the current histologic grading system is unreliable,

as previously reported.7,8

A second concern highlighted by the results of this study is

that grade 2 MCTs accounted for 53% of the grades, which pro-

vides little prognostic information. According to the original

work by Patnaik et al, 44% of patients with grade 2 MCTs were

alive at 1,500 days.10 Therefore, based on these percentages, an

animal with a histologic grade 2 MCT has a 56% chance of

dying within 5 years of diagnosis and a 44% chance of surviv-

ing past 5 years. The diagnosis of grade 2 MCT adds little prog-

nostic value to clinicians, because there is nearly a 50/50

chance of survival by 5 years in these patients. Moreover, there

Table 4. Survival Time in Months by Percentage Class for Histologic Grades According to Patnaik From 95 Cases

Class n In Class, Mean Other Classes, Mean

Analysis of Variance Wilcoxon Rank–Sum

F P w2 P

Grade 3
> 90% 3 1.87 23.04 10.0 .0021 7.42 .0064
> 80% 3 1.87 23.04 10.0 .0021 7.42 .0064
> 70% 5 5.12 23.32 12.33 .0007 9.20 .0024
> 50% 9 10.27 23.63 11.30 .0011 9.42 .0021

Grade 2
> 80% 5 12.14 22.93 3.99 .0486 2.30 .1293
> 70% 18 15.57 23.95 7.70 .0067 5.62 .0178
> 50% 75 21.41 25.96 2.33 .1307 1.83 .1766

Grade 1
> 80% 4 30.05 22.02 1.74 .1902 1.86 .1731
> 70% 5 24.24 22.26 0.13 .7207 0.24 .6229
> 50% 23 26.68 21.06 3.92 .0506 3.39 .0655

Table 5.Mast Cell Tumors–Related Mortality by Percentage Class for Histologic Grades According to Institutional Grading System That Uses a
Subclassification for Grade 2 Mast Cell Tumors From 95 Cases

Gradea n

Mortality, %

w2 P Fisher P

Odds Ratio

In This Class In Other Classes Point Estimate CI

3 6 66.67 10.11 15.06 .0001 .0029 17.78 2.85–111.04
2b 4 25.00 13.19 0.45 .5033 .4506 2.19 0.21–22.85
2a 50 2.00 26.67 12.08 .0005 .0005 0.06 0.01–0.45
1 3 0.00 14.13 0.49 .4857 1.0000 0.84 0.04–17.22

a More than 50% of 6 observers reported this grade. CI, confidence interval.

Table 6. Mortality, Mast Cell Tumor–Related Mortality, Occurrence of Multiple Tumors, and New Mast Cell Tumor Development/Metastasis
by Percentage Class for Histologic Grades According to the Proposed 2-Tier Grading System From 95 Cases

Grade n

Outcome, %

w2 P Fisher P

Odds Ratio

With With Other Point Estimate CI

All mortality
High 10 90.00 10.00 24.55 < .0001 < .0001 1.58 1.16–2.15
Low 85 17.65 82.35

MCT mortality
High 10 90.00 10.00 54.53 < .0001 < .0001 3.21 1.42–7.26
Low 85 4.71 95.29

Multiple tumors
High 10 10.00 90.00 0.00 .9545 1.0000 0.94 0.11–8.29
Low 85 10.59 89.41

New MCT development/metastasis
High 10 70.00 30.00 13.64 .0002 .0011 1.41 1.05–1.85
Low 85 17.65 82.35
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is a tendency for pathologists to opt for a grade 2 when

confronted with a tumor that is borderline between grade 1

and 2. Based on these results, in nearly 50% of MCTs

diagnosed, histologic grading offers little prognostic value

owing to the ambiguity of its histologic grade. Therefore,

it was not just a lack of consistency but also a predomi-

nance of the ambiguous grade 2 MCT categorization that

needed to be addressed in redefining the histologic classification

of canine MCTs.

In our opinion, a solution to interobserver variation in

histologic classification and the predominance of grade 2

MCTs is a 2-grade histologic classification system based on

simple microscopic criteria. According to the data presented

here and in previous studies,7,8 the most significant variation

in grading was between grade 1 and grade 2 MCTs when based

on the Patnaik system. When these tumors were categorized on

the basis of median histologic grades of the Patnaik system,

neither grade 1 nor grade 2 MCTs were significantly associated

with increased incidence of MCT-associated mortality or

decreased overall survival. The lack of distinction between

grade 1 and grade 2 MCTs (as indicated by the interobserver

variation) and the lack of association between grade 1 and

grade 2 MCTs and survival suggest that these might not be

dichotomous groups but instead represent a spectrum of low-

grade MCTs. A 2-grade system of low-grade and high-grade

MCTs may be more appropriate and of greater clinical utility.

A 2-grade system with clear histologic grading criteria

eliminates the ambiguity of intermediate grade MCTs.

A key distinguishing feature between grade 1 and grade 2

MCTs in the Patnaik grading system is the extension of

neoplastic mast cells below adnexa into the subcutis.10 Some

pathologists use this criterion as the principal differentiating

feature between grade 1 and grade 2 MCTs. Tumor invasive-

ness has been evaluated as an independent prognostic indicator

in 2 studies. In one, tumors that had marked invasion into the

subcutis and deeper tissues were associated with decreased

cancer-free intervals and survival times, compared with tumors

that were moderately invasive, as defined by extension into the

lower dermis and minimal extension into the subcutis.11

Tumors confined to the superficial dermis, a defining feature

of Patnaik grade 1 MCTs, were not included in that study.

A second study characterized tumors as being confined to the

superficial dermis, extending into the subcutis, isolated in the

subcutis, or extending into the underlying musculature.5 That

study found no association between tumor depth and patient

survival, suggesting that MCTs in the subcutis are not necessa-

rily associated with a worse prognosis.5 Therefore, it may be

more appropriate to use morphologic features of neoplastic

cells, such as nuclear size, chromatin pattern, nucleoli, the pres-

ence of multinucleated (3 or more nuclei) cells, and the number

of mitotic figures in histologic grading, while avoiding the use

of tumor depth.

Table 7. Weeks to New Tumor Development or Metastasis by Percentage Class for Histologic Grades According to the Proposed 2-Tier
Grading System From 95 Cases

Grade n

Weeks Analysis of Variance Wilcoxon Rank–Sum

Mean Median F P w2 P

High 8 6.30 3.00 1.50 .2242 10.45 .0012
Low 14 12.41 13.65

Table 8. Survival Time in Months by Percentage Class for Histologic Grades According to Proposed 2-Tier Grading System From 95 Cases

Score n

Months Analysis of Variance Wilcoxon Rank–Sum

Mean Median F P w2 P

High 10 6.29 3.65 25.53 < .0001 18.59 < .0001
Low 85 24.26 23.00

Table 9. Analysis of Variance for Cox Proportional Hazard Model Assessing the Association of Proposed 2-Tier Grading System and Patnaik
Grading System on Survivala

Variable Log Likelihood w2 P

Model 1 Null –56.83
Proposed grading systema –37.71 38.24 < .001
Patnaik grading systemb –37.61 0.20 .66

Model 2 Null –56.83
Patnaik grading systemb –44.88 23.90 < .001
Proposed grading systema –37.61 14.54 < .001

a df ¼ 1, b df ¼ 2.
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The proposed 2-tier grading system is based on the number

of mitotic figures in combination with karyomegaly, multinu-

cleated (3 or more nuclei) cells, or bizarre nuclei (highly

atypical nuclei with marked indentations, segmentation, and

irregular shape). Even though the number of mitotic figures has

been documented as a single prognostic parameter,3,14 the

novel grading system identified 3 MCTs as high grade that

would not have been diagnosed as such based on number of

mitotic figures alone. Reported cutoff points for mitotic figures

per 10 hpf vary from 5 to 10; unfortunately, those cutoff points

were selected rather than statistically determined.1,13 In

addition, a validation study identified up to 0.6 mitotic figures

per 10 hpf in grade 1 tumors and 7 mitotic figures in grade 3

tumors.3 A conservative cutoff point of 7 mitotic figures per

10 hpf was selected for the new grading system given that light

microscopes vary in their field of view, with recent models

having wider fields, resulting in a higher mitotic count per hpf.

Until prospective studies can refine the cutoff points, the data

presented here support the selected value.

Using the proposed 2-tier system, pathologists were able to

identify biologically aggressive MCTs with higher consistency

and less ambiguity than when applying a 3-tier system.

However, the consistency of data are based on a smaller study

group, and the newly proposed grading system should be

further validated in a prospective trial. Furthermore, as has

been previously shown, the morphologic assessment of canine

cutaneous MCTs has limitations.11,13,17,18 Especially with the

development of novel therapies targeting specific receptors,

such as tyrosine kinase inhibitors, other parameters have

become more important for determining the most appropriate

therapy for canine cutaneous MCTs.17 However, a recent study

documented that high-grade MCTs lacking mutations or

aberrant KIT expression responded to a chemotherapy protocol

composed of vinblastine and prednisone.19

The proposed 2-tier grading system should be applied as an

initial screening tool at the time of routine histologic examina-

tion and diagnosis of a cutaneous MCT. With this grading

system, those tumors that pose a high risk of aggressive

behavior can be immediately identified, which would allow the

owner and veterinary clinician to request supplemental testing

(eg, expressionofKITor screening for c-KITmutations) to select

themost appropriate therapy. Low-grade tumors should be clini-

cally monitored and further prognosticated with proliferation

markers, KIT expression, analysis of c-KIT mutations, and so

on, to determine the risk of metastases and to select treatment.
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Mastocytoma in the Dog and Cat: Clinical Oncology

Douglas H. Thamm, VMD, DACVIM (Oncology)
Associate Professor of Oncology, Colorado State University 

INTRODUCTION 
Mast cell tumour (MCT) represents the most common malignant cutaneous
tumour in the dog, and the second most common cutaneous tumour in the cat.
There is a large degree of variation in the histologic appearance and biologic
behaviour of MCT, ranging from histologically and behaviourally benign to his-
tologically and behaviourally malignant. However, 65 to 80% of MCT will remain
local diseases. Knowledge of the signs associated with worrisome prognosis, and
the steps to take to address the potential for recurrence and/or metastasis, can
help to simplify the approach to this sometimes frustrating neoplasm. Likewise,
newer information regarding local and systemic treatment of MCT has increased
the management options available for veterinarians and owners to consider.

CANINE MCT 
PREVALENCE AND RISK FACTORS
Mast cell tumours (MCT) represent the most common cutaneous tumour in the
dog, accounting for between 16 and 21% of all cutaneous tumours. MCT are pri-
marily a disease of older dogs with a mean age of 9 years. Most occur in mixed
breeds; however, boxers, Boston terriers, Labrador retrievers, beagles, and
schnauzers have all been reported to be predisposed. While boxers and other
brachycephalic breeds may be are at increased risk for MCT development, they
more commonly develop histologically low or intermediate grade forms of the
disease, which carry a more favorable prognosis. Anecdotally, Shar Peis have
been reported to have a tendency to develop aggressive MCT. No sex predilection
has been reported. 
The aetiology of MCT in the dog is for the most part unknown. Evidence is lack-
ing for a viral aetiology, and no contributing environmental factors have been
identified.

DIAGNOSIS 
Canine MCT have been referred to as “the great pretender”, because they can
look and feel like anything. This can include soft, subcutaneous masses that can
feel exactly like lipomas. Thus, needle aspiration cytology should be offered for
any lump or bump encountered. Cytology is sufficient to achieve a diagnosis of
MCT in approximately 90% of dogs. The classic appearance is a population of
large round cells with central nuclei and abundant cytoplasm, with characteris-
tic blue-purple cytoplasmic granules. Granules will not be visible in approxi-
mately 10% of MCT, which may confound the diagnosis in a small number of
cases. It is common to see other inflammatory cells, such as eosinophils and neu-
trophils, admixed with the MCT cells. 
When a presumptive diagnosis of MCT is made, it is useful to perform needle
aspiration cytology of the regional lymph node at the same time, whether or not
it feels enlarged, to rule out early metastasis.

TO STAGE OR NOT TO STAGE
The majority of canine MCT, while locally aggressive, are unlikely to metastasize.
Having an idea of which are likely to behave aggressively prior to surgery may
help to identify those patients in which additional staging, to rule out disease
elsewhere, should be undertaken preoperatively.
Prior studies have identified several prognostic factors associated with MCT: (1)
Histologic grade is one of the strongest - dogs with high-grade (grade III) tumours
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may die of their disease rapidly despite appropriate local therapy; however, this
information is not available until after resection unless incisional biopsy is per-
formed; (2) Clinical stage - Dogs with metastasis to regional lymph nodes or
other structures at presentation have a less favorable long-term prognosis; (3)
Location - Tumours in the preputial, perianal, oral, subungual (nail bed) and
other mucocutaneous sites classically have worse prognoses; (4) Recurrence fol-
lowing initial surgical excision is a negative prognostic indicator; (5) The pres-
ence of systemic signs (anorexia, vomiting, hematemesis, melena) is a strong
negative prognostic indicator, as it often indicates systemic dissemination; (6)
Recent rapid growth or tumour ulceration are also worrying signs.
Animals with tumours displaying these criteria may have a higher likelihood of
metastasis, and thus a thorough search for disease elsewhere is reasonable prior
to undertaking definitive therapy. This may also be reasonable in lower-risk
patients if very expensive or aggressive treatment is likely to be necessary, or if
the tumour is in a location not amenable to wide surgical excision. In the
absence of these factors, it is reasonable to proceed immediately to appropriate-
ly aggressive surgical excision (See below).
Complete staging for canine MCT should include cytologic evaluation of the
regional lymph node, abdominal ultrasound, and thoracic radiographs. Of these
tests, abdominal ultrasound and lymph node cytology are the most likely to yield
important results. Cytology of sonographically abnormal lymph nodes or organs
in the abdomen is indicated, however aspirates of structurally normal liver and
spleen can be challenging to interpret, as these organs can contain normal resi-
dent mast cells. If radical, expensive or potentially disfiguring surgery is being
contemplated, an incisional biopsy may also be considered for histologic grad-
ing, if it will change the surgical approach or the owners’ willingness to pursue
therapy. The utility of other tests such as bone marrow aspiration cytology and
buffy coat smear is questionable at best.
If no evidence of disease elsewhere is found, appropriate local therapy can be
pursued. Identification of disease in the regional lymph node means that this
should be removed as well at the time of surgery, and that additional systemic
therapy should be considered irrespective of histologic grade. Identification of
disease beyond the regional lymph node usually means that surgery will be of
little or no benefit.

SURGERY FOR MAST CELL TUMOURS
Even well-differentiated MCT are associated with aggressive local tissue infiltra-
tion. Thus, it is necessary to include a generous margin of normal-appearing tis-
sue on all sides of the tumour (including deep) to ensure that any microscopic
nests of tumour are removed. The standard recommendation is to remove a min-
imum of 3 cm of normal-appearing tissue 360 degrees around the tumour, and
at least one normal fascial plane deep. The entire specimen should be submitted
in one piece, preferably with the margins inked, so that the pathologist can
assess all margins for adequacy of excision. There is accumulating information,
however, that surgical margins less than 3 cm may be sufficient in “tight spots”.
This seems especially true for low/intermediate grade tumours, and those that
are fairly small in diameter.
When necessary, very aggressive or radical surgical procedures, such as amputa-
tion or body wall resection, are reasonable to consider. Prior to contemplating
procedures such as these, complete staging is recommended, and incisional
biopsy for determination of histologic grade may be helpful if it will alter the
owner’s willingness to proceed. When dealing with a low or intermediate-grade
tumour, very aggressive surgery is reasonable because the likelihood of metasta-
sis is low. The question of whether or not to administer perioperative histamine
blockers is a matter of personal choice. The risk of a serious degranulation reac-
tion is very small unless the tumour is extensively handled (which should not
happen if 3 cm of normal tissue is removed!).
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INTERPRETING THE PATHOLOGY REPORT
Three equally important pieces of information need to be gleaned from the
pathology report: (1) Histologic grade; (2) Adequacy of surgical margins, and; (3)
Mitotic index. If only a representative piece of the tumour is submitted, margins
cannot be evaluated and the utility of the report is reduced. Pathologists often
utilize a numeric grading scheme, where “Grade I” is well-differentiated and
“Grade III” is poorly differentiated, however some pathologists will now utilize
words such as “low, intermediate or high-grade” or “well, poorly or intermediate-
ly differentiated” in place of a numerical scale. If information regarding grade,
margins or mitotic index is not provided, it should be requested from the patho-
logist.
Low or intermediate grade MCT with complete surgical margins usually require
no further therapy, as the risk of recurrence or metastasis is only approximately
10%. However, regular rechecks for recurrence, metastasis, or new cutaneous
masses is indicated. Low or intermediate grade tumours with incomplete surgi-
cal margins have a high chance of recurrence, but a low chance for metastasis.
Thus, further aggressive local therapy is reasonable. When possible, immediate
re-excision of the surgical scar (and an additional 3 cm tissue in all directions
and another fascial plane deep) is the most useful treatment. The entire excised
tissue should be inked and re-submitted for histopathology. When this is not pos-
sible, the next best option would be the use of radiation therapy. Chemotherapy
may be useful to delay or prevent recurrence in cases where additional surgery
or radiation therapy is not possible or has been declined.
High grade MCT with complete surgical margins have a low chance for recur-
rence, but a high chance for eventual metastasis. Systemic therapy (e.g.
chemotherapy) can be offered in an attempt to delay or prevent this. High grade
MCT with incomplete margins have a high likelihood of both recurrence and
metastasis: Therapy designed to address both of these possibilities (e.g. addition-
al surgery or radiotherapy, with chemotherapy) is optimal. 
There is new information from 2 separate studies that assessment of mitotic
index (a measure of the rate of proliferation, which can be assessed on any his-
tology slide) may be a strong predictor of outcome, identifying intermediate
grade tumours at higher risk of metastasis. The most commonly utilized mitot-
ic index cutoff for distinguishing between “high-risk” and “low-risk” canine MCT
is 5 mitoses per 10 high-powered fields: in one study, dogs undergoing surgery
for MCT with less than 5 mitoses/hpf had a median survival time of 70 months,
whereas those with more than 5 mitoses/hpf had a median survival time of 2
months. 

SPECIAL STAINS AND GENETIC TESTS
A variety of specialized histochemical or immunohistochemical tests for assess-
ment of proliferation (agyrophilic nucleolar organizer region, or AgNOR stain-
ing, Ki67, and proliferating cell nuclear antigen, or PCNA) have been evaluated
for their predictive value and have likewise been demonstrated to correlate well
with postsurgical outcome. However, it is not clear as yet whether these more
cumbersome assessments provide any more prognostic information than that
provided by simple assessment of mitotic index.
Recently, expression of KIT, a tyrosine kinase receptor for the hematopoietic
growth factor stem cell factor (SCF), has been demonstrated in canine and feline
MCT. Several studies have demonstrated, in 20-40% of canine MCT, the presence
of mutations in the c-kit gene, leading to constitutive activation in the absence of
bound SCF. Multiple investigators have evaluated the prognostic significance of
the presence of c-kit gene mutations or alterations in the subcellular localization
of the KIT protein, in canine MCT. In the majority of these studies, MCT possess-
ing c-kit gene mutations or altered subcellular localization as assessed by
immunohistochemistry (e.g. a shift from the normal membranous location to an
intracellular location) are associated with an inferior prognosis when compared
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to those with wild-type c-kit and normal KIT protein localization. Both c-kit gene
sequencing and KIT protein immunohistochemistry are available through mul-
tiple academic laboratories in the U.S. KIT protein immunohistochemistry is
available in the UK; however, c-kit gene sequencing is not available as yet.

CAUTION OWNERS AGAINST A “WAIT AND SEE” APPROACH
The importance of addressing the potential for local recurrence the very first
time the tumour appears cannot be overstated. Owners should be strongly cau-
tioned against adopting a “wait and see” attitude, with the intent of becoming
more aggressive if/when the tumour grows back. Recurrent tumours are likely to
grow more quickly, invade more deeply, and are more likely to ulcerate or
become painful. In a recent study, dogs with MCT that were locally recurrent at
the time systemic therapy was started were more than 4 times more likely to die
as a result of MCT than dogs that started appropriate therapy at the first occur-
rence.

RADIATION THERAPY
Radiation therapy (RT) has proven to be a very effective local treatment modali-
ty when combined with “marginal” surgical excision for canine MCT. The major-
ity of “curative intent” or “full-course” RT protocols in common use involve a
series of 10 to 25 treatments delivered either Monday through Friday or three
days per week for several weeks. 2-year control rates of 85 to 90% can be expect-
ed when incompletely excised low- or intermediate-grade MCT are treated with
such RT protocols. “Coarsely fractionated” or “palliative” protocols, e.g. once-
weekly RT, is also utilized for MCT; however, limited information exists regarding
their efficacy. Radiation therapy to bulky tumours is consistently less effective
than RT to microscopic disease, with one-year control rates of approximately 50%.
Animals receiving RT can develop varying degrees of a “sunburn-like” reaction at
the site where the radiation is delivered. These can range from mild erythema
and pruritus to moist, oozing or ulcerated skin. Many animals will need to wear
an Elizabethan collar to prevent self-trauma and/or receive oral antibiotics or
analgesics during this period. These effects typically do not start until the sec-
ond or third week of treatment and are resolved within 2-4 weeks after the com-
pletion of RT. The animal can be left with an area of irradiated skin that is per-
manently hairless, the hair may grow back only partially, and may turn white
within the radiation field. Chronic, long-term side effects are rare, but are more
likely to occur with “palliative” protocols consisting of large weekly fractions.

CHEMOTHERAPY
Animals with undifferentiated MCT, MCT that have metastasized, or tumours in
a historically unfavorable location (see above) may benefit from the addition of
some form of systemic therapy to appropriate local therapy to attempt to delay
or prevent metastasis. In addition, aggressive surgery or RT may be cosmetically
unappealing or financially impossible for some owners. Similarly, dogs with
multifocal or metastatic disease may not be candidates for surgical treatment.
Multiple studies have been published investigating various systemic therapies
for measurable canine MCT, the results of which are summarized in Table 1.

Systematic evaluation of postoperative treatment for MCT at high risk of metas-
tasis remains understudied. Historically, this “high-risk” designation includes
high-grade/anaplastic MCT, MCT arising from mucous membranes, and MCT
with regional metastasis. Recent evidence suggests that MCT with high indices
of proliferation, as assessed via immunohistochemical means or assessment of
mitotic index, may be candidates for postoperative chemotherapy as well, irre-
spective of grade.
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Table 1. Response to Medical Therapy in Measurable Canine Mast Cell Tumours

a CR = Complete response
b PR = Partial response
c ORR = Overall response rate
d NR = Not reported
e Excludes patient that experienced a CR, euthanized without evidence of dis-
ease after 440 days
f P/C/V = prednisone/cyclophosphamide/vinblastine
g COP-HU = cyclophosphamide/vincristine/prednisone/hydroxyurea

Three studies have been published evaluating the efficacy of chemotherapy with
prednisone and vinblastine (VBL) in the prevention of recurrence or metastasis
in the post-surgical setting. 

Prednisone and VBL administration - Prednisone is administered orally at an ini-
tial dose of 2 mg/kg daily, for the first week, and this dose is tapered and discon-
tinued over approximately 3 months. VBL is given as a rapid intravenous bolus
at 2 mg/m2 every 1-2 weeks. The standard postoperative protocol consists of
weekly injections for 4 weeks, followed by 4 biweekly injections. 

Adverse Effects - Adverse effects are noted in approximately 20% of patients, usu-
ally after the first dose of VBL. These are mild in most. Mild adverse effects
include self-limiting vomiting, neutropenia without evidence of sepsis (7-day
neutrophil count less than 1,000/µL), or lethargy/soft stool. Severe adverse effects
occur in only approximately 5% of patients.

Efficacy - Although randomized, placebo-controlled clinical trials are lacking,
there is accumulating evidence from single-arm studies that adjuvant therapy
for MCT at high risk for metastasis can improve patient outcome. In one study,
27 dogs with incompletely or marginally resected MCT, mostly of intermediate
grade, were treated with prednisolone and VBL chemotherapy. Only one dog
(3.7%) experienced local recurrence, and four (15%) developed another cutaneous
MCT. A second study evaluated the use of postoperative prednisone and VBL for
dogs with MCT considered to be at high risk for metastasis (node-positive, mucous
membrane origin, or high histologic grade). In this study, dogs with high grade
MCT had a median survival time of 1374 days. A third study reported 70% 1- and 2-
year disease-free survival percentages following prednisone/VBL in high-grade MCT.

Agent(s) Number %CRa %PRb %ORRc Median Resp.

Treated Duration

Prednisone 25 4% 16% 20% NRd

Vincristine 27 0% 7% 7% NR

CCNU (Lomustine) 21 6% 38% 44% 79 de

Pred/Vinblastine 17 33% 13% 47% 154 d

P/C/Vf 11 18% 45% 63% 74 d

COP-HUg 17 23% 35% 59% 53 d

Pred/VBL/CCNU 37 24% 32% 57% 52 wks

Pred/VBL/CCNU 17 29% 35% 64% 141 d / 66 d (CR/PR)

LDI-100 46 14% 14% 29% NR

Calcitriol 10 10% 30% 40% 74-90 d

Hydroxyurea 46 4% 24% 28% 46 d (for PRs)

Pred/Chlorambucil 21 14% 24% 38% 533 d
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Interestingly, one study suggested a profound difference between the outcome of
a high-grade tumour and an intermediate-grade tumour with lymph node
metastasis. Despite the presence of lymph node metastasis, 90% of patients with
grade II tumours with positive lymph nodes were disease-free at one year.
Patients with grade III tumours treated in the adjuvant setting had 2-year sur-
vival rates of 60%. This appears to be a significant improvement over historical
data employing surgery alone, which report a median survival of 8 months and
a 2-year survival percentage of less than 15%. 
There is information suggesting that many dogs may tolerate doses of VBL in
excess of 2 mg/m2. It remains to be seen if dose-escalation of VBL will translate
into improved efficacy. Several investigators have reported on the efficacy of
postoperative therapy with other drugs e.g. prednisone/lomustine,
VBL/cyclophosphamide/prednisone, or VBL/lomustine/prednisone for postopera-
tive MCT therapy, also with encouraging results.
Lomustine and prednisone was used to treat 10 dogs with incompletely resected
grade II MCT. No dogs developed recurrence or regional / distant metastases,
with 1 and 2 year progression free rates in surviving dogs of 100 and 77% respec-
tively. However, 2 dogs died of liver toxicity. Typically, lomustine is dosed at
around 70 mg/m2 every 21 days. A serum biochemistry profile should be checked
prior to each dose. If the ALT reaches >4x the top of normal range, treatment
should be stopped. If the ALT starts to rise, liver protective agents such as
SAMe/silymarin should be considered. Myelosuppression can be marked with
lomustine (particularly neutropenia) and a CBC is recommended 7 days after the
first dose and prior to subsequent doses. Nephrotoxicity is reported rarely with
lomustine.
A combination of lomustine and VBL has been used both in the macroscopic dis-
ease setting and for residual microscopic disease. Fifty-six dogs were treated, 37
with macroscopic disease and 20 with microscopic disease (the latter were
aggressive grade IIs or III). Lomustine was administered at approximately 50-60
mg/m2 alternating with VBL at 2 mg/m2. Dogs with microscopic disease had a
median progression free survival time of 35 weeks and an overall survival of 48
weeks. 
The combination therapy using cyclophosphamide, VBL and prednisone also
showed promising results for both dogs with gross disease and in the microscop-
ic residual disease setting / dogs considered at high risk of recurrence. For ani-
mals with microscopic disease, the PFST was 865 d and >2092 d, (however it
should be noted that this patient group is not comparable with the lomustine
VBL study above, since in the CVP study, 63% of dogs in group 2 either had clean
margins or received RT). 
This protocol consisted of:
Vinblastine IV q 3 weeks on day 1 of the protocol
Cyclophosphamide 200-250 mg/m2 q 3 weeks either orally divided over days 8-11
or IV on day 8 (furosemide was administered at 2.2 mg/kg if given IV)
Prednisolone 1 mg/kg daily, gradually tapering over several weeks.

ANCILLARY THERAPY
Although these measures have no direct effect on tumour growth, ancillary therapy
for the systemic effects of MCT related to degranulation is sometimes recommended.
Mast cell tumour associated local swelling, erythema and pruritus is primarily medi-
ated through histamine H1 receptors, while histamine-induced gastrointestinal
ulceration is primarily mediated through H2 receptors. Blocking the histamine’s
effects of release can be accomplished by administering the H1 blockers diphenhy-
dramine (2 - 4 mg/kg PO or IM q 8-12 hours) or chlorphenamine PO or IM and the H2
blockers cimetidine (4-5.5 mg/kg PO or IV q 6-8 hours), famotidine (0.5-1 mg/kg PO,
SQ or IV q 12 hours) or ranitidine (2 mg/kg PO, SQ or IV q 8-12 hours). Omeprazole
(0.5-1 mg/kg PO q 24 hours), a proton pump inhibitor, is equally effective in MCT,
although it may take several days to maximally inhibit gastric acid production. 
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The use of these agents is generally reserved for those cases where: (1) Systemic
signs of illness are present; (2) The tumour is likely to be incised or extensively
manipulated at surgery (i.e. cytoreductive surgery); (3) Treatment is undertaken
where gross disease will remain and tumour degranulation is likely to occur in
situ (e.g. RT or chemotherapy for tumours that are not cytoreduced). These agents
are not routinely used for cases where wide surgical excision is to occur without
excessive manipulation of the tumour itself. For cases with active evidence of
gastrointestinal ulceration, the addition of sucralfate (0.5 to 1.0 g PO q 6-8 hours)
and occasionally misoprostol (2-4 ug/kg PO q 8 hours) to histamine blockers is
prudent. 
Some experimental data suggest that the use of H1 and H2 blockers could also
be beneficial for the prevention or resolution of histamine-mediated wound
breakdown, but this has not been systematically evaluated. The use of protamine
sulfate, a heparin antagonist, has been mentioned anecdotally for use in cases of
severe intraoperative or therapy-induced hemorrhage. 

RECEPTOR TYROSINE KINASE INHIBITORS
Introduction
Cancer is a disease characterized by dysregulated growth, abridged cell death,
and enhanced cell migration, invasion and angiogenesis. While the molecular
mechanisms responsible for conferring this phenotype are very diverse, one of
the classes of molecule that has been receiving a great deal of recent attention
as a potential target for therapy are the receptor tyrosine kinases (RTKs). These
are cellular receptors for extracellular growth factors that facilitate communica-
tion from the extracellular milieu to the cell interior, mediating functions such
as growth, survival, invasion and angiogenesis. A panoply of different RTKs are
expressed by almost all tumour cells, but they can play variable roles in the
pathogenesis of the disease. 
Most RTKs exist as monomers, which homodimerize or heterodimerize upon con-
tact with the appropriate ligand, inducing a conformational shift that allows
phosphorylation of tyrosine residues in the intracellular domain. This then trig-
gers several different intracellular second messenger cascades, culminating in
altered gene expression and, often, a more malignant phenotype (Fig. 1).

Figure 1. Diagram of a generic receptor tyrosine kinase

There are several new cancer drugs currently available on the human market
that act by inhibiting signaling through one or more RTKs, and many more are
in late-stage clinical development (see below). In addition to their potential for
off-label use in veterinary cancer patients, RTK inhibitors specifically labeled
for use in veterinary patients are now available. Thus, an understanding of this
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class of protein and the drugs designed to inhibit RTK signaling will be critical
as veterinary oncology advances in the next decade.

RTK Activation
Under most normal circumstances, activation of RTKs occurs only when the
receptor encounters the appropriate ligand in the extracellular milieu. However,
there are a variety of mechanisms by which RTKs can be inappropriately activat-
ed. These include: (1) Production of the ligand by the tumour cells themselves
(autocrine stimulation); (2) Overexpression of the RTK, leading to spontaneous
dimerization; (3) Mutations in the RTK, leading to constitutive activation in the
absence of bound ligand. Any of these alterations can result in inappropriate sig-
naling through the receptor, leading to an enhanced oncogenic phenotype. 

RTK Inhibition And Human Cancer
One of the first tyrosine kinases to be definitively implicated in human tumouri-
genesis and successfully inhibited was the bcr-abl fusion protein (the product of
the so-called Philadelphia chromosome translocation), demonstrated to be pres-
ent and functional in many cases of chronic myelogenous leukemia (CML). This
chimeric protein fuses the activation domain of the Bcr protein to the kinase
domain of the Abl protein, rendering it constitutively active and capable of sig-
naling at all times, providing an unending stimulus for cell proliferation and
protection against cell death (apoptosis). Given the dependence on this fusion
kinase for proliferation and survival in CML cells, an effort was made to find a
drug capable of specifically inhibiting this signaling. This culminated in the dis-
covery of a small molecule called STI571 (also called imatinib mesylate or
Gleevec‚). This molecule was capable of potently inhibiting signaling through
the Abl kinase, resulting in diminished CML cell proliferation and enhanced cell
death. This molecule showed excellent antitumour activity and a good safety
profile in humans with CML, and is currently approved for that indication.
Since the successful approval of imatinib, many additional RTK inhibitors have
been approved for use in human cancer (Table 2).

Table 2. RTK Inhibitors Approved for Human Use

Name Class Targets Indication

Imatinib (Gleevec®) Small molecule Bcr-Abl, Kit, PDGFR Chronic myelogenous
leukemia (CML),
gastrointestinal
stromal tumour (GIST)

Trastuzumab Monoclonal HER2 (erbb2) Breast cancer
(Herceptin®) antibody

Gefitinib (Iressa®) Small molecules EGFR Lung cancer
Erlotinib (Tarceva®)

Cetuximab (Erbitux®) Monoclonal EGFR Colorectal cancer
antibody

Bevacizumab Monoclonal VEGFR2 Colorectal cancer
(Avastin®) antibody

Sorafenib (Nexavar®) Small molecule Kit, FLT3, VEGFR2/3, Renal cell carcinoma
PDGFR (RCC)

Sunitinib (Sutent®) Small molecule Kit, FLT3, VEGFR1-3, RCC, GIST
PDGFR, CSF-1R, RET

Dasatinib (Sprycel®) Small molecule Bcr-Abl, Src, KIT, EPHA2, CML, ALL
PDGFR

Nilotinib (Tasigna®) Small molecule Bcr-Abl, Kit, PDGFR CML

Lapatinib (Tykerb®) Small molecule EGFR, HER2 Breast cancer

Panitumumab Monoclonal EGFR Colorectal cancer
(Vectibix®) antibody

Pazopanib (Votrient®) Small molecule VEGFR1-3, PDGFR, KIT Renal cell carcinoma
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RTKs and Angiogenesis
There are a group of RTKs that mediate the growth of new blood vessels (angio-
genesis) in tumours. These include receptors for vascular endothelial growth fac-
tor, basic fibroblast growth factor, the angiopoietins, and others. As in tumour
cells themselves, signaling through these RTKs are of prime importance in the
growth and maintenance of tumour vasculature, and therapies designed to
inhibit signaling through these angiogenic growth factor receptors (e.g. beva-
cizumab, sorafenib, sunitinib) are showing great promise in human clinical tri-
als, and the veterinary cancer drug toceranib (Palladia®), discussed more below,
which targets VEGFR2 and PDGFR as well as KIT, all 3 of which are RTKs critical
for blood vessel growth. 

RTKs and Veterinary Cancer
While the majority of clinical work with RTKs has focused on canine MCT, there
is accumulating knowledge regarding the expression and function of RTKs in
other veterinary tumours of importance. Several examples are provided below. 
Recent work has demonstrated that a majority of feline vaccine-associated sarco-
mas (VAS) express the RTK PDGFR, the receptor for platelet-derived growth factor
(PDGF). Additionally, PDGF stimulates the proliferation of feline VAS cells in cul-
ture and protects VAS cells from the antiproliferative and pro-apoptotic effects of
doxorubicin. Furthermore, inhibition of PDGFR signaling with imatinib elimi-
nates the oncogenic effects of PDGF and inhibits tumour growth in a nude
mouse model of VAS. Therapy with imatinib has been pursued in a small num-
ber of tumour-bearing cats to date, and it appears to be tolerated at doses
approaching those associated with antitumour activity in humans.
A variety of RTKs have been identified in canine osteosarcoma (OSA) cells, includ-
ing PDGFR, HER2 (one of several receptors for epidermal growth factor), IGF-1R
(the receptor for insulin-like growth factor 1), and MET (the receptor for hepato-
cyte growth factor). IGF-1R and MET have been shown to mediate important
oncogenic functions such as proliferation, anti-apoptosis, invasion, motility and
chemoresistance in canine OSA cells, and interestingly, constitutive activation of
the MET receptor has been demonstrated in canine OSA as well. Furthermore,
MET activity can be inhibited in canine OSA and other canine tumour cells by a
small molecule in vitro. A randomized, placebo controlled trial in dogs with OSA
using a somatostatin analog designed to reduce IGF-1 levels demonstrated no dif-
ference between dogs receiving chemotherapy and somatostatin analog and
dogs receiving chemotherapy and placebo, however serum IGF-1 concentrations
were reduced by less than half in the treated dogs. It is quite possible that more
potent inhibition might result in different results. A more complete list of RTKs
identified in veterinary cancer and levels of evidence for their utility as targets
for therapy is presented in Table 3.

Canine Mast Cell Tumour and KIT
Perhaps the most important recent finding with potential to translate into new
and exciting forms of therapy is the discovery that the majority of canine (and
human) mast cell neoplasms express the tyrosine kinase growth factor receptor
KIT, and a large minority of canine MCT (20-50% depending on the study) possess
a mutation in the c-kit gene coding for the KIT protein. (KIT expression and c-kit
mutations have also been identified in feline MCT recently). This gene codes for
a transmembrane protein that serves as the receptor for the growth factor stem
cell factor, important in the maturation of normal mast cells and other
hematopoietic cells. Mutations can render KIT active even in the absence of
bound stem cell factor. In other words, these mutations mean that the cells are
receiving signals to proliferate and survive when they normally would not, lead-
ing to unchecked growth. New molecules have been developed that inhibit sig-
naling through the KIT tyrosine kinase, and these compounds are able to inter-
fere with the proliferation of canine MCT in vitro. The 2 veterinary-approved mol-
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ecules in this class are toceranib (Palladia®, Pfizer) and masitinib
(Masivet®/Kinavet®, AB Science).

Table 3. Receptor Tyrosine Kinase Expression, Function and Inhibition in Veterinary Cancer.

RTK Ligand Tumour Type Level of Evidence

KIT Stem Cell Factor Canine mast cell tumour, Expressed on most MCT / HSA:
canine hemangiosarcoma, and 50% of melanomas.
canine melanoma ~30% of MCT carry a functional

activating mutation. Small
molecules capable of inhibiting
signaling and antitumour effects
in vitro and in patients have
been identified.

Feline mast cell tumour Expressed on most MCT.
Activating mutations have been
identified.

MET Hepatocyte Growth Multiple canine tumours, Expressed in most tumours of the
Factor / Scatter including osteosarcoma, histotypes examined. Constitutive
Factor melanoma, histiocytic activation detected in osteosarcoma.

sarcoma, mast cell tumour Receptor is functional and
signaling inhibitable in vitro
with small molecules.

IGF-1R Insulin-like Growth Canine osteosarcoma, Expressed in most tumours of the
Factor-1 melanoma histotypes examined. Receptor is

functional and signaling inhibitable
in vitro with small molecules.

EGFR Epidermal Growth Canine mammary, Expression documented most
Factor, Transforming lung, transitional cell, tumours of the histotypes examined.
Growth Factor- and nasal carcinoma, Receptor is functional in canine
alpha, others feline oral SCC mammary carcinoma and signaling

inhibitable in vitro with
small molecules.

HER2 Epidermal Growth Canine and feline Expressed in a large minority of
Factor, mammary carcinoma, canine and feline mammary
Transforming canine osteosarcoma tumours, appears overexpressed in
Growth Factor some canine osteosarcomas.
-alpha, others Coreceptor for EGFR so may

contribute to biologic effects
of EGF in mammary carcinoma.

PDGFR Platelet-Derived Canine osteosarcoma and Expressed in canine osteosarcoma.
Growth Factor hemangiosarcoma, feline Expressed, functional and inhibitable

vaccine-associated sarcoma with small molecules in vitro and in
mouse models of vaccine-associated
sarcoma and HSA.

VEGFR2 Vascular Canine hemangiosarcoma, Expressed in some melanoma and
Endothelial Growth melanoma, nasal carcinoma nasal carcinomas and most HSA.
Factor Tumour vasculature Some evidence of functionality in

canine HSA cells. Increased
concentrations of ligand detected
in serum of HSA patients.

FGFR1 Basic Fibroblast Canine hemangiosarcoma Expressed in most HSA evaluated.
and 2 Growth Factor Tumour vasculature Evidence of functionality in canine

HSA cells. Increased concentrations
of ligand in urine of HSA patients.

TrkA Nerve Growth Canine osteosarcoma Expressed in most OSA.
Factor Blockade of TrkA

induces apoptosis.
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Following encouraging in vitro and early-phase clinical studies with toceranib, a
multi-center, placebo-controlled, double-blind, randomized study of toceranib
was performed in dogs with recurrent or metastatic grade II or III MCT. Dogs
were randomized to receive oral toceranib 3.25 mg/kg or placebo every other day
for 6 weeks in the blinded phase. Thereafter, eligible dogs received open-label
toceranib. The overall response rate in toceranib-treated dogs (n = 86) was 37.2%
(7 complete response, 25 partial response) versus 7.9% (5 partial response) in
placebo-treated dogs. Among the toceranib treated responders, the median dura-
tion of objective response and time to tumour progression was 12.0 weeks and
18.1 weeks, respectively. Interestingly, dogs whose MCT harbored activating
mutations in the c-kit gene were roughly twice as likely to respond to toceranib
than those with wild-type c-kit (60% vs 30%). The efficacy observed in this study
led to the full approval of toceranib by the U.S. FDA. 
Subsequent to FDA approval, considerable clinical experience with toceranib has
been amassed by U.S. oncologists. Important observations in this post-approval
phase include the high incidence of gastrointestinal toxicity in dogs treated with
the label-indicated dosage and schedule: most U.S. oncologists currently utilize
a dose of 2.5-2.75 mg/kg every-other-day or Monday-Wednesday-Friday, which
appears well tolerated by the majority of dogs. Gastrointestinal toxicity, in the
form of inappetance, weight loss, diarrhoea, and occasionally vomiting or mele-
na, are the most common adverse effects, and are generally manageable with
symptomatic therapy, drug holidays and dosage reductions as necessary. Other
adverse effects reported include mild to moderate leucopenia, and occasional
muscle pain or leukotrichia. 
A clinical trial of similar design was recently completed with masitinib in dogs
with recurrent or unresectable MCT. Masitinib was administered at a dose of 12.5
mg/kg daily. This study demonstrated significantly improved time to progression
in masitinib-treated versus placebo-treated dogs, and again, response rate and
outcome was improved in dogs with MCT harboring c-kit mutations.
Gastrointestinal adverse effects (vomiting or diarrhoea) were most common but
were mild in the vast majority of cases (usually grade 1 or 2) and self-limiting.
Myelosuppression can also occur, particularly neutropenia, although in most
cases this is mild. A small percentage of dogs developed a protein-losing
nephropathy leading to oedema. Increases in urea and creatinine were seen in
some dogs, although this was not clear if it was drug-related or not – however
caution is recommended when using this drug in patients with pre-existing
renal disease. Haemolytic anaemia was also seen as a rare occurrence in the
study. 

Practical Monitoring of patients on RTKIs
Clinicians and owners should be vigilant to monitor patients for adverse effects,
as described above. Monitoring of complete blood counts, serum biochemistry
profiles and urinalysis is suggested at baseline, after 2 weeks of therapy and
monthly thereafter. Dose reductions, drug holidays or supportive care, in the
form of gut protectants, may be indicated.
A variety of unanswered questions exist regarding the use of RTK inhibitors such
as toceranib and masitinib for the treatment of animal cancer. These include: (1)
Can they be given to cats safely? The answer to this appears to be yes, but evi-
dence of efficacy is limited to a small number of cats that have been treated with
imatinib (see cat section). (2) Are there other tumours where they might be effi-
cacious? Anecdotal or early evidence of efficacy has been reported for toceranib
for the treatment of diverse diseases including multiple myeloma, soft-tissue sar-
coma, metastatic osteosarcoma and carcinomas of the mammary gland, thyroid
and anal sac; similarly, there are reports of antitumour responses to masitinib
in dogs with T-cell lymphoma. In these other tumour types, efficacy may be as a
result of the targeting of other RTKs important in cancer, such as PDGFR or
VEGFR2. (3) Are they effective for the postoperative treatment of incompletely
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resected or “high-risk” MCT? This has not been studied. Further complicating
this question, it is not at all clear how long these drugs should be continued in
the postoperative setting. (4) Can they be used together with chemotherapy or
radiation therapy? This is not clear, however preliminary evidence suggests that
toceranib can be combined safely with coarsely fractionated (palliative) radiation
therapy, with encouraging antitumour activity. Early reports suggest additive
toxicity when toceranib is combined with traditional cytotoxic chemotherapeu-
tic agents such as VBL or CCNU, which suggest that significant dosage reduc-
tions of the cytotoxic agent may be necessary if the drugs are to be safely com-
bined. Early abstracts suggest that masitinib/chemotherapy combinations (dox-
orubicin/carboplatin) may be tolerated at chemotherapy doses approaching the
maximum tolerated dose. A combination of toceranib and low dose continuous
(“metronomic”) cyclophosphamide has also been investigated, and tolerability of
both agents at full dose appears to be excellent.

FELINE MAST CELL TUMOURS
PREVALENCE AND RISK FACTORS
Mast cell tumours (MCT) represent the second most common cutaneous tumour
in cats, accounting for approximately 20% of feline cutaneous tumours in the
United States. MCT appear to occur less frequently in the United Kingdom,
accounting for only 8% of all cutaneous tumours. Two distinct forms of cuta-
neous MCT in the cat have been reported: (1) The more common “mastocytic”
MCT, which can be subdivided into well-differentiated and pleomorphic sub-
types and (2) The less common atypical MCT (or “histiocytic” MCT). An overall
mean age of 8 to 9 years is reported for cats with MCT; however, the mastocytic
and atypical forms occur at mean ages of 10 and 2.4 years respectively. Siamese
cats may be predisposed to development of MCT of both histologic types, with
the atypical form reported to occur primarily in young (<4 years old) Siamese
cats. There does not appear to be a sex predilection. 
Visceral MCT are more common in cats than in dogs, with up to 50% of MCT
cases occurring in visceral sites in some series. Splenic MCT represent the most
common differential diagnosis for ‘splenic disease’ in cats, accounting for 15%
of submissions in a series of 455 pathologic specimens. Mean age of affected cats
is approximately 10 years and no breed or sex predilection is known. Intestinal
MCT is the third most common primary intestinal tumour in cats after lym-
phoma and adenocarcinoma. No breed or sex predilection is known. Older cats
appear to be at risk with a mean age of 13 years, however cats as young as 3 years
have been reported. In contrast to dogs, cats with visceral MCT disease often do
not have concurrent or historical evidence of cutaneous MCT, although rarely
they do occur concurrently.
The aetiology of feline MCT is unknown. A genetic predisposition has been pro-
posed due to the high prevalence of MCT in the Siamese breed. Mutations in the
KIT gene appear to be common in feline mast cell tumours (present in 67% of
tumours in one study) and may play a role in oncogenesis. Mutations were iden-
tified most frequently in exons 8 and 9, (which encode the extracellular fifth
immunoglobulin domain of the KIT receptor and may promote receptor dimer-
ization and subsequent kinase activation. Other mutations have been found in
exon 6 (encoding the extracellular immunoglobulin domain 4) and in exon 11,
which encodes the juxtamembrane region of the receptor, similar to the site of
mutations observed in canine MCT.

PATHOLOGY AND NATURAL HISTORY
Feline MCT have been classified histologically as mastocytic (with well-differenti-
ated and pleomorphic subtypes) and atypical types. The atypical type was previ-
ously called “histiocytic” although this term is now discouraged, to avoid confu-
sion with diseases with true histiocytic proliferations. Well-differentiated masto-
cytic MCT are more common that the pleomorphic subtype. Atypical MCT are rare.
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Histopathological features of the different types of Feline MCT are found in
Table 4.

Table 4. Histologic Subtypes of Feline Mast Cell Tumour

The granules present in feline MCT stain blue with Giemsa and purple with tolu-
idine blue. They tend to appear more eosinophilic than their canine counter-
parts with hematoxylin and eosin stains. Similar to dogs, the granules present
in feline mast cells contain vasoactive substances such as heparin, histamine
and others, also chymase and tryptase. Release of granule contents can cause
clinical signs. Feline mast cells also have phagocytic capability and can endocy-
tose erythrocytes and inflammatory cells. Immunohistochemical studies per-
formed on feline MCT showed that all were vimentin positive and the majority
were positive for a-1 antitrypsin. 
The uncommon atypical (“histiocytic”) form of feline MCT can be challenging to
diagnose histologically, since many of the cells lack granules and they are
accompanied by eosinophilic and lymphoid infiltrates. They can be initially mis-
diagnosed as granulomatous nodular panniculitis or deep dermatitis.
Availability of special stains and immunohistochemistry, including toluidine
blue, chymase, tryptase and KIT/CD117 should help to identify the round cells
present as being of mast cell origin. Spontaneous regression of these atypical
(“histiocytic”) MCT has been reported in the literature, over a period of 4 to 24
months.
The majority of feline cutaneous MCT have a relatively benign clinical behaviour.
Metastatic rates for cutaneous MCT in cats vary considerably, with reported rates
of 0-22%. It would be beneficial to have a way of predicting which subset of cuta-
neous MCT is likely to behave aggressively. The Patnaik histologic grading system
described for canine cutaneous MCT has provided no prognostic information for
cats. Currently, mitotic index (the number of mitotic figures per 10 hpf) appears
to be one of the strongest prognostic indicators, as demonstrated by several stud-
ies. It is unclear whether Ki-67 expression gives additional prognostic informa-
tion over MI, since they are strongly correlated. Whether KIT expression or c-kit
mutations play a role in prognosis or not requires further investigation. Up to

Mastocytic well-differentiated Mastocytic pleomorphic subtype Atypical MCT (previously sub-
type known as “histiocytic”)

Common Less common Rare

Variably demarcated, Less discrete, tend to infiltrate
unencapsulated dermal mass deeper into the dermis and
or masses, may invade subcutis subcutis

Negligible pleomorphism. Pleomorphic cells. Granulation moderate to low.
Cells resemble normal mast Granulation variable. Large and polygonal to spindle
cells (i.e. relatively small and Anisocytosis, large eccentric shaped cells with abundant
highly to moderately granulated) nuclei, prominent nucleoli. amphophilic cytoplasm.

Variable presence of giant cells, Nuclei large and vesicular,
with multilobulated single may be indented
nucleus or multinucleated

Low Mitotic Index Variable Mitotic Index (low to high) Low Mitotic Index

Eosinophils in 50% of cases (+) Eosinophils often present (++) Numerous eosinophils (+++)

+/- lymphoid aggregates +/- lymphoid aggregates Frequent lymphoid aggregates
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84% of cutaneous MCT in cats express KIT (CD117), with aberrant cytoplasmic
staining in 52% - 67%. The KIT immunoreactivity score, a measure of positively
staining cells and the intensity of staining, was assessed in one study – it was
found to correlate with MI, Ki-67 and clinical outcome and was highest in the
pleomorphic MCT. 
In terms of clinical outcome, multiplicity of lesions, MI, Ki-67 index, KIT
immunoreactivity score, and pleomorphic phenotype correlated with an
unfavourable outcome in one study. The pleomorphic tumours in this study had
significantly higher MI, Ki-67 index and KIT immunoreactivity scores than the
mastocytic well-differentiated or atypical subtypes. However, in another study of
15 pleomorphic MCT, fourteen had benign behaviour and only the tumour with
a high MI showed malignant behaviour, suggesting that the MI may actually be
the most critical factor. 
In summary, a combination of the clinical presentation, histological type of MCT
and particularly the MI should be considered to try to predict the biological
behaviour of feline cutaneous mast cell tumours.
With regard to visceral forms of MCT cats (i.e. splenic and intestinal), wide-

spread dissemination and metastasis is much more common. Necropsy data on
30 cats with splenic MCT revealed dissemination in the following organs in
decreasing order of frequency; liver (90%), visceral lymph nodes (73%), bone mar-
row (40%), lung (20%), and intestine (17%). Up to a third of cases have peritoneal
and pleural effusions rich in eosinophils and mast cells. Peripheral blood masto-
cytosis is present in as many as 40% of cases. In one clinical report of 43 cases,
23% had bone marrow involvement. Two gross forms of splenic involvement are
possible; a diffuse and smooth form and a less common nodular form. In one
report, 18% of cats with cutaneous MCT went on to develop splenic disease.
Interestingly, in the face of widespread metastasis, long-term survival following
splenectomy is common with splenic MCT (see Treatment section). Intestinal
MCT in cats is also associated with widespread dissemination and carries a poor
prognosis. It more commonly involves the small intestine (equally divided
between duodenum, jejunum and ileum) with colonic involvement reported in
less than 15% of cases. Lesions can be solitary or multiple. Peritoneal effusion
rich in mast cells can occur. Unlike splenic MCT, peripheral mastocytosis is
rarely associated with intestinal MCT and only two reports of peripheral
eosinophilia exist in the literature. Metastasis is common to mesenteric lymph
nodes and liver, followed less commonly by spleen lung, and bone marrow. Most
animals either die or are euthanized soon after diagnosis of small intestinal
MCT. Histologically, mast cells from intestinal lesions appear less differentiated
than those of skin tumours and cytoplasmic granules are less prominent. 
An unusual presentation of intestinal feline sclerosing mast cell tumour has
been reported in the literature recently. This variant has a characteristic
histopathology, where the neoplastic mast cells are arranged in a trabecular pat-
tern in amongst moderate to dense stromal collagen (sclerosis) with a moderate
to marked eosinophilic infiltrate. Ulceration is common (58% of cases). The dis-
ease course is aggressive, with metastasis to the lymph node and liver present in
two thirds of cases asessed and most cats died within 2 months of the diagnosis.
Care must be taken to differentiate this type of tumour from other lesions with
a similar morphologic appearance, such as feline gastrointestinal eosinophilic
sclerosing fibroplasia, or septic abscesses with prominent eosinophil infiltra-
tion. Immunohistochemical techniques may be necessary to confirm the diagno-
sis. A cranial mediastinal form of MCT in cats has also been described.

HISTORY AND CLINICAL SIGNS
Cutaneous tumours: The typical feline cutaneous MCT is a solitary, raised, firm,
well circumscribed, hairless, dermal nodule between 0.5 and 3 cm in diameter.
They are often white in appearance, although a pink erythematous form is occa-
sionally encountered. Approximately 20% are multiple, although one series
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from the United Kingdom reported multiple lesions in the majority of cases.
Superficial ulceration is present in approximately a quarter of cases. Two other
clinical forms have been described; one is a flat pruritic plaque-like lesion simi-
lar in appearance to eosinophilic plaques, and the other discrete subcutaneous
nodules. 
The head and neck are the most common site for MCT in the cat, followed by the
trunk, limbs and miscellaneous sites. Those on the head often involve the pin-
nae near the base of the ear. They rarely occur in the oral cavity. Intermittent
pruritus and erythema are common, and self-trauma or vascular compromise
may result in ulceration. Darier’s sign, the erythema and wheal formation fol-
lowing mechanical manipulation of the tumour, has been reported in cats.
Affected cats are usually otherwise healthy. 
The atypical (previously called histiocytic) spontaneously regressing form of
cutaneous MCT are usually multiple, non-pruritic, firm, hairless, pink and some-
times ulcerated subcutaneous nodules. Affected animals are otherwise healthy.
Cats with disseminated forms of MCT may present with signs of systemic illness.
Depression, anorexia, weight loss, and intermittent vomiting are most common-
ly associated with splenic and intestinal MCT. Abdominal palpation reveals mas-
sive splenomegaly in the majority of cases, and occasionally peritoneal effusion
is evident with splenic MCT. Intestinal MCT can often be palpated as well.
Diarrhoea with or without bloody stools or melaena is commonly seen with the
intestinal form, and fever may be present. Affected cats usually have been ill for
several months. Signs related to release of vasoactive components of mast cell
granules, including gastrointestinal ulceration, uncontrollable hemorrhage,
altered vascular smooth muscle tone, hypotensive shock and laboured breathing
due to bronchoconstriction are more likely to be observed with systemic forms.
These signs are often episodic in nature. Labored breathing may also occur sec-
ondary to pleural effusion or anaemia, both of which are present in approxi-
mately one-third of disseminated MCT in cats.

DIAGNOSTIC TECHNIQUES AND WORK-UP
The diagnosis and staging of MCT in cats is similar to that in dogs. Fine-needle
aspiration (FNA) cytology is should be performed for cutaneous lesions and is
usually diagnostic in the mastocytic form of the disease. Tissue biopsy and histo-
logic assessment (+/- special stains) is typically required for the atypical or “histi-
ocytic” form of MCT.
Although metastasis is uncommon in feline cutaneous MCT, local lymph nodes
should always be palpated and aspirated if enlarged. 
For suspected disseminated or visceral disease, a full CBC and serum biochem-
istry profile should be performed. One third of cats with visceral disease are
anaemic, and cases may show signs of bone marrow involvement. Buffy coat
smears often show mastocytosis. Peripheral mastocytosis can be striking; periph-
eral mast cell counts up to 32,000 cells/uL have been reported. Unlike the splenic
form, intestinal MCT is not commonly associated with peripheral mastocytosis,
however eosinophilia has been reported. Bone marrow aspiration may be consid-
ered but may not affect treatment. Up to 50% of cats with splenic MCT have evi-
dence of bone marrow and buffy coat involvement. If abdominal surgery is con-
templated, coagulation times (APTT and PT) should be assessed. In one report of
43 cats with splenic MCT, 90% had laboratory evidence of coagulation abnormal-
ities. Hyperglobulinemia has also been reported in cats with splenic MCT, the
cause of which remains unknown. 
In cases where disseminated disease is suspected e.g. with splenic lesions or
intestinal masses, further investigations are indicated. Abdominal ultrasound
should be performed to confirm the location of the mass and to determine the
extent of disease. Ultrasound-guided FNAs should be be taken from splenic or
intestinal lesions, although intestinal aspirates may not yield a diagnosis. FNAs
of other abnormal organs / lymph nodes should be taken. Differential diagnoses
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for splenomegaly in cats include lymphoma, myeloproliferative disease, accesso-
ry spleen, haemangiosarcoma, hyperplastic nodules and splenitis. The two most
common differential diagnoses for intestinal masses in aged cats are lymphoma
and adenocarcinoma. If cytology from FNAs do not yield a diagnosis, an
exploratory laparotomy and biopsy may be required.
Thoracic radiographs may also be useful to assess for distant metastasis or effu-
sion. Thoracic or abdominal effusions may present in up to one third of cats
with disseminated / visceral disease. Cytology following thoraco- or abdomino-
centesis may reveal neoplastic mast cells. 

TREATMENT AND PROGNOSIS
Cutaneous tumours
Surgery is the treatment of choice for the mastocytic form of cutaneous MCT in
the cat As previously discussed, most are behaviorally benign and wide surgical
margins may not be as critical as in the dog. This is fortunate, as most occur on
the head where such margins would be difficult to achieve. Frequency of local
recurrence and systemic spread vary widely in the literature. Local recurrence
rates of 0 to 24% have been reported following surgical excision. Recurrence,
should it occur, is usually noted within 6 months. Even with dirty margins,
recurrence does not necessarily occur. Frequency of systemic spread following
surgical excision varies from 0 to 22%. For pleomorphic mastocytic tumours, a
more aggressive approach similar to that utilized for canine MCT may be pru-
dent (particularly if the MI is high), as higher rates of recurrence and metastasis
can be associated with this type. For the atypical (“histiocytic”) form of MCT in
young cats with multiple masses, following biopsy confirmation, conservative
resection or a “wait and see” approach may be taken, as the majority are report-
ed to spontaneously regress.
90Strontium plesiotherapy has also been used for feline cutaneous MCT with
good results, with only 3% recurrence in a study with 35 cats. For cats with
numerous skin lesions, or non-resectable lesions (e.g. diffuse infiltrative nature)
chemotherapy may be considered - see below.
The prognosis for cutaneous MCT can be very good, as the majority are behav-
iourly benign. Cats with tumours confined to the skin are likely to survive sig-
nificantly longer than those with visceral or lymph node tumours. Cats with
multiple cutaneous tumours (>5) had a significantly poorer prognosis (MST 375
d, range 3-994 d) than those with single tumours (MST not reached) in one study.
This may relate to the feasibility of performing surgery. Pathological features,
particularly the type of MCT and mitotic index, should be borne in mind when
considering prognosis (see pathology section).

Splenic MCT
Cats with splenic MCT will usually benefit from splenectomy. Surprisingly, even
in the face of significant bone marrow and peripheral blood involvement, long-
term survival with good quality of life is the norm following splenectomy, with
median survival times from 12 to 19 months reported. Anorexia, significant
weight loss, and male sex have been associated with a worse prognosis. Frequent
re-evaluation and buffy coat smears are used to follow response in such cases.
Rarely does the peripheral mastocytosis resolve, but it will often significantly
decline and its subsequent rise can serve as a marker of progression. The role of
chemotherapy following splenectomy is still not clear. Adjunctive treatment
with combination chemotherapy protocols including prednisone, vincristine,
cyclophosphamide, and methotrexate have been attempted in a limited number
of cases but do not appear to increase survival times. The role of adjuvant lomus-
tine or vinblastine in cats following splenectomy is currently being evaluated. 

Intestinal tumours
The intestinal form of feline MCT carries a poor prognosis. Metastasis at the time
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of diagnosis is common and most cats either die or are euthanased soon after. If
surgery is possible, wide surgical margins, including 5 to 10 cm of normal bowel
on either side of the lesion are recommended as tumour often extends histolog-
ically well beyond visible gross disease. In the sclerosing form of intestinal MCT,
the majority (23/25 cats) were dead within 2 months of the diagnosis. One cat
survived >4.5 years with surgery and vinblastine chemotherapy. It seems reason-
able that adjuvant chemotherapy, should be considered in cases of feline intes-
tinal MCT, once the laparotomy wound has healed.

Chemotherapy for Feline MCT
Chemotherapy may be indicated for patients with numerous skin lesions, unre-
sectable disease, recurrent disease or disseminated disease. 
Lomustine at 50-60 mg/m2 every 3-6 weeks was reported to produce a response
in 50% of cats (n=38) with measurable disease (18% CR, 32% PR) with a median
duration of 168 days (range 25-727 d). Adverse effects include neutropenia and
thrombocytopenia, both of which can be delayed and prolonged. CBCs should
ideally be measured weekly after the first dose and prior to subsequent doses.
Hepatic or renal adverse effects do not appear to be common but periodic mon-
itoring is prudent. Capsules may need to be reformulated into a suitable size for
cats by a compounding pharmacy.
Prednisolone e.g. 40 mg/m2 for 7d then 20 mg/m2 every other day can be used
alongside lomustine. This can also be used as a single agent and may help reduce
inflammation. Response to steroids in cats with the histiocytic form is equivocal.
Other drugs have been used:
Vinblastine at 2 mg/m2 +/- prednisolone (e.g. 40 mg/m2 for a week then 20 mg/m2

every other day).
Chlorambucil 20 mg/m2 every 2 weeks with prednisolone at 40 mg/m2 for a week
then 20 mg/m2 every other day
Cyclophosphamide and prednisolone
Imatinib mesylate has been reported in 11 cats at 10 mg/kg daily. (Of 9 cats with
known c-kit mutations, CR=2, PR=6, NR=1, of 2 cats with no c-kit mutations, 1=PR,
1=NR. 4 cats received concurrent medication (prednisolone, vinblastine or
lomustine).
Ancillary drugs to combat the effect of vasoactive amines (see discussion under
canine MCT) may be indicated alongside systemic chemotherapy e.g. chlor-
phenamine, famotidine, sucralfate.
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Lymphoid Leukemias

Introduction
Leukemias that originate from the lymphoid lineage are more common than
myeloid leukemias in dogs and cats. These malignancies are defined as prolifer-
ations of cells form the bone marrow that may or may not be circulating in the
peripheral blood. Two main subtypes are recognized: acute lymphoblastic (ALL)
and chronic lymphocytic (CLL). With the exception of the feline retroviruses, the
etiology of both types is unknown. 

Pathology and biologic behavior
ALL results in various cytopenias secondary to infiltration of the bone marrow.
Other organs that can be infiltrated include the spleen and liver most common-
ly; however, CNS, GI tract and lymph nodes may also be involved. Cytologically,
ALL is characterized by the proliferation of atypical lymphoblastic cells.
Morphologically, these can often be indistinguishable from myeloblastic cells.
Concurrent cytopenias are common.
In CLL, the lymphocytes are similar in appearance to the normal mature lympho-
cytes, with an increased number and they are usually from a clonal population.
The extent of marrow infiltration is usually not as severe and other cell lines are
often not affected. Splenomegaly is common as is mild to moderate lym-
phadenopathy. Some CLL patients have a monoclonal gammopathy. 

History and clinical signs
Dogs with ALL usually have significant clinical signs and present to the hospital
sick. Anorexia, weight loss, lethargy, and PU/PD are common. Anemia and
thrombocytopenia can be severe and be a result of bleeding or lead to bleeding.
The anemia is often non regenerative. WBC are usually elevated due to the
increased number of lymphoblasts, but neutrophils may be significantly
reduced, occasionally leading to clinical signs relating to sepsis. In CLL, anemia
and thrombocytopenia tend to be mild if present at all; some dogs have the dis-
ease discovered on routine screening tests performed for other reasons. CLL
patients are often asymptomatic. 

Diagnosis
Careful examination of the peripheral blood and bone marrow are usually indi-
cated to make a definitive diagnosis with either ALL or CLL. Additional tests such
as FNA of affected organs or flow cytometry may also support the diagnosis. Tests
for clonality may be helpful in the early stages of CLL to confirm malignancy.
Both flow cytometry and PCR-based tests for clonality can also confirm a lym-
phoid, rather than myeloid, origin in the case of undifferentiated blastic disease. 

Treatment
Treatment of ALL involves aggressive systemic chemotherapy and supportive
care. This may include fresh whole blood, antibiotics if neutropenic, and nutri-
tional support. The chemotherapy used is generally that used for canine lym-
phoma and is a CHOP based protocol (see lymphoma proceedings). Starting with
a combination of prednisone, vincristine, and L-asparaginase is often the best
approach. Approximately 35% of dogs will respond to therapy; however, durable
remission is unlikely with a median response duration of approximately 5
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months. Treatment for CLL is sometimes delayed if the patient is asymptomatic
and has no abnormal effects from the disease. Treatment is indicated the lym-
phocyte count exceeds 60,000/dL, if there are repeatable cytopenias present, or
if clinical signs such as splenomegaly, weight loss, lethargy or anorexia arise.
The treatment for CLL consists of chlorambucil and prednisone. Prednisone is
typically started at 2 mg/kg/day and tapered variably to a maintenance dose of 1
mg/kg every other day, based on tolerability. A chlorambucil dose of 6 mg/m2 PO
daily is given for 7-14 days and then decreased to 3 mg/m2. Long-term mainte-
nance can be achieved with 2 mg/m2 daily to every other day. The Author typi-
cally rechecks a CBC after 2 and 6 weeks of therapy, and then every 6-8 weeks
thereafter. The dose is adjusted based on clinical response and bone marrow tol-
erance. 

Prognosis
The prognosis for ALL is poor. For most CLL, the prognosis is actually quite good
with some dogs having slowly progressing disease that is indolent and does not
require treatment. Approximately 80% of dogs will respond to prednisone/chlo-
rambucil therapy and the average remission length is reported to be 10-30
months. A notable exception to this rule is dogs whose leukemia cells express the
primitive hematopoietic marker CD34: these dogs tend to have an extremely
aggressive disease that is refractory to therapy, despite a small-cell morphology.

Myeloproliferative Diseases 

Introduction
Myeloproliferative diseases are a group of neoplasms characterized by the dys-
regulated proliferation of myeloid bone marrow elements, including cells of
granulocytic, monocytic, erythroid, megakaryocytic, or mixed lineage. They are
rare in dogs and cats. There is an association between MPD development and
feline retroviral disease, but no etiologic factors have been identified in dogs. For
the most part, specific genetic abnormalities have not been identified in
canine/feline MPD; however, isolated reports of a Bcr-Abl fusion product, similar
to the “Philadelphia chromosome” identified in human chronic myelogenous
leukemia, exist in dogs. A recent case of and activating JAK2 mutation was iden-
tified in a dog with polycythemia vera.

History and clinical signs
Clinical signs will typically mirror those observed with lymphoid leukemias.
Animals with acute myelogenous leukemia (AML) will typically present with
vague constitutional signs: lymphadenopathy and cranial organomegaly are
commonly present. Dogs with polycythemia vera (primary erythrocytosis) may
present with either vague signs of illness or signs related directly to increased
red blood cell mass, such as signs of thromboembolic disease or cardiac failure.
Thrombosis and bleeding are the most common presenting complaints in dogs
with essential thrombocythemia. Dogs with chronic myelogenous leukemia
(CML) may be asymptomatic at presentation. 

Diagnosis
Diagnosis of these diseases generally stems from careful cytologic evaluation of
peripheral blood and bone marrow. Flow cytometry can be very useful for the
phenotypic characterization of undifferentiated blasts. For polycythemia vera, a
thorough search for other known causes of polycythemia (e.g. renal tumors,
chronic hypoxia) and measurement of serum erythropoietin concentrations is
helpful to confirm the diagnosis. 

Treatment and Prognosis
Treatment for AML in animals has been largely completely unrewarding to date.
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In humans, a combination of an anthracycline (e.g. doxorubicin or epirubicin)
and cytosine arabinoside forms the mainstay of therapy.
Polycythemia vera is treated acutely with phlebotomy as necessary to reduce red
blood cell mass, followed by oral hydroxyurea. The goal is to maintain the
packed cell volume in the 50-60% range. Most dogs will respond to therapy, and
long-term responses have been noted. 
Responses of CML to hydroxyurea have likewise been reported, although eventu-
al progression to “blast crisis” was identified in most cases. If a definitive Bcr-Abl
translocation can be identified in a CML case, treatment with inhibitors of Abl
kinase such as imatinib (Gleevec) should be considered. 

Multiple Myeloma

Introduction
Multiple myeloma is a plasma cell neoplasm arising from a B cell lymphocyte lin-
eage. It accounts for 8% of all hematopoietic tumors and ~ 3% of all tumors
affecting bones in dogs. The disease affects middle aged to older dogs and there
is no true sex predilection. The disease is rare in the cat. Cause is unknown but
viral pathogens, chronic antigenic stimulation, and genetic predisposition has
all been suggested. 

Pathology, Biologic Behavior and Clinical signs
Multiple myeloma usually involves multiple bone marrow sites and is a prolifer-
ation of a malignant plasma cell or precursor. These cells usually produce an
overabundance of immunoglobulin. In the dog it is usually IgA or IgG. The clin-
ical signs associated with multiple myeloma are often due to the elevated glob-
ulin level and organ infiltration of neoplastic cells, particularly the bone. Bone
lesions can be isolated discrete lesions or diffuse osteopenia, and are typically
more lytic than proliferative radiographically. Up to 2/3 of the dogs with myelo-
ma will have bone lesions, and this may be the presenting complaint in many
dogs. Bleeding problems can also occur secondary to the interference of coagu-
lation by the increased levels of gamma-globulin. Thrombocytopenia may also
play a role if bone marrow infiltration is significant. Hyperviscosity syndrome
(HVS) is associated with the elevation in globulins and can lead to bleeding, neu-
rologic signs (seizures, depression, mental dullness), ophthalmic abnormalities
(tortuous vessels, retinal hemorrhage/detachment), and increased cardiac work-
load. These signs are secondary to “sludging of the blood” in the small vessels
resulting in reduced oxygen and nutrient delivery to the tissues. The kidneys can
also be affected as a result of decreased perfusion due to HVS, secondary to
hypercalcemia, protein complex deposition and resultant proteinuria.
Hypercalcemia is also reported in up to 20% of the cases. This is usually due to
osteoclast activating factor being produced by the tumor cells although other
mechanisms of humorally mediated hypercalcemia such as PTH-rp have been
documented. Other biologic ramifications of this disease include various cytope-
nias secondary to bone marrow invasion by tumor cells. 
Clinical signs observed at the time of presentation are variable and include
lethargy, lameness, bleeding, polyuria / polydipsia, and neurologic signs. The
average duration of clinical signs is one month but can range from acute onset
to over a year. 

Diagnosis
Demonstration of bone marrow plasmacytosis, lytic bone lesions, and serum or
urine monoclonal gammopathy is the cornerstone of diagnosis of multiple
myeloma. Other diagnostics should include CBC, biochemical profile, and uri-
nalysis in order to fully evaluate other body systems that might be affected by
the disease. Serum protein electrophoresis should be preformed to confirm a
monoclonal spike. Immunoelectrophoresis is used to determine which
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immunoglobulin class is present and over-represented, and radial immunodiffu-
sion or immunofixation can provide a numeric quantification of paraprotein,
allowing more accurate serial monitoring over time than that achieved with
quantification of total globulins. A bone marrow core biopsy may occasionally
be necessary due to clustering of cells within the marrow. Normally, 5% or less
plasma cells in the marrow is acceptable. Funduscopic exam and bone survey
radiographs may be indicated as well.
Solitary plasma cell tumors of bone (solitary osseous plasmacytomas), oral cavi-
ty and gastrointestinal tract are sometimes encountered: extensive staging as
described above (plus thoracic radiographs and abdominal ultrasound) are indi-
cated in these cases to insure that the disease is solitary: if so, local therapy alone
in the form of surgery and/or radiation therapy can be associated with an excel-
lent long-term outcome.
Myeloma in cats appears to more frequently involve the liver and spleen: thus,
ultrasonic evaluation plus needle aspiration cytology of these organs may be a
useful diagnostic test.

Treatment
Canine myeloma is generally responsive to systemic chemotherapy, which will
reduce gammopathy and other secondary effects such as bone pain, bleeding
disorders, and neurologic signs. Long-term remissions can be achieved; however,
relapse almost always occurs and the disease is not considered curable. The ini-
tial chemotherapy used is melphalan. The initial dose is 0.1 mg/kg given daily
for 10 days then 0.05 mg/kg given daily indefinitely. Prednisone is also used for
at least the first 2 months at a dose of 0.5-1 mg/kg daily then every other day. If
a favorable response is seen then prednisone is occasionally discontinued.
Melphalan can cause myelosuppression and thrombocytopenia and CBCs need
to be monitored biweekly for the first two months then monthly thereafter. An
alternative pulsed therapy is also reported to be effective using 7 mg/m2 of mel-
phalan given over 5 days with the cycle repeated every three weeks. Other ther-
apies are aimed at supporting secondary clinical signs such as renal disease, ocu-
lar changes, and bone lesions. For bone lesions, surgery (particularly spinal
lesions), radiation, and other therapies such as bisphosphonates may be neces-
sary if the patient is severely affected. Response to treatment will be evident in
biochemical and CBC parameters in 2-3 weeks although the values may not be
completely normal. Bone pain will also respond to treatment quickly although
the radiographic appearance of the lesions may take months to improve. 
There is less known regarding the efficacy and toxicity of myeloma treatment in
cats. Some clinicians feel that melphalan may be less well tolerated in cats than
in dogs, and thus may prescribe oral cyclophosophamide in its place.
Eventual melphalan-refractory relapse is almost guaranteed. Although there are
no universally accepted second-line therapies, doxorubicin-based protocols,
lomustine (CCNU), toceranib (Palladia) and the investigational agent GS-9219
(VDC-1101) are all associated with anecdotal or early evidence of clinical activity
in dogs.

Prognosis
The overall prognosis for dogs with this disease is good. In a study of 60 patients,
only 8% did not have some response to therapy and almost 50% had a complete
response. Median survival times are reported to be 540 days. The presence of
hypercalcemia and extensive bone lysis are thought to be negative prognostic
factors.
In cats, the median survival time with chemotherapy treatment is reported to be
approximately 9-12 months days; cats with well-differentiated disease tend to
have a better outcome than cats with poorly differentiated myeloma. 
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