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Foreword

Dear colleagues,

On behalf of the Collaborative Veterinary Cancer Centres, I’m delighted and proud to
welcome you at our 10 anniversity of our oncology congress ‘ONCOlogisch Treffen’.
In the last 10 years the ONCOlogisch Treffen has grown to be an international known
oncology congress. The formula of the OT makes it to be a interesting congress for
both first line veterinarians interested in oncology as well as for specialised collaegues. 
A tenth anniversary is a good moment not only to look back, but also to look into the
future. What can we expect in the field of tumor diagnostics, but also in the field of
tumor treatment. With the congress programm we aim to cover both these aspects. 
We look back at the highlight of the past ONCOlogisch Treffen editions, giving atten-
tion again to 5 tumors we previously covered; malignant lymphoma, malignant me-
lanoma, mammacarcinoma, mastocytoma and squamous cell carcinoma. Hereby we
focus on new developments in treatment of these tumors.
But we also look ahead, one of the Hallmarks of Cancer is “avoiding ummine destruc-
tion”, and we learn more and more the important role of the immunesysthem, not
only in the development of cancer, but also it’s role in the treatment of cancer. Our
human key-note speaker, Ferry Ossendorp from the Leids Universitair Medisch Cen-
trum, will reveal the current insights in the possible role of immunotherapy in cancer
patients, foccussing on checkpoint blockers and (poly)peptide vaccinations.
We are very happy to welcome this year nine (!) top veterinary experts in their field to
give lectures at this lustrum edition of the ONCOlogisch Treffen:

Dr. Carolyn Henry will chair the melanoma and lymphoma sessions and will cover
the medical treatment options of these tumors.
Prof. Henrik Rönnberg will chair the sessions on mammary tumors and squamous
cell carcinoma. Together with Prof. Nick Bacon, he will explain the difference in treat-
ment of cats and dogs with these tumors. Drs. Stefanie Veraa (European Veterinary
diagnostic Imaging Specialist) will cover the diagnostic imaging in mammary tumor
patients and will explain us some typical metastatic patterns.
Dr. Gerry Polton will give us an update on canine mastocytoma and explain us how
to use the VCO guidelines on mastocytoma.
Dr. Evert van Garderen and Dr. Nadine Meertens from the Gezondheiddienst voor
Dieren, Deventer and Dr. Tim Scase from Bridge pathology, Bristol, will cover the pa-
thology aspects of this congress. Issues as e.g. the importance of subtyping canine lym-
phoma patients will be discussed.
Dr. Maurice Zandvliet will cover all radiotherapy aspects of tumors. 

In short: We think we can present you an excellent program mand we, as conress or-
ganising committee are looking forward to the congress, but also looking forward to
meet you again. As it is our birthday, we will throw a great party on saturdaynight,
which starts with a nice diner and will end late at night with music and dance, so do
not forget your dancing shoes! Probably much to the surprise of our Belgian collae-
gues, WE are paying, and the party is FREE for you all! Just to thank you for your par-
ticipation and loyalty in the past ten years.

Finally, again this year a big THANK YOU goes to OUR SPONSORS. Without their
support, it would be very hard to organize a conference like this. Please take the time
to visit their booths and get in touch with the company’s delegates!
Thank you again for choosing our conference!! You will not be disappointed.

Best wishes,

Arno Roos

The Collaborative Veterinary Cancer Centers

www.kankerbijdieren.nl



The Collaborative Veterinary Cancer Centers

www.kankerbijdieren.nl

Lucie Achten, Evert van Dijk, Ruth Fortrie, Tom Hendrickx, Paula Hendriks, Marc Imholz,
Bert Pijls, Arno Roos, Jurgen Tan, Mariska van Vliet, Johan de Vos, Helmy Wulms
Niet op de foto: Anette Burm, Lotte van Kuijk, Martje Pilgram, Anouk Schipper
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                 ONCOlogisch Treffen 2016  Saturday February 6th, 2016

                     The Big Five
                     Chairman Erik Teske
                         

  09.00 - 09.15      Welcome and congress opening

   09.15 - 11.00      Lymphoma session Sponsored by Menarini
                              Session chairman: Carolyn Henry
                                  
                                  - Evert van Garderen: Understanding the heterogeneity of lymphomas (Page 19)

                                  provides the basis for diagnosis and tailored therapy 
                                  - Carolyn Henry: Lymphoma treatment options: tailored therapy (Page 29)

                                  or one size fits all?
                                  - Maurice Zandvliet: The role of radiotherapy in lymphoma. (Page 35)

   11.00 - 11.30      Coffee/tea break

   11.30 - 12.30      Keynote speaker Ferry Ossendorp Sponsored by Merial
                              
                                  Immunotherapy: new developments in immunotherapy (Page 45)

                                  in human melanoma.

  12.30 - 13.30      Lunch break

  13.30 - 15.30      Melanoma in dogs Sponsored by Hill’s
                              Session chairman: Carolyn Henry
                              
                                  - Tim Scase: Are all melanomas the same? (Page 49)

                                  - Carolyn Henry: Chemoimmunotherapy for canine and feline (Page 51)

                                  malignant melanoma: new findings and the American experience
                                  with the Oncept melanoma vaccine. 
                                  - Nick Bacon: A surgical oncologist’s perspective. (Page 55)

                                  - Maurice Zandvliet: The role of radiotherapy in oral melanoma. (Page 35)

  15.30 - 16.00      Coffee/tea break

  16.00 - 18.00      Mammary gland tumours dog Sponsored by Perkin Elmer
                              Session chairman: Henrik Rönnberg

- Henrik Rönnberg: Canine mammary tumors, things I didn’t know (Page 63)

that I did need to know.
- Henrik Rönnberg: How to understand your pathologist.
- Nick Bacon: Nodulectomie vs mammectomie vs total mastectomie, (Page 85)

mono and bilateral. Compartemental syndrome: is it a risk
for these patients after bilateral. Suture technique!
- Henrik Rönnberg: Surgery - then what?
- Maurice Zandvliet: The role of radiotherapy (Page 35)

in mammary gland neoplasia.
- Stefanie Veraa: typical metastatic patterns on thoracic X rays in dogs: (Page 89)

how to interpret RX.

              19.00      Congress Diner in the Cecilia Chapel (Ceciliakapel)
                              followed by Lustrum Party at the same location with live music,
                              starting at 21.00 hrs.
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                 ONCOlogisch Treffen 2016  Sunday February 7th, 2016

                     The Big Five
                     Chairman Johan de Vos

 09.00 - 09.45     Mammary gland tumours cat Sponsored by Perkin Elmer
                              Session chairman: Henrik Rönnberg

                                  - Henrik Rönnberg: feline mammary tumors Crash Course. (Page 95)

                                  - Nick Bacon: nodulectomie vs mammectomie vs total mastectomie, (Page 105)

                                  mono and bilateral. Compartemental syndrome: is it a risk for these
                                  patients after bilateral. Suture technique.
                                  - Henrik Rönnberg: life after surgery.

- Maurice Zandvliet: The role of radiotherapy (Page 35)

in mammary gland neoplasia.
- Stefanie Veraa: typical metastatic patterns on thoracic X rays in cats: (Page 89)

how to interpret RX.

  09.45 - 10.15     Coffee/tea break

  10.15 - 12.30     Mastcell tumours Sponsored by Hill’s
                             Session chairman: Carolyn Henry

- Gerry Polton and Tim Scase: The VCO consensus and our experience (Page 109)
- Nick Bacon: how to deal with 3 cm margins
- Maurice Zandvliet: The role of radiotherapy (Page 35)

in cutaneous mast cell tumors.

  12.30 - 13.30     Lunch break

  13.30 - 16.00     Oral squamous cell carcinoma in dogs and cats
                             The Three T’s - Tounge, Tonsils and Teeth
                              Session chairman: Henrik Rönnberg

- Nadine Meertens: Oral SCC in the cat and the dog; (Page 124)

elements to the diagnosis of OSCC
- Henrik Rönnberg: adjuvant treatment for the really (Page 133)

high risk patients. How to select.
- Nick Bacon: surgery: the differences between dogs and cats, (Page 145)

principles for procedures in oral SCC
- Maurice Zandvliet: The role of radiotherapy (Page 35)

in (oral) squamous cell carcinoma.

16.00 - 16.30 Final thoughts by Carolyn Henry:
The changing landscape of medical oncology

Transforming Lives™
A SANOFI COMPANY
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ONCOlogisch Treffen, February 6th - 7th, 2016

The speakers

Ferry Ossendorp

Position: Head Tumor Immunology Group, Professor Synthetic Vaccine Biology
Dept. Immunohematology and Blood Transfusion, Leiden University Medical Center, Leiden,
The Netherlands.
E-mail: f.a.ossendorp@lumc.nl

Career
1984-1988: PhD student, Dept Tumor Biology, Netherlands Cancer Institute, Amsterdam. 
December 1989: PhD degree
1988-1992: Post-doc, Dept Immunology, Netherlands Cancer Institute, Amsterdam. 
Since 1993 senior scientist in the department of Immunohematology, Leiden University Medical
Center, Leiden, The Netherlands. 
Since 1996 scientific staff member of the department of Immunohematology and Blood Trans-
fusion and group leader. Associate Professor since 2005 and Full Professor in Synthetic Vaccine
Biology since 2010.
Scientific board member of Dutch Cancer Foundation KWF (Fundamental Board).Member of
Dutch Society of Immunology NVVI. Member of the Advisory board Animal experimentation,
LUMC.

Awards and grants: He successfully was awarded with several grants (total eight) of the Nether-
lands Cancer Foundation KWF (1993-2015), NWO Program Grant (2004), two EC 5th and 7th frame
work grants, TI Pharma grant, STW grant, CTMM grant, ZONMw TOP grant, CRI CLIP award. 

The research of Ossendorp has focused on fundamental and translational tumor immunology
research. The laboratory has gained extensive knowledge on immune therapeutic strategies,
anti-viral and tumor T cell immunity, antigen processing and presentation, dendritic cell bio-
logy, FcR and TLR, and design and formulation of defined synthetic vaccines. Defining optimal
antigen delivery pathways to dendritic cells by specific uptake receptors is a central research
theme for the design of molecularly defined cancer vaccines. Pre-clinical animal studies showed
that synthetic peptide antigens conjugated to well-defined Toll like receptor ligands are highly
effective cancer vaccines. This resulted in a Phase I/II clinical trial in HPV16 positive oropharyn-
geal cancer patients with this experimental vaccine initiated in 2015. Parallel research theme
is to unravel the tumor suppressive tumor micro-environment to improve immunotherapeutic
strategies. An important discovery was that local treatment with immune modulatory antibod-
ies could revert immune suppression and revive tumor-directed T cell responses. We could show
that local treatment with these checkpoint blocking antibodies near the tumor were as effective
as systemic treatment with strongly reduced side effects. Combination therapies of checkpoint
blocking antibodies and neo-epitope therapeutic vaccination but also with classical tumor-ab-
lating therapies as chemotherapy, surgery and photodynamic therapy are under investigation
to improve tumor-specific immunotherapy.
Education activities: Coordinator of the Immunology course for Biomedical Sciences. Lecturer
for several bachelor and master courses. Supervision of PhD students and Master students.
PhD track record: 7 PhD students  Current PhD students in research program: 12
Peer-reviewed publications: 130 H factor: 43

Biography
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ONCOlogisch Treffen, February 6th - 7th, 2016

Caroyn J. Henry

University of Missouri, Columbia, U.S.A.
Dr. Henry is a tenured Full Professor with dual appointments at the College of Veterinary Medi-
cine and the School of Medicine at the University of Missouri. She earned her DVM at Auburn
University in 1990, her MS from Auburn in 1993 and gained board certification in oncology in
1994. Dr. Henry served on the Washington State University faculty before relocating to the Uni-
versity of Missouri in 1997. She has served on the American College of Veterinary Internal Medi-
cine (ACVIM) Board of Regents and is past president of both the Veterinary Cancer Society and
the ACVIM Specialty of Oncology. In April 2010, Henry was named Faculty Facilitator for the
Mizzou Advantage One Health/One Medicine initiative by the Office of the Provost—a position
in which she serves to foster multidisciplinary educational and research opportunities between
human and veterinary medicine and the basic sciences, both within the University of Missouri
and with outside collaborators. She has been appointed Associate Director of Research for the
Ellis Fischel [human] Cancer Center and serves as the Associate Dean for Research and Graduate
Studies at the College of Veterinary Medicine. Dr. Henry is a Fellow in the National Academies
of Practice. Her research interests include canine bladder cancer, mammary cancer, osteosar-
coma, and comparative oncology/cancer epidemiology.

Stefanie Veraa

Stefanie graduated in 2005 as a veterinarian at the Ghent University in Belgium. The subject of
her last year thesis “The use of Computed Tomography in equine head pathology” triggered her
interest in diagnostic imaging. After completing an equine internship at the private practice
“Veterinary Centre Someren”, she started her imaging residency at the division of Diagnostic
Imaging of the Faculty of Veterinary Medicine, Utrecht University, the Netherlands. In 2010 she
became a European specialist in Diagnostic Imaging and therefore a diplomate of the ECVDI
and has been working as a staff-member in the division of Diagnostic Imaging. 
She is (co-)author of many studies in both companion and large animal and has been working
on her PhD about the equine cervical spine next to seeing patients in all imaging modalities
and of all sorts (such as dogs, cats, rabbits, birds, lizards, horses, donkeys) on a daily basis. She
has also given many lectures and workshops concerning varying topics in veterinary diagnostic
imaging and is pleased to update your knowledge regarding imaging anytime!

Biography
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Biography

ONCOlogisch Treffen, February 6th - 7th, 2016

Henrik Rönnberg

DVM PhD DipECVIM-CA (oncology)
Sweden
Henrik graduated from Swedish University of Agricultural Sciences (SLU) Veterinary School in
1994 and finished his PhD in 2002 in veterinary surgery (oncology) at the Dept of Small Animal
Clinical Sciences (SLU). He became Associate Prof 2007 in veterinary internal medicine, Dept of
Clinical Sciences (SLU) and Professor 2012 in veterinary internal medicine at the same depart-
ment. He became a Diplomate of the European College of Veterinary Internal Medicine and a
European Veterinary Specialist in Oncology in 2009. He is the head of the University Animal
Hospital Oncology Service at SLU. He is programme director of the oncology residency pro-
gramme at SLU. His research interests include canine lymphoma, mammary tumors, malignant
melanoma, biomarkers and immunotherapy. He is the founder of the Center of Clinical Com-
parative Oncology (C3O) and very active in the European Union derived LUPA network on com-
parative genomics. He is also the chair of the mammary tumor subgroup within the OPWG
(Oncology Pathology Working Group).
He also is already a long time active within the drug industry designing clinical trials and con-
sulting in communication with medical product agencies such as EMA and FDA-CVM. He has
been part time employed since 2010 as Chief Medical Officer (CMO) at Oasmia Pharmaceutical
AB in Uppsala. He works as a consultant for Oasmia and has also been a PI for several clinical
trials sponsored by Oasmia, in order to develop new cancer drugs for dogs and humans. Dr Rönn-
berg does not own shares in Oasmia. Henrik is a popular speaker, always trying to get difficult
topics understandable..

Gerry Polton

Gerry Polton MA VetMB MSc (Clin Onc) DipECVIM-CA (Onc) MRCVS
European Veterinary Specialist in Oncology
RCVS Recognised Specialist in Veterinary Oncology (Small Animals)
United Kingdom

Gerry graduated from Cambridge Veterinary School in 1997 after which he initially worked in
first opinion practice. He entered specialist practice as a clinical oncologist in 2002. Gerry was
awarded a Master of Sciences degree in clinical oncology by the Institute of Cancer Research at
Birmingham University in 2003. He is a Diplomate of the European College of Veterinary Inter-
nal Medicine, a European Veterinary Specialist in Oncology and an RCVS Recognised Specialist
in Veterinary Oncology. Gerry runs the Oncology Service at North Downs Specialist Referrals.
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ONCOlogisch Treffen, February 6th - 7th, 2016

Nicolas J Bacon

Professor Nicholas J Bacon
MA VetMB CertVR CertSAS DECVS DACVS MRCVS
United Kingdom
Nick qualified from Cambridge University (UK) in 1997. After two years of general practice, a Re-
sidency in Small Animal Surgery, and two years of soft tissue and oncological surgery at a UK
specialty practice, he completed a Fellowship in Surgical Oncology at the Animal Cancer Center
at Colorado State University in 2005, and was then Surgical Oncology Faculty at the University
of Florida, one of only two centres in the world offering a Surgical Oncology Fellowship. In 2014
he was appointed Professor of Surgical Oncology at the University of Surrey School of Veterinary
Medicine, Surrey, UK and Clinical Director of Fitzpatrick Referrals in Oncology and Soft Tissue,
also in Surrey, UK. He is a Diplomate of the European and American Colleges of Veterinary Sur-
geons, is the President of the Veterinary Society of Surgical Oncology, and an ACVS Founding
Fellow of Surgical Oncology. His interests include musculoskeletal, head and neck, urogenital
and endocrine tumors.

Tim Scase

2008 - Present: Director and co-founder, Bridge Pathology Ltd., Bristol, UK
2006-2008: Senior Lecturer in Veterinary Pathology, University of Cambridge, UK
2003-2006: Senior Pathologist, Animal Health Trust, UK
2001-2003: Staff Pathologist, Animal Medical Center, New York, USA
2000-2001: Pathology Fellow, Animal Medical Center, New York, USA
1998-2000: Resident in Anatomic Veterinary Pathology, University of Florida, USA
1994-1998: Senior Clinical Training Scholar, University of Cambridge, UK
1993-1194: Assistant Veterinary Surgeon, Ashfield House Veterinary Hospital, Long Eaton, UK
1987-1993: Royal (Dick) School of Veterinary Studies, Edinburgh, UK

Biography
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ONCOlogisch Treffen, February 6th - 7th, 2016

Evert van Garderen

Evert van Garderen is a Doctor of Veterinary Medicine and holds a PhD in Veterinary Science.
He is a diplomat of the European College of Veterinary Pathologists (ECVP), and a member of
the European Society of Veterinary Oncology (ESVONC). His entire career has been dedicated to
pathology, starting at the National Institute of Health and Environment (RIVM). He later moved
to the Faculty of Veterinary Medicine, Utrecht University, where he was involved in teaching,
diagnostics and research in pathology. In his research he concentrated on the extra-pituitary
mammary growth hormone synthesis and the role of the growth hormone-growth hormone
receptor axis in dog mammary cancer. He decided to join the field of experimental pathology
and was appointed director of experimental pathology at Crucell, a Dutch biotechnology com-
pany, where he was the head of a research group on antibody-based immunotherapy of cancer.
He was appointed project leader in cancer phenotyping in animal models of human disease at
the Netherlands Cancer Institute, NKI-AVL. Since October 2004 he has worked as a veterinary
pathologist (anatomic pathologist) at the GD Animal Health in Deventer, The Netherlands. At
GD Animal Health, he is part of a team of eight veterinary pathologists. Together with his col-
leagues, he contributes to the on-going monitoring of animal diseases in the Netherlands, which
represents a core activity of GD Animal Health. He is the founder of a successful diagnostic cy-
tology and histopathology service for companion animals. He has a strong interest in molecular
pathology and the (molecular) diagnostics of lymphoproliferative disorders.

Nadine Meertens

Diplomate European College of Veterinary Pathologists
The Netherlands
Nadine Meertens grew up in Switzerland and after finishing vet school in 1997, did research on
the persistence of canine distemper at the Institute for Neuropathology of the University of
Berne, completing her swiss promotion in 2001. She then returned to the Netherlands for a re-
sidency in pathology at the University of Veterinary Medicine completed in 2004 and worked
there for 3 more years as a diagnostic pathologist. She then worked for a year at the Netherlands
Cancer Institute in Amsterdam, with transgenic mouse models. After passing the exams of the
European Veterinary Pathology Board in 2008, she returned to diagnostic pathology at the Ani-
mal Health Service in Deventer, The Netherlands. Her main interests are oral pathology and der-
matopathology.

Biography
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ONCOlogisch Treffen, February 6th - 7th, 2016

Maurice Zandvliet

DVM, MVR, PhD, Dipl ECVIM-CA [Med] & [Onc]
The Netherlands

Work experience:
• Section Medical Oncology & Radiotherapy, Department of Clinical Sciences of Companion 

Animals, Faculty of Veterinary Medicine, Utrecht University.
• Section of Internal Medicine, Veterinary Specialist Centre ‘the Wagenrenk, Wageningen.

Education: After obtaining his degree in Veterinary Medicine from the Faculty of Veterinary
Medicine at Utrecht University, he continued with an Internship and Residency in Internal Me-
dicine of Companion animals at the same institute. The title of European Specialist in Internal
Medicine was awarded in 2007 and while in his first few years all fields of internal medicine of
dogs and cats were practiced, oncology, feline medicine and cytology were his special interests.
In 2010 his focus shifted to Oncology, and Medical Oncology and Radiotherapy in particular. To
get more proficient in both of these non-surgical oncological disciplines additional training
was taken in medical oncology (European residency program) and radiotherapy that included
externships at the Department of Radiotherapy of Utrecht University Medical Centre, the De-
partments Radiotherapy and Medical Oncology at the Faculties of Veterinary Medicine Vienna
(Austria) and Fort Collins, Colorado (USA), as well as additional theoretical courses in radiation
hygiene, radiation physics and treatment planning. In 2015 the Residency in medical oncology
was successfully completed and a second European specialist title was obtained.

Research: The main interests in terms of research are the hematopoietic tumors (malignant
lymphoma, leukemia, mast cell tumors) and tumor therapy resistance. These interests resulted
in the PhD thesis “Drug resistance in canine malignant lymphoma” that was completed in 2014.

Additional activities: board member of the Dutch Cancer Foundation for Animals (NKFD) and
FelCan; member of the expert panel of the European Canine Lymphoma Network.
He is a regular speaker at regional, national and international meetings and conferences on to-
pics in the field of oncology and internal medicine.

Biography
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ONCOlogisch Treffen, February 6th - 7th, 2016

Chairmen

Johan P. de Vos

Johan de Vos studied veterinary medicine from 1972-1978 at the Utrecht University, and obtained
his veterinary degree (cum laude) in 1978. In 1978 he founded a small animal practice in
Terneuzen, The Netherlands, which developed to ‘De Ottenhorst’, Clinic for Companion Animal
Medicine and Veterinary Oncology Referral Centre, since 2010 part of the ‘Animal Hospital
Zeeuws-Vlaanderen’, where he is principal oncologist
He has given presentations on oncology topics on national and international lecture tours and
conferences, and he is invited on a regular base as tutor on (inter)national veterinary oncology
courses. He has published in several peer-reviewed international journals.

(Board) membership:
- European Society of Veterinary Oncology (ESVONC) member since 1997
- Former Treasurer and Membership Secretary of the European Society of Veterinary Onco-
logy(ESVONC) 2004-2012

- founder and President of the Dutch Animal Cancer Foundation (NKFD); www.nkfd.nl
- co-founder and past-President of the Dutch and Belgian Collaborating Veterinary Cancer
Centres (SDK); www.kankerbijdieren.nl

- member of the organizing committee of the Dutch annual oncology conference ‘ONCO-
logisch Treffen’.

- member of the American Veterinary Cancer Society (VCS)
- member of the British Association of Cancer Research
- co-founder of the World Veterinary Cancer Congress
- Honorary Member of the Brazilian Association of Veterinary Oncology (ARBROVET)

Animal Hospital Zeeuws-Vlaanderen
Veterinary Oncology Referral Centre ‘De Ottenhorst’
Van Diemenstraat 83, 4535 AR Terneuzen, Netherlands
T: +31.115.619628 | E-mail: jpdevos@zeelandnet.nl

Biography
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Erik Teske

Erik Teske graduated at the Utrecht University in 1981. After an internship and residency he
became a specialist internal medicine in 1986. From 1987-1989 a KWF-fellowship in clinical
oncology was performed at the National Cancer Institute in Amsterdam. In 1993 he defended
his thesis on non-Hodgkin lymphoma in the dog. From 1992 he is a full staff member of the
Department of Clinical Sciences of Companion Animals, where he is currently head of the Medical
Oncology. Currently he is also part-time professor in medical oncology at the Veterinary Faculty
in Liege.
His area of expertise are clinical cytology, epidemiology, and oncology. In the field of oncology
especially non-Hodgkin lymphoma and prostate carcinoma in the dog have his focus of atten-
tion. He has written more than 120 publications in refereed journals (including many on clinical
cytology), 16 book chapters, and more than 160 other publications. He has given over 140 invited
presentations at international congresses. For some 25 years he has been co-organizing an ESAVS
course on internal medicine for European practioners.
Dr. Teske was the first president of the European College of Veterinary Internal Medicine, has
been president of the European Board of Veterinary Specialisation, and is currently still presi-
dent of the Dutch Board of Veterinary Specialisation. He is double boarded in the ECVIM-CA in
internal medicine and in clinical oncology. He is Honorary Member of the European College of
Veterinary Clinical Pathology and was awarded the WSAVA Hill’s Excellence in Veterinary Health-
care Award in 2006. In 2015 he chaired an External Credential Committee for the Asian College
of Veterinary Internal Medicine.

Erik Teske is afgestudeerd in Utrecht in 1982. Na een internship en residency is hij specialist
interne geneeskunde van gezelschapsdieren geworden in 1986. Hierna heeft hij een KWF fellow-
ship in oncologie gevolgd in het NKI in Amsterdam van 1987-1989. In 1993 is hij gepromoveerd
op het non-Hodgkin lymfoom bij de hond. Momenteel is hij hoofd van de Medische Oncologie
bij het departement Geneeskunde van Gezelschapsdieren, Universiteit Utrecht. Daarnaast is hij
part-time hoogleraar in de medische oncologie bij de Universiteit van Luik, België.
Zijn expertises liggen vooral in de klinische cytologie, epidemiologie en oncologie. Onderzoeks-
velden zijn maligne lymfoom bij hond en kat en prostaatkanker bij de hond. Hij heeft meer dan
120 publicaties in wetenschappelijke tijdschriften (waarvan diversen over cytologie), 16 boek
hoofdstukken  en meer dan 160 andere publicaties op zijn naam staan. Hij heeft meer dan 140
presentaties bij internationale congressen gegeven. Sinds meer dan 25 jaar organiseert hij een
internationale ESAVS cursus in inwendige ziekten voor dierenarts-practici uit heel Europa.
Dr Teske was de oprichter en eerste president van het Europese College for Veterinaire Internal
medicine, is president van de European Board of Veterinary Specialisation geweest, en is
momenteel voorzitter van de Nederlandse Registratie Commissie voor specialisten. Hij is zowel
specialist interne geneeskunde als specialist oncologie. Daarnaast is hij ere-lid van het European
College of Veterinary Clinical Pathology en heeft in 2006 de WSAVA Hill’s Excellence in Veteri-
nary Healthcare Award mogen ontvangen.
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Lymphoma session

Session chairman: Carolyn Henry

Sponsored by



Samen werken aan diergezondheid

GD, Postbus 9, 7400 AA Deventer, T. 0900-1770, F. 0570-63 41 04
www.gddiergezondheid.nl, info@gddiergezondheid.nl
GD, Postbus 9, 7400 AA Deventer, T. 0900-1770, F. 0570-63 41 04

Voor uw Cytologisch 
en Histopathologisch 
onderzoek

Wij bieden u:
• Diagnostiek door team van pathologen
• Snelle uitslagen
• Gratis ophaalservice voor monstermateriaal
• Nieuwste kleuringen en technieken
• Mogelijkheid tot dagelijks overleg met pathologen
• Indien gewenst therapeutisch oncologisch advies
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lymphoma subtypes in animals, which greatly contributes to our understanding of the 
mechanisms that cause heterogeneity in lymphomas of animals.  

During the presentation the assumed cellular origins of the lymphoma subtypes in dogs and 
cats will be highlighted. Until now, 18 B-cell lymphoma subtypes and 19 T-cell lymphoma 
subtypes have been identified with this classification system (table 1 and table 2). These 
subtypes will be briefly introduced during the presentation. It is of note that of these 37
lymphoma subtypes, only 6 subtypes cause 80% of the lymphoma cases in dogs. These highly 
prevalent lymphoma subtypes comprise 3 B-cell lymphoma subtypes (diffuse large B-cell 
lymphoma, Burkitt-type lymphoma and marginal zone lymphoma), and 3 T-cell lymphoma 
subtypes (precursor T-cell lymphoblastic lymphoma, peripheral T-cell lymphoma, not 
otherwise specified (PTCL-NOS) and T-zone lymphoma). Of these subtypes, marginal zone 
lymphoma (MZL) is a low grade/indolent B-cell lymphoma, whereas T-zone lymphoma 
(TZL) is a low grade/indolent T-cell lymphoma. Longstanding survival, requiring little 
therapy, may be achieved in dogs with MZL or with TZL (median survival 22 and 33 months, 
respectively). The microscopic features of these two indolent lymphoma subtypes will be 
presented. Oddly, and in contrast to the statement above, the cellular characteristics of both 
these indolent lymphomas are highly characteristic, which allows experienced pathologists 
and cytologists to diagnose MZL and TZL by cytology and immunocytology. 

MZL, the most prevalent low grade B-cell lymphoma subtype, is recognized most frequently 
in mature dogs and cats and likely occurs in all domestic animals. MZL has 3 different 
presentations; i.e. nodal MZL, splenic MZL and MZL originating in mucosa-associated 
lymphoid tissue (synonymously called MALT lymphoma). The most characteristic 
presentation of MZL is in a mature large breed dog that presents with a single enlarged lymph 
node, often submandibular. The animals invariably feel well and have normal appetite and 
activity. Cases with splenic involvement usually present with no evidence of lymphoma in 
other tissues. In the dog, MZL is the type of lymphoma most likely to be primary in the 
spleen. Spread from the spleen is slow and likely to go to the hilar nodes and thus removed in 
routine splenectomy. Both the nodal and splenic MZL progress slowly, but only the nodal 
type tends to become generalized after 18 months to 2 years. Dogs with late stage MZL still 
tend to feel well even with bulky lymph nodes. Notably, MZL has not been noticed to induce 
leukemia in animals. Also, bone marrow is seldom found to be involved in any of the three 
presentations of nodal, splenic, or MALT types of MZL unless the disease is at an advanced 
stage as judged by microscopic descriptors, such as increased mitotic rate, sinus dilation and 
presence of tingible body macrophages.  

TZL, the most prevalent low grade T-cell lymphoma subtype, appears to occur only in dogs as 
this lymphoma subtype has not been recognized in other species. The presentation of TZL in 
the dog is consistent with usually only one or two nodes involved and usually found 
incidentally as a result of examination for vaccination, dental care or in grooming by the 
owner. Invariably the dog is in apparent good health with normal appetite and activity. The 
nodes are fully mobile and nontender to palpation and easily removed or aspirated. In the 
USA, TZL has a marked breed disposition as Golden Retrievers and Shih Tzu’s are mainly 
affected. This breed disposition has not been found in Europe. Probably, the prevalence of 
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TZL is underestimated because this lymphoma subtype can be easily confused with T-cell 
lymphocytic lymphoma. Nevertheless, the hallmark of canine TZL is loss of CD45 
expression, which can be detected by flow cytometry. TZL has been shown to highly variably 
express CD4 and CD8 proteins, and CD4-/CD8-, CD4+/CD8- and CD4-/CD8+ TZL have been 
identified. However, these differences in immunophenotype do not result in different 
histologic presentations. Notably, and in contrast to MZL, TZL is usually leukemic, which 
results in marked peripheral blood lymphocytosis in longstanding cases. In time, TZL 
colonizes multiple lymph nodes, resulting in generalized lymphadenopathy in the end. No 
tissues other than lymph node are known to be involved, which clearly distinguishes TZL 
from T-cell lymphocytic lymphoma. Because TZL appears to be the cause of
immunosuppression, it is of note that dogs frequently show an adult onset of Demodex 
infection. Due to time limitations, the remaining, less prevalent, low grade/indolent B-cell and 
T-cell lymphomas cannot be addressed during the presentation. The interested reader is 
referred to tables 1 and 2, where those subtypes are clearly marked.  

In conclusion: a joined effort of clinician and pathologist is required to assign a lymphoma to 
one of the 16 low grade subtypes or to one of the 21 aggressive subtypes by histology and 
immunohistochemistry. This effort will most probably pay-off as the results of classification 
of lymphomas in subtypes will be both of great prognostic and therapeutic significance and 
will furthermore support oncologists to develop tailored therapies for a range of lymphoma 
subtypes that improve on the current therapies. 

 

 

 

 

 

 

 

Table 1. Histological classification of B-cell lymphoma 
subtypes in animals according to the WHO. ülow 
grade B-cell lymphoma subtype. 

Table 2. Histological classification of T-cell and Natural 
killer cell neoplasms in animals according to the WHO. 
ülow grade T-cell lymphoma subtype. 
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ONCOlogisch Treffen, February 2016

Evert van Garderen

Laboratory for Pathology and Histology

GD Deventer, The Netherlands

Outline of the presentation 
I. Introduction to the 18 B-cell and 19 T-cell lymphoma 

subtypes in animals according to the WHO 
classification system

II. Cell origin of lymphoma subtypes

III. Low grade lymphomas with an indolent clinical 
course are part of this large group of lymphoma 
subtypes 

IV. Of all the identified lymphoma subtypes, 6 subtypes 
are most prevalent and cause 80% of the lymphoma 
cases. Two of these are indolent lymphomas

V. Our experiences with the WHO classification system

LLyymmpphhoommaa ccllaassssiiffiiccaattiioonn ssyysstteemmss 

Human 
medicine

Veterinary
medicine

Gall and Mallory’s
classification

1942
1945 Bloom

Rappaport’s
classification 1966

1974 Jarrett

194519451945

1966
19741974

1974Kiel classification

The Working Formulation 1982

Updated Kiel classification 1988
Revised Kiel classification 1992

19741974

1982 1984 Appelbaum

1988
1992 1993 Teske19921992

REAL classification 199419941994
2002 Valli

2011 Valli
etcetera

Histological classification of 
hematopoietic tumors of 
domestic animals

Histological classification of hematopoietic 
tumors of domestic animals

 
• Lengthy list of a range of lymphoma subtypes that have 

been recognized as diseases 
• Lists both nodal and extra-nodal lymphomas
• 18 B-cell lymphoma and 19 T-cell lymphoma subtypes 

listed
• Microscopic diagnosis of subtypes based on histology 

and immunohistochemistry (!).
• Except for a few lymphoma subtypes, cytology is not 

compatible with this classification system

B-cell lymphomas; rule of thumb 

• B-cell lymphomas/leukemias may arise in the 
bone marrow from precursor B-cells. These are 
called immature or precursor B cell neoplasms

• B-cell lymphomas may arise in follicles/germinal 
centers in lymphoid organs or mucosal sites. 
These are called mature or peripheral B cell 
lymphomas
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Nodal marginal 
zone lymphoma

B-cell lymphoma subtypes 
 

Extra-nodal marginal zone lymphoma of mucosa-associated 
lymphoid tissue (MALT lymphoma)

Splenic marginal zone lymphoma

Burkitt-type lymphoma

I. Precursor/immature B-cell neoplasms (bone marrow derived)
B-cell lymphoblastic 
leukemia/lymphoma

II. Peripheral/mature B-cell lymphomas (germinal center derived)

B-cell chronic lymphocytic 
leukemia/lymphoma

Follicular lymphoma

Thymic B-cell lymphoma 
(mediastinal B-cell lymphoma)

Plasma cell myeloma

Primary effusion lymphoma

T-cell rich large B-cell 
lymphoma/lymphomatoid
granulomatosis

Diffuse large B-cell lymphoma

B-cell lymphoma subtypes 
 

Indolent 
plasmacytoma

Lymphoplasmacytic
lymphoma

Intravascular large 
B-cell lymphoma

Immunoblastic large 
B-cell lymphoma

Mantle cell lymphoma

B-cell prolymphocytic
leukemia

II. Peripheral/mature B-cell lymphomas (germinal center derived)

MZ

GC MCMCMCMCGC MCMC

Normal form and function of the B-cell system 
 - B-cell differentiation and maturation - 

MZMZ

Peripheral 
blood

Bone marrow B-cell follicle lymphoid 
organ/mucosa 

B-cell
follicle in a 
normal
lymph node

Marginal zone

Mantle zone

Germinal center

Normal form and function of the B-cell system 
 - B-cell differentiation and maturation - 

CD79a expression

Marginal zone

Mantle zone

Germinal center

B-cell follicle
in a normal
lymph node

Normal form and function of the B-cell system 
 - B-cell differentiation and maturation - 

What is known about B-cell lymphomagenesis? 
 

- cell origin of B-cell lymphoma subtypes - 

• The normal function of germinal centers is to generate and 
select B-cells that produce high affinity antibodies

• This comes however with a dangerous downside; the 
same genetic mechanisms that enable the development of 
cells that produce high-affinity antibodies are involved in 
malignant transformation into mature B-cell lymphomas

• As a result, the majorities of the peripheral B-cell 
lymphoma subtypes are derived from the different B-cell 
lineages in the follicles
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B-cell follicle in lymphoid organ 

Acute B-cell lymphoblastic
leukemia/lymphoma
Burkitt-type lymphoma

B-cell
lymphocytic
lymphoma

Follicular lymphoma
Diffuse large B-cell lymphoma

Mantle cell lymphoma

Lymphoplasmacytic
lymphoma
Primary effusion
lymphoma

Nodal/Splenic
marginal zone
lymphoma

Primary mediastinal B-cell
lymphoma

Prolymphocytic leukemia

B-cell lymphocytic
lymphoma

MALT lymphoma

Plasmacytoma
Multiple myeloma

Abnormal form and function 
- B-cell lymphomagenesis - 

B cel

lymphoma Mantle

Lymph

myeloma

MALT MALT 

Prolymphoc

B-cell
lymph
B

Nodal/splenic/mucosa-associated marginal zone lymphoma

Follicular lymphoma

Lymphoplasmacytic
lymphoma

Mantle cell lymphoma

Take home message 
9 Low-grade/indolent B-cell lymphoma subtypes 

B-cell chronic lymphocytic 
leukemia/lymphoma T-cell rich large B-cell 

lymphoma/lymphomatoid
granulomatosis

Indolent 
plasmacytoma

Heterogeneity of B-cell lymphomas 
- 18 histological subtypes - 

üü Low
grade

üü

üü
üü

üü
üü

üü
üü
üü

üü

T-cell lymphomas; rule of thumb 

• T-cell lymphomas/leukemias may arise in the 
bone marrow and thymus from precursor T-cells.
These are called immature or precursor T cell 
neoplasms

• T-cell lymphomas may arise in lymph nodes and 
extra-nodal sites. These are called mature or 
peripheral T cell lymphomas

Pagetoid reticulosis

Mycosis fungoides

Cutaneous nonepitheliotropic
lymphoma

T-cell lymphoblastic 
leukemia/lymphoma

T-cell chronic lymphocytic 
leukemia/lymphoma

Hepatosplenic γδ
T-cell lymphoma

Subcutaneous
panniculitis-like T-cell
lymphoma

Anaplastic large 
cell lymphoma

T-cell lymphoma subtypes 
 

I. Precursor/immature T-cell neoplasms (bone marrow/thymus 
derived)

II. Peripheral/mature T-cell lymphomas (nodal/extranodal sites)

T-cell large granular lymphocytic 
lymphoma/leukemia

Angioimmunoblastic
lymphoma

Adult T-cell like
lymphoma/leukemia

Angioinvasive lymphoma

Enteropathy-associated T-
cell lymphoma, type I

Enteropathy-associated T-
cell lymphoma, type II

PTCL, not 
otherwise specified

T-zone lymphoma

T-cell lymphoma subtypes 
 

Angiocentric lymphoma

Extranodal PTCL, mixed 
inflammatory type

Extranodal PTCL, 
mixed lymphoid type

II. Peripheral/mature T-cell lymphomas (nodal/extranodal sites)
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What is known about the cell origin of T-
cell lymphoma subtypes 

• In contrast to established cell origins of 
B-cell lymphoma subtypes, little is known 
about the cell origin of T-cell lymphoma 
subtypes

Precursor T-cell 
lymphoblastic lymphoma

What is known about the cell origin of T-
cell lymphoma subtypes 

Bone
marrow

Thymus

Pagetoid
reticulosis

Mycosis 
fungoides

T-cell chronic lymphocytic 
leukemia/lymphoma

Angioinvasive lymphoma

Enteropathy-associated T-
cell lymphoma, type II

Angiocentric lymphoma

T-zone lymphoma

Take home message 
7 Low-grade/indolent T-cell lymphoma subtypes 

Heterogeneity of T-cell lymphomas 
- 19 histological subtypes - 

üü

üü

üü

üü

üü

üü

üüLow
grade

üü

 Mixed opinions on current lymphoma histological 
classification system in animals 

- Pick a side - 
system in system in animalsanimals

a sideideideide   ---- Opportunity; 
Identification of 
those lymphoma 

subtypes by 
histology enables us 
to develop tailored 

therapy regimen

Pick a sa sideide

Threat; too complicated 
and what are the 
cost:benefit and cost:risk
ratios of taking 
histological samples?

 Current lymphoma classification system in animals 

Hi, don’t worry too much.…Only 6 
subtypes make up for 80% of the 

lymphoma cases in dogs and cats
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T-cell lymphoblastic 
lymphoma
Med survival ?? short

Peripheral T-cell lymphoma (PTCL), 
not otherwise specified
Med survival 5 months (Flood Knapik, 2013)

Burkitt-type B-cell lymphoma
15 days (Ponce, 2004)

T cell lymphoblastic

Marginal zone lymphoma
22 months (Flood Knapik, 2013)

T-zone lymphoma
Med survival 33 months 
(Flood Knapik, 2013)

Six lymphoma subtypes represent 80% of 
the lymphoma cases 

üüLow grade/indolent

üüLow grade/
indolent

Burkitt-type B-cell lymphoma

Diffuse large B-cell lymphoma
Med survival with CHOP 17 months (Ponce, 2004)

T-cell lymphoblastic 
lymphoma
Med survival ?? short

Peripheral T-cell lymphoma (PTCL), 
not otherwise specified
Med survival 5 months (Flood Knapik, 2013)

Burkitt-type B-cell lymphoma
15 days (Ponce, 2004)

T cell lymphoblastic

Marginal zone lymphoma
22 months (Flood Knapik, 2013)

T-zone lymphoma
Med survival 33 months 
(Flood Knapik, 2013)

Heterogeneity of outcome within a phenotype 
means histological classification is important  

üüLow grade/indolent

üüLow grade/
indolent

Burkitt-type B-cell lymphoma

Diffuse large B-cell lymphoma
Med survival with CHOP 17 months (Ponce, 2004)

Most prevalent low-grade/indolent B-cell 
lymphoma 

Marginal zone lymphoma (MZL)
Median survival 22 months

- Nodal type, splenic type, mucosal type

- Most prevalent primary splenic lymphoma subtype

- Splenic MZL does not spread to other sites

- Nodal MZL finally results in generalised lymphadenopathy

- No leukemia

- Rarely involvement of bone marrow and if so, only in
advanced stage 

Most prevalent low-grade/indolent B-cell 
lymphoma 

Marginal zone lymphoma (MZL)

Marginal zone

Mantle zone
Germinal
center

Cell signature of normal marginal 
zone B-lymphocytes  Most prevalent low-grade/indolent B-cell 

lymphoma 

Marginal zone lymphoma
Median survival 22 months (Flood Knapik, 2013)

Histology Cytology
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Most prevalent low-grade/indolent T-cell 
lymphoma 

T-zone lymphoma
Median survival 33 months

§ Unique neoplasm, relatively common in dogs, not reported in 
others species 

§ USA: 40% of cases in Golden Retrievers, 8% of cases in Shih 
Tsu. Europe: no breed predisposition

§ Nodal lymphoma, tendency to remain localized for long time. 
Eventually lymphadenopathy in 78% of dogs. In all cases 
investigated TZL is leukemic

§ Little impairment of general health. Long survival, requiring 
minimal therapy

§ Causes immunosuppression; adult onset of Demodex infection 
§ At the molecular level TZL is characterized by loss of CD45 

expression.

Most prevalent low-grade/indolent T-cell 
lymphoma 

T-zone lymphoma

Histology Cytology

V. Our experiences with the 
histological lymphoma 
classification according to the 
current WHO system 

Prerequisites for full lymphoma 
classification 

Full lymphoma classification according to the current 
WHO classification system, requires:
- Preferably entire lymph node. Trucut biopsies of lymph 

nodes are not amongst our favorite histological 
samples

- Histology and immunohistochemistry for CD3, CD79a
- Clonality testing by PARR may be necessary in cases 

in which microscopy is inconclusive
- Cytology, even in combination with immunocytology, is 

largely incompatible with full lymphoma classification. 
- In the near future flow cytometry may greatly add to 

identification of lymphoma subtypes

Data obtained from our diagnostic 
pathology service 

94%

2% 4%

Prevalence of canine lymphoma cases in 
period Jan 2013- Aug 2015

Total canine cases, not
lymphoma (n=8197)

Canine lymphoma diagnosis by
histology (n=151)

Canine lymphoma diagnosis by
cytology (n=340)

13%

87%

Full classification into
subtypes according to WHO
nomenclature (n=64)

Incomplete or no
classification into subtypes
according to WHO
nomenclature (n=427)

Data obtained from our diagnostic 
pathology service 

Of all lymphomas submitted to our laboratory, 
classification of lymphomas into subtypes according to 
the WHO was possible in:
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Wrap up 
- Fact and FAQ - 

 
Assigning a lymphoma sample to one of the 16 low 
grade subtypes or to one of the 21 aggressive 
subtypes by histology and immunohistochemistry:
• Is of great prognostic and therapeutic significance 
• Should support oncologists to develop tailored 

therapies for a range of lymphoma subtypes that 
improve on the current therapies

• However, are the cost/benefit and risk/benefit ratio's 
of the procedures needed to obtain a histological
sample sufficient to give preference to a histological
rather than a cytological diagnosis?

Thank you for your attention
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Lymphoma treatment options-- tailored therapy or one size fits all? 

Carolyn J. Henry, DVM, MS, DACVIM (Oncology) 
College of Veterinary Medicine and School of Medicine Hematology/Oncology Division 

University of Missouri; Columbia, MO 65211 

The past decade has seen growing interest in developing a more standardized approach to 
diagnosis and therapy of lymphoma in companion animals.  Groups such as the European 
Canine Lymphoma Network (ECLN) have organized with the intent to create consensus 
guidelines to facilitate standardized approaches to patient care.  Ideally, resultant consensus 
documents will be globally updated when warranted by outcomes analysis of patient data and 
as new technologies emerge.(Comazzi S, et al. 2014) Some currently emerging technologies 
include more precise diagnostic and staging tools and targeted therapies that will lead to more 
individualized patient care.  At the intersection of veterinary patient care and these state-of-
the art diagnostic and therapeutic modalities lies the reality of cost and availability.  As such, 
veterinarians must understand both “best practice” approaches and “best compromise” 
alternatives.  In both scenarios, emphasis should be placed on evidence-based medicine and 
quality of life-related risk/benefit.  With these objectives in mind, this discussion focuses on 
current options for treatment of canine and feline lymphoma. Radiation therapy is discussed 
elsewhere. 

Surgery 
Due to the systemic nature of most lymphomas, surgical intervention is often reserved for 
diagnostic or staging purposes. Notable exceptions include solitary masses of the spleen or 
intestines and Stage I lesions amenable to complete excision. For example, dogs with the
aforementioned (by van Garderen) marginal zone lymphoma (MZL) of the spleen, an 
indolent/low-grade B-cell lymphoma, may survive beyond one year with splenectomy alone.  
In a 2013 report of 29 dogs splenectomized for MZL, the median survival time (MST) was 
383 days and neither lymph node involvement nor chemotherapy had a significant effect on 
survival.(O’Brien DO, et al, 2013) Asymptomatic dogs fared better than did those with signs 
of illness (MST 1153 v 309 days). 

Chemotherapy 
Treatment protocols for [non-indolent] lymphoma have varied considerably over the past few 
decades, ranging from prednisone and single-agent chemotherapy protocols to numerous 
iterations of CHOP-based protocols and their schedules.  Despite a lack of uniformity in 
protocol details, there have been some widely-accepted changes in multidrug protocols of 
note.  One such modification was born of necessity when drug availability was limited.  
When L-asparaginase inventory was limited, veterinarians in the US were serendipitously 
required to exclude the drug from induction protocols for lymphoma.  At the time, L-CHOP 
chemotherapy was considered standard-of-practice at most US referral institutions.  The 
inherent protocol outcome assessment brought about by the product shortage demonstrated 
that exclusion of L-asparaginase from induction protocols did not alter protocol efficacy. 
(MacDonald et al, 2005 and Jeffreys AB, et al 2005).  Methotrexate and cytosine 
arabinoside are other former members of multi-drug protocols including the University of 
Wisconsin-Madison (UWM) protocol and the COAP protocol. Both drugs are S-phase 
specific with short half-lives, thus limiting their efficacy and duration of effect when given in 
veterinary clinical protocols.  While both drugs are still used in select patients, their routine 
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inclusion in induction protocols for lymphoma is no longer the norm.  One additional area of 
lymphoma protocol evolution has been in the length of initial treatment.  The overall trend 
has been to decrease induction and maintenance protocol duration to 23 weeks or less.  A 
clear advantage for longer protocol duration has not been demonstrated, leading most 
clinicians to opt for the convenience, quality of life, and cost savings advantages of shorter 
protocols.  As nontraditional therapy options (vaccines, targeted immunotherapy, etc) become 
available, it is anticipated that our protocols will further evolve. 

Chemotherapy protocols for indolent lymphoma have not been standardized in veterinary 
oncology.  Rather, there is difference of opinion regarding the overall need for chemotherapy 
for initial patient management when companion animals are diagnosed with indolent 
lymphoma.  Some practitioners maintain that indolent lymphoma, as the name implies, has an 
indolent course that is not altered by chemotherapy and, as such, treatment should not be 
initiated at the time of diagnosis. Others believe that earlier initiation of treatment may 
improve quality of life and delay progression to fulminate symptomatic disease.   

In a 2013 report of 75 dogs with indolent lymphoma (61.7% T-zone; 25% marginal zone), the 
median survival tine was nearly 4 ½ years and the choice of systemic chemotherapy did not 
significantly affect survival. In fact, dogs receiving chlorambucil and prednisone had not 
reached MST by the time of publication and those receiving CHOP-based therapy had a MST 
of 21.6 months. (Flood-Knapik KE, et al 2013) These findings are consistent with human 
oncology reports suggesting that although the choice of chemotherapy protocol for indolent B 
cell lymphoma does not significantly alter survival time, progression free survival may be 
improved with systemic therapy. (Vidal L, et al 2012) As such, improving quality of life and 
slowing development of symptomatic disease are the benchmarks by which treatment success 
is measured.  This is especially difficult to apply to veterinary oncology patients, given the 
subtle symptomatology that may mimic age-related changes in quality of life.  Clearly, 
prospective assessment of outcomes from well-controlled randomized veterinary oncology 
studies would be ideal. However, financial and population constraints, as well as the lack of 
consensus relative to disease subtyping have hampered our ability to develop clinically 
applicable and evidence-based guidelines for treatment of indolent lymphoma. Rather, there 
are currently two camps---those who recommend treatment at the time of diagnosis and those 
who favor waiting for development of clinical symptoms or disease progression. Further 
discussion of this topic is anticipated during this forum. 

Non-chemotherapy-based approaches 
Despite decades of clinical research to improve outcome for lymphoma with chemotherapy, 
response rates and survival times remain relatively static. It is clear that additional systemic 
therapies are needed to improve outcomes. Novel approaches including gene therapy, tumor 
vaccines, epigenetic modification and passive immunotherapy are being actively investigated. 
Some of these approaches, including oncolytic virus-based approaches, are being co-
developed for the veterinary and human medical market.  Initial data look very promising, but 
because such products are not yet commercially available, they will not be a focus of 
discussion here.(Sanchez D, et al. 2016) 

One of the demonstrated “game-changers” in the treatment of human lymphoma is
Rituximab, a chimeric antibody that targets CD-20 on B-cells.  Because CD-20 is expressed 
only on lymphoma cells and those cells of B-cell lineage prior to their maturation to plasma 
cells, it may be targeted without risking depletion of cells needed for an antibody response to 
pathogens. This passive immunotherapy approach has transformed human B-cell lymphoma 
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therapy, greatly extending survival times with minimal toxicity over what had previously 
been achieved with chemotherapy alone.  Early attempts to utilize Rituximab for treatment of 
canine lymphoma met with failure, as the drug does not bind to canine CD-20. (Impellizeri 
JA, et al, 2005).  However, subsequent efforts to create a canine-specific CD-20 antibody 
have raised hopes that the current limitations to long term effective therapy of canine B-cell 
lymphoma may be overcome. (Ito D, et al. 2014). Early reports of one such species-specific 
anti-CD-20 monoclonal antibody were promising and led to conditional approval of AT-004
for the treatment of canine B-cell lymphoma in 2012. Full licensure of AT-004 was granted 
by the USDA in early 2015, along with conditional approval of AT-005 which targets CD-45 
in canine T-cell lymphoma. Despite positive results reported at the 2015 ACVIM Forum, 
subsequent analysis of clinical outcome with AT-004 did not support further 
commercialization of the product in the US.  In a November 2015 press release, Aratana 
announced that it would no longer pursue marketing of either AT-004 or AT-005.(Niedziel K; 
2015) Given the rapidly evolving landscape of this market niche, the latest updates will be 
provided and their ramifications discussed during this February 2016 session. 

References: 
Comazzi S, Marconato L, Argyle DJ, et al. The European canine lymphoma network: a 

joining initiative to generate consensus guidelines for the diagnosis and therapy in 
canine lymphoma and research partnership. Vet Compar Oncology 2014;13(4):494-
497.

O’Brien DO, Moore PF, Vernau W, et al. Clinical characteristics and outcome in dogs with 
splenic marginal zone lymphoma. J Vet Int Med 2013;27:949-054.B 

Flood-Knapik KE, Durham AC, Gregor TP, et al. Clinical, histopathological and 
immunohistochemical characterization of canine indolent lymphoma. Vet Comp 
Oncol 2013;11(4)272-86. 

Vidal L, Gafter-Gvili A,  Gurion R, et al. Bendamustine for patients with indolent B cell 
lymphoma including chronic lymphocytic leukemia. Cochrane Database of 
Systematic Reviews 2012;9. 

Sanchez D, Pelayo R, Medina LA, et al. Newcastle disease virus: potential therapeutic 
application for human and canine lymphoma. Viruses 2016;8:3. 

Impellizeri JS, Howell K, McKeever KP, et al. The role of rituximab in the treatment of 
canine lymphoma: An ex vivo evaluation. Vet J 2006;171:556-558.

Ito D, Brewer  S, Modiano JF, et al. Development of a novel anti-canine CD20 monoclonal 
antibody with diagnostic and therapeutic potential. Leukemia & Lymphoma 
2014:Early Online:1-7.

Niedziela K. Aratana suffers setback on canine lymphoma products. Veterinary Practice 
News September 25, 2015. 



32                                                                                                                                         ONCOlogisch Treffen

Notes
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Open Air Fluorescence Imaging System 

multispecies preclinical research, clinical translational 
and emerging veterinary surgical applications. Flexible 
for both invasive and non-invasive imaging in many 
applications of preclinical research including, oncology 
(tumor margins), inflammation, cardiovascular, and 
more. The system is also useful in academic veterinary 
research and veterinary surgical procedures as a next 
step for translation into the clinical setting.  

Features/Benefits  

 Open field fluorescent imaging for large animal 
imaging   

 Broad-range of fluorescent probes (470  800 
nm)   

 Supports FDA approved dyes currently on the 
market such as ICG & FITC   

 PerkinElmer fluorescent agents validated on 
Solaris   

 Unique detection technology allows use in 
ambient light   

 Ideal for guided research surgical procedures such as tumor extraction 

 
   
 
 
 
 
 
 
 
 
 
 
 

 

White light 
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Near infrared 

Image taken on Solaris at Referential Center Gouda. Mastcell tumor, injected with ProSense 750 Fast agent 
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Novel approaches in immunotherapy of cancer 
 
Ferry Ossendorp PhD 
Tumor Immunology Group, Department Immunohematology and Blood Transfusion, Leiden University 
Medical Center, Leiden, The Netherlands 
 
Immunotherapy of cancer has recently been accepted as effective treatment protocol for several cancer types like 
melanoma and non-small cell lung cancer. Important breakthroughs in the clinic were the so-called checkpoint 
blocking antibodies, like anti-CTLA4 (Ipilumumab) and anti-PD1 (Nivolumab) which block co-inhibitory receptors 
expressed by suppressed, and therefore inactive tumor-specific T cells. By systemic application of these blocking 
antibodies tumor-specific T cells will be revived and attack the tumor cells. Spectacular cures have been 
observed albeit with severe side effects and not all patients respond to these treatments. Current research aims 
to unravel the tumor suppressive tumor micro-environment to improve these immunotherapeutic strategies. An 
important discovery was that local treatment with immune modulatory antibodies could also revert immune 
suppression and activate tumor-directed T cell responses.  We could show that local treatment with these 
checkpoint blocking antibodies near the tumor were as effective as systemic treatment with strongly reduced side 
effects. Another breakthrough is the molecular identification of tumor-specific antigens of which mutated antigens 
have now been shown to be the important peptide-antigens recognized by tumor-specific T cells. These occur 
mostly in tumors with a high mutation rate like melanoma which accumulates mutations due to UV irradiation, and 
non-small cell lung cancer by smoking. Specific cancer immunotherapy by therapeutic synthetic vaccines has 
therefore become an achievable clinical goal. By swift translation of mutated sequence identification in tumor cells 
by exome sequencing and immunogenicity analysis to production of synthetic peptide-based cancer vaccines, 
personalized therapeutic cancer vaccination will be possible. Our research program is on the forefront of both 
developments. We are analyzing the mechanisms of checkpoint blocking therapy. We have observed in our 
animal models that local rather than systemic treatment has not only the advantage of reducing the side effects 
but we could also lower the antibody dose significantly with similar anti-tumor effects, which is a big advantage for 
these expensive therapies. We will unravel the immunological mechanisms of checkpoint treatment in vivo to 
define optimal dosing and kinetic schedules of these antibodies. Second, a multidisciplinary approach in Leiden 
including organic chemistry, molecular biology, pharmacie and immunology, connecting research teams to 
develop a personalized neo-epitope vaccination platform from molecular design to GMP production and clinical 
vaccination trials. Defining optimal antigen delivery pathways to dendritic cells by specific uptake receptors is 
crucial for the design of molecularly defined cancer vaccines. Pre-clinical animal studies showed that synthetic 
peptide antigens conjugated to well-defined Toll like receptor ligands are highly effective cancer vaccines. This 
resulted in approval of a Phase I/II clinical trial in cancer patients with this experimental vaccine is initiated in 
2015.  
Combination therapies of checkpoint blocking antibodies and therapeutic tumor-specific vaccination but also with 
classical tumor-ablating therapies as chemotherapy, surgery and photodynamic therapy are very promising future 
approaches to improve tumor-specific immunotherapy. 
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Melanocytic tumours in dogs:  Are all melanomas the same? 
Tim Scase BSc BVM&S PhD MRCVS Dip.ACVP. 

Bridge Pathology Ltd., Bristol, UK 

In veterinary species, the classification of melanocytic lesions (ie: encompassing both benign 
and malignant forms) is much less well developed than in people. In people, there are two
main subtypes of melanocytic lesions – naevi and melanomas. Naevi are considered to be 
hamartomas, and can be congenital or acquired. Most do not progress to potentially 
malignant melanomas. Melanomas, in contrast, are potentially malignant and the majority of 
malignant melanomas likely develop as de novo lesions, for instance following primary 
malignant transformation of dermal melanocytes following ultraviolet light damage.  
In dogs, the term ‘naevus’ has been discouraged (WHO classification system, Goldschmidt et 
al, 2008) and instead the term ‘melanocytoma’ is used to describe any benign proliferation of 
melanocyte origin. As in people, the term ‘melanoma’ is used to describe a malignant tumour 
of melanocyte origin. Unfortunately, it can be difficult to reliably distinguish between 
malignant melanomas and benign melanocytomas in dogs. In part, this is because some 
heavily pigmented melanocytic tumours in dogs can still metastasise, and therefore the 
degree of differentiation cannot be used on its own as an assessment of clinical behaviour. 
This is in contrast to people, where heavily pigmented melanomas are uncommon and by 
some are referred to as ‘animal-type melanomas’. In addition, there is extensive variation in 
the histological features exhibited in canine melanocytic tumours. Whilst the behaviour of 
individual morphological subtypes is known in people, it is not known whether beyond the
clearly malignant cases, whether there are certain subtypes that have particular clinical 
behaviours in dogs.  

Tumour location and clinical behaviour.
Most melanocytic tumours of the mucous membranes, mucocutaneous junctions and nail bed 
are considered malignant. However, it is likely that melanomas at these sites, particularly 
within the oral cavity, are over diagnosed, as depending on the study, 10-40% of these 
tumours are not reported to metastasise following surgical excision. The rate of metastasis for 
subungual melanomas is lower than those for the oral cavity (58% vs. 59-90%), again 
suggesting a significant proportion of subungual melanocytic tumours are benign. Within the 
skin, the majority (60-70%) of these tumours are reported as melanocytomas, but as with 
other sites, histologically-diagnosed melanomas metastasise at lower rates that would be 
suggested by their diagnosis (in one report, only 12% of histologically-diagnosed cutaneous 
melanomas metastasised (Spangler & Kass, 2006)).In dogs, most melanocytic tumours of the 
eye are behaviourally benign, with a metastatic rate of approximately 4%, despite the 
histological diagnosis of malignant melanomas in approximately 15-30% of cases. Again, 
this indicates that ocular melanomas are frequently over diagnosed in dogs.  

Histological features and clinical behaviour. 
Canine melanocytomas and melanomas exhibit a range of different histological features. The 
variable feature include, infiltration of the overlying epidermis/mucosal epithelium, tumour 
cell pigmentation, tumour cell type (epithelioid, spindle, mixed, dendritic, signet ring), 
nuclear/nucleolar size and shape, mitotic index, the presence of metaplastic bone and 
cartilage, inflammation, etc. A recent review (Smedley et al., 2011) of the canine literature 
has indicated a number of features that can be used to help predict prognosis for canine 
melanocytic tumours. As one would expect, the presence of distant metastasis and regional 
lymph node metastasis is associated with a poor prognosis.  
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Of the histological variables considered, the mitotic index (number of mitoses per 10 high 
power fields) is significantly associated with prognosis. In oral/lip neoplasms mitoses are 
counted in the area of highest mitotic activity and in 10 adjacent consecutive high power 
fields. In cutaneous melanomas, mitoses are counted in 10 randomly selected high power 
fields. For oral/lip melanocytic tumours, a mitotic index of less than 4 is associated with a 
better prognosis than a mitotic index of 4 or more. In cutaneous/digital melanocytic tumours, 
a mitotic index of less than 3 is associated with a better prognosis than a mitotic index of 3 or 
more. Nuclear atypia as assessed by calculating the percentage of atypical nuclei in 200 cells 
at high power, is also associated with prognosis, although this is more difficult to perform 
than assessing the mitotic index in routine diagnostic situations. However, the features of 
identifying nuclear atypia (large, irregular or multiple nucleoli, vesicularisation of nuclei) and 
the scoring methodology have been clearly defined (Spangler & Kass, 2006). Less than 30% 
and less than 20% nuclear atypia is associated with a more favourable prognosis in oral/lip 
melanocytic neoplasms and cutaneous/digit neoplasms, respectively. None of the other 
histological parameters, such as predominant cell type, tumour morphology, size, shape, 
invasiveness, etc appears to be associated with prognosis and cannot be used to predict 
tumour behaviour. However, as already stated, this is based on an incomplete and fragmented 
literature base.  

Immunohistochemical features and clinical behaviour. 
The growth fraction of the neoplastic melanocytes is associated with prognosis for both 
oral/lip melanocytic tumours and for cutaneous melanocytic tumours, as assessed by 
measurement of the Ki67 staining index. This is an immunohistochemical stain that using the 
MIB-1 monoclonal antibody that identifies cells at a specific stage of the cell cycle. A 
number of counting systems has been used, but for both the oral/lip and cutaneous/digit sites, 
Ki67 index is associated with prognosis. For oral/lip melanocytic tumours, a Ki67 index of 
<19.5 is associated with a better prognosis than those with a Ki67 index >19.5 (P<0.001) 
(Bergin et al., 2011). For cutaneous or digital melanocytic neoplasms, the cut off value is 
15%, below which the prognosis is more favourable (P<0.001) (Laprie et al., 2001).

Summary. 
The veterinary literature dealing with melanocytic neoplasms in dogs is fragmented and filled 
with relatively small studies. However, the relatively few larger scale prognostic studies, 
which are all admittedly retrospective studies, suggest that mitotic index, Ki67 index and 
nuclear atypia can be used to assess the likelihood of metastasis and of a poor prognosis. The 
literature would suggest that best practice would be to assess these features for every 
melanocytic neoplasm. It is likely that otherwise, a significant number of dogs may be over-
treated for malignant melanomas, when they are likely behaviourally benign, indeed there is 
great reluctance by diagnostic pathologists to make the diagnosis of an ‘oral melanocytoma’, 
in case a well differentiated, but behaviourally malignant tumour is misdiagnosed. It is 
possible that assessment of the Ki67 index in a greater number of these cases, may help to 
identify those relatively well differentiated melanocytic tumours that are truly benign from 
those that have malignant potential.  
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Chemoimmunotherapy for canine and feline malignant melanoma: 
New findings and the American experience with the Oncept vaccine 

Carolyn J. Henry, DVVM, MS, DACVIM (Oncology) 
University of Missouri; Columbia, MO 65211 USA 

The aggressive clinical behaviour of malignant melanoma in companion animals warrants 
consideration of a multimodal treatment approach that combines both localized and systemic 
therapy.  Options for systemic therapy range for standard chemotherapy to tumour vaccine 
approaches.  Historically, the best median survival times for dogs with malignant melanoma
were approximately 8 months, regardless of treatment modalities employed. A recent large 
retrospective study of 151 dogs with oral malignant melanoma showed this to be true for 98 
dogs treated with only surgical excision as compared to those treated with 53 dogs that 
received some form of adjuvant therapy (MST= 352 days vs. 335 days, respectively). 
(Boston, et al., 2014) Novel immunotherapy approaches now offer the promise of delaying 
disease progression and extending survival times in dogs beyond that achievable with
localized therapy and chemotherapy alone. Only those therapies that are currently 
commercially available will be discussed in this session. 

Chemotherapy 
Malignant melanoma is relatively chemoresistant, thus limiting the efficacy of chemotherapy-
-only approaches to adjuvant therapy.  Of chemotherapy drugs evaluated, the platinums have 
shown the most promise, but response rates have been under 30% in dogs.  Carboplatin has 
been considered the chemotherapy drug of choice after a 28% response rate was reported by 
Rassnick, et al for 27 dogs with nonresectable malignant melanoma. (Rassnick, et al. 2001).
However, subsequent studies have not demonstrated a survival benefit when carboplatin has 
been added to the treatment plan.(Murphy et al, 2005; Proulx et al, 2003; Brockley LK, et 
al. 2013) When used at a higher dosage (300 mg/m2) in conjunction with surgical excision of
the primary tumour in a retrospective study by Dank, et al., carboplatin yielded a 440 day 
MST. The authors suggested that a prospective evaluation of adjuvant carboplatin at 300 
mg/m2 may prove this approach to be warranted after local tumour control with surgery. 
(Dank et al, 2012)  

Xenogeneic human tyrosinase DNA vaccine 
Various vaccine strategies have been evaluated for the treatment of canine malignant 
melanoma in the past 20 years.  To date, only one of these—the Oncept melanoma vaccine--
has gained full approval by the USDA.  The Oncept vaccine contains plasmid DNA with a 
cDNA insert encoding human tyrosinase, which is a protein essential for melanin synthesis. 
Following IM needleless injection of the vaccine, a tyrosinase protein with 85% homology to 
canine tyrosinase is produced and elicits an immune response against melanoma cells in the 
dog. Early evidence suggests that similar responses are seen when the human tyrosinase 
vaccine is administered to horses and cats, although licensure is limited to use in dogs. 
(Phillips JC, et al. 2011; Sarbu L, et al. 2015) 

The initial prospective trial of the xenogeneic human tyrosinase DNA vaccine resulted in 
prolongation of MST in dogs with malignant melanoma to 389 days, compared to historical 
controls with MST of 150 days or less.  In a larger subsequent study enrolling 58 dogs with
Stage II or III oral melanoma for vaccination after locoregional disease control demonstrated 
both safety and efficacy of the vaccine.  The MST exceeded 750 days which compared 
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favourably to that of 53 historical controls (324 days). Despite gaining full licensure by the 
FDA, the efficacy of the Oncept vaccine has been challenged by many within the veterinary 
oncology community.  Ottnod, et al. reported results of a retrospective evaluation of the 
Oncept vaccine in 2013 and showed no significant difference in MST between vaccinates and 
non-vaccinates.(Ottnod, et. al, 2013)  Although some viewed the report as a much-needed 
independent investigation of the vaccine efficacy by an unbiased research team, the small 
study size and the inherent biases of the retrospective study limited the validity of results as 
compared to a controlled prospective study.  

An additional independent report out of South Africa was recently published and supported 
the previous claims of therapeutic gains attributed to adjuvant administration of the Oncept 
vaccine in dogs after surgical excision of malignant melanoma.  However, the report did not 
provide the overall MST for all dogs, but, rather, compared the MST of dogs alive at the end 
of the study (29 mos) to that of those dogs that had died from progressive disease (8 months). 
Such reporting makes it impossible to directly compare results to other studies.  Of note, the 
South African report included 6 cases of digital melanoma and 7 cases of other non-oral sites 
with prolonged survival times after surgical excision for most.(McLean JL and Lobetti RG, 
2015) 

Successful use of the Oncept vaccine in cats with melanoma is plausible, given the 
xenogeneic nature of the product.  To date, however, there is only one published report in the 
peer-reviewed literature addressing the use of Oncept in cats.(Sarbu L, et al. 2015) In their 
retrospective review of 24 cats treated with Oncept, Sarbu et al found the vaccine could be 
safely administered to cats in either the medial or caudal thigh.  The study included a variety 
of tumour sites and was not powered to enable evaluation of vaccine efficacy in cats.   

Summary 
The highly metastatic nature of malignant melanoma necessitates a multimodality approach 
to therapy included systemic chemo- and/or immunotherapy.  The greatest improvements in 
survival times have been achieved with immunotherapy, whereas chemotherapy has been 
effective in a minority of cases.  Randomized prospective clinical trials are greatly needed in 
order to develop more effective treatment protocols.   
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Canine mammary tumors 
Henrik Rönnberg 

Professor in internal medicine, companion animals 

DECVIM-CA (oncology) 

Swedish University of Agricultural Science 

1. Canine mammary tumors 
1.1 Introduction 

Mammary tumors (MT) are the most common type of neoplasia in intact female dogs, 
representing approximately 50% of all tumors reported. Approximately half of all canine 
mammary tumors are malignant and 50% of those carry significant metastatic potential. 
The 4 most important prognostic factors associated with prognosis in canine mammary 
tumors include histologic grade, tumor size, lymph node involvement and WHO stage 
(modified and original [1, 2]. Surgery is the mainstay treatment and very successful in 
low stage/low grade disease. The number of trials in veterinary oncology that investigate 
the effects of adjuvant chemotherapy in high stage/high grade canine mammary tumors is 
small and most are retrospective in nature and lack randomized comparator populations. 
That being said, the relative short survival for dogs with advanced stage/high grade 
tumors illustrates the need for more effective chemotherapeutic options in these patients 
[2, 3] 

In human oncology, the addition of adjuvant chemotherapy to the treatment of breast 
cancer has resulted in significant gains in clinical outcome for a sizable proportion of 
patients with advanced stage/high grade disease. In recent years the use of taxanes, in 
particular paclitaxel, has consistently improved clinical outcomes, including tumor 
response, overall survival and quality of life measures.  

In the currently available formulation, paclitaxel’s relative water-insolubility requires the 
use of cremophor-EL as an excipient.  Dogs have a low tolerability of this excipient and 
this has greatly hampered the introduction of this potentially efficacious 
chemotherapeutic agent in the species [4, 5].

Collectively, there is an obvious need for more efficacious and tolerable 
chemotherapeutic agents for the treatment of canine malignant mammary tumors.  As the 
taxanes have successfully filled a similar role in human breast cancer patients, a 
cremophor-free paclitaxel formulation (Paccal Vet CA-1) is now conditionally approved 
by CVM/FDA for high stage canine mammary carcinomas and implication for adjuvant 
therapy will be discussed later
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2. Disease biology and progression 

2.1 General considerations 

Mammary tumors (MT) are the most common neoplasia in intact female dogs, 
representing approximately 50% - 70% of all tumor types encountered [6]. Bitches are 62 
times more likely to develop mammary gland tumors than male dogs. The canine MT 
malignancy rate is about 50% and approximately half of these will have metastasized at 
the time of clinical presentation. Mean age of onset of MT is approximately 8 years. The 
incidence in high-risk breeds varies depending on study and geographic location. Toy and 
miniature Poodles, English Springer Spaniels, Brittany Spaniels, Cocker Spaniels, Pulis, 
English Setters, Pointers, German Shepherds, Maltese, Yorkshire Terriers and 
Dachshunds have all been reported to be predisposed. It is well established that sex 
hormone stimulation increases the risk of mammary tumors in dogs (as well as in 
humans). Ovariohysterectomy prior to two years of age greatly reduces the risk of 
mammary tumors and the protective effect appears lost after the second estrus has 
occurred. Ovariectomy before the first and second estrus reduces the risk of mammary 
neoplasia to 0.5% and 8% respectively in intact bitches. Although some discordant results 
exist, the timing of spaying appears to predict the survival of dogs with MTs. In one 
study dogs that were spayed < 2 years before MT surgery had a significantly longer 
overall survival compared to intact dogs and dogs that were spayed > 2 years before MT 
treatment [7]. Obesity at a young age (during mammary gland development) and the 
consumption of home-made meals have also been associated with modest increases in the 
risk of developing MT.

Figure 1. Canine mammary tumors are the most prevalent tumor in intact bitches. 
Picture kindly provided by Dr Sara Saellstrom, SLU, Uppsala. 
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2.2 Pathogenesis

There exists a significant body of evidence in canine mammary tumors to support the 
concept of neoplastic progression as a continuum from preneoplastic lesions to fully 
invasive carcinomas, as is also described in human breast cancer [8]. Early preneoplastic 
lesions include adenosis, sclerosing adenosis, intraductal papilloma, sclerosing papilloma, 
ductal hyperplasia, atypical ductal hyperplasia and ductal carcinoma in situ. Malignant 
foci can also be found in otherwise benign tumors. Large tumors (with presumably 
greater opportunity for progression) are more often associated with a malignant 
phenotype, loss of normal sex hormone receptor expression (i.e., progesterone receptor 
[PR] and estrogen receptor [ER]), and carry a resulting worse prognosis.   Additionally, 
multiple tumors within the same individual and indeed within the same tumor mass are 
often composed of different histopathological grades.

2.3 Histopathological classification 

A highly detailed histological classification system published by the World Health 
Organization (WHO) aims to internationally standardize terminology and nomenclature 
of canine MT [9] (Table 1). A new tumor classification was recently suggested by 
Goldschmit et al to include several new tumor types reported in the dog since 1999 [10].  
Despite the wide variety of histologic subtypes, in general there is a favorable prognosis 
for benign tumors as well as for unclassified types. In a recently published study Pena et 
al., presented a condensed histological grading system that also correlates to prognosis 
[11]. This grading system is currently getting more accepted (Table 2). The WHO 
classification follows the de-differentiation process, starting with the malignant tumors 
most closely resembling the normal structure of the mammary gland and ending with the 
poorly differentiated tumors with no glandular structure. Prognosis is closely correlated 
with the level of differentiation and this provides important clinical information that 
facilitates communication of prognosis (Table 3) and implementation of treatment 
planning.
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Table 1. Histological classification of canine mammary tumors [9] 
Malignant Tumors 
Non-infiltrating (in situ) carcinoma 
Complex carcinoma 
Simple carcinoma 
 Tubulopapillary carcinoma 
 Solid carcinoma 
 Anaplastic carcinoma 
Special types of carcinoma 
 Spindle cell carcinoma 
 Squamous cell carcinoma 
 Mucinous carcinoma 
 Lipid-rich carcinoma 
Sarcoma   
 Fibrosarcoma 
 Osteosarcoma 
 Other sarcomas 
Carcinosarcoma 
Carcinoma or sarcoma in benign tumour 
Benign tumors     
Adenoma 
 Simple adenoma 
 Complex adenoma 
 Basaloid adenoma 
Fibroadenoma 
Benign mixed tumor 
Duct papilloma 
Unclassified
Duct hyperplasia 
Lobular hyperplasia 
Cyst
Ductectasia
Local fibrosis 
Gynaecomastia 

The malignant tumors with the best prognosis consist of those retaining differentiated 
glandular structures with secretory epithelium containing alveoli, tubuli and 
myoepithelium. These tumors are classified as complex adenocarcinomas. They seldom 
metastasize and complete excision is generally curative.
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If the myoepithelial cells are absent the tumors are classified as simple adenocarcinomas 
(subtyped into alveolar, tubular, tubuloalveolar, papillary or papillary-cystic 
adenocarcinomas). These tumors are invasive and have significant metastatic potential. If 
metastasis has not occurred by the time of diagnosis, surgical excision may still be 
curative. If the tumor is lacking luminal structures, it is described as solid carcinoma. 
This histiotype is more invasive and prone to early metastasis. The overall prognosis is 
therefore more guarded.  

Table 2. Histological Grading System for Canine Mammary Cancer [11] 

a In complex and mixed tumors, the percentage of tubular formation is scored considering only epithelial 
areas. In malignant myoepithelioma, tubular formation is 2. In heterogeneous canine mammary 
carcinomas, tubular scoring should be assessed in the most representative malignant area. 
b In complex and mixed tumors, nuclear pleomorphism is evaluated in all the malignant components. 
c HPF, high-power field. The fields are selected at the periphery or the most mitotically active parts of the 
sample (not only epithelial cells). Diameter of the field of view = 0.55 mm.

Poorly differentiated MT with heterogeneic disorganized appearance are the most 
malignant (Figure 2). These anaplastic tumors have a strong tendency to invade lymph 
and blood vessels. The invasion of cutaneous lymph vessels can add an inflammatory 
appearance to the skin, thus the clinical descriptive term “inflammatory” carcinoma is 
applied. These tumors are typically stage IV according to the clinical staging scheme 
(Table 4) [1]. The prognosis for these patients is extremely poor even if aggressive 
surgery is an option. 
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Table 3. Prognostic factors involved in canine mammary gland tumors, reviewed in [2] 
Positive
Small breeds - more commonly associated with benign tumors 
Positive ER and PR receptor status*  
Male dogs -  more commonly associated with benign tumors 
Negative
Tumor size > 2 cm in diameter 
Tumor ulceration or fixation 
Positive lymph node status 
Presence of distant metastasis  
Negative ER and PR status  
Histologic subtype (carcinoma - poorly differentiated, simple, solid, anaplastic; 
inflammatory carcinoma, sarcomas) 
Presence of vascular or lymphatic invasion 
High proliferation indices (e.g., AgNOR, Ki-67 or PCNA indices)
Presence of p53 gene mutation or DNA aneuploidy 

*ER = estrogen receptor; PR = progesterone receptor  

Figure 2. The most aggressive form of mammary gland carcinoma is the anaplastic form. 
This histologic specimen of an anaplastic carcinoma shows skin infiltration and 
neoplastic vascular thrombi and is often associated with skin ulceration (100X 
magnification). Image courtesy of Dr. Arman Shokrai, DVM, Department of Pathology 
and Wildlife Diseases, National Veterinary Institute, S-751 89 Uppsala, Sweden
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Table 4. Clinical staging of canine malignant mammary tumors. Modified from Owen 
(1980) [1].
T: primary tumor size       
 T0 No evidence of primary tumor  
 T1 <3 cm maximum diameter  
 T2 3-5 cm maximum diameter  
 T3 >5 cm maximum diameter  
 T4 Inflammatory carcinoma  
N: Regional lymph node       
 N0 No metastasis*   
 N1 Metastasis to ipsilateral node  
 N2 Metastasis to contralateral lymph node 
M:Distant mets         

M0 No distant 
metastasis   

 M1 Distant metastasis   
Stage grouping         
I T1 N0 M0   
II T0-1 N1 M0   
 T2 N0-1 M0   
III T3 Nx‡ M0   
 Tx N2 M0   
IV Tx Nx M1   
  T4 Nx Mx     
*Evidence of lymph node involvement based upon cytological or histological analysis. 
‡’x’ implies any subcategory. 

Squamous cell carcinoma in the mammary gland is sometimes seen and carries a grave 
prognosis, often metastasizing early to regional lymph nodes. 

The incidence of MT sarcomas varies between 5 to 10%. The majority are primary 
extraskeletal osteosarcomas or fibrosarcomas. These generally carry a poor prognosis as 
75% give rise to metastases through hematogenous spread. The mammary gland is the 
second most common site for primary osteosarcomas after skeletal manifestation. If there 
are malignant neoplastic cells of both epithelial and mesenchymal origin (rare) the tumor 
is referred to as a carcinosarcoma. These MT are very aggressive and have a similar 
prognosis to the anaplastic carcinomas. 

2.4 Immunohistochemistry

Several reports have interrogated the benefit of predicting prognosis in dogs with MT 
through the use of various immunohistochemistry markers. The most obvious is the 
expression status of estrogen (ER) and progesterone (PR) receptors. There is a clear 
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correlation of worsening prognosis and higher histologic grade with diminished 
expression of ER and PR. This may explain the poor outcomes following 
ovariohysterectomy in conjunction with mastectomy. Moreover, metastatic lesions rarely 
express ER or PR. Sex hormones, in particular progestins, are believed to act through 
activation of growth hormone (GH) [12]. Progestin-induced biosynthesis of growth 
hormone (GH) occurs in the canine mammary gland tissue and is crucial for the normal 
cyclic development of the mammary gland, but may also promote mammary 
tumorgenesis by stimulating proliferation of susceptible, and sometimes transformed, 
epithelial cells. As the presence of PR is reduced or lost during malignant transformation, 
GH stimulation may also act independently of sex hormones. Interrogation of 
proliferative indices (e.g. Ki-67, argyrophilic nucleolar organizer region [AgNOR] or 
proliferating cell nuclear antigen [PCNA]) have revealed a correlation between the 
proliferative rate, the histological grade, and survival outcome [13]. While discordant 
data exists, in general, human epidermal growth factor receptor 2 (HER-2/neu) positive 
canine MTs are associated with larger tumor size, higher histological grade, invasive 
growth, absence of steroid hormone receptor expression and a poor prognosis. Loss of 
nuclear expression of the cell cycle regulating phosphoprotein BRCA1 correlates with 
high Ki-67 proliferation and ER negative tumors. The reduction and aberrant distribution 
of BRCA1 in canine mammary tumors were significantly associated with malignant 
characteristics.

p53 is probably the best-known tumor suppressor gene and is a key player in cell cycle 
regulation. Alterations in p53 have been reported in canine tumors, both as somatic and 
germline mutations. Several studies indicate that p53 mutation is associated with 
progression, predicts increased malignant potential and a worse prognosis in canine MT 
[14].

Cadherins, in particular E-cadherin (E-cad), a calcium-dependent epithelial cell adhesion 
molecule, is important during embryonic development and for the maintenance of adult 
tissue architecture. The reduction or loss of E-cad has been associated with tumor 
dedifferentiation, invasiveness and metastatic propensity and has also been correlated 
with significantly shorter overall survival and  disease free intervals [15].  

2.5 Clinical staging 

Clinical staging is important in determining prognosis and developing treatment plans:  
bitches with advanced stage disease according to the WHO TNM staging criteria (Table 
3) carry a poor prognosis. The general physical exam will ascertain whether the tumor is 
mobile in the mammary tissue or infiltrating adjacent skin, underlying fascia, or the 
abdominal wall, all of which diminish overall prognosis.  Erythema and/or ulceration of 
the skin, elevated temperature and lymph edema, features of more aggressive anaplastic 
(inflammatory) carcinoma predicts short survival despite aggressive surgery. Tumor size 
is a significant parameter predicting clinical outcome. Most carcinomas metastasize 
through lymphatic spread and while lymphatic drainage patterns have been characterized, 
significant interpatient variation exists and a reliance on anatomic generalities is risky. 
Assessment of regional lymph nodes should be undertaken and if palpable, an aspirate 
should be performed to detect metastasis prior to surgical planning. The second most 
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common site for metastasis is the lungs - 25% of carcinomas and the majority of 
sarcomas eventually metastasize as the disease progresses (Figure 3). A 3-view thoracic 
radiograph is recommended, however it must be understood that small or microscopic 
metastatic foci will not be detecting with this diagnostic modality [16]. Abdominal 
ultrasonographic screening is appropriate to detect possible lymphatic and abdominal 
visceral metastasis, especially when caudal mammary glands are involved [17]. 
Advanced imaging techniques, including CT, PET and PET/CT scanning may be 
indicated in cases where distant occult metastasis is suspected.  Although rarely 
abnormal, it is prudent to investigate hematology, biochemistry and urinalysis samples 
before surgery, as dogs with mammary tumors are often older and may harbor undetected 
concomitant disease.   

Figure 3. Lateral thoracic projection illustrating multiple metastatic nodules within the 
lungs of a dog with adenocarcinoma simplex. Image courtesy of the division of 
diagnostic imaging, University Small Animal Hospital, SLU, Uppsala, Sweden. 
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3. Management and prognosis 
3.1 Surgery

The treatment standard-of-care for canine MT is surgery and will be dealt with in another 
session. 

3.2 Adjuvant therapy 
Although common in human breast cancer and proven to increase progression free 
survival as well as overall survival in women, the use of chemotherapy, hormone, 
immuno- and/or radiotherapy in dogs has rarely been evaluated in a prospective 
randomized fashion. However, it is obvious that in a subset of dogs with malignant MTs 
current surgical therapy is clearly insufficient to effect long-term overall and durable 
progression free survival.  This underscores the need for investigations of new and more 
aggressive multimodality adjuvant therapies.   

3.3 Chemotherapy
In physician-based oncology, adjuvant chemotherapy has shown benefit for a significant 
subset of patients with aggressive or advanced-stage breast cancer.  The most commonly 
used adjuvant cytotoxic chemotherapy agents in human breast cancer are 
cyclophosphamide, doxorubicin, gemcitabine and taxanes. While several of these agents 
have been used in dogs with MTs, as stated above, adjuvant chemotherapy in canine MTs 
has never been evaluated in a prospective randomized fashion.  Inevitably, small sample 
size (underpowered clinical trials) and the retrospective nature of historical veterinary 
trials have made the assessment of benefits attributable to adjuvant chemotherapy 
inadequate.

Eight dogs with malignant MTs treated in a non-randomized fashion with adjuvant 5-
fluorouracil and cyclophosphamide were reported to respond favorably when compared 
to bitches treated by surgery alone [18].  Another non-randomized, prospective clinical 
trial in dogs with aggressive mammary carcinoma of clinical stages IV and V were 
treated with surgical excision (n = 9) or with surgery and adjuvant weekly gemcitabine (n 
= 10). There were no significant differences between these small groups for either 
response or overall survival [19]. In yet another underpowered prospective case series, 
dogs with stage III or IV malignant MT were treated prospectively, in a non-randomized 
fashion with either adjuvant doxorubicin (n = 6) or docetaxel (n = 6) and compared to 19 
dogs receiving surgery alone – as would be expected, no differences were noted in these 
small groups of patients [20].  All of these trials are insufficiently powered and lack 
randomized comparators. 

Clearly much remains to be investigated with respect to adjuvant therapy in dogs with 
malignant MTs. 
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3.4 Radiotherapy

Although currently considered state-of-the-art treatment in certain subtypes of human 
breast cancer, adjuvant radiation therapy has not shown any benefits compared to surgery 
alone in dogs. Anecdotal case reports describe palliative protocols (8 Gy in 2-3 fractions) 
in nonresectable disease. Larger prospective trials are needed to determine the potential 
role of radiation therapy for canine mammary tumors. 

3.5 Hormonal therapy 

Early spaying prevents the development of mammary neoplasms. Most available 
literature documents that spaying after the 2nd or 3rd estrus, or at the time of mastectomy 
has no impact on overall survival. In women with BRCA mutations, postpubertal 
oophorectomy significantly decreases the risk of developing breast cancer, particularly if 
performed before 40 years of age.  

Estrogen antagonists such as tamoxifen have been evaluated both in vitro and in vivo in 
dogs with mammary tumors. The adjuvant antitumor activity seen in women with breast 
cancer has not been reproduced in the canine trials. Most dogs are overly sensitive to the 
attenuated estrogen effects of tamoxifen and have to prematurely stop medication due to 
estrogenic side-effects such as vulvar swelling, vaginal discharge, incontinence, urinary 
tract infection, stump pyometra, and pseudo-estrus [21, 22]. Currently, the use of 
tamoxifen cannot be advised in dogs. 

3.6 Experience with taxanes in dogs with malignant mammary tumors 

Due to the lipophilic character of the taxanes, formulations containing excipients (e.g., 
cremophor El with paclitaxel) that cause severe, potentially life-threatening 
hypersensitivity reactions have limited their use in dogs.    

In the only clinical report of cremophor containing paclitaxel in dogs, Poirier and 
colleagues reported treatment of three dogs with metastatic mammary tumors in their 
series of 25 dogs [4]. Two of the three experienced measurable objective partial 
responses suggestive of taxane activity in this histology, however hypersensitivity 
reactions were common in this trial and it was clear that a cremophor-free paclitaxel 
would add significant benefit to the treatment of dogs with malignant MT.  No 
conclusions on the durability of these responses in dogs with metastatic MT can be made 
from these small numbers, however durability is likely to be short-lived as is the case 
with virtually any single-agent monotherapy in people and dogs in the advanced 
macroscopic disease setting. 

Docetaxel (with the excipient polysorbate 80) also results in hypersensitivity reactions in 
dogs and may be associated with more adverse events in dogs than in mouse or humans  
[5]. As mentioned above 6 dogs with invasive mammary gland tumors were treated with 
docetaxel after mastectomy; however, due to small group numbers, no conclusions on 
efficacy could be made [20]. 
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In a recently published study with a new cremophor-free paclitaxel formulation (Paccal 
Vet CA-1), a novel excipient (XR-17) forms water-soluble nanoparticles which eliminate 
the need for cremophor.  In this trial, 8 dogs with MT were treated [23]. One dog 
experienced a complete response, three had partial responses and three had stabilization 
of their tumor mass.  

Together with a larger proportion of toxicity data, the new cremophor-free paclitaxel 
formulation has been granted conditional approval by CVM-FDA for the indication non-
resectable canine mammary carcinoma stage III-V under the label Paccal Vet CA-1. In 
parallel a pivotal phase III trial in canine mammary carcinoma is ongoing to collect 
substantial evidence of efficacy. 
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Mammary tumours in dogs 
Tim Scase BSc BVM&S PhD MRCVS Dip.ACVP. 

Bridge Pathology Ltd., Bristol, UK 
 
Introduction. 
Neoplasia of the mammary glands is a common disease of dogs. Development of 
one or more mammary masses is a frequent presenting sign to primary care 
veterinarians, and a to a lesser extent to referral clinicians. From a pathologists point 
of view, accurate diagnosis, classification and prognostication of these tumours can 
be difficult. Indeed, despite recent publications that have attempted to standardise 
the diagnostic criteria of different mammary tumours and to standardise the grading 
of malignant mammary tumours, application of these standards in a practical setting 
can still be difficult! 
I will attempt to illustrate the recently described features of the mammary 
classification and grading schemes, and to illustrate the difficulties that are involved 
in using them. I will also discuss some of the recent advances that have been made 
in identifying potentially useful markers of prognosis and treatment. 
 
 
What to expect from your pathologist. 
From your histopathology report, you should expect to be provided with a full 
description of the tumour. In particular, the following features should be included, to 
justify any histological classification and grade given to it: Presence or absence of 
tumour infiltration, mitotic activity (mitoses per 10 high power fields), degree of 
tumour differentiation and completeness of excision.  
However, as many mammary samples are large and often contain considerable 
amounts of adipose tissue around the mammary gland units, they often fix poorly 
and often process poorly. It is frequently necessary to fix the samples further on 
receipt in the laboratory and for them to be re-processed into paraffin, to enable 
diagnostic quality sections to be made. This may on occasions delay reporting of 
these cases. 
In many submissions, there will be multiple masses within the mammary tissue 
sample. Each mass would be expected to have its associated histological diagnosis, 
and expected prognosis assigned to it.  
 
 
 
Histological classification scheme 
The classification scheme for mammary tumours has been updated since the original 
WHO classification scheme of Misdorp et al., 1999. The newer scheme by 
Goldschmidt et al., 2011, contains five new morphological subtypes. These are 
ductal carcinoma, comedocarcinoma, malignant myoepithelioma, micropapillary 
invasive carcinoma and intraductal papillary carcinoma. 
The diagnostic criteria for the different tumour types are detailed in the paper and on 
the whole are relatively straightforward to identify. Recent studies (eg: Pena et al, 
2012) show an association between histological type and prognosis, with solid 
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carcinomas and comedocarcinomas being more likely to metastasise (P<0.001) and 
to cause death than other carcinoma types (P=0.01). It is therefore important to 
obtain an accurate classification in order to help predict prognosis for these tumours. 
 
Some observations that we at Bridge Pathology Ltd. have made are: 
1. In some cases it can be very difficult to confidently distinguish between benign 
mixed mammary tumours and complex adenomas from low grade complex 
carcinomas. The degree of infiltration that distinguishes a potentially malignant 
tumour from a benign one is unclear. Unfortunately, there is no way to categorically 
confirm tumour infiltration in these tumours due to the complexity of the 
microanatomy of mammary glands and which is recapitulated in these complex 
tumours. For instance, in some cases, there can be apparent focal infiltration into the 
adjacent stroma in an otherwise very well organised and likely benign tumour. It is 
very likely therefore that low grade complex carcinomas are overdiagnosed, and that 
a proportion are probably complex adenomas. 
2. The majority of the benign tumours fall into the complex adenoma category, as 
there is often evidence of myoepithelial proliferation in (for instance) intraductal 
adenomas. In such cases, it is not clear when using the classification criteria, 
whether these have to be classed as complex adenomas rather than intraductal 
adenomas with myoepithelial proliferation. Similar diagnostic dilemnas are often 
encountered in distinguishing simple carcinomas from complex carcinomas. The 
classification scheme does not indicate that immunohistochemical staining is 
required for accurate classification of these tumours. However, this may be altered in 
the future as more studies are published that utilise immunohistochemical markers of 
myoepithelial differentiation.  
3. A further problem, is that there are no accepted criteria for distinguishing 
neoplastic proliferations of myoepithelium or stromal myoepithelium/myofibroblasts 
as part of a common stem cell origin that they share with the neoplastic epithelial 
component, from hyperplastic/reactive proliferations of myoepithelial cells. CD10 
expression is a sensitive marker of myoepithelial cells in human mammary tissue, 
and has recently been shown to be a sensitive marker of canine mammary 
myoepithelium (Sanchez-Cespedes et al., 2012). However, luminal epithelium also 
expresses CD10, and therefore on its own, it cannot be used as a specific marker of 
myoepithelium. Indeed, in 40% of ‘simple carcinomas’ as diagnosed by histological 
examination, myoepithelial cells were also identified (CD10 and calponin-positive,  
CK14 and CK8/18-negative). This suggests that the presence of myoepithelial cells 
is often not apparent histologically and that specific classification of many apparently 
simple carcinomas and adenomas can only be performed in conjunction with 
immunohistochemistry. Indeed, many of these carcinomas also exhibited cells that 
expressed markers of both myoepithelial and epithelial origin. 
Due to these factors, it is likely therefore that we overdiagnose neoplasms when the 
masses are merely benign hyperplastic foci composed of a mixed population of 
mammary myoepithelium and epithelium. In addition, it is also likely that we 
overdiagnose simple carcinomas and underdiagnose complex carcinomas. As 
complex carcinomas have a more favourable prognosis than simple carcinomas, we 
may be overdiagnosing more aggressive carcinoma types. 
4. In ductal tumours, it can be difficult to confidently distinguish between true 
invasion of the surrounding stroma by malignant neoplastic, when the ducts are 
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obliterated by the neoplastic cells and surrounded by intense sclerosis of the 
surrounding collagenous matrix. Indeed, it can be very difficult to identify the 
basement membrane layer in order to help reliably distinguishing between 
carcinomas and carcinoma in situ (ie: carcinoma that has not breached the ductal 
basement membrane). In people, identification of a confluent layer of basement 
membrane-associated myoepithelial cells has been used as a marker of whether the 
neoplastic cells have invaded through the basement membrane. 
Immunohistochemical demonstration of myoepithelial cells using anti-calponin 
antibodies (Sanchez-Cespedes et al., 2011) appears to be a reliable method for 
identification of the basement membrane, but there is considerable overlap in the 
degree of apparent myoepithelial cell continuity between benign and malignant 
tumours. Therefore, identification of a continuous myoepithelial layer around 
mammary ducts containing tumour cells is not a reliable method of identifying tumour 
invasion.  
 
Prognostic studies 
A number of different markers of prognosis have been examined in order to identify 
those which can accurately predict prognosis for canine and feline mammary 
carcinomas. To date, histological grade and histological subtype remain the most 
accurate method of predicting prognosis.  
 
Grading of mammary carcinomas. 
A number of grading schemes for mammary carcinomas in dogs and cats have been 
proposed. The grading schemes are directly based on the human mammary 
carcinoma grading scheme that has been in use in human medicine for some time 
(Elston & Ellis, 1991). This scheme is based on assessment of three different tumour 
features, and scoring each on a score of 1-3.  
These features are: 
1. Mitotic activity 
2. Extent of tubule formation by the neoplastic cells 
3. Degree of nuclear pleomorphism. 
 
The scores for these individual features are summed to generate the final score. The 
prognosis for these tumours is associated with this final score for each tumour. One 
of these schemes (Clemente et al, 2011) has been recently validated in dogs (Pena 
et al, 2012 and Rasotto et al., 2012). 
 
Tubule formation Nuclear pleomorphism Mitoses in 10 HPF Score 

>75% Mild 0-9 1 
10-75% Moderate 10-19 2 
<10% Severe 20+ 3 

 
Low grade (I) = 3-5 
Intermediate grade (II) = 6-7 
High grade (III) = 8-9 
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Problems with this mammary carcinoma grading system: 
1. The scoring system is only applicable to mammary carcinomas, and therefore 
mistaken application of the system to mammary adenomas (such as complex 
adenomas) could be misleading. In particular, some of the mixed or complex 
adenomas, do not always exhibit extensive tubule formation and the degree of 
pleomorphism in complex adenomas can be quite high. It is therefore possible that a 
histologically benign tumour could be given a misleadingly high histological grade. 
Published studies to clarify this issue would be very helpful in diagnostic practice. 
2. Some mammary carcinomas are relatively pleomorphic and can exhibit different 
features and therefore potentially different histological grades depending on what 
part of the tumour, the grading is performed on. The recommendations are to grade 
the tumours based on the most high grade or peripheral areas. This in itself can be 
quite subjective and on occasions can again be difficult to apply, particularly when 
there is extensive tumour necrosis or when the samples are small or fragmented. 
This should be borne in mind when assessing histology results from core-biopsy or 
punch-biopsy samples. 
3. The scoring system only applies to mammary carcinomas, rather than to 
carcinosarcomas or mammary sarcomas. 
4. The effects on prognosis of evidence of vascular or lymphatic invasion is not 
addressed in the grading scheme. A much higher potential for metastasis is 
presumed in such cases and indeed as discussed, this does appear to be confirmed 
in a retrospective study (Rasotto et al, 2012).  
5. The scoring system does not take into account the extensive myoepithelial 
proliferation that is a common finding in canine mammary tumours, and has been 
suggested as having some anti-invasive properties.  
 
 
Prognostic value of histological grade. 
In a retrospective study, Rasotto et al. 2012, showed a significant association 
between this histological grade and the presence of peri-tumoural lymphatic invasion 
and/or lymph node metastasis, but overall survival was not addressed. The presence 
of peripheral infiltration by the neoplastic cells around the tumour, is associated with 
the presence of lymphatic vessel invasion (P<0.001) and with the presence of 
regional lymph node metastasis (P<0.001). Despite the lack of survival data, this 
study provides good evidence that the histological grading schemes, particularly that 
proposed by Clemente et al, were likely to be prognostically useful.  
 
A very recent study (Pena et al, 2012) indicates that the histological grade of 
mammary carcinomas is indeed associated with prognosis. Although the overall 
case numbers are relatively low in the study, and therefore the study lacks some 
statistical power, the authors identify an associated between grade and overall 
survival on multivariate analysis (P<0.001). The disease-free intervals (DFI) for the 
different histological grades from this study are detailed below and indicate that the 
DFI is much lower for grade III tumours than either grade I or grade II tumours.  
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Grade Mean DFI (months) Minimum DFI (months) Maximum DFI (months) 
I 37 36 39 
II 33 27 38 
III 8 11 24 
 
 
The relationship between overall survival (OS) time from this study is detailed below: 
 
Grade Mean OS (months) Minimum OS (months) Maximum OS (months) 
I >38 (all animals 

alive at end of 
study period) 

- - 

II 33 27 39 
III 20 14 27 
 
 
This study confirms that there are considered prognostic differences between 
different histological grades for mammary carcinomas. Interestingly, there was also a 
negative association between the tumour grade and the extent of myoepithelial 
proliferation (P<0.001), with most grade III tumours (16/17, 94%) exhibiting no 
myoepithelial proliferation. 
 
The presence of ductal epithelial hyperplasia, with and without atypia, is associated 
with subsequent development of mammary neoplasia in people. It has been recently 
shown (Ferreira et al, 2012) to also be associated with the presence of mammary 
neoplasia (85% of cases),  with atypical ductal hyperplasia associated with adjacent 
carcinoma development. However, a prospective study is required to truly confirm 
whether these proliferations are a precursor lesion to development of mammary 
tumours, or whether they merely reflect an overall tissue response to a carcinogenic 
stimulus.  
 
 
Therapeutic markers 
There is huge interest in developing more tumour-specific chemotherapeutic drugs 
for breast carcinomas in people. The aim of such drugs is to specifically and 
effectively target the mammary tumour, while sparing the patient from the side 
effects of less specific drugs. Some of these drugs are now available for use in 
veterinary medicine, and therefore there is greater interest in identifying whether the 
drug targets are expressed in canine mammary carcinomas.  
 
In our lab, we are conducting a large immunohistochemical study on a very large 
number of canine mammary tumour samples in order to identify whether a range of 
therapeutic targets are expressed in these tumours. Our preliminary data confirm 
that receptor tyrosine kinase proteins (targets for tyrosine kinase inhibitors) are 
expressed in both benign and malignant canine mammary tumours, indicating 
possible future use for these drugs in treatment of canine mammary neoplasia. 
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Mammary cancer in cats and dogs shares both similarities and differences to the 

human condition. Understanding and therefore staging and treatment of the disease 

in companion animals has evolved over time to a more patient-centric plan rather 

than homogenous advice that treats all patients the same. Recent published work 

has suggested that intact bitches that present with benign mammary tumours 

should be spayed at the same time as this reduces the risk of subsequent mammary 

tumours by approximately 50% compared to leaving them intact. 

 

Mammary tumours in dogs 

A mass presenting in, or overlying, mammary tissue is a relatively common 

presentation in the female dog (and rarely the male).  Approximately half of all 

mammary tumours are malignant and half of those will metastasize and this should 

help guide the conversation with the owner. Dogs are typically older and a general 

health assessment is wise to rule out other underlying medical concerns. A physical 

examination, complete blood count and biochemistry combined with urinalysis are 

all advised prior to anaesthesia.  

Staging of mammary tumours in dogs involves chest radiographs, abdominal 

ultrasound (focused on parenchymal organs and lymph nodes) and draining lymph 

node palpation and aspiration. Depending on clinical suspicion and natural history 

of the primary mass (or masses) as more likely to be benign, some clinicians might 

elect to stage the patient if it proves to be unexpectedly malignant. This is not 
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unreasonable in some cases as the likelihood of inding systemic metastasis from a 

clinically low grade malignancy at time of diagnosis is very low. 

Duration of tumour, rate of growth, ixed or mobile, ulcerated or not, presence of 

pain, palpable lymph nodes and having previously excised mammary tumours, 

might all help guide the clinician in what would be the sensible time to stage the dog. 

Fine needle aspirates (FNAs) of true epithelial mammary tumours do not reliably 

differentiate between benign or malignant disease and so this may not be the main 

aim of an FNA, rather to rule out other cutaneous or subcutaneous tumours arising 

in mammary tissue, e.g. mast cell tumours, lipomas, soft tissue sarcomas, squamous 

cell carcinoma. 

Options for excision can be broadly categorised and these will be expanded in the 

lecture with examples; 

- Lumpectomy – local excision of skin and surrounding mammary tissue, 

realistically 5-10mm margins around small mobile masses 

- Mastectomy – removal of a single gland, when the mass is mobile but near 

or involving the nipple.  

- Regional mastectomy – 2 or more adjacent glands removed. Only 

mammary tissue excised if mass is mobile 

- Unilateral mastectomy – Multiple masses (often one larger and multiple 

nodules) removed by excising the whole chain 

- Bilateral mastectomy – Masses throughout both chains. Performing two 

unilateral mastectomies 4 weeks apart is more commonly performed and 

results in fewer complications 

- Radical mastectomy – Applies to larger tumours adherent to the 

abdominal wall when wide soft tissue margins and the fascia of the 

abdomen are excised. This is most often a regional or unilateral radical 

mastectomy. 
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Following excision, wounds are repaired in three layers. For larger excisions the 

deepest layer is closed with multiple mattress sutures (that half the wound into ever 

decreasing lengths) to help distribute the tension and appose the wound without 

having excess skin at one end compared to it being closed in a continuous pattern. 

Local anaesthesia can be in�iltrated along the wound length, along with giving 

systemic opiates and/or non steroidal anti-in�lammatories. Antibiotics should not 

be needed in the majority of cases if there is no break in sterility and there are no 

underlying medical diseases. 

The super�icial inguinal lymph node is removed when possible, especially if 

enlarged and/or �irm. All tissues should be submitted for pathology, both for 

assessment of the primary mass and the edge of the specimen to check for a clean 

margin of excision. 

Patients are restricted to lead-walks while sutures are in place.  
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1. Feline mammary tumors 

1.1 Introduc n 

Mammary tumors in cats are more often malignant than in the dog. The frequency of 
malignancy is reported to be at least 80%. Mammary tumors are the third most 
common cancer, outnumbered only by haematopoietic neoplasms and skin tumors. 
There are few reports on incidence compared to dogs and humans, however 
approximately 20% of tumors in the female cat consist of mammary tumors, half the 
incidence reported in humans and dogs. 

Siamese and domestic short-hair cats are reported to have a higher incidence rate than 
other breeds. For the Siamese cat a twofold increase in risk compared to other breeds 
is reported. 

Mammary neoplasia has been reported in cats from nine months to 23 years of age, 
with a mean age of occurrence of 10-12 years. Siamese cats are reported to have a 
slightly earlier onset. As in dogs the majority of affected cats are intact females, 
although also mammary neoplasia is seen in late spayed females and rarely in male 
cats. In contrast to male dogs, the majority of the mammary tumors found in male cats 
are malignant. The mean age at tumor diagnosis, around 13 years, was also slightly 
higher than that reported in female cats [1]. 

1.2 Hormonal importance 

Hormonal influence is also reported to be part of the pathogenesis in feline mammary 
tumors. The risk of developing mammary tumors is seven times higher in intact than 
oophorectomized cats. A recent report stated that cats spayed prior to six months of 
age and cats spayed between six months and one year of age had only 9% and 14% 
respectively of the risk of developing MT compared with intact cats [2]. No protective 
effect of spaying was seen if this was performed after 2 years of age. There are many 
reports on the role of sex steroid receptors testosterone, estrogen (ER) and 
progesterone (PR) in the development of feline mammary tumors. There is a strong 
association between the prior use of progesterone-like drugs and the development of 
benign and malignant MTs. Melengestrol acetate (MGA), a potent synthetic 
progestin, has also been used as a contraceptive in zoo felids and mammary gland 
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carcinomas have been linked to this treatment. In one study, 90% of cats with 
mammary tumors had been treated with MGA [3]. The amount of positive ER status 
has been reported to be as low as 10% of the feline tumors, far lower than in dogs and 
humans. This reflects the higher percentage of malignant tumors seen in the cat, as the 
rate of tumor cells staining positive for steroid receptors decreases with increased 
malignancy [4]. 

1.3 Clinical presentation

Mammary tumors in cats can occur as single or multiple masses in one or many 
glands simultaneously. The tumors are generally considered to be equally located into 
cranial (axillar) or the caudal (inguinal) glands. Most tumors present as a firm, well 
defined mass on palpation, but they may also be soft or ill-defined and infiltrative. 
More aggressive types often adhere to the skin and to the abdominal wall and may be 
ulcerated. The aggressive nature also reflects the high frequency of lymphatic and 
lymphnode invasion, visible at necropsy. The metastatic rate is high and occurs 
mostly in the regional lymphnodes and lungs. Metastases to the liver, skeleton, pleura, 
spleen and kidneys have all been reported.  

1.4 Histopathology

The most common histological classification is adenocarcinoma, accounting for over 
85% of tumors. The most common subtypes are tubular, tubulopapillary, solid or 
cribriform. Other malignant tumors less frequently reported are sarcomas, mucinous 
carcinomas, duct papillomas and adenosquamous carcinomas. Complex carcinomas 
showing a biphasic nature, with both neoplastic epithelial and myoepithelial cells are 
reported to be less aggressive, with a better prognosis and also occurring at a younger 
age than other feline mammary carcinomas [5]. Vascular invasion and, to an even 
higher degree, lymphatic invasion may be present upon histological examination and 
are of prognostic significance as they suggest metastatic propensity. The rare benign 
mammary gland dysplasias are an important part of a differential diagnosis and may 
sometimes be a severe clinical condition. 

1.5 Hyperplasias

Noninflammatory hyperplasia is generally either lobular hyperplasia or fibroepithelial 
hyperplasia.  

Lobular hyperplasia occurs infrequently as palpable masses in one or more glands. It 
has been reported in cats from 1 to 14 years of age and most were 8 years. Most cats 
are intact females. The most common type of lobular hyperplasia involves one or 
more enlarged lobules with a cystic or dilated ductal component. Mammary 
hyperplasia may also on rare occasions signify the presence of a hormone producing 
ovarian tumor. 
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1.6 Fibroepithelial or fibroadenomatous hyperplasia

This will usually occur in young, cycling or pregnant female cats. It is a benign, non-
neoplastic lesion associated with progesterone stimuli. Apart from endogenous 
progesterone production it is also seen in old intact females and males given 
megestrol acetate. Clinically, most affected cats exhibit mammary gland hyperplasia 1 
to 2 weeks after their first estrus or 2 to 6 weeks after exogenously administered 
megestrol acetate. The glands are generally significantly enlarged with a rapid clinical 
onset. The skin is sometimes erythematous and can become necrotic (Figure 1a). Also 
edema of the skin, subcutis and both rear legs may be present. This condition can 
easily be confused with an acute mastitis or a fast growing malignant tumor. The heat 
and pain present upon palpation generally seen at mastitis together with discomfort 
are rarely present to the same extent in fibroadenomatous hyperplasia. Moreover, a 
malignant tumor is seldom as fast growing and the anamnesis of recent progesterone 
administration or a young animal and the involvement of many glands or the entire 
mammary chain helps to distinguish this benign condition from a rapid evolving 
malignancy. An incisional biopsy is generally diagnostic (Figures 1b-c). 

 

 

 

Figure 1 a-c. Mammary fibroadenomatous hyperplasia in a 4 years old DSH queen (after progestin 
treatment) (a). Multiple hyperplastic glands are bilaterally significantly enlarged, with edema and 
ulceration of the skin in the first two cranial glands. Macroscopically the lesion is multi nodular and 
light yellow (B). A net-formed pattern is present, building up epithelial ducts visible in the HE stained 
microscope picture (100X). Fig b and c kindly provided by Dr Erika Karlstam, DVM, Dipl. ECVP, 
Department of Pathology and Wildlife Diseases, National Veterinary Institute, S-751 89 Uppsala, 
Sweden. 
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As these conditions are thought to be associated with hormonal stimulation of the 
glandular tissue, ovariohysterectomy or non-renewal of progesterone treatment is 
generally curative, although the clinical symptoms may take time to resolve. Other 
treatments with variable results are diuretics, corticosteroids, testosterone and 
aglepristone. In severe cases the skin may be ulcerated and localized or systemic 
infection may occur. In this case general supportive care and antibiotics should be 
given. 

If the glands are still greatly enlarged, ovariohysterectomy through a flank incision 
should be performed instead of via a linea alba incision.  

2. Clinical staging
 

Of specific importance when staging feline mammary tumor is to describe the primary 
tumor (define T) and evaluate the presence of metastasis (define M). For the primary 
tumor, number of tumors, size (of prognostic significance on its own), location and 
signs of infiltrative growth (fixation to skin/underlying fascia) should be examined. 
Regional lymph nodes (define N) should be examined for signs of metastasis (Figure 
11). Enlarged lymph nodes, especially the axillar node should be aspirated prior to 
surgery to decide whether to include in the mastectomy. Although a minimum 
database of CBC, biochemistry profile and urinalysis is generally unremarkable in 
feline MT, it is necessary to rule out other concomitant disease. Thoracic radiographs, 
both right and left lateral and ventrodorsal views should be obtained to look for 
metastasis. Signs of metastasis are small to large sized nodular opacities but also 
miliary pleural lesions that may produce prominent malignant effusions. Both 
bronchial and sternal lymph node enlargement may be signs of metastatic spread. In 
the geriatric patient changes are normally present in the lungs and pleura. This 
alongside inactive inflammatory lesions may confuse in the evaluation of chest 
radiographs. Abdominal radiographs may be valuable for detection of iliac 
lymphnode enlargement in caudal tumors. Abdominal ultrasonography may help in 
detecting abdominal metastasis, although thoracic metastasis is generally the most 
commonly encountered. Vague signs of metastatic disease should not delay treatment 
due to the disease’s aggressive nature. 
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Table 1 

Clinical staging of feline malignant mammary tumors. Modified from Owen (1980) 
[6]. *Evidence of lymphnode involvement based upon cytological or histological 
analysis. 

T: primary tumor size       

 T1 <1 cm maximum diameter  

 T2 1-3 cm maximum diameter  

 T3 >3 cm maximum diameter  

 T4 Inflammatory carcinoma  

N: Regional lymph node status       

 N0 No metastasis*   

 N1 Metastasis to ipsilateral node  

 N2 Metastasis to contralateral lymph node 

M: Distant 
metastasis         

 M0 No distant metastasis   

 M1 Distant metastasis   

Stage grouping         

I T1 N0 M0   

II T0-1 N1 M0   

 T2 N0-1 M0   

III T3 Nx M0   

 Tx N2 M0   

IV Tx Nx M1   

  T4 Nx Mx     

Because of the high rate of malignant tumors an aggressive approach is mandatory to 
achieve diagnosis via histopathological examination at the time of mastectomy. A pre-
surgical biopsy is not advisable. As in the dog, cytology is seldom recommended 
before surgery, but may of course be useful to rule out non-mammary malignancies or 
inflammatory conditions. If present, cytological examination should be performed 
from pleural effusion if the cat has a tumor in the mammary gland, to look for 
malignant cells. 
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2.1 Management and prognosis

Surgery is the preferred therapy for feline mammary gland tumors. Since there is a 
high frequency of malignant tumors that significantly reduce time to progression and 
overall survival, adjuvant therapy (e.g. chemotherapy and radiation therapy) is 
suggested in defined cases. There are no major prospective trials to verify the 
superiority of certain chemotherapy protocols. Thus there is a need for such studies to 
be conducted. Prognostic markers that may prove to be more frequently addressed in 
the future are HER2/neu, Immunohistochemical expression of topoisomerase IIbeta 
binding protein 1 (Top P1), vascular endothelial growth factor (VGEF) and the 
expression of Cyclooxygenase 2 (COX-2) receptors [7].  

2.2 Surgery

The treatment standard-of-care for feline MT is surgery and will be dealt with in 
another session. 

2.3 Radiation therapy

There is no published evidence that radiotherapy is beneficial in improving clinical 
outcome in feline mammary tumors compared to surgery alone, and it is seldom used 
in an adjuvant setting. 

2.4 Chemotherapy

Because of the aggressive nature of feline mammary tumors with significantly 
reduced overall survival if tumor size exceeds 3 cm, there have been many attempts to 
use adjuvant chemotherapy following surgery or sometimes as the only therapy in 
nonresectable cases. Drugs used alone or in combination are: doxorubicin, 
carboplatin, cyclophosphamide and mitoxantrone. In smaller studies it has been 
reported that doxorubicin alone or in combination with cyclophosphamide has 
resulted in partial responses in cats with nonresectable local disease or distant 
metastasis, and it has efficacy against macroscopic feline mammary carcinomas [8]. 
In a larger retrospective multicenter study on 67 cats with histologically confirmed 
mammary gland adenocarcinomas treated with adjunctive doxorubicin at a dose of 1 
mg/kg intravenously (IV) every 3 weeks for a maximum of five treatments or until the 
cat developed progressive disease or concurrent illness, it was shown that cats that 
completed the adjunctive doxorubicin protocol had significantly improved survival 
[9]. The median survival time of cats that received surgery and doxorubicin was 448 
days, while the median disease free interval (DFI) was 255 days. Prognostic factors 
for DFI apart from completion of chemotherapy were: tumor volume, histological 
subtype, development of metastatic disease and location of metastatic disease. Cats 
with lymph node metastasis had a median DFI of 1,122 days, while cats with 
pulmonary metastasis progressed at a median of 183 days. The worst prognosis was 
among cats with pleural metastasis and anaplastic high grade histological subtype, 
staying free of disease 115 and 95 days respectively, despite adjuvant chemotherapy. 
Almost half the group had a DFI of 4 years or longer (41.5%), clearly indicating a 
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possibility for treating selected cases of feline mammary tumors with adjuvant 
doxorubicin. The most common reasons for discontinuing doxorubicin included 
progressive disease (7.5%) and the development of renal disease (4.5%). The major 
side-effects with these protocols have been anorexia and mild myelosuppression. 
Reducing the dose of doxorubicin or substituting with mitoxantrone may limit toxicity 
to an acceptable level. Doxorubicin can be nephrotoxic to the cat, although this is 
considered uncommon. Prospective studies using combined adjuvant chemotherapy 
and mastectomy in the cat have yet to be performed. 
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Mammary cancer in cats and dogs shares both similarities and differences to the 

human condition. Understanding and therefore staging and treatment of the disease 

in companion animals has evolved over time to a more patient-centric plan rather 

than homogenous advice that treats all patients the same. Recent published work 

has suggested that intact bitches that present with benign mammary tumours 

should be spayed at the same time as this reduces the risk of subsequent mammary 

tumours by approximately 50% compared to leaving them intact. 

 

Mammary tumours in cats 

This disease has a very different tumour biology with the majority of masses being 

malignant (80-90%+) and many metastasizing. In cats therefore staging should be 

performed ahead of surgery to make sure the patient is treated appropriately. 

Identifying systemic (often lung) secondaries at time of presentation is much more 

common than in the dog. Just as in other feline metastatic lung patterns, it is often a 

poorly de�ined military interstitial lung pattern rather than the overt large nodules 

seen in dogs. 

Feline mammary tumours are best removed by staged unilateral mastectomies in 

most cases as there is a high chance of further tumour development if mammary 

tissue remains. Just as in dogs, 4 weeks is recommended between surgeries to allow 

enough time for tissue and skin relaxation to minimise complications. 
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Incomplete margins in dogs and cats 

Incomplete excision is most often seen at the deep margin – with the deep 

dissection not extending down to the rectus sheath being the commonest error. If 

the mass is malignant then re-excision is recommended, with the deep margin now 

including the rectus sheath beneath the old scar, plus at least 10mm of healthy 

tissue wide to the original incision. 

 

Adjuvant therapy for mammary cancer 

The decision on whether or not to use post-operative chemotherapy is based on 

several factors.  These might include status of draining lymph node, evidence of 

vascular invasion in the primary mass (both lymphatic and blood vessels), tumour 

grade (increasing malignancy through papillary, tubular, solid and anaplastic), and 

even client experience with cancer and (dis)comfort with the potential risks for 

metastasis. Drugs that might be considered include carboplatin, doxorubicin, 

cyclophosphamide, 5-FU, plus COX-2 inhibitors. Protocols and outcomes will be 

discussed but little convincing data exists to show a signi icant survival advantage 

using adjuvant chemotherapy. This may well be more through study design than 

lack of e icacy, and so it should remain a presented option. 

 

Further reading; 

Effect of Ovariohysterectomy at the Time of Tumor Removal in Dogs with Benign 

Mammary Tumors and Hyperplastic Lesions: A Randomized Controlled Clinical Trial. 

Kristiansen VM, Nodtvedt A, Breen AM, Langeland M, Teige J, Goldschmidt M, 

Jonasdottir TJ, Grotmal T, Sorenmo K. Journal of Veterinary Internal Medicine 2013; 

3; 27: 935-942 
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Mast cell tumours: The VCO 
consensus and our experience 

Introduc�on 
Cutaneous mast cell tumours are common in domestic dogs. Many publications 
cite a prevalence of over 7-21%; these �igures are derived from two population-
based studies published in 1968 (Dorn and Schneider) and 1974 (Cohen). More 
contemporary data give an incidence rate, which more accurately re�lects the 
probability of a patient developing a particular complaint, are provided by 
Dobson et al (2002) who reported a standardised incidence rate of 126 mast cell 
tumours per 100 000 dogs per year, using data derived from a UK based pet 
insurance database. 
 
Mast cell tumours are heterogeneous. They are heterogeneous in appearance; 
they are heterogeneous in clinical behaviour. Canine cutaneous mast cell 
tumours may exhibit a very benign biological behaviour; they may also exhibit 
extremely severe biological behaviour. The physical appearance of a mast cell 
tumour can be a guide but, taken in isolation, does not reliably provide an 
accurate assessment of tumour severity. 
 
Clinical signs suggestive of aggressive behaviour are rapid growth, local 
in�lammation, in�iltration/poor demarcation, ulceration, satellite nodules and 
paraneoplastic signs. However, the converse is not always true.  Some malignant 
MCT can present in as innocuous-appearing masses. Some MCT may be present 
for a considerable period of time and are often behaviourally benign.  
 
However, in our experience, malignant MCT can be present for some time, and 
high grade MCT can develop from out of previously benign MCT. 
 
There are numerous treatments reported for the management of canine mast 
cell tumours. The broad spectrum of biological behaviours seen with this 
complaint results in confusion in treatment decision-making. The VCO consensus 
statement attempts to identify best practice when diagnosing and treating this 
disease. However, the prevalence, the signi�icant physical and behavioural 
heterogeneity and the range of appropriate therapeutic options available make 
mast cell tumours a constant challenge to veterinary practice. It is hoped that 
this presentation will help to demystify the decision-making process and to 
improve your management of canine mast cell tumours. 

Signalment 
There has been no signi�icant age or neuter status association with the 
development of cutaneous mast cell neoplasia. However, it has been reported by 
multiple authors that particular breeds are at increased risk of tumour 
development. Notably predisposed breeds include brachycephalic dogs such as 
the boxer and Boston terrier, as well as the Labrador retriever, golden retriever 

by Gerry Polton and Tim Scase
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and Weimaraner. Boxers, golden retrievers, Shar Peis and Weimaraners have 
also been reported to be at increased risk of the development of multiple 
cutaneous mast cell tumours; it is wise to forewarn owners following diagnosis 
of a single mass that others might follow. Mast cell tumours can arise at any age. 
Peak age incidence occurs at 8 years, but true mast cell neoplasia can be seen in 
cases only weeks old. Mast cell neoplasia can never be excluded on the basis of 
age or breed. 
 
MCT can develop at any age. There is a subset of dogs that develop MCT at an 
early age, between 1-3 years old. In such dogs, they often develop multiple MCT 
either serially or synchronously. Many such dogs will have masses that 
apparently increase or decrease with time, temperature or trauma. In some 
cases, these dogs have concurrent cutaneous mastocytosis.  
 
In cutaneous mastocytosis, dogs have increased numbers of otherwise 
histologically normal MCs within their skin, often restricted to the superficial 
dermis. It is proposed that they have a congenital underlying mutation (1st hit) in 
Kit or other genes that drive MC proliferation and/or dermal accumulation, and 
which then predispose to subsequent mutations (2nd hit) that result in full 
neoplastic transformation to a MCT. In a currently unpublished body of data 
from 20 dogs under 3 years of age with multiple mast cell tumours (Scase), 
analyses failed to reveal any mutations in PDGFRA or Kit at similar sites to those 
seen in human cutaneous mastocytosis. It is likely therefore that either these 
genes are not involved in the development of MCT in these young dogs, or that 
the disease in dogs involves different mutations from those seen in this disease 
in people. 
 
Interestingly, the predisposition of Shar Peis for developing MCT, often at an 
early age, may be related to increased accumulation of hyaluronic acid within 
their skins. Shar Peis have a duplication mutation upstream of the Hyaluronic 
Acid Synthase 2 (HAS2) gene, such that increased expression of this gene 
product results in accumulation of hyaluronic acid within the dermis and 
subcutis. This results in the folded skin phenotype. HA accumulation within this 
skin is also associated with the periodic fever syndrome that some individuals of 
the breed can develop. HA is a major adhesion protein for mast cells in people 
through the mast cell surface membrane receptor CD44. It has been proposed 
that HA accumulation in the skin could account for the cutaneous mastocytosis in 
this breed and hence the predisposition to development of cutaneous mast cell 
tumours.  

Clinical Stage 
The differences between outcomes for different patients with the same cancer 
diagnosis have long been recognised. One source of significant variation in 
overall survival is the presence or absence of metastasis; this observation led to 
the development of the TNM clinical stage classification scheme, first published 
in the context of human breast and laryngeal cancers in 1953. In canine mast cell 
tumours the presence or absence of lymph node and distant metastases is of 
enormous prognostic significance. The most common sites of distant metastasis 
are the spleen and liver. 
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FNA assessment of lymph nodes draining MCTs is frequently used to determine 
whether there has been metastasis of the MCT. However, in practice unless large 
numbers of mast cells are seen on the aspirates, this technique is likely to 
overestimate the number of cases where lymph node metastasis has occurred. 
Recent studies at Bridge Pathology show that histologically, mast cells can be 
frequently found in lymph nodes from dogs that have no concurrent MCTs and 
no history of MCTs. Indeed, anecdotally, we have found up to 30 mast cells per 
high power field in the sinuses of such lymph nodes, suggesting that there is 
constant circulation of normal cutaneous mast cells through lymph nodes in 
normal dogs. This highlights the problems in interpreting results from the 
aspiration of lymph nodes where only small numbers of mast cells are identified. 
Similarly, it is likely that a proportion of cases where there is histological 
evidence of mast cell accumulation in lymph nodes are also misdiagnosed as 
metastasis, when in fact they are merely trafficking through the lymph node as 
part of a physiological process.  
 
At Bridge Pathology, we are now reluctant to definitively diagnose lymph node 
metastasis of a MCT without significant evidence of invasion outside of the 
lymph node sinuses or if there is no apparent mass-effect in the lymph node 
disrupting normal structures. 
 
The prognostic importance of advanced clinical stage cannot be understated, 
however the frequency with which metastasis develops is relatively low if all 
mast cell tumours are considered. Extensive investigations to define the 
presence or absence of metastases are therefore not indicated for all cases with a 
diagnosis of mast cell tumour. Indeed, overtesting will lead to an unacceptably 
high incidence of false positive diagnoses. Instead, investigations to define the 
clinical stage of cutaneous mast cell tumours should be reserved for cases with a 
real risk of metastasis development. 

Histological Grade 
In 1973 Bostock published details of a histological grading scheme which 
separated canine cutaneous mast cell tumours into three distinct prognostic 
groups.  Further refinements and data for a considerably longer period of follow 
up were presented in a publication by Patnaik et al in 1984 which similarly 
defined three distinct prognostic groups, using slightly different criteria and it is 
this scheme that is largely followed today. A revised grading scheme was 
proposed by Matti Kiupel and colleagues in a publication in January 2013.  The 
essence of the Kiupel scheme is that cases are divided into two groups, low and 
high-grade. This scheme does not benefit from the decades of use and validation 
of the Patnaik scheme. 
 
The observation that definition of histological grade can provide the capacity to 
predict biological behaviour of the tumour, including risk of metastasis, is of 
enormous importance to rational mast cell tumour management. 
 
According to the work of Murphy et al, the incidence of metastasis among 
patients diagnosed with a grade 1 mast cell tumour was 0%. Grade 1 mast cell 



112                                                                                                                                 ONCOlogisch Treffen

tumours consistently represent approximately 13-26% of all reported cases 
diagnosed in first opinion practice. If histological grade were an utterly reliable 
predictor of biological behaviour, there would be no value in any clinical stage 
evaluations in any grade 1 mast cell tumour case. However, work by Nicole 
Northrup (published in 2005) should prompt a degree of caution. In these two 
studies ten specialist pathologists were invited to provide a histological grade for 
the same 60 mast cell tumour specimens. Initially there was only 50.3% 
agreement between pathologists. This rose to 62.1% when all pathologists were 
given precisely the same histological grade criteria by which to evaluate the 
tumour specimens. Still over one third of cases were not assigned the same 
histological grade by all pathologists. 
 
The main advantage of the Kiupel grading scheme is that it is easier to apply in 
diagnostic pathology practice, as it is less subjective than the Patnaik grading 
scheme and should be more reproducible between pathologists.  
 
While histological grade is a very useful predictor of biological behaviour in 
canine cutaneous mast cell tumours, it should always be remembered that the 
role of histological grade is to aid the clinician by acting as a proxy marker of 
future biological behaviour. If the tumour already exhibits clinically severe 
biological behaviour, then no matter what the histological grade of the tumour, 
the tumour is still behaving in an aggressive manner.  

Diagnosis 
Mast cells have very characteristic microscopic appearance. This renders 
diagnosis of cutaneous mast cell neoplasia straightforward in most cases by 
simple application of a fine needle aspirate biopsy. All practitioners with a clean 
microscope and appropriate cytological stains should feel confident to diagnose 
the presence of mast cells in a cutaneous mass by in-house cytology. Developing 
the confidence to make this diagnosis can dramatically enhance the service 
offered to your clients by providing a clear diagnosis in a speedy and cost 
effective fashion, typically without requiring sedation or anaesthesia. 
 
Cytological evaluation does not, however, provide detail regarding the 
histological grade of the tumour as this is defined partly by cellular criteria and 
partly by architectural detail. Some cytopathologists will comment that a 
cytological specimen has features consistent with a tumour of a particular grade 
but it must be emphasised that the purpose of this comment is to assist the 
clinician in decision-making rather than to provide a definitive tumour grade.  
 
Indeed, in contrast to histopathology, there are currently no cytological grading 
schemes for prediction of prognosis for MCT. However, it would seem reasonable 
to assume that a MCT that exhibits extensive cytological atypia, is likely to be a 
high grade MCT histologically. In contrast, cytologically well-differentiated MCT 
can still be high-grade histologically.   
 
Biopsy techniques available include incisional biopsy, for example using a skin 
(Keyes) punch or an incisional wedge biopsy technique, or excisional biopsy. 
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Definition of histological grade requires evaluation of the interface between the 
tumour and the normal cutaneous tissue so the biopsy must incorporate the 
tumour border for a complete evaluation to be performed. Some thought should 
therefore also enter into biopsy planning to ensure that the resulting biopsy tract 
can be easily incorporated into a subsequent definitive excision. 
 
The advantage of incisional biopsy is that it permits appropriate treatment 
planning without risking compromising the definitive surgical removal of the 
tumour. The disadvantage that is perceived by many practitioners and clients 
alike is the need for two anaesthetic procedures, assuming that surgical removal 
is considered appropriate following biopsy. This supposed disadvantage needs 
to be measured against the catastrophic disadvantage of incomplete removal of a 
mast cell tumour due to speculative surgical planning and subsequent loss of the 
ability to cure what was previously a curable tumour. The former patient will 
have one extra visit to the veterinary hospital; the latter patient will die of 
cancer. 
 
The indications for excisional biopsy are the biologically low-grade tumour and 
tumours in an anatomic location where surgical margins are defined by local 
anatomy rather than tumour grade, for example the digit. Biologically low-grade 
tumours would be defined by indolent behaviour, small tumour size, absence of 
ulceration or reactivity in response to manipulation and cytological evidence of 
cellular characteristics that would be consistent with a low histological grade 
tumour.  
 
It is an established fact that there is a risk of inducing histamine release and local 
or systemic consequences by manipulation of cutaneous mast cell tumours. 
Various strategies are reported to diminish this risk. The first point to make in 
this context is, however, that these events do not arise without due warning. 
Tumours that will induce severe systemic consequences in response to sharp 
incision and gentle surgical handling are also likely to induce urticaria at the very 
least, on initial physical examination and fine needle aspirate biopsy. Tumours 
that might induce significant local signs in response to biopsy will typically show 
a mild local erythema and oedema in response to handling and will be expected 
to exhibit prolonged dripping blood loss after fine needle aspirate biopsy. 
 
The agents that are most frequently used to diminish the risk of local or systemic 
consequences of mast cell activation or degranulation are dexamethasone and 
chlorphenamine. My cases all receive intravenous chlorphenamine at induction 
of anaesthesia. Dexamethasone is reserved for cases that demonstrate marked 
tumour enlargement, urticaria or hypotension during pre-surgical tumour-
handling. Systemic manifestations of mast cell activation are typically seen with 
advanced metastatic disease in which case surgery is contraindicated. Local 
signs indicate a tumour of intermediate to high grade and treatment plans are 
made accordingly. 

Prognosis 
As noted above, prognosis is closely linked to tumour grade and to the clinical 
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stage of the tumour. Prognosis does not only describe the probability of death or 
survival; it is more appropriate in some instances to regard prognosis as a 
measure of the probability of tumour recurrence or of quality of life altering 
complications during diagnosis or therapy. 
 
Most Patnaik grade I mast cell tumours have zero or only limited capacity for 
local infiltration and no capacity for metastasis. Very rare instances of grade I 
mast cell tumours that do exhibit aggressive behaviour are reported, but 
typically the wary clinician will have noted that the clinical behaviour of these 
tumours is consistent with aggressive mast cell neoplasia prior to obtaining an 
incisional biopsy to define tumour grade. Therefore, the clinical behaviour of the 
mass is inconsistent with the histological grade and under these circumstances, 
the aggressive clinical behaviour should be considered more representative of 
the ultimate behaviour of the tumour than the histological grade. 
 
It is often stated that approximately 15% of intermediate grade mast cell 
tumours exhibit metastasis. Some of these cases can be identified before 
definitive therapy is undertaken, for instance by recognition of an enlarged 
regional lymph node with metastasis confirmed by subsequent fine needle 
aspirate biopsy. Further refinement of the intermediate grade designation is 
desirable, see below. 
 
Patnaik high grade tumours metastasise in 80-95% of cases. In the absence of 
medical therapy, most high-grade mast cell tumours cause the death of the 
patient within six months of diagnosis. This is true for both Kiupel and Patnaik 
high grade tumours.  

Further Diagnostic Tests 
Frequently, routine diagnostic evaluations prove inadequate, largely due to the 
relative frequency of intermediate grade tumour diagnoses. A number of 
ancillary evaluations have been reported which are worthy of discussion. 

Mitotic index 
A paper by Romansik and colleagues reported the significant prognostic impact 
of high or low mitotic index in a population of cutaneous mast cell tumours. This 
was not entirely new, as mitotic index was a feature of previously described 
histological grading schemes. However, the results were highly significant and 
this simple test can be performed on every histological mast cell tumour 
submission without extra work or cost. The median survival time for tumours 
with a mitotic index greater than 5 was less than 2 months; the median survival 
time for tumours with a mitotic index less than or equal to five was greater than 
70 months. The prognostic significance of mitotic index remained even when 
allowance was made for histological grade. In the study, most cases with a 
mitotic index of 5 or less had a mitotic index of one or zero. The ability of this 
study to predict outcome for cases with a mitotic index between two and five 
should be questioned due to low case numbers in this range. The fact remains; 
mitotic index is a powerful predictor of outcome. 
 
However, it is not clear which cut-off value for the MI is better at predicting 
prognosis for MCT. The Kiupel study used a higher MI cutoff, which results in a 
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high specificity, but low sensitivity for detecting malignant MCT. The vast 
majority of the MCT seen at Bridge Pathology are Patnaik intermediate grade, 
Kiupel low grade. Frequently we see Patnaik high grade, Kiupel high grade MCT 
and very rarely do we see Patnaik high grade, Kiupel low grade MCT.  

Ki-67 
Two papers by Tim Scase and others highlighted the remarkable predictive 
capacity of Ki-67 immunohistochemical staining characteristics in intermediate 
grade mast cell tumours. In the second study by this group, a previous 
observation was validated: 95% of dogs with an intermediate grade mast cell 
tumour exhibiting a Ki-67 index of less than 1.8% were alive 3 years after 
diagnosis. By comparison, the 1 year, 2 year and 3 year survival proportions for 
dogs with intermediate grade mast cell tumours with Ki-67 indices of greater 
than 1.8% were 54%, 45% and 33%, respectively. 
 
The second study validated the conclusions of the first study beautifully, 
however, other workers do not consistently achieve comparable results and this 
highlights a difficulty with reliance on semi-quantitative assays. In 
immunohistochemistry evaluations, specimens are processed to permit antigen 
retrieval from a formalin-fixed specimen. Variations in the antigen retrieval 
process will result in variation in the result achieved. Other users prefer to use 
the combination of Ki-67 and AgNOR markers, which has also been shown to 
discriminate between mast cell tumours with and without a significant risk of 
recurrence or metastasis. 
 
A recent retrospective study (van Lelyveld et al., 2014) confirmed that both 
mitotic index and Ki67 staining index were associated with prognosis for MCTs. 
A mitotic index >5 was found to be highly specific (96·0%) for death due to MCT 
disease, but lacked sensitivity (32·4%). In contrast, Ki67 index was highly 
sensitive (86·5%) but poorly specific (57·6%) for death due to MCT disease.  
These data are consistent with anecdotal observation at Bridge Pathology, where 
we see the vast majority of MCT with a MI >3 will have a higher-than-cutoff Ki67 
index.  
 
AgNOR staining 
AgNORs – Agyrophilic nucleolar organizing region – analysis has been used as a 
prognostic test in a wide range of tumour types in people and animals. However, 
in canine MCT it does not provide further prognostic information than that 
derived from a combination of histological grade and Ki67 
immunohistochemistry. In addition, technically it is a more challenging stain to 
standardize between laboratories and to analyse. Very few veterinary 
laboratories routinely perform this stain and very few veterinary pathologists 
have experience in its analysis. 

c-kit immunohistochemistry and DNA sequence analysis 
There are a number of reports from the group of Webster and Kiupel in 
particular describing the variation in c-kit immunohistochemistry among mast 
cell tumours and reporting prognostic implications of different 
immunohistochemical staining patterns. There is some confusion that prevails 
however, about the utility of c-kit immunohistochemistry in the identification of 
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mast cell tumours that will, or will not, exhibit sensitivity to c-kit inhibitors such 
as masitinib and toceranib. Indeed, the vast majority of MCT will express 
immunohistochemically-detectable levels of kit. Hence, if this were the only 
factor in predicting response to TKIs, then all MCTs would respond strongly to 
these drugs. Tyrosine kinase inhibitors may have greater effects through 
inhibition of an altered c-kit molecule and to definitively recognise this, cDNA or 
DNA sequence analysis must be performed. This can be a considerably more 
prolonged procedure taking up to a month. This delay does have obvious adverse 
implications for therapy. 
 
‘Full Excision’ 
Neither the Patnaik or Kiupel histological grading schemes define how the 
completeness of excision was assessed for the cases in their studies. Any 
histological assessment of tissues requires decisions to be made about how to 
best sample the mass and how to evaluate the marginal tissues. However, this is 
not always straightforward and few diagnostic laboratories will actually 
routinely assess the entire surgeon-cut surface of the tissue. Any interpretation 
of a pathology report that states distances from the tumour to the surgeon-cut 
edge of the tissue, should be interpreted with caution unless the methodology of 
how the tissue was trimmed for processing and examination is known.  
It is not uncommon for MCTs to have small satellite lesions at the surgeon-cut 
surfaces of the tissue, away from the main bulk of the mass. Without examining 
the entire surgeon-cut edge of the tissue histologically, such foci would be 
missed and the tumour would be erroneously described as being ‘fully excised’. 

Treatment Options 
There are multiple treatment options available for the management of canine 
cutaneous mast cell tumours. The vast heterogeneity in mast cell tumour 
behaviour indicates that treatment selection must be individualised to the 
patient and tumour in each case. 
 
Treatment options include surgery, chemotherapy, radiotherapy, corticosteroids 
and tyrosine kinase inhibitor therapy. These treatments are frequently combined 
in appropriate circumstances. 

Surgery and Radiotherapy 
Surgery and radiation therapy are covered by colleagues elsewhere. 

Chemotherapy 
There are multiple chemotherapy protocols reported for the management of 
canine cutaneous mast cell tumours. Most protocols incorporate one or both of 
vinblastine and lomustine. 
 
Vinblastine is a vinca alkaloid that acts by interference with tubulin 
polymerisation and therefore with formation of the mitotic spindle in cells 
undergoing mitosis. The principal toxicity with vinblastine is myelosuppression; 
other less frequently reported toxicities include gastrointestinal signs and 
peripheral neuropathy. Vinblastine is administered by intravenous injection via 
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an intravenous cannula. Extravasation will result in moderately severe soft 
tissue necrosis and sloughing. 
 
The dose of vinblastine in common use is 2mg/m2 once every one to two weeks. 
Blood should be obtained for haematological evaluation prior to the second 
treatment and subsequently as indicated by the results of that evaluation and 
standard approaches to chemotherapy management. Vinblastine is typically 
administered in conjunction with prednisolone at reducing doses over a twelve 
week period. Side effects of vinblastine are relatively predictable. 
 
Lomustine is a nitrosourea alkylating agent. Cytotoxicity is not cell cycle 
dependent. The beneficial effects of lomustine can be slow to manifest in some 
cases. Toxicities associated with lomustine are significant. The primary toxicities 
are myelosuppression and gastrointestinal signs, both of which can happen 
within as little as four days of treatment administration. Additional side effects 
include fatal cumulative hepatotoxicity (incidence 17% in one study), fatal 
cumulative thrombocytopenia, fatal cumulative nephrotoxicity, and interstitial 
lung fibrosis. Lomustine is less predictable in its induction of adverse effects than 
vinblastine so the clinician must be vigilant at all times. Serial monitoring by 
means of blood testing to evaluate haematological, hepatic and renal parameters 
should be considered mandatory prior to every treatment administration. 
Lomustine is administered orally and this can fool the unwary into feeling that it 
is a less hazardous product; this could not be more wrong. 
 
The dose of lomustine used in the management of cutaneous mast cell tumours is 
70-90mg/m2 once every 3-6 weeks. The interdose interval is defined by the 
duration of myelosuppression and by the perceived risk of cumulative toxic 
effects. 
 
A relatively recent study by Maureen Cooper and colleagues reported the use of 
vinblastine in combination with lomustine for the management of intermediate 
to high-grade cutaneous mast cell tumours. Results were favourable compared to 
previous reports using either agent in isolation. Toxicity was not considered 
severe. The lomustine dose used varied but the average dose was approximately 
60mg/m2. Although it might benefit from further work to validate the findings 
presented, this work has become widely accepted within the specialist oncology 
community. 
 
A further recent noteworthy publication reported on the use of chlorambucil and 
prednisolone for the management of unresectable mast cell tumours. A 38% 
response rate was reported with a median remission duration of 533 days. The 
results compare favourably with expectation but may reflect rarefied case 
selection. This option should be of interest to readers who encounter patients for 
whom risks of toxicity are a major concern. Validation by other oncologists is 
necessary before this treatment plan becomes widely accepted. 

Tyrosine Kinase Inhibitors   
This is an exciting time in veterinary medicine. We are fortunate enough to bear 
witness to the arrival of the designer medicine era. To date, medicine has been a 
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science of empiricism, with elaborate therapies defined by experience of learned 
individuals. We are now in a new era: medicines can be designed according to an 
understanding of the molecular biology of a specific lesion. In this case, some 
cutaneous mast cell tumours have been shown to demonstrate mutation of a cell 
surface growth factor receptor called c-kit. This molecule, under normal 
circumstances, transduces extracellular growth signals into nuclear messages to 
induce growth and mitosis. In some mast cell tumours, this signal is permanently 
switched on, resulting in autonomous activation of growth pathways, without 
the need for an extracellular ligand to trigger the process. Cancer follows. 
 
There are two tyrosine kinase inhibitors licensed for veterinary use in Europe, 
masitinib (Masivet, AB Science) and toceranib (Palladia, Zoetis). Masivet became 
available in June 2009 and so oncologists in Europe have greater experience with 
this agent than with Palladia. The limited published work available for these 
products provides detail that is hard to apply to the clinical cases that are treated 
on a daily basis. Safety data are available for both and must be scrutinised by 
anybody with an interest in prescribing these agents. The most significant 
differences between the products from a medical perspective are the breadth of 
activity and the risk of on- and off-target toxicity. Masitinib is a highly focussed 
targeted therapy, with very few off-target molecular interactions. This results in 
a very tolerable safety profile. Toceranib has a much broader profile of activity. 
This will be an advantage in some contexts and not in others. In the context of 
mast cell tumour management, this results in a significant risk of inducing mast 
cell tumour cell necrosis and therefore degranulation with an accompanying risk 
of systemic consequences. Outwith the mast cell tumour arena, the off-target 
interactions may lead to some very positive anti-neoplastic effects; this has yet to 
be properly investigated but there have been interesting early reports of other 
veterinary cancer indications. 

Side Effects 
It is an important point to make that a new understanding of side effects is 
required as these agents work in a new way. One of the side effects of masitinib 
use, the so-called ‘protein-losing syndrome’ is a completely new phenomenon 
that will undoubtedly take time and coordinated investigation to thoroughly 
explore and get to grips with. 

Masivet 
12.5% of cases receiving masitinib exhibited grade 3 or 4 side effects; these were 
5% gastrointestinal, 5% protein-loss and/or renal and 2.5% haemolytic anaemia. 
Grade 3 can be loosely described as severe; grade 4 as life threatening. The 
mechanism of gastrointestinal signs is through interference with the c-kit 
receptor in the intestinal pacemaker cells, the Intestinal cells of Cajal. A high 
proportion of cases exhibited low grade vomiting or diarrhoea but 94% of these 
spontaneously recovered without requiring treatment interruption or specific 
therapy. 7.5% developed protein-losing syndrome; in the first days of masitinib 
use we would evaluate serum biochemistry and urine protein every three weeks. 
It is now clear that the mechanism of the protein-losing syndrome is an effect on 
capillary fenestration diameter permitting egress of slightly larger molecules 
including albumin resulting in albumin loss from the circulation into the tissue 
fluid and into the glomerulus. Protein-losing syndrome is entirely reversible. 
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Haemolytic anaemia is unusual. The mechanism remains unknown. The average 
delay from initiation of therapy to detection of anaemia is 84 days. At the 
moment the advice must be to withdraw the therapy. Anaemia of chronic 
inflammatory disease is also seen and should not be confused with life-
threatening haemolytic anaemia.  

Palladia 
34.5% of cases receiving toceranib exhibited grade 3 or 4 side effects; these were 
mostly gastrointestinal. Experience with the drug has identified other adverse 
events that were not frequently reported as significant findings in the first 
clinical trial including spontaneous haemorrhage, marked lethargy and 
gastrointestinal ulceration. The explanation for the high incidence of severe 
gastrointestinal side effects is the action of toceranib on blood vessels to the 
mast cell tumour. Damage to the vascular supply results in necrosis of neoplastic 
mast cells and degranulation effects. Sudden release of histamine, eotaxin and 
other inflammatory mediators results in gastric hyperacidity, gastric ulceration, 
hypotension, renal hypoperfusion, potentially DIC and death.  
 
In the event that toxic effects are noted, treatment should be withdrawn. Exact 
duration of the period of withdrawal is dependent on the severity of the 
manifestation of toxicity. 

Indications for use 
According to the language of the European and American licenses, tyrosine 
kinase inhibitors are indicated for the management of dogs with recurrent or 
non-resectable grade II to III mast cell tumours. Since most (~80%) cutaneous 
mast cell tumours are grade II, these are the tumours most frequently treated 
and reported.  In a long term study reported by Hahn and others (AJVR 2010) 
only 11/132 mast cell tumours randomized to receive masitinib or placebo were 
grade III tumours; the remainder were all grade II mast cell tumours. Responses 
were favourable when masitinib and placebo were compared but responses 
were far from impressive when the cohort is examined as a whole. Independent 
clinical casework has revealed a far more impressive response rate when cases 
are selected on the basis of the presence of clinical indicators of high-grade 
malignancy. These data are not yet published. 
 
In cats, there are currently no clinical data to support the clinical use of toceranib 
or masitinib in mast cell tumour management; there is simply a single study 
reporting the pharmacokinetics of masitinib in cats after a single injectable dose. 
Therefore, there is an absence of safety or efficacy data; everything you read or 
hear should be regarded as anecdote. Some oncologists will treat systemic mast 
cell neoplasia in cats on the basis of c-kit mutation status. Cases whose tumours 
are positive for c-kit mutations are considered candidates for TKI therapy; those 
without are considered candidates for conventional chemotherapy or 
corticosteroids. However, recent work suggests that the c-kit mutations seen in 
feline malignant mast cell tumours are not relevant to the mode of action of the 
available canine-licensed tyrosine kinase inhibitors. Therefore, extrapolating 
from canine oncology practice may be a mistake in this case. 
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Typical clinical conundrums 
 
1. An incompletely excised Patnaik intermediate grade, Kiupel low grade MCT? 
2. An incompletely excised Patnaik high grade, Kiupel high grade MCT? 
3. When clinically the tumour seems ‘benign’ but the histological and/or Ki67 
grading is high? 
4. What do you do with a Patnaik intermediate grade, Kiupel low grade, 
immunohistochemically high grade tumour? 

Conclusions 
Canine cutaneous mast cell tumours pose problems for the veterinary clinician 
through their marked heterogeneity in biological behaviour. Critical elements of 
the decision making pathway include identification of tumour spread and 
definition of histological grade. A range of therapeutic strategies is available but 
no single strategy is applicable in all cases. The development of novel 
pharmacological therapies holds great promise for the management of canine 
cutaneous mast cell tumours specifically and for veterinary cancer in general; 
this will be a fast changing field in the coming years. 
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1. Canine squamous cell carcinoma 

1.1 Introduction 
Squamous cell carcinoma (SCC) in dogs include a family of highly aggressive neoplasms 
with potential for both significant local invasion and distant metastasis [1].  These tumors 
occur in numerous organs and tissues and have a variety of biologic behaviors.  The most 
common locations in which this cancer type develops include the oral cavity, tonsils, tongue, 
nasal cavity, skin, lung, and digit [1, 2].  SCC affecting the oral cavity, nasal cavity, and digit 
are the most locally invasive and the least amenable to simple surgical excision and often 
require radical and sometimes deforming surgery.  Those tumors involving the tonsils, base of 
the tongue, and lung are similarly invasive in the local site and are often detected late in the 
course of disease due to the absence of obvious clinical signs [2].  This late clinical diagnosis 
results in the common observation of metastasis to distant sites at the time of primary tumor 
diagnosis.  

The treatment of SCC, when possible, is preferably complete surgical resection of the primary 
tumor; however, given the invasive nature of most SCC and the metastatic nature of some 
locations, surgery is occasionally not a curative option for dogs and as such, chemotherapy 
and other treatment are then warranted.  Radiation is commonly used for non-resectable oral 
and nasal tumors; however, recurrence rates approaching 50 and 100%, respectively, are seen 
with this treatment approach [1].  There are minimal data evaluating chemotherapy in the 
measurable (gross local or metastatic) disease setting and most of these data are retrospective 
in nature.  Nonetheless, prognosis is uniformly poor for dogs with large (> 4 cm), non-
resectable tumors as well as for those with metastatic disease.  To date no systemic 
chemotherapy options have been demonstrated to be effective in dogs with SCC.  
Accordingly new options are needed for the treatment of the vast majority of canine SCC 
patients.  Patients at need include dogs forced to consider radical and potentially deforming 
surgery of a primary tumor (i.e. potentially resectable SCC), for dogs at high risk for 
metastasis to regional and distant sites, and finally for dogs that present with established 
metastatic or non-resectable SCC.
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The similarities between SCC in human and canine patients include histological description, 
and biological behavior.  The recent addition of a taxane-based chemotherapy options have 
been shown to be effective in several forms of SCC in human patients as both first and second 
line treatments. Unfortunately, severe hypersensitivity reactions associated with the use 
taxanes (e.g. Taxol) in dogs have limited the opportunity for dogs to receive benefit from this 
active class of drugs in SCC.  The recent development of a novel formulation of cremophor-
free paclitaxel (Paccal Vet CA-1), that significantly reduces this risk of anaphylaxis, may now 
allow the benefits of taxane use in humans to be experienced by dogs.  

1.2 General considerations 
SCC:s are aggressive cancers that likely arise from the squamous epithelium of a variety of 
organs and tissues.  In dogs the most common locations include the oral cavity, tonsils, 
tongue, nasal cavity, skin, lung, and digit.  In dogs SCC are the most common malignant digit, 
tongue, and tonsillar tumor and the second most common malignant oral tumor.  They 
typically occur in older pure- and mixed-breed dogs [1]. 

As in human patients, environmental factors play a role in the development of canine SCC.  
Tonsillar SCC is 10 times more common in dogs living in urban versus those living in rural 
regions supporting the relationship between environmental pollution exposure and tumor 
development [3].  Cutaneous SCC are more frequently diagnosed in dogs living in high 
altitudes with increased exposure to sunlight and furthermore have been shown to develop at 
sites of chronic dermatosis,[4, 5] a similar phenomenon as seen in solar-induced SCC in 
humans.  These tumors are frequently found on the ventral abdomen of dogs and other non-
haired regions more susceptible to sunlight exposure suggesting solar radiation is involved in 
the pathogenesis.  Additionally, exposure to second-hand smoke has been shown to increase 
the risk of both canine lung and nasal carcinoma [3].  Consistent with these findings, 
dolichocephalic breeds have been shown to have an increased risk of nasal SCC while 
brachycephalic and mesocephalic breeds have an increased risk of lung SCC suggesting that 
the anatomy and physiology of airflow and the subsequent trapping of carcinogens, modifies 
risk.  In human patients, a substantial proportion of cutaneous and tonsillar SCC are 
associated with malignant transformation of human papillomavirus infection.  Similarly, 
canine papillomavirus has been detected in approximately 20% of mucosal and cutaneous 
SCC tumors and it is suspected that these tumors are likely a result of a similar transformation 
[6]. 

1.3 Pathology and Pathogenesis 
Sequential progression from benign epithelial lesions to SCC is likely for many forms of SCC 
in dogs.   Such step-wise progression is supported by carcinoma in situ lesions found in the 
skin of dogs.  However, the characteristically late clinical diagnosis of SCC in dogs most 
often yields histological high-grade tumors with common lymphovascular and perineural 
infiltration.  This perineural infiltration is likely to contribute to the locally invasive behavior 
of this tumor type, particularly in the oral cavity.     
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Molecular alterations responsible for SCC development are not well understood.  Similar to 
human patients, overexpression of P53 and cyclin A has been demonstrated in SCC in dogs; 
however it is unclear if this overexpression is linked to gene mutation or amplification.  
Cyclin A overexpression occurred more frequently in poorly differentiated canine tumors 
suggesting an association with tumor progression [7]. Other progression-associated markers 
that have been evaluated in human and canine SCC include vascular endothelial growth factor 
(VEGF) and cyclo-oxygenase-2 (COX-2).  VEGF and its receptor (VEGFR-2) have been 
shown to be expressed on a wide variety of human and canine squamous cell carcinoma 
tissues and may contribute to tumor proliferation and metastasis.  COX-2 expression has been 
defined in both canine and human SCC [8, 9]. Increasing COX-2 has been associated with 
histological progression of premalignant lesions to invasive HNSCC (Head and Neck SCC) in 
human patients [9].  

1.4 Clinical staging
Staging systems for SCC are dictated by the location of the primary tumor site. These staging 
systems are based upon the tumor, node, and metastasis (TNM) scheme.  In general large 
tumors and those with gross metastatic disease are associated with decreased survival times.  
Therefore clinical staging is essential in determining both the prognosis as well as in 
developing the best treatment protocol.  Tumor size is a significant predictor of outcome of 
SCC affecting any site.  Large tumors are not only associated with lower rates of local control 
but may also be associated with a more malignant phenotype.  Given that the sites of these 
tumors include ‘harbored regions’, such as the tonsil, lung, and nasal cavity, advanced 
imaging in the form of a CT and/or MRI is often necessary to assess the full extent of the 
disease.  As noted above, cancer development in these locations is often linked to late clinical 
diagnosis that contributes to the difficulty in effectively treating patients.   

 
Figure 1. Tumor size is an important prognostic predictor of canine SCC of any site. Nasal plane SCC can be 
challenging and require multi modal treatment regimens. Photo Henrik Rönnberg. 
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The presence of lymph node and/or distant metastatic disease is a consistent and poor 
prognostic factor across all clinical forms of SCC.  Regional lymph nodes, thoracic 
radiographs and abdominal ultrasound (when applicable) should be monitored closely prior to 
and during treatment. CT and MRI can also be used to assess regional lymph nodes that are 
not readily palpable. The current absence of effective treatments to manage regional and 
distant metastasis represents the most pressing need for these patients.  Table 1 summarizes 
the metastatic rates for common clinical forms of SCC in dogs. 

Table 1.  Metastatic rate for common clinical forms of canine SCC 

Form Lymph node Distant 

Oral 10%  36%[10] 

Lung -  100%[11] 

Tonsillar  73%  42% [12] 

Tongue  13%  29%[13] 

Nasal  50% (at death) 

 

 50% (at death) 

10% (at time of diagnosis) [14-16] 

Digit Up to 29%* 29%[17, 18] 
*approximately 5% of dogs develop multiple digit SCC [19] 

1.5 Adjuvant medical treatment 
The standard of care treatment for the majority of SCC at any site is surgical excision.  Late 
clinical diagnosis often results in large tumors that are frequently not amenable to surgical 
resection; while some are amenable only to a radical excision (maxillectomy, amputation, 
glossectomy).  Even with aggressive radical surgery, recurrence rates of oral SCC can be over 
30% [20].   

Options for non-resectable SCC affecting the nasal cavity and anywhere in the oral cavity 
include radiation therapy and/or chemotherapy.  Response duration following radiation for 
non-keratinizing nasal SCC is poor with median survival times of approximately 5-9 months 
[10];Correa, 2003 #2216}.  Radiation response duration of oral SCC is slightly better with 
relapse free survival rates at 1 year of approximately 38% [21].   However for other forms of 
SCC, including tonsillar SCC, the 1-year survival rate remains < 10% despite surgery and 
radiation therapy.   

The role of conventional chemotherapy in gross, microscopic, and metastatic disease in dogs 
with SCC is not well understood. Boria et al reported response rates of 56% in dogs with oral 
SCC treated with piroxicam and cisplatin; however, renal toxicity was noted in 41% of dogs 
[22].  Similarly high rates of renal toxicity associated with this combination in other cancer 
types have largely removed this option from the veterinary oncology field.  Other 
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chemotherapeutics (carboplatin, doxorubicin, mitoxantrone, and actinomycin D) have 
received some attention in non-resectable SCC with limited evidence of effectiveness [23-25].  
To date, no data exist evaluating the use of adjuvant chemotherapy for high-risk SCC that are 
resectable.  

As noted above, COX-2 has been demonstrated to be expressed in canine cutaneous, oral, and 
nasal SCC [8].  This has been the rationale for the evaluation of non-steroidal anti-
inflammatory medications that inhibit COX-2 in SCC [23].  Schmitt et al prospectively 
assessed the use of a COX-2 inhibitor (piroxicam) for the treatment of gross canine oral SCC.  
A response rate of 17% was reported with one complete response and two partial responses in 
this population [26]. In a recent case report Mellet et al reported three cases of canine anal sac 
squamous cell carcinoma which underwent medical (meloxicam) management alone, 
resulting in survival of up to seven months [27]. This an unusual location, with only eight 
cases reported in total. Although frequently recommended and used in canine oncology, few 
clinical studies and yet fewer trials supports a clear and durable antitumoral effect of COX-2 
inhibition in other than TCC:s. This being said, the future may show enhancement of tumor 
control when NSAID:S are used alone and/or in combination with other cytostatics when 
larger multicenter trials are conducted. NSAID:s many times improves quality of life in dogs 
with cancer, but one should always consider the additive toxicity that may occur when 
combining it with chemotherapy. 

 

1.6 Treatment with taxanes 
Taxanes represent a class of systemic chemotherapy that have important activity and are 
FDA-approved for the treatment of human SCC.  Taxane-based therapy would fill an 
important unmet need in the canine oncology community. Taxanes have been under-utilized 
and investigated in veterinary oncology.  Given their lipophilic character, both paclitaxel and 
docetaxel require diluents (Cremophor EL and Polysorbate-80, respectively) to enable a 
formulation for intravenous administration.  Both agents are associated with mast cell tumor 
degranulation resulting in histamine release and therefore severe acute hypersensitivity 
reactions.  Furthermore, taxanes, specifically docetaxel, have poor oral bioavailability due to 
their metabolism by the isoenzyme CYP3A within the enterocyte as well as the abundance of 
expression of P-glycoprotein on the luminal border of the enterocyte. Taxanes, and 
specifically paclitaxel, have been shown to be active in canine carcinoma in early phase trials 
[28].  Phase II studies of a number of taxane-based therapies are now underway with a 
specific focus on the activity of this class in canine carcinoma cancers.  Based on the broad 
anti-cancer mechanism of action for taxanes, it is very likely that this drug class will have 
activity in canine carcinoma.  The availability of a well-tolerated formulation of paclitaxel 
would provide the necessary therapeutic window for this drug class in dogs, currently not 
provided by conventional taxane-based therapies.  
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Figure 2. Treatment response for a dog with oral squamous cell carcinoma immediately prior 
(A) and 21 days after cycle 2 (B) of Paccal Vet CA-1 treatment [29]. 

 

2. Human squamous cell carcinoma 

2.1 Introduction 
As in dogs, SCC in humans describes a diverse group of cancers whose biological behavior, 
prognosis, and treatment are generally related to the site of primary tumor development. 
Common features of this family of cancers often include environmental exposure and life-
style associated risk factors, the presence of benign pre-cursor lesions that precede malignant 
transformation, a biological behavior that includes a locally invasive primary tumor that is 
slow to metastasize, and a pattern of metastasis that primarily includes the lymphatogenous 
route [30].   

Not unlike the dog, the most common sites for SCC development in human patients include 
the mucosal tissues in the aerodigestive tract (including the lung), the genitourinary tract, and 
skin.  The clinical practice in defining these cancers prioritizes anatomic locations over 
specific cell or origin.   As such the clinical forms of SCC are described as lung, skin, head 
and neck, and genitourinary.    

Surgery and radiation therapy are considered to be primary and curative treatments of choice 
for SCC irrespective of clinical presentation.  Chemotherapy can be used to reduce the risk of 
second primary tumors (so called chemoprevention), for the treatment of patients with non-
resectable or metastatic SCC, or to increase the effectiveness of local and regional therapies 
(i.e. surgery and radiation).  In the setting of non-resectable or metastatic SCC, methotrexate, 
cisplatin, paclitaxel and docetaxel are considered to be amongst the most active agents [30, 
31].    
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2.2 Treatment of SCC and the use of taxanes 
As outlined above for many forms of SCC surgical resection is not possible due to the late 
onset of clinical signs and advanced state of disease at presentation (i.e. SCC of the lung).  
Chemotherapy may also be considered in selected patients that are defined as “high risk” [32]. 
Such high-risk patients are best defined within each specific SCC form.  Common features of 
such high-risk patients include:  patients with larger lesions (> 2 cm), poor and often 
desmoplastic histological differentiation (relevant to skin), the presence of perineural or 
lymphovascular invasion (relevant to skin, head and neck, genitourinary), recurrent 
presentations, nodal metastasis or distant metastasis [30]. 

Taxanes as a drug class have been used widely in many forms of SCC in human patients [30, 
33, 34].   

 

2.3 Relevance of human information for demonstrating reasonable expectation of 
effectiveness of taxanes in dogs 

The similarities between canine and human cancers have been well recognized.  These 
similarities are the basis of an entire field of cancer research referred to as comparative 
oncology [35]. Furthermore these strong similarities have provided a historical ‘well-
established use’ upon which the field of veterinary oncology was established.  The former has 
emphasized the value of studying canine cancers as a means to answer questions about the 
biology or therapy of similar human cancers.  The latter has repeatedly shown that 
chemotherapy approaches that are effective in human patients are commonly used ‘off label’ 
and are effective in dogs.  It is now taken as a matter of fact that cancer treatments that are 
effective in human cancers are similarly effective in the same canine cancers and cancer 
treatments that are not active in human patients are not active in canine cancers.  This 
statement of bidirectional predictivity is not tested for all classes of cancer treatment but is 
well-established for cytotoxic chemotherapeutic agents that target the basic phenotypes of 
cancer that can be given to both species at effective drug exposures [36]. Based on this 
accepted tenant, it is reasonable that the demonstrated activity of taxanes in human patients 
with SCC should translate to the effectiveness of this drug class in dogs with SCC.  Beyond 
the generic expectation and repeated observation of human information translating to effective 
options for dogs, the striking similarities in the origins, risk factors, pathology, biology and 
therapy for human and canine SCC strengthen the prediction of expected effectiveness of 
taxanes as a systemic treatment for dogs with SCC.    
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a b 

c d 

Figure 3. Treatment of a high grade cutaneous SCC with Paccal Vet CA-1. a) pre-treatment, 
b) 2w after second infusion, c) three weeks after 3rd infusion and d) follow up 2 month after 
3rd infusion. Pictures kindly provided by Dr Tony Rusk, ACI, USA. 
 

In summary the effectiveness of taxanes in human SCC predicts the benefit for taxane based 
therapy also in dogs with SCC.  Together with a larger proportion of toxicity data, the new 
cremophor-free paclitaxel formulation Paccal Vet CA-1 has been granted conditional 
approval by CVM-FDA for the indication resectable and non-resectable canine squamous cell 
carcinoma.  

 

2.4 Conclusion
The treatment of SCC, when possible, is preferably complete surgical resection of the primary 
tumor; however, given the invasive nature of most SCC in dogs and the metastatic nature of 
some locations, surgery is then not a curative option and as such, chemotherapy and other 
treatment are then warranted.  Radiation is commonly used for non-resectable oral and nasal 
tumors; however, recurrences are common. There are minimal data evaluating chemotherapy 
in the measurable (gross local or metastatic) disease setting and most of these data are 
retrospective in nature.  Nonetheless, prognosis is uniformly poor for dogs with large (> 4 
cm), non-resectable tumors as well as for those with metastatic disease.  To date no systemic 
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chemotherapy options have been demonstrated to be effective in dogs with SCC.  
Accordingly new options are needed for the treatment of the vast majority of canine SCC 
patients.  Patients at need include dogs forced to consider radical and potentially deforming 
surgery of a primary tumor (i.e. potentially resectable SCC), for dogs at high risk for 
metastasis to regional and distant sites, and finally for dogs that present with established 
metastatic or non-resectable SCC.
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study) and tonsillar SCC (85% in one study).  Distant metastasis is uncommon with 
SCC. 

**Tonsillar SCC in dogs is a very aggressive form of the disease.  Marked swelling in the 
cervical area usually results from lymph node metastasis.  Affected dogs may present 
with dysphagia, anorexia and/or pain. 

 

FELINE 
SQUAMOUS CELL CARCINOMA 

Most common oral tumour in cats by far accounting for @ 80%. 
Very locally aggressive tumors. 
Most occur at base of tongue and involve the frenulum 
Bone invasion common with gingival tumors. 
Lymph node metastasis reported to be @ 15%. 

 

DIAGNOSIS:   

 

Aspirate/cytology of 1  tumour usually not diagnostic   
Incisional biopsy usually preferred over excisional (allows for planning based on 
tumour identity).  
Evaluation (aspirate or biopsy) of regional lymph nodes (esp. with tonsillar SCC) 
essential.  One report found a higher sensitivity of regional metastasis detection 
when the mandibular, parotid and medial retropharyngeal lymph nodes were all 
surgically removed and examined. 
Thoracic radiography to evaluate for distant metastasis.   
Radiographs +/- CT scan to determine extent of bony invasion.  The majority of the 
malignant tumours will have evidence of bony involvement at the time of diagnosis.  
Radiographic evidence of lysis does not occur until 50% of bone has become 
demineralized.  
Post-operative radiographs of the excised portion of the mandible or maxilla can 
help confirm that adequate margins were achieved.  
Abdominal ultrasound indicated with tonsillar SCC, as distant metastasis is more 
common to the liver and spleen than to the lungs. 

 

TREATMENT:  

SCC:   

Aggressive surgical excision including if necessary.  With a lingual tumor location, 
dogs do surprisingly well with near total excision of the tongue. 
Radiation has been recommended following surgical excision to treat “dirty” 
margins in tumors too large to obtain adequate margins.   
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Feline SCC:  
Aggressive surgery for rostrally located tumours followed by radiation 
+/- chemotherapy. 
Many of these tumours are advanced at the time of diagnosis and many, especially 
large tumours under the tongue, are inoperable or their removal would negatively 
impact the quality of life for the cat.  Radiation therapy alone has not shown much 
promise (MST 170 days).  

 

 
**Cryosurgery can be useful for palliation of fairly small tumours in difficult to treat locations 
(such as caudally located SCCs), local recurrences and in cases where owners are not 
interested in aggressive surgery. 

 

PROGNOSIS 
 

SCC:  Fair – poor – grave (tonsillar)  

However the prognosis is better than for melanoma and fibrosarcoma, especially if 
the tumours are rostral and small as they are more amenable to aggressive surgery. 
Local recurrence is possible in all forms of SCC. 
The relatively low rate of metastasis of gingival SCC makes it a good candidate for 
local therapy (i.e. surgery and radiation).  With aggressive mandibulectomy and 
maxillectomy, the MST has been reported to range from 9 to 18 months.    
In one report of lingual SCC, 5 dogs treated with surgery alone had a median 
survival of time of 8 months.  Three of these dogs had local recurrence. 
Survival times for tonsillar SCC are low.  The most successful treatment reported is 
surgery, radiation, chemotherapy combined, achieving a MST of 240 days, although 
4/6 of the dogs in this study developed local recurrence and metastatic disease.   

 

Feline SCC: Guarded to grave.   

In one report of SCC’s treated by mandibular resection alone 4/5 cats had local 
recurrence within 5 to 12 months of surgery.  These tumors were large and all 
invaded bone.  In another study, in which mandibulectomy was followed by 
radiation, better results were achieved, however, 6/7 still had local recurrence with 
a median time of 12.5 months. 
Complete excision is possible with rostrally located small tumors, but these 
circumstances are rare. 

 

Mandibulectomy 

SURGERY 
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 Prior to surgery, a thorough oral exam should be performed under general 
anesthesia.  Along with radiographic or CT studies, a decision is made on how much tissue 
to excise.  Wide surgical margins (2-3 cm) around the tumour should be obtained.  For most 
tumours this includes either partial mandibulectomy or partial maxillectomy.  These 
procedures are discussed below.  

 
Mandibulectomy 
 

Mandibulectomy is a contaminated procedure.  Therefore, intravenous antibiotics are 
usually given peri-operatively.  The types of mandibulectomy are pictured below: 

Rostral mandibulectomy: 

Tumours involving the incisors, lower canines or first two premolars on one side of 
the mandible are indications for unilateral rostral mandibulectomy.  A bilateral rostral 
mandibulectomy is indicated for tumors that cross the midline rostral to the second 
premolar.   

 

 

 

            Partial        Unilateral            Bilateral 
 

The lower lip is clipped to the angle of the jaw and prepared in routine fashion.  
With the animal in lateral recumbency, the buccal mucosa is incised 1 cm lateral to the 
visible limits of the disease.  The lingual mucosa is then carefully dissected to avoid damage 
to the sublingual and mandibular salivary gland ducts which open just lateral to the 
frenulum of the tongue.  If excision of this area is necessary, an attempt is made to ligate 
these ducts.  For unilateral rostral mandibulectomy, the mandibular symphysis is split with 
an osteotome, gigli wire or oscillating saw.  Because the body of the mandible is brittle, a 
saw or gigli wire is used to make the caudal osteotomy.  Use of an osteotome here may 
fracture the mandible.  After making this caudal incision, the mandibular canal will be 
exposed and the mental artery and vein, and mandibular alveolar artery, vein and nerve will 
be visible.  Hemorrhage from the mandibular canal and medullary cavity is often significant 
and must be controlled with cautery, ligation or bone wax. 

 If bilateral rostral mandibulectomy is required the mandibular symphysis is not 
split, but the mandible is osteotomized caudal to the tumour on that side.  After removing 
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the tumour from the adjacent soft tissue, both hemimandibles are freely moveable.  No 
attempt is made to connect the rami together. 

 Closure of the wound is one layer.  The oral sublingual mucosa is apposed to the 
buccal mucosa using 3.0 or 4.0 interrupted sutures.  If the pigmented portion of the lip is 
free of tumor, it is preserved to help act as an anti-drool mechanism.  In some cases of 
aggressive rostral mandibulectomy (back to the 4th premolar), redundant skin must be 
excised.  This is best done by making a V-shaped incision on the rostral extent of the skin 
with the apex located ventrally.  This incision is closed in three layers, closing the 
subcutaneous layer first, mucosal layer (sublingual to buccal) and then skin. 

Hemimandibulectomy: 

 

 

          Partial horizontal           Complete horizontal        Total 
 

 Total or partial hemimandibulectomy involves either the removal the entire 
hemimandible including the temperomandibular joint (TMJ) or may involve the entire body 
of the hemimandible up to the angular process.  The animal is placed in lateral recumbency 
and the entire side of the face is clipped and prepped to the level of the eye.  A full-thickness 
incision through the commisure of the lip (commisurotomy) is made to the rostral edge of 
the verticle ramus.  The incision is then continued through the skin avoiding the masseter 
muscle to the level of the TMJ.  Branches of the facial artery and vein are ligated or 
cauterized as needed.  The parotid duct can usually be avoided as it runs dorsal to this 
incision.  The mandibular symphysis is split using an osteotome and the labial and buccal 
mucosa are incised from the rostral mandible and extended caudally to the angle of the 
mandible.  The genioglossus, geniohyoideus, and mylohyoideus muscles are cut where they 
attach on the medial surface of the mandible.  With lateral retraction of the mandibular 
body, the pterygoid muscles are incised where they insert medially on the intracaudal 
surface of the mandible.  The mandibular alveolar artery and vein can then be identified and 
double ligated prior to their entrance into the mandibular foramen. 
 If a partial hemimandibulectomy is performed, an oscillating saw is used to make a 
cut 1 cm caudal to the last molar tooth extending down through the angular process of the 
mandible.  The digastricus muscle is then separated from the ventral surface of the 
remaining mandible bone and the resection has been complete. 
If a complete hemimandibulectomy is performed, the masseter muscle is sharply dissected 
off the ventral lateral surface of the mandible, and retracted dorsally, exposing the TMJ.  The 
joint capsule is incised and a periosteal elevator is used to remove the temporalis muscle as 
it inserts on the coronoid process of the mandible. 
 A three layer closure is recommended.  The deep layer consists of apposing the 
pterygoideus, masseter and temporalis muscles.  Subcutaneous closure, using 3.0 or 4.0 
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absorbable monofilament in a simple continuous pattern, then apposes the lingual and 
buccal mucosa.  A simple interrupted pattern is then used (also absorbable monofilament) 
to suture the mucosa. 
 Removal of the entire hemimandible results in loss of lateral support and the dog’s 
tongue may hang out of the side of the mouth.  To correct this problem, a cheiloplasty may 
be performed.  The pigmented portion of the upper and lower lip are incised full thickness 
to the level of the upper canine tooth.  A three layer closure consisting of the mucosa, 
subcutaneous tissue and skin is then performed.  Since there will be excessive tension on 
the rostral extent of the suture line, a stent suture using buttons or rubber tubing is 
recommended. 
 
** In general, cats do not tolerate hemimandibulectomy as well as dogs.  Unlike dogs, some 
cats will refuse to eat due to the malocclusion that results from mandiblular drift.  For this 
reason, some surgeons recommend against this procedure in cats.   
 

Maxillectomy 

SURGERY 
 

 Prior to surgery, a thorough oral exam should be performed under general 
anesthesia.  Along with radiographic or CT studies, a decision is made on how much tissue 
to excise.  Wide surgical margins (2-3 cm) around the tumour should be obtained.  For most 
tumours this includes either partial mandibulectomy or partial maxillectomy.  These 
procedures are discussed below.  

Partial maxillectomy is indicated for excision of malignant oral tumours and benign oral 
tumours that involve bone or periosteum.  

 

           

 

Partial maxillectomies are described according to the areas excised (i.e. premaxilla, 
central, caudal, hemimaxilla).    Excision is limited by the amount of normal labial or buccal 
mucosa and hard palate mucoperiosteum that is available for closure of the oronasal defect 
that results. As much as half the width of the hard palate may be resected.   

The preparation for the procedure is similar to that of mandibulectomy.  A mucosal 
incision surrounding the tumour, including wide margins (2-3 cm if possible) of normal 
tissue, is made through the labial, buccal and gingival mucosa and the mucoperiosteum of 
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the hard palate.  Haemorrhage from the branches of the infraorbital artery and vein or 
major palatine artery is controlled with electrocautery or vessel ligation.  A periosteal 
elevator is then used to expose the underlying bone.  The bone is then cut along the same 
line as the mucosal incision with an oscillating saw or osteotome.  This loosens the section 
of tissue containing the tumor, and allows the remaining attachments of nasal turbinates 
and nasal mucosa to be severed.  The resulting oronasal defect is then repaired.  To 
minimize tension on the closure, a mucosal-submucosal labial flap is created with 
metzenbaum scissors, using sharp and blunt dissection, from the upper lip lateral to the 
defect.  This flap is then sutured to the hard palate mucoperiosteum with two layers of 
simple interrupted sutures of a synthetic absorbable suture.  The degree of facial deformity 
following partial maxillectomy depends on the extent of excision, and the surgeon’s ability 
to minimize tension on the incision by creating a labial flap. Cosmetic defects are minimal if 
the ipsilateral canine tooth is left intact, with the most marked cosmetic deformity 
occurring following a bilateral rostral maxillectomy which includes excision of both upper 
canine teeth. 

Post-operative Care and Complications 
 Analgesics are continued for at least 24 hours, post-operatively.  Intravenous 
antibiotics are usually not given for more then 24 hours.  An Elizabethan collar is place to 
prevent scratching and mutilation of the wound.  Ice cubes may be given to reduce oral 
swelling the evening of surgery.  The following day free choice water and a liquefied gruel 
diet or canned food “meatballs” are offered.  The surgical site is kept clean of debris by 
flushing the mouth with water daily.  Dehiscence of part of the closure is not uncommon but 
can be kept to a minimum if electrocautery is not overused during the surgery.  Small areas 
of dehiscence will granulate and epithelialize without any further surgery.  A ranula 
(accumulation of saliva from damaged salivary tissue) may develop under the tongue if the 
sublingual and/or mandibular salivary ducts have been transected and not ligated.  A major 
long-term complication is a phenomenon called “mandibular drift”.  Because of the lack of 
support, the contralateral mandible will move toward the midline and there is potential for 
the lower canine tooth to “strike” the roof of the mouth.  If this problem becomes severe, 
tooth extraction of the involved canine usually alleviates the problem.  Another 
complication is refusal to prehend food after the surgery.  When performing oral cavity 
surgery, the surgeon should always consider the post-operative use of feeding tubes, 
especially in cats. 

Oronasal fistula formation is a potential complication following partial maxillectomy.  
Factors that seem to predispose wound dehiscence and oronasal fistula formation are 
tension on the oral suture line, and inadequate suture placement. Ulceration may occur on 
the mucosa of labial flap or the skin of the lateral surface of the lip. This is usually a 
temporary problem that resolves as swelling of the upper lip subsides. Another potential 
complication is damage to adjacent teeth. If the tooth root is damaged, the tooth may die 
and later require extraction. 

Local tumour recurrence occurs in approximately 1/3 of the tumours regardless 
of histologic type. Caudal maxilla tumor location, the absence of tumour-free 
surgical margins and histologic evidence of malignancy all worsen the prognosis. 
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