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Be prepared for ...

ONCOlogisch Treffen 2014

neuro-endocrine tumours

think about …

CNS, pituitary/hypothalmic, spinal tumours,
plexus brachialis, peripheral nerve system, peripheral

nerve sheath tumours (PNSTs), thyroid/parathyroid
tumours, ovaries, testicular tumours, adrenal tumors,
aortic body tumours, gastrinomas, GIST, insulinomas,

pancreatic tumours ...

You see …

another oncology congress to look forward to!!
(somewhere early February 2014)

Many thanks for being with us this year!

www.kankerbijdieren.nl
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Kankercentra
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Wij delen uw passie voor dieren. Daarom ontwikkelen we voort-
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Foreword

Dear participant, dear colleague,

In the past 7 years, the SDK (Dutch and Belgian Veterinary Collaborating Cancer
Clinics: www.kankerbijdieren.nl ) have covered in our annual Oncology Conference,
different organ systems in both dogs and cats. Looking back we realized that,
although cats are the majority of our patients, most attention was given to dogs
discussing their tumours. This year we want to make up to the cat and address
specific feline problems, because - as the title already suggests - a cat is NOT a small
dog.

Just think about the problem of the injection site sarcomas. Local recurrence of
the tumour after surgical removal is a frequent occurring problem. What can we
do to reduce that chance? This weekend dr. Liptak will give us tips and tricks to
improve our results while performing surgery on these patients, and dr. Clifford
will discuss the medical aspects of this disease. 

Another big oncological problem is the oral squamous cell carcinoma. What can
we do better to prolong the very short survival time?

Medical imaging is of the utmost importance before we can decide on treating
our patients. How can I get sufficient margins? Are there metastases?
Dr. Benigni will tell us about the possibilities and limitations of the different
techniques.

And there is more!!! Looking at the program, I am convinced this weekend will
be very productive for all of you, giving you information you can use next
Monday in your own practice.

On behalf of the organizing committee I wish you a great weekend, that is both
enjoyable and educational!!

Arno Roos
Chairman SDK

P.S. Don’t forget to highlight your calendar for the OT2014 on neuro-endocrine
tumours in february next year!!

www.kankerbijdieren.nl

 



Program ONCOlogisch Treffen 2013

Feline Oncology:
... because a cat is not a small dog!

Saturday 2nd of February 2013 (Chairman Dr. Erik Teske)

09.00 - 09.30 Welcome coffee

09.30 - 09.45 Welcome
(Arno Roos)

09.45 - 10.45 General introduction in feline surgical oncology: do’s and don’ts (Page 11)

(Julius Liptak)

10.45 - 11.15 Coffee break

11.15 - 12.00 Medical Imaging of feline metastatic tumour diseases (Page 51)

(Livia Benigni)

12.00 - 13.00 Feline lymphoma: are all lymphomas alike? (Page 57)

(Craig Clifford)

13.00 - 14.00 Lunch

14.00 - 14.15 Dutch Animal Cancer Foundation award winning ceremony (Page 68)

(Johan de Vos)

14.15 - 16.00 Feline alimentary tumours (gastro-intestinal, pancreatic, hepatobiliary) (Page 69)

Introduction and Medical aspects: Craig Clifford
Medical Imaging: Livia Benigni
Surgical aspects: Julius Liptak

16.00 - 16.30 Coffee break

16.30 - 17.15 Feline injection site sarcoma (Page 107)

Introduction and Medical aspects: Craig Clifford
Surgical aspects: Julius Liptak

17.15 - 17.45 Advances in Feline Oncology Research at Utrecht University (Page 130)

(Erik Teske)
Sponsored by Pfizer Animal Health

17.45 - 19.00 Drink offered by the sponsors

19.00 Dinner

Program
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Program ONCOlogisch Treffen 2013

Feline Oncology:
... because a cat is not a small dog!

Sunday 3rd of February 2013 (Chairman Drs. Tom Hendrickx)

09.00 - 09.30 Welcome coffee

09.30 - 11.00 Feline squamous cell carcinoma (Page 133)

Introduction and Medical aspects: Craig Clifford
Surgical aspects: Julius Liptak

11.00 - 11.30 Coffee break

11.30 - 12.15 Feline mammary tumours (Page 163)

Introduction and Medical aspects: Craig Clifford
Surgical aspects: Julius Liptak

12.15 - 13.00 The use of rTKI’s in Feline oncology (Page 175)

(Craig Clifford)

13.00 - 14.00 Lunch

14.00 - 15.00 Feline thoracic tumours (Page 185)

Introduction and Medical aspects: Craig Clifford
Surgical aspects: Julius Liptak

15.00 - 16.00 Other feline tumours: (Page 207)

e.g. bone tumours, brain tumours, mast cell tumours ...
(Craig Clifford & Julius Liptak)

16.00 Announcement winner competition: sled dog trip and farewell drink

Program
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The speakers

Dr. Julius M. Liptak
BVSc, MVetClinStud, FACVSc, Dipl. ACVS, Dipl. ECVS
ACVS Founding Fellow, Surgical Oncology

Dr. Julius Liptak graduated from the University of Melbourne in Australia in 1992 with a
Bachelor of Veterinary Science. He worked in private practice for 5 years before completing an
Internship at the University of Queensland and a Residency in Small Animal Surgery at the
University of Sydney. While at the University of Sydney, Dr. Liptak was awarded a Masters of
Veterinary Clinical Studies for his investigation of autogenous grafting of the caudal vena cava
in dogs. Dr. Liptak completed Clinical and Research Fellowships in Surgical Oncology at the
Animal Cancer Center at Colorado State University. He was a Professor in Small Animal Surgery
at the Ontario Veterinary College in Canada prior to moving to his current position as special-
ist surgical oncologist and small animal surgeon at Alta Vista Animal Hospital in Ottawa,
Canada.
Dr. Liptak is a board certified specialist in small animal surgery in Australia (Fellow of the
Australian College of Veterinary Scientists), North America (Diplomate of the American College
of Veterinary Surgeons), and Europe (Diplomate of the European College of Veterinary
Surgeons). He has published over 50 papers on surgical oncology related topics in peer-
reviewed veterinary and human journals, authored over 15 book chapters in veterinary surgery
and oncology textbooks, and presented at numerous local, national and international confer-
ences. Dr. Liptak was founding President of the Veterinary Society of Surgical Oncology and
was awarded the Stephen J. Withrow Award for Advancing the Art and Science of Surgical
Oncology in 2010. In 2012, he became an ACVS Founding Fellow in Surgical Oncology.

Dr. Craig A. Clifford
DVM, MS, DACVIM (Oncology)
Director of Clinical Research
Hope Veterinary Specialists

Dr. Clifford is a graduate of Mississippi State University College of Veterinary Medicine. He
received an MS degree in Animal Science/Virology from the University of Delaware. Dr. Craig
completed an internship (1999-200) and a medical oncology residency (200-2003) at the
University of Pennsylvania. He became a diplomate of the American College of Veterinary
Internal Medicine (Oncology) in 2003. He joined Red Bank Veterinary Hospital (www.rbvh.net)
in 2002 and served as Director of Clinical Research and staff oncologist until 2013. Dr. Clifford
has recently Joined Hope Veterinary Specialists (www.HopeVS.com) and is the new Director of
Clinical Studies and Head of Oncology. Dr. Clifford is a consultant for the Veterinary
Information Network (www.vin.com), Animal Clinical Investigations Network
(www.animalci.com), and several veterinary and human Pharmaceutical companies. Dr.
Clifford is an examiner for the Australian College of Veterinary Scientists (2010-current), previ-
ous VCS executive board member, current member of the ACVIM Exam Rating Committee,
Residency Training and Credentials Committee and is the Co-chair of the Standards of
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Excellence in Residency Education Task Force. He was responsible for the creation of the resi-
dent review session at the Veterinary Cancer Society annual meeting, and the Northeast
Veterinary Co-operative Oncology Group. He is a frequent lecturer at major veterinary meet-
ings in the USA and abroad and will participate in HVS sponsored symposiums. He is a manu-
script reviewer for the Journal of Veterinary Internal Medicine, Journal Small Animal Practice,
Journal of Veterinary Medicine and Science, Veterinary Comparative Oncology Journal. Dr.
Clifford’s interests include oncology based clinical trial development and implementation. He
is an avid sports fan, enjoys running and lives in New Jersey with wife and two English Black
Labrador Retrievers (Franklin and Willowbee).

Livia Benigni
DVM, MRCVS, CertVDI, DipECVDI, PGCertAP
Lecturer in Veterinary Diagnostic Imaging

Livia is a Lecturer and a European Specialist in Veterinary Diagnostic Imaging. She is primari-
ly involved with the clinical work, clinical research, residents training and intramural teach-
ing at the Queen Mother Hospital. Livia also regularly provides diagnostic imaging CPD at the
RVC and abroad.
Livia graduated in 1997 from the University of Pisa in Italy. She worked for three years in
Internal Medicine (Cardiology) at the National Veterinary School of Alfort and in private prac-
tice in Paris. France. Then she moved to private practice in London, passed the RCVS Certificate
in Veterinary Diagnostic Imaging and completed a diagnostic imaging residency program at
the Royal Veterinary College, University of London. In 2005 she obtained the Diploma of the
European College of Veterinary Diagnostic Imaging and was employed as a Lecturer in
Veterinary Diagnostic Imaging at The Royal Veterinary College.
Livia's interests include vascular and thoracic ultrasonography and brain magnetic resonance
imaging. She enjoys collaborating with colleagues from the RCV and other institutions/centres
to produce multidisciplinary or multicenter studies.
Livia is primarily involved with the intramural rotation teaching (4th and final year students)
and the training of the Diagnostic Imaging residents. The intramural rotation teaching is very
practical based and is most useful for those students that decide to work in private practice.
The students learn how to interpret radiographs and ultrasound images by assisting with small
group film reading sessions and working shoulder to shoulder with the radiologist on the
daily clinical cases. Livia also regularly provides diagnostic imaging CPD at the RVC and
abroad.
Clinical work takes the majority of Livia’s employment time. She is interested in all diagnostic
imaging modalities: Radiology, Ultrasound, Computed Tomography and Magnetic Resonance.
Communication and exchange of information with the clinician before and after imaging is
an essential part of the radiologist’s role and one that Livia particularly enjoys.
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PRINCIPLES OF SURGICAL ONCOLOGY – THE DO'S AND DON'T'S

Dr. Julius M. Liptak
BVSc, MVetClinStud, FACVSc, DACVS, DECVS

ACVS Founding Fellow in Surgical Oncology
Alta Vista Animal Hospital, Ottawa, Ontario

INTRODUCTION
Cancer is one of the major causes of death in cats, but it is also the only curable chronic disease.
Even if treatment is ultimately not curative, the intervening period between treatment and death is
frequently associated with a good quality of life that otherwise would not have been afforded. The
successful treatment of cancer requires a positive and dedicated approach from both the owner and
veterinarian, but this approach should also be realistic. The appropriate treatment of cats and dogs
with cancer requires a knowledge of the biologic behavior of tumors and treatment options. The
treatment of cancer requires an integrated approach involving a number of different disciplines,
including surgery, medical oncology, and radiation oncology. This multimodality approach is aimed
at maximizing the benefits of treatment and the potential for cure, while minimizing adverse side-
effects.

A knowledge of the principles of surgical oncology, and its proper practice, is essential for the
appropriate management of cats and dogs with cancer. These principles involve diagnostic workup
and clinical staging; knowledge of the indications, limitations, and techniques for surgical biopsy;
knowledge of the indications, limitations, and different options available for surgical resection of
tumors; and an understanding of how surgery can be used in combination with other treatments for
more effective treatment of neoplastic diseases. With appropriate planning and adherence to the
principles of surgical oncology, the following questions should be able to be answered:

§ What am I treating?
§ Do the biopsy results correlate with the clinical presentation?
§ What is the biologic behavior of the tumor?
§ What is the proper surgical approach (e.g., intralesional, marginal, wide, or radical resection)?
§ What are the alternatives to or combinations with surgical resection?
§ What are the expectations of the owners and are these expectations reasonable?

DIAGNOSIS

Signalment
Cancer tends to be diagnosed more commonly in older cats, but can affect cats of any age. For older
cats, it is important to remember that age is not a disease. Advancing age does not influence tumor
biology or response to treatment, and hence does not preclude the use of curative-intent treatment
options such as aggressive surgery, full-course radiation therapy, or chemotherapy. Physiologic
function and comorbid conditions, but not age, should be the major factors in determining
treatment options. In fact, the vast majority of clinical reports detailing encouraging outcomes in the
treatment of cats with cancer involve older cats.
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Physical Examination
Physical examination is important for assessment of general health status as well as neoplastic and
comorbid conditions. Physical examination findings may influence the management options as
certain conditions, such as paraneoplastic syndromes (e.g., cancer cachexia) and non-neoplastic
concomitant diseases (e.g., renal failure and congestive heart failure), will have an impact on the
anesthetic and surgical management of these cats.

Physical examination should also be used to evaluate the primary tumor, regional lymph nodes, and
for multiple tumors. Characteristics of the primary tumor are important for clinical staging purposes
and may assist in determining treatment options (e.g., local resection or limb amputation for
extremity soft tissue sarcoma depending on size and the degree of fixation) and prognosis (e.g.,
tumor size in cats with mammary carcinoma). If regional lymph nodes are enlarged, firm or fixed,
then the diagnostic workup, treatment options, and prognosis may change because of the need for a
lymph node biopsy to determine whether the lymph node is reactive or metastatic. If metastatic,
then the treatment options may need to be revised as more aggressive surgery may be required for
appropriate management or surgery may not be indicated and another modality preferred. While
palpation of the regional lymph nodes is important, it is not as accurate as either fine-needle aspirate
(FNA) or biopsy and, for some tumors such as oral melanoma, assessment of regional lymph node
status should not be dependent on palpation alone. Despite often presenting for a single mass, cats
should also be examined for other tumors because, for example, multiple mast cell tumors are
reported in 20% of cats.

Blood Tests
General blood tests, such as hematology and serum biochemistry, are important for identification of
conditions which may influence anesthetic and surgical management (e.g., anemia, hypoproteinemia,
renal failure, and liver failure) and for identification of paraneoplastic syndromes (e.g., hypercalcemia
and hyperglobulinemia). More specific blood tests may be required for certain tumors. For example,
parathyroid hormone and parathyroid hormone-related protein assays for assessment of cats with
hypercalcemia, and bleeding times tumors and procedures with a high risk of intraoperative
hemorrhage.

Tumor Biopsy
Biopsy of the tumor provides essential information on tumor type, treatment options, and
prognosis. Biopsies provide samples of cells or tissue for cytologic or histopathologic analysis,
respectively. The ideal biopsy technique should simply and safely procure an adequate sample of
tissue that will consistently result in an accurate diagnosis. Improper biopsy techniques or the use of
faulty biopsy instruments should be avoided because damage to the biopsy sample may result in an
incorrect diagnosis or failure to make a diagnosis. A diagnosis based on the results of a biopsy
enables the oncologist to:

§ Know what they are treating
§ Know the biologic behavior of the tumor
§ Determine the appropriate level of aggressiveness of surgical resection (or surgical dose)
§ Determine whether surgery is required or needs to be combined with alternative therapies,

such as radiation therapy or chemotherapy
§ Prognosis
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However, a biopsy is not required for every suspected tumor prior to definitive treatment. The three
principal reasons for performing a biopsy are if the biopsy results may change:

§ Treatment options (e.g., mandibulectomy or maxillectomy are recommended for all oral
tumors, but oral melanomas can also be treated with coarse-fraction radiation therapy)

§ Extent of treatment (e.g., less than 1cm lateral surgical margins are recommended for a
benign tumor but 5cm lateral surgical margins are required for vaccine associated sarcomas)

§ Owner's willingness to treat

Examples of masses that may not require preoperative biopsy include suspected primary tumors of
the spleen, lungs, and bone. Unless the signalment and presentation are atypical, bone biopsy for a
suspected primary bone tumor is usually unnecessary because the biopsy results will not change
treatment options (e.g. limb amputation or limb-sparing surgery will be performed regardless of
tumor type). Biopsy-related complications also need to be considered, such as pathologic fracture
through the biopsy tract and treatment delays because of processing time and incorrect biopsy
results (e.g., reactive bone). Similarly, biopsy is not required for an isolated lung mass as lung
lobectomy will be performed regardless of whether the mass is a tumor, abscess, or granuloma; the
biopsy procedure increases the risk of seeding the pleural space with either cancer cells, if the mass is
a tumor, or infected material, if the mass is an abscess; and complications of a blind or guided
percutaneous transthoracic biopsy include hemothorax, pneumothorax, and iatrogenic cardiac
puncture. Mortality is reported in 14% of dogs following transthoracic aspiration of intrathoracic
masses. In such cases, the potential risks outweigh the potential benefits of the procedure. A splenic
mass should not be biopsied as splenectomy will be performed regardless of tumor type; the biopsy
procedure increases the risk of hemorrhage from the tumor and seeding the peritoneal space with
tumor cells; and the majority of splenic biopsies are not diagnostic because of a high risk of blood
contamination. Preoperative biopsies are generally not recommended when the biopsy procedure
carries the same risks as definitive surgery, such as tumors of the brain and spinal cord.

Fine-Needle Aspiration
There are four main types of biopsy: FNA, needle-core biopsy, incisional biopsy, and excisional
biopsy. Regardless of the biopsy technique, the same instruments should not be used to biopsy
multiple masses because of the risk of contaminating non-neoplastic sites with tumor cells from a
previous biopsy sites. In general, the likelihood of an accurate diagnosis improves with biopsy
techniques which procure a larger volume of tissue. However, FNAs are economical, do not require
sedation or general anesthesia, and the cytologic interpretation of FNAs can be diagnostic for certain
tumor types (e.g., mast cell tumor) and guide therapy for other tumor types by differentiating non-
neoplastic from neoplastic diseases and dividing tumors into their three broad classifications of
round cell, epithelial cell, and mesenchymal (or spindle) cell origin.

Fine-needle aspirates can be readily performed on cutaneous and subcutaneous lesions, but may
require ultrasound- or CT-guidance to accurately aspirate intracavitary structures, such as the
retrobulbar space, thoracic cavity, and abdominal cavity. Cytologic assessment of FNAs provides
better information on cytoplasmic and nuclear detail than histopathologic evaluation of surgical
biopsies, but surgical biopsies provide better information on structural and architectural detail. The
techniques of FNA and proper slide preparation are discussed in detail elsewhere. The diagnostic
accuracy of FNAs is dependent on technique, and tumor type and location. The accuracy of FNAs
is improved by using hypodermic needles 21G or larger with a minimum of 10 insertions into the
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mass. In general, accuracy is improved for cutaneous and subcutaneous lesions, and decreases for
lesions in cavities, particularly splenic and hepatic diseases. Between 13%-35% of FNAs are non-
diagnostic, usually because of hemodilution and blood contamination. Overall accuracy rates range
from 64% to > 90% with sensitivities and specificities from 64%-96% and 65%-100%, respectively.
The diagnostic accuracy of FNA cytology also depends on the tumor type as epithelial and round
cell tumors exfoliate cells in sheets and high numbers, whereas spindle cell tumors are more difficult
to diagnose from a FNA because they exfoliate cells individually and in low numbers. The
sensitivities for FNAs correctly diagnosing round cell, epithelial, and mesenchymal tumors are 70%-
100%, 67%-98%, and 50%-61%, respectively. The diagnostic accuracy of FNAs for most tumors is
less than needle-core, incisional, and excisional biopsies, but the cost, complexity, and potential
complications are also decreased compared to these other biopsy techniques.

Needle-Core Biopsy
Needle-core biopsies provide a small volume of tissue for either impression smears or
histopathology. Examples include TruCut needle-core biopsy for organs and other soft tissue
structures and Jamshidi needle-core biopsy for bone biopsies. Ultrasound-guided biopsies of intra-
abdominal organs can be performed with specialized needle-core biopsy instruments. Sedation and
local anesthesia are usually sufficient for obtaining needle-core biopsies. Local anesthesia is not
required for needle-core biopsy of oral tumors as they are poorly innervated, but local anesthesia
should be used in the overlying skin for cutaneous and subcutaneous lesions so a small incision can
be made for insertion of the biopsy needle. The infiltration of local anesthetic agents into the tumor
should be avoided because of an increased risk of metastasis and the distortion of histologic
architecture complicates histopathologic interpretation of the biopsy sample. Once the biopsy has
been performed, the core of tissue should be carefully removed with a scalpel blade, hypodermic
needle, or fine tissue forceps to avoid iatrogenic damage to the biopsy sample. In general, the
diagnostic accuracy of needle-core biopsies is superior to FNAs, but inferior to the larger volume
tissue samples obtained with incisional and excisional biopsies. As a result, multiple needle-core
biopsies are often recommended to improve the diagnostic accuracy of this procedure. The
diagnostic accuracy of needle-core biopsies for neoplastic diseases in excellent with reported
sensitivities, specificities, and a positive predictive values as high as 96%, 97%, and 96%,
respectively, and 100% of epithelial cell tumors and 94% of mesenchymal tumors correlating with
surgical biopsies. Complications are rare, but include fistula formation, hemorrhage, infection, and
tumor seeding.

Incisional Biopsy
Incisional biopsies, which include wedge biopsies and punch biopsies, are recommended in most
cases, especially soft and friable tumors, inflamed and necrotic tumors, peripheral lymph nodes, and
masses located on the extremities. Incisional biopsies can be performed under sedation and local or
regional anesthesia, but occasionally general anesthesia is required.

An incisional biopsy should include a junction between normal and abnormal tissue so that tumor
invasion into normal tissue can be assessed. However, some surgeons believe that this may disrupt
and extend the tumor margins as cellular activity is greatest in the peripheral aspects of the tumor.
Normal tissue should not be included in the biopsy sample if it will be involved in reconstructive
procedures following definitive resection. Incisional biopsies should not be performed in areas of
inflammation, necrosis, or ulceration because this increases the possibility that the biopsy will be not
be representative of the disease process. An aseptic technique with meticulous hemostasis and
reduction of dead space is required to minimize the risk of complications, such as hematomas, and
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spread of tumor. Drains should not be used because tumor cells will seed along the drainage tract
and potentially complicate definitive surgical resection.

Excisional Biopsy
The role of excisional biopsy is controversial. Excisional biopsy is one of the more commonly
performed biopsy techniques in veterinary medicine because of its potential to be both diagnostic
and therapeutic in a single procedure. In human medicine, excisional biopsy is considered the
procedure of choice if, and only if, it can be performed without contaminating new tissue planes or
further compromising the ultimate surgical procedure. This is often not possible in cats with cancer
and, without prior knowledge of tumor type, the chance that an excisional biopsy will be therapeutic
as well as diagnostic is random. Hence, an excisional biopsy should only be performed when
treatment would not be altered by knowledge of the tumor type (e.g., splenic tumor). A less invasive
biopsy procedure, such as needle-core biopsy, may provide the necessary information to plan the
definitive surgical procedure and is preferred to an excisional biopsy. Excisional biopsies are rarely
performed in human medicine because of the potential risks of so-called unplanned resections,
including incomplete excision in 39%-56% of patients with soft tissue sarcomas with a resultant
negative impact on treatment options and outcome.

The first surgery provides the best chance for a cure and this should not be compromised by
inadequate planning. For example, the median survival time of 2 months for cats with a vaccine-
associated sarcoma following unplanned excisional biopsy is significantly worse than an
appropriately planned curative-intent resection, with a median survival time of up to 16 months.
Another example is an excisional biopsy of a cutaneous mast cell tumor, which can be easily
diagnosed with FNA cytology, will result in incomplete excision because of insufficient margins if
the tumor type is not known prior to surgical resection. This will result in unnecessary risk to the cat
with the need for further anesthesia and more extensive surgery or radiation therapy. Also, local
tumor recurrence significantly decreases survival time in dogs with mast cell tumors.

If an incision or excisional biopsy is performed, then it should be carefully planned with the
knowledge that surgical resection of the biopsy tract will be required if the mass is not completely
excised. This may be appropriate for tumors located in areas with sufficient soft tissue coverage
where subsequent resection and primary closure is possible, such as the lateral thoracic and
abdominal walls; but this is not recommended for areas with limited tissue availability, such as the
head and limbs.

The location and direction of the biopsy should be planned so that the biopsy scar and tract, which
are contaminated with tumor cells, can be resected en bloc with the tumor using appropriate surgical
margins. Poorly planned surgical biopsies can have a dramatic impact on case management by either
increasing the surgical dose required for complete resection, changing treatment options, or making
further treatment impossible. In one study, poorly planned or performed biopsies resulted in
significant alterations from the preferred treatment plan in 31% of people, with the prognosis and
outcome adversely affected in 13% of patients. In another study of 597 people with primary bone
and soft tissue sarcomas, inappropriately planned and performed biopsies resulted in 19% of people
requiring a more complex surgical resection or adjuvant radiation therapy, 3% having unnecessary
limb amputations, and 10% suffering disability, loss of function, local tumor recurrence, or death as
a result of biopsy complications. Examples of inappropriate biopsies include a transversely
orientated incisional biopsy on an extremity and biopsy through uninvolved tissue planes, such as an
incisional biopsy of an oral mass through the overlying lip. The latter results in spread of tumor cells
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into the lip, which is rarely involved in oral tumors, resulting in either a more aggressive surgical
resection to remove the biopsy tract through the lip, the use of radiation therapy in combination
with surgical resection because of the increased risk of incomplete resection, or the inability to resect
the tumor and adequately reconstruct the defect because the labial mucosa is no longer available to
reconstruct the oral defect. In human oncology, the incidence of poorly planned biopsies is 2- to 12-
times greater when done by referring clinicians compared to biopsies performed by clinicians at the
treating institution. For this reason, it is recommended that the surgeon performing the definitive
surgery should also perform the incisional biopsy so that both the primary tumor and biopsy tract
can be resected en bloc without compromising either the ability to either completely excise the
tumor or the functional and cosmetic outcome.

Histopathology
For needle core, incisional, and excisional biopsies, the tissue sample should be fixed in 10%
buffered formalin at one part tissue to 10 parts formalin. Certain tissues, such as brain, peripheral
nerves, eye, and muscle, require special handling techniques and fixatives. Biopsies should be
submitted to a veterinary pathologist. The histologic type and grade of tumor are often important in
treatment planning. If the biopsy results do not correlate with the clinical presentation, then the
oncologist should discuss the case with the pathologist and request resectioning, special stains (e.g.,
toluidine blue for mast cell tumors or immunohistochemistry), or a second opinion from another
pathologist. Histopathologic confirmation is still required following definitive surgical resection as
biopsies only sample a small region of the tumor and may not be representative of the true tumor
type because of tumor heterogeneity. For example, needle-core biopsies of appendicular
osteosarcomas are often misdiagnosed as fibrosarcoma or chondrosarcoma because of the
fibroblastic or chondroblastic proliferation in some osteosarcomas.

CLINICAL STAGING 
Clinical staging of tumors involves various tests to describe the extent of the local tumor and the 
presence of regional and distant metastatic disease. Palpation and imaging are used to determine the 
size of the primary tumor and the degree of local invasion. A biopsy is recommended in most cases 
for preoperative diagnosis of the primary tumor.  
 
Local Tumor Imaging 
Imaging of the primary tumor is important for evaluating tumor location, degree of involvement 
with adjacent structures, and surgical planning. A number of imaging modalities are now available 
for these purposes. Radiographs are recommended for assessment of the presence and extent of 
tumors of the appendicular and axial skeleton, lungs, and cranial mediastinum.  
 
Ultrasonography 
Ultrasonography is a useful and cost-effective tool for the evaluation of intra-abdominal cancers, 
particularly hepatic, adrenal, and urogenital tumors, and sublumbar node metastasis. Ultrasound can 
also be used to accurately guide needles and needle-core biopsy instruments for relatively 
noninvasive tissue sampling. Newer developments in ultrasound technology which have proven 
useful in the evaluation of primary tumors include Doppler to assess tumor vascularity and contrast-
enhanced harmonic ultrasound for differentiation of benign and malignant hepatic and splenic 
tumors.  
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Nuclear Scintigraphy
Nuclear scintigraphy has some distinct advantages in the diagnostic workup of certain tumor types.
For instance, technetium-99m diethylenetriaminepentacetic acid scans can be used to evaluate renal
function prior to planned nephrectomy for primary renal tumors and technetium-99m scans for cats
with functional thyroid tumors to identify ectopic or metastatic disease.

Computed Tomography and Magnetic Resonance Imaging
Advanced imaging techniques, such as computed tomography (CT) and magnetic resonance imaging
(MRI) scans, have revolutionized the management of cats and humans with cancer. For example,
prior to the advent of these imaging modalities, the localization of brain tumors was often based on
clinical signs alone, but now CT and MRI scans are used to provide three-dimensional information
on tumor location for stereotactic CT-guided biopsy, radioablation, and surgical resection of brain
tumors. In general, CT scans are preferred for evaluation of bones and MRI for soft tissue
structures, but there is considerable overlap in the information that both CT and MRI scans can
provide. Computed tomography scans are recommended for evaluation of primary tumors of the
axial skeleton, particularly skull, vertebral and pelvic tumors, and primary and metastatic
intrathoracic tumors (because the quality of MRI scans are decreased by respiratory motion).
Computed tomography scans are faster, but have lower contrast resolution and requires idonated
contrast agents and ionizing radiation.

Magnetic resonance imaging is preferred for tumors of the central and peripheral nervous system
and perhaps intra-abdominal organs. In addition, MRI has higher soft tissue resolution and does not
use iodine-based contrast agents (Fig. 1). However, MRI scans take longer to perform, metallic
implants are a contraindication, and artifacts are common, particularly with respiratory motion.
Ultrasonography can provide similar information to MRI scans for localization and surgical planning
of intra-abdominal neoplasia, but tumor characteristics on T1- and T2-weighted MRI images may
provide some further information on tumor type.

Fig. 1. An MRI of a cat with a vaccine-associated sarcoma, a very
aggressive tumor with a propensity of local extension. In this cat, the
tumor was palpable and relatively small. However, this gadolinium-
enhanced T2-weight image shows the tumor extending approximately
40% down the left side of the thoracic wall (arrows). These images
resulted in the treatment plan being changed from surgery to radiation
therapy.

Advanced imaging should be performed prior to biopsy because tissue may be distorted by the
biopsy procedure or resultant complications, such as seroma or hematoma formation.

Regional Lymph Node Metastasis
The regional lymph nodes are the lymph nodes draining the tumor. These are specific for the
location of the tumor. Lymph node metastasis is suspected if the regional lymph nodes are enlarged,
firm or fixed. However, metastasis cannot be excluded if lymph node palpation does not meet these
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criteria. For instance, lymph node size is not an accurate predictor of metastasis in dogs with oral
malignant melanoma. In a study of 100 dogs with oral melanoma, 30% of dogs with normal sized
lymph nodes had metastasis and 40% of dogs with enlarged lymph nodes did not have metastasis.
Lymph node palpation resulted in a poor sensitivity (70%), specificity (51%), and positive predictive
value (62%) for the diagnosis of regional lymph node metastasis. Fine-needle aspirates or biopsies of
the regional lymph nodes should be performed in cats with tumors with a high risk of regional
lymph node metastasis, such as dogs with cutaneous mast cell tumors or oral melanoma.

Distant Metastasis
The imaging modalities used to assess for the presence of metastatic disease are tailored to tumor
type. For example, three-view thoracic radiographs are indicated for the detection of pulmonary
metastasis in many tumors, but not for mast cell tumors because pulmonary metastases are very rare.

Three-view thoracic radiographs are commonly used in the clinical staging of cats with cancer to
evaluate for the presence of pulmonary metastasis. Right and left lateral thoracic projections are
necessary as increased perfusion and atelectasis in the dependent lung fields results in poor contrast
with metastatic lesions, which also have a soft-tissue density. The non-dependent lung fields have
better ventilation which, combined with greater lesion-to-film magnification, increases the possibility
of detecting metastatic lesions (Fig. 2 and 3). Using high-detail screens, metastatic lesions as small as
6-9 mm can be detected on thoracic radiographs. Thoracic CT scans have better sensitivity than
radiographs for the detection of metastatic lesions and can detect pulmonary lesions as small as 1
mm, but the use of CT scans for metastasis screening may not be cost-effective.

Fig. 2 and 3. Right and left lateral thoracic radiographs of the same dog with appendicular osteosarcoma. No lesions
are evident on the right lateral thoracic projection (Fig. 2), but a metastatic lesion is visible on the left lateral thoracic
projection (arrow) (Fig. 3).

SURGICAL RESECTION
The treatment of cancer requires an integrated approach involving a number of different disciplines,
including surgery, medical oncology, and radiation oncology. This multimodality approach is aimed
at maximizing the benefits of treatment and the potential for cure, while minimizing adverse side-
effects.

2 3
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Surgery plays a pivotal role in this multimodality approach, particularly for the diagnosis and
definitive treatment of solid tumors. Surgery also has a role in the prevention and palliation of cats
with cancer. The primary aim of therapy is to maximize the benefits of treatment and improve cure
rates while minimizing adverse treatment-related effects. Surgery is the most effective single
modality in treating solid tumors and, in humans, cures twice as many cancer patients than either
chemotherapy or radiation therapy. Surgery is also non-carcinogenic and less immunosuppressive
than radiation therapy and chemotherapy, but disadvantages include the morbidity associated with
the surgical procedure, such as functional impairment (e.g., limb amputation) and cosmetic
appearance.

The first surgery provides the best chance for a cure. Both benign and malignant tumors will recur if
excision is incomplete. Recurrent tumors are often more locally invasive due to altered vascularity
and local immune responses, and the destruction of normal tissue planes will make subsequent
surgeries more difficult and extensive. There are four commonly reported doses, or level of
aggressiveness, of surgical resection: debulking, marginal, wide, and radical. Surgical planning
depends on knowledge of tumor type, clinical stage, and expected biologic behavior. If these are not
known, then surgery should be planned by considering all possible eventualities, including
intraoperative cytology or frozen section histopathology.

Physical examination, hematology and serum biochemistry, biopsies, and clinical staging were
discussed in the previous lecture. These are important preoperative steps for assessment of general
health status as well as neoplastic and comorbid conditions which may influence anesthetic and
surgical management.

Surgical Dose
The aggressiveness of surgical resection, or surgical dose, is classified as intracapsular (or debulking),
marginal, wide, and radical. These categories were first proposed for musculoskeletal tumors, but
have since gained wide acceptance for all solid tumors. The most common mistake in surgical
oncology is to use too low a surgical dose, particularly because of a fear of being unable to close the
resultant defect. In human medicine, two surgical teams are sometimes involved in the excision of
tumors, one team for surgical resection and another team for subsequent reconstruction, to avoid
this situation. Because this is unrealistic in veterinary medicine, the use of sterile surgical markers to
delineate margins prior to incision assists in orientating the surgeon and overcoming the
subconscious concerns of wound closure.

Debulking Surgery
Debulking surgery is defined as the incomplete resection of a tumor with residual macroscopic or
gross disease. This is not an acceptable treatment for the vast majority of cancers because tumor
regrowth is usually rapid and the presence of a macroscopic tumor burden makes adjunctive
treatments, such as radiation therapy and chemotherapy, less effective.

Marginal Resection
Marginal resection is defined as the incomplete excision of a tumor with residual microscopic
disease. Marginal resection can either be planned or unplanned. Planned marginal resections are a
useful limb-sparing technique for mast cell tumors and soft tissue sarcomas of the distal extremities
when combined with postoperative radiation therapy (Fig. 4). Limb amputation is usually required
for definitive surgical resection of tumors in these locations. Marginal resection results in removal of
the gross tumor burden while preserving limb function and not compromising wound closure.
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Radiation therapy is more effective against microscopic disease, compared to macroscopic tumor
burdens, and local tumor control and overall survival times with marginal resection and
postoperative irradiation of extremity soft tissue sarcomas are not significantly different to definitive
surgical resection alone.

Fig. 4. Planned marginal resection in a dog with a
soft tissue sarcoma on the distal limb. This was
followed with radiation therapy, and thus provided
excellent control of the local tumor (no recurrence
was seen) and also preserved limb function. Wide
resection would not have been possible in this
location without limb amputation.

Unplanned marginal resections (i.e., incomplete excisions and excisional biopsies) should be avoided
with appropriate preoperative biopsies and surgical planning. Unplanned resections are associated
with a higher risk of incomplete excision and can have a significant negative impact on future
treatment by either increasing the aggressiveness of therapy required to appropriately manage the
tumor or making further treatment impossible. In humans with soft tissue sarcoma of the
extremities, local control rates are significantly reduced, sometimes as low as 50%, after appropriate
management of unplanned resections. There are four techniques to manage unplanned marginal
resections:

§ No treatment
§ Staging resection of the surgical wound
§ Wide resection of the surgical wound
§ Surgical resection combined with adjuvant radiation therapy or chemotherapy

The no treatment option may be effective for low-grade tumors, where regrowth may not occur, or
tumor types which will not have a significant impact on quality of life, such as some cutaneous soft
tissue sarcomas. Staging resection of surgical wounds is an intermediary step used to determine
whether tumor cells are truly present in the surgical field and, if so, the need for further therapy.
Staging resection involves excision of the surgical wound with ≤ 10 mm margins. Anecdotally,
despite histologic evidence of incomplete resection after the first surgery, approximately 75% of
mast cell tumors and soft tissue sarcomas in dogs have no evidence of residual tumor and hence do
not require further treatment, and similar findings have been reported in breast cancer surgery in
women and soft tissue sarcomas in people. Staging resections can therefore be used to determine
whether cats need to be subjected to further expensive, time-consuming, and potentially harmful
treatments. Aggressive surgical resection, using margins appropriate for the tumor type, or
adjunctive treatment with radiation therapy and/or chemotherapy are required for tumors following
unplanned marginal resections and histologic evidence of residual tumor burden following staging
resection of the surgical scar.
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Wide and Radical Resection
Wide and radical resections are considered curative-intent surgeries as the intention is to resect both
macroscopic and microscopic disease, including biopsy tracts, and thus prevent local tumor
recurrence and improve overall survival times. Wide or radical surgical resection is recommended in
the management of the majority of solid tumors because the first surgery provides the best chance
for a cure.

For wide and radical resection of tumors, a margin of normal appearing tissue should be excised en 
bloc with the gross tumor to account for microscopic extension of the tumor. Surgical margins 
should be determined on the basis of tumor type, tumor grade if appropriate (e.g., mast cell tumor), 
biologic behavior, anatomic location, and the barrier provided by surrounding tissues. Precise 
guidelines to what constitutes appropriate tumor margins have not been defined for most tumor 
types. The majority of surgeons use predetermined distances depending on tumor type; however, 
there is evidence that tumor size also influences the extent of microscopic tumor extension, with 
larger tumors of the same histologic type having greater microscopic extension and hence requiring 
larger margins than smaller tumors. Margins are three-dimensional and hence lateral and deep 
margins must be considered when planning surgical resections of tumors. Lateral margins are 
determined by tumor type and biologic behavior. For example, 1 cm lateral margins are 
recommended for benign tumors and most malignant carcinomas, whereas 5cm lateral margins are 
required for vaccine associated sarcomas. Deep margins are determined by natural tissue barriers as 
1 to 3 cm deep margins are often not possible in regions such as the extremities (limbs and head) 
and trunk. Fat, subcutaneous tissue, muscle, and parenchymal tissue do not provide a barrier to 
tumor invasion and are not adequate for deep margins. Connective tissues, such as muscle fascia and 
bone, are resistant to neoplastic invasion and provide a good natural tissue barrier. Hence, deep 
margins should include a minimum of one fascial plane, while two fascial planes are recommended 
for surgical resection of vaccine-associated sarcomas. Lateral and deep margins should be greater if 
the tumor is invasive, recurrent, or inflamed. Tumors, particularly soft tissue sarcomas, should never 
be shelled out because they are often surrounded by a pseudocapsule of compressed, viable 
neoplastic cells and not healthy, reactive host cells. 
 
Radical resection, which is defined as the removal of a body part, is occasionally required for 
complete excision of a tumor. 
 
Perioperative Considerations 
 
Anemia and Intraoperative Blood Loss 
With appropriate preoperative management, comorbid conditions are not a contraindication to 
surgery and will reduce the physiologic stresses associated with anesthesia and surgery. For instance, 
anemia is relatively common in cats with cancer, and has been reported in 30%-90% of humans with 
cancer. Anemia is associated with poorer survival times and local tumor control rates compared to 
human cancer patients without anemia, and should be corrected preoperatively with the 
administration of blood products which will improve oxygen-carrying capacity and potentially 
decrease complications associated with hypotension and wound healing.  
 
Blood products may also be required to treat intraoperative blood loss during surgical resection of 
tumors. Some surgical procedures are commonly associated with blood loss, such as maxillectomies, 
and in these cases preoperative blood typing and cross-matching are recommended to reduce the 
risk of transfusion reactions. Intraoperative blood loss can be estimated by measuring the amount of 
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blood in the suction bottle and counting the number of blood-soaked gauze swabs and laparotomy
sponges. When measuring the amount of blood in the suction bottle, it is important to remember
the volume of lavage fluid used during the procedure to avoid overestimating the severity of blood
loss. In general, a 5 cm by 5 cm gauze swab will absorb approximately 10 ml blood and a laparotomy
sponge 50-100 ml blood. Alternatively, a gravimetric method can be used to estimate blood loss by
weighing all blood-soaked swabs and sponges and subtracting their dry weight.

Pain
Tumor-associated pain is present in 15% of humans with non-metastatic tumors, 33% with early
metastatic tumors, and up to 100% with advanced metastatic tumors. Pain in these cases is because
of either mechanical or chemical stimulation of nociceptors by the tumor (62%-78%), diagnostic or
therapeutic procedures, or treatment-related (19%-25%). The deleterious effects of pain on outcome
are well-documented and can be ameliorated with the administration of analgesic agents (e.g., non-
steroidal anti-inflammatory drugs, partial agonists-antagonists, opioids, α2 agonists, and NMDA
antagonists) through local, regional (e.g., epidural), or systemic routes, or alternative therapies such
as acupuncture.

Immunosuppression and Infection
Prophylactic antibiotics have been recommended for cats undergoing oncologic surgery because
most are older aged and immunocompromised as a result of the neoplastic process, anesthesia,
surgery, chemotherapy, radiation therapy, malnutrition, and/or comorbid conditions. There is,
however, no evidence in the medical literature to support these recommendations. Perioperative
prophylactic antibiotics should be administered according to current guidelines, such as cases where
anesthetic and surgical time are expected to be greater than 60 minutes, the consequences of
infection would be disastrous (e.g., brain tumor excision), and where orthopedic implants are used.

Malnutrition
Enteral nutrition, using esophagostomy, gastrostomy, or jejunostomy tubes, is recommended for the
preoperative stabilization of cats with cancer cachexia; by-passing surgery sites to allow adequate
healing (e.g., head and neck or esophageal tumor resections); and cases where poor appetite (e.g.,
upper gastrointestinal resections) or complications affecting outcome (e.g., regurgitation and
aspiration pneumonia in dogs with surgically excised brain tumors) are likely in the postoperative
period. Nutritional support significantly decreases surgical morbidity and major complications in
humans following oncologic surgery.

Anesthetic Management
General anesthesia is usually required for definitive surgical resections, although some tumors in
appropriate locations may be amenable to excision using a combination of sedation and local or
regional anesthesia. Local anesthetics should not be administered intratumorally because it will
distort tumor architecture, increase the difficulty of histopathologic interpretation, and may
potentiate metastasis. Depending on the preoperative condition, presence of paraneoplastic
syndromes, and tumor type and location, the anesthetist and surgical oncologist should be prepared
to address possible intra- and postoperative complications. Examples include:

§ Hypotension, which is defined as a mean arterial pressure less than 80 mm Hg or a systolic
arterial pressure less than 100 mg Hg, can be treated with boluses of crystalloid fluids, infusion
of natural or synthetic colloidal solutions, and administration of vasopressor or inotropic drugs;
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§ Blood loss, where hemorrhage is managed with immediate hemostasis (e.g., vascular clamps and
hemoclips) and the metabolic consequences of acute anemia are ameliorated with the
administration of blood products (e.g., fresh whole blood, packed red blood cells, or fresh
frozen plasma);

§ Pain, which should be pre-empted with local, regional, and/or systemic analgesic drugs
administered pre-, intra-, and postoperatively; and

§ Respiratory compromise (e.g., hypoxemia, hypercapnia, and intrathoracic or chest wall
resections) which can be managed with ventilatory support and oxygen therapy.

Anesthetic monitoring is important for the early identification of these complications so that they
can be promptly corrected. Apart from regular physical examination of anesthetic depth and clinical
status, other monitoring equipment should include an esophageal stethoscope, esophageal or rectal
thermometer, direct or indirect blood pressure monitors, electrocardiogram, end-tidal CO2 monitor
and capnograph, and pulse oximeter. Preferably, a centrifuge and blood gas machine should be
accessible for assessment of packed cell volume, total solids, electrolytes, and blood gas parameters.

Surgical Management

Surgical Preparation
Following induction of general anesthesia, the cat should be prepared with a widely clipped area to
allow for extension of incisions if required. Gentle skin preparation is important because vigorous
scrubbing can result in tumor cell exfoliation and an increased risk of metastasis.

Surgical Technique
Surgical technique is an important consideration during tumor resection because of the increased
potential to impact surgical morbidity and tumor control. Scalpel blades should be used because they
are the smoothest and least traumatic of all the cutting instruments, particularly on skin and hollow
organs. The proper use of scalpels will reduce tissue trauma and preserve vascular supply. Scissors
are useful to separate fascial planes and in body cavities where scalpel blades may either be
impractical or hazardous. Tissues should be placed under moderate tension when dissecting or
incising to permit more accurate dissection, decrease tissue trauma and hemorrhage, and improve
visualization of normal tissue planes and vascular and lymphatic vessels.

The surgical handling of a tumor is similar to an abscess: careful handling is required to prevent
exfoliation of cells and local recurrence. Normal tissues must be protected from seeding of tumor
cells because of either inappropriate planning or handling. The tumor should be isolated with a
laparotomy sponge and, if required, manipulated with stay sutures or atraumatic surgical instruments
placed in adjacent normal tissue. Direct grasping of the tumor with instruments can result in tissue
fragmentation and exfoliation of tumor cells into the surgical wound, as can inadvertent penetration
of the tumor capsule with sharp instruments such as Senn retractors. Five-year survival rates in
humans with colonic cancer are improved by 100% with careful and indirect intraoperative handling.
Stay sutures can also be used as markers to orientate the pathologist and identify suspicious surgical
margins.

Hemostasis, with early electrocautery or ligation of arterial, venous and lymphatic vessels, is
important to prevent the release of tumor emboli into the circulation (especially for tumors with a
good vascular supply such as splenic and lung tumors) and minimize the risk of postoperative
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complications such as hematomas. Hemostasis is excellent with electrosurgery, but thermal necrosis
can delay wound healing, decrease resistance to infection, and distort and damage biopsy samples
because of polarization of mitotic figures. Lasers have also been recommended for resection of skin
tumors because of excellent hemostasis, but all lasers, and particularly the semiconductor diode
lasers, cause collateral thermal damage and the resultant charring can make assessment of surgical
margins difficult or impossible. Ligatures or hemoclips can be used for hemostasis, but care should
also be used when placing these devices as inadvertent spread of cancer cells has been reported with
ligatures too close to and cutting into the tumor.

Tumors can adhere to adjacent structures without gross evidence of invasion. However, in human
medicine, these adhesions represented direct tumor invasion in up to 57% cases. As a result,
structures adhered to tumors should be resected en bloc to minimize the risk of incomplete resection.
For example, pericardiectomy and lung lobectomy should be performed for rib tumors adherent to
these structures.

Suture selection is important in surgical oncology as multifilament suture materials are associated
with an increased risk of local tumor recurrence because of trapping tumor cells in the interstices of
the braided material. Monofilament suture material or staples are preferred for ligation and wound
closure. If postoperative chemotherapy is planned, then the use of non-absorbable suture material
should be considered because of delayed healing and immunosuppression, especially if an intestinal
anastomosis has been performed. If postoperative radiation is planned, then the margins of the
surgical field can be marked with radiopaque surgical clips to assist the radiation oncologist in
planning the radiation field.

Drains should not be used during oncologic surgery as they cause further disruption of deep and
lateral tissue planes distant to the surgical field, thus seeding tumor cells and extending margins if the
resection is incomplete. Drains are not an excuse for poor hemostasis. Drains can be used to
manage postoperative complications, such as seroma formation, once the surgical margins have been
determined. Similarly, reconstructive surgery, particularly pedicle and axial pattern flaps, is preferably
avoided at the time of initial tumor resection. If postoperative radiation is planned and drains or
tissue flaps are used during primary surgical resection, then these should be placed to minimize the
size of the radiation field.

Wound Closure
Primary wound closure is preferred if possible. As stated previously, the surgical dose should not be
compromised because of concerns of wound closure. There are a number of options for wounds
that cannot be closed primarily. I personally prefer to manage these as an open wound until the
histopathology report states whether the tumor has been completely or incompletely resected. If the
tumor has been incompletely excised, then further resection is required. Once there is no histologic
evidence of tumor, then pedicle or axial pattern flaps can be safely used to reconstruct the soft tissue
defect. If reconstructive surgery is used at the time of tumor resection and excision is incomplete,
then both the flap donor site and tumor resection site are considered contaminated. This has been
reported in 38.5% of dogs in which an axial pattern flap was used to reconstruct a defect resulting
from tumor excision. In these cases, further surgery and/or radiation therapy may either be more
extensive or not possible depending on the location and extent of the contaminated incisions.
However, other surgical oncologists will perform tumor resections and reconstructive procedures in
the same procedure. The most useful reconstructive techniques involve the use of tension-relieving
procedures (e.g., tension-relieving suture patterns and releasing incisions), local pedicle flaps (e.g.,
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advancement flaps, transposition flaps, and flank fold flaps), axial pattern flaps (e.g., thoracodorsal
and caudal superficial epigastric axial pattern flaps), and free meshed skin grafts. If performing
reconstructive procedures at the same time as tumor resection, then it is imperative that gloves and
surgical instruments be changed for the reconstructive procedure to minimize the risk of tumor
seeding, particularly when reconstructive surgery involves distant sites, such as releasing incisions
and skin grafts.

Histopathology
The entire resected mass should ALWAYS be submitted for histopathologic assessment of tumor
type, grade if appropriate, and surgical margins. This knowledge is essential for appropriate
management of the cancer patient as the risk of local tumor recurrence and metastasis can be
determined, and based on these findings and tumor type, further treatment plans can be devised if
necessary and owners can be advised of prognosis. Even if a preoperative biopsy has been
performed, histopathologic confirmation is still required as biopsies only sample a small region of
the tumor and may not be representative of the true tumor type because of tumor heterogeneity.

The entire tumor should be fixed in 10% buffered formalin at one part tissue to 10 parts formalin.
Larger tumors may need to be sliced into sections > 1 cm thick to facilitate adequate fixation, but
slicing should not be full thickness through the tumor to prevent loss of the pathologist's ability to
orientate the sample and assess margins. Improper fixation (i.e., < 1:10 in 10% formalin) will
produce tissue artifacts and can result in misdiagnosis. If the entire tumor cannot be fixed, then
samples of the tumor and complete lateral and deep margins should be fixed separately. If hemoclips
are used during dissection of the tumor, then these should be removed prior to sample submission
to avoid damage to microtomes. Tumors should be labeled and submitted to a veterinary pathologist
with a detailed history of clinical and surgical findings to assist the pathologist in making an accurate
diagnosis, including anatomic location, size, shape, texture, and relationship to surrounding
structures. If required, a drawing of the specimen and labeling of margins may assist the pathologist
in selecting the most appropriate area of the tumor to sample. If the histopathology results do not
correlate with either the preoperative biopsy or clinical presentation, then the case should be
discussed with the pathologist and, if required, resectioning, special stains (e.g., toluidine blue for
mast cell tumors or immunohistochemistry), or a second opinion from another pathologist should
be requested. The histologic type and grade of tumor are often important in treatment planning.

Margins
Pathologists examine margins histologically to determine the absence or presence of neoplastic cells
along the edges of the surgical specimen. Margin assessment can be facilitated by inking the margins
and pinning out the tumor to its original dimensions. It should be noted that the risk of local
recurrence is not completely eliminated even with histologic evidence of complete tumor resection
because pathologists can only examine a representative sample of tissue margins. For example, an
8% local recurrence rate is reported after apparently complete resection of soft tissue sarcomas in
dogs.

The tumor margins should be marked with sutures or dye to assist in orientating the pathologist.
Alternatively, particularly for large tumors, the surgical margins can be submitted separately. Marking
the tumor edges with a dye is a simple method for determining whether a tumor has been
completely or incompletely resected. Commercially-available inking kits, alcian blue, and Indian Ink
are all appropriate dyes for identifying surgical margins. The specimen should be air-dried for 5 to 20
minutes prior to placing it into formalin. Ink should not be used when hormone receptor assays are
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anticipated as false results are common. Ink is retained during tissue processing and allows the
pathologist to microscopically visualize the inked margin and avoid mistaking false margins, resulting
from trimming or shrinkage, for true surgical margins.

Ideally, the tumor should also be pinned out on cardboard to its original dimensions prior to
resection and fixation. During fixation, the dimensions of a tumor sample can shrink by up to 38%,
depending on tumor location and the inclusion of muscle and fascia in the sample. This shrinkage
will not influence whether the tumor has been completely resected or not, but it can impact the
interpretation of how clean the resection has been. Pathologists will often comment on whether
tumor was resected "clean" or "clean but close", with the latter being variably defined as tumor cells
being within 1 to 10 mm of the surgical margin. The clinical management of cats and humans with
completely and incompletely resected tumors is well established. Cats with completely resected
tumors should be regularly evaluated for local tumor recurrence depending on tumor type, especially
for dogs with oral and cutaneous sarcomas and cats with vaccine-associated sarcomas. The risk of
local tumor recurrence is significantly higher in patients following incomplete tumor resection and
further treatment is recommended in these cases, such as staging resection, wide resection, and/or
radiation therapy. The management of patients with tumors resected "clean but close" is
controversial and has not been defined. If the tumor sample is not pinned out to the original
dimensions, then sample shrinkage may result in the resection being erroneously classified as "clean
but close" rather than "clean" and causing unnecessary decision-making dilemmas.

Histologic Grade
Histologic criteria are used to determine whether a tumor is benign and malignant and, if malignant,
histologic grade. Cellular features of benign masses include low nuclear-to-cytoplasmic ratio,
uniform nuclear size and shape, and a low mitotic rate. Histologic features do not necessarily
correlate with biologic behavior as some benign tumors can have a very aggressive local behavior,
such as infiltrative lipomas and oral acanthomatous epulides. In contrast to benign tumors,
histologic features of malignant tumors include poor cellular differentiation, high cellularity, high
nuclear-to-cytoplasmic ratio, large and/or multiple nucleoli, high mitotic rate, and variations in
nuclear size (anisokaryosis), nuclear shape, and cytoplasmic size (anisocytosis).

Histologic grading is valuable for determining treatment plans and prognosis for some tumors.
There is not uniform agreement amongst surgical pathologists regarding the use of grading schemes
as some have not been validated in clinical trials and others are subjective with low agreement
between pathologists. Grading schemes are not available for all tumors. Tumors for which grading
schemes have been reported and validated include: lung tumors and mammary gland carcinomas in
cats. A histologic grade should be requested from the pathologist, if not already provided, if a cat or
dog is diagnosed with one of the above tumors to assist in determining postoperative treatment
options and prognosis.

MULTIMODAL MANAGEMENT
Multimodality therapy combines two or more of surgery, radiation therapy, chemotherapy,
immunotherapy, or other alternative therapies. This multimodality approach is aimed at maximizing
the benefits of treatment and the potential for cure, while minimizing adverse side-effects. The
timing of these therapies relative to surgical resection is an important consideration when planning
treatment regimens because both neoadjuvant (before surgery) and adjuvant (after surgery) have
specific advantages and disadvantages.
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Neoadjuvant therapy is rarely used in veterinary oncology, except for perhaps vaccine-associated
sarcomas, but is becoming increasingly utilized in human oncology. In humans, neoadjuvant therapy
improves the rate of organ preservation for people with breast, laryngeal, and locally advanced rectal
cancers; and improves survival times for osteosarcoma, cervical, and locally advanced bladder
cancers. Neoadjuvant therapies, particularly radiation therapy, can reduce tumor size, decrease the
risk of satellite and skip metastases, and eliminate microscopic tumor extension into normal tissue.
As a result, neoadjuvant radiation therapy can decrease the surgical dose required for complete
tumor resection, permit resection of previously inoperable tumors, and reduce the incidence of
tumor seeding and local tumor recurrence.

Adjuvant therapies are aimed at eliminating residual microscopic tumor burdens, with adjuvant
radiation therapy recommended for residual microscopic disease in the surgical wound (e.g.,
incompletely resected canine mast cell tumor or soft tissue sarcoma, or feline vaccine-associated
sarcoma) and adjuvant chemotherapy recommended for tumors with a high metastatic risk and
presumptive disseminated microscopic tumor burden (e.g., canine appendicular osteosarcoma or
hemangiosarcoma). Surgical resection of the tumor can facilitate adjunctive therapies by reducing the
gross tumor burden; identifying tumor margins; and removing drug- and radiation-resistant cells,
circulating immune complexes, and tumor-associated immunosuppressants. For dogs with soft
tissue sarcoma, adjuvant radiation therapy is much more effective against microscopic disease with
1-year disease-free control rates > 95% for residual microscopic disease and only 50% for dogs with
macroscopic tumor burden. Adjuvant radiation therapy, however, can increase the risk of wound
complications, especially if started before 7 days postoperatively. The potential for complications
increase as total radiation dose, dose per fraction, and radiation field size increase. In general,
however, postoperative radiation therapy is associated with less local wound complications than
preoperative complications. For most cases, chemotherapy is administered in the adjunctive setting,
usually starting at 10 to 14 days postoperatively, although 0 to 21 days have been reported.
Chemotherapy can also have local and systemic effects which are agent-specific. For example,
vincristine has no adverse effects on wound healing, but doxorubicin decreases wound breaking
strength for up to 30 days after administration.
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¡ Common cause of death in cats

¡ ONLY curable chronic disease

¡ Age is not a disease

¡ What am I treating?

¡ What is the biologic behavior of the tumor?

¡ What is the proper surgical approach?

¡ What are the alternative treatment options?

¡ What are the owner’s expectations and are these
reasonable?

¡ When should a biopsy be performed?

¡ When should a biopsy be performed?

¡ When knowledge of the tumor type will

§ Change treatment options

§ Change owner’s willingness to treat

¡ Fine-needle aspirate

¡ Needle core biopsy

¡ Incisional biopsy

¡ Excisional biopsy
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¡ Economical

¡ No sedation or anesthesia

¡ Accuracy improved with

§ Hypodermic needle > 21G

§ Minimum10 insertions

¡ Differentiates

§ Tumor versus non-
tumor

§ Round cell tumors
§ Epithelial tumors
§ Mesenchymal
tumors

¡ Differentiates

§ Tumor versus non-
tumor

§ Round cell tumors
§ Epithelial tumors
§ Mesenchymal
tumors

¡ Differentiates

§ Tumor versus non-
tumor

§ Round cell tumors
§ Epithelial tumors
§ Mesenchymal
tumors

¡ 13-35% are non-diagnostic
§ Hemodilution or blood contamination

¡ Correct diagnosis in
§ 70-100% of round cell tumors
§ 67-98% of epithelial tumors
§ 50-61% of mesenchymal tumors

¡ Examples of needle-core biopsy
§ TruCut for organs and soft tissuemasses
§ Jamshidi for bone

¡ Sedation and local anesthesia

¡ Multiple needle-core biopsies to improve
diagnostic accuracy

¡ Complications rare
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¡ Diagnostic accuracy

§ 100% for epithelial tumors

§ 94% formesenchymal
tumors

¡ Examples of incisional biopsies
§ Wedge biopsy
§ Punch biopsy

¡ Sedation and local anesthesia general
anesthesia

¡ Complications include hematoma, seroma,
infection, and tumor seeding

¡ Junction of normal and
abnormal tissue

¡ No normal tissue if
definitive resection will
be compromised

¡ Aseptic technique

¡ Meticulous hemostasis and reduce dead space

¡ Diagnostic accuracy excellent

¡ General anesthesia

¡ Controversial

¡ Complications include hematoma, seroma,
infection, tumor seeding, and local tumor
recurrence

¡ Diagnostic and therapeutic in a single stage
procedure

¡ BUT unknown outcome as appropriate surgical
margins are dependent on tumor type

¡ Excisional biopsy has high likelihood of
incomplete resection and can complicate further
attempts at resection

¡ Tissue architecture
destroyed

¡ Complete surgical
resection more difficult

¡ Recurrent tumors may
be more aggressive
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¡ Incisional and excisional biopsies should be
planned to have aminimal impact on
definitive surgical resection

¡ Poorly planned surgery can
§ Extend surgical margins
§ Change treatment plans
§ Increase morbidity and mortality
§ Worsen prognosis

¡ Mankin et al, J Bone Joint Surg, 1982

§ 31% significant alterations to treatment

§ 13% worse outcome and prognosis

¡ Mankin et al, J Bone Joint Surg, 1996

§ 19% required more complex surgery or
radiation therapy

§ 3% unnecessary limb amputation

§ 10% loss of function, recurrence, or death

¡ Biopsy should be performed by surgeon
performing the definitive surgical resection

¡ Poorly planned biopsies 2-12 times more
likely from referring clinicians compared to
surgeon

¡ Staging provides information on the tumor and is
specific to the tumor type
§ Local tumor characteristics
§ Regional and distant metastasis

¡ Staging is essential prior to treatment

¡ Staging enables a standardized method of
communication between veterinarians

¡ Blood tests and urinalysis

¡ Local tumor imaging

¡ Regional lymph node assessment

¡ Distant metastasis evaluation
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¡ Regional radiographs

¡ Ultrasound

¡ Nuclear medicine

¡ Computed tomography

¡ Magnetic resonance imaging

¡ Intra-abdominal
skin tumor
assessment

¡ Ultrasound-guided
aspirates

¡ Lymph node and
distant metastasis
assessment

¡ Osteosarcoma

¡ Renal tumors

¡ Thyroid tumors

¡ Pancreatic insulinomas

¡ Maxillary tumors

¡ Skull tumors

¡ Other bone tumors

¡ Other tumors
§ Skin
§ Nasal
§ Intra-abdominal
§ Intra-thoracic

¡ Maxillary tumors

¡ Skull tumors

¡ Other bone tumors

¡ Other tumors
§ Skin
§ Nasal
§ Intra-abdominal
§ Intra-thoracic

¡ Central nervous
system tumors

¡ Intra-abdominal
tumors

¡ Bone tumors

¡ Skin tumors
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¡ Regional lymph
nodes are the
nodes draining the
local tumor

¡ Specific for tumor
site

¡ Skip metastasis

¡ What is the most effective method to
evaluate for lymph node metastasis?

¡ What is the most effective method to
evaluate for lymph node metastasis?

¡ Palpation
§ Fixed, firm and/or enlarged
§ What about grossly normal lymph nodes?

¡ What is the most effective method to
evaluate for lymph node metastasis?

¡ Palpation
§ Fixed, firm and/or enlarged
§ What about grossly normal lymph nodes?

¡ Fine-needle aspiration
¡ Biopsy

¡ Regional lymph node palpation in dogs
with malignant oral melanoma

§ 70%metastatic nodes are enlarged

§ 30%metastatic nodes are normal size

§ 40% of normal sized nodes are metastatic

¡ Regional lymph node palpation has

§ Poor sensitivity (70%)

§ Poor specificity (51%)

§ Poor positive predictive value (62%)
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¡ Metastasis evaluation important for clinical
staging and decision making on treatment
options

¡ Metastasis evaluation is dependent on
tumor type
§ Regional lymph nodes
§ Lungs
§ Bone
§ Other sites

¡ Three-view thoracic radiographs
§ Ventrodorsal projection
§ Left lateral projection
§ Right lateral projection

¡ Conscious sedation

¡ Pulmonary nodules > 7-9 mm

Screen
Lungs

Xray Machine

Screen
Lungs

Xray Machine

Right lateral Left lateral

Metastatic nodule
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¡ CT scans for lung
metastasis

§ Pulmonary nodules > 1
mm

§ Greater sensitivity than
radiographs

¡ Nuclear medicine for
bonemetastasis

§ Osteosarcoma

§ Carcinomas

¡ Nuclear medicine for
bonemetastasis

§ Osteosarcoma

§ Carcinomas

¡ Nuclear medicine for
bonemetastasis

§ Osteosarcoma

§ Carcinomas

¡ World HealthOrganization staging

§ T = local tumor

§ N = regional lymph node

§ M = distant metastasis

Primary Tumor

T0 No evidence of neoplasia

T1 Tumor < 2 cm diameter, superficial, and exophytic

T2 Tumor 2-5 cm diameter orminimal invasion regardless of size

T3 Tumor > 5 cm diameter or invasion of subcutis regardless of size

T4 Tumor invades other structures (fascia, muscle, bone, or cartilage)

Node

N0 No evidence of nodal involvement

N1 Movable ipsilateral lymph node; (a) no tumor and (b) tumor

N2 Movable contralateral lymph node; (a) no tumor and (b) tumor

N3 Fixed node

Metastasis

M0 No evidence ofmetastasis

M1 Evidence of distantmetastasis with site specified
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¡ History

¡ Physical examination

§ Solitary versus multiple masses

§ Preliminary assessment of resectability

§ Regional lymph nodes

¡ Hematology

¡ Serum biochemistry

¡ Urinalysis

¡ Coagulation profile

¡ Cross-matching or
blood typing

¡ Enteral nutrition

¡ Comorbid conditions can be related or unrelated
to the tumor

¡ Comorbid conditions can increase risk of surgical
morbidity and change treatment options

¡ Examples of comorbid conditions include
§ Neurologic disease
§ Cardiac disease
§ Renal failure

¡ Paraneoplastic syndromes
§ Cancer cachexia
§ Hypercalcemia
§ Hypoglycemia
§ Anemia
§ Thrombocytopenia
§ Immunosuppression and infection

¡ Surgical dose = extent of surgery

¡ Four different surgical doses

§ Intralesional (or debulking)

§ Marginal resection

§ Wide resection

§ Radical resection

¡ Residual gross tumor at surgery site

36 ONCOlogisch Treffen



10

¡ Residual gross tumor at surgery site ¡ Residual gross tumor at surgery site

Macroscopic or gross disease

¡ Residual microscopic tumor cells at surgery
site

¡ Residual microscopic tumor cells at surgery
site

¡ Residual microscopic tumor cells at surgery
site

Microscopic disease

¡ Commonly used but not often indicated

¡ Indications

§ Lipomas

§ Malignant skin tumors on the extremities
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¡ Lateral and deep surgical margins to
remove complete tumor burden

¡ Lateral and deep surgical margins to
remove complete tumor burden

¡ Lateral and deep surgical margins to
remove complete tumor burden

Lateral margins 1-5 cm

¡ Lateral and deep surgical margins to
remove complete tumor burden

Deepmargins 1-2 fascial layers
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¡ Wide excision with removal of a body part

¡ Anaemia and
intraoperative blood loss
common

¡ 30-90% humans

¡ Estimate intraoperative
blood loss
§ Suction bottle
§ Swabs and lap sponges

¡ Blood products should
be available

§ Cross-matching

§ Blood typing

¡ Pain is common with malignant tumors and
surgical treatment of tumors

¡ Pain management techniques include

§ Systemic analgesic drugs

§ Local and regional anesthesia

§ Alternative therapies
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¡ Antibiotics
§ Surgical and anesthetic times > 60 minutes
§ Orthopedic implants
§ Immunocompromised

¡ If the gut works, use it
§ Esophagostomy tube
§ Gastrostomy tube
§ Jejunostomy tube

¡ Parenteral nutrition
§ Partial or total

• Enteral nutrition should be administered through the
easiest route

¡ Be prepared for potential complications

§ Hypotension

§ Blood loss

§ Pain

§ Respiratory compromise

¡ Monitoring equipment should include

§ Blood pressure monitor
§ Electrocardiogram
§ End-tidal CO2monitor and capnograph
§ Pulse oximeter
§ Blood gas machine

¡ Surgical preparation
§ Wide clip
§ Gentle aseptic preparation

¡ Dissection technique
§ Do not compromise tumor capsule
§ Do not handle tumor
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¡ Tumors handling increases
§ Tumor cell exfoliation
§ Risk of local tumor recurrence

¡ Stay sutures or atraumatic instruments
should be used in adjacent normal tissue to
manipulate tumors

¡ Hemostasis

§ Important for visualization and prevention of
complications such as hematomas

§ Early ligation of vessels and lymphatics

§ Electrocautery

¡ Excellent hemostasis

¡ BUT thermal necrosis can cause
§ Delayed wound healing
§ Decreased resistance to infection
§ Damage to biopsy samples because of
polarization of mitotic figures

¡ Monofilament suture material or staples

¡ Non-absorbale suture material if
§ Immunocompromised
§ Hypoalbuminemic
§ Chemotherapy or radiation therapy

¡ NOTmultifilament suture material
§ Increased risk of local tumor recurrence

¡ Tumor adherence
versus direct invasion
§ Invasion detected in
57% of tumors with
adhesions

¡ Tumor should be
resected en bloc with
any tissue or organ
with adherence

¡ Complete tumor resection is primary aim of
surgery

¡ Tumor margins depend on tumor type

¡ Marking margins prevents compromise of
resection because of fear that resulting
surgical wound cannot be closed
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¡ Tumor capsule is composed of compressed
and viable tumor cells

¡ Peripheral tumor cells are most biologically
active

¡ Compromise of tumor capsule will result in
tumor cell spillage and increased risk of
local recurrence
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¡ Resection of more than 2 tumors ¡ Resection of more than 2 tumors

¡ Compromise of tumor resection

¡ Increased risk of tumor seeding
§ Transitional cell carcinoma
§ Hemangiosarcoma

¡ Drains are not a
replacement for poor
hemostatic technique

¡ Drains extend surgical
margins

¡ Drains seed tumor cells
beyond surgical site

Drain Site

¡ Reconstructive surgery important in some
oncologic surgery

¡ BUT reconstructive surgery should not be
performed at the same time as tumor
resection

¡ Controversial

¡ Completeness of surgical margins at the
time of tumor resection are unknown

¡ If tumor resection is incomplete, then
single-stage reconstructive surgery will
contaminate all surgical incisions

¡ Further treatment (surgery or radiation)
will be more radical or not possible
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¡ Tumor histopathology is essential to case
management

¡ Histopathology costs included in surgical
fees

¡ Owner not given option regarding tumor
submission

¡ Diagnosis

¡ Completeness of excision (margins)

¡ Histologic grade

¡ Diagnosis

§ Fixed in 10% formalin
at 1:10 ratio

§ Large tumors sliced into
1cm sections

§ Submit to a veterinary
laboratory

¡ Completeness of excision (margins)

§ Pin tumor to original dimensions

§ Ink lateral and deep margins
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¡ Margins shrink by up
to 38% after tumor
resection and fixation
in formalin

¡ Pin tumors to original
dimensions to prevent
shrinkage

¡ Margin assessment better
when surgical margins
inked

¡ Inks include
§ HumanMöhs surgery inks
§ India Ink
§ Alcian blue

¡ If complete tumor
submission is not
feasible, then

§ Submit sample of
tumor

§ Submit inked
margins separately

¡ Histologic grade

§ Important for determining adjunctive
treatment options and prognosis

§ Histologic grading schemes available for
specific tumors

Cat Dog
Lung carcinoma Mast cell tumor

Mammary carcinoma Lung carcinoma

Mammary carcinoma

Soft tissue sarcoma

Ocular and cutaneous melanoma

Splenic sarcoma

Synovial cell sarcoma

Transitional cell carcinoma

Osteosarcoma

Multilobular osteochondrosarcoma

Lingual squamous cell carcinoma

Lymphoma

¡ Communication with pathologist essential

§ Accurate history

§ Review slides if diagnosis does not correlate
with clinical presentation

§ Second opinion if necessary
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¡ Regular examinations
§ 1, 2, 3, 6, 9, 12, 18, 24, etc months
§ Diagnostic tests are tumor-specific

¡ Chemotherapy
§ Tumors with a highmetastatic potential

¡ Radiation therapy
§ Tumors with incomplete resection
§ Tumors with a high risk of local tumor recurrence

Veterinary Society of Surgical Oncology (www.vsso.org)
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Medical Imaging of Feline of feline metastatic tumour diseases

Livia Benigni, DVM, MRCVS, CertVDI, DipECVDI, FHEA      Lbenigni3@gmail.com 
The Royal Veterinary College, University of London, UK 

In order to choose which imaging modality is more appropriate for a particular case, one should take 
into consideration a number of factors (e.g. clinical presentation, availability of the imaging 
modalities, contraindications for anaesthesia, number and type of regions that need to be imaged, 
affordability etc.). Availably and affordability may be major limiting factors. In general, radiology and 
computed tomography (CT) are the imaging modalities of choice when investigating respiratory, 
musculoskeletal and intra-pelvic metastatic disease. Ultrasound is excellent to examine the 
abdomen and it is more accessible and affordable than CT. 

Thoracic metastatic disease 

Thoracic radiography is the most common imaging modality used for detection of pulmonary 
metastasis. Radiographs should be taken in full inspiration to improve the chances of detecting 
lesions. If a nodule is suspected radiographically, but a definite conclusion of pulmonary metastasis 
cannot be reached (e.g. single nodule, nodule superimposed to a rib etc.), radiographs should be 
repeated 4-6 weeks later to confirm the presence and compare the size of the lesion(s). In a recent 
study in dogs, CT, computed radiography and conventional radiography performed similarly in 
determining the presence or absence of pulmonary nodules. However, a greater number of smaller 
nodules were detected with CT, and CT was associated with a greater diagnostic confidence and 
observer agreement. It is important to consider that he presence of pulmonary nodules is not 
pathognomonic of pulmonary metastases (e.g. mycotic pulmonary granulomas, foci of 
bronchopneumonia, pulmonary eosinophilic infiltrate). In case of pulmonary nodules, pulmonary 
metastases are highly suspected only once a primary tumour has been identified and diagnosed. 

 

Figure 1: CT thorax, pulmonary nodules. Diagnosis pulmonary metastasis secondary to mammary 
carcinoma 



52 ONCOlogisch Treffen

Feline bronchogenic carcinoma has a variable appearance; it can present with a mixed
bronchioalveolar pattern, a solitary ill-defined mass, or a cavitary mass. The suspicion of neoplasia
increases when mineralisation of the lesions is observed. It is important to consider that
peribronchial mucous glands may mineralize in normal cats, appearing has multifocal, small,
mineralised opacities, and this should not be interpreted as a sign of neoplasia. Bronchogenic
pulmonary carcinoma may have similar appearance to chronic bronchial disease. Differentiation
between inflammatory or infectious granuloma and neoplastic lesions cannot be achieved on the
basis of their imaging appearance; biopsies are necessary to reach a final diagnosis. Biopsies are
often obtained via bronchoalveolar lavage; however they can also be taken under ultrasound or CT
guidance. On ultrasound, biopsies can be taken only if the lesion is in contact with the thoracic wall,
as pulmonary lesions are not visible if aerated lung is present in between the thoracic wall and the
lesion. If this is the case, CT guided biopsy can be performed. Enlargement of the bronchial lymph
nodes is not always appreciated on radiographs (unless severe); computed tomography is more
sensitive than radiography to identify a mild to moderate enlargement. Bronchogenic carcinoma in
cats has been reported to metastasise relatively often to the digit; other sites of metastasis reported
are the pleura, the pericardium, the heart, the liver, the kidneys, the skin and the ribs.

Figure 2: Right lateral thoracic radiograph, pulmonary mass with diffuse peribronchial/nodular
pattern. Diagnosis: bronchogenic carcinoma.

The sternal lymph node is also known as the “sentinel” lymph node. When enlarged it may suggest
presence of intra-abdominal disease, and is most commonly associated with neoplastic disease. In a
recent study sternal lymphadenopathy in 13 cats has been found to be secondary to lymphoma (5
cases), melanoma (1case), carcinoma (1biliary, 1mammary and 1renal), FIP (3 cases) and
sepsis/osteomyelitis (1 case).
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Figure 3: Right lateral thoracic radiograph shows round soft tissue opacity dorsal to the cranial 
sternebrae. Radiological diagnosis: sternal lymphadenopathy. 

Head and neck tumours  

A big variety of tumours can affect the head and neck (e.g. adenocarcinoma, carcinoma, 
fibrosarcoma, lymphoma, and melanoma). Some tumours can be diagnosed on radiographs as they 
affect or invade the skull causing lysis and new bone formation. A large amount of bone needs to be 
resorbed before it is radiographically apparent; therefore radiography is not accurate for early 
detection of bone tumour or for assessment of tumour extent compared to CT. 

 

Figure 4: VD radiograph of the skull shows lysis of the right zygomatic and petrous bone and of the 
right tympanic bulla whit associated soft tissue swelling. Diagnosis: squamous cell carcinoma 

Radiology is also not very informative in case of soft tissue tumours as it is impossible to distinguish 
between the tumour and the surrounding tissue. In case of head and neck tumours a complete 
imaging exam should include assessment of the regional lymph nodes and lung field. If one had to 
choose only one imaging modality to do a complete imaging assessment of a head (or neck) tumour 
the modality of choice would probably be CT. The CT protocol should include a scan of the thorax 
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and pre and post contrast scans of the head (or neck). It is recommended to acquire an early and a
late post-contrast scan of the head (or neck). Post contrast images are particularly useful to
distinguish between the different soft tissue attenuating structures present in the head and neck
(e.g. regional lymph nodes, salivary glands, muscles) and to assess tumour extent and
vascularisation. In case of locally invasive tumour, post-contrast images may show vascular invasion
(tumour thrombus).

Figure 5: Post contrast CT of the neck, enlarged left retropharyngeal lymph node showing
heterogeneous contrast enhancement. History: sublingual squamous cell carcinoma surgically
resected 2 months previously. CT diagnosis: left retropharyngeal lymphadenopathy, likely
metastatic.

Ultrasound is a good alternative to CT when assessing soft tissue masses; it enables visualisation of
the primary tumour and the regional lymph nodes. A high frequency (8-12 MHz) linear probe is
necessary to obtain good quality images. It may be challenging, particularly with ultrasound, to
determine the exact origin of a mass if it causes displacement of the adjacent structure (loss of
landmarks) and changes in the normal parenchymal appearance. MRI is a useful method to evaluate
head and neck masses however, like ultrasound, it is not indicated for pulmonary metastasis check.
Biopsy of the regional lymph nodes (e.g. retropharyngeal) may be performed under ultrasound
guidance; this technique is preferred to CT needle guidance as it enables simultaneous visualisation
of the needle and the main vascular structures of the neck. Another advantage of this technique
over CT is that the needle and the probe can be oriented in any plane, so the safest and shortest
path to reach the target can be chosen.

Abdominal metastatic disease

Abdominal radiography may enable visualisation of large or mineralised masses, however soft tissue
intra-parenchymal lesions and small lesions are absolutely invisible radiographically making this
modality inappropriate for the assessment of abdominal metastatic disease. Abdominal ultrasound
or contrast abdominal CT is used to evaluate intra-abdominal tumour spread. Ultrasound is
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excellent to evaluate the feline abdominal cavity, provided that a high resolution transducer is
available (high frequency linear probe). Ultrasound is often preferred over CT as it does not require
the use of heavy sedatives anaesthetics; it is also more accessible to private practice and more
affordable for the client compared to CT. As splenic and hepatic regenerative (or hyperplastic)
nodules are less common in cats than in dogs, splenic and hepatic nodules should be treated with
suspicion (biopsy or follow up). Some isoechoic hepatic lesions (invisible on ultrasound) have been
identified in post contrast CT images; in this sense CT may be more sensitive than ultrasound for
detection of hepatic lesion. On the other hand, CT images are of lower resolution than ultrasound
images acquired with a high frequency transducer; smaller lesions may be seen with ultrasound and
not with CT.

Figure 6: High resolution ultrasound showing a 2 mm anechoic lesion in the liver. Diagnosis: likely
benign cystic lesion.

Carcinomatosis may be confused with peritonitis regardless of the imaging technique used. This is
because small intra-peritoneal nodules are often not clearly distinguishable from the peritoneum.
Good knowledge of the position and size of the normal abdominal lymph node is essential when
interpreting abdominal imaging (ultrasound and CT). Round and severely enlarged lymph nodes are
more likely metastatic.

Multicentric Lymphoma

Multicentric lymphoma can be either investigated via thoracic radiography and abdominal
ultrasound or via thoracic and abdominal CT. Cranial mediastinal masses are amenable to
ultrasound-guided biopsy. If CT is used, the protocol should include post contrast images of the
abdomen, and preferably an early and a late post contrast study. MRI is used for the diagnosis of
brain lymphoma.

Further reading:

Gottfried SD, Popovitch CA, Goldschmidt MH, Schelling C. Metastatic digital carcinoma in the cat: a
retrospective study of 36 cats (1992-1998). J Am Anim Hosp Assoc. 2000 Nov-Dec; 36(6):501-9.
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FELINE LYMPHOMA

Dr. Craig A. Clifford
DVM, MS, DACVIM (Oncology)

Director of Clinical Research
Hope Veterinary Specialists

Malvern, PA, USA

Introduction
Lymphoma (LSA) is the not only the most common neoplasia in cats (~25%) but also the most
common hematopoietic malignancy in the cat, with the gastrointestinal form representing nearly
80%. Since is often considered a “liquid cancer”, combination chemotherapy is standard care and
can lead to complete remission rates of approximately 30-65% with a median duration of
remission of 3-7 months.

Etiology
The paradigm of LSA has changed as this is no longer a virally induced cancer in the majority of
patients. The literature reports nearly 25% of FeLV positive cats will develop lymphoma during
their lifetime, typically at a younger age, mediastinal form and with a poorer prognosis, even with
standard therapy. FIV through its effects on normal immune cell numbers and function may
indirectly increase the risk of LSA development. With the advent of more routine vaccinations,
these diseases have diminished tremendously. More recent factors that may play a role in the
development of LSA include breed, environmental exposures (tobacco smoke), altered immune
system including organ transplant and inflammatory bowel disease (presumptive).

Clinical Presentation
Lymphoma is a heterogenous disease in cats and is most often described according to an
anatomic scheme. The gastrointestinal/abdominal form is most common in cats and makes up
80% of cases. This form includes alimentary, hepatosplenic, renal, and/or abdominal lymph
nodes. Generalized peripheral lymphadenopathy, which is the most common form in dogs, is rare
in cats. The mediastinal and extranodal forms (nasal, cutaneous, renal, CNS), make up the
remaining 20% of cases.

The clinical presentation is dictated by the form of LSA affecting the patient. Since the
abdominal/gastrointestinal form is the most common, common clinical signs include: weight loss,
anorexia, lethargy, vomiting, and/or diarrhea. Multicentric cases present clinically ill with
peripheral lymphadenopathy. Mediastinal LSA often presents with respiratory signs such as
dyspnea (from the mass or secondary pleural effusion), difficulty resting, and regurgitation (mass
effect). Signs associated with the extranodal LSA also will depend upon location: Nasal:
sneezing, epistaxis or facial deformity; CNS: paresis and/or paralysis; Renal: vomiting, anorexia,
palpably enlarged kidneys.

Clinical Staging
Complete staging consists of a physical examination, complete blood count, ancillary bloodwork
(cobalamin is gastrointestinal) serum biochemical profile, urinalysis, three view thoracic
radiographs, and abdominal ultrasound. Cytology can often provide a quick diagnosis, however,
only histopathology can differentiate tumor grade. As discussed, gastrointestinal lymphoma
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represent the most common form of lymphoma in cats, of which the high grade/lymphoblastic
form predominates, likely representing 85% of all LSA cases. A second form consisting of
neoplastic small mature appearing lymphoctyes has been identified and classified as “low grade”
in nature. Generally, histopathology is needed to definitively diagnose and the majority of cases
express CD3+, and often exhibit epitheliotropism. This form may be linked to inflammatory
bowel disease, although data is lacking. Unlike high-grade lymphoma which is rapidly fatal
without therapy, low grade lymphoma has a more chronic onset and disease course. Since
affected lymphocytes are well-differentiated and similar in appearance to small mature “normal”
lymphocytes; histopathology is required for diagnosis.

Treatment
Chemotherapy is considered standard therapy for the treatment of feline lymphoma and is either
used alone or in combination with radiation therapy (nasal, CNS, abdominal). Single agent
chemotherapy with agents such as prednisone, doxorubicin, and mitoxantrone reports response
rates ranging from 9-40% and associated remission durations of 3-12 months. Multiple studies
have documented improved remission rates, duration of remission and survival with combination
chemotherapy. The most commonly used protocols are COP or CHOP. This author always uses a
rotating protocol consisting of prednisone, L-asparaginase, vincristine, cyclophosphamide, and
doxorubicin, administered over a 25 week time frame. Although the literature suggests complete
response rates of 30-65% and associated remission rates of 5-9 months. It is the author’s rule of
thumb that 50% respond. Those that respond will often have a MST of near 1 year and there is
small subset that is longterm, > 2 years. The non-responders, however, succumb to their disease
in 4-8 weeks. Radiation therapy (RT) may be considered for nasal lymphoma and studies have
reported disease free intervals of 6-69 months. One study, however, patients receiving a
combination of RT and chemotherapy had longer survival than RT alone with many patients
failing outside of the nasal cavity. A more recent study evaluated a small number of cats with
abdominal LSA treated with fractionated radiation therapy (total dose of 15Gy). Treatment
appeared well tolerated and preliminary results were promising.

The low grade LSA form due to its indolent nature may not need a traditional standard protocol.
Several studies have since shown a treatment protocol of oral prednisone and leukeran
(chlorambucil) carries a high response rate (80-96%) and generally survival times of 700-900
days.
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Updates in Feline Lymphoma

Craig Clifford, DVM, MS,
DACVIM (Oncology)

Feline Lymphoma
• ~30% of all feline neoplasia

• Older cats
– FeLV negative (provirus?)
– Gastrointestinal tract most common

• Younger cats
– FeLV positive
– Often multicentric or thymic forms

• Genetic predisposition
– Siamese predisposed to mediastinal LSA

• Environmental exposures
– Tobacco smoke

• Ingested during grooming
• Risk increases with duration
• and quantity of exposure

• Viral induced neoplasia
– FeLV infection

• Altered immune surveillance
– FIV infection

• Chronic inflammation
– Inflammatory bowel disease?

Feline Lymphoma Etiology

Bertone et al, Environmental tobacco smoke and risk of malignant lymphoma in petcats. Am J Epidem, 2002

Incidence and FeLV
• Pre FeLV vaccine:
– 70% of cats with LSA were FeLV+

• Post FeLV vaccine:
– 14.5% of cats with LSA were FeLV+
– Number is continuing to decrease

• 20-25% of FeLV + cats will develop lymphoma
• Compared to FeLV- FIV- cats:
– FeLV+ cats have 62 x incr risk of developing LSA
– FIV+ cats have 6 x incr risk
– Both FeLV+ & FIV+ have 77 x incr risk

FeLV
• Retrovirus (Oncornavirus subfamily)
– Single stranded RNA
– Replicates using reverse transcriptase

• Three subgroups exist (Subgroups A, B, and C)
– All naturally infected cats have Subgroup A
– Some also infected with B, C or all three

• Recombination between strains occurs
– Each recombination is unique
– Increases virulence and pathogenicity
– Changes the clinical disease caused by the infection

)

FeLV Transmission
• Easily inactivated in environment

– In saliva, after 1-2 hours
– In blood, after 48 hours

• Inactivated by heat, disinfectants
• Transmission requires prolonged intimate contact

– Grooming, biting, shared bowls, in utero
• Increased risk of infection

– outdoors, catteries, or multi-cat
households
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FeLV Associated Diseases
• Lymphoma

– Multicentric, mediastinal, CNS, ocular forms
– 84% of cats with CNS lymphoma in one study
– Mostly T-cell lymphoma
– Average time from infection to tumor development is 5.3

months
• Myeloproliferative Diseases (other blood cells)

– Myelodysplasia
– Myeloid Leukemia

• Immunodeficiency disorders
• Anemia, non-regenerative
• Reproductive or neurologic disorders

Anatomic Forms of Lymphoma
• Multicentric (peripheral lymphadenopathy)

• Gastrointestinal (alimentary)
– Includes alimentary, hepatosplenic, renal, abdominal

lymph nodes
– Many cats have combinations of these locations
– Up to 80% of all feline cases

• Mediastinal

• Primary extranodal
– Kidney, CNS, nasal cavity, skin, eye

• Mixed

Grade
• For lymphoma, determined by maturity of cells

– Size and morphology
• High grade = immature = large lymphoblasts

– Most cases of multicentric, mediastinal, nasal, renal lymphoma
– Historically, most cases of alimentary LSA
– Diagnosis usually obtained on fine needle aspirate

• Low grade = mature = small lymphocytes
– Recently documented, up to 1/2 of alimentary LSA
– Biopsy diagnosis required to differentiate from

infectious/inflammatory diseases of the GI tract
– Many are epitheliotrophic, T-cell lymphomas

Stage and Clinical Signs
• Staging system confusing and not helpful IN CATS

• Most cats are substage b (ill from their disease)

• Symptoms vary and are referable to the location of
their tumor(s)
– Anorexia, weight loss
– Nausea, vomiting, diarrhea
– Respiratory signs
– Nasal discharge, swelling on face
– Jaundice

Diagnostic Testing
• Complete blood count
• Biochemistry screen
• Urinalysis
• Thoracic radiographs
• Abdominal ultrasound
• +/- Bone marrow aspiration
– More invasive in cats (requires anesthesia)
– Important for localized (stage I or II) LSA

• +/- Phenotyping
– B-cell vs. T-cell lymphoma

Staging: Comparison to Dogs
• Paraneoplastic hypercalcemia is rare in cats (R/O

idiopathic hypercalcemia)
• Anemia is common in cats
• Paraneoplastic hyperglobulinemia more common in

cats
• Pleural effusion more common with mediastinal form
• Bone marrow involvement is:
– Uncommon with alimentary form
– Common with CNS & mediastinal forms
– Common in FeLV + cats
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Clinical Behavior Varies by Anatomic Form

• Alimentary/Abdominal
– Large cell (lymphoblastic, high grade) LSA
– Small cell (lymphocytic, low grade) GI LSA

• Renal
– Large cell (high grade)

• Mediastinal
– Large cell (high grade)

• Nasal
– Large cell (high grade)

• Multicentric
– Varies

GI LSA
• Older, FeLV negative cats

• Clinical Signs
– Anorexia, weight loss, vomiting, diarrhea, abdominal

distention
• Symptoms acute with large cell type
• Symptoms more chronic with small cell type

• Arises from stomach, SI, ileocecocolic junction, or LI
– Small intestine most common site (50-80%), followed by

stomach (25%), ileocecocolic junction, and colon
– Large cell type tends to cause focal or multi-focal masses

• Commonly also involves lymph node, liver, spleen, kidneys
– Small cell type usually more diffuse involvement

Large Cell (High Grade) GI LSA
• Substage b
– Palpable masses common
– GI obstruction, perforation, sepsis possible

• Ultrasound necessary to define extent of disease
– GI masses, lymph nodes, kidneys, liver, etc.

• Treatment recommendations
– Surgery helpful ONLY if obstructed or perforated

• Most cases have diffuse GI involvement
– Chemotherapy is the cornerstone of treatment

• Multi-agent injectable chemotherapy protocols

Chemotherapy for High Grade LSA
• Multi-drug injectable chemotherapy (CHOP)
– L-asparaginase
– Vincristine or Vinblastine
– Cyclophosphamide
– Doxorubicin (not used in some protocols)
– Prednisone
– +/- Others

• Responses vary tremendously
– 50-60% of cats achieve a complete remission
– Median survivals of 6-8 months reported
– Responders near 1 year
– ~25% near 2 years

Outcome in Cats with High grade LSA

Num
berofcats

Non-responders Responders

Survival time in months

10-12 months1-2 months
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Feline Low grade
LSA

• Signalment/History:
– “Penny” 12yr FS DSH
– 7 month duration: Wt loss, Anorexia
– Workup:

• Bloodwork: Mild nonregenerative anemia (29%)
• Chest radiographs: wnl
• Abdominal U/S: thickened intestines, mild

mesenteric lymphaphadenopathy
• Aspirates of Ln: “reactive”
• Sx explore:

– Lymphocytic “low grade” LSA
• Low cobalamin

Recommendation:
Prednisone sid, Leukeran eod, cobalamin suppl

Feline Low grade LSA
• AKA: Lymphocytic, well diff, small cell LSA
– Likely represents 20-25% of feline LSA

• Pohlman et al. 2009 Vet Path (n=50)
– Gastric (n=12): B cell, high grade
– Intestinal (n=37): T cell (n=19), B cell (n=14)

• Small cell/lymphocytic n=15
• Often classified epitheliotropic

Feline low grade intestinal LSA
• Clinical Signs:
– Wt loss (83%), Vomiting (73%), Anorexia (66%), Diarrhea

(58%)
• Workup:
– Anemia (25-50%), Leukocytosis (20%)
– Low cobalamin (78%)
– U/S: mesenteric Lns, thickened bowel

Feline low grade intestinal LSA
• Diagnosis
– Cytology: often called reactive or inflammatory
– Biopsy:
• Needed for a definitive diagnosis
• Full thickness > endoscopic

– Evans et al. JAVMA 2006

• LSA vs IBD: Kiupel Vet Path 2011
– Full thickness biopsy
– Immunohistochemistry
– Parr
• Clonality (60-70% accurate)

Feline low grade intestinal LSA
• Therapy:
– Leukeran and Prednisone
• 15 mg/M2 PO daily for 4 days, on a 21-day

cycle
• Or 2mg eod

– Vit B12 injections
– 90-96% response rate
• Majority a complete response
• Duration of response ~750 days
• Survival ~ 2 years
• Rescue:

– Cytoxan q 2 weeks vs COP

Feline Low grade intestinal LSA
• Surgery as a therapy?
– If intestinal mass and

obstructed
– Debulk disease
– Likely may not improve

the overall prognosis

TUMOR
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Feline low grade intestinal LSA
• Follow up??
– Resolution of clinical signs
• Monthly recheck exams

– CBC/chemistry panel
– Weight gain
– Cobalamin levels?
– Abdominal ultrasound:
• If mesenteric lymphadenopathy or mass

IBD to low grade LSA
• Continuum of disease?
– Often concurrent IBD
– Treat as such….
• Dietary Modifications
• Appetite stimulants
• Vit B suppl
• Antinausea
• Probiotic

Contrasting GI LSA forms
• High Grade LSA
– Acute onset
– Highly abnormal ultrasound
– Cytologic diagnosis
– Aggressive chemotherapy
– Variable response
– Short survival times

• 6-9mths

• Low Grade LSA
– Chronic symptoms
– Subtle changes on u/s
– Biopsy diagnosis
– Chronic low-dose

chemotherapy
– High response rate
– Lengthy survival times

• 24 month

KKiisssseellooww eett aall.. aall JJAAVVMMAA 22000088

Prognostic factors: GI LSA
• Initial response to treatment (high grade)
– 9-12 month median survival if complete remission
– 1-3 month median survival if partial or no remission

• Small cell > Large cell (High grade)
• Nasal > other anatomic forms
• Substage a > substage b
• FeLV- > FeLV+
• Use of Doxorubicin may improve survival
– Location USA vs Europe?

Prognostic Factors
• Factors with NO effect on prognosis
– Phenotype (B-cell vs T-cell)

• Gastric B cell, Possibly better response?
– Age
– Sex
– Breed
– FIV status
– Pretreatment with prednisone

Mediastinal Lymphoma
• Traditionally young (2-3 yrs.) FeLV+ cats
– Less common, FeLV- cats of any age
– Siamese predisposed (young, FeLV-) 

 

• Clinical Signs
– Dyspnea from large mass +/- pleural effusion
– Regurgitation or difficulty swallowing

• Physical Exam
– Dyspnea, dull lung sounds

• Often an emergency!
– Non-compressible cranial thorax
– Horner’s syndrome occasionally

• Compression of sympathetic nerves
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• T-cell immunophenotype
• Cranial mediastinal LN, sternal

LN, thymus, pleural effusion

• Not typically associated with
hypercalcemia

Thymic lymphoma

Thymoma

Mediastinal
Lymphoma

• Cytology of fluid or fine needle aspirate of mass
usually diagnostic

• Aggressive chemotherapy recommended
• Radiation to mediastinum sometimes added
• Response to treatment variable
– High initial number of responders

• Remission short lived
– FeLV- patients have better response & survival

Nasal Lymphoma
• Middle aged to older (8-9 years) FeLV negative cats
• Clinical Signs:

– Nasal discharge, dyspnea, epistaxis, stertor, facial deformity,
anorexia

• Advanced imaging (CT or MRI)

RT for Feline Nasal Lymphoma
Sfillgoli et al. Vet Rad Radiol 2007

19 cats w/stage I
22-48Gy RT
6 months chemo
MST 945 days
17/19 clinical remission
4/19 failed locally
3/19 failed distantly

RT for Feline Nasal LSA
Haney et al 2007
• 97 cats
• Overall 536 d (172 uncensored)
• Chemo alone 473 d (174 d)
• RT alone 1431 d (456 d)
• Chemo alone 320 ( 116.5 d)
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Central Nervous System Lymphoma
• Spinal cord location more common than brain

– Historically young (£ 3 years) FeLV+ cats
– Recently seen sporadically in older FeLV- cats

• Clinical signs:
– Seizures, stupor, cranial nerve defecits depending on

location in brain
– Paralysis if compressing spinal cord
– Extradural compression seen on myelogram or MRI

• Up to 50% have other sites of involvement
– Bone marrow or kidneys most common

• Chemotherapy +/- radiation recommended
• Use drugs that cross BBB (CCNU, cytosine arabinoside,

steroids)
• Surgery to decompress can be palliative
• Survival 5 months or less

Hodgkin’s-like Lymphoma
• No association with FeLV or FIV

• Usually isolated to lymph nodes (head/neck)
– Often only 1-2 nodes involved
– Spreads via contiguous nodes

• Biopsy needed for diagnosis (T-cell rich, B-cell)
– LN’s appear reactive cytologically

• Mostly small lymphocytes
– Reed-Sternberg cells characteristic

• Indolent clinical behavior
– ~1 yr MST (mostly untreated cats)
– Variable response to chemotherapy
– Sx and rad tx should be considered

Cutaneous Lymphoma
• RARE in cats
• Often nodular or plaque-like lesions
• May be solitary or localized, occasionally diffuse
• Biopsy required for definitive diagnosis
• Outcome variable, not studied adequately

Cutaneous LSA
• Epitheliotropic (mycosis fungoides)
– Pautrier’s microabscesses, T-lymphs

• Non-epitheliotropic
– Deep portions of the dermis, B-lymphs

Large Granular LSA
• Subtype of high grade LSA
– Pink granules in the cytoplasm

• T-cell or Natural Killer cell origin
– Multi-organ involvement common

• GI tract, lymph nodes
• Bone marrow
• Effusion in the thorax and/or abdomen common

• Refractory to standard chemotherapy
– Survival

• 20 days for all cats
• 57 days with aggressive therapy

Krick, et al. Vet Comp Oncol 2008

Extranodal Lymphoma
• Most common

– Renal (5-20% cases; 25-50% FeLV+)
– Spinal/CNS (extradural; young FeLV+)
– Nasal (older FeLV-; usually B-cell)
– Cutaneous, ocular (older FeLV-) 

• Signs associated with site
– Bilaterally enlarged kidneys
– Paresis of the hind limbs and

thoracolumbar spine
– Nasal discharge, retrobulbar

mass
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Renal Lymphoma
• Historically, 25-50% FeLV+
• Clinical signs of acute renal failure

– Polyuria/polydipsia or anuria if kidneys shutting down
– Nausea, vomiting
– Kidneys large bilaterally (occasionally unilateral)

• Aggressive multi-drug chemotherapy
recommended

• Median survival 3-6 months, occasionally better
• Up to 30-40% relapse in CNS

– Include cytosine arabinoside in protocol (crosses
BBB)

Spinal/CNS Lymphoma in Cats
• Signalment
– Age: <3yrs
– No sex predisposition
– Siamese?
– >90% FeLV+

• Most have multicentric involvement
• 60% of renal LSA
• 70% have BM infiltrates

Spodnick et al. J Am Vet Med Assoc 1992;200:373.
Lane et al. J Vet Intern Med 1994;8:99.

Treatment for CNS Lymphoma
• Chemotherapy

– BBB
– Degradative enzymes
– P-glycoprotein

• Drugs
– CCNU
– Cytosine Arabinoside

• CRI vs. Intrathecal?
• Radiation therapy

LSA Summary
• Systemic disease

– Rare cases of local control with local therapy
• Combination chemotherapy

– CR rates between 50-70% for 4-6 months
– Median survival time ~ 6-9 months

(~1 year in cats achieving CR)
– Very well-tolerated

• GI low grade vs. High grade
• Few prognostic factors
• Phenotyping?

RR (%) Med R (mm) Med S (mm)
COP 79 (CR) 5 NR
VCM 52-62 (CR) 7 7
COP+Doxo 47 (CR) 9.4 NR
AMC 71 4 6.7-8.6 (CR)
UW-Mad-L 68 (CR) 9.1 7.5
UW-Mad-S 84 3.8-21.8 (CR) 4.0-21.8 (CR)

Questions?

Cliffdoc2000@yahoo.com
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HEPATIC TUMORS 
 
Primary hepatic tumors are uncommon and account for 1.0%-2.9% of all feline tumors, but up to 
6.9% of non-hematopoietic tumors in cats. Primary hepatobiliary tumors are more common than 
metastatic disease in cats. The liver can also be involved in other malignant processes, such as 
lymphoma.  
 
There are four basic categories of primary malignant hepatobiliary tumors in cats:  
 

§ Hepatocellular 
§ Bile duct 
§ Neuroendocrine (or carcinoid) 
§ Mesenchymal 

 
Benign tumors, such as bile duct adenomas or cystadenomas, occur more frequently in cats. There 
are three morphologic types of these primary hepatic tumors: massive, nodular, and diffuse (Table 
1). Massive liver tumors are defined as a large, solitary mass confined to a single liver lobe (Fig. 1); 
nodular tumors are multifocal and involve several liver lobes (Fig. 2); and diffuse involvement may 
represent the final spectrum of neoplastic disease with multifocal or coalescing nodules in all liver 
lobes or diffuse effacement of the hepatic parenchyma (Fig. 3).  
 
 Massive Nodular Diffuse 
Hepatocellular carcinoma 53%-84% 16%-25% 0%-19% 
Bile duct carcinoma 37%-46% 0%-46% 17%-54% 
Neuroendocrine tumor 0% 33% 67% 
Sarcoma 36% 64% 0% 

 
Table 1. Morphologic types of canine hepatic tumors. 
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 Morphology of liver tumors.  
 
Fig. 1. Massive liver tumors are large and involve a single 
liver lobe.  
 
Fig. 2. Nodular liver tumors are multifocal and involve 
several liver lobes.  
 
Fig. 3. Diffuse liver tumors are characterized by 
multifocal or coalescing nodules in all liver lobes or diffuse 
effacement of the hepatic parenchyma by the tumor. 
 

 
The prognosis for cats with liver tumors is determined by histology and morphology. The prognosis 
is good for massive hepatocellular carcinoma (HCC) and benign tumors as complete surgical 
resection is possible and their biologic behavior is relatively non-aggressive. In contrast, the 
prognosis is poor with any type of malignant tumor (high grade) and cats with nodular and diffuse 
liver tumors as metastasis is more common. 
 
Clinical Signs 
Hepatobiliary tumors are symptomatic in approximately 50% of cats, especially in animals with 
malignant tumors. The most common presenting signs are non-specific, such as inappetence, weight 
loss, lethargy, vomiting, polydipsia-polyuria, and ascites. Weakness, ataxia, and seizures are 
uncommon and may be caused by hepatic encephalopathy, paraneoplastic hypoglycemia, or central 
nervous system metastasis. However, these symptoms rarely assist in differentiating primary and 
metastatic liver tumors from non-neoplastic hepatic diseases.  
 
Diagnosis 
 
Laboratory Tests 
Hematologic and serum biochemical abnormalities are usually non-specific. The following serum 
biochemical abnormalities have been reported in cats with hepatobiliary tumors: increased ALP (10-
64%), increased ALT (10-78%), increased AST (10-78%), increased GGT (78%), increased total 
bilirubin (33-78%), and increased serum bile acids (67%). Increased activity of liver enzymes 
probably reflects hepatocellular damage or biliary stasis. There is no correlation between the degree 

3 
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of hepatic involvement and magnitude of liver enzyme alterations. Azotemia is often present in cats 
with hepatobiliary tumors and may be the only biochemical abnormality, although liver enzyme 
abnormalities, especially ALT, AST and total bilirubin, are also common and are significantly higher 
in cats with malignant tumors. 
  
Abdominal Radiographs 
Radiographs, ultrasonography, and advanced imaging can be used for the diagnosis, staging, and 
surgical planning of cats with hepatobiliary tumors. A cranial abdominal mass, with caudal and 
lateral displacement of the stomach, is frequently noted on abdominal radiographs of cats with 
massive liver tumors. Sonographic examination is recommended as these radiographic findings are 
not specific for the diagnosis of a hepatic mass and do not provide information on the relationship 
of the hepatic mass with regional anatomic structures.  
 
Abdominal Ultrasonography 
Abdominal ultrasonography is the preferred method for identifying and characterizing hepatobiliary 
tumors in cats. Sonographic examination is useful in determining the presence of a hepatic mass and 
defining the tumor as massive, nodular, or diffuse. If focal, the size and location of the mass, and its 
relationship with adjacent anatomic structures, such as the gall bladder or caudal vena cava, can be 
assessed. Tumor vascularization can be determined using Doppler imaging techniques. The 
ultrasonographic appearance of hepatobiliary tumors varies and does not correlate with histologic 
tumor type.  
 
Ultrasound-guided fine-needle aspiration or needle-core biopsy of hepatic masses is a useful, 
minimally-invasive technique to obtain cellular or tissue samples for diagnostic purposes. A 
coagulation profile is recommended prior to hepatic biopsy because mild to moderate hemorrhage is 
the most frequent complication, occurring in approximately 5% of cases. A correct diagnosis is 
obtained in up to 60% of hepatic aspirates and 90% of needle-core biopsies. More invasive 
techniques, such as laparoscopy and open keyhole approaches, can also be used for the biopsy and 
staging of cats with suspected liver tumors. In humans, laparoscopy is recommended for local 
staging as up to 20% of cases do not proceed with open surgery because of either nodular or diffuse 
tumors or unresectable disease. However, for solitary and massive hepatic masses, surgical resection 
can be performed without a preoperative biopsy as both diagnosis and treatment can be achieved in 
a single procedure. 
 
Advanced Imaging 
Advanced imaging techniques, such as computed tomography (CT) and magnetic resonance imaging 
(MRI), are preferred in humans for the diagnosis and staging of liver tumors. The appearance of the 
liver mass on CT scans or MRI may provide an indication of tumor type. Furthermore, CT and MRI 
are more sensitive for the detection of small hepatic lesions and determining the relationship of liver 
masses with adjacent vascular and soft tissue structures. The use of advanced imaging in cats with 
hepatobiliary tumors has not been evaluated, however, as the availability of such imaging increases, 
its use will become standard in veterinary facilities. 
 
Clinical Staging 
Imaging is also important for the staging of cats with liver tumors. Local extension and regional 
metastasis can be assessed with abdominal ultrasonography, CT, MRI, or laparoscopy. Although rare 
at the time of diagnosis, three-view thoracic radiographs or advanced imaging techniques should be 
assessed prior to treatment for evidence of lung metastasis. 
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Treatment 
Liver lobectomy is recommended for cats with resectable hepatic tumors, particularly those with a 
massive morphologic appearance. There is no known effective chemotherapy or other therapy for 
cats, dogs, and people with metastatic liver tumors. Prior to surgery, a coagulation profile is 
necessary to determine whether blood products will be required, cross-matching and blood typing 
should be performed to minimize the risk of a transfusion reaction if a blood product is 
administered, and abdominal ultrasonography is recommended to determine if the tumor is right-
sided and, if so, its relationship to the caudal vena cava. The caudal vena cava courses between the 
caudate process of the caudate liver lobe and right lateral liver lobe and is intimately associated with 
the caudate process of the caudate liver lobe. Excision of right-sided liver tumors can result in 
iatrogenic trauma to the caudal vena cava and uncontrollable intraoperative hemorrhage. 
 
Liver lobectomy is performed through a ventral midline celiotomy, although occasionally this may 
need to be extended into a caudal median sternotomy to provide sufficient exposure and access. 
Liver lobectomy can be performed with a finger-fracture technique, mass ligation, mattress sutures, 
and surgical stapling devices. Mass ligation is not recommended for tumors involving either the 
central or right liver divisions, or tumors with a wide base. The finger-fracture technique, involving 
blunt dissection through hepatic parenchyma and individual ligation of bile ducts and vessels, is 
acceptable for smaller lesions. Surgical thoracoabdominal (TA) staplers (Fig. 4) or cautery sealing 
devices (LigaSure, Fig. 5) are preferred for liver lobectomy as operative time is shorter with fewer 
complications. Thoracoabdominal staplers are available in three lengths (30 mm, 55 mm, and 90 
mm) and different stapler cartridges. The 30 mm cartridge with three rows of 2.5 mm high staples or 
the 55 mm cartridge with two rows of 3.5 mm high staples are preferred because of better vascular 
control. Care should be taken when stapling right-sided liver tumors. Intraoperative ultrasonography 
may provide information on the relationship of right-sided liver tumors with the caudal vena cava 
prior to liver lobectomy. Mattress sutures at the base of the liver lobe are recommended for large 
tumors and perhaps right-sided liver tumors.  

    

 
 
 
Fig. 4. A 55mm thoracoabdominal stapler with a  Fig. 5. A cautery sealing device being used for partial 
3.5mm cartridge is being used for liver lobectomy to liver lobectomy in a dog with a massive hepatocellular 
 resect a massive hepatocellular carcinoma.  carcinoma. 
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In one study of 42 dogs with massive HCC treated with liver lobectomy, the intraoperative mortality 
rate was 4.8% and the complication rate was 28.6%. Intraoperative mortality was caused by 
iatrogenic caudal vena cava trauma in dogs with right-sided liver tumors. Complications include 
hemorrhage, vascular compromise to adjacent liver lobes, and transient hypoglycemia and reduced 
hepatic function. 
 
Prognosis 
 
Bile Duct Adenoma (Biliary Cystadenoma) 
Liver lobectomy is recommended for cats with single bile duct adenoma or multifocal lesions 
confined to one to two lobes. The prognosis is very good following surgical resection with 
resolution of clinical signs and no reports of local recurrence or malignant transformation. 

 
Bile Duct Carcinoma (Cholangiocarcinoma) 

Bile duct carcinoma is the most common malignant hepatobiliary tumor in cats. Diffuse 
intraperitoneal metastasis and carcinomatosis occurs in 67%-80% of cases (Fig. 6). 
 

 
Fig. 6. Bile duct carcinoma in a cat with nodular morphology. 
Note the intraperitoneal metastasis along the body wall. Lung 
metastasis was also present. 
 
  
 
 
 
 
 
 
 

 
Liver lobectomy is also recommended for cats with massive bile duct carcinoma. Survival times are 
poor though because the majority of cats die within 6 months because of local tumor recurrence and 
metastatic disease. There is no known effective treatment for cats with nodular or diffuse bile duct 
carcinomas as these lesions are not amenable to surgical resection and other treatments are often not 
successful. 
 
Neuroendocrine Tumors 
Neuroendocrine tumors, also known as carcinoids, are rare in cats. They have an aggressive biologic 
behavior with frequent involvement of more than one liver lobe. Prognosis is poor as metastasis to 
the regional lymph nodes, peritoneum and lungs is common and usually occur early in the course of 
disease. 
 
Sarcomas 
Primary and non-hematopoietic hepatic sarcomas are rare in cats. Hemangiosarcoma is the most 
frequently diagnosed primary hepatic sarcoma in cats Liver lobectomy can be attempted for solitary 
and massive sarcomas. However, prognosis is poor as metastatic disease is often present at the time 
of surgery.  
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PANCREATIC TUMORS 
 
Adenocarcinoma 
Pancreatic adenocarcinoma is a tumor of the exocrine pancreas and arises from either the acinar 
cells or ductular epithelium. Pancreatic adenocarcinoma is rare in cats, accounting for < 0.05% of all 
cancers. An association of pancreatic adenocarcinoma with diabetes mellitus and 
hyperadrenocorticism has been proposed in cats.  
 
The majority of pancreatic adenocarcinomas are diffuse with < 25% presenting with an isolated 
pancreatic mass. Metastasis to the regional lymph nodes and distant sites is common with 50%-80% 
of cats having metastasis at diagnosis. Other metastatic sites include liver, small intestine, and lungs 
in cats and dogs, and mesenteric lymph nodes, mesentery, skull and vertebrae in dogs. 
 
Clinical signs are non-specific and include weight loss, decreased appetite, vomiting, palpable 
abdominal mass and diarrhea. Other signs reported include exocrine pancreatic insufficiency, icterus 
with obstruction of the common bile duct, and abdominal effusion secondary to peritoneal 
metastasis, carcinomatosis, or compression of the caudal vena cava. These clinical signs are similar 
to pancreatitis. Rarely, a diffuse bilaterally symmetrical paraneoplatic alopecia is present giving the 
skin a “shiny” appearance. Surgical excision can lead to resolution of the signs.  
 
Preoperative diagnosis of pancreatic adenocarcinoma can be difficult. Blood test abnormalities are 
non-specific and include mild anemia, neutrophilia, and bilirubinemia. Serum amylase and lipase are 
inconsistently elevated.  
 
A pancreatic mass is detected with either survey radiographs or abdominal ultrasonography in only 
50% cases. However, in those animals with a detectable pancreatic mass, ultrasound-guided aspirate 
results in a correct diagnosis in 92% of cats and is recommended to differentiate neoplastic and non-
neoplastic pancreatic diseases. 
 
Treatment options are limited because of frequent and extensive local invasion, diffuse disease, and 
metastasis. Surgical resection is recommended for cats and dogs with localized, resectable pancreatic 
masses, but these are rare. Complete pancreatectomy or pancreaticoduodenectomy (Whipple's 
procedure) are described in humans, but these are not recommended because of high morbidity and 
mortality (5%-30% in humans) without a significant improvement in survival time. In most animals, 
palliative surgical techniques are the only worthwhile procedures and these include duodenal by-pass 
(i.e., gastrojejunostomy) and biliary diversion. 
 
The benefit of chemotherapy in animals with pancreatic adenocarcinoma is somewhat unknown. A 
recent study noted a survival time of 165 days in patients receiving chemotherapy. A median survival 
of 26 days was noted in patients receiving a NSAID alone. Commonly used chemotherapy agents 
include gemcitabine and carboplatin. 
 
The prognosis for cats with pancreatic adenocarcinoma is poor because of tumor location, diffuse 
involvement of the pancreas, local invasiveness into adjacent structures such as the duodenum and 
extrahepatic bile duct, and frequent regional lymph node and distant metastasis. In a recent 
retrospective study of 34 cats, an overall survival time of 97 days was noted. Patients having surgery 
and or chemotherapy had a MST of 165 days. Prognostics factors included treatment presence of 
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effusion at diagnosis (30 days, poor) and treatment with surgery and or chemotherapy (165 days, 
favorable). 
 
Insulinoma 
Insulinoma is carcinoma the pancreatic islet cells. Insulinoma is very rare in cats with only five cases 
reported.  
 
 
GASTRIC TUMORS 
 
Introduction 
Gastric tumors are uncommon in cats and account for less than 1% of all cancers. The majority of 
gastric tumors are malignant, with the most common being adenocarcinoma and lymphoma.  
 
Lymphoma 
Lymphoma is the most common gastric tumor in cats. Gastric lymphomas can either be solitary or a 
component of multicentric disease. The majority of cats are FeLV negative. Male cats are 
predisposed, but there are no known breed predilections. Gastric lymphomas can appear as a 
discrete mass or diffusely involve the gastric wall. Recent data suggests this represents a B cell 
phenotype and may carry a favorable response and prognosis. Interestingly, research is evaluating 
the role of helicobacter in the development of a subset of gastric LSA cases.  
 
Gastric Carcinoma 
Gastric adenocarcinoma is rare in cats. 
 
Clinical Signs 
Clinical signs are caused by gastric outflow obstruction, altered motility, or chronic blood loss. 
Progressive vomiting is common and may contain fresh or digested blood. Weight loss is also 
common and may be caused by poor digestion, protein malnutrition, or cancer cachexia. Tumor 
necrosis and ulceration results in blood loss and anemia. 
 
Diagnosis 
 
Laboratory Tests 
Laboratory tests and survey radiographs are usually unrewarding. Microcytic hypochromic anemia is 
common with chronic blood loss.  
  
Radiographs 
Positive-contrast or double-contrast radiographs have largely been superceded by endoscopy. If 
performing contrast radiographs, gastric tumors can appear as a mass or be associated with an ulcer 
crater, delayed gastric emptying with poor motility, and delayed adherence of contrast material to an 
ulcerated tumor. 
 
Endoscopy 
Gastroscopy allows direct visualization of gastric masses and guided biopsy. Endoscopic biopsies are 
difficult to obtain because of their small size and limited depth. Several biopsies should be taken as 
superficial ulceration, necrosis, and inflammation are common. Submucosal masses are difficult to 
biopsy and false-negative results are common. 
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Ultrasonography 
Ultrasonography is a minimally invasive and accurate technique for the diagnosis of gastric tumors. 
Findings typical of gastric neoplasia include transmural thickening of the gastric wall with loss or 
alteration in the normal five-tiered layering, including poorly echogenic outer and inner lining with a 
hyperechoic central zone. Other findings include tumor location, ulceration, extension through the 
gastric wall, and lymphadenomegaly.  
 
Surgery 
 
Introduction 
Surgery is recommended for the curative-intent resection of localized non-metastatic tumors, such 
solitary non-multicentric feline gastric lymphoma. 
 
Curative-Intent Surgical Techniques 
Curative-intent resection should be attempted if the tumor is localized to the stomach and there is 
no preoperative evidence of metastasis. Curative-intent surgical techniques include partial gastric 
resection alone or in combination with a Billroth I or II procedure. The definition of a Billroth I is 
pylorectomy and gastroduodenostomy (Fig. 6), while a Billroth II (Fig. 7) is a more aggressive 
procedure involving pylorectomy and gastrojejunostomy. Billroth I and II procedures provide 
immediate relief of gastric outflow obstruction and clinical improvement in the early postoperative 
period. However, Billroth II or complete gastrectomy are very extensive surgeries and are associated 
with a high morbidity with minimal survival advantage compared to less aggressive techniques. 
Partial gastrectomy preferred in humans because of better nutritional status and quality of life with 
no difference in survival time compared to radical gastrectomies. 
 
The principles of gastric surgery are standard and include exposure of the stomach via a ventral 
midline celiotomy, packing the stomach off with laparotomy sponges to minimize spillage of gastric 
contents, and the use of stay sutures or Babcock forceps to retract the gastric wall to minimize 
spillage and facilitate manipulation of stomach during surgery. Before starting the gastric resection, it 
is important to identify the gastric and gastroepiploic vessels and the common bile duct to plan the 
surgical technique and preserve these structures if possible.  
 
In general, the gastric artery supplies the lesser curvature while the gastroepiploic artery supplies the 
greater curvature. For mid-gastric lesions, the branches of the right and left gastric arteries and right 
and left gastroepiploic arteries supplying the diseased stomach are ligated, although the principal 
gastric and gastroepiploic arteries must be preserved. For pyloric tumors, the right gastric and right 
gastroepiploic branches supplying the diseased pylorus should be ligated. Following ligation of the 
relevant vessels, the lesser and greater omental and mesenteric attachments are transected. Resection 
of distal gastric lesions can be facilitated by resection of the section of lesser omentum forming the 
gastrohepatic ligament as this permits better caudoventral retraction of the pylorus. For Billroth I 
procedures where the common bile duct is preserved, a minimum of 5 mm margins should be 
maintained between the resection site and common bile duct to prevent anastomotic obstruction of 
the common bile duct.  
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Fig. 6. Billroth I gastric resection and 
reconstruction. In this procedure, the pylorus 
is resected while preserving the common bile 
duct and pancreatic ducts. A. The right 
gastric and right gastroepiploic branches are 
ligated; B.-D. Gastroduodenostomy. (From 
Fossum TW (ed). Small Animal Surgery 
(2nd edn), 2002.) 
 
 
 
 
 
 
 
 

 
 
 
 
Fig. 7. Billroth II gastric resection and 
reconstruction. In this procedure, the A. 
pylorus is resected with the antrum and 
proximal duodenum, including the 
common bile duct and pancreatic ducts. 
B. The duodenal and pyloric antral 
stumps are closed. C-D. A 
gastrojejunostomy is performed.(From 
Fossum TW (ed). Small Animal 
Surgery (2nd edn), 2002.) 
 
 
 
 
 
 
 
 
 
 
Complications associated with partial gastric resection include anastomotic dehiscence and septic 
peritonitis, traumatic pancreatitis, extrahepatic bile duct obstruction, duodenal reflux, decreased 
gastric motility, and marginal jejunal ulceration. Anastomotic dehiscence can be caused by excessive 
tension, poorly placed sutures, inappropriate suture material, tissue ischemia due to disruption of 
mesenteric or omental blood supply, and infection. The risk of dehiscence is increased by using 
inverting suture patterns as these delay healing and decrease luminal diameter. Iatrogenic injury is 
reduced by knowledge of surgical anatomy, careful tissue handling, and accurate serosal apposition 
with sutures (5 mm apart with 5 mm bites). Traumatic pancreatitis is more common after Billroth II 
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procedures because of manipulation or traction which damages the pancreatic parenchyma, ducts, or 
blood supply. Partial or complete biliary tract obstruction can be caused by choledochoduodenal 
inflammatory edema or fibrosis, incorrect suturing, or incising and/or suturing too close to the 
common bile duct. Bile duct obstruction is more common after Billroth I procedures. The risk of 
this is minimized by identify common bile duct 2-4 cm caudal to the pylorus on antimesenteric side 
of the duodenum and resecting the pylorus a minimum of 1 cm proximal to common bile duct to 
prevent edema and fibrosis. Weight loss and vomiting are common in dogs following Billroth II and 
is seen in 17%-36% of dogs. 
 
Palliative Surgical Techniques 
The aim of palliative surgical procedures is to bypass the gastric tumor and provide symptomatic 
relief of signs associated with gastric outflow obstruction. Palliative surgical techniques include 
gastroduodenostomy and gastrojejunostomy. Gastroduodenostomy is preferred if possible because 
gastrojejunostomies are associated with significant morbidity including anastomotic ulcers. 
 
Chemotherapy 
There is no known effective chemotherapy agent or protocol for cats with gastric adenocarcinoma. 
Feline gastric LSA, being more likely B cell LSA, should be treated with a CHOP based protocol. 
Overall survival times are near 1 year. 
 
Prognosis 
The prognosis for cats with gastric tumors depends on tumor type, presence of metastatic disease, 
and completeness of surgical resection. For cats with gastric lymphoma, the median survival time is 
40 weeks for cats treated with the Madison-Wisconsin protocol and 15.5 months if treated with 
prednisolone-chlorambucil. Survival certainly depends upon tumor type (lymphocytic vs. 
lymphoblastic) and response to therapy. 
 
 
INTESTINAL TUMORS 
 
Feline Intestinal Tumors 
Feline intestinal tumors are relatively common and account for 4%-9% of all feline cancers and  
68%-94% of all non-oral gastrointestinal tumors. Small intestinal tumors are more common than 
tumors of the large intestine. For large intestinal tumors, the ileocolic junction is most commonly 
affected. 
 
Lymphoma 
Lymphoma is most common intestinal tumor in cats. The mean age at presentation is 10-12 years, 
but there is a wide range of ages reported from 1-18 years. There are no breed predispositions. The 
role of FeLV and FIV in the tumorogenesis of lymphoma is uncertain as the majority of cats with 
alimentary lymphoma are FeLV negative using serology and immunoflourescence assay, but many 
are positive using polymerase chain reaction, thus is may play an indirect role. The proportion of T- 
and B-cell lymphomas varies depending upon the grade and location within the intestines (Figures 8 
& 9). The majority of feline intestinal lymphomas are either stage II (i.e., single resectable site with 
or without mesenteric lymph node involvement) or III (i.e., single non-resectable site or extranodal 
secondary site). More in depth detail will be covered in the lymphoma lecture. 
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Fig. 8. Intestinal locations associated with a B cell   Fig. 9. Intestinal locations associated with a T cell  
Phenotype (Kiupel et al. Vet Pathol 2011)   Phenotype (Kiupel et al. Vet Pathol 2011) 
 
Adenocarcinoma 
Intestinal adenocarcinoma accounts for 20%-35% of all feline gastrointestinal tumors. The mean age 
at presentation is 11 years, but there is a wide range of ages reported from 2-17 years. Siamese cats 
are predisposed. There is no association between FeLV or FIV and intestinal adenocarcinoma. The 
small intestine, particularly the jejunum and ileum, is more commonly affected than the large 
intestine. Three histologic subtypes have been described: tubular, undifferentiated, and mucinous. 
These may have prognostic significance as cats with tubular adenocarcinoma have a better survival 
rate than cats with undifferentiated and mucinous adenocarcinomas. The majority of feline intestinal 
adenocarcinomas are advanced at the time of diagnosis with a 72% metastatic rate. Metastatic sites 
commonly include the peritoneum and regional lymph node, but others include the liver, bone, and 
lungs. 
 
Mast Cell Tumor 
Intestinal mast cell tumor is the third most common feline gastrointestinal tumor. The mean age at 
presentation is 13 years. The small intestine is more commonly affected than the large intestine, with 
an equal distribution between the duodenum, jejunum, and ileum. The majority of intestinal mast 
cell tumors are poorly differentiated with less prominent cytoplasmic granules. Peritoneal effusion is 
relatively common but peripheral mastocytosis and eosinophilia are rare. Mucosal ulceration is rare 
in cats with intestinal mast cell tumors. Metastasis is common with sites including mesenteric lymph 
nodes and liver, spleen, lung, and bone marrow. 
 
Other Intestinal Tumors 
Other malignant intestinal tumors reported in the cat include hemangiosarcoma, leiomyosarcoma, 
and carcinoids or neuroendocrine carcinoma. Non-neoplastic lesions include duodenal adenomatous 
polyps, which occur at a mean age of 12 years and 83% of cases occur in castrated male cats. 
 
 
Clinical Signs 
For cats with small intestinal tumors, typical clinical signs include anorexia, weight loss, intermittent 
vomiting, and diarrhea. Severe, persistent vomiting is occasionally observed if proximal small 
intestinal tumors cause intraluminal obstruction. Acute and chronic vomiting with hematemesis is 
seen in cats with duodenal adenomatous polyps. 
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For cats with large intestinal tumors, typical clinical signs include tenesmus, hematochezia, 
dyschezia, and rectal bleeding unassociated with defecation. Other symptoms include diarrhea, 
vomiting, and weight loss. 
 
Diagnosis 
 
Physical Examination 
An intra-abdominal mass is frequently palpable per abdomen or rectum. Other findings include 
cachexia, dehydration, and abdominal pain. 
 
Blood Tests 
Abnormal findings in cats with intestinal tumors can be tumor specific. For instance, mild to 
moderate anemia is common with intestinal lymphoma, adenocarcinoma, and mast cell tumors. 
Leukocytosis and neutrophilia are also common findings in cats with intestinal tumors, particularly 
in the small intestine. Mastocytemia is common in cats with mast cell tumors. 
 
On serum biochemistry, 50% of cats with intestinal tumors (mostly adenocarcinomas) have 
hyperglycemia and 85% have elevated ALP. Other biochemical abnormalities include mild 
hypokalemia, azotemia, and hypoproteinemia. Moderate to marked anemia, azotemia, and elevated 
liver enzymes are reported in cats with duodenal polyps. 
 
Abdominal Radiography 
Common findings on survey radiographs in cats with intestinal tumors include an abdominal mass, 
intestinal obstruction with dilated loops of bowel, and occasionally ascites. These findings are seen 
in 21%-50% of cats with intestinal adenocarcinoma. Survey radiographs may be sufficient to 
proceed with exploratory surgery without preoperative contrast studies or ultrasound, however these 
are occasionally required. 
 
Contrast Radiography 
Contrast radiographs are infrequently performed because of the availability of ultrasonography. 
However, it can be a very useful study for the identification of an intestinal mass. Findings typical of 
an intestinal mass include a luminal filling defect, intestinal wall thickening, mucosal ulceration, 
abnormal positioning of intestinal loops, and constricting annular lesions (Fig. 10). 

 
 
 
Fig. 10. A constricting annular lesion on contrast radiographs in a cat with an 
intestinal adenocarcinoma. (From Slatter DH (ed.). Textbook of Small Animal 
Surgery (3rd edn), 2003). 
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Ultrasonography 
Ultrasonography is commonly used to examine the abdominal cavity for evidence of intestinal 
obstruction and, if present, the location and nature of the obstruction. An intestinal mass identified 
in 87% of dogs with non-lymphoid small intestinal tumors. Other ultrasonographic findings typical 
of an intestinal tumor include increased intestinal wall thickness, loss of normal intestinal layering, 
luminal fluid accumulation proximal to the lesion, mesenteric lymphadenopathy, and peritoneal 
effusion. Loss of wall layering is an excellent predictive factor for differentiating intestinal neoplasia 
from enteritis in dogs (99% versus 12%) with intestinal tumors 50.9-times more likely to have loss of 
wall layering. Canine intestinal tumors also have significant increases in intestinal wall thickness (15 
mm versus 6 mm) and are significantly less likely to have diffuse intestinal involvement (2% versus 
72%). Hepatomegaly and lymphadenomegaly are relatively common in cats with multicentric 
lymphoma. Ultrasound is also used for clinical staging by assessing intra-abdominal lymph nodes 
and organs for evidence of metastasis. 
 
Endoscopy 
Endoscopy has been used successfully to identify duodenal polyps, but is limited to the proximal 
duodenum for small intestinal tumors because of difficult access into the small intestine and limited 
endoscopy length to extend beyond the duodenum. Endoscopy can also be used retrograde via the 
anus for the evaluation of large intestinal tumors. Biopsy samples are often small and superficial, 
because of the size of endoscopic biopsy instruments, resulting in false-negative diagnoses if the 
lesion is either submucosal or associated with surface ulceration and necrosis. 
 
Treatment 
 
Surgery 
Exploratory abdominal surgery is recommended for definitive diagnosis and treatment of non-
multicentric lymphoma and other intestinal tumors. In cats, adenocarcinoma has the gross 
appearance of an annular scar-like constriction with a variable degree of post-stenotic dilation. 
Leiomyomas and sarcomas are usually large solitary masses which grow through the intestinal serosa. 
Duodenal polyps in cats are palpable and usually occur within 1 cm of the pylorus. 
 
The intestinal tumor should be resected with 4-8 cm margins. The intestines should be packed off 
with moistened laparotomy sponges and jejunal branches of the cranial mesenteric artery supplying 
the segment are double ligated and transected. The terminal arcade of the jejunal branches are also 
double ligated and transected. The intestinal contents are milked away from the resection site and 
crushing clamps are placed across the intestines 4-8 cm away from the tumor and at the level of the 
terminal arcade ligature. The clamps are perpendicular to the axis of the intestine or angled towards 
the healthy intestinal segment to ensure an adequate blood supply to the anastomosis. Fingers or 
atraumatic forceps are used to occlude the intestines approximately 4-6 cm from the crushing 
forceps. The intestines are transected with a scalpel blade along the crushing clamps, between the 
terminal arcade ligatures, and continued between ligatures on branches of the jejunal artery. The 
end-to-end anastomosis can be performed with simple interrupted or simple continuous suture 
patterns or skin staples. If using suture material, monofilament absorbable or nonabsorbable suture 
material should be used because of the risk of prolonged healing and delayed healing secondary to 
postoperative chemotherapy. The patency of the anastomosis should be tested. Instruments and 
gloves should be changed after completion of the end-to-end anastomosis and prior to abdominal 
lavage and closure. The end-to-end anastomosis can be reinforced with either omentum or serosal 
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patching if required. In addition, the mesenteric and regional lymph nodes should be assessed and 
aspirated or excised if required for staging purposes. 
 
Complications associated with end-to-end anastomosis for intestinal tumors, as with other intestinal 
surgery, include ileus, wound dehiscence and septic peritonitis, short-bowel syndrome, and less 
commonly intussusception and intestinal obstruction. The risk of wound dehiscence increases with 
preoperative hypoalbuminemia and peritonitis. Short-bowel syndrome is caused by resection of a 
significant portion of the intestinal length. Short-bowel syndrome is more likely following resection 
of > 80% of the intestinal length, particularly if the resection include the ileum or ileocecal valve. 
Short-bowel syndrome results in a variety of problems including intractable diarrhea with impaired 
absorption of fats, vitamins, and other nutrients. 
 
Chemotherapy 
Multiagent chemotherapy protocols are recommended for cats with intestinal lymphoma, either as 
adjuvant therapy following surgical resection for localized disease or sole treatment for diffuse 
disease (For more information, see the LSA lecture notes). Chemotherapy is also recommended for 
cats with intestinal plasmacytoma or mast cell tumor. Although there is no known effective 
chemotherapy protocol for intestinal adenocarcinoma or leiomyosarcoma, chemotherapy is 
recommended because of the high risk of metastatic disease in both of these tumors. Single-agent 
doxorubicin, single-agent carboplatin, and alternating carboplatin and doxorubicin have been used 
successfully in cats (with intestinal adenocarcinomas and sarcomas. Based on evidence in humans 
with colonic carcinomas, non-steroidal anti-inflammatory drugs may also be beneficial for animals 
with intestinal carcinomas. 
 
Prognosis 
The overall prognosis for cats with intestinal tumors is guarded to good. Factors depend upon 
locations, phenotype, for (large cell vs. small cell), protocol utilized and response to therapy. More 
specific information is presented in the LSA lecture notes. 
 
The median survival time for cats with intestinal adenocarcinoma is 5-15 months for surgery alone. 
However, 50% of long-term survivors have local tumor recurrence and this emphasizes the need for 
an aggressive surgical resection. Metastasis may not have a significant impact on survival time in cats 
with intestinal adenocarcinoma as the mean survival time of cats with lymph node metastasis is 12 
months compared to 15 months in cats with non-metastatic intestinal adenocarcinoma. Moreover, 
two cats with carcinomatosis, which is generally regarded as advanced disease, survived 4.5 and 28 
months after surgery. Hence, long-term survival is possible in cats with intestinal adenocarcinoma. 
Conversely, for cats with colon adenocarcinoma, the presence of metastatic disease significantly 
decreased survival time with a median survival time of 49 days for cats with metastasis and 259 for 
cats without metastasis. Histologic subtypes of intestinal adenocarcinoma are prognostic as the mean 
survival time of cats with tubular adenocarcinoma is 11 months, which is better than the mean 
survival time of 4 months for cats with either undifferentiated and mucinous adenocarcinomas. 
 
The prognosis for cats with small intestinal mast cell tumor is poor as most cats die or are 
euthanased soon after diagnosis. However, cats with non-metastatic intestinal mast cell tumors may 
have prolonged survival following surgical resection, especially with colon mast cell tumors where 
the median survival time is 199 days.  
 



2013 83

 15 

For cats with colon tumors, survival time is dependent on treatment, tumor type, and metastasis. 
The median survival time for cats with colon tumors treated with surgical resection is 198 days and 
significantly better than the median survival time of 22 days for cats treated conservatively. 
Surprisingly, mast cell tumors of the colon have a better prognosis than colonic lymphoma, with 
median survival times of 199 days and 97 days, respectively. Lastly, for cats with colon 
adenocarcinoma, the presence of metastatic disease significantly decreased survival time with a 
median survival time of 49 days for cats with metastasis and 259 for cats without metastasis. 
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Medical Imaging of feline alimentary tumours (gastro-intestinal, pancreatic, hepatobiliary) 

Livia Benigni, DVM, MRCVS, CertVDI, DipECVDI, FHEA      Lbenigni3@gmail.com 
The Royal Veterinary College, University of London, UK 

In the past 10 years there have been great advances in imaging technology. Ultrasound image 
quality has improved and ultrasound equipment has become more affordable. In feline medicine 
high resolution ultrasound is essential in the investigation of alimentary neoplasia.  

Gastrointestinal Tract 

The gastrointestinal tract of cats with low-grade alimentary lymphoma (lymphocytic lymphoma) may 
have normal ultrasonographic appearance and, it is usually indistinguishable from the intestine of 
cats with inflammatory bowel disease. Ultrasonographic findings of low-grade lymphoma include 
increased thickness of the gastric or intestinal wall with preservation of the wall layers and 
mesenteric lymphadenopathy. Occasionally focal lesions have been reported with low-grade 
alimentary lymphoma. High-grade alimentary lymphoma typically results in segmental mural 
thickening with loss of layers. Loss of wall layering is an excellent predictor of neoplasia versus 
enteritis in dogs. Lymphosarcoma tends to be multifocal or involve long segments of bowel, whereas 
intestinal adenocarcinoma is more often focal. Mast cell tumour lesions have been reported to be 
more commonly focal hypoechoic wall thickening with altered but no loss of layering, the most 
commonly affected layer was the muscularis. “Pseudolayering” - layered appearance that 
histologically does not correspond to wall anatomy- has been associated with adenocarcinoma. 
Lymphoma lesions are often concentric whereas lesions due to mast cell tumours and 
adenocarcinoma are often eccentric. Symmetry cannot be used to distinguish between different 
kinds of tumours; as the ultrasonographic findings are overlapping, final diagnosis cannot be reached 
without biopsies. 

 

Figure 1: Ultrasound shows focal, asymmetric, marked thickening of the gastric wall with decreased 
echogenicity and loss of layering. Final diagnosis: gastric lymphoma 

According to recent literature, thickening of the muscularis propria seems to be seen more often in 
cats with lymphoma than in cats with normal small intestine or in cats with inflammatory bowel 
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disease. Having been reported also in cats with eosinophilc enteritis, this sign alone cannot be used 
reliably to make a final diagnosis; therefore a differential list should be formulated. 

 

Figure 2: Ultrasound shows diffuse thickening of the muscularis layer. Final diagnosis: IBD 

Ultrasonographic findings reported in cases of feline gastrointestinal eosinophilic sclerosing 
fibroplasia are trans-mural or mucosal gastrointestinal masses, commonly pyloric or at the ileocolic 
junction. Fungal infections in endemic regions and granulomatous lesions (e.g. FIP) are difficult to 
differentiate from neoplastic lesions. They may appear as focal mural thickening or nodules with loss 
of layers. 

Regional lymph nodes should always be investigated during an abdominal ultrasound. Round, 
enlarged and hypoechoic lymph nodes are more likely metastatic. Inflammatory lymph nodes can be 
enlarged but generally they maintain their normal shape. Necrosis and haemorrhage can cause 
lymph-nodal mixed echogenicity and irregular outline. 
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Figure 3: Ultrasound shows an enlarged, round and hypoechoic gastric lymph node and a focal 
gastric lesion with thickened and hypoechoic gastric wall and loss of layers. Final diagnosis: 
alimentary lymphoma. 

Pancreas and liver 

Exocrine pancreatic tumours are rare in cats; pancreatic adenocarcinoma is the most common 
tumour type. The accuracy of ultrasound in the diagnosis of pancreatic tumours in cats is unknown. 
On ultrasound signs associated with pancreatic tumours are: abdominal effusion, nodules or masses 
in the pancreas (or vicinity), dilatation of the common bile duct. These changes may be confused 
with signs of pancreatitis: hypoechogenicity of the pancreas, hyperechoic peripancreatic mesentery, 
peritoneal effusion, pancreatic enlargement, pancreatic mass, or dilatation of the bile duct. 
Differentiation between the two requires cytological or histopathological investigation. 

 

Figure 4: Ultrasound image of the pancreas at level of the duodenal papilla shows a homogeneous 
iso- to hyperechoic pancreatic mass causing dilatation of the common bile duct. Final diagnosis: 
pancreatic carcinoma 

Primary liver tumours are less frequently reported than lymphoreticular neoplasms. In case of 
hepatic lymphoma, the liver may appear: normal, enlarged and diffusely hyperechoic, diffusely 
hypoechoic or with disseminated hypo- or mixed -echoic hepatic nodules. Ultrasonographic changes 
described in case of lymphoma overlap with those of mast cell tumours and histiocytic sarcoma. 
Primary hepatobiliary tumours are more common than metastatic liver disease in cats. Carcinomas 
are often mixed-echoic and may spread diffusely throughout the liver. Target lesions have been 
more frequently associated with neoplastic disease. Hepatic nodules secondary to nodular 
regenerative hyperplasia are not as common in cats as they are in dogs. Any hepatic nodule found 
should be treated with suspicion, either by monitoring possible growth with subsequent ultrasound 
examinations or by performing a biopsy. 
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Figure 5: Ultrasound image of the liver showing two hypoechoic nodules. Provisional diagnosis: 
suspected metastasis from large intestinal mass. 

Contrast enhanced harmonic ultrasound has been used to improve detection and to attempt 
classification of hepatic lesions in dogs. This technique requires specific equipment capabilities and, 
for the moment, its use is limited to some private and academic centres involved in clinical research 
studies on the subject. 

Compared to ultrasound, contrast computed tomography has the inconvenience of requiring 
sedation or general anaesthesia; therefore it is not the imaging technique of choice to investigate 
severely ill patients. Furthermore, in cats, the use of a high-resolution transducer offers an excellent 
image resolution of the gastrointestinal tract, pancreas, liver and biliary tract whereas CT images of 
the feline alimentary tract have a lower image resolution. With CT visualisation of small anatomical 
structures, such as the pancreatic duct or the duodenal papilla, is not as detailed as with ultrasound. 
Another advantage of ultrasound over CT is the ability to show very clearly the intestinal layers. On 
the other hand, computed tomography has proven useful to evaluate feline hepatic lipidosis. It has 
been shown that a decreased hepatic Hounsfield unit number was associated with the elevation of 
serum non-esterified fatty acid (NEFA) and β-hydroxybutyrate levels. Contrast computed 
tomography and magnetic resonance imaging are currently used in human medicine to help 
visualising and differentiating between benign and malignant hepatic lesions. Further work is 
required to evaluate the use of these techniques in feline medicine. 

 

Further reading 

Gaschen L. Ultrasonography of small intestinal inflammatory and neoplastic diseases in dogs and 
cats. Vet Clin North Am Small Anim Pract 2011; 41(2): 329-344 

Barrs VR, Beatty JA. Feline alimentary lymphoma: 1. Classification, risk factors, clinical signs and non-
invasive diagnostics. J Feline Med Surg. 2012 Mar;14(3): 182-190 
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¡ Primary hepatobiliary tumors 
§ Uncommon 
§ 1.0-2.9% of all feline tumors 
§ 0.6-1.5% of all canine tumors 
 

¡ Metastatic hepatobiliary tumors 
§ 2.5-times more common that primary tumors in 

dogs 

¡ Four categories of hepatobiliary tumors 
 
§ Hepatocellular 

 
§ Bile duct 

 
§ Neuroendocrine (or carcinoid) 

 
§ Mesenchymal 

¡ Malignant tumors are more common in dogs 
§ Hepatocellular carcinoma 
§ Bile duct carcinoma 
 

¡ Benign tumors are more common in cats 
§ Bile duct adenoma or cystadenoma 

¡ Massive 
 
§ Large 

 
§ Solitary 

 
§ Confined to one lobe 
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¡ Nodular 
 
§ Multifocal 
 

§ Several liver lobes 

¡ Diffuse 
 
§ Multifocal or coalescing 
lesions 
 

§ Diffuse effacement 
 

§ All liver lobes 

Massive  Nodular  Diffuse 

Hepatocellular carcinoma  53-84%  16-25%  0-19% 

Bile duct carcinoma  37-46%  0-46%  17-54% 

Neuroendocrine carcinoma  0%  33%  67% 

Sarcoma  36%  64%  0% 

¡ Abdominal ultrasonography 
 

§ Determine presence and location 
 

§ Determine relationship with anatomy 
 

§ Determine morphology 
 

§  Guided-aspirate or needle-core biopsy 

¡ Abdominal CT or MRI 
 

§ Used in human medicine 
 

§ Overestimates degree of 
involvement 

¡ Abdominal CT or MRI 
 

§ Used in human medicine 
 

§ Overestimates degree of 
involvement 
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¡ Three-view thoracic 
radiographs 

 
§ Bile duct carcinoma 
 

§ Carcinoid 
 

§ Sarcoma 

¡ Surgery is the only treatment for massive 
hepatobiliary tumors 

 
¡ No known effective treatment for nodular 
and diffuse hepatobiliary tumors 

 
¡ Role of chemotherapy and radiation therapy 
is unknown 

¡ Coagulation profile 
 

¡ Cross-matching and blood typing 
 

¡ Abdominal ultrasonography 
§ Right-sided tumors 
§ Proximity to caudal vena cava 

¡ Ventral midline celiotomy 
 

¡ Isolate liver lobe 
 

¡ Three liver lobectomy techniques 
 

§ Stapler 
 

§ Suture 
 

§ LigaSure 

¡ Thoracoabdominal (TA) stapler 
§ Preferred 
§ Less complicated and relatively quick 
 

¡ Three sizes 
§ TA-30 
§ TA-55 
§ TA-90 
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¡ Stapler applied across 
base of liver lobe 
 

¡ Stapler deployed 

¡ Stapler applied across 
base of liver lobe 
 

¡ Stapler deployed 
 

¡ Liver lobe resected 

¡ Suture technique is 
more accurate 
 

¡ Preferred for large 
tumors with close 
proximity to base 

¡ LigaSure is a relatively 
new electrocautery 
cutting device 
 

¡ Preferred for partial 
liver lobectomy 

¡ Analgesia 
 

¡ Icterus 
 

¡ Hypoproteinaemia 
 

¡ Sepsis (or septic shock-like condition)

¡ Most common liver 
tumor in dogs 
 

¡ Morphology 
§ 53-83% massive 
§ 16-25% nodular 
§ 0-19% diffuse 
 

¡ Left liver lobes involved 
in > 67% of dogs with 
massive HCC 
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¡ Metastatic rate 
 

§ 0-37% for massive HCC 
 

§ 93-100% for nodular and diffuse HCC 
 

§ Sites include lymph nodes, peritoneum, and 
lungs 

 

¡ Treatment 
§ Liver lobectomy 
§ Gemcitabine? 
§ Embolization?
§ Chemoembolization? 
 

¡ Prognosis 
§ 0-13% recurrence rate 
§ MST > 1,460 days 

¡ Most common liver 
tumors in cats and 
accounts for > 50% 
 

¡ Bile duct adenoma = 
cystadenoma 
 

¡ Liver lobectomy 
 

¡ Intrahepatic bile duct origin 
more frequently reported than 
extrahepatic bile duct or gall 
bladder. 

¡ Most common malignant 
liver tumor in cats and 2nd 
most common in dogs 
 

¡ Morphology 
§ 37-46% massive 
§ 0-46% nodular 
§ 17-54% diffuse 

 
¡ Metastatic sites: 

§ Lungs 
§ Hepatic lymph nodes 
§ Peritoneum 

 

¡ Aggressive 
 
¡ Metastasis in cats 

§ 67-80% metastatic rate 
§ Carcinomatosis 
 

¡ Metastasis in dogs 
§ Up to 88% metastatic rate 
§ Lymph nodes and lungs 
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¡ Rare 
 

¡ No known effective treatment 
 

¡ 93% metastatic rate in dogs 
 

¡ Poor prognosis 
 

¡ Role of tyrosine kinase inhibitors 
§ Anecdotal 

¡ Primary and non-hematopoietic sarcomas 
are rare 
§ Leiomyosarcoma 
§ Hemangiosarcoma 
§ Fibrosarcoma 
 

¡ Common site for metastatic sarcomas 

¡ Morphology 
§ 36% massive 
§ 64% nodular 
§ 0% diffuse 
 

¡ Metastasis 
§ 86-100% metastatic rate 
§ Spleen and lungs 
 

¡ Treatment 
§ Surgery   chemotherapy 

 

¡ Non-functional tumors 
§ Adenocarcinoma 
 

¡ Functional tumors 
§ Insulinoma 
§ Gastrinoma 
§ Glucogonoma 

¡ Tumor of the exocrine pancreas 
§ Acinar cells 
§ Ductular epithelium 
 

¡ Majority are diffuse 
 

¡ Paraneoplastic syndrome 
§ Alopecia 
▪ “shiny” appearance to skin 
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¡ Presenting complaint: 
§ weight loss, decreased appetite, vomiting, palpable 
abdominal mass and diarrhea 

¡ Survival: Overall MST = 97 days  
§ Chemotherapy or mass surgically removed = 165 days 
§ Abd effusion present (at diagnosis) = 30 days 
§ NSAID tx = 26 days 

¡ Metastasis Common: 
§ 50-78% metastatic rate 
§ Liver and lungs 
 

Linderman et al. Vet Comp Oncol 2012 (n=34)  

¡ Treatment options limited
 

§ Palliative bypass 
 

§ Total pancreatectomy? 

§ Chemotherapy 
§ Gemcitabine 
§ Carboplatin 

 
§ TKIs? 

¡ Uncommon 
 

¡ Malignant tumors 
§ Carcinoma 
§ Lymphoma 
§ Sarcomas 
 

¡ Benign tumors 
§ Leiomyoma 
§ Extramedullary plasmacytoma 

¡ Most common gastric 
tumor in dogs 
 

¡ Pyloric antrum or lesser 
curvature 
 

¡ Metastatic rate 74% 
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¡ Morphology 
 

§ Scirrhous 
 

¡ Morphology 
 

§ Scirrhous 
 

§ Plaque-like mucosal 
lesion with central ulcer 
 

§ Raised polypoid lesions 
 

¡ Most common gastric 
tumor in cats 
 

¡ Discrete mass or 
diffuse involvement 

 

 

 

B cell LSA 
¡ 2nd most common tumor in dogs 
 

¡ Mean age 15 years 
 

¡ Discrete solitary tumors
§ Cardia 
§ Gastroesophageal junction 
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¡ Gastric outflow 
obstruction 
 

¡ Altered motility 

¡ Gastric outflow 
obstruction 
 

¡ Altered motility 
 

¡ Chronic blood loss 

¡ Hematology 
§ Anaemia 
 

¡ Serum biochemistry
§ Hypoglycaemia 
 

¡ Endoscopy 
 

¡ Ultrasonography 

¡ Recommended 
 

¡ BUT complicated by 
§ Advanced stage
§ Metastasis 
§ Difficult access 
§ Debilitation 

¡ Curative-intent surgery for localized 
tumors 
§ Partial gastrectomy 
§ Billroth I and II 

 
¡ Palliative by-pass surgery for advanced and 
metastatic tumors 
§ Gastroduodenostomy  
§ Gastrojejunostomy 

¡ Isolate gastric mass 
 

¡ Manipulate with stay 
sutures 
 

¡ Identify anatomy 
§ Vasculature 
§ Common bile duct 
§ Pancreatic ducts 
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¡ Left and right gastric and 
gastroepiploic arterial 
branches ligated 
 

¡ Omental attachments 
resected 
 

¡ Resect and reconstruct 

¡ Preserve the common 
bile duct 
 

¡ Biliary diversion if the 
bile duct is 
compromised 
 

¡ Omental attachments 
resected 

¡ Right gastric and 
gastroepiploic   left 
gastric arteries are 
ligated 
 

¡ Pyloric resection  
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¡ Right gastric and 
gastroepiploic   left 
gastric arteries are 
ligated 
 

¡ Pyloric resection 
 

¡ Gastroduodenostomy  
 

¡ Right gastric and 
gastroepiploic  left 
gastric arteries are 
ligated 
 

¡ Pyloric resection  
 

¡ Gastroduodenostomy 
 

¡ Dehiscence 
 

¡ Traumatic pancreatitis 
 

¡ Biliary obstruction 
 

¡ Gastric motility disorders 

¡ Prognosis depends on 
 

§ Tumor type 
 

§ Surgical margins 
 

§ Metastatic disease 

¡ Gastric carcinoma 
 

§ Extremely rare in cats 
 

§ No known effective chemotherapy 
▪ NSAIDs? 

 
§ Guarded prognosis 
 

§ Majority dead within 6 months 
▪ Local recurrence 
▪ Metastasis 

¡ Gastric leiomyosarcoma 
 

§ No known effective chemotherapy 
▪ Doxorubicin-based protocol recommended 

 
§ Good prognosis 
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¡ Gastric leiomyosarcoma 
 

§ MST 12-21 months 
 

§ 1- and 2-year survival rates 75% and 66% 
 

§ Metastatic rate 54% 
▪ BUT not a poor prognosis 
▪ MST 22 months 

¡ Gastric lymphoma 
 

§ MST 10-16 months with chemotherapy 
▪ Better prognosis (B cell)? 
 

§ Surgery for solitary gastric lymphoma in cats 
▪ Chemotherapy is still warranted 

 
§ Role of helicobacter? 

▪ 11/17 + Helicobacter 
▪ Ancillary therapy 

Bridgeford et al. Vet Immuno and Immunopath 2008 
Kiupel et al. Vet Path 2011 
 

¡ Benign gastric tumors cured with surgery 
 
§ Leiomyoma 
 

§ Extramedullary plasmacytoma 

¡ Relatively common 
§ 4-9% of all feline tumors  
§ Siamese 
§ Small intestine > large intestine 
 
 

¡ Malignant tumors are more common 
§ Lymphoma 
§ Adenocarcinoma 
§ Mast cell tumor 

 

¡ Lymphoma 
§ Multicentric LSA B-cell vs. Alimentary LSA T-cell

¡ Appearance: 
§ Diffuse or localized, plaque, nodule, annular 

¡ Sites: 
¡ • Jejunum, ileocecocolic junction vs. others 

§ 32% stage II: single and resectable 
▪ Surgery alone does not improve survival 

§ 43% stage III: single and non-resectable 
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¡ Adenocarcinoma 
 

§ Histologic subtypes 
▪ Tubular 
▪ Undifferentiated 
▪ Mucinous 

 
§ High metastatic rate 
▪ 72% metastatic rate at diagnosis 
▪ Peritoneum and regional lymph nodes 

¡ Survey abdominal radiographs 
§ Abdominal mass in 20-50% 
§ Obstruction or bowel irregularity 
 

¡ Contrast abdominal radiographs 
§ Intestinal mass in 57-83% 
§ Mural lesions with luminal filling defect 
§ Constricting annular lesions 

¡ Ultrasonography 
 

§ Intestinal mass in 87% dogs 
 

§ Transmural thickening 
 

§ Loss of normal intestinal layering 
 

§ Intraluminal fluid proximal to lesion 
 

§ Regional lymphadenopathy 
 

§ Carcinomatosis 

¡ Exploratory celiotomy 
 

§ Intestinal resection with 4-8 cm margins 
 

§ End-to-end anastomosis 
 

§ Omental or serosal patching 
 

§ Regional lymph nodes 
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¡ Dehiscence and septic peritonitis 
 

¡ Short-bowel syndrome 
 

¡ Ileus 
 

¡ Intussusception and obstruction 
 
 

 

  ¡ Lymphoma 
§ Multiagent protocols such as Madison-
Wisconsin or COP 

 
¡ Carcinomas and sarcomas 

§ High metastatic rate 
§ Doxorubicin or Carboplatin-based protocols 
§ Unknown benefit 
§ NSAIDs? 

¡ MST 201-280 days with chemotherapy 
 

¡ 50-87% response rate 
 
§ MST < 3.5 months if no response 
 
§ MST ~ 12 months if response 

¡ MST 3-15 months 
 

¡ 50% local recurrence rate 
 

¡ Prognostic factors 
§ Metastasis 
§ Histologic subtype 
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¡ Metastasis 
§ MST 49 days with metastasis 
§ MST 259 days with no metastasis 

¡ Histologic subtype 
§ Mean ST 4 months for undifferentiated and 
mucinous 

§ Mean ST 11 months for tubular 

Veterinary Society of Surgical Oncology (www.vsso.org) 
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VACCINE-ASSOCIATED SARCOMAS 
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Malvern, PA, USA 
 
Vaccine-associated sarcomas are relatively common in North America, but less common in other 
regions. These sarcomas are believed to be associated with the administration of certain vaccines, 
but have also been reported with other injections such as microchips and luferon. The development 
of soft tissue sarcoma at sites of vaccine administration of FeLV or rabies is believed by some to be 
as high as 1/1,000. Vaccine-associated sarcomas are comparably more prevalent than fibrosarcomas 
at non-vaccine sites, with the latter accounting for 20/100,000 cases. 
 
Evidence suggests the pathogenesis is a result of the chronic local inflammatory response induced 
by injection/vaccine. The histologic finding of a pronounced inflammatory component with 
mononuclear cell proliferation, granulation, and fibrosis is common. Often these areas blend 
imperceptibly into regions of atypical fibroplasia, along with areas of mesenchymal tissue with overt 
histologic features of malignancy. It is possible that over time, the interaction between the vaccine, 
the inflammatory cells within the lesion, and the individual cat’s genome results in tumor 
development. Inherent genetic instability or the presence of specific intracellular oncogenes is 
believed to be ultimately responsible for malignant transformation in affected animals. Tumor 
formation may be in direct response to the presence of vaccine, or from the subsequent release of 
cytokines and growth factors produced as part of the inflammatory response and released into the 
cellular environment. Abnormalities in the function of p53, as well as platelet-derived growth factor 
(PDGF) and its receptor may play roles in the pathogenesis of vaccine-associated sarcomas.  
 
There are significant clinical, biologic and histologic differences between vaccine-associated 
sarcomas and non-vaccine-associated sarcomas. Tumors that develop after vaccination are typically 
mesenchymal in origin and include fibrosarcoma, rhabdomyosarcoma, malignant fibrous 
histiocytoma, undifferentiated sarcoma, and extraskeletal osteosarcoma and chondrosarcoma. 
Vaccine-associated sarcomas have histologic features consistent with a more aggressive biologic 
behavior than non-vaccine-associated sarcoma, such as marked nuclear and cellular pleomorphism, 
increased tumor necrosis, high mitotic activity, increased vascularity and the presence of a peripheral 
inflammatory cell infiltrate consisting of lymphocytes and macrophages. In a series of 100 cats with 
histologically-confirmed and graded vaccine-associated sarcoma, the prevalence of high-grade 
lesions was substantially higher than reported in dogs with 60% of cats diagnosed with grade III 
tumors and only 6% with grade I tumors. 
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The time frame from injection to development can vary for months to years but generally most 
occur within a few months. Ant mass or swelling at an injection site should be investigated as a 
potential sarcoma if: 
 

1. It increases in size after 1 month post injection 
2. It is larger than 2 cm in size 
3. It is present more than 3 months after vaccination 

 
 
Diagnosis and Clinical Staging 
The diagnostic techniques and clinical staging tests recommended for cats with vaccine-associated 
and other soft tissue sarcomas are similar to those described above in dogs. Incisional biopsy should 
be performed for definitive diagnosis of vaccine-associated sarcomas. Excisional biopsy is not 
recommended because the risk of local tumor recurrence is significantly increased and disease-free 
interval and survival time are significantly decreased. 
 
Advanced imaging, such as contrast-enhanced CT or MRI, is recommended for local staging of the 
tumor as three-dimensional imaging modalities provide essential information for proper planning of 
surgery and/or radiation therapy (Fig. 1 and 2). The volume of tumor based on contrast-enhanced 
CT is approximately twice the volume measured using calipers during physical examination.  
 
Treatment 
Accurate pretreatment knowledge of the extent of disease is important as vaccine-associated 
sarcomas are very invasive, frequently located in areas in which regional anatomy can complicate an 
aggressive surgical approach (e.g., interscapular area, body wall, and proximal pelvic limb), and have 
a high rate of local tumor recurrence, especially if incompletely resected. Vaccine-associated 
sarcomas are very invasive tumors and aggressive treatment is required, with both wide surgical 
resection and full-course radiation therapy, to achieve adequate local control. 
 

 
 
Fig. 1 and 2. A contrast-enhanced MRI of a cat with a vaccine-associated sarcoma. On palpation, this mass was 2 
cm in diameter. On MRI, the mass extends 25% down the right side and 50% down the left side and was not 
surgically resectable with adequate margins.  
 
 

1 2 
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Surgery 
Vaccine-associated sarcomas are poorly encapsulated tumors with extension and infiltration along 
fascial planes. Marginal resection or excisional biopsy should not be attempted. The median disease-
free interval and survival time are significantly decreased with marginal resection, increased number 
of surgical interventions, and surgery performed by non-referral surgeons. The median time to first 
recurrence following marginal resection is 79 days compared to 325-419 days for wide resection or 
radical surgery. In addition, the median time to first recurrence is only 66 days when the first surgery 
is performed at a non-referral institution compared to 274 days at referral institutions. Inadequate 
biopsy planning, preoperative staging, and/or attempts at first surgery will result in an increase in 
tumor margins and may make further surgical treatment impossible. The first attempt at surgical 
management of cats with vaccine-associated sarcomas should be performed by a referral surgeon 
with experience in aggressive resection, especially in the interscapular and pelvic regions, to increase 
the chance of a successful outcome. 

 
Biopsy tracts and any areas of fixation, including bone and fascia, should be resected en bloc with the 
tumor. In cats with vaccine-associated sarcoma, wide surgical resection of tumors located in the 
interscapular region will often involve excision of dorsal spinous processes (Fig. 3) and perhaps the 
dorsal aspect of the scapula for tumors, while thoracic and/or body wall resection is often required 
for truncal tumors. Amputation or hemipelvectomy are usually required to achieve adequate surgical 
margins and local tumor control for vaccine-associated sarcoma located on the extremity.  

 
Fig. 3. Intraoperative photo of a cat following resection of a 
vaccine-associated sarcoma with 5 cm lateral margins and deep 
margins of two fascial layers, including the dorsal spinous 
processes of the caudal cervical and cranial thoracic vertebra. 
Aggressive resections are required to minimize the risk of local 
tumor recurrence. 
 
Local tumor control is still disappointing with 
curative-intent surgery. Despite attempting aggressive 
surgical margins, complete resection is achieved in less 
than 50% of cats. Furthermore, overall 1- and 2-year 
disease-free intervals are only 35% and 9%, 

respectively. Median disease-free interval and survival time are both greater than 16 months 
following complete histologic resection and significantly better than incompletely resected tumors. 
Local tumor control is improved for extremity vaccine-associated sarcomas, presumably because the 
lateral and deep surgical margins achieved with limb amputation are superior to other locations. 
However, aggressive surgery is possible in other locations with good results. Chest wall and body 
resection, using a minimum of 3 cm margins, was well-tolerated in six cats and local tumor 
recurrence was not reported in any of these cats at a minimum of 12 months postoperatively. 
  
A more aggressive surgical approach has been advocated by some surgeons because of the low rate 
of complete resection, and subsequent poor local tumor control, with attempts at curative-intent 
surgery using minimum margins of 3 cm. This is supported by one study of 100 cats with vaccine-
associated sarcoma in various locations, including interscapular, trunk, and extremity, treated with 
surgery alone using 5 cm lateral margins and two fascial planes for deep margins. The only major 
surgical complication was wound dehiscence and this was significantly associated with resection of 
tumors in the interscapular region. Complete histologic resection was achieved in 97% cats and local 
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tumor recurrence was reported in only 14% cats. The 1- and 3- year disease-free rates were 91% and 
86%, respectively.  
 
Surgery and Radiation Therapy 
As a result of the high rate of local tumor recurrence following wide surgical resection, full-course 
radiation therapy is considered essential in the management of cats with vaccine-associated sarcoma. 
The timing of surgery and radiation therapy is somewhat controversial, however, the majority of 
radiation oncologists will recommend post-operative radiation therapy. The advantages of 
preoperative radiation include greater antitumor effect because of a smaller population of resistant 
hypoxic cells as blood supply to the tumor is not disturbed, reduction in tumor size which facilitates 
surgical resection, and decreased risk of disseminating tumor cells during surgery. The principal 
disadvantage of preoperative radiation therapy is the increased risk of surgical complications, such as 
wound dehiscence. Postoperative radiation therapy may provide better tumor control, because 
radiation therapy is more effective against microscopic disease than gross tumor, and does not delay 
definitive surgery. However, surgery increases the size of the radiation field, increases the population 
of radioresistant hypoxic tumor cells by altering the local blood supply, and there is a risk of tumor 
cells repopulating in the interval between surgery and the start of radiation therapy. 
  
In two studies investigating preoperative radiation therapy, local tumor recurrence was reported in 
40%-45% of cats at a median of 398-584 days postoperatively. In both studies, complete resection 
significantly improved the time to local recurrence with a 700-986 day median disease-free interval 
for completely excised tumors and 112-292 day median disease-free interval for tumors resected 
with incomplete margins. However, despite the prolonged interval to local tumor recurrence, 
complete resection following preoperative radiation therapy does not appear to improve local 
control rates as local tumor recurrence was reported in 42% of 59 cats with complete margins and 
32% of 33 cats with incomplete margins. 
  
The outcome following postoperative radiation therapy is similar to preoperative radiation therapy. 
In one study, local tumor recurrence was reported in 41% of 76 cats at a median of 405 days 
postoperatively. In another study investigating the effects of chemotherapy in cats treated with 
surgery and postoperative radiation therapy, local tumor recurrence occurred 28% of 25 cats with 
median time to first recurrence not reached in cats treated with surgery and radiation therapy alone 
and 661 days in cats also treated with doxorubicin. Importantly, radiation therapy should start 10-14 
days postoperatively as disease-free interval and survival time decreases as the interval between 
surgery and starting radiation therapy increases. Local tumor recurrence does not influence survival 
time and, regardless of the timing of radiation therapy relative to surgery, survival data is 
encouraging with median survival times of 600-842 days and 1-, 2-, and 3-year survival rates of 86%, 
44%, and 28%, respectively. 
  
Local tumor control is still disappointing with 28%-45% of tumors recurring following treatment 
with surgery and radiation therapy.. The radiation field used in these studies typically included a 
minimum of 3 cm margins around the tumor or surgical scar. The majority of tumors recur within 
the radiation field, although tumors have been reported to recur outside the radiation field. Similar 
to surgery alone, a more aggressive approach may be warranted to improve local tumor control, such 
as higher radiation doses, larger radiation fields, and more aggressive surgical resections. 
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Chemotherapy 
The role of chemotherapy in the management of cats with vaccine-associated sarcoma remains 
undefined. Metastasis has been reported in 12%-26% of cats with vaccine-associated sarcomas, 
despite the aggressive histologic appearance and prevalence of high-grade lesions in these tumors, 
with a median time to metastasis of 265 days. Vaccine-associated sarcoma cell lines have shown in 
vitro sensitivity at clinically-relevant doses to doxorubicin, mitoxantrone, vincristine, and paclitaxel. 
Clinically, partial and complete responses to doxorubicin, either alone or in combination with 
cyclophosphamide, have been reported in 39%-50% of cats with gross tumors, but these responses 
are often short-lived with a median duration of 84-125 days. However, median survival times are 
significantly prolonged in cats that respond to chemotherapy with 242 days for responders and 83 
days for non-responders. Recently, an overall response rate of 41% was reported in cats treated with 
ifosfamide and these responses persisted for a median of 70 days. Anecdotally, lomustine and 
mitoxantrone have shown efficacy with these sarcomas.  

  
Postoperative chemotherapy has minimal impact on survival in cats treated with curative-intent 
surgery and radiation therapy, however, no prospective studies to date have been performed and 
current retrospective studies are flawed. Chemotherapy may, however, have beneficial effects on 
local tumor control and time to local tumor recurrence. Doxorubicin and liposome-encapsulated 
doxorubicin significantly prolongs the disease-free interval following surgery, with a median disease-
free interval of 393 days for cats receiving chemotherapy and 93 days for those in which 
chemotherapy was not administered. The completeness of surgical margins may be a confounding 
factor in this analysis as the median disease-free interval was not reached and greater than 449 days 
in cats with complete surgical margins compared to 281 days following incomplete resection. 
Carboplatin was associated with an insignificant but numerically superior median disease-free 
interval of greater than 986 days in cats treated with preoperative radiation therapy and surgery. 
Other studies have shown no effect of adjunctive chemotherapy on either local tumor control or 
survival time. 
 
Tyrosine Kinase Inhibitors 
Receptor tyrosine kinases (RTKs) are cell-surface receptors for extracellular growth factors that 
facilitate signaling to the cell interior, mediating functions such as growth, survival, invasion and 
angiogenesis in normal cells. Upon binding their appropriate ligand, a dimerization occurs which 
induces a conformational change in the receptor that allows phosphorylation of tyrosine residues in 
the intracellular domain. This then triggers several different intracellular second messenger cascades 
leading to altered gene expression. Examples of surface RTKs include Kit, epidermal growth factor 
receptor (EGFR), vascular endothelial growth factor receptor (VEGFR), and platelet-derived 
growth factor receptor (PDGFR). Dysregulation of these RTKs can lead to uncontrolled cell growth 
and survival and is one of many underlying causes of some cancers. Dysregulation of the angiogenic 
RTKs (VEGF and PDGF) are likely present in a variety of canine and feline cancers including 
injection site sarcomas (feline), osteosarcoma, anal sac anal gland carcinoma, squamous cell 
carcinoma (canine and feline), thyroid carcinoma and nasal carcinoma. Masitinib and Imatinib have 
demonstrated direct efficacy as well as chemotherapy sensitizing properties in feline vaccine 
associated sarcoma cell lines. In vivo efficacy vs. these sarcomas has been reported with toceranib 
phosphate (Palladia; Pfizer Animal Health), Masitinib (Kinavet, ab-science) and imatinib (Gleevec; 
Novartis).  
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Prognosis 
It has become clear that prognosis for cats with vaccine-associated sarcomas treated with surgical 
excision alone, using traditional recommendations, is poor (Table 1), especially when the first 
surgery is marginal and multiple surgeries are employed as the method of treatment. The median 
time to first recurrence was 2 months for cats treated by conservative surgery (referring veterinarian) 
and 9 months for those cats treated by more aggressive surgery (referral institution); with an overall 
survival time was 19 months. Another study of single modality surgical excision reported an overall 
disease-free interval of 10 months, which increased to longer than 16 months when excision was 
complete. 
 
Outcomes are improved when cats with vaccine-associated sarcomas are treated with multimodality 
therapy (Table 2). Optimal outcome occurs when cats are treated aggressively initially and not after 
multiple failed resections. The combination of radiotherapy either preoperatively or postoperatively 
has improved the disease-free interval and overall survival time in cats with vaccine-associated 
sarcomas. Disease-free interval and median survival times range from 13-19 months and 23 months, 
respectively.  
 
 
 Incomplete Excision Complete Excision Overall 
Recurrence   65%-91% 
Median disease-free interval 79 days 325-416 days 10 months 
 
Table 1. Local tumor recurrence and disease-free interval in cats with vaccine-associated sarcoma treated with wide 
surgical resection (3 cm) alone. 
 
 
 Incomplete Excision Complete Excision Overall 
Recurrence 32% 42% 28%-45% 
Median disease-free interval 112-292 days 700-986 days 398-584 days 
 
Table 2. Local tumor recurrence and disease-free interval in cats with vaccine-associated sarcoma treated with wide 
surgical resection (3 cm) and radiation therapy. 
 
However, the outcome of aggressive surgical resection with 5cm lateral margins and two fascial 
layers for deep margins is very good and possibly superior to lesser surgical margins combined with 
radiation therapy (Table 3).  
 
 Local Recurrence No Recurrence Overall 
Recurrence 14% 86%  
Median survival time 499 days 1461 days 901 days 
 
Table 3. Local tumor recurrence and median survival times in cats with vaccine-associated sarcoma treated with wide 
surgical resection (5cm) alone. 
 

 
Vaccine-associated sarcomas are locally invasive, however approximately 15%-24% will metastasize 
to the lungs or other sites.  
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¡ An increase incidence of sarcoma at vaccine site was 
first noted in 1987 after rabies vaccines became 
mandatory in Pennsylvania 
 

¡ The correlation between vaccination and the 
development of sarcoma was confirmed by 
epidemiological studies 

¡ 345 cases of feline VAS diagnosed between 
January 1992 and May 1992 
§ 185 at vaccination sites 
§ 160 at non-vaccination sites 

 
¡ FeLV and rabies vaccines were associated with 

FSA development within 1 year at vaccination 
sites 
§ 5.5% increased risk after FeLV vaccination 
§ 2-fold increased risk after rabies vaccination 

¡ Repeat vaccination at one site increased risk over 
non-vaccinated by 
§ 1 = 50% 
§ 2 = 127% 
§ 3-4 = 175% 

           
¡ Overall frequency = 20/100,000  
 
¡ Recommend vaccinate at multiple sites and 

inform owners of the risk of VAS 

¡ VAS tumor characteristics 
§ Larger size 
§ Younger cats 
§ Biologically aggressive 
§ Recurrence common 
§ Higher metastasis 
§ Shorter survival 
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Primary VAS 
(n=44) 

Recurrent VAS 
(n=16) 

Non-VAS  
(n=10) 

Grade I  25%  25%  60% 

Grade II  48%  50%  20% 

Grade III  27%  25%  20% 

Inflammation  59%  56%  0% 

Giant Cells  50%  37.5%  0% 

¡ Couto et al 
 

¡ Multinucleate Giant cells & Grade (p<0.001) 
 
 

 
 
 
 
 

¡ Fibrosarcoma 
¡ Malignant fibrous histiocytoma 
¡ Undifferentiated sarcoma 
¡ Rhabdomyosarcoma 
¡ Soft tissue osteosarcoma 
¡ Chondrosarcoma 
¡ Liposarcoma 

What has 
changed since 
the 1980’s? 

¡ Intraocular sarcomas are reported in cats who 
suffer eye trauma or chronic uveitis 

 

¡ As early as 1986, vaccine reactions in cats 
contained a marked inflammatory component
§ Inflammation can lead to proliferation of fibroblasts leading 

to eventual tumor formation 

 

¡ Adjuvant in vaccines  
§ Causes inflammatory reactions to 

stimulate antigen uptake 
§ Aluminum is a common adjuvant 

 
¡ Gray-brown to blue foreign 

material found in tumors and 
macrophages  
§ Not associated with non-vaccine 

associated sarcomas 
§ Less inflammation and lymphocytic 

infiltration in biopsy samples 
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¡ Individual susceptibility 

¡ Loss of normal p53 function 

¡ Growth factors Kit, PDGF, EGF, TGF-bb have been 
identified by immunoassays 

§ Released from lymphocytes 

§ Transform normal fibroblasts 

¡ Altered oncogene expression  

§ àà cellular proliferation 

p53 

¡ Initial reports indicated 
§ 10/100,000 vaccinated cats 
§ 1/1000 vaccinated with FeLV or rabies 
 

¡ Estimate today is 
¡ 2,200 to 22,000 cats/year 
¡ JAVMA 218(5), 2001  

¡ Time from injection to tumor is variable 
§ Months to over 3 years 
▪ Post rabies vaccine ~26 mths 
▪ Post-FeLV vaccine ~ 11 mths 

 

 
¡ Early detection: The 1-2-3 Rule 

§ Any mass/swelling at an injection site should be 
investigated as a potential sarcoma if: 
▪ It increases in size after 1 month post injection 
▪ It is larger than 2 cm in size 
▪ It is present more than 3 months after vaccination 
 

¡ Inflammation is the key 
§ Intraocular sarcoma 
§ Leufernuron, Baytril 
§ Microchips 
§ Non-absorbable suture 
§ Fracture site 
 

¡ Location 
 

¡ History and age 
 

¡ Distinguish vs. 
feline sarcoma 
virus-induced FSA 
vs. non-VAS 
 

¡ Palpable skin or 
subcutaneous mass 
 

¡ Firm but sometimes 
soft and lobulated 
 

¡  Fixation to 
underlying tissue 
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¡ Cytology maybe 
unreliable for VAS 
 

¡ Incisional biopsy 
recommended 
 

¡ Biopsy tract location 
§ Remove with 

aggressive sx 

¡ Incisional biopsy 
 

¡ Preferred 
 

¡ Techniques 
§ Wedge biopsy 
§ Punch biopsy 

 
¡ Planned so that the biopsy tract does not have a 

negative impact on definitive surgical resection 
 

 

¡ Excisional biopsy not recommended 
 

¡ Surgical margins incomplete 
 

¡ Morbidity increased because 
§ Definitive resection is more aggressive 
§ Radiation field is larger 
 

¡ Incisional biopsy 
 

¡ NOT excisional biopsy 
 
§ Increased local tumor recurrence 

 
§ Decreased disease-free interval 

 
§ Decreased survival time 

¡ Minimum database 
§ Blood work 
§ Urinalysis 

¡ 3-view thoracic 
radiographs 
§ Metastatic rate 

~25% 

 

¡ Essential for clinical staging of VAS 
 

¡ Tumor volume doubles with contrast-
enhanced CT compared to palpation 
 

¡ Three-dimensional imaging important for 
treatment planning
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¡ Surgical margins 
§ Minimum 3-5 cm for lateral margins 
§ Minimum 2 fascial layers for deep margins 
 

¡ Aggressive surgery 
§ Resection of dorsal spinous processes 
§ Resection of dorsal aspect of scapula? 
§ Hemipelvectomy 

¡ 3 cm surgical margins 
§ 50% complete resection rate 
§ 35% 1-year disease-free interval 
§ 9% 2-year disease-free interval 
 

¡ 3 cm surgical margins 
§ 50% complete resection rate 
§ 35% 1-year disease-free interval 
§ 9% 2-year disease-free interval 
 

¡ 5 cm surgical margins 
§ 97% complete resection rate 
§ 91% 1-year disease-free interval 
§ 86% 3-year disease-free interval 
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¡ Majority of surgical wounds can be closed 
primarily 
 
§ High wound tension 
 

§ Increased risk of wound dehiscence 
 

§ Functional abnormalities 

¡ Preoperative XRT 
§ Cytoreduction
 

¡ Postoperative XRT 
§ Routine 
§ Incomplete excision 

¡ Dilemma 
 
§ Radiation oncologists do not like to irradiate 
surgical wounds 
 

§ Surgeons do not like to cut irradiated tissue 

¡ Advantages 
 

§ Greater antitumor effect because of smaller 
population of hypoxic cells 
 

§ Tumor downstaging which facilitates surgical 
resection 
 

§ Decreased tumor cell dissemination at surgery 

¡ Surgical scars are 
 
§ Poorly vascularized 
 

§ Hypoxic 
 

§ Less sensitive to radiation 
 

 
 

¡ Surgical scars are 
 
§ Poorly vascularized 
 

§ Hypoxic 
 

§ Less sensitive to radiation 
 

¡ But no randomized, controlled human or 
veterinary studies 
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¡ Disadvantages 
 

§ Delays definitive surgical resection 
 

§ Greater risk of surgical complications such as 
wound dehiscence 

¡ Local recurrence 
because of residual 
tumor cells 
 

¡ Goal is to sterilize 
residual tumor 
burden 
 

¡ May not see an 
effect on tumor size 
 

¡ Advantages 
 

§ Better tumor control as radiation is more 
effective against microscopic disease 

 
§ No delay in definitive surgical resection 

¡ Disadvantages 
 

§ Increased radiation field size 
 

§ Increases population of radiation-resistant 
hypoxic cells 
 

§ Increased risk of tumor cell repopulation in the 
interval between surgery and radiation 
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Cronin et al  Cohen et al 

Number of cats  33  78 

Treatment  Preoperative XRT  Postoperative XRT 

Disease-free interval (d)  398  405 

Median survival time (d)  600  730 

Metastasis  n=8 (24%)  n=9 (12%) 

Local recurrence  45%  41% 

Chemotherapy  n=8 (24%)  n=28 (33%) 

¡ 3-4 week course of daily therapy 
 

¡ Daily anesthesia 
 

¡ ~$4,500 
 

¡ Skin reactions possible 
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¡ Indications
 

§ To reduce the likelihood of 
metastasis 
 

§ To treat a non-resectable tumor 
▪ 50% will shrink for an average of 3-4 
months (palliation only) 

Response Rate  Response Duration 

Doxorubicin/Doxil  50%  80-100 days 

Doxorubicin-Cytoxan  50%  125 days 

Ifofsamide  42%  21-133 days 

CCNU  50% (2/4)  65 days 

§ As an adjuvant to surgery when radiation is not an 
option 
▪ Conflicting data for doxorubicin
▪ No impact on disease-free interval or survival time for cats 
treated with surgery   radiation therapy 

 
 

¡ Adjuvant to surgery 
when radiation therapy 
is not available 
 

¡ Conflicting data for 
doxorubicin 
§ No impact on disease-
free interval or survival 
time for cats treated with 
surgery   radiation 
therapy 

 
 

¡ When to use it 
§ Adjuvant 
§ Neoadjuvant? 
§ Radiation sensitizer 
 

¡ Well planned, complete excision 
 

¡ Responses 
§ Unpredictable 
§ Not durable 

¡ Tyrosine kinase inhibitors 
§ PDGF/VEGF inhibition 
▪ Masitinib 
▪ Palladia 

 
¡ Electrochemotherapy 

126 ONCOlogisch Treffen



15 

¡ Masitinib 
 

§ PDGF inhibitor 
 

§ Anti-proliferative and pro-
apoptotic activity in 
primary and metastatic 
feline injection-site 
sarcoma cells Vet Comp 
Oncol 2012;10:143-54 
 
 

¡ Gleevec 
 

§ PDGF inhibitor 
§ In vitro: increases 
chemosensitivity  Cancer 
Chemother Pharmacol 
2004;54:25-33.  

§ In vivo: A phase I clinical trial 
evaluating imatinib mesylate 
(Gleevec) in tumor-bearing cats  
JVIM 2005;19:860-4 
 
 
 

¡ Local tumor control challenging 
 

¡ Radiation therapy increases disease-free 
interval 
 

¡ Radiation therapy does decreases local 
tumor recurrence rate, but recurrence rates 
still unacceptably high 

Surgery 3cm  Incomplete Excision  Complete Excision  Overall 

Recurrence  65%-91% 

Median DFI  79 days 325-416 days  10 months 

Surgery 3cm + XRT  Incomplete Excision  Complete Excision  Overall 

Recurrence  32%  42%  28%-45% 

Median DFI  112-292 days  700-986 days  398-584 days 

Surgery 3cm  Incomplete Excision  Complete Excision  Overall 

Recurrence  65%-91% 

Median DFI  79 days  325-416 days  10 months 

Surgery 3cm + XRT  Incomplete Excision  Complete Excision  Overall 

Recurrence  32%  42%  28%-45% 

Median DFI  112-292 days  700-986 days  398-584 days 

Surgery 5cm  Local Recurrence  No Recurrence  Overall 

Recurrence  14%  86% 

Median DFI  499 days  1461 days  901 days 

¡ Median survival time 
 
§ Surgery alone: > 16 
months 
 

§ Surgery and radiation 
therapy: 23 months 
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¡ Tumor size 
§ MST 643 days if < 2 cm 
§ MST 558 days if 2-5 cm 
§ MST 394 days if > 5 cm 
 

¡ Histologic subtype 
§ MST 645 days for PNST 
§ MST 640 days for fibrosarcoma 
§ MST 290 days for malignant fibrous 
histiocytoma 

 

¡ Vaccinate only when necessary 
§ Every 3 years for approved vaccines 
§ FeLV only if exposure likely 
 

¡ Use non-adjuvanted vaccines 
§ Intranasal vaccine available 
§ Canarypox modified live rabies 
§ PureVax FeLV vaccine gun 

¡ One vaccine per injection site 
§ Increased risk of tumor 
development with mixing of 
vaccines 

¡ Vaccinate ONLY on limbs 
§ As distal as possible 

¡ Pelvic limb sites 
§ Rabies = Right 
§ Leukemia (FeLV) = Left 
 

¡ Right thoracic limb 
 

¡ Subcutaneous and 
not interscapular 

Veterinary Society of Surgical Oncology 
(www.vsso.org) 

www.HopeVS.com www.altavistaanimalhospital.com 

128 ONCOlogisch Treffen



2013 129

Notes



130 ONCOlogisch Treffen

Advances in Feline
Oncology Research

at Utrecht University

(Erik Teske)

Sponsored by



2013 131



132 ONCOlogisch Treffen



2013 133

SQUAMOUS CELL CARCINOMA 
 

Dr. Julius M. Liptak 
BVSc, MVetClinStud, FACVSc, DACVS, DECVS 

ACVS Founding Fellow in Surgical Oncology 
Alta Vista Animal Hospital, Ottawa, Ontario 

 
Dr. Craig A. Clifford 

DVM, MS, DACVIM (Oncology) 
Director of Clinical Research 
Hope Veterinary Specialists 

Malvern, PA, USA 
 
 

 
ORAL SQUAMOUS CELL CARCINOMA 
 
Introduction 
Oral tumors account for 3%-10% of all cancers in cats. Unlike dogs, over 90% of feline oral tumors 
are malignant. Squamous cell carcinoma (SCC) is the most common oropharyngeal cancer in cats, 
accounting for nearly 70% of all oral tumors followed by fibrosarcoma, which accounts for 13% of 
feline oral tumors. 
 
Biopsy 
Oral cancers have wide ranges of biologic behavior and therapeutic options, hence a knowledge of 
tumor type is important prior to definitive therapy. A short general anesthesia is usually required for 
careful palpation, regional radiographs, and a biopsy.  
 
A large incisional biopsy is required for diagnosis. Cytologic touch or aspiration preparations of oral 
tumors may not be rewarding because most oral tumors are associated with a high degree of 
necrosis and inflammation. A deep wedge or core punch biopsy is recommended because oral 
cancers are often infected, inflamed, or necrotic, and it is important to obtain a large specimen. 
Electrocautery may distort the specimen and should only be used for hemostasis after collection of 
the biopsy. Large samples of healthy tissue at the edge and center of the lesion will increase the 
diagnostic yield, but care must be taken not to contaminate normal tissue, which cannot be removed 
with surgery or included in the radiation field. Biopsies should always be performed from within the 
oral cavity and not through the lip to avoid seeding tumor cells in normal skin and compromising 
curative-intent surgical resection.  
 
Clinical Staging 
 
Local Tumor 
Regional radiographs or advanced imaging are recommended for local staging of oral tumors which 
are palpably fixed to underlying bone. Bone invasion can often be more extensive than is apparent 
on external palpation, and thus is important for planning of surgical margins. Regional radiographs 
include open mouth, intraoral, oblique lateral, and ventrodorsal or dorsoventral projections. Bone 
lysis is not radiographically evident until > 40% of the cortex is destroyed by the neoplastic process. 
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Apparently normal radiographs do not exclude the possibility of bone invasion. Computed 
tomography is preferred to magnetic resonance imaging for local staging of oral tumors because it is 
very sensitive for the detection of bone involvement. Computed tomography is recommended for 
caudal mandibular and all maxillary tumors to more accurately assess the degree of bone invasion 
and possible tumor extension into the nasal cavity, caudal pharynx, or orbit. In one study, common 
CT findings included sublingual and maxillary locations, marked heterogeneous contrast 
enhancement, and osteolysis. This study found CT was useful to determine mass extension and 
lymph node enlargement, but results did not correlate with survival time. 
 
Regional Lymph Node Metastasis 
Regional lymph nodes should be carefully palpated for enlargement or asymmetry. However, lymph 
node size is not an accurate predictor of metastasis. In one study of 100 dogs with oral melanoma, 
30% of dogs with normal sized lymph nodes had metastasis and 40% of dogs with enlarged lymph 
nodes did not have metastasis. The regional lymph nodes include the mandibular, parotid, and 
medial retropharyngeal lymph nodes, but the parotid and medial retropharyngeal lymph nodes are 
not palpable. Furthermore, only 55% of 31 cats and dogs with metastasis to the regional lymph 
nodes had metastasis to the mandibular lymph node. Lymphoscintigraphy or contrast-enhanced 
ultrasonography can be used to detect the sentinel lymph nodes and guide lymph node aspirates. 
Lymph node aspirates should be performed in all animals with oral tumors, regardless of the size or 
degree of fixation of the lymph nodes. En bloc resection of the regional lymph nodes has been 
described and, although the therapeutic benefit of this approach is unknown, it may provide valuable 
staging information.  
 
Distant Metastasis 
Three-view thoracic radiographs are recommended for evaluation of pulmonary metastasis. Oral 
SCC, overall has a low metastatic rate. 
 
Surgery 
Surgery and radiation therapy are the most common modalities used for the treatment of the local 
oral tumor. Surgical resection is preferred for the majority of oral tumors in cats because it is more 
economical, fast, and curative than other available treatment options. The type of surgery depends 
on tumor type and location. Radical surgeries such as mandibulectomy, maxillectomy, and 
orbitectomy are usually well tolerated by cats with acceptable cosmetic appearance, but function can 
often be challenging. 
 
Oral SCC often have some underlying bone involvement and surgical resection should include a 
minimum of 1 cm bone margins to increase the rate of local tumor control. If possible, surgical 
margins greater than 2 cm should be attempted in cats with oral SCC because of high local 
recurrence rates. Reconstruction following bony resection has been described but is rarely necessary. 
 
Hemimandibulectomy and hemimaxillectomy are the most commonly performed maxillofacial 
procedures for cats with oral SCC because of the relative size of the tumor and the late stage at 
diagnosis. Although these large resections carry some morbidity, owner satisfaction with the 
cosmetic and functional outcomes are in excess of 85%. Cosmetic appearance is usually very good 
following most mandibulectomy and maxillectomy procedures. Blood loss and hypotension are the 
most common intraoperative complications, particularly during caudal or aggressive maxillectomy 
procedures. Postoperative complications include incisional dehiscence, epistaxis, increased 
salivation, mandibular drift and malocclusion, and difficulty prehending food, particularly after 
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bilateral rostral mandibulectomy caudal to the second premolar teeth. Enteral feeding tubes are 
recommended for cats treated with any type of mandibulectomy, but not maxillectomy, because 
eating can be difficult for 2-4 months following surgery. 
  
Hemimandibulectomy 
Hemimandibulectomy is recommended for cats with mandibular SCC regardless of its location.  
 
The cat is positioned in lateral recumbency. The commissure of the lips can be incised full thickness 
to the rostral aspect of the vertical ramus to improve exposure. If done, branches of facial artery and 
vein will need to be ligated and the parotid salivary duct is preserved. The labial and buccal mucosa 
are incised with 1 cm margins around the gross mass and extended caudally to the vertical ramus. 
The mandibular and sublingual salivary ducts are identified and ligated. The genioglossus, 
geniohyoideus, and mylohyoideus are transected from the medial aspect of the mandible. The 
sublingual mucosa is incised to free the lateral border of the tongue. The mandibular symphysis is 
separated to allow free lateral movement of the hemimandible and enhance exposure and 
visualization for caudal dissection. Subtotal mandibulectomy can be performed at the rostral edge of 
the masseter muscle insertion on the mandible for rostral tumors with bone marrow involvement 
resulting in preservation of the vertical ramus and temporomandibular joint. For total 
mandibulectomy, the masseter muscle is dissected from the ventrolateral surface and ventral margin 
of ramus, the digastricus muscle is dissected from the insertion on the caudoventral border of the 
horizontal mandible, and the pterygoid muscles are dissected from its insertion on the medial aspect 
of the caudoventral surface of the angle of the mandible. The temporomandibular joint capsule is 
incised laterally and medially and luxated, and then the temporalis muscle is dissected from its 
insertion on the coronoid process of the mandible. Identification and ligation of the mandibular 
alveolar artery and vein as it courses over the lateral surface of the medial pterygoid muscle before it 
enters the mandibular foramen (ventromedial and rostral to the border between the angular and 
coronoid processes of the mandible) is important to minimize the risk of intraoperative hemorrhage. 
The resultant defect is closed in three layers with the deep layer consisting of apposition of the 
pterygoid, masseter and temporalis muscles, then closure of the submucosa followed by the mucosa. 
Monofilament absorbable suture material is used in a simple continuous pattern if there is minimal 
tension or a simple interrupted pattern if there is tension. The lip commissure can be advanced 
rostrally to the level of the canine or first premolar tooth to prevent hanging of tongue. 
 
Postoperative complications include ranula formation because of transection of the salivary ducts 
during tumor excision, wound dehiscence because of excessive tension, hypersalivation, mandibular 
drift towards the resected side with resultant malocclusion, and prehension and mastication 
difficulties. 
 
Eating difficulties are reported in 73% cats following mandibulectomy and this occurs regardless of 
the mandibulectomy procedure. In the short-term (≤ 4 weeks), inappetence is reported in 83% of 
cats following bilateral rostral mandibulectomy, 74% of cats following hemimandibulectomy, and 
83% of cats following resection of more than 50% of the mandible. Inappetence is also common in 
the long-term with 10% of cats with bilateral rostral mandibulectomy, 53% of cats with 
hemimandibulectomy and 83% of cats with resection of greater than 50% of the mandible 
experiencing eating difficulties. A feeding tube should be inserted at the time of mandibulectomy in 
cats because of this high risk of inappetence. An esophageal or gastric feeding tube is preferred 
because of the ability to maintain and use these feeding tubes for a prolonged period. The feeding 
tube should be removed when the cat begins to eat voluntarily and consistently. 
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Hemimaxillectomy 
Depending on the location of the tumor, maxillectomy procedures may involve resection of part or 
all of the incisive, maxillary, zygomatic, lacrimal, and orbital bones, and hard palate. As mentioned 
above, advanced imaging is an important preoperative diagnostic modality to determine the extent 
of the tumor and plan surgical margins. There is a moderate risk of blood loss during hemi- and 
caudal maxillectomies because of the large resections, numerous foramina and blood vessels, and 
exposure of the nasal cavity. Cross-matching and blood typing are recommended prior to 
maxillectomies in case a blood transfusion is required. 
 
Maxillectomies are closed with a full-thickness labial mucosal-submucosal flap using one or two 
layers. Two-layer closures are recommended for animals receiving adjuvant chemotherapy or 
radiation therapy. A two-layer closure consists of a deep layer of simple interrupted sutures through 
predrilled holes in the bony hard palate and a superficial layer apposing the palatal mucosa to the 
labial mucosa. The palatal mucosa can be undermined by 2-3 mm to assist in tissue apposition. 
 
Hemimaxillectomy is recommended for the resection of maxillary SCCs which not cross the palatine 
midline. This involves removal of the oral mucosa, teeth, and segments of the incisive, maxillary, 
palatine, and zygomatic bones. The extent of surgery is determined by the size and location of the 
tumor and degree of soft tissue involvement. Caudal maxillectomies can be combined with resection 
of the inferior orbit, zygomatic arch, and vertical mandibular ramus depending on the extent of the 
tumor. Hemimaxillectomies are performed through either intraoral or combined intraoral and dorsal 
skin approaches. 
 
The intraoral approach is recommended for tumors confined to the alveolar margin. The mucosal 
incision is started at the labial-gingival margin dorsal to the middle incisors and continued laterally 
and caudally to the level of the second molar tooth. The medial incision is started at the central 
incisors and extended through the midline of the hard palate and continued caudally to the level of 
the second molar. The mucosal and palatal incisions are joined caudally with an incision caudal to 
the second molar tooth at the junction of the hard and soft palates. The terminal branches of the 
maxillary artery (i.e., infraorbital, sphenopalatine, and minor palatine arteries) are identified and 
ligated at the caudal aspect of the surgical field. An oscillating bone saw or osteotome is used to 
perform osteotomies through the incisive, palatine, and maxillary bones. The resected segment of 
bone is removed en bloc by severing soft tissue attachments. Hemorrhage from the hard palate 
incision, branches of the major palatine artery, and nasal cavity is usually brisk and should be 
controlled with digital pressure, cautery, or ligation. Turbinectomy should be performed if there is 
evidence of tumor invasion or iatrogenic trauma. The defect is closed as described above. 
 
A combined dorsal and ventral approach to the maxilla is recommended for large lateral or dorsal 
maxillary masses as a bipedicled tissue flap over the lateral aspect of the maxilla can be retracted 
dorsally or ventrally to provide excellent exposure for the dorsal osteotomy. A dorsal incision is 
made immediately lateral to the dorsal midline of the nasal cavity and continued caudally and 
ventrally to the eye and along the zygomatic arch. The skin incision is continued through the 
subcutaneous tissue, between the paired levator nasolabialis muscles, and to the bone. The ventral 
aspect of the globe and the masseter muscle are separated from the dorsal and ventral aspects of the 
zygomatic arch, respectively, with blunt and sharp dissection. The dorsal osteotomy is prepared with 
subperiosteal elevation of periosteum and soft tissue from the resection site. The intraoral approach, 
maxillectomy, and closure are performed as described above. 
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Complications are rare following maxillectomy in cats and cats do not require a feeding tube 
following maxillectomy because feeding and appetite are rarely compromised. 
 
Prognosis 
The prognosis for cats with oral SCC is poor. There is no known effective treatment. Local control 
is the most challenging problem. In one series of 52 cats, the 1-year survival rate was less than 10% 
with median survival times of 3 months or less for surgery alone, surgery and radiation therapy, 
radiation therapy and low-dose chemotherapy, or radiation therapy and hyperthermia. However, 
42% of these cats had SCC involving the tongue, pharynx, or tonsils. In another series of 54 cats 
treated in general practice, the median survival time was 44 days with a 9.5% 1-year survival rate. 
The oncologic outcome may be better for cats with mandibular SCC. The median survival time for 
seven cats treated with a combination of mandibulectomy and radiation therapy was 14 months with 
a 1-year survival rate of 57%. Local recurrence was the cause of failure in 86% of these cats between 
3 to 36 months after therapy. In another series of 22 cats treated with mandibulectomy alone, the 
median disease-free interval was 340 days. Tumor location and extent of resection had prognostic 
importance with a median survival time of 911 days for rostral tumors, 217 days following 
hemimandibulectomy, and 192 days when greater than 50% of the mandible was resected. The use 
of esophagostomy or gastrostomy tubes is important to provide supplemental nutrition in these cats 
for up to 4 months postoperatively. 
  
Radiation therapy alone is generally considered ineffective in the management of cats with oral SCC. 
In nine cats treated with an accelerated radiation protocol (14 fractions of 3.5 Gy delivered twice 
daily for 9 days), the overall median survival time was 86 days and while not significant the median 
survival time for cats with a complete response was 298 days. The combination of radiation therapy 
with radiation sensitizers or chemotherapy improves response rates and survival times.  
 
A more recent prospective trial using the same accelerated protocol consisting along with 
carboplatin (90-100 mg/m2 on day 1 and day 4.5) noted a median survival for all cats was 163 days 
(range 53-770 days). Cats with tumors of tonsil origin or cheek responded well were often long-term 
survivors with a mean survival of 724 days. 
 
Intratumoral etanidazole, a hypoxic cell sensitizer, resulted in a 100% partial response rate in nine 
cats completing the radiation therapy course with a median decrease in tumor size of 70% and a 
median survival time of 116 days. Gemcitabine was used at low doses as a radiation sensitizer in 
eight cats with oral SCC with an overall response rate of 75%, including two cats with complete 
responses, for a median duration of 43 days and a median survival time of 112 days. However, 
gemcitabine is not recommended as a radiosensitizer in cats because of significant hematologic and 
local tissue toxicities. The combination of radiation therapy with mitoxantrone holds some promise 
as, in two series of 18 cats, a complete response was observed in 73% with a median duration of 
response of 138 to 170 days and a median survival time of 184 days. Palliative radiation protocols, 
consisting of 8 Gy fractions on days 0, 7, and 21, are not recommended because of poor disease 
control and radiation-induced adverse effects. Localized irradiation with strontium90 may be effective 
for selected cats. 
  
Chemotherapy appears ineffective in the management of cats with oral SCC. No responses were 
observed in 18 cats treated with liposome-encapsulated cisplatin or 13 cats treated with piroxicam. 
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In one study, the administration of a non-steroidal anti-inflammatory drug significantly improved 
survival times in cats with oral SCC. 
 
Additional palliative therapy may include the use of oral pain medication, appetite stimulants and  
NSAIDs. Feline oral SCC may serve as a model for the human counterpart as tumor induced bone 
resorption is common in both species. Destruction and invasion of mandibular and maxillary bone 
is common with this disease and contributes to morbidity and mortality. It appears the production 
of parathyroid hormone-related protein and up regulation of the RANKL:OPG  pathways may play a 
role. In a xenogenic model the bisphosphonate drug zoledronic acid inhibited tumor-induced 
osteolysis suggesting bisphosphonates may play a palliative role in the therapy for this disease. 
 
Receptor tyrosine kinases (RTKs) are cell-surface receptors for extracellular growth factors that 
facilitate signaling to the cell interior, mediating functions such as growth, survival, invasion and 
angiogenesis in normal cells. Upon binding their appropriate ligand, a dimerization occurs which 
induces a conformational change in the receptor that allows phosphorylation of tyrosine residues in 
the intracellular domain. This then triggers several different intracellular second messenger cascades 
leading to altered gene expression. Epidermal growth factor receptor (EGFR) and vascular 
endothelial growth factor receptor (VEGFR) are overexpressed in feline SCC. In vitro evidence 
documented that the human tyrosine kinase inhibitor, gefitinib, caused a reduction in cell 
proliferation and migration in a feline SCC cell line. Currently a prospective study evaluating 
toceranib phosphate (Palladia; Pfizer Animal Health) alone and in combination is underway for cats 
with oral SCC.   

 
 
NASAL PLANUM SQUAMOUS CELL CARCINOMA 
 
Introduction 
Nasal planum SCC is relatively common in cats. Squamous cell carcinoma originates from the 
cornified external surface of the nasal planum in cats. Other common sites for SCC in cats involve 
poorly haired regions of the head and neck, such as the eyelids, pinnae and preauricular areas, which 
will be discussed later. Predisposing causes for the development of head and neck SCC in cats 
include light pigmentation (ie, white hair coat), short hair coat, and chronic exposure to ultraviolet 
light. White-haired cats have 13.4-times the risk of developing head and neck SCC compared to 
darker colored cats. Older animals are typically affected with a mean age at presentation of 12 years 
for cats. There is no breed predisposition in cats. 
 

History and Clinical Signs 
Head and neck SCC are often chronic cancers progressing from actinic changes (crusting and 
erythema) to carcinoma in situ lesions (noninvasive carcinoma confined to the epidermis which are 
characterized by superficial erosions and ulcers) to invasive carcinomas (deep erosive lesions). 
Occasionally, nasal planum SCC may have a proliferative appearance. The eyelids, preauricular areas 
and pinnae should also be examined carefully as up to 30% of cats have SCC in multiple head and 
neck locations. 
 
Diagnosis and Clinical Staging 
A deep wedge or incisional biopsy is required for definitive diagnosis of nasal planum tumors. 
Cytologic examination of fine-needle aspirates, impression smears or superficial biopsies is often 
unrewarding because they usually reveal inflammation, ulceration and hemorrhage which can be 
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present in both neoplastic and non-neoplastic lesions. A deep incisional biopsy is recommended in 
cats with proliferative lesions and dogs with any nasal planum lesion to determine histology and the 
depth of invasion. However, biopsy is rarely required in cats with erosive or ulcerated lesions of the 
nasal planum, eyelids, preauricular area, and/or pinnae because of the high index of suspicion for 
SCC. 
  
Metastasis to the regional lymph nodes and/or lungs is rare but is occasionally noted in cats with 
advanced or poorly differentiated lesions. The regional lymph nodes should be palpated and possibly 
either aspirated or excised. Three-view radiographs of the thoracic cavity should be considered but 
invariably show no evidence of pulmonary metastasis. 
 
Nasal Planum Resection 
Nasal planum resection is recommended for invasive SCC in cats. Surgery provides excellent local 
tumor control and has several advantages compared to other treatment options, including ability to 
examine surgical margins, wide availability compared to radiation therapy and photodynamic 
therapy, and affordable with less treatment time and acceptable cosmetic outcome. 
 
Surgical Technique 
For nasal planum resection, cats are positioned in sternal recumbency with their head elevated and 
symmetrical. Systemic analgesia with perioperative non-steroidal anti-inflammatory drugs and 
opioids can be supplemented with bilateral infraorbital nerve blocks using bupivacaine. The hair is 
clipped around the nasal planum and lips but should not include the whiskers. Following surgical 
preparation and draping, the surgical margins should be indicated with a sterile marker pen. 
Minimum lateral margins from the visible or palpable extent of the tumor are 5 mm in cats. The 
deep margin is preferably the junction between the cartilaginous and bony nasal tissue. A full-
thickness incision is performed with a scalpel blade along the marked lateral margins and deeply 
through the cartilaginous turbinates at the level of the nasal and incisive bones. These incisions will 
result in brisk hemorrhage which can be controlled with digital pressure and judicious use of cautery. 
Following hemostasis, the alar folds can be excised to increase the diameter of the nasal airways and 
improve the ability to breathe postoperatively. The defect following resection of the nasal planum 
can be closed with a purse-string suture or preferably skin-to-nasal mucosa using a simple 
interrupted suture pattern of 4-0 or 5-0 non-absorbable suture material. Skin-to-mucosa closure is 
preferred because the incidence of postoperative complications, such as stenosis of the nasal 
aperture, is decreased. The deep and lateral margins of the excised nasal planum should be 
submitted for histopathologic assessment of tumor type and completeness of excision. 
 
Postoperative Management 
In the immediate postoperative period, analgesia and intravenous fluids should be continued until 
the animal is eating and drinking voluntarily. Cats will often not want to eat for 1-4 days after nasal 
planum resection. The return to voluntary eating can be improved with the perioperative use of 
infraorbital nerve blocks; use of aromatic, warmed and/or favourite foods; removal of the scab over 
the surgery site under sedation; and use of appetite stimulants. Supplemental nutrition through 
feeding tubes is rarely required. Animals can be discharged when they start to eat voluntarily. A 
short course of non-steroidal anti-inflammatory drugs is recommended after discharge for analgesic 
purposes. A scab or crust usually forms over the surgical site and this should be removed at suture 
removal 10-14 days after surgery. Sedation may be required for suture removal. 
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Complications 
Complications are uncommon. The most significant complication is stenosis of the nasal aperture. 
This is more common following purse-string closure of the defect. A skin-to-nasal mucosa closure is 
recommended to minimize the risk of nasal stenosis. If stenosis occurs, then management options 
include surgical reconstruction with wide skin excision and resection of the rostral nasal septum; 
laser ablation; insertion of rubber stents; or permanent placement of stainless steel intraluminal 
expansile stents. The prognosis is guarded to good for cats that develop nasal stenosis. 
 
Other complications include poor appetite in the initial postoperative period, mild serous nasal 
discharge, and increased incidence of sneezing. The cosmetic appearance is good in cats. 
  
Adjunctive Management 
Adjunctive treatment is rarely required for cats with completely excised nasal planum SCC. Some 
authors recommend systemic chemotherapy using either carboplatin or doxorubicin for cats with 
poorly differentiated SCC or SCC lesions with evidence of lymphatic invasion regardless of whether 
they have been completely excised. Radiation therapy is recommended for incompletely excised 
nasal planum SCC. 
 
Prognosis 
The prognosis following nasal planum resection is good to excellent. In cats, local tumor recurrence 
was reported in two of seven cats (29%) with incompletely excised tumors and no cats with 
completely resected nasal planum SCC. In this study, two cats with progressive local disease were 
euthanatized and the remainder were cured.  
 
Other Treatment Options 
 
Prevention and Precancerous (Actinic) Lesions 
The risk of cutaneous SCC can be minimized in animals with poor pigmentation and hair coats by 
limiting exposure to sunlight. Topical sunscreens are usually ineffective because animals will quickly 
lick these off. Tattooing has limited efficacy as it only protects the deeper dermal layers and not the 
superficial epidermis. Synthetic vitamin A derivatives, such as isotretinoin or etretinate, increase 
epithelial differentiation and may reverse or limit the progression of precancerous lesions. However, 
only one of 15 cats with precancerous or SCC lesions responded to isotretinoin therapy. 
 
Cryosurgery 
Cryosurgery causes tissue destruction with controlled use of freezing and thawing. Liquid nitrogen 
and nitrous oxide are the two most commonly used cryogens. Spray freezing is preferred to contact 
freezing because colder temperatures can be achieved. To maximize tissue destruction, the tumor 
and a minimum of 5 mm around the tumor should be rapidly frozen to -20ºC and then allowed to 
thaw slowly and then this process should be repeated three times in total. The response rate to 
cryosurgery is dependent on tumor size and location. Response rates are better with small, 
superficial and non-invasive lesions (less than 5 mm), and tumors involving the eyelids and pinnae. 
Multiple treatments are often required for nasal planum lesions. Local tumor control can be good 
with 84% of 90 cats treated with cryosurgery tumor-free at 12 months and 81% tumor-free at 36 
months. However, other researchers have reported local recurrence in 73% of cats following 
cryosurgery with a median time to recurrence of 184 days. Cryosurgery is a readily available and cost 
effective treatment modality for small lesions, but disadvantages include that margins cannot be 
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determined and the risk of local recurrence is higher than either nasal planum resection or radiation 
therapy. 
 
Radiation Therapy 
Radiation can be delivered either as local or external beam therapy. Local radiation therapy with 
90Strontium plesiotherapy is indicated for cats with superficial but not deep lesions because 
Strontium only penetrates to a depth of 2-4 mm. 90Strontium is administered in five fractions of 10 
Gy over a 10 day period for a total dose of 50 Gy. For appropriate lesions, tumor control is very 
good with 85% of 15 cats achieving a complete response after either one (11 cats) or two (two cats) 
cycles of radiation therapy and none of these cats having evidence of local recurrence after a median 
follow-up of 652 days. 
  
Full-course external beam radiation therapy can be used for superficial and deep nasal planum 
lesions. Orthovoltage, megavoltage and proton beam irradiation have been described. Smaller and 
superficial lesions are more responsive and can be cured with external beam radiation therapy, but 
response rates and tumor control are decreased for larger and more invasive lesions. Cure rates for 
small lesions are 56% with median disease-free intervals of 12 to 16 months and median survival 
times of 361 to 946 days. 
  
Photodynamic Therapy 
Photodynamic therapy involves the local or systemic administration of a photosensitizer that is 
preferentially retained by tumor tissue and then irradiation of the tumor with a light of a wavelength 
which is absorbed by the photosensitizer resulting in the formation of oxygen-free radicals and 
tissue death. Similar to other non-surgical treatment options, photodynamic therapy is only 
recommended for superficial lesions because the penetration of the wavelength of light used to 
activate the photosensitizer is limited to 3-4 mm. Complete responses are reported in up to 100% of 
cats with tumors less than 5 mm, but in less than 30% of cats with larger tumors. Complications 
include local tumor recurrence in up to 64% of cats and facial edema, erythema, and necrosis which 
resolves slowly over 3-6 weeks. 
 
Intralesional Chemotherapy 
Intralesional carboplatin has been investigated in cats with nasal planum SCC. Twenty-three cats 
with advanced lesions were treated with intralesional carboplatin (100 mg/m2) resulting in a 
complete response rate of 73%, 1-year disease-free survival rate of 55%, and local recurrence rate of 
30%. The combination of carboplatin with purified sesame oil reduced systemic absorption and 
toxicity. External beam radiation therapy has been combined with intralesional carboplatin in six 
cats with advanced nasal planum SCC resulting in a complete response in all cats and duration of 
response for a minimum of 8 months in four of these cats. 
 
 
PINNA, PREAURICULAR AND EYELID SQUAMOUS CELL CARCINOMA 
 
Introduction 
Squamous cell carcinoma is the most common tumor of the pinna in cats. The gross appearance of 
pinna tumors is highly variable, ranging from ulcerative and erosive for feline SCC lesions. 
Multicentric squamous cell carcinoma in situ (MSCCIS) is considered a variant of squamous cell 
carcinoma in cats, commonly referred to as “Bowen's-like” disease. MSCCIS is not solar induced 
and the true etiology is largely unknown. Some evidence suggesting a papilloma virus playing a role 
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in SCC development exits. The lesions tend to occur on the face and neck. Lesions consist of 
erythematous changes and mild exfoliative lesions that often appear similar to “allergic diseases”. 
The difference is they generally not ulcerated since basement membrane is not affected. Bowens-like 
SCC should be distinguished from classic solar-induced SCC, which is more invasive and needs 
more aggressive therapy (surgery, radiation therapy, etc). 
 
Diagnosis and Clinical Staging 
Definitive preoperative diagnosis is often not required for ulcerative lesions of the pinna, 
preauricular region and eyelids in cats because of the high likelihood of SCC.  
 
Pinnectomy 
Partial or total pinnectomy is the recommended treatment for pinna SCC in cats. Cats are positioned 
in either sternal or lateral recumbency depending on tumor location and surgeon preference. The 
medial and lateral aspects of the pinna are clipped and aseptically prepared. Chlorhexidine 
preparations should be used with caution, especially in cats, because of the risk of ototoxicity. 
Following draping, the surgical margins can be marked with a sterile marking pen with 5-10mm 
margins recommended for SCC in cats. The medial and lateral skin and auricular cartilage are incised 
along the marked margins with a scalpel blade. For tumors involving the apex of the pinna or both 
the lateral and medial borders of the helix of the pinna, the pinna is amputated. Partial pinnectomy 
without amputation is possible for lesions involving either the medial or lateral border of the helix of 
the pinna. Depending on the location of the tumor and extent of excision, ligation or cauterization 
of the greater auricular arteries and veins may be required. The auricular cartilage should be trimmed 
to permit closure of the skin edges over the cartilage without tension. The skin edges are closed in 
one or two layers with the subcutaneous tissue closed in a simple continuous pattern using 
absorbable monofilament suture material and the skin in either a simple interrupted or continuous 
pattern with non-absorbable monofilament suture material. The margins should be inked and the 
tumor submitted for histopathologic assessment of tumor type and completeness of surgical 
excision. 
  
Complications following pinnectomy are uncommon and include hemorrhage, wound dehiscence, 
and local tumor recurrence. Local tumor control is good following complete excision of feline pinna 
SCC with tumor recurrence or de novo tumor development in 23% of cats. However, repeat 
excision or adjunctive treatment is recommended following incomplete resection is recommended 
because local recurrence was reported in both cats with incomplete excision. Cosmetic results are 
usually acceptable. 
 
Therapy for MSCCIS can entail surgery is solitary lesions are noted, however, since cats will develop 
lesions in other locations, surgery as a means of long-term control is unlikely. 
 
Adjunctive Treatment 
Adjunctive treatment options for cats with incompletely excised pinna SCC include 90Strontium 
plesiotherapy, external beam radiation therapy, topical therapy, cryosurgery, and photodynamic 
therapy. Plesiotherapy with strontium-90 applicators appears to be beneficial as long as the lesions 
are not deeper than ~ 4 mm (range of the strontium). Repeat applications can be performed when 
recurrence is noted.  
 
Imiquimod 5% cream (Aldara) is a novel immunomodulating agent reported as a successful 
treatment for Bowen's disease in humans. In the one study the majority of lesions responded to 
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imiquimod 5% cream but the most of cats developed new lesions which were also treated and 
responded to Aldara. Mild local inflammation, increased liver enzymes, anorexia and neutropenia 
were noted in that study but most cats tolerated aldara well.. 
 
Electrochemotherapy is another new approach to these tumours and recent veterinary studies have 
been encouraging Cryosurgery can also be used as the primary treatment for small and superficial 
lesions of the feline pinna.  
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¡ Cancer of squamous epithelium 
§ Skin 
▪ Solar (UV) induced 
▪ Nasal planum, eyelids, ears 
▪ Actinic keratosis is the precancerous 

change in the skin caused by UV light 
§ Mouth 
§ Other sites less common 
 

¡ “In situ” if tumor restricted to 
the epithelial layer 
§ Tumor not present below the 

basement membrane 
 

¡ 3-10% of all feline tumors and 7% of all feline oral oral 
tumors 
 

¡ Signalment 
§ Age ~ 10 years 
§ M=F 

 
¡ Sites 

§ Mandible 
§ Maxilla 
§ Sublingual 

¡ Feeding wet cat food 
§ 3 x increased risk 
§ Canned tuna: 5 x increased risk 
 

¡ Flea collars 
§ 5 x increased risk 
 

¡ Tobacco smoke exposure 
§ 2 x increased risk 
 

¡ Chronic stomatitis/gingivitis 
§ ~ 30% may develop SCC 

¡ Weight loss 
¡ Dysphagia 
¡ Halitosis 
¡ Difficult or painful mastication 
¡ Hemorrhage  
¡ Ptyalism 
¡ Displacement of teeth 
¡ Facial swelling or deformity  

§ Exopthalmus 
¡ Nasal: 

§ Sneezing, epistaxis 
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¡ Approach 
 

§ Diagnose the tumor 
 

§ Define anatomical location and 
extent 
 

§ Stage the disease 
 

§ Evaluate overall condition of the 
patient 

 

¡ Physical examination 
§ Determine body condition 
 

¡ Complete blood count 
 

¡ Serum chemistry profile 
 

¡ Urinalysis  

¡ Fine needle aspiration 
§ Pros 
▪ Safe, inexpensive, easy 
▪ High accuracy in determination of  

neoplastic vs. inflammation lesions 
 

§ Cons 
▪ Inflammation and necrosis may be 

present within a tumor 
▪ Architectural features cannot be assessed 

(no grade) 

 

¡ Incisional biopsy 
§ Avoid areas of inflammation and ulceration 
§ Plan biopsy so no impact on surgery 
 

 

¡ Regional radiographs (dental films) 
§ Intraoral, ventrodorsal, lateral, and oblique 
§ Determine extent of bone lysis 
§ BUT underestimates bone involvement 

 
 

¡ Three-dimensional 
imaging 

 
§ CT or MRI (Preferred) 
▪ 3 dimensional assessment 
▪ Surgical planning 

 
§ Caudal mandible and 

maxillary tumors 
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¡ Palpation 
§ Recommended BUT inaccurate 
§ 30% of normal sized nodes are metastatic 
 

¡ Fine-needle aspirate 
§ Tonsils, mandibular, retropharyngeal 
§ Recommended BUT limitations 
 

¡ Biopsy 
§ Mandibular, parotid, and medial retropharyngeal 
 
 

¡ Three-view thoracic radiographs 
 

§ All oral tumors 
 

§ Low metastatic rate 

Tumor 

T1  Tumor < 2 cm; a = no bone invasion; b = bone invasion 

T2  Tumor 2-5 cm; a = no bone invasion; b = bone invasion 

T3  Tumor > 5 cm; a = no bone invasion; b = bone invasion 

Node 

N0  No evidence of regional lymph node involvement 

N1  Regional lymph node involvement 

Metastasis 

M0  No evidence of distant metastasis 

M1  Distant metastasis; site specified 

¡ Surgery 
§ Mandibulectomy 
§ Maxillectomy 
 

¡ Radiation therapy 
 

¡ Chemotherapy 
 

¡ Novel therapy 
§ Tyrosine kinase inhibitors 
§ DFMO 
 

¡ Owner should be counseled on 
§ Oncologic outcome 
§ Cosmetic appearance 
 

¡ Owner satisfaction with cosmetic appearance > 85% 
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¡ Mandibulectomy techniques 
 
§ Rostral (unilateral and bilateral) 
 

§ Segmental 
 

§ Subtotal and total 
 

§ Vertical ramus 

¡ Lateral recumbency 
 

¡  Incision of lip commissure to vertical ramus 
 

¡ Labial and buccal mucosa incised with > 1 cm 
margins 

¡ Salivary gland ducts identified and ligated 
 

¡ Tongue muscles reflected from medial 
mandible 
 

¡ Mandibular symphysis separated 
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¡ Osteotomy at rostral 
edge of masseter 
muscle insertion on 
mandible 

¡ Masseter muscle 
incised from 
ventrolateral surface 
of mandible 
 

¡ Diagstricus muscle 
incised from 
caudoventral border 
of mandible 
 

¡ Mandibular alveolar 
artery is ligated 

¡ Pterygoid muscles 
incised from 
caudoventral surface 
of medial mandible 
 

¡ TMJ capsule incised 
and luxated 
 

¡ Temporalis muscle 
incised from coronoid 
process 
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¡ Complications 
 
§ Ranula 

 

¡ Complications 
 
§ Ranula 

 
§ Wound dehiscence 

 

¡ Complications 
 
§ Ranula 

 
§ Wound dehiscence 

 
§ Hypersalivation 

 
§ Mandibular drift with malocclusion 

¡ Complications 
 
§ Ranula 

 
§ Wound dehiscence 

 
§ Hypersalivation 

 
§ Mandibular drift with malocclusion 

 
§ Prehension and mastication difficulties 

¡ Complications 
 
§ Eating difficulties 

 
▪ 83% cats < 4 weeks 
 

▪ 53% cats > 4 weeks
 

▪ 12% never eat again 
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¡ Three-dimensional imaging of tumor 
§ Determines tumor extent 
§ Determines turbinate and orbit involvement 
 

¡ Cross-matching or blood typing 
§ Risk of blood loss for hemimaxillectomy and 
caudal maxillectomy procedures 

¡ Maxillectomy techniques 
 
§ Rostral (unilateral and bilateral) 
 

§ Hemimaxillectomy 
 

§ Caudal 
 

§ Radical 
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¡ Two layer closure 
 

¡ Deep layer 
§ Flap to holes drilled 
through palatine bone 

 
¡ Superficial layer 

§ Labial flap to 
mucoperiosteum of the 
hard palate 

¡ Indications 
 

§ Tumors of the lateral and caudal maxilla 
 

§ Tumors do not cross midline 
 

¡ Can be combined with resection of inferior orbit, 
zygomatic arch, and vertical ramus 

¡ Two types of hemimaxillectomy 
 

§ Intraoral 
§ Combined 
 

¡ Depends on tumor location 

¡ Labial and palatine mucosa 
incised with > 1 cm margins 
 

¡ Mucosa reflected to the level 
of osteotomies 
 

¡ Terminal maxillary artery 
branches ligated 

¡ Labial and palatine mucosa 
incised with > 1 cm margins 
 

¡ Mucosa reflected to the level 
of osteotomies 
 

¡ Terminal maxillary artery 
branches ligated 
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¡ Osteotomies with 
oscillating saw or 
osteotomes 
 

¡ Hemorrhage should be 
controlled 
§ Hard palate incision 
§ Major palatine artery 
§ Nasal cavity 
 

¡ Turbinectomy if tumor 
invasion 
 

¡ Osteotomies with 
oscillating saw or 
osteotomes 
 

¡ Hemorrhage should be 
controlled 
§ Hard palate incision 
§ Major palatine artery 
§ Nasal cavity 
 

¡ Turbinectomy if tumor 
invasion 
 

¡ Bipedicle tissue flap over lateral aspect of 
maxilla 
§ Flap reflected ventrally or dorsally 
§ Provides excellent exposure for dorsal 
osteotomy 

 
¡ Indications 

§ Large lateral or dorsal maxillary tumors 
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¡ Epistaxis 
 
 
 

¡ Epistaxis 
 

¡ Cosmetic appearance 
 

¡ Epistaxis 
 

¡ Cosmetic appearance 
 

¡ Oronasal fistula 

¡ Epistaxis 
 

¡ Cosmetic appearance 
 

¡ Oronasal fistula 
 

¡ Mucosal ulceration from 
mandibular canine 
 

¡ Anemia, epiphora, 
sneezing, nasal discharge 

¡ MST 45-911d for surgery 
alone 
§ 1-year survival rate 43-57% 
following mandibulectomy 
 

¡ MST 426d for surgery and 
radiation therapy 
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¡ Radiation therapy is palliative 
at best 
 

¡ Few responses, mainly for pain 
control 
 

¡ Median survival times 
§ 45-90 days for radiation therapy 
alone 

§ 75-184 days for radiation therapy 
and  chemotherapy 

 
 

 

¡ Accelerated protocol (Fidel et al. JVIM 2011) 
§ 14 fractions of 3.5 Gy given within a 9-day period  
§ Carboplatin: 90-100 mg/m(2) on day 1 and day 4-5  
§ Treatments were twice daily with a 6-hour delay 
between treatments 

§ MST 163 days (range, 53-770 days) 
§  Prognostic 
▪ Site: tonsil or cheek 
▪ Responders 

¡ Systemic chemotherapy alone: rarely useful 
¡ NSAID = improved survival 
¡ Pamidronate? 
¡ Palliative and supportive therapy 

§ Feeding tube, appetite stimulants, opioids 

¡ Receptor tyrosine kinases (RTKs) 
§ Cell-surface TKs activated by the binding of growth factors  
§ Role in cell signaling pathways, which direct growth, 

progression of differentiation, survival, and angiogenesis 

Reference: London C. Withrow and MacEwen’s Small Animal Clinical Oncology. 2007:242-251. 

Activated system Inactive tyrosine kinase receptor system 

¡ Tumors cannot grow > 1-2 mm under existing vasculature 

¡ Angiogenesis delivers oxygen and nutrients tumor growth and survival 

¡ VEGFR-2 and PDGFR-β both regulate angiogenesis 
§ VEGFR-2 is an impt: 
▪ Endothelial proliferation/migration and survival signal 

§ PDGFR-β is impt for: 
§ Maintenance of blood vessels3 

VEGF&VEGFR-2 binding 

PDGF& PDGFR-β binding 

References:1. Folkman J. Curr Mol Med. 2003;3:643-651. 2. Ferrara N, et al. Nat Med. 2003;9:669-676. 3. Bergers G, et al. J Clin Invest. 2003;111:1287-1295. 
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¡ Polyamine transport inhibitor 
§ 2-difluoromethyl-ornithine (DFMO) 
§ Skorupski et al. Vet Comp Oncol 2011 
▪ n=13 oral SCC 
▪ n=2 with objective response 
▪ n=6 with stable disease 

¡ Anatomic location 
§ 90% on head 
§ Nasal planum most common site 
§ Multiple sites often affected 
 

¡ Coat Color 
§ White cats have 5x risk of other cats 
§ Chronic exposure to UV light 
 

¡ Presenting complaint 
§ Cat scratch that won’t heal 
§ Crusting, ulceration 
 

¡ Lesions often present months 
to years 

¡ Progression over time (weeks, months, years) 
§ Epidermal dysplasia/elastosis  
▪ aka “actinic keratosis” 

§ Carcinoma in situ 
§ Invasive squamous cell carcinoma 

 

¡ Physical exam 
§ Generally good body condition 
 

¡ Biopsy usually not required 
 

¡ Palpation of regional lymph nodes 
§ Low metastatic rate 
 

¡ Three-view thoracic radiographs 
§ Low metastatic rate 
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¡ Surgery (nasal planum resection) 
 

¡ Cryosurgery 
 

¡ Local or external beam radiation therapy 
 

¡ Photodynamic therapy 
 

¡ Intralesional chemotherapy 
 

¡ Topical therapy 
§ Aldara (5% Imiquimod) 
 
 

¡ Preferred 
 
§ Excellent local tumor control 
 

§ Assessment of surgical margins 
 

§ Available and cost effective 
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¡ Adequate for superficial tumors 
only  

 
§ Single fraction 
▪ Applied directly to the lesion 
▪ Dose falls off significantly beyond 2-3 

mm depth 

 
§ Locally curative in most 
▪ 98% responded in one study for a 

median of 1710 days

 
§ Additional lesions often develop in 

neighboring, untreated tissue
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¡ Best for large or invasive tumors 
¡ Electrons best due to small depth of penetration (16 daily 

treatments) 
§ 16.5 months median disease free interval 
§ 60.5% were tumor free at 1 year 
§ Animals with smaller lesions did better 

 
 
 

 
 

 
 

9/23/02 

11/07/02 

9/17/02 

¡ Immune response modifier 
 

¡ Antitumor and antiviral effects 
 

¡ Binds toToll-like receptor 7   
§ Enhances IFN alpha, gamma 
§ Enhances Tumor Necrosis Factor 
§ Activates T-helper pathway 
▪ CD8 lymphocyte mediated cytolysis

Schon et al Journal of Investigative Dermatology 2006 

¡ 12 cats in Gill et al. Vet Comp Oncol, 2008 
§ 8 multiple lesions 
§ 4 with concurrent invasive SCC 
§ Daily (8) to 3 x weekly treatments 
 

¡ 100% response rate 
§ 50% CR for at least one lesion 
§ 9 developed new lesions 
§ 50 day median time to development of new lesions 

 
¡ Side effects minimal  in 41% cats 

§ Neutropenia, ALT and AST elevation in 1 cat 
 

¡ Median survival time 1189 days (censored) 
 

¡ Median survival time 245 days (uncensored) 

Gill et al. VCO 2008 

¡ Nasal planum SCC 
§ Surgery: Cured with complete excision 

§ Cryosurgery: Local recurrence in 16%-73% cats 

§ Radiation therapy: 85% response rate with no local 
recurrence 

 

¡ Pinna SCC 
§ Surgery: Local tumor recurrence or de novo SCC in 23% 
cats 

 

¡ Eyelid and preauricular SCC: Local tumor 
recurrence rare 
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Veterinary Society of Surgical Oncology 
(www.vsso.org) 

www.HopeVS.com www.altavistaanimalhospital.com 
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Greenheart develops special nutrition, snacks and treats for dogs and cats. 
Hypo allergic, Grainfree or Glutenfree diets. 

We can recommend Greenheart Cancer Diet a Multi effective fish oil rich diet, 
for Cats our 3-D-Diet, hypoallergic, Struvite diet. 

Ask our employees or take a look at Greenheart-Premiums.com. 
Greenheart is available in the Netherlands, Germany, Belgium, France,  
Sweden, Finland, Russia, Switzerland, Spain, Austria and Danmark.  
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Introduction 
Mammary tumors occur in both female and male cats. They are the most third most common tumor 
in cats and account for 17% of all tumors in female cats.  
 
Like dogs, ovariohysterectomy has a protective effect against the development of mammary tumors 
in cats. Intact queens have a 7-fold higher risk of developing mammary cancer than spayed female 
cats and ovariohysterectomy, regardless of age, results in a 40%-60% reduced risk of developing 
mammary tumors compared to intact queens. The protective effects diminish over the first few 
years with a risk reduction of 91%, 86% and 11% if the cat is spayed before 6 months, between 7–
12 months, or 13–24 months, respectively. Interestingly, there appears to be little to no benefit 
noted after the first 24 months. 
 
 
Estrogen receptors are rare in feline mammary tumors, but progesterone receptors are common in 
benign tumors and growth hormone is expressed in malignant mammary tumors in the absence of 
progesterone receptors. This suggests malignant tumors lose steroid dependence during malignant 
progression and growth and hormone production is autonomous. Despite these findings, exogenous 
progestins and the combination of estrogen-progestins are associated with a 3-fold risk of 
developing either benign or malignant mammary tumors. Benign fibroepithelial hyperplasia may also 
be caused by administration of sex steroids.  
 
Tumor Types 
The vast majority of feline mammary tumors are malignant, with only 7-15% of mammary masses 
being either benign or dysplastic. There are three types of non-neoplastic and non-inflammatory 
mammary hyperplasia: ductular, lobular, and fibroepithelial hyperplasia. Fibroepithelial hyperplasia 
usually involves multiple mammary glands and these glands can be massive, resulting in edema of 
the skin and subcutaneous tissue with possible erythema, skin necrosis, and systemic infection.  
Benign mammary tumors in cats include adenoma, fibroadenoma, and ductal papilloma. 
 
Up to 93% of mammary tumors in cats are malignant. Of these, 80% are adenocarcinomas and 
these are then subclassified as tubular, papillary, solid, and cribriform. Other types of mammary 
tumors include various sarcomas, squamous cell carcinoma, and mucinous carcinoma. Invasion, 
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ulceration, lymphatic invasion, and lymph node metastasis are common and more than 80% have 
metastasis at euthanasia. The regional lymph nodes and lungs are the most common sites of 
metastasis, although other sites include pleura, liver, diaphragm, adrenal glands, bone, and kidneys. 
 
Signalment 
Domestic short-hair and Siamese cats are predisposed to the development of mammary tumors. The 
mean age at diagnosis is 10-12 years, but a wide range has been reported from 9 months to 23 years. 
In Siamese cats, mammary tumors occur at a younger age and have a higher rate of lymphatic 
invasion compared to non-Siamese cats. 
 
Clinical Signs, Diagnosis and Clinical Staging 
Mammary tumors in cats have a similar morphologic appearance to dogs. Ulceration is common and 
mammary tumors frequently adhere to the overlying skin but not the underlying abdominal wall. 
The nipples are often red and swollen and can exude tan to yellow fluid. There is no site or side 
predilection and all mammary glands equally affected. Multiple gland involvement is observed in 
more than 50% of cases. Lung and pleural metastasis can be extensive, if present, and cause 
respiratory insufficiency due to pleural carcinomatosis and effusion. 
 
Diagnosis and clinical staging is similar to dogs. The regional lymph nodes can be evaluated with 
palpation and FNA. FNA is recommended because lymph node metastasis has been documented in 
normal sized and unfixed nodes, and to confirm metastasis in painful, enlarged, and fixed lymph 
nodes. Lymph node metastasis is present histologically in 49% cats with mammary tumors, but only 
21% of lymph nodes are clinically palpable. 
 
Three-view thoracic radiographs are recommended for evaluation of pulmonary metastasis. 
 
Treatment 
 
Surgery 
Radical bilateral mastectomy is recommended, regardless of tumor size, for the treatment of cats 
with mammary tumors because of their locally aggressive behaviour and better prognosis with more 
aggressive surgical resection. Bilateral mastectomy can be performed in either one or two stages. As 
with dogs, skin pliability should be assessed prior to single-stage bilateral mastectomy by grasping 
the lateral margins and moving them medially towards then ventral midline while the cat is in dorsal 
recumbency. Bilateral mastectomy can often be performed in a single procedure with a simple 
elliptical incision around both mammary chains without preserving the triangular segment of skin 
over the xyphoid because, unlike dogs, wound tension is usually not a significant problem. The 
tumor should be resected en bloc with adhered skin and underlying abdominal muscle fascia. The 
regional lymph nodes should also be excised for staging purposes because of the high risk of lymph 
node metastasis in cats with mammary tumors. Mammary glands 1 and 2 have a common lymphatic 
drainage into the axillary and then sternal lymph nodes, while mammary glands 3 and 4 drain into 
the inguinal lymph nodes. Ovariohysterectomy does not decrease rate of local tumor recurrence or 
improve survival time, but it does cause gradual regression of lesions in cats with fibroepithelial 
hyperplasia. 
 
Chemotherapy 
Chemotherapy is recommended for cats with malignant and metastatic mammary tumors. The role 
of chemotherapy is still unknown, despite understanding the poor outcome associated with this 
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disease and the high incidence of metastatic disease. Multiple retrospective studies have failed to 
demonstrate a prolonged survival vs surgery alone. The most commonly used agent is doxorubicin 
alone (1 mg/kg to 30mg/m2 every 3 weeks) or in combination with cyclophosphamide have been 
described for the adjunctive treatment of cats with malignant mammary tumors. Clearly, further 
research and prospective trials are warranted to determine the true role of chemotherapy in cats with 
mammary tumors. 
 
Prognosis 
The prognosis for cats with malignant mammary carcinomas is guarded to poor with tumor-related 
deaths reported in most cats within 10-12 months. For cats treated with surgery and doxorubicin, 
the disease-free interval was dependent on the number of doses of doxorubicin administered and 
the overall median survival time was 448 days. Prognostic factors include clinical stage (tumor size 
and metastatic disease), extent of surgery, tumor type, and histologic grade. 

Age and Breed 
Several studies have reported a worse prognosis in older cats. From these retrospective studies, it is 
unclear whether this simply represents a patient bias of older cats. More recent studies have not 
noted this finding. One study did demonstrate domestic shorthair cats had a significant 
improvement in survival vs. purebred cats.  
 
Clinical Stage 
Clinical stage, specifically in relation to tumor size, is one of the most consistent prognostic factors 
in feline mammary carcinoma. Clinical stage is prognostic in terms of both tumor diameter and the 
presence of metastatic disease. Cats with stage I disease (tumor diameter < 2 cm) have a significantly 
better prognosis than cats with stage II (tumor diameter 2-3 cm) and stage III (tumor diameter > 3 
cm) disease, with median survival times > 36 months for stage I mammary tumors, 24 months for 
stage II tumors, and 6 months for stage III tumors. In a more recent study, there was no difference 
in the median survival times for cats with stage I and II disease (450 and 448 days, respectively), but 
cats with stage III disease had a significantly worse outcome with a median survival time of 200 
days. More recent studies have not, however, noted similar findings in regards to stage, in fact many 
of these patients also received chemotherapy. Still, clinicians do agree that cats with larger tumors 
(3cm; 27 cm3) have a poor prognosis.
Metastatic disease and the presence of pleural effusion significantly decrease survival times. The 
median survival time for cats that develop metastatic disease, regardless of location, is 331 days and 
this is significantly less than the median survival time of > 2,100 days for cats that do not develop 
metastatic disease. The location of metastatic disease also has prognostic significance.  
 
The significance of lymph node metastasis is unknown. In one study, the survival time for cats with 
lymph node metastasis was significantly decreased with a median survival time of 6 months 
compared to 18 months for cats with no lymph node metastasis. However, in a more recent study, 
cats with lymph node metastasis had a median survival time of 1,543 days. In this latter study, the 
median survival times for cats with lung metastasis and pleural effusion were 331 days and 188 days, 
respectively, and this was significantly worse than cats with both non-metastatic disease and cats 
with lymph node metastasis. Finally, a more recent study noted all cats with positive local lymph 
nodes were dead within the nine months. Clearly, metastasis to the lymph node is associated with a 
tumor’s metastatic ability and lends credence to the need for systemic therapy. 
 



166 ONCOlogisch Treffen

 4 

Surgical Dose 
Surgical dose or extent of surgery has a significant impact on both local tumor control and survival 
time. In one study, the median disease-free interval of 1,200 days was significantly better for cats 
treated with bilateral mastectomy compared to 300 days for cats treated with less aggressive surgery. 
The following median survival times have been reported for different surgical procedures in cats 
with mammary tumors and these are significantly different to each other: 917 days for bilateral 
mastectomy, 566 days for unilateral mastectomy, and 216 days for subtotal mastectomy. 
 
Histologic Features 
The degree of nuclear differentiation, presence of blood vessel and lymphatic invasion, and mitotic 
index all have prognostic significance in cats with mammary tumors. 
 
The degree of differentiation correlates with survival time. For cats with well-differentiated tumors, 
which account for only 13% of all mammary tumors, the 12-month survival rate is 100%. In 
comparison, the 12-month survival times for cats with moderately and poorly differentiated tumors 
is 42% and 0%, respectively. Using a histological grade with a similar scoring system to that in dogs 
(grade of I, II and III) confirmed patients with grade III tumors had a significantly shorter survival 
than cats with lower grade tumors.  
 
The median survival time for cats without histologic evidence of vascular or lymphatic invasion is  
21.8 months which is significantly better than the median survival time of 13.4 months for tumors 
with blood vessel or lymphatic invasion. 
 
Cats with tumors with a low mitotic index have a significantly better median survival time of 22.4 
months compared to the median survival time of 12.4 months for cats with tumors with a high 
mitotic index. 
 
Looking forward 
There is research ongoing into the genetic basis of mammary cancer in cats to help identify better 
therapeutic targets. Molecular markers and targets evaluated include HER2/neu, cyclin A, VEGF, 
p53, p-glycoprotein p-AKT pathway (associated with HER2 expression and PTEN down-
regulation), P-cadherin and CXCR4 among others. Results so far have suggested that the cat may 
serve as a model of invasive estrogen-receptor negative breast cancer in women. The similarities 
found between these tumors will hopefully benefit both species. 
 



1 

Julius M. Liptak      Craig A. Clifford 
BVSc, MVetClinStud, FACVSc, Dip ACVS & ECVS  DVM, MS, DACVIM (Oncology) 
ACVS Founding Fellow in Surgical Oncology  Director of Clinical Research 
Alta Vista Animal Hospital, Ottawa, ON, Canada  Hope Veterinary Specialists, Malvern, PA, USA 
 

¡ Mammary tumors occur in both female and 
male cats 
 

¡ Mammary tumors are the third most 
common tumor in cats 
§ 17% of all tumors in female cats 

 

§ 7-15% benign or hyperplastic 
 

§ 85-93% malignant 
 

¡ Ovariohysterectomy reduces the risk of 
mammary tumors 
§ Intact queens have 7-fold increased risk 
§ Spayed cats have 40-60% reduced risk 
 

¡ Exogenous progestins 
§ 3-fold increased risk 

¡ Dorn et al. 1968 
§ Cats spayed before 6 months had a 7 x reduced risk vs. 

intact females 
 

¡ Hayes et al. 1981 and Misdorp et al. 1991 
§ Intact cats at increased risk of developing mammary CA 
§ No association with pregnancy 
§ Regular progestin therapy associated with increased risk 

 

¡ Overley et al. 2005 
§ OHE prior to 6 months of age:  91% decreased risk 
§ OHE prior to 1 year of age:  86% decreased risk 

¡ Dogs 
§ 50% benign 
▪ Adenomas 
▪ Fibroadenomas 
▪ Benign mixed tumors 
▪ Duct papillomas 

 
§ 50% malignant 
▪ Carcinoma in situ 
▪ Tubular, solid, 

anaplastic, other 
carcinomas 

▪ Sarcomas 
▪ Carcinosarcomas 

¡ Cats 
§ 10-15% benign 
▪ Hyperplasia 
▪ Adenomas 
▪ Fibroadenomas 
 

§ 85-90% malignant 
▪ Majority carcinomas 
▪ Sarcomas and 

carcinosarcomas very rare 
 

¡ Feline mammary tumors are aggressive 
§ Invasion 
§ Ulceration 
§ Lymphatic invasion 
§ Lymph node metastasis 
 

¡ > 80% have metastasis at euthanasia 
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¡ Signalment 
§ Age:  10-12 years 
§ Breed:  Siamese predilection 
§ Late spayed or intact females  
§ Males occasionally 

 

¡ May have history of progestin therapy 
 

¡ Number and location 

¡ 25 -45% have ulceration and/or nipple 
involvement 

 

¡ Ulceration is common 
 

¡ Nipples red and swollen 
 

¡ Multiple mammary gland involvement 
in > 50% cats 
 

¡ No site predilection and all mammary 
glands are equally affected 

 

¡ Thorough history 
 

¡ CBC, biochemistry screen, urinalysis 
 

¡ Careful palpation of mammary chain 
and associated lymph nodes 

 
¡ Thoracic radiography +/- abdominal 

ultrasonography 
 

¡ Fine needle aspirates of draining 
lymph nodes 

 

¡ Mammary glands 1, 2, 3   4 
drain into the 
§ Axillary lymph node 
§ Cranial sternal lymph node 
 

¡ Mammary glands 3, 4, 5   2 
drain into the 
§ Superficial inguinal lymph 
node 

 

¡ Mammary glands 1, 2, 3   4 
drain into the 
§ Axillary lymph node 
§ Cranial sternal lymph node 
 

¡ Mammary glands 3, 4, 5   2 
drain into the 
§ Superficial inguinal lymph 
node 

 

Tumor 

T1  Tumor < 2cm 

T2  Tumor 2-3cm 

T3  Tumor > 3cm 

Node 

N0  No evidence of regional lymph node involvement 

N1  Regional lymph node involvement 

Metastasis

M0  No evidence of metastasis 

M1  Evidence of metastasis, site specified 
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¡ Stage I – T1-N0-M0 

 
¡ Stage II – T2-N0-M0 
 

¡ Stage III – T1-2-N1-M0 or T3-N0-1-M0 
 

¡ Stage IV – T1-3-N0-1-M1 

¡ Surgical resection recommended for 
treatment of feline mammary tumors 
 

¡ Regional lymph nodes should be excised 
§ Mammary glands 1 and 2 drain into axillary then 
sternal lymph nodes 

§ Mammary glands 3 and 4 drain into inguinal 
lymph nodes 

¡ Radical mastectomy recommended 
regardless of tumor size 
 

§ Bilateral mastectomy 
 

§ Single-stage procedure or staged by 6 weeks 

¡ Desmopressin versus control group 
§ Median DFI: 608 days v. 88 days 
§ Median survival time: 809 days v. 237 days 
 

¡ Grade 2 mammary carcinoma 
§ Median DFI: > 600 days v. 85 days 
§ Median survival time: > 600 days v. 351 days 
 

¡ Grade 3 mammary carcinoma 
§ Median DFI: > 600 days v. 26 days 
§ Median survival time: > 600 days v. 35 days 
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¡ Moderate wound tension for bilateral 
mastectomy 
 

§ Moderate risk of wound dehiscence 
 

§ Body stockingette and cage confinement 

¡ Seroma 
 

¡ Wound dehiscence 
 

¡ Bruising 
 

¡ Lymphedema 
 

¡ Local tumor recurrence and metastasis 

¡ Chemotherapy 
§ Benefit? 
§ Doxorubicin, Carboplatin, 
Docetaxol 

 
¡ NSAIDs 

 

¡ Tyrosine kinase inhibitors 

¡ Jeglum et al. JVIM 1985 (n=11) 
§ Adriamycin and Cytoxan 
▪ 3 CR, 2 PR, 2 SD, 4 PD 
▪ Overall MST 9 months 

 

 
¡ Mauldin et al. JVIM 1988 (n=14) 

§ Adriamycin and Cytoxan 
▪ 7 PR, 7 no response 
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¡ Simon et al. VCS 2001 
§ 21 cats with any stage of disease 
§ Adjuvant doxorubicin + cytoxan 
§ MST = 327d (unpublished data) 

 

 
¡ Novosad et al. JAAHA 2006 

§ Surgery alone vs. surgery and doxorubicin 
§ DFI = 255d 
§ MST = 414d 
§ Completion of chemotherapy protocol associated with 
longer DFI 

§ Adjuvant doxorubicin conferred no survival advantage 

¡ McNeill et al. JVIM 2009 
▪ Surgery (n=37)        DFS: 372d  MST: 676d 

▪ Surgery + Doxorubicin (n=36)   DFS: 1,406d  MST: 848d
  No significant difference: DFS or MST 

▪ *Unilateral radical mastectomy 
▪ Surgery       MST: 414d 
▪ Surgery + DOX    MST:  1,998d 

Disease-Free Survival  Median Survival Time 

Surgery (overall)  372 days 1406 days 

Surgery (0verall) and 
doxorubicin 

676 days  848 days 

Unilateral mastectomy 
alone 

414 days 

Unilateral mastectomy 
and doxorubicin 

1998 days (p=0.03) 

¡ McNeill et al. JVIM 2009  ¡ Radiation Therapy 
 

§ Not evaluated in treatment 
of canine or feline 
mammary tumors 
 

§ Most cases with dirty 
margins should undergo 
surgical re-excision 

¡ MST for tumor size  
 

§ < 2 cm is 450->1095 days 
 

§ 2-3 cm is 448-730 days 
 

§ > 3 cm is 180-200 days 

¡ MST for metastasis  
 

§ > 2,100 days for no metastasis 
 

§ 331 days for metastasis, regardless of site 
 

§ 6 months to 1,543 days for lymph node metastasis 
 

§ 331 days for lung metastasis 
 

§ 188 days for pleural effusion 
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¡ Median disease-free 
interval 
 
§ 300 days for regional 
mastectomy 
 

§ 1,200 days for bilateral 
mastectomy 

¡ MST for surgical dose  
 

§ 216 days for regional mastectomy 
 

§ 566 days for unilateral mastectomy 
 

§ 917 days for bilateral mastectomy 
 

¡ Seixas et al. Vet J 2011 (n=64) 
§ Grade = tumor size, clinical stage, lymphovascular 
invasion , mitotic index , Ki67 index , overall survival 
and DF survival  

§ Grade as an independent prognostic factor 
 

¡ Survival rates 
§ Well-diff: 100% 1-year SR  
§ Moderately diff: 42% 1-year SR  
§ Poorly diff: 0% 1-year SR 
 
 

¡ Lymph node involvement 
 

¡ Proliferation indices 
§ Ki-67 and AgNOR 
 

¡ Hormonal status: 
§ Estrogen receptor status  
§ 80-90% are ER negative 
 

¡ Degree of invasion 
§ Local invasion: MST 21.8 months 
§ Blood vessel or lymphatic invasion: MST 13.4 months 
 
 

 

¡  Sayasith et al. Vet Path 2009 
§ Positive expression 87% of Adenocarcinomas 
§ Low (50%) 
§ Medium (32%) 
§ High (5%) 

 

¡ Millanta et al. Breast Cancer Res Treat 2006 
§ Increased COX-2 exp related to: 
§ ER-negative status 
§ Increased PR expression 
§ VEGF expression 
§ Poor prognosis 
 

¡  Sayasith et al. Vet Path 2009 
§ Positive expression in 87% of adenocarcinomas 

§ Low (50%) 
§ Medium (32%) 
§ High (5%) 

 

¡ Millanta et al. Breast Cancer Res Treat 2006 
§ Increased COX-2 exp related to 

§ ER-negative status 
§ Increased PR expression 
§ VEGF expression 
§ Poor prognosis 
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¡ Borrego et al. VCO 2009 (n=23) 
§ “Aggressive surgery” with adjuvant 

meloxicam and doxorubicin 
 

▪ MST 460 days 
 

▪ MDFI 269 days 
 

▪ n=3 with azotemia  
 

▪ No improvement vs. historical data 

  

¡ Millanta et al. Res Vet Sci 2006 
§ VEGF expression = grade and overall ST 

 

¡ Millanta et al. Vet Path 2002 
§ VEGF expression = grade (invasive) and 

prognosis 
 

¡ Islam et al. Vet J 2012 
§ INOS = VEGF/MVD 

¡ p-AKT expression (Maniscalco et al. Vet J 2012) 
§ Associated with HER2 expression and PTEN down-

regulation 
§ Dec DFI 

¡ P-cadherin 
¡ P-glycoprotein 
¡ CXCR4 
¡ Peptidylarginine deiminase-2 
¡ E-cadherin and β-catenin 
¡ More daily… 

 

¡ Hughes and Dobson Vet J 2012 
§ “Many studies utilise 'surrogate markers' of 

clinical outcome, such as correlation with 
histological grade, to assess the prognostic 
value of molecular markers, and further 
investigation is therefore necessary before 
reaching firm conclusions regarding the 
prognostic value of some markers.” 
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¡ Thorough presurgical work-up 
§ Size, lymph node aspirates, thoracic radiographs 

 
¡ Surgery: unilateral vs. bilateral mastectomy 

§ Larger surgery results in longer remissions 
§ Mammary gland tumors track along lymphatics 
§ 66% treated with smaller surgeries will have local recurrence 
§ Radical surgery increases efficacy of chemotherapy (less tumor left to 

kill) 
 

¡ Adjuvant chemotherapy 
 

¡ Novel Pathology 
 

¡ Novel Therapies  Veterinary Society of Surgical Oncology 
(www.vsso.org) 

www.HopeVS.com www.altavistaanimalhospital.com 
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TKIs in Feline Oncology 
 

Dr. Craig A. Clifford 
DVM, MS, DACVIM (Oncology) 

Director of Clinical Research 
Hope Veterinary Specialists 

Malvern, PA, USA 
 
Introduction 
Tyrosine kinases and their inhibitors:  Receptor tyrosine kinases (RTKs) are cell-surface receptors 
for extracellular growth factors that facilitate signaling to the cell interior, mediating functions such 
as growth, survival, invasion and angiogenesis in normal cells. Upon binding their appropriate 
ligand, a dimerization occurs which induces a conformational change in the receptor that allows 
phosphorylation of tyrosine residues in the intracellular domain. This then triggers several different 
intracellular second messenger cascades leading to altered gene expression. Examples of surface 
RTKs include Kit, epidermal growth factor receptor (EGFR), vascular endothelial growth factor 
receptor (VEGFR), and platelet-derived growth factor receptor (PDGFR). Dysregulation of these 
RTKs can lead to uncontrolled cell growth and survival and is one of many underlying causes of 
some cancers.  Examples in veterinary medicine include mutations in the Kit in canine and feline 
mast cell tumors as well as gastrointestinal stromal tumors in dogs. Dysregulation of the angiogenic 
RTKs (VEGF and PDGF) are likely present in a variety of canine and feline cancers including 
injection site sarcomas (feline), osteosarcoma, anal sac anal gland carcinoma, squamous cell 
carcinoma (canine and feline), thyroid carcinoma and nasal carcinoma. Currently toceranib 
phosphate (Palladia; Pfizer Animal Health) Masitinib (Kinavet, ab-science) are commercially 
available in veterinary medicine.  
 
Preclinical data and early pilots studies have demonstrated activity with imatinib (Gleevec) in cats 
with VAS and MCT (patient with a kit mutation). Early safety data has been gathered for Masitinib 
which appears safe in cats, however, longterm studies are lacking. Toceranib was evaluated 
retrospectively (unpublished data) in cats with solid tumor including SCC (n=13), ISS (n=8), MCT 
(n=6), MGT (n=4), other sarcoma (n=3), and multiple myeloma (n=1). An overall response rate 
included: complete response (CR), partial response (PR); “biological response rate” (BRR) defined as 
stable disease >30 days and objective response rate (CR+PR+BRR). A median dose of 2.8 mg/kg of 
toceranib phosphate 3–4 times weekly (range 1.67–4.0 mg/kg) was noted in 42 cats evaluated. 
Objective responses were noted in cats with ISS, SCC and MCT. Recorded adverse events (n=15) 
included anorexia and weight loss, vomiting, hiding, tumor necrosis/ulceration, elevated liver 
enzymes, lameness, fever, and diarrhea.  
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What’s New in Veterinary 
Oncology:  

Novel Diagnostics and Tyrosine 
Kinase Inhibitors 

 
Craig Clifford, DVM, MS, 

 DACVIM (Oncology) 
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Receptor Tyrosine Kinases 

• Receptor tyrosine kinases (RTKs) 
– Cell-surface TKs activated by the binding of growth factors  
– Role in cell signaling pathways, which direct growth, 

progression of differentiation, survival, and angiogenesis 

Reference: London C. Withrow and MacEwen’s Small Animal Clinical Oncology. 2007:242-251. 

Activated system Inactive tyrosine kinase receptor system 

 

Tumors and Angiogenesis
• Tumors cannot grow > 1-2 mm under existing vasculature 

• Angiogenesis delivers oxygen and nutrients tumor growth and survival 
• VEGFR-2 and PDGFR-β both regulate angiogenesis 

– VEGFR-2 is an impt: 
• Endothelial proliferation/migration and survival signal 

– PDGFR-β is impt for: 
– Maintenance of blood vessels3 

VEGF&VEGFR-2 binding 

PDGF& PDGFR-β binding 

References:1. Folkman J. Curr Mol Med. 2003;3:643-651. 2. Ferrara N, et al. Nat Med. 2003;9:669-676. 3. Bergers G, et al. J Clin Invest. 2003;111:1287-1295. 

  

KIT Dysfunction Plays A Role In The 
Proliferation Of MCT 

• KIT is critical for development/growth 
of mast cells 
– Exp on mast cells and act by stem cell 

 factor (SCF) 
 

• % KIT mutations in dogs: ~25% in 
grade II/III  
– Internal tandem duplications in exons 11  

and 12 lead to constitutive phosphorylation 
in the absence of SCF binding 

 

– c-KIT ITD mutations = increased rate of 
recurrent dz and mortality 

 

– Exon 8 and 9 mutations are constitutively 
activating 
 
 

 References: 1. Downing S, et al. Am J Vet Res. 2002;63:1718-1723. 2. Webster JD, et al. Neoplasia. 2006;8:104-111. 3. Letard S, et al. Mol Cancer Res. 2008;6: 1137-1145 
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• Cats: Mutations in Exons 8,9 are most 
common (~50-67%) 

 

15 

How to Inhibit RTKs  

c-KIT 

PDGFR 

VEGFR 

Abl JAK 

Src 

Raf 

MAPK 

MEK ERK  Ras 

PI3-K AKT 

Raf 

MAPK 

MEK  ERK Ras 

PI3-K AKT 

Tumor Cell  Endothelial Cell 
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n Sunitinib 

Sorafenib 

Tyrosine Kinase Inhibitors: Mechanism  
of Action 

Protein tyrosine kinase inhibitors 
(TKIs) 

• Stem cell factor receptor (SCFR or c-kit) 
– Split kinase family (VEGFR, PDGFR, …) 
– Transmembrane tyrosine kinase 

TKIs studied in dogs 
 

Toceranib 
Masitinib 

Imatinib 

C-Kit Inhibitors 
• Palladia (Toceranib) 

– Oral agent 2.5- (3.25 )mg/kg every other day (M,W,F) 
– Other receptor inhibition 

• Anti VEGF,PDGFR 
– Antiproliferative, antiangiogenic agent 

– Grade II or III recurrent, cutaneous MCTs, +/- LN mets 
• Global response rate around 40% (1/3 CR – ~duration 4 months) 
• Significant difference vs placebo: Response, TTP 
• Mutation +: response nearly 70% 
• Concept of stable disease (biologic response) 

 
 
 

 
London et al. Multicenter Placebo controlled Double Blind Randomized Study of Oral Toceranib Phosphate( SU11654, a Receptor Tyrosine 
Kinase Inhibitor for the Treatment of Dogs with Recurrent (Either Local or Distant) Mast Cell Tumor Following Surgical Excision  Clinical 
Cancer Res 2009 15(11) 3856-3864 

TKIs 
• Side Effects: 

– 15-20% rate 
• Lethargy, Inappetance, Vomiting and/or Diarrhea 

 
– 2-6% chance of serious side effects 

• Vasculitis 
• Elevation in kidney enzymes, urine protein loss 
• Lameness 

– Monitoring 
• Physical exam, Bloodwork q2 weeks for 2 months then every 8 

weeks after that 
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• Palladia® for nonresectable mast cell tumors 
– Most extensively evaluated 
– MCTs + for KIT mutation more likely to respond 
– Duration: weeks to months (stable disease might be 

OK) 
KIT Mutation Status  Remission Rate 

Mutation +  65% 

Mutation – 
(wild-type) 

40% 

From: London C et al. Clin Can Res 2009 

TKIs 

149 dogs with  MCTs 

In 60% Of The Dogs Disappeared, Shrank, Or 
Stopped Growing 

• Biological response rate (stable disease [SD] ≥10 weeks 
or PR or CR) was 59.5% for all treated dogs in the 
blinded plus the open-label populations 

59.5% 

Bi
ol

og
ica

l re
sp

on
se

 ra
te

 (%
) 

12.2% 

31.3% 

16% 

≥10 weeks 

Reference: Pfizer study number 1963C-60-04-688; London CA, et al. Clin Cancer Res. 2009;15:3856-3865.  

• Kinavet® (masitinib) 
– More selective inhibitor of mutated KIT receptor 
– 12.5 mg/kg/day 
– Other activities: 

• Inhibits PDGFR, FGFR 
(antiangiogenic) 

• Blocks Lyn, Fyn 
(key components of pathways leading to IgE-mediated degranulation) 

• Blocks FAK pathways 
(inhibit cell proliferation, survival) 

• Chemotherapy-sensitizing agent 
(possibly through inhibition of PDGFR) 

– Diverse applications 
• MCT, lymphoma, melanoma, atopy, asthma 

• Kinavet (Masitinib) 
– Oral TKI (AB Science) 
– Inhibits c-Kit, PDGF-R, FGFR3, FAK) 
– Results in cell cycle arrest and apoptosis of mast cells 
– Inhibits both wild type and mutant c-kit 
– 202 nonresectable or recurrent Grade II-III MCT dogs 

• TTP 253 days (first-line tx) vs. 75 (placebo) 
– Regardless whether mutant KIT or not 

• Increased overall survival in dogs with mutant KIT (417 days 
vs 182 (placebo) 

 

C-Kit Inhibitors C-Kit Inhibitors 
• Masitinib ( AB Science) Survival Data ( 6 weeks vs 6 

month ) 
 

Hahn et  al.  Evaluation of 12 and 24 month survival rates after treatment with masitinib in dogs with nonresectable mast cell tumor             
AJVR 2010
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• Side-effects 
– Gastroenteritis 
– Myelosuppression 
– Protein-losing nephropathy 
– Azotemia 
– Lameness 

TKIs Have Both Antiangiogenic And 
Antiproliferative Effects 

Reference: London CA, et al. Clin Cancer Res. 2003; 9:2755-2768 

Inhibition of VEGFR-2 on endothelial 
cells and PDGFR-β on pericytes 
for an antiangiogenic effect  

Inhibition KIT on tumor cells 
for an antiproliferative effect 

PALLADIA 

Masitinib 

PDGF

VEGF 

VEGF&VEGFR-2 binding 

PDGF& PDGFR-β binding 

PALLADIA 

Reference

: London CA, et al

. 

Clin Cancer Res

The simultaneous inhibition of these RTKs blocks multiple processes 
necessary for tumor growth 

VEGF&VEGFR-2 binding 

Masitinib 

29 

Adverse Events? 
 

• All multireceptor kinase inhibitors have adverse events 
 

• The type of AEs is dictated by the array of receptor/target inhibition 
 

• AEs observed are often similar to those that occur with other 
systemic therapies, such as chemotherapy 

 

• AEs can be serious, but most are mild to moderate and generally 
manageable with supportive care or dose/schedule modification 

 

 

Hot Off The Press 

Palladia Activity vs. 
• Metastatic OSA 
• Nasal carcinoma 
• AGASACA 
• Thyroid carcinoma 
• Oral SCC 

AGASACA 

Day 0 
6 wks post 
Palladia™ 
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Pre-Palladia - 10.9 cm  

Post-Palladia – 6.9 cm 

4 weeks 

Pa

llad

ia

Images courtesy of David Vail 

Hot of the Press 

Hot off the Press 

•Palladia 3.25mg/kg po eod + 
piroxicam 0.3mg/kg sid 

•Safe and tolerable 
•Efficacy SCC 
 

•Vinblastine at 1.6mg/m2+ palladia 
@ 

•2.25mg/kg, 2.75mg/kg, 3.25mg/kg 
was tolerable 
•Clinical benefit (CR+PR+SD)= 71.4% 
• Vinblastine 2mg/m2 lead to high 
grade neutropenia 
•Why? MDR inhibition! 
•Changes dogma of MTD dosing 
 

RT + Palladia/Pred 
Carlsten et al, JVIM 2012 
 

• 13 dogs 
• ORR 86.7% 
• PFI 316 days 
• 100% had GI side-effects 
 - bulky dz!  
• 6 KIT mutation + 
  

 

WTF!  
 what about 

cats??? 

Preclinical Data: ISS 
 • Masitinib: 

– PDGF inhibitor 
– Anti-proliferative and pro-apoptotic activity in primary and 

metastatic feline injection-site sarcoma cells Lawrence et al. 
Vet Comp Oncol 2012  
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Masitinib Dosing and Safety 
• Bellamy et al. Vet Res Comm. 2009 
– Good bioavailability of ~60% in both sexes.  
– Oral dose of 10-15 mg/kg masitinib is appropriate to 

achieve adequate plasma concentrations 
 

• Daly et al. JVIM 2011 (n=20) 
– N=10: 50 mg eod x 4 weeks,  
– N=10: 50 mg sid x 4 weeks.  

• Proteinuria: 2/20 (10%) cats (both treated daily),  
• Neutropenia: 3/20 (15%) (in both groups) 
• Incr Cr and mild GI signs  

• Long-term administration/PK studies are needed 

In Vivo Data: ISS 
• Gleevec: 
– PDGF Inhibitor 

• In vitro: increases chemosensitivity  Cancer Chemother 
Pharmacol. 2004;54:25-33.  

• In Vivo: A phase I clinical trial evaluating imatinib mesylate 
(Gleevec) in tumor-bearing cats  Lachowitz et al. JVIM 2005 

 

• Gleevec: Isotani et al. Vet Immunol Immunopathol 
2006 
– Identification of a c-kit exon 8 internal tandem duplication in a feline 

mast cell tumor case and its favorable response to the tyrosine 
kinase inhibitor imatinib mesylate 
 

 
 
 
 
 
 

In Vivo Data: MCT 
 

• Palladia: 
– Current trial Palladia alone vs. Palladia + RT 

• 2.5-2.75mg/kg eod 
• Too few cases in combination group 
• Biologic activity noted (~50) 
• Tolerated well 

– Anorexia 
 

 
 
 
 

In Vivo Data: SCC 

The Future of TKIs:  
What Cancers? Questions? 

Cliffdoc2000@yahoo.com 
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INTRATHORACIC TUMORS 
 

Dr. Julius M. Liptak 
BVSc, MVetClinStud, FACVSc, DACVS, DECVS 

ACVS Founding Fellow in Surgical Oncology 
Alta Vista Animal Hospital, Ottawa, Ontario 

 
Dr. Craig A. Clifford 

DVM, MS, DACVIM (Oncology) 
Director of Clinical Research 
Hope Veterinary Specialists 

Malvern, PA, USA 
 
 

 
The most common locations for intrathoracic tumors are the lungs and cranial mediastinum, while 
the heart is occasionally affected. In general, lung and cranial mediastinal tumors can be excised and 
often with minimal morbidity. However, there are some limitations depending on location (for lung 
and heart tumors), invasiveness (for cranial mediastinal tumors), and tumor type (for cranial 
mediastinal tumors). 
 
 
LUNG TUMORS 
Primary lung tumors are rare in cats and although the etiology is unknown, exposure to 
environmental carcinogens is thought to play a role. The majority are malignant carcinomas with 
adenocarcinoma the most common tumor, while others include squamous cell carcinoma, 
adenosquamous carcinoma and anaplastic carcinoma. Carcinomas are classified as bronchial, 
bronchoalveolar, and alveolar, based on their location. The bronchial location is most common in 
cats, accounting for 76% of carcinomas, followed by bronchoalveolar carcinomas, which are seen in 
10%-15% of cats. Alveolar carcinomas are rare. Squamous cell carcinomas likely arise from airway 
lining. No sex predilections has been noted but one recent study documented an increased incidence 
in the Persian breed.  
 
Respiratory signs associated with lung tumors (coughing, increased respiratory rate, and dyspnea) 
occur in nearly 35% of patients. Other more vague signs include  
+anorexia, weight loss, etc. In nearly 25% of cases lung tumors are an incidental radiographic 
finding in a clinical normal patient.  
 
Lung tumors are more aggressive in cats with a higher rate of grade III tumors and metastasis in up 
to 75% of cats. The lungs (65%) and regional (i.e., tracheobronchial or hilar) lymph nodes (29%-
35%) are the most common metastatic sites, but distant metastasis to extrathoracic sites is reported 
in 35%-58% of cats with lung carcinomas. Of particular importance in cats is metastasis to the digits 
resulting in swelling of one or more toes and lameness without respiratory signs (lung digit 
syndrome). The weight-bearing digits and third phalanx are most commonly affected (5-25%). Digit 
amputation does not have any benefit because of the development of further digit metastases and 
progressive non-respiratory disease. Skin and ocular metastases have been reported. 
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Thoracic Radiographs 
Thoracic imaging is required for the diagnosis and clinical staging of cats with suspected lung 
tumors. Lung masses can be difficult to detect in cats because lung tumors have a variable 
radiographic appearance with three main patterns described: 
 

§ Mixed bronchoalveolar pattern (33%) (Fig. 1) 
§ Ill-defined alveolar mass (22%) 
§ Pulmonary mass with cavitation (56%) 

 
The diagnosis of lung tumors in cats is further complicated because concurrent bronchial disease is 
common in cats with primary lung tumors. Radiographs will also document the presence of a 
effusion and further evaluation is needed as malignant effusions carry a poorer prognosis.  
 
The caudal lung lobes are most commonly affected. Diffuse lesions are present in up to 53% of cats 
with primary lung tumors. Other less common findings on thoracic radiographs include hilar 
lymphadenomegaly and pleural effusion. 

 
Fig. 1. Lateral thoracic radiograph in a cat with 
bronchial carcinoma. 
 
 
 
 
 
 
 
 
 
 
 

Computed Tomography Scans 
Computed tomography scans are more sensitive for the detection of lung tumors, particularly 
metastatic tumors, and also provides more accurate information on staging for resectability and 
detection of occult metastasis and tracheobronchial (or hilar) lymph node enlargement. Using high-
detail screens, metastatic lesions as small as 6 mm can be detected on thoracic radiographs, but 
thoracic computed tomography scans can detect lesions as small as 1-2 mm. Furthermore, a recent 
paper showed that thoracic computed tomography scans were accurate for the detection of hilar 
lymphadenomegaly in dogs with primary pulmonary tumors and that this corresponded with 
histologic confirmation of metastasis in all cases. In contrast, enlarged tracheobronchial lymph 
nodes were not observed on thoracic radiographs in any of these dogs. 
 
Trans-Thoracic Aspiration 
Ultrasound- or computed tomography-guided aspiration has been recommended for the diagnosis 
of solitary lung masses. The diagnostic accuracy is high with 80% of aspirates correlating with final 
histopathology, although false-negative results are not uncommon because larger tumors often have 
a necrotic centre. However, trans-thoracic aspiration is rarely necessary because a definitive 
diagnosis will not change the treatment options (i.e., lung lobectomy), regardless of whether the 
mass is a tumor, abscess, or granuloma. Furthermore, trans-thoracic aspirations have a risk of 

1 



2013 187

 3 

complications, such as pneumothorax, hemothorax, and seeding of the pleural cavity (with tumor 
cells if a lung tumor or purulent material if an abscess). Furthermore, a mortality rate of 12% has 
been reported following trans-thoracic aspiration in cats and dogs. However, if an effusion is noted, 
thoracocentesis for cytologic evaluation is warranted as the presence of a malignant effusion may 
change therapeutic options.  
 
Treatment 
 
Surgery 
Surgery is recommended for the treatment of cats with non-metastatic primary lung tumors, with the 
affected lung lobe removed by either lung lobectomy or pneumonectomy. Surgical approaches for 
lung lobe resection include lateral intercostal thoracotomy and median sternotomy. A fourth to sixth 
lateral intercostal thoracotomy is recommended for most primary lung tumors because surgical 
exposure is usually good and the tracheobronchial lymph nodes can be palpated and aspirated. A 
median sternotomy may be necessary for large tumors, but assessment of the dorsal lung fields and 
tracheobronchial lymph nodes is difficult.  
 
Following thoracotomy, the affected lung lobe is isolated by packing off the remaining lung lobes in 
the surgical field with moistened laparotomy sponges. This reduces the risk of tumor spillage and 
seeding during resection. A partial lung lobectomy can be performed for peripheral tumors, but total  
lung lobectomy is preferred for the treatment of primary lung tumors. Lung lobectomy can be 
performed with either thoracoabdominal (TA) stapling equipment or individual ligatures. 
 
For lung lobectomy by ligatures, the arterial blood supply is ligated first to control blood flow to the 
lung lobe, prevent congestion, and reduce the risk of severe arterial hemorrhage. Arterial ligation 
also decreases venous outflow by reducing intravenous hydrostatic pressure and causing 
microvascular collapse. Sharp and blunt dissection are used to isolate the pulmonary artery from the 
adjacent pleura and perivascular tissue. The pulmonary artery is located dorsal to the left bronchi 
and ventrolateral to the right bronchi. Umbilical tape can be used to retract the artery and for 
emergency ligation in case of arterial tearing during dissection or ligation. The pulmonary artery is 
ligated with three ligatures of 2-0 to 3-0 non-absorbable suture material with the second ligature a 

transfixation ligature. The pulmonary artery is transected 
between the second and third ligatures (Fig. 2). Following 
arterial ligation, the lung lobe is retracted dorsally and the 
pulmonary vein is approached ventral to the bronchus. In a 
similar fashion to the pulmonary artery, the pulmonary vein 
is dissected, ligated, and transected. Care should be taken 
not to compromise arterial supply and venous drainage of 
adjacent lung lobes. The bronchus is then cross-clamped 
and transected between clamps with lung lobe removed. 
Non-absorbable monofilament suture material is used in a 
horizontal mattress pattern to collapse the bronchus and 
this is then oversewn with a simple continuous pattern of 3-
0 to 4-0 monofilament absorbable suture material. The 
suture material and bronchus are covered with pleural and 
subpleural tissue to prevent adhesions, reduce postoperative 
air leaks, and accelerate healing. 
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Fig. 2. Lung lobectomy performed using ligatures. A. The pulmonary artery and vein are triple ligated with the middle 
ligature being a transfixion ligature. The vessels are ligated between the transfixion and third ligatures (broken line). B 
and C. The bronchus is clamped and collapsed with horizontal mattress sutures. D and E. The bronchus is transected 
and oversewn with a simple continuous suture pattern. (From Slatter DH (ed). Textbook of Small Animal Surgery 
(3rd edn), 2003). 
 
Lung lobectomy with a TA stapler is preferred because of rapid placement and a secure staple line. 
The TA stapler produces two rows of B-shaped staples and is available in 30 mm, 55 mm, and 90 
mm lengths. The 30 mm TA stapler cartridge is also available with three rows of staples, and this is 
preferred for lung lobectomy. Stapler cartridges for the 55 mm TA stapler are available in either 3.5 
mm and 4.8 mm heights, with the former preferred because of better vessel compression and 
decreased post-stapling hemorrhage. The stapler cartridge is placed around the lung lobe as close as 
possible to the hilus. Tissue within the cartridge should be carefully examined prior to releasing the 
safety latch and firing the staples (Fig. 3). The artery, vein, and bronchus are stapled en bloc and do 
not need to be individually stapled. Large hemostats are applied to the proximal segment to prevent 
spillage of neoplastic cells into pleural cavity.  

 
Fig. 3. A primary lung tumor is being resected with a 30 mm 
thoracoabdominal (TA) stapler. The TA stapler is preferred for lung 
lobectomy because of speed and security.  
 
 
 
 
 
 
 
 

Following lung lobectomy, the tracheobronchial lymph nodes should be aspirated or biopsied if 
possible because neoplastic infiltration may not be clinically apparent. This is rarely possible if a 
median sternotomy has been performed for lung lobectomy. The pleural cavity is lavaged with 
isotonic saline to check for leaks from the lung lobectomy site. A thoracostomy tube can be inserted 
but is not necessary in most cases, except if pleural effusion is present preoperatively.  
A more aggressive procedure is pneumonectomy. Pneumonectomy is defined as the resection of an 
entire ipsilateral lung field. This procedure is rarely required, but may be necessary in cats and dogs 
with large tumors at the hilus. The surgical technique is similar to lung lobectomy, although sutures 
are often required because there is usually insufficient room for placement of a TA stapler.  
 
Postoperatively, monitoring of respiratory function, analgesia levels, and the thoracostomy tube are 
important. Oxygen supplementation, with either nasal cannula or oxygen cage, is recommended after 
surgery because respiratory function is often compromised by anesthesia, surgical incision and 
postoperative bandages, and pain. Oxygenation should be monitored with pulse oximetry and blood 
gas analysis so that oxygen supplementation can be adjusted or discontinued if required. Median 
sternotomy and lateral thoracotomy are painful procedures, as is the presence of the thoracostomy 
tube, and analgesia is mandatory to improve comfort levels, recovery time, and respiratory effort. 
Analgesic techniques include intrapleural lidocaine and non-steroidal anti-inflammatory drugs, 
opioids, and NMDA antagonists such as ketamine. 
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Chemotherapy 
Systemic chemotherapy may offer some survival benefit, but this has not been well documented. 
Chemotherapy is recommended for cats with primary lung tumors. Carboplatin (300 mg/m2 every 3 
weeks for 4-6 treatments) alone or in an alternating protocol with doxorubicin is commonly used. In 
dogs Navelbine (12-15mg/m2 weekly to every other week x 4) has documented efficacy in dogs. 
Placement of an intrathoracic port system may allow intracavitary chemotherapy as a method of 
palliation of malignant effusions. 
 
Prognosis 
The prognosis is guarded to poor for cats with primary pulmonary carcinomas. The overall median 
survival times are 115 days in cats following lung lobectomy alone. 
 
A number of prognostic factors have been identified in cats with primary lung tumors, including 
clinical signs, tumor size and location, clinical stage (i.e., metastasis), tumor type, and histologic 
grade. The presence of metastatic disease has a significant impact on survival times in cats with 
primary lung tumors. For instance, the median survival time for cats without metastatic disease is 
412 days, but the median survival times are only 67 days and 73 days for cats with lymph node and 
digit metastasis, respectively. 
 
Lung tumors are histologically graded in cats as well (grade I), moderately (grade II), and poorly 
differentiated (grade III), based on a scoring system which rates nuclear pleomorphism, mitosis, and 
percentage necrosis. Histologic grade has prognostic significance in both cats with primary lung 
tumors. Lung carcinomas are more aggressive in cats as 69% of carcinomas are grade III compared 
to 10% in dogs. Grade I lung carcinomas are diagnosed in 8% of cats and grade II lung tumors are 
diagnosed in 23% of cats. The median survival time for cats with grade I tumors is 23 months and 
significantly better than the median survival time of only 2.5 months for cats with grade III primary 
lung carcinomas.  
 
 
CRANIAL MEDIASTINAL TUMORS 
 
Introduction 
Cranial mediastinal tumors are rare in cats. The most common cranial mediastinal tumors are 
lymphoma and thymoma, although others include ectopic thyroid carcinoma, aortic body tumors, 
rib and sternal sarcomas extending into mediastinal space, and non-neoplastic diseases such as 
mediastinal and thymic branchial cysts. Cranial mediastinal lymphoma is not a surgical disease, but 
cats with thymoma, ectopic thyroid carcinoma and other neuroendocrine carcinomas are candidates 
for surgery. 
 
Thymoma 
 
Introduction 
Thymomas arise from thymic epithelial tissue, although mature lymphocyte involvement is variable 
and can be dominant. For this reason, and because the lymphoid component of thymomas exfoliates 
more readily than the epithelial component, differentiation from cranial mediastinal lymphoma can 
be difficult. However, the thymic epithelium is the malignant component, not the lymphocytes. 
Thymomas can also be cystic and mimic non-neoplastic cranial mediastinal cysts. 
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Thymomas are classified as invasive or non-invasive, but this is usually based on surgical findings 
and not preoperative imaging. Thymomas are non-invasive in 50%-100% of cats. Non-invasive 
thymomas are well-encapsulated. In contrast, invasive thymomas invade into adjacent structures 
such as the cranial vena cava, thoracic wall, and pericardium. 
 
Metastatic thymoma has not been reported in cats. 
 
Clinical Signs 
The clinical signs for cats with thymoma often depend on whether the tumor is invasive or not. For 
non-invasive thymomas, the thymoma may be asymptomatic and an incidental finding or associated 
with non-specific clinical signs. These include exercise intolerance, coughing, dyspnea, dysphagia, 
and weight loss, and are mostly caused by the space-occupying thoracic mass. Coughing and dyspnea 
are caused by either pleural effusion or extraluminal compression of the trachea and/or segmental 
bronchi by the thymoma. Laryngeal paralysis can be seen with peripheral nerve entrapment. 
 
The clinical signs in cats with invasive thymomas are often the same as non-invasive thymoma. 
Cranial vena cava syndrome is common with invasion or thrombosis of the cranial vena cava. 
Cranial vena cava syndrome is characterized by edema of the submandibular area, neck, thoracic 
inlet, and thoracic limbs, and is associated with pleural effusion, particularly chylothorax.  
 
Autoimmune diseases, paraneoplastic syndromes, and second non-thymic malignancies occur in cats 
with thymoma, regardless of whether they are invasive or non-invasive. Myasthenia gravis is 
characterized by dysphagia in dogs with megaesophagus and weakness. Polydipsia and polyuria are 
frequently observed in dogs with paraneoplastic hypercalcemia. Another interesting paraneoplastic 
disease noted in cats is called Feline Thymoma-Associated Exfoliative Dermatitis (FTED). This is a 
T-cell–mediated process (CD3+): abnormal antigen presentation of neoplastic thymic epithelial cells 
(immature auto-reactive T-cells attack keratinocytes). Lesions are often noted on the head, cervical 
region, ears, chest and trunk. . Initially considered a non-pruritic, erythematous dermatitis with 
exfoliative scaling. Later, lesions develop into a brown, waxy, keratosebaceous debris along the 
digits, claw beds and ears (+/- pruritus and secondary infections). Tumor removal generally yields 
resolution of all clinical signs.  
 
Diagnosis and Clinical Staging 
Clinical signs, physical examination findings, and minimum database abnormalities are usually non-
specific and do not assist in the diagnosis of thymoma. The majority of cranial mediastinal tumors 
are large and cause caudal and dorsal displacement of the heart and lungs. Thoracic auscultation is 
often abnormal as a result, with displaced and muffled heart and bronchovesicular sounds. The 
presence of clinical features consistent with cranial vena cava syndrome is highly suggestive of an 
invasive cranial mediastinal tumor. 
 
Abnormal findings on thoracic radiographs in cats with cranial mediastinal masses include:  

 
§ Space-occupying mass with dorsal elevation of trachea and esophagus 
§ Caudal displacement of cardiac silhouette 
§ Megaesophagus and aspiration pneumonia with paraneoplastic myasthenia gravis 
§ Pleural effusion which may obscure cranial mediastinal masses 
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Ultrasonography can be useful in helping to differentiate thymoma from lymphoma and also to 
obtain guided aspirates for diagnostic purposes. The majority of thymomas have a mixed echogenic 
pattern with possible cavitation, while lymphomas are typically homogenous and hypoechoic. 
 
Cytology is helpful in diagnosing thymomas and differentiating thymoma from lymphoma. Cytologic 
features typical of thymoma include a mixture of thymic epithelial cells and small mature 
lymphocytes in variable proportions and mast. Mast cells are present in aspirates from 50% of cats 
with thymoma. Lymphocytes may predominate in aspirates from thymomas and, in these cases, it 
can be difficult to differentiate thymomas from lymphomas. The size and degree of differentiation 
of lymphocytes and the presence of eosinophils and mast cells can help in making this distinction. 
Generally a thymoma will contain small mature lymphocytes and few if any lymphoblasts. 
 
Computed tomography scans are useful in determining resectability, invasion into adjacent 
structures such as the pericardium, lungs, and thoracic wall, and lung metastasis. 
  
Surgery 
Surgery and radiation therapy are the two main treatment options for the management of thymomas 
in cats and dogs. Median sternotomy is usually required because of the large size of most cranial 
mediastinal tumors, but lateral intercostal thoracotomy, with or without adjacent rib resection, can 
be used in cats. The first role of surgery is to definitively differentiate thymomas as either non-
invasive or invasive.  
 
Non-invasive thymomas do not adhere to adjacent structures and are resected using a combination 
of blunt and sharp dissection. The cranial vena cava and phrenic nerves are located along the 
craniodorsal aspect of the cranial mediastinal mass and should be preserved. The internal thoracic 
artery and/or costocervical trunk may occasionally need to be ligated to complete tumor removal, 
but this does not have any significant impact on postoperative recovery. 
 
Surgical resection of invasive thymomas is more difficult and may not be possible, depending on 
which structures are invaded by the tumor. In addition to resection of the tumor, pericardectomy, 
lung lobectomy, and chest wall resection may be required. Involvement of the cranial vena cava can 
be managed with temporary vascular occlusion, partial or segmental caval resection, and either 
primary caval reconstruction or partial or en bloc vascular grafts. Venous grafts are used in humans, 
and have been reported in a dog, for thymomas invading the cranial vena cava. Radiation therapy 
should be used for the treatment of cats and dogs in which resection of invasive thymomas is either 
not possible or would result in unacceptable postoperative morbidity. 
 
Radiation Therapy 
Thymomas are radiation-sensitive tumors. Radiation therapy is recommended for the treatment of 
animals that are either poor surgical candidates, have invasive thymomas, or to downstage disease 
prior to attempted curative-intent resection. Round cells, such as lymphocytes, are very sensitive the 
effects of radiation therapy and the lymphoid component of the thymoma may determine the 
completeness of response. A response rate of up to 75% is observed in cats, with 20% having a 
complete response, following radiation therapy. Acute effects include pneumonitis and pericarditis. 
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Chemotherapy 
The role of chemotherapy in this disease is undetermined, CHOP based protocols have been used 
anecdotally with mixed results. Platinum agents are commonly used for treatment of human 
thymoma, however, data is lacking in cats treated with carboplatin. This authors has noted mixed  
results.  
 
Novel Therapy 
Receptor tyrosine kinases (RTKs) are cell-surface receptors for extracellular growth factors that 
facilitate signaling to the cell interior, mediating functions such as growth, survival, invasion and 
angiogenesis in normal cells. Upon binding their appropriate ligand, a dimerization occurs which 
induces a conformational change in the receptor that allows phosphorylation of tyrosine residues in 
the intracellular domain. This then triggers several different intracellular second messenger cascades 
leading to altered gene expression. Epidermal growth factor receptor (EGFR) and vascular 
endothelial growth factor receptor (VEGFR) are overexpressed in human lung tumors and early 
evidence suggests they may play a role in feline lung tumors.  

 
Prognosis 
The prognosis is good to excellent in cats following either surgical resection or radiation therapy. In 
10 cats surviving surgery, the median survival time was greater than 21 months with no cat having 
either local tumor recurrence or metastasis. Myasthenia gravis has been reported postoperatively in 
two cats. The median survival time following a coarse fractionated radiation protocol, which is 
usually considered a palliative radiation protocol, was 720 days. 
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¡ 1-9% of all feline cancers 
 

¡ Cranial mediastinum, lungs, heart, pleura 
 

¡ Systematic approach to diagnosis 
 

¡ Signalment 
 

¡ History 
 

¡ Physical exam 
 

¡ Minimum database 
 

¡ Thoracic radiographs 
 

¡ Thoracic ultrasound 

¡ Thoracic CT scan 
 

¡ Transtracheal wash 
 

¡ Bronchoscopy 
 

¡ Bronchoalveolar lavage 
 

¡ Surgery 
 

¡ Non-specific 
§ Respiratory 
§ Usually chronic and constant 
▪ Decompensation may provoke and apparently acute 

onset 

§ Clinical signs often not noticed until 
decompensation 
▪ Cats are notorious for “hiding” disease 

§ Malaise, inappetence and weight loss may be 
the only clinical signs 

 

¡ Complete physical exam is critical 
 

¡ Examine all systems 
§ Differentiate from cardiac disease 
 

¡ No finding is pathognomonic 
 

¡ Respiratory rate and pattern 
§ Forceful inspiration and delayed expiration with 

abdominal effort, orthopneic stance and open mouth 
breathing may suggest pleural effusion 

§ Dull lung sounds ventrally 
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¡ Lung tumors account for < 1% of all tumors 
in cats 
 

¡ Persian cats predisposed 
 

¡ No sex predilection 
 

¡ Increased evidence of association with 
environmental carcinogens 

 

¡ Majority of lung tumors are malignant 
§ Adenocarcinoma (64%) 
§ Bronchoalveolar carcinoma (21%) 
§ Adenosquamous cell carcinoma (15%) 
§ Anaplastic carcinoma 
 

¡ Lung carcinomas are classified according to location 
§ Bronchial 
§ Bronchoalveolar 
§ Alveolar 

¡ Metastasis common and dependent on 
§ Tumor type 
§ Histologic grade 
 

¡ Metastatic sites 
§ Digits (bone of P3, 5%-25%) 
§ Tracheobronchial lymph nodes (29%-35%) 
§ Lungs 
§ Carcinomatosis (65%) 
§ Other sites: bone and skin 

¡ Common presentation 
 

¡ Lameness 
 

¡ Multiple digit swelling 
 

¡ Third phalanx of digits 3 
and 4 

¡ Incidental finding in 25% of cats 
 

¡ Chronic presentation more common 
§ Non-productive cough 
§ Exercise intolerance 
§ Dyspnea and/or tachypnea 
§ Inappetence, weight loss, lethargy 
 

¡ Acute presentation also reported 
§ Hemothorax 
§ Malignant pleural effusion 
 

¡ Lameness 

¡ Radiographic patterns of lung tumors in cats 
§ Mixed brochoalveolar pattern 
§ Ill-defined alveolar mass 
§ Pulmonary mass with cavitation 
 

§ Tumor can track along the bronchi and hence 
resemble bronchiolar disease 

 
¡ Bronchial disease common in cats 
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¡ 1-3mm slices provide 
more accurate 
information on 
 
§ Lung metastasis 
▪ 1-2mm vs. 7-9mm 
▪ 9% of CT lesions seen on 
radiographs 

 
§ Tracheobronchial lymph 

nodes 
 

§ Tumor resectability 

¡ 1-3mm slices provide 
more accurate 
information on 
 
§ Lung metastasis 
▪ 1-2mm vs. 7-9mm 
▪ 9% of CT lesions seen on 
radiographs 

 
§ Tracheobronchial lymph 

nodes 
 

§ Tumor resectability 

¡ Thoracocentesis for pleural effusion 
 

¡ Trans-thoracic aspirate or biopsy 
§ Tumor seeding 
§ Does NOT change treatment options
 

¡ Bronchoscopy 
§ Rarely useful 
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¡ Transtracheal wash and 
bronchoalveolar lavage 
 

§ Retrieval of cell of the 
epithelial lining of the 
airways 
 

§ Interstitial or solitary 
lesions are often not 
diagnosed 

¡ Exfoliate readily and clump 
together 
 

¡ Variable shape 
 

¡ Basophilic cytoplasm 
 

¡ Arranged in rafts or acinar 
arrays 
 

¡ Fried egg appearance 

¡ Bronchoscopy allows 
visualization of the 
airways up to the 
secondary bronchi and 
trans-airway fine-needle 
aspirate 
 

¡ Useful in cases with 
diffuse pulmonary 
disease 

Tumor 

T1  Solitary tumor surrounded by lung or visceral pleura 

T2  Multiple tumors of any size 

T3  Tumor invading adjacent tissues 

Node 

N0  No evidence of regional lymph node involvement 

N1  Regional lymph node involvement 

Metastasis 

M0  No evidence of metastasis 

M1  Evidence of metastasis, site specified 

¡ Surgery 
§ Lung lobectomy 
§ Pneumonectomy 
 

¡ Chemotherapy 

¡ Surgical approaches 
§ Intercostal thoracotomy 
§ Median sternotomy 
 

¡ Examine all lung lobes  
 

¡ Aspirate tracheobrochial lymph nodes 
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¡ Isolate lung lobe with 
laparotomy sponges 

¡ Isolate lung lobe with 
laparotomy sponges 
 

¡ Lung lobectomy 
§ Sutures 
§ TA stapler 

¡ Isolate lung lobe with 
laparotomy sponges 
 

¡ Lung lobectomy 
§ Sutures 
§ TA stapler 
 

¡ Lavage to check for 
leaks 

¡ Resection of entire 
lung field 
 

¡ Same principles as 
lung lobectomy 

¡ Resection of lung field 
 

¡ Same principles as 
lung lobectomy 

¡ Monitoring 
§ SpO2 
§ Blood gases 
 

¡ Analgesia 
 

¡ Thoracostomy tube management 
 

¡ Supplemental oxygen 
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¡ Chemotherapy recommended for 
§ Histologic grade III 
§ Regional lymph node metastasis 
§ Distant metastasis 

¡ Full course chemotherapy 
§ Navelbine 
§ Carboplatin 
 

¡ Metronomic chemotherapy (antiangiogenic) 
§ NSAIDs
§ Palladia 

Pre-treatment  2 weeks  2 months 

¡ Overall median survival time 
§ 115 days in cats 
 

¡ Prognostic factors 
§ Metastasis 
§ Histologic grade 

¡ Median survival time for cats 
 
§ 412 days with no metastasis 
 

§ 73 days for lymph node metastasis 
 

§ 67 days for digit metastasis 

¡ Histologic grading based on 
§ Nuclear pleomorphism 
§ Mitosis 
§ Percentage necrosis 
 

¡ Distribution of histologic grades 
§ 8% grade I 
§ 23% grade II 
§ 69% grade III 
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¡ Median survival time for cats 
 

§ 698 days for grade I tumors 
 

§ 75 days for grade III tumors 
 

¡ Cranial mediastinal tumors include 
 

§ Lymphoma (LSA) 
 

§ Thymoma 
 

§ Ectopic thyroid carcinoma 

¡ Thymoma arises from thymic epithelium 
§ Epithelium is neoplastic component 
§ Tumor also contains mature lymphocytes 
 

¡ Lymphoid component readily exfoliates 
 

¡ Difficult to differentiate thymoma and LSA 

¡ Thymoma classified as 
§ Non-invasive 
§ Invasive 
 

¡ Non-invasive tumors well-encapsulated 
 

¡ Invasive tumors invade into the cranial vena 
cava, pericardium, and lungs 

¡ Immune-mediated diseases 
§ Myasthenia gravis 
§ Immune-mediated anemia 
§ Polymyositis  
§ Cardiac myositis 
§ Dermatologic conditions 

 
¡ Second non-thymic malignancies 
 

¡ Paraneoplastic disease 
§ Malignant hypercalcemia 
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¡ Feline paraneoplastic exfoliative dermatitis 
 

¡ Pathogenesis 
§ T-cell-mediated process (CD3+) 
§ Abnormal antigen presentation of neoplastic thymic 
cells (immature autoreactive T-cells attack 
keratinocytes)  

 
¡ Older cats, especially orange  
     male cats 

¡ Cutaneous signs 
 
§ Initially non-pruritic, erythematous exfoliative scaling 
dermatitis  
 

§ Initially affects head and ears and progresses to 
generalized involvement of trunk, chest and limbs 
 

§ Later becomes a brown, waxy keratosebaceous debris 
in the digits and claw beds and ears with possible 
pruritis and secondary infections 

¡ Large space-occupying mass 
§ Dyspnea and dysphagia 
§ Coughing and regurgitation 
§ Exercise intolerance 
 

¡ Myasthenia gravis 
§ Dysphagia 
§ Rare 
 

¡ Invasive thymoma 
§ Cranial vena cava syndrome 

¡ Clinical signs 
 

¡ Thoracic radiographs 
§ Survey radiographs 
§ Contrast venography 
 

¡ Thoracic ultrasonography and guided aspirate or 
biopsy 
 

¡ CT scans 
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¡ Small or large cranial mediastinal mass 
 

¡ Dorsal elevation of trachea and oesophagus 
 

¡ Caudal displacement of cardiac silhouette 
 

¡ Pleural effusion if invasive thymoma 

Courtesy Dr. Geraldine Hunt 
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¡ Lesions near the thoracic 
wall are visible 
 

¡ Acoustic window needed 
 

¡ Minimal risk of 
complications 
 

¡ Visualization of needle for 
§ Fine-needle aspirate 
§ Core biopsy 
§ Thoracocentesis 

¡ Cytology 
 

§ Mature lymphocytes 
 

§ Mast cells 
 

§ Malignant epithelial cells 

Factor  Thymoma  Lymphoma 

Age  Older  Younger

FeLV  Negative  Positive 

Cytology  Lymphocytes, epithelial 
cells, and mast cells 

Lymphoblasts 

Chemotherapy Non to minimally 
responsive 

Responsive

¡ FeLV vaccination has made thymoma a rare 
disease in cats 

¡ Median sternotomy 
 

¡ Non-invasive tumor 
 

¡ Invasive tumor 
§ Vascular resection and grafting 
§ Pericardectomy 
§ Lung lobectomy 
§ Chest wall resection 

¡ Analgesia 
 

¡ Knowledge of anatomical structures 
 

§ Phrenic nerves
 

§ Cranial mediastinal vasculature 
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¡ Thymomas are radiation-sensitive 
 

§ Poor surgical candidates 
 

§ Invasive thymomas 

¡ Full-course external beam radiation 
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¡ MST 1,825 days for surgery 
§ 0-22% local tumor recurrence rate 
§ No metastasis 
§ Survival rates 
▪ 89% at 1 year 
▪ 74% at 3 years 

 
¡ MST 720 days for radiation therapy 

 

¡ Cancer of epithelial lining of pleura 
 

¡ Diffuse to subtle nodular disease 
 

¡ Effusive neoplasia 
§ Pericardial or pleural 
§ Difficult to differentiate neoplastic from reactive cells 
§ Surgical biopsy needed for definitive diagnosis 
 

¡ Treatment: intracavitary chemotherapy? 
 

¡ Vestigal embryonic structures 
 

¡ Fluid-filled and benign 
 

¡ Asymptomatic 
 

¡ Treatment 
§ Ultrasound-guided drainage 
§ Surgical excision 
 

¡ Primary cardiac tumors are very rare in cats 
§ Mesothelioma, chemodectoma 
 

¡ Metastatic tumors to the heart are more common 
§ Lymphoma, carcinomas, melanoma, hemangiosarcoma 
 

¡ Clinical signs: arrhythmia, syncope, pericardial or 
pleural effusion 
 

¡ Diagnostics: thoracic radiographs, ECG, 
echocardiography, CT scan, surgical biopsy 
 

Veterinary Society of Surgical Oncology 
(www.vsso.org) 

www.HopeVS.com www.altavistaanimalhospital.com 
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MAST CELL TUMORS 
 
Introduction 
Feline mast cell tumors (MCT) represent a spectrum of diseases and forms. The main classification 
is a cutaneous and visceral category. Cutaneous MCTs consist of a mastoctyic form, which is further 
subdivided into compact and diffuse, and a histiocytic form. The visceral form contains a splenic 
and intestinal form which may or may not also have associated cutaneous lesions.  
 
Etiology 
Mast cells normally play a role in inflammation and allergy by virtue of their high-affinity receptors 
for IgE. Growth and differentiation of feline mast cells occurs via the bonding of stem cell factor to 
its tyrosine kinase receptor Kit. Similar to dogs activating mutations in the c-kit oncogene play a role 
in the development of mast cell tumors. Unlike dogs, in which mutations are kost common at exon 
11, in cats mutations in Exon 8 and 9 are most common.  
 
Clinical Presentation 
Mast cell tumors in cats have generally been considered to be a relatively benign condition and 
unrelated to the more aggressive splenic mast cell tumors. However similar to the disease in dogs, 
there is significant variability in presentation and clinical progression and as such a systematic 
approach to these tumors should be followed to minimize unexpected outcomes. Mast cell tumor is 
the second most common skin tumor in cats, accounting for 8% of skin tumors in cats in Great 
Britain and 20% of cats in USA. Cutaneous MCT are commonly observed on the head, neck and 
trunk. Of the mastocytic MCT, two forms prevail:  
 
Compact: Generally these are solitary, firm, round, well-circumscribed, variably-sized masses (0.2-
3.0cm in diameter), involving dermis, epidermis or subcutaneous tissue. 
 
Diffuse: Generally, these entail multiple, raised, firm, round, well-demarcated, small (0.2-1.0cm in 
diameter) papules and nodules. 
 
The histiocytic MCT category often occurs in young (<4 years old) cats the Siamese breed is 
predisposed. This form presents clinically as multiple military subcutaneous masses with a benign 
biologic behavior as they often histiocytic mast cell tumors regress spontaneously. 
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Visceral MCT 
The visceral form entails involvement of either the spleen (often with an associated mastocytosis) or 
the intestines. Patients with splenic involvement may or may not present clinical (gastrointestinal 
signs likely secondary to histamine effects). In many cases splenomegaly is main presenting 
complaint. MCT is a top differential for any cat with splenomegaly. Circulating mast cells and 
anemia, often secondary to hemophagocytosis is common in these patients.  
 
Intestinal MCT is the third most common primary intestinal tumor in cats. Most patients are clinical 
form their disease and it this form appears more biologically aggressive with metastasis to mesenteric 
lymph nodes, liver, and spleen being common.  
 
 
Clinical Staging 
It may be that some of these cutaneous MCTs may truly be metastatic from a primary splenic tumor 
but demonstration of clonality has not been performed. Since feline MCT can present with 
metastatic disease similar to the dog, with metastasis via lymphatic and hematogenous routes to the 
regional lymph nodes and visceral sites, particularly the spleen and liver, our recommendation is 
therefore to include abdominal ultrasound and regional lymph node evaluation for most tumors with 
the exception of extremely small lesions. Conversely, multiple cutaneous MCTs may be metastatic 
lesions from visceral sites such as the spleen or intestines. Other clinical staging tests include 
hematology and biochemistry and buffy coat analysis. Pleural effusion is not uncommon in cats with 
visceral MCT and cranial mediastinal MCT has also been reported, so thoracic radiographs may also 
be beneficial. 
 
Treatment 
Surgical resection of solitary and perhaps multiple MCTs is recommended because lateral margins of 
< 1 cm are usually curative. Resection and anastomisis (intestinal MCT) and splenectomy (splenic 
MCT) are straightforward surgical procedures for the visceral form of MCT. It is important to 
biopsy the other organs and lymph nodes to help determine the extent of disease.  
 
External beam radiation therapy is rarely used although recently Strontium-90 has been shown to be 
effective at controlling unresectable lesions. Chemotherapy for both cutaneous and systemic 
mastocytosis has been primarily lomustine or lomustine/prednisone and complete responders have 
been seen with some having long term control. This experience has been documented in the 
literature.  
 
Prednisone also has benefit but it use as a single agent is not likely as durable Prolonged neutropenia 
and thrombocytopenia are the dose limiting toxicities for Lomustine and dosing is usually 50-60 
mg/m2 every 4 weeks but delays due to myelosuppresion are common. A recent paper noted a 50% 
response rate with a duration of 168 days in cats treated with Lomustine. A recent unpublished 
retrospective study documented a low response rate with vinblastine+prednisone protocol. 
 
The use of tyrosine kinase inhibitors represents a novel based therapy for feline MCT. Receptor 
tyrosine kinases (RTKs) are cell-surface receptors for extracellular growth factors that facilitate 
signaling to the cell interior, mediating functions such as growth, survival, invasion and angiogenesis 
in normal cells. Upon binding their appropriate ligand, a dimerization occurs which induces a 
conformational change in the receptor that allows phosphorylation of tyrosine residues in the 
intracellular domain. This then triggers several different intracellular second messenger cascades 
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leading to altered gene expression. Examples of surface RTKs include Kit, epidermal growth factor 
receptor (EGFR), vascular endothelial growth factor receptor (VEGFR), and platelet-derived 
growth factor receptor (PDGFR). Dysregulation of these RTKs can lead to uncontrolled cell growth 
and survival and is one of many underlying causes of some cancers.  Examples in veterinary 
medicine include mutations in the Kit in canine and feline mast cell tumors as well as gastrointestinal 
stromal tumors in dogs. Dysregulation of the angiogenic RTKs (VEGF and PDGF) are likely 
present in a variety of canine and feline cancers including injection site sarcomas (feline), 
osteosarcoma, anal sac anal gland carcinoma, squamous cell carcinoma (canine and feline), thyroid 
carcinoma and nasal carcinoma. Currently toceranib phosphate (Palladia; Pfizer Animal Health) 
Masitinib (Kinavet, ab-science) are commercially for treatment in canine mast cell tumors.  
Molecular studies have documented kit dysregulation most commonly in exons 8 and 9. 
Furthermore, preclinical studies have investigated different Kit TKIs on feline MCTs, and noted a 
distinct growth inhibition and induction of apoptosis. More recent case series have documented 
response to imatinib in cats with diffuse cutaneous MCT.  Both Palladia and Masitinib have 
anecdotally been evaluated in cats and deemed well tolerated. Prospective analysis in cats with feline 
MCT are lacking.  
 
Prognosis 
Overall survival times are excellent with the majority of cats being cured following either surgical 
resection or irradiation. Median survival times of > 1,075 to > 3,000 days have been reported. The 
prognosis for cats with solitary MCT is excellent following appropriate treatment. In one report, 
multiple tumors (greater than four MCTs) was a poor prognostic sign with a median survival time of 
375-582 days compared to > 994 days for cats with 1-3 MCTs. 
 
Incomplete excision is not associated with a higher rate of local tumor recurrence and has been 
reported in 3-18% of cats. However, it can be difficult to differentiate local tumor recurrence from 
the postoperative development of multiple MCTs.  

Metastasis is rare and occurs in 3-7% of cats. The significance of lymph node metastasis is 
conflictory with median survival times of < 994 days in one paper and > 3,000 days in another 
report. Visceral metastasis is associated with a poorer prognosis and a median survival time of only 
284 days. 
 
Splenectomy alone has a documented 18 months median survival in cats with splenic MCT. 
Interestingly, the associated mastocytosis may take months to resolve. In one study evaluating 
Lomustine for the treatment of feline MCT, none of the patients with splenic MCT responded. 
 
The prognosis for intestinal MCT is considered poor with a overall survival of < 4 months. In a 
recent unpublished study, a MST of 11 months was noted in patients treated with surgery and 
chemotherapy. Weight loss and metastsis were associated with a poorer prognosis.  
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BONE TUMORS 
 
Osteosarcoma 
Primary bone tumors are rare in cats. Most feline bone tumors are malignant although, unlike dogs, 
10%-33% are benign. Osteosarcoma is the most common appendicular tumor, accounting for 70%-
80% of all feline bone tumors, while FSA, CSA, HSA, and rhabdomyosarcoma have also been 
reported. The mean age at diagnosis of appendicular OSA is 10.2 years and males are over-
represented with a male-to-female ratio of 1.7:1. There are a number of differences in the 
presentation and biologic behavior of OSA in cats and dogs. In feline OSA, bones of the pelvic limb 
are involved 1.6 times more frequently than the thoracic limb. The proximal humerus is the most 
common site, closely followed by the distal femur and proximal tibia. The radiographic features of 
primary bone tumors in cats are similar to dogs, although lytic and juxtacortical lesions are more 
common. Lastly, metastasis is uncommon and is diagnosed in less than 10% of cats with OSA. 
Metastatic sites include lungs, brain, liver, kidneys, and spleen. Due to the infrequency of metastatic 
disease, limb amputation without chemotherapy is recommended for the treatment of cats with 
appendicular OSA. The median survival time following limb amputation alone is 11.8-49.2 months. 

 
 

 
BRAIN TUMORS 
 
Introduction 
Brain tumors are relatively common and account for 2.2% of all tumors in cats. Overall, brain 
tumors occur in cats and dogs with an incidence of 0.0035% and 0.015%, respectively. Primary 
tumors are more common, although the brain can also be involved in multicentric tumors such as 
lymphosarcoma, direct extension from tumors in adjacent structures such as the nasal cavity, and 
metastatic tumors. 
 
Overall, 71% of brain tumors in cats are primary, 14% are multicentric lymphosarcoma, 6% are 
metastatic tumors, and 4% extend directly from extracranial sites. Of the primary brain tumors, 
meningiomas are the most common and have a predilection for the third ventricle. Other primary 
brain tumors include lymphosarcoma, pituitary adenoma, gliomas (i.e., oligodendroglioma and 
astrocytoma), ependymoma, choroid plexus papilloma, medulloblastoma, olfactory neuroblastoma, 
and gangliocytoma. Lymphosarcoma is multicentric in 71% of cats and 18% of cats are infected with 
FeLV. Lymphosarcoma has a predilection for diffuse cerebral or brainstem involvement. Pituitary 
tumors are extra-axial and supratentorial tumors; gliomas and oligodendrogliomas are intra-axial and 
supratentorial tumors; and neuroepithelial tumors (i.e., ependymoma) are supratentorial tumors and 
involve either the third or lateral ventricles. 
 
Cats have a high incidence of multiple primary brain tumors, with 7.5% of cats having two or more 
tumors of the same type and 10% of cats having two different types of primary brain tumors. 
 
Meningioma 
Meningioma is the most common primary brain tumor in cats, accounting for 56%-69% of brain 
tumors in cats. Meningiomas are extra-axial and supratentorial tumors arising from the dura mater, 
pia mater, or subarachnoid membranes (Fig. 1). The attachment of the meningioma to the dura or 
leptomeninges may be broad (or sessile), narrow (or pedunculated), or total (or meningioma en 
plaque). Meningiomas are histologically classified as meningoepithelial, fibroblastic, transitional, 
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psammomatous, angioblastic, papillary, granular cell, myxoid, and anaplastic. These have no 
prognostic significance. The majority of meningiomas are meningoepithelial or psammomatous in 
cats. 

 
Fig. 1. A computed tomography scan of a dog with a typical 
meningioma. Meningiomas are extra-axial and supratentorial 
tumors arising from the meninges surrounding the brain and 
spinal cord.. 
 
 
 
 
 
 
 
 

 
Feline meningiomas are benign and expansile masses. They are commonly located rostral to the 
tentorium, over the cerebral convexities, and in the third ventricle. Meningiomas are multiple in 
14%-17% of cats. 
 
Clinical Signs 
Primary brain tumors can cause clinical signs through primary and secondary effects. Primary effects 
of primary brain tumors include:   

 
§ Infiltration of nervous tissue 
§ Compression of adjacent anatomic structures 
§ Disruption of cerebral vasculature 
§ Local necrosis 

 
Secondary effects are usually more diffuse or generalized and may mask the location of focal 
intracranial lesions. Secondary effects of primary brain tumors include:  
  

§ Disturbed cerebrospinal fluid flow resulting in hydrocephalus 
§ Increased intracranial pressure 
§ Cerebral edema 
§ Brain herniation 

 
Primary brain tumors are usually slow growing which allows adjacent structures to adapt to the 
gradual increase in intracranial pressure. This results in vague clinical signs (i.e., subtle behavioural 
changes) which often go unnoticed by the owners. A rapid progression of clinical signs is unusual, 
but can be caused by an overwhelming of compensatory mechanisms or rapidly growing tumors. 
This result in an acute onset of clinical signs with no premonitory signs because of a poor ability of 
compensatory mechanisms to adapt to rapid tumor growth. 
 
Clinical signs not only depend on the rate of tumor growth, but also tumor location and the extent 
of tumor. Premonitory signs are vague and common because of the slow growth of primary brain 
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tumors. They are often overlooked until brain dysfunction is well developed. Premonitory signs 
include decreased purring, reduced activity levels, and mild dullness and listlessness. 
 
Focal or generalized seizures is the most common clinical sign in cats with primary brain tumors. 
Seizures in cats older than 5 years are most often caused by primary brain tumors. Seizures are 
commonly associated with tumors in the frontal lobe (44%), olfactory region (20%), parietal lobes 
(20%), and extension of nasal adenocarcinoma (11%). Other clinical signs include circling (23%), 
ataxia (21%), and cervical spinal hyperesthesia. Cranial nerve deficits are common in animals with 
brainstem tumors. 
 
Tumor location can be approximated by the type of neurologic signs. Supratentorial or forebrain 
tumors cause seizures, behavioural changes, ipsilateral circling and head tilt, contralateral menace 
deficits and postural reactions, proprioceptive deficits with normal to near-normal gait, and spinal 
hyperesthesia. Infratentorial brainstem tumors cause cranial nerve deficits and ipsilateral paresis. 
Infratentorial cerebellar tumors cause ataxia and dysmetria, intention tremors, vestibular signs, and 
menace deficits with normal vision and papillary light reflex. Infratentorial vestibular tumors cause 
head tilt, postural deficits, nystagmus, and cranial nerve deficits (Fig. 2). 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Anatomic localization of intracranial lesions, with common clinical signs for cats and dogs with supratentorial 
forebrain tumors and infratentorial brainsten, cerebellar, and vestibular tumors. (From Slatter DH (ed). Textbook of 
Small Animal Surgery (3rd edn), 2003). 
 
Secondary neurologic signs include alterations in behaviour, circling, head pressing, compulsive 
walking, altered states of consciousness, and associated locomotor disturbances. The majority of 
animals with primary brain tumors will present for either seizures or secondary neurologic signs. 
 
Diagnosis and Clinical Staging 
 
Introduction 
The diagnosis of brain tumors in cats is suggested by history, clinical signs, and physical and 
neurologic examination, but confirmed with advanced imaging. Hematology, serum biochemistry, 
urinalysis, thoracic radiographs, and abdominal ultrasound are necessary for clinical staging and to 
exclude extracranial causes of cerebral dysfunction. 
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Skull Radiographs 
Skull radiographs have limited value in the diagnosis of primary brain tumors, although hyperostosis 
of the overlying calvarium is reported in up to 73% of cats with meningiomas (Fig. 3). Skull 
radiographs are indicated in cats with suspected extension of either nasal or skull tumors into the  
intracranial cavity. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Hyperostosis of the overlying calvarium is common in cats with meningiomas. (From Slatter DH (ed). 
Textbook of Small Animal Surgery (3rd edn), 2003). 
 
Advanced Imaging 
Magnetic resonance imaging (MRI) are the preferred imaging modalities for the diagnosis of brain 
tumors in cats. In general, MRI is considered superior to CT scans because it is more accurate in 
detecting many of the features associated with brain tumors such as edema, cyst formation, changes 
in vascularity, hemorrhage, and necrosis. Primary brain tumors have characteristic CT or MRI 
features, but these are not necessarily pathognomonic or diagnostic for specific tumor types. 
 
For instance, 83% of extra-axial tumors are meningiomas, although other extra-axial tumors include 
lymphosarcomas, pituitary tumors, olfactory neuroblastomas, ventricular tumors (i.e., choroid plexus 
tumors and ependymomas), and direct extension of nasal tumors. The majority of these extra-axial 
tumors can then be differentiated based on anatomic location: pituitary tumors are located in the 
hypophyseal fossa, ventricular tumors are located in the third, fourth, or lateral ventricles, and direct  
extension of nasal tumors and olfactory neuroblastomas cause destruction of the cribriform plate. 
 
The majority of brain tumors are round or oval in shape, except plaque-like tumors which are always 
meningiomas; hyperintense and heterogenous on T2-weighted images; hypo- to isointense and either 
heterogenous or homogenous on T1-weighted images; and have moderate to marked contrast 
enhancement following administration of gadolinium. Ring enhancement is seen predominantly in 
intra-axial gliomas, but can also observed in extra-axial meningiomas and pituitary tumors. 
 
On MRIs, meningiomas are characterized by an extra-axial location, ovoid-to-round shape with 
distinct margins, hyperintense and heterogenous appearance on T2-weighted images, hypo- to 
isointense appearance on T1-weight images, intense contrast enhancement following administration 
of gadolinium, and mass effect with a broad base and dural tail sign. Other findings included lateral 
ventricular enlargement, transtentorial herniation, cerebellar herniation, and occasional 
mineralization. 
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Biopsy 
Brain biopsy is the only technique to provide a definitive diagnosis prior to therapy. However, brain 
biopsy is rarely performed because the biopsy procedure carries the similar costs and morbidity as 
definitive treatment. Biopsy techniques include ultrasound-guided biopsy, freehand CT-guided 
biopsy, and CT-guided stereotactic brain biopsy. If a biopsy is to be performed, then CT-guided 
stereotactic brain biopsy is recommended because of the lower risk of post-biopsy morbidity. Using 
this technique, the mean placement error of the biopsy needle was 3.5 mm and this was related to 
the location of the lesion, not operator experience, body weight, or length of the needle path. The 
accuracy was best for rostral fossa lesions, intermediate for middle fossa lesions, and worst for 
caudal fossa lesions. Transient complications include epistaxis and exacerbation of neurologic signs. 
Severe complications, such as uncontrollable seizures and progression of neurologic signs to coma, 
were more commonly seen in dogs with large primary brain tumors. 
 
Fine-needle aspirates and needle-core biopsies correctly identify brain lesions as neoplastic in 100% 
of dogs and these correlate with the histopathologic diagnosis in 50% and 90%, respectively. Hence, 
if brain biopsy is to be performed, a needle-core biopsy instrument is recommended because of its 
superior diagnostic accuracy. 
 
Surgery 
 
Introduction 
Treatment options for primary brain tumors include conservative or palliative management, surgery, 
radiation therapy, and chemotherapy. The aims of treatment are tumor removal or debulking and 
the control of secondary effects (i.e., increased intracranial pressure and cerebral edema). 
 
Surgery is recommended for the management of meningiomas and pituitary. The role of surgery in 
the treatment of other types of brain tumors is unknown. The surgical management of primary brain 
tumors is more common with advanced imaging providing accurate information on the location, 
size, extent and invasiveness of tumors, and improved knowledge and skills in anesthetic, surgical, 
and critical care techniques. 
 
General Anesthesia 
The anesthetic management of cats and dogs with primary brain tumors is very important for a 
successful outcome. Increased intracranial pressure and cerebral hypoxia should be avoided to 
minimize the risk of intraoperative and postoperative complications.  
 
The intracranial compartment consists of four components: tissue volume, venous and arterial blood 
volume, cerebrospinal fluid volume, and intracellular and extracellular fluid volume. Of these, blood 
volume is the only readily controllable factor during anesthesia. Cerebral perfusion pressure and 
blood flow are essential for maintaining normal brain function. Normovolemia is preferred to 
preserve mean arterial blood pressure, cerebral blood flow, and adequate oxygen delivery to the 
brain. Hypotension must be promptly treated with intravenous fluids and inotropic agents such as 
dopamine. Intravenous fluid should not contain glucose or glucose precursors (i.e., lactate) as 
hyperglycemia may worsen tissue injury in animals with regional cerebral hypoxia or ischemia. 
Hypertonic saline is beneficial in human brain surgery by restoring intravascular volume, correcting 
hypotension, and decreasing intracranial pressure through an osmotic effect; but the reduction in 
intracranial pressure is transient in cats and dogs and unfortunately followed by an increase in 
intracranial pressure without an associated improvement in cerebral blood flow or oxygen use. 
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Cardiac dysrhythmias should also be promptly treated because of their impact on cardiac output and 
cerebral blood flow: anticholinergics are used for bradyarrhythmias and lidocaine for ventricular 
premature contractions. 
 
Cerebral hypoxia causes cerebral vasodilation, increased blood flow, and increased intracranial 
pressure. Cerebral hypoxia is minimized during anesthesia by preoxygenation before and during 
anesthetic induction, inspiration of a gas mixture that maintains SpO2 ≥ 95%, and maintaining a 
normal packed cell volume and oxygen carrying capacity with autogenous or allogeneic blood 
transfusions if required. Plasma protein concentration should be within the normal range to 
maintain or enhance an oncotic pressure gradient which favors the transcapillary movement of fluid 
from extracellular to intracellular compartments. If hypoalbuminemic, then albumin, fresh-frozen 
plasma, or dextran should be administered. Hetastarch is not recommended because it causes a 
rebound increase in transcapillary filtration after discontinuing administration and hence may worsen 
intracranial pressure.  
 
Hyperventilation should only be used when increased intracranial pressure is documented or 
suspected. Hyperventilation causes hypocapnia, cerebral vasoconstriction, and reduced intracranial 
pressure. Prophylactic hyperventilation should not be used in the anesthetic management of animals 
with brain tumors as hyperventilation-induced vasoconstriction persists for a relatively short time 
and will then normalize as cerebral pH and blood flow returns to normal despite persistent 
hypocapnia. Hyperventilation should not decrease PaCO2 below 20 mm Hg because of the increased 
risk of iatrogenic ischemic injury, or be greater than 45 mm Hg because of the risk of cerebral 
vasodilation and increased intracranial pressure. Hence, mild hypocapnia with assisted ventilation is 
recommended with end-tidal CO2 of 28-32 mm Hg, which is equivalent to a PaCO2 of 30-35 mm 
Hg. The peak inspiratory pressure should be 10-15 cm H2O during positive-pressure ventilation, but 
positive end-expiratory pressure is not recommended because it increases intracranial pressure and 
decreases cerebral perfusion pressure. 
 
Injectable drugs for premedication and induction of anesthesia should not increase cerebral blood 
flow or cerebral metabolic rate. Opioids can be used provided that bradycardia, hypotension, and 
hypoventilation are avoided or controlled. Ketamine should be avoided as it induces excitement. 
Acepromazine should be avoided as it may lower the seizure threshold. Propofol is the least 
excitatory of the induction agents, followed by methohexital, thiopental, and etomidate. Propofol 
and thiopental anesthesia do not affect cerebrospinal fluid pressure when PaCO2 maintained 
between 38-45 mm Hg. 
 
Inhalant anesthetic agents cause a dose-dependent decrease in cardiopulmonary function which 
results in hypotension and hypercarbia. Inhalant anesthetic agents may also have specific effects on 
the central nervous system which are independent of their cardiopulmonary effects. For instance, 
halothane, enflurane, and isoflurane all increase cerebral blood volume and intracranial pressure. 
However, the effects of isoflurane on cerebral blood volume and intracranial pressure are not as 
severe or as long-lasting as halothane. Furthermore, isoflurane causes less brain swelling from 
craniotomy sites in cats compared to halothane. Isoflurane and sevoflurane decrease arterial blood 
pressure in a dose-dependent manner and significantly reduce cerebral metabolic rate for oxygen, 
but have minimal affect on cerebral blood flow in dogs. Cerebral blood vessels remain responsive to 
changes in PaCO2 during light to moderate planes of isoflurane and sevoflurane anesthesia, and all 
planes of desflurane anesthesia. As a result, isoflurane is the preferred inhalant anesthetic agent for 
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surgical excision of brain tumors. Nitrous oxide is not recommended because it increases cerebral 
blood flow and cerebrospinal fluid pressure. 
 
Intraoperative Monitoring 
Cardiopulmonary monitoring is essential during general anesthesia for brain surgery and should 
include:  
 

§ Electrocardiography for detection of arrhythmias 
§ Direct or indirect arterial blood pressure monitoring for hypotension 
§ Pulse oximetry for oxygenation 
§ End-tidal CO2 for ventilation 
§ Central venous pressure for calculation of cerebral perfusion pressure 
§ Body temperature 
§ Blood gas analysis 

 
Surgical Considerations 
Intracranial pressure can increase as a result of cerebral swelling secondary to manipulation of the 
brain and dissection of the brain tumor. Elevation of the head to 30º above the level of the heart 
improves venous return and decreases intracranial pressure. Hypothermia can also be used to 
decrease intracranial pressure. Cerebral blood flow parallels cerebral temperature within normal 
temperature ranges, with cerebral metabolic rate decreasing by 6%-7% for every 1ºC decrease in 
cerebral temperature. Mild hypothermia (31-35ºC) is preferred as body temperatures less than 30ºC 
cause cardiovascular instability and can worsen outcome. However, the risk of brain herniation is 
increased in these animals during rewarming. The most common method to decrease intracranial 
pressure and improve cerebral perfusion during surgery is to administer osmotic diuretics such as 
mannitol and furosemide. These can also be administered immediately prior to performing the 
craniotomy to decrease brain size and allow additional space between the skull and the brain while 
performing the craniotomy. 
 
A knowledge of sinus anatomy is essential prior to surgery. The transverse, dorsal sagittal, and dorsal 
petrosal sinuses should be preserved if possible. The lateral transverse sinus can be occluded during 
rostrotentorial and sub-occipital approaches without increasing intracranial pressure. However, no 
more than one sinus can be occluded without increasing the risk of intraoperative and postoperative 
complications. For this reason, caudotentorial, sub-occipital, and trans-sphenoidal approaches 
provide only limited exposure because of the need to preserve these dural venous sinuses. 
 
Surgical Approaches 
The surgical approach is determined by tumor location. A modified bilateral transfrontal sinus 
approach is recommended for tumors of the olfactory bulbs and frontal lobes of the cerebrum (Fig. 
4); a lateral or radical rostrotentorial craniotomy is recommended for tumors in the lateral parietal, 
temporal, and occipital cortices (Fig. 5); a suboccipital craniotomy for tumors of the caudal 
cerebellum, caudal medulla oblongata, and cranial cervical spinal cord (Fig. 6); a ventral approach for 
brainstem tumors; and an intraoral approach for treatment of pituitary microadenomas by 
hypophysectomy. The specifics of these procedures are described in papers and textbooks. 
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Fig. 4. A modified bilateral frontal sinus 
approach for treatment of olfactory bulb and 
frontal lobe tumors. A. A dorsal midline skin 
incision is made from the level of the medial 
canthus to the caudal extent of the frontal 
sinuses. B. A diamond-shaped bone flap is 
removed using an oscillating bone saw and the 
internal table of the frontal bone and portion 
of the ethmoturbinates is removed with a 
Hall's air drill and rongeurs to expose the 
olfactory lobes and frontal lobes. (From 
Fossum TW (ed). Small Animal Surgery 
(2nd edn), 2002.) 
 
 
 
 
 
 
 
 
 
 
Fig. 5. A rostrotentorial approach for 
treatment of cerebral hemisphere tumors. A. 
Skin incision is made in a U-shape from the 
rostral ear base to the dorsal midline and back 
to the caudal ear base. B. The temporalis 
muscle is incised and reflected laterally. C to 
E. A Hall's air drill is used to perform the 
rostrotentorial craniotomy over the suspected 
brain tumor. (From Fossum TW (ed). Small 
Animal Surgery (2nd edn), 2002.) 
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Fig. 6. A suboccipital craniotomy approach for 
treatment of tumors of the caudal cerebellum, caudal 
medulla oblongata, and cranial cervical spinal cord. A. 
The occipital and spinal epaxial muscles are elevated 
and retracted to expose the caudal aspect of the 
calvarium. B. The extent of the exposure is limited by 
the confluens sinus dorsally (external occipital 
protuberance), transverse sinus laterally (nuchal line), 
and ventral occipital sinus ventrally (foramen magnum). 
(From Fossum TW (ed). Small Animal Surgery (2nd 
edn), 2002.) 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Surgical Dissection 
Following exposure of the lesion with the appropriate surgical approach, the tumor then needs to be 
excised with a gentle technique to minimize iatrogenic damage to adjacent normal tissue. Dissection 
under magnification (1.5-2.5 magnification loupes are usually sufficient) is recommended to improve 
accuracy and minimize damage to adjacent normal tissue. Extra-axial lesions are removed with blunt 
dissection and abaxial retraction. Establishing a plane of dissection assists in removal of intracranial 
lesions, however, the brain parenchyma does not tolerate significant manipulation and can quickly 
become soft and edematous. If this occurs, dissection should be intermittently stopped to provide 
some relief, dexamethasone or mannitol should be administered, and the animal hyperventilated.  
 
For intra-axial lesions, an incision needs to be performed into the cortex to access the tumor. This 
incision should be performed through a gyrus rather than a sulcus to avoid large vessels within the 
sulci. Superficial pial and cortical vessels are cauterized with bipolar cautery. The transition between 
abnormal and normal cortical tissue can be difficult to determine as, with minimal manipulation, 
cortical tissue can quickly become soft, discoloured, hemorrhagic, and friable. Intraventricular 
exposure is done by incising the outer aspect of the ventricle, which appears bluish. 
 
The use of an ultrasonic aspirator is an alternative technique for dissection of cerebral tissue as it 
removes abnormal tissue, through a combination of ultrasonic tissue disruption and suction 
aspiration, while preserving adjacent fibrous tissue structures (i.e., blood vessels and nerves). The 
ultrasonic aspirator power setting should be between 20%-30% to minimize cortical destruction, but 
the effects of suction pressure are unknown.  
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Complete excision is determined by the location, size, extent, and invasiveness of the tumor, and 
tumor type. Complete excision is more likely with meningiomas in cats and tumors over the cerebral 
convexities and frontal lobes. Complete resection of canine meningiomas is difficult because they 
are friable, infiltrative, and lack clear demarcation from normal brain tissue. Tumor debulking can 
provide a histologic diagnosis, decrease clinical signs caused by the tumor, and improve tumor 
control when combined with adjunctive radiation therapy. 
 
Postoperative Management 
Some neurosurgeons recommend postoperative MRI to assess the degree of resection of the lesion, 
cerebral edema, hemorrhage or hematoma formation, and associated brain damage. Decompression 
is recommended if there is evidence of an expanding hematoma or brain compression. The head 
should be maintained in a neutral or elevated position during anesthetic recovery. Animals should be 
monitored for neurologic deterioration for 2-7 days, including pupil size and pupillary light reflex, 
level of consciousness, and ability to stand and walk. Corticosteroids are tapered after the first 1-2 
weeks and continued for weeks to months if there is no evidence of gastrointestinal ulceration. 
 
Complications 
Complications associated with excision of brain tumors include neurologic deterioration, seizures, 
pneumonia, and tension pneumocephalus. The surgical morbidity and mortality are higher for 
primary tumors of the caudal fossa and brainstem. 
 
Neurologic deterioration can occur because of iatrogenic injury, intracranial hemorrhage, increasing 
cerebral edema, increasing intracranial pressure, ischemia due to cerebrovascular disease, 
pneumocephalus, and perhaps infection. Iatrogenic injury will result in neurologic deterioration 
within 72 hours of surgery. 
 
Seizures may be caused by increasing intracranial pressure or poor cerebral perfusion. Seizures 
should be treated with diazepam and/or phenobarbitol. The effects of phenobarbitol may be more 
potent after surgery because of the changes in cerebral blood flow or cellular concentrations of 
phenobarbitol. 
 
Aspiration pneumonia was diagnosed in 25% of dogs following craniectomy for intracranial disease. 
The median time to diagnosis was 6.5 days, but a wide range was reported from 1-96 days. Vomiting 
or regurgitation increased the risk of aspiration pneumonia by 2.7-times and megaesophagus by 9.3-
times. The mortality rate in dogs with postoperative aspiration pneumonia was 58%. Enteral feeding 
and nil per os are recommended for a minimum of 5 days postoperatively to minimize the risk of 
aspiration pneumonia. 
 
Radiation Therapy 
Radiation therapy is recommended for treatment of primary brain tumors such as meningiomas and 
pituitary tumors, lymphosarcoma, and secondary brain tumors. Radiation therapy can be used either 
alone or in combination with other therapies such as surgery. Orthovoltage radiation therapy is not 
recommended because of poor penetration and limited field configuration. Megavoltage radiation 
therapy is preferred as, with CT and MRI imaging, treatment planning is superior and this decreases 
damage to normal brain tissue. 
 
Fractionated protocols of 2.7-3.0 Gy over 3-5 weeks provide good results with minimal adverse 
affects. Other radiation protocols include a hypofractionated protocol with 5 weekly fractions for a 
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total dose of 34 Gy, fractionated radiation therapy protocols in combination with hyperthermia or 
radiation sensitizers, brachytherapy (which has limited success in dogs), and CT-guided stereotactic 
radiosurgery with the application of a highly localized single fraction of radiation. 
 
The tissue tolerance for the whole brain is 48 Gy, but localized tissue tolerance is 54 Gy. Adverse 
effects usually occur late (i.e., > 1-2 years), such as brain necrosis, and are responsible for up to a 
14% mortality rate. 
 
Conservative Management 
Medical management includes corticosteroids, phenobarbitone, and potassium bromide. Prednisone 
can be used to reduce edema associated with brain tumors and retard the growth of lymphosarcoma. 
This can result in a dramatic improvement in clinical signs which can be sustained for weeks to 
months. Phenobarbitone and potassium bromide are used to control seizure activity. 
 
Chemotherapy 
Chemotherapy is not frequently used for the treatment of animals with primary brain tumors 
because of poor penetration through the blood-brain barrier, tumor heterogeneity which results in 
only certain cell populations sensitive to chemotherapeutic drugs, and brain tumors may only be 
sensitive at doses which are toxic to normal brain tissue.  
 
Chemosensitive brain tumors include lymphosarcoma, medulloblastoma, and oligodendroglioma. 
Intrathecal cytosine arabinoside has been used in humans for the treatment of central nervous 
system lymphosarcoma because of good penetration of the blood-brain barrier. Lomustine (CCNU) 
significantly reduces tumor size and improves neurologic signs in dogs with glial cell tumors. 
Hydroxyurea is recommended for the treatment of dogs with meningiomas. 
 
Prognosis 
 
Feline Meningioma 
The prognosis for cats with surgically excised meningiomas is very good. The median survival time 
following surgical resection is 485-810 days, with 6-month, 1-year, and 2-year survival rates of 71%, 
66%, and 50%, respectively. The rate of local tumor recurrence is 21% with a median disease-free 
interval of 285 days to 27 months. In contrast, the median survival time for untreated cats is only 18 
days. 
 
 
SPINAL CORD TUMORS 
 
Introduction 
Spinal cord tumors are classified according to their location within the vertebral canal as extradural, 
intradural-extramedullary, or intramedullary. Extradural tumors are the most common and account 
for 50% of all spinal tumors. Intradural-extramedullary and intramedullary tumors account for 30% 
and 15% of spinal tumors, respectively. 
 
Feline Spinal Cord Tumors 
Lymphosarcoma is the most common spinal cord tumor in cats. The median age at presentation is 
24 months. Clinical signs are uncommon with only 11% of cats showing neurologic dysfunction. 
The majority of cats with spinal lymphosarcoma are FeLV positive. They tend to be extradural and 
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most are solitary (96%). Spinal cord involvement is also relatively common in cats with multicentric  
lymphosarcoma and is reported in up to 21% of cats at necropsy. Solitary spinal lymphosarcomas 
have a predilection for the thoracic and lumbar spinal cord.  
 
Other tumor types are rare, but include extradural vertebral osteosarcoma, intradural-extramedullary 
meningioma, and intramedullary astrocytoma. Intradural-extramedullary tumors account for more 
than 50% of non-lymphoid tumors in cats with the most common being meningioma, but nerve 
sheath tumors are also reported. 
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¡ Mast cells are found in the skin, lungs, and 
gastrointestinal mucosa 
 

¡ Mast cells are involved in a wide variety of 
normal physiologic reactions 

 
§ Type I hypersensitivity 

 
§ Induction of acute inflammatory response 

¡ Feline MCTs also contain cytoplasmic granules 
 

¡ Degranulation can cause 
§ Coagulation disorders 
§ Gastroduodenal ulceration 
§ Anaphylaxis 
 

¡ BUT not edema and collagen denaturation 

¡ Different anatomic 
forms have varying 
behavior 

 
§ Cutaneous (50%) 

 
§ Visceral (50%) 

 
▪ Splenic 

 
▪ Intestinal 

¡ Two subtypes of cutaneous MCT 
 

§ Mastocytic 
 
▪ Compact mastocytic MCT 

 
▪ Diffuse mastocytic MCT 

 

§ Histiocytic 
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¡ Two forms 
 

§ Compact (90%) 
 

§ Diffuse (10%) 
 

¡ Multiple MCT reported in 20-50% cats 
within weeks of diagnosis 

¡ Most common dermal MCT (90%) 
 

¡ Most typical mast cells on histopathology 
 

¡ Older cats (mean, 10 years) 
 

¡ Discrete nodules: raised, white to pink, and hairless  
§ Head and neck 
§ 25% of cats have multiple lesions 
 

¡ Usually benign behavior 
§ ~20% metastasize (lymph nodes, systemic) 

¡ Uncommon (10% of dermal 
mastocytic MCT) 

 

¡ Generalized, pruritic, and miliary 
lesions 

 

¡ Alopecia, erythema, 
excoriations, and diffuse 
lichenification 

 

¡ Malignant with visceral 
involvement common 
 

¡ Less common 

¡ Histiocyte-like with equivocal granules 
§ May be misdiagnosed as inflammatory lesions 

¡ Young cats (mean age, 2.5 years) 

¡ Firm, pink, hairless subcutaneous masses 
§ Head and neck

¡ Benign disease 
§ Spontaneous regression over 4 to 24 months 
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¡ #1 differential for splenomegaly in the cat 
§ Clinical signs: vomiting, diarrhea, lethargy, weight loss, etc. 

 

¡ Spleen is usually HUGE on abdominal palpation 
§ Fine-needle aspirate shows sheets of mast cells 
§ Liver often involved 
§ Buffy coat analysis usually shows circulating mast cells 
▪ Sensitive and specific in cats, unlike dogs 

¡ Splenectomy is the treatment of choice 
 

¡ Chemotherapy 
§ 0% responded to CCNU 

¡ Third most common intestinal tumor 
 

¡ Symptoms: vomiting, diarrhea, lethargy, weight loss, etc. 
 
¡ Solitary or multiple masses in intestinal tract 

§ Rule out other neoplasia (lymphoma, carcinoma, etc) 
§ Metastasis to lymph nodes, liver, etc. usually present at diagnosis 
§ Frequently non-resectable 

 
 

¡ Chemotherapy 
§ CCNU 
§ Vinblastine 
§ Tyrosine kinase inhibitors 

¡ Fine-needle aspirate 
 

¡ Incisional biopsy 
 

¡ Excisional biopsy 

¡ Minimum database 
 

¡ Palpation of regional lymph 
nodes and abdomen 
§ Splenomegaly 
 

¡ Buffy coat 
 

¡ Thoracic radiographs 
§ Pleural effusion 
§ Cranial mediastinal involvement 

¡ Abdominal ultrasound 
 

§ Splenic involvement 
 

§ Intestinal involvement 
▪ Focal and hypoechoic wall thickening 
▪ Non-circumferential and eccentric (9/16 tumors) 
▪ Circumferential and asymmetric or eccentric (5/16 tumors) 
▪ Enlarged abdominal lymph nodes (n=9) 
 Metastatic disease (n=7) 

Laurenson et al. Vet Rad Radiolo US 2011 
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¡ None for multicentric histiocytic MCT 
 

¡ Surgery 
§ Resection with < 1 cm margins is usually curative 

 
¡ Adjuvant therapy 

§ Strontium 90 irradiation 
 

¡ CCNU (50-60mg/m2 PO q 3-6 wks) 
§ Rassnick et al. JAVMA 2008 
▪ 50% response rate 
▪ Duration: 168 days 

 
¡ Vinblastine 1.5-2mg/m2 IV 

§ Sagoame et al. VCS 2012 
▪ < 10% response rate 

¡ Receptor tyrosine kinases (RTKs) 
§ Cell-surface TKs activated by the binding of growth factors  
§ Role in cell signaling pathways, which direct growth, 

progression of differentiation, survival, and angiogenesis 

Reference: London C. Withrow and MacEwen’s Small Animal Clinical Oncology. 2007:242-251. 

Activated system Inactive tyrosine kinase receptor system 

¡ Tumors cannot grow > 1-2 mm under existing vasculature 

¡ Angiogenesis delivers oxygen and nutrients tumor growth and survival 

¡ VEGFR-2 and PDGFR-β both regulate angiogenesis 
§ VEGFR-2 is an impt: 
▪ Endothelial proliferation/migration and survival signal 

§ PDGFR-β is impt for: 
§ Maintenance of blood vessels3 

VEGF&VEGFR-2 binding 

PDGF& PDGFR-β binding 

References:1. Folkman J. Curr Mol Med. 2003;3:643-651. 2. Ferrara N, et al. Nat Med. 2003;9:669-676. 3. Bergers G, et al. J Clin Invest. 2003;111:1287-1295. 

¡ KIT is critical for development/growth of mast cells 
§ Expression on mast cells and act by stem cell factor (SCF) 

 

¡ % KIT mutations ~ 67 % 
§ Exon 8,9 mutations are common 

References: 1. Downing S, et al. Am J Vet Res. 2002;63:1718-1723. 2. Webster JD, et al. Neoplasia. 2006;8:104-111. 3. Letard S, et al. Mol Cancer Res. 2008;6: 1137-1145; 
Hadzijusufovic et al Vet Immunopath 2009; Isotani eta l Br J Hemt 2010; Takanosu et al. Vet Comp Oncol 2011 
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¡ Stem cell factor receptor (SCFR or c-kit)
§ Split kinase family (VEGFR, PDGFR, …) 
§ Trans-membrane tyrosine kinase 
 

¡ Tyrosine kinase inhibitors studied in dogs 
§ Masitinib: c-kit, PDGFR (α and β), FGFR3 
§ Toceranib: c-kit, PDGFR, VEGF 
§ Imatinib: c-kit, PDGFR 

¡ Gleevec (imitanib) 
 
 
 
 
 
 
 

¡ Kinavet (masitinib) 
 
 

¡ Palladia (toceranib) 

¡ Histologic grading scheme used for MCT in 
dogs is not prognostic in cats 
 

¡ Mastocytic MCT classification is prognostic 
§ Well-differentiated 
§ Pleomorphic 
§ Atypical or poorly granulated 

¡ Excellent for compact mastocytic and 
histiocytic MCT 
 
§ Local recurrence rate 3-18% 
 

§ Metastatic rate 3-7% 
 

§ Median survival times > 1,075 to > 3,000 days 

¡ Tumor-related death more likely with 
§ Multiple dermal tumors 
§ Distant metastasis 
 

¡ Multiple MCT: MST 582 days 
 

¡ Distant metastasis: MST 284 days 
 

¡ BUT lymph node metastasis from a single MCT is 
NOT a poor prognostic finding with MST >3,000 
days 
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¡ Guarded for diffuse mastocytic MCT 
 

¡ Splenic MCT 
§ MST 12-27 months (surgery alone) 
 

¡ Intestinal MCT 
§ LN and liver metastasis in 66% cats 
§ Tumor-related death in 92% by 2 months 
§ Recent study (n=18) MST ~12 months 
 

¡ Median survival times (n=18) 
 

§ Overall: ~1y 
 

§ Diffuse disease: 7.5m  
§ Solitary mass:  16m 
 

§ Weight loss : 6.2m  
§ No weight loss: 20.2m 

 

 

Survival Plot
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¡ Other prognostic factors include 
 
§ Multiple MCT 
§ Histologic classification 
§ Mitotic index 
§ Density of cytoplasmic granules 
§ Ki-67 
§ c-KIT 
 

*Male cats are predisposed to pituitary tumors 

Species  Age  Sex  Breed 

Dog  9yr  F=M  Brachycephalic 
Dolicocephalic 

Cat  9-12yr  F=M*  Persian 
Siamese 
Maine Coon 

¡ Lymphoma (LSA) 
 

§ Age: <3yrs 
 

§ No sex predisposition 
 

§ Siamese? 
 

§ >90% FeLV+ 
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¡ Behavioral changes* 
§ Aggression, hiding, circling,  star gazing  
§ 80% cats 
 

¡ Seizures* 
§ 40-50% dogs 
 

¡ Other 
§ Blindness 
§ Head tilt 
§ PU/PD/PP (insulin resistance) 
§ Lameness/falling 
§ Incontinence 

¡ Full physical exam 
 

¡ Neurologic exam 
§ Intracranial 
▪ Circling, blindness, anisocoria, strabismus 
▪ Nystagmus, head tilt 
▪ Masticatory muscle atrophy 
▪ Intention tremor, seizure, dysmetric gait 

§ Spinal Cord 
▪ C1-C6     
▪ C6-T2 
▪ T3-L3 
▪ L4-S2 

¡ Neoplasia: primary vs. secondary/metastatic 
 

¡ Infection 
 

¡ Inflammatory 
 

¡ Vascular: ATE 
 

¡ Metabolic 
 

¡ Trauma 
 

¡ Developmental 
 

¡ Degenerative 
 

¡ Feline CNS lymphoma 
§ Most have multicentric involvement 
§ 60% of renal LSA 
§ 70% have bone marrow infiltrates 

¡ CBC, Chemistry, UA 
 

¡ T4, GH, IGF-I 
 

¡ Serology 
§ FeLV, FIV 
 

¡ Imaging 
§ Thoracic radiographs 
§ Abdominal ultrasound 
§ Spinal radiographs 
§ Myelogram 
§ CT/MRI 
 

¡ CSF 
 

¡ Biopsy 
 

¡ Other 
§ Bone marrow 

¡ Take thoracic 
radiographs before 
anesthesia! 
 

¡ 39/173 (23%) dog 
with brain tumors 
had a 2nd unrelated 
tumor* 
 
 
 

Snyder et al. JVIM 2006; 20: 669-75 
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Extradural 

Intradural,  
Extramedullary 

Intramedullary 

 
 
 
 
 
 
 
 
 
 

¡ Lymphoma 
¡ Vertebral osteosarcoma  ¡ Meningioma 

¡ Lymphoma 
¡ Nerve sheath tumor 

¡ Lymphoma 
¡ Astrocytoma 

Pre-contrast  Post-contrast 
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T1 pre  T1 post 

T2 
T1 post 

¡ Not sensitive for non-lymphoid tumors 
§ Large studies (>50 dogs) showed no neoplastic cells 
§ Pleocytosis, albuminocytologic dissociation 

 

¡ Lymphoma 
§ Up to 30-45% cats will have lymphoma in CSF 

 

¡ Potential complications 
§ Pith if increased ICP 

¡ Gold standard for 
definitive diagnosis 

¡ Surgical 
 

§ Craniotomy 
 

§ Laminectomy 
 

§ Diagnostic +/- therapeutic 

¡ Stereotactic 
 

§ Diagnostic 
 

§ Less invasive 
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¡ Brain 
§ Meningioma = 58% 
▪ Up to 20% have > 1 
meningioma 
 

§ Lymphoma = 14%  
§ Pituitary Tumor = 9% 
§ Neuroepithelial (CP tumor, 

ependymoma) = 5% 
§ Metastatic = 5.6% 
§ Secondary Tumors = 3.8% 

 
§ Troxel et al. 2003, n=160 
 

¡ Spinal Cord 
§ Lymphoma = 38.8% 
 
§ Vertebral tumors (OSA, FSA, 

others) = 30.7% 
§ Meningioma = 7% 

 
§ Marioni-Henry et al. 2008, 

n=85 

 

¡ Corticosteroids 
§ Reduce edema and pain 
§ Improve attitude and appetite 
§ Prednisone (0.5 mg/kg q 12-24hr) 
 

¡ Anticonvulsants 
§ As needed for seizures  
§ Phenobarbital, potassium bromide 
§ Newer medications 

▪ Zonisamide, Felbamate, Keppra 
▪ Reduced sedation  

 
¡ Analgesics 

§ As needed for pain 
 

¡ Surgery 
 

§ Diagnostic or therapeutic 
 

§ Laminectomy 
 

§ Craniotomy 
 

§ Aspirator 
   

¡ Surgery 
 

§ Diagnostic or therapeutic 
 

§ Laminectomy 
 

§ Craniotomy 
 

§ Aspirator 
   

¡ Surgery 
 

§ Diagnostic or therapeutic 
 

§ Laminectomy 
 

§ Craniotomy 
 

§ Aspirator 
   

¡ Success 
§ ≥ 80% improvement 
§ Seizures may persist 
 

¡ Complications 
§ Hemorrhage 
§ Pneumonia 
§ Recurrence 
§ Death 
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¡ Radiation Therapy 
§ Definitive 
§ Palliative
§ 45-50Gy 

¡ Success 
§ Up to 80% improvement 
▪ Except PDH 

§ Stereotactic radiosurgery 
 

¡ Complications 
§ Radiation toxicity 
▪ Acute 
▪ Delayed 

§ Recurrence

¡ Chemotherapy 
§ Blood-brain barrier 
§ Degradative enzymes 
§ P-glycoprotein 
 

¡ Drugs  
 

§ CCNU 
 

§ BCNU 
▪ Astrocytomas 
 

§ Hydroxyurea 
▪ Meningiomas 

¡ Complications 
§ Myelosuppression 
§ Hepatotoxicity 
 

¡ Results 
§ Not reported for cats 

¡ Lymphoma 
 

§ CHOP 
▪ Cyclophosphamide 
▪ Doxorubicin 
▪ Vincristine 
▪ Prednisone 
▪ +/- Cytosine arabinoside 
▪ IV? SQ? 
▪ Intrathecal? 

¡ Untreated: mean survival time 18 days 
 

¡ Surgery (meningioma) 
§ Median survival time 485-810 days 
§ 71% 6m SR, 66% 12m SR, 50% 24m SR 
§ 21% local tumor recurrence 

 
¡ Surgery (other tumors) 

§ Gliomas: 1-179 days 
§ Oligodendroma: 1-30 days 
§ Neuroepithelial tumors: 667-685 days 

¡ Lymphoma 
§ MST 125d with chemotherapy and radiation 
therapy 

§ MST 81d with surgery and corticosteroids 
§ MST 34d with corticosteroids 
 

¡ Meningioma 
§ MST 180 days with surgery 

Veterinary Society of Surgical Oncology 
(www.vsso.org) 

www.HopeVS.com www.altavistaanimalhospital.com 
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