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Foreword

Dear congress attendant,

Dear colleague,

Dear oncology interested professional,

It’s with great honour that we welcome you to the 11th edition of the Dutch
Veterinary Oncology Conference. After last year’s jubilee ‘The Big Five’, a summary
of the common small animal cancers with many speakers, we pick up the thread
of the subject-based congresses. This year is again something special and probably
the first in its kind, a congress on ‘Dilemma’s in Veterinary Oncology’. 

We all know, as practitioners, the issues involved in treating our patients: some-
times we consider them ‘too old’, sometimes we consider the treatment ‘too radical’,
sometimes ‘too expensive’ for the expected result, sometimes we simply don’t
know ... And the owner expects an advice as if we were treating our own animal.

The main goal of this congress was to help us gain better insight in these cases,
to sharpen our views. Maybe some of the treatments aren’t that radical… Maybe
some of the treatments have become less invasive (e.g. thoracoscopy-assisted
pericardial fenestration instead of thoracotomy) ... Maybe there’s an easier solution
for quality of life.

We’re happy to have found 3 speakers from across the Atlantic, brave enough to
take on this subject and work with it. Dr. Sarah Boston, dr. Craig Clifford and
dr. Steve Mehler will take you on a guided tour through the program, shaped by
them, to give you the best information, boxed together in this 2-day congress.
Bottom line is that they also suffer to make decisions in the dilemma’s they’re
confronted with. 

We hope you will take advantage of the time during the coffee breaks and the
evening dinner to talk to each other, learn from each other and get back home
with a mind full of insights and views. That’s another meaning of the word ‘mind-
fullness’. This is why we go on a congress.

Thanks again for the trust you have put in us to deliver you an educational
congress. It’s this appreciation that energizes us year after year!!

On behalf of all the members of the Dutch and Belgian Veterinary Collaborative
Cancer Centers,

Marc, Ruth, Anoek, Bert, Anette, Johan, Lotte, Arno, Jurgen, Martje, Paula, Helmy,
Lucie, Evert, Mariska,

Tom Hendrickx

Soesterberg, February 2017

The Collaborative Veterinary Cancer Centers

www.kankerbijdieren.nl
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Lucie Achten, Evert van Dijk, Ruth Fortrie, Tom Hendrickx, Paula Hendriks, Marc Imholz,
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Niet op de foto: Anette Burm, Lotte van Kuijk, Martje Pilgram, Anouk Schipper
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ADVANCED SURGICAL ONCOLOGY 
Sarah Boston, DVM, DVSc, Diplomate ACVS 
ACVS Founding Fellow of Surgical Oncology 

Department of Clinical Sciences, University of Florida, Gainesville, FL 
 
 
Introduction 
 
Tumors in pets are often best approached with a multimodal approach, considering 
options in medical, surgical and radiation oncology.  Surgery, however, is often a critical 
part of achieving a diagnosis and is often necessary in treatment.  Surgery is also one 
method that is available that can cure some forms of cancer in animals and people.  When 
thinking through cancer diagnosis and treatment, it is very important to manage the work 
up in a logical, stepwise fashion to achieve the optimal treatment pathway.  When faced 
with a patient with a tumor, the clinician should ask themselves three questions and work 
through answering these questions in order.  These questions are: 
 

1. What is it? 
2. Where is it? 
3. How bad is it? 

 
 
What is it? 
 
This question refers to the tumor type.  It is essential that this question is answered before 
any treatment is initiated.  Removal of a neoplastic mass without knowing the tissue type 
will rarely give rise to a favorable result.  This question can be answered by several 
different methods, including cytology, biopsy for histopathology and a presumptive 
diagnosis based on classic patterns of disease.   
 
Cytology is generally achieved by performing a fine needle aspirate.  The advantages of 
this test are that it is quick, easy, inexpensive and can often direct us towards a diagnosis.  
It is a very good first step towards achieving a diagnosis.  It can often diagnose 
lymphoma and mast cell tumors and it can help to differentiate between an inflammatory 
and a neoplastic process.  The disadvantages are that it may be nondiagnostic in some 
circumstances, it can also give us a vague diagnosis or even an incorrect one. For dogs 
that present every year with a large number of masses, it is recommended that their skin 
masses are mapped. This can be done using a standard histopathology submission form 
dog map and enlarging two of these pictures on one page.  This sheet should be 
incorporated into the patient’s record and should include patient information and a place 
to write information about each mass that corresponds to a number and location of the 
mass on the picture.  The information about the mass should include the location (if there 
is any potential confusion based on the chart), size of the mass, mobility, firmness and 
whether the mass is in the skin, SQ tissue or deeper.  It should also include the cytologic 
description of the mass and whether cytology was performed in-house or by a 
pathologist.  Starting early with mapping masses will save a lot of time in the future and 
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will allow you to keep track of your patient’s masses so that new masses can be 
addressed and masses that were diagnosed as being benign (eg lipoma) can be monitored 
for growth.  This method is very important in multi-doctor practices where different 
doctors may see a patient for their annual physical examinations, but is also important for 
single doctor practices because it is impossible to remember the exact character of a 
dog’s masses over the years.  If the mass is neoplastic, there are three possibilities for the 
types of cells present.  Rounds cells, spindle cells and epithelial cells.  With practice, you 
may become very adept at categorizing these cells and recognizing characteristics of 
malignancy, such as multiple nuclei or nucleoli, anisokaryosis, aniscocytosis and mitotic 
figures.   
 
If the cytology or the clinical impression of the mass is suspicious for a malignant 
process, a biopsy for histopathology is recommended.  There are several different ways to 
achieve a histologic diagnosis and the method for achieving a biopsy should always be 
chosen with the eventual definitive resection in mind.  Options for a biopsy include an 
incisional biopsy or an excisional biopsy.   
 
An incisional biopsy can be achieved by taking a sample of the mass without disrupting 
the architecture of the mass.  For subcutaneous masses, care must be taken to go deep 
enough into the mass so that the biopsy does not include only skin, SQ and muscle, but 
actually contains a portion of the neoplastic tissue.  A result of normal muscle or fat is 
likely an indication that the biopsy technique did not go deep enough, rather than that the 
mass is a benign process.  An incisional biopsy can be achieved using a skin punch, 
taking care to penetrate deep enough into the mass.  A wedge of the tissue can also be 
taken. If the mass is completely SQ, you can make a small incision in the skin directly 
over the mass and then take a wedge or punch of the mass underneath.  A Tru-cut biopsy 
can also be used very effectively to obtain a representative sample of the mass.  Keep in 
mind that the centre of a large mass may be necrotic due to the lack of a blood supply and 
biopsies in this area may not be diagnostic.  
 
An excisional biopsy may be performed in certain instances. It is, however, very 
important that a curative intent resection is not compromised by this technique.  
Examples of excisional biopsy that are appropriate include: 

1. A 2mm mass on the lateral aspect of the digit in a large dog.  The mass is 
removed as a marginal excision.  If the mass is benign, there will be no further 
treatment.  If the mass is malignant, a digit amputation will be necessary and the 
biopsy tract will not affect this definitive surgery. 

2. A 1cm mass over the flank of a dog.  Cytology was nondiagnostic.  Options 
would include an incisional biopsy or an excisional biopsy.  The owner just wants 
the mass removed.  You explain to the owner that you will remove the mass with 
large margins (2-3cm laterally and one fascial plane deep to the mass). If the mass 
is malignant, it has been removed appropriately.  If the mass is benign, you have 
given a larger dose of surgery than necessary, but the mass is gone.   

3. In cases of a presumptive diagnosis, such as hemangiosarcoma of the spleen or 
osteosarcoma, the tumor is often excised (eg splenectomy or amputation) without 
a definitive histopathologic diagnosis.  This is appropriate in cases where the 
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histopathologic diagnosis will not change the treatment of the patient and the 
pattern of disease is extremely suggestive of a common form of neoplasia.   

 
***It is important to remember that when multiple masses are biopsied, the surgeon must 
change gloves and instruments to prevent seeding tumor cells to multiple sites.  As well, 
it is critical to keep a very good record of where each biopsy came from, the use of a 
tumor map can be very helpful in these cases.***** 
 
A presumptive diagnosis is sometimes made in cases where the pattern of disease points 
very strongly to the diagnosis and/or the mass is in an area that is difficult or impossible 
to biopsy.  As mentioned earlier, this type of diagnosis is also made in cases where the 
treatment will not change based on the type of tumor.  Examples of this include a primary 
bone tumor.  If the radiographic diagnosis is consistent with a primary bone tumor and 
the signalment of the patient is also consistent with the diagnosis, bone biopsy is 
considered unnecessary by some surgical oncologists.  If, however, there is a bone lesion 
in a location or patient that is not consistent with a primary bone tumor, a biopsy is 
recommended.  A bleeding splenic mass will need to be removed regardless of whether it 
is hematoma or hemangiosarcoma.  A lung mass will need to be removed regardless of 
whether it is an abscess, granuloma or tumor. The advent of advanced imaging can help 
us to characterize these tissue types better in a noninvasive manner, but will only allow us 
to reach a more educated presumptive diagnosis. 
 
Where is it?  
Once the question of what is it?  Has been answered, the next question is where is it?  
This refers to staging of the disease.  Staging of the tumor determines where exactly the 
tumor is locally and also if the tumor has metastasized to other sites.  Local extent of 
tumor can be determined by palpation and ultrasound.  Generally speaking, this question 
is most commonly answered by three-dimensional imaging such as CT scan or MRI prior 
to a large definitive surgery.   
 
The methods for staging for metastatic disease will depend largely on the tumor type.  
For a benign mass, such as an epulis, no staging is required.  For other masses, the 
staging tests performed will depend on the biologic behavior of the tumor type.  In 
general, carcinomas tend to metastasize to lymph nodes and sarcomas tend to metastasize 
to lungs, however, this just a generalization and the reverse can be true in some cases.  
Three-view thoracic radiographs are always a good first step in staging.  It is inexpensive 
and it is a very common site for metastasis.  Although it does sound academic, three-
views of the thorax are necessary to avoid missing a metastastic nodule.  The upper lung 
field will be more aerated and therefore a nodule will be more apparent due to the 
contrast with the air in the lung.  A nodule in the upper lung will also be more apparent 
due to magnification because of an increased distance from the plate.  Multiple views will 
also allow the visualization of a nodule that was hidden by other thoracic structures.  CT 
is becoming a tool that is much more sensitive for the assessment of pulmonary 
metastatic disease.  However, thoracic radiographs should be performed as the initial 
screening test.   
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Staging can also be performed by evaluating regional lymph nodes.  The local lymph 
nodes should be palpated in all cases and should be aspirated in cases that have a 
tendency to metastasize to lymph nodes.  Any questionable lymph nodes should be 
biopsied (incisional or excisional biopsy).  For some masses, the abdominal lymph nodes 
may need to be assessed using ultrasound or CT.  An example of this is anal sac 
adenocarcinoma, which has a very high rate of metastasis to the sublumbar lymph nodes.   
 
Abdominal ultrasound may also be appropriate in some cases, or as a method of 
evaluating older patients for overall health status prior to a major surgical intervention.  
Bone scan or long bone survey radiography should be performed in cases of 
osteosarcoma and should be considered in cases that have a tendency to metastasize to 
bone (for example TCC and other carcinomas).   
 
For cancers that have a tendency to metastasize early in the course of disease, such as 
hemangiosarcoma or osteosarcoma, it is very important to explain the significance of the 
staging tests to clients.  Most clients have a hard time understanding that if their pet is 
deemed clear of gross metastasis, they still have a high risk of microscopic disease.  
Spending time explaining this to clients early on will save a lot of confusion for them 
later in the course of disease.  It is the reason why chemotherapy is recommended in 
these cases and why it extends their lifespan, but, unfortunately, does not cure their 
disease.   
 
How bad is it? 
This question refers to both the stage of the disease and the grade.  Grade refers to the 
histologic grade of the tumor.  This is often designated as grade I, II or III, with I having 
the least aggressive biological behavior and III having the most aggressive biological 
behavior.  The grading system is particular to each tumor type and every pathologist may 
have a slightly different approach to tumor grading.  It is important to keep in mind that 
although the grading system helps us to predict the biological behavior of the tumor, each 
tumor type has a continuum of histological appearance and they are being categorized 
somewhat arbitrarily.  It is also possible that the grade may shift from the incisional 
biopsy to the definitive resection because the pathologist will have more tissue to work 
with.   
 
Information regarding the tissue type, stage of disease and histologic grade can now be 
assessed to give the owner a prediction of prognosis and a plan for treatment. 
 
Treatment Plan 
The treatment plan will be based on the information from asking the three questions:  
What is it?  Where is it? And How bad is it?  From this point, recommendations and 
options can be presented to the owner.  These plans will vary in aggressiveness of 
treatment and in cost and all options should be discussed with the owner.  In general, the 
goals of therapy may be curative intent, palliative, or the owner may not wish to pursue 
further treatment and may elect for euthanasia when the patient’s quality of life declines.   
 
Surgical Principles 
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Based on the correlation of the information regarding the disease and the owner’s wishes 
for treatment, a dose of surgery can be determined.  There are four doses of surgery that 
can be administered to a tumor: 
 
1.  Intralesional – This involves removal of the mass leaving microscopic or gross disease 
behind.  Examples of when this would be considered an appropriate treatment would be a 
benign lipoma, where the mass is shelled out.  Another example would be a low grade 
sarcoma in a very geriatric patient.  In some cases the mass is extremely large and over 
the body wall.  If the owners goal is palliative, it may be appropriate to cytoreduce the 
mass to reduce discomfort in the patient. This will not cure the patient and the mass will 
certainly recur.   
 
2.  Marginal resection – The mass is removed with minimal margins.  This therapy may 
be considered appropriate in a location where a wide resection is not possible.  Example 
of this would include removal of a brain tumor or removal of a large anal sac 
adenocarcinoma.  Another example of this would be a malignant mass (eg. Soft tissue 
sarcoma or mast cell tumor) that is removed from the distal extremity with minimal 
margins, with a plan to treat with full course radiation post operatively. 
 
3.  Wide resection – Removal of a mass with curative intent.  Although recommendations 
may vary with tumor type, this generally involves the removal of the mass with 2-3cm 
margins laterally and a fascial plane deep to the mass.  The mass is removed en bloc and 
the tumor capsule is not invaded or handled at the time of surgery.    
 
4.  Radical resection – Removal of an anatomic segment with curative intent. The best 
example of this is an amputation for osteosarcoma.  Other examples may include thoracic 
wall resection and hemimandibulectomy. 
 
Wide and radical resection are reserved for curative intent surgeries and generally are 
performed for patients that are negative for metastatic disease.  These surgeries take a 
great deal of planning.  Three-dimensional imaging (CT or MRI) is usually necessary to 
evaluate the extent of the neoplasm and plan the surgical resection.  The use of three-
dimensional imaging will greatly increase the chances of achieving a surgical cure.  
Tumor cells are able to take on characteristics of muscle cells, meaning that they have the 
ability to contract and move throughout the tissues.  This is how tumor cells metastasize 
(by moving into blood and lymphatic vessels) and how they invade the surrounding 
tissues locally.  The cells that are in the periphery are the most aggressive cells in the 
tumor cell population.  If these cells are left behind, the tumor will regrow and will 
contain a more aggressive population of cells.   
 
Prior to surgery, a general plan of how the defect that is created will be reconstructed 
should be made.  A skin flap may be necessary to replace a defect in the skin.  It is 
critical that the flap is planned for preoperatively and that this area is clipped, prepped 
and draped in the field at the time of surgery.  At the time of surgery, the use of a sterile 
ruler and pen can be very helpful to trace out the mass, the proposed margins of resection 
and the planned flap.  
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Part of the surgical planning should be based around decreasing patient morbidity.  
Because wide and radical resections are by nature, painful, it is critical that an appropriate 
analgesic plan is made for perioperative and post operative pain control.  This may 
include a cox-2 sparing NSAID (such as Meloxicam) if it is not contraindicated; opioids, 
such as a fentanyl CRI for intraoperative and postoperative use; hydromorphone prn; and 
a ketamine CRI for perioperative use (to prevent wind up) and post operative use.  
Another very useful mode of pain control for major resections is a pain diffusion catheter.  
(Mila) These catheters come in various sizes and the size corresponds to the length of 
tubing that is to remain in the wound.  The end of the catheter in the wound is closed 
ended, with multiple holes along the catheter.  The dark line on the catheter delineates the 
end of this region of the catheter.  The catheter is laid in the wound and bupvicaine is 
administered every 6-8 hours (1-2mg/kg) in a sterile fashion to give a local anesthetic to 
the wound bed.  This company also makes a pump which will administered the 
bupivicaine as a CRI to the wound.  Administer the first dose as the patient is recovering 
from surgery. Do not administer with bicarbonate, as this can clog the holes in the 
catheter.   
 
It is also critical to plan for the potential for a large volume of rapid blood loss.  The 
patient should be typed and a blood transfusion should be readily accessible.  For high-
risk cases, the blood should be in the OR and ready to administer when it is needed.   
 
The use of drains is traditionally contraindicated in surgical oncology.  This refers to 
Penrose drains.  The reason that a Penrose drain should not be used is because it will need 
to exit ventrally and this will require tunneling the drain to a distant site.  Theoretically, if 
the resection is not clear of tumor cells, these tumor cells may be transferred along the 
drain. If a further definitive resection or radiation is required, it will be necessary to 
resect or irradiate the drain tract, which may not be readily detectable and will increase 
morbidity.  A closed suction drain, however, may be useful in large 
resection/reconstruction cases where there is a lot of dead space. This type of drain can 
exit just adjacent to the incision and does not create a new tunnel in the tissues, and 
should not therefore be a concern when placing a closed suction drain.  The same logic 
should follow when a pain catheter is used.   
 
One the tumor has been removed, it should be inked for margin assessment.  Although 
India ink and suture tags can be used, I would recommend the use of a commercial tissue 
inking system.  Discuss the color that the pathologist prefers, generally black or yellow is 
preferred and blue or red is discouraged, because it is difficult to see with H&E stain.  
The lateral margins and the deep margin should be marked.  Blot the tissue so it is dry 
and paint a small amount of ink on the tissue using a Qtip.  If too much ink is used, the 
ink may run into the lateral tissues and create an artifact that is difficult for the 
pathologist to interpret.  Although tissue inking is very important and can give us 
important information regarding the presence or absence of tumor cells at the margin 
(clean or dirty margins), it is by no means perfect.  It is not recommended to paint the 
entire mass with ink because it is not practical or possible for the pathologist to make 
slides of this entire region of tissue (it would likely amount to hundreds of slides). Ink a 
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representative area (ie four quadrants of tissue laterally and the fascia deep to the tissue) 
unless there is an area that you are particularly concerned with, then focus on that area 
and mark it with a different color.  It is absolutely critical that you communicate well 
with the pathologist regarding the location of the tumor, the type of resection and the way 
that the margins were inked.  Once the mass is inked, breadloaf it to allow the formalin to 
fix the tissue.  This involves slicing the mass partial thickness in 1cm slices to allow for 
complete fixation.  Then place the mass into a large formalin jar.  If the mass is sectioned 
into smaller pieces to allow placing it into smaller jars, the orientation of the mass will be 
lost and margin evaluation will be difficult, if not impossible.  If the pathologist can see 
tumor cells extending to the inked area, it is likely that there are still tumor cells 
remaining in the tissue and a recut surgery or radiation may be necessary.  It is important 
to interpret the results of the lateral and deep margins differently.  If the pathologist sees 
tumor cells within 1-2mm of the lateral margins, then this is either a dirty margin or a 
clean but close margin.  If the pathologist sees tumor cells within 1-2mm of the deep 
margin ink, but there is a fascial plane (layer of fascia) between the tumor cells and the 
ink, then It should be considered clean.  If there are tumor cells within 2cm of the deep 
inked margin but there is no fascia removed deep to the tumor and this is 2cm of SQ fat, 
it is possible that this margin will be called “clean” could in fact be dirty. 
 
 
By following the principles of surgical oncology, an optimal treatment pathway for every 
cancer patient can be reached.  The decisions should be made in a logical, stepwise 
fashion, taking into account the characteristics of disease and the wishes of the pet owner.  
It is very important for general practitioners to work in concert with their pathologist and 
surgical oncologist to develop the best possible plan for each patient. 
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CONTROVERSIES IN ONCOLOGY: LYMPHOMA 
 

Craig A. Clifford, DVM, MS, DACVIM (Oncology) 
    
Introduction 
The goal of this lecture is to provide pros and cons toward the implementation of full staging for dogs with 
lymphoma and specifically discussing phenotyping of canine lymphoma 
 
 
Traditionally, lymphoma therapy was considered a recipe and protocols were commonplace that were considered a 
“one size fits all” for therapy. With the advent of newer immunologic, molecular and histologic diagnostics, the 
treatment of lymphoma is changing. Currently, decisions regarding which chemotherapeutic agents/protocols to be 
utilized is now based upon tumor grade, location, histologic subtype and phenotype. 
 
Staging:  
The defined “gold standard” of staging for lymphoma entails  

 bloodwork (CBC, chemistry panel),  
 3-view chest radiographs,  
 Abdominal ultrasound 
 Bone marrow aspirates 
 Lymph node aspirates or biopsy 
 Phenotyping  

 
Controversy of staging 
The older literature does suggest an improvement in survival for stage I-III vs stage V, however, the question 
remains is all this staging truly needed to adequately treat a patient with lymphoma. Is there a basic amount of 
staging that is deemed sufficient in order to comfortable treat? The goal of staging is certainly to determine, to best 
of one’s ability the true extent of the disease within a patient. Many of the staging diagnostics will yield prognostic 
information that may guide treatment decisions.  
 
Unlike in physician based oncology, the diagnostics of staging in veterinary oncology are “out of pocket” for owners 
thus there is an often a finite amount of financial resources for each client. Knowing this an oncologist needs to be 
pragmatic in choosing which staging diagnostics are deemed most important. Meaning, will this test change my 
treatment protocol or have an impact on this owner’s decision to treat? If the answer is yes, then certainly, the test is 
warranted, If the answer is no, can you strongly argue that it is a necessity in order to treat the patient. In light of this, 
one could argue as to whether a bone marrow aspirate or abdominal ultrasound are truly required staging tests. 
Several studies have not documented a statistical difference in stage III vs IV. Along those lines, how is a stage IV 
determined; is this based upon the ultrasonographic description or are all patients having cytology performed of the 
liver and spleen to fully document involvement? 
 
Phenotyping: 
On a very basic level, lymphoma is broken down into two main phenotypes, B and T cell. Traditionally 2/3 of dogs 
with lymphoma are classified as B cell and 1/3 are T cell. A minor percentage (<2%) are deemed “null cell.” 
Phenotyping of lymphoma patients can be achieved through a variety of tests including immunohistochemistry, 
immunocytochemistry, PARR and flow cytometry. T cell lymphoma is more commonly associated with certain 
breeds including the boxer, golden retriever, Australian shepherd, Asian lap dogs and Siberian husky. T cell LSA is 
also associated with certain anatomic forms including cutaneous (epitheliotropic, AKA ELSA), mediastinal, hepatic 
and gastrointestinal.  
 
Controversy in Phenotyping  
Many studies have documented a worse prognosis for dogs with T-cell lymphoma and for this this reason, many 
oncologists have begun modifying protocols based upon phenotype. Further support of this was based upon a several 
studies: Beaver et al. assessed the response of T cell LSA to a single dose of doxorubicin was ~50% vs ~100% for 
dogs with B cell LSA.  
 
The idea of using more alkylating agents into T cell protocols was partially based the high response rates noted in 
dogs with ELSA treated with lomustine (CCNU). Although, only 17% experienced a complete remission (CR), 61% 
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experienced a partial remission (PR). Furthermore, the combination of L-asparaginase, mechlorethamine, vincristine, 
procarbazine, and prednisone (L-MOPP) was investigated in dogs T-cell lymphoma and was associated with a 
complete remission rate of 78%, and overall survival 270 days, However, >20% were alive at >900 days. The 
challenge with this protocol is cost, difficulty of administration and toxicity. Currently protocols with substitutions of 
CCNU for doxorubicin and Elspar in each cycle are underway, however, data is lacking. There does exist one report 
evaluating only T cell phenotype treated with a standard CHOP based protocol and its associated survival is similar 
to that noted in other studies.  
 
Additional support for the importance of phenotyping comes from human experience with monoclonal antibodies, 
specifically Rituximab, which standard of care in CHOP based protocols (R-CHOP). Monoclonal antibody (mAb) 
can be used to specifically bind to target cells or proteins. This may then stimulate the patient’s immune system to 
attack those targeted cells and remove them from the body. In human oncology, monoclonal antibodies have been 
developed for T and B cell Lymphoma which enables the immune system to recognize, attack and remove them. 
Normal lymphocytes cell can be replenished, as stem cells within the bone marrow are not targeted and as such 
normal cells are replenished but the cancer lymphocytes are not. These have now become standard of care therapy in 
human oncology. Cancer cell killing is thought to be via three mechanisms: 

 Antibody-dependent cellular cytotoxicity (ADCC)  
 Complement-mediated cytotoxicity (CMC) 
 Induction of apoptosis (natural cell death) 

 
We know have access to two distinctly different veterinary monoclonal antibodies for dogs with T cell (full approval 
by USDA; Aratana Therapuetics) and B cell (full approval by USDA; Aratana Therapuetics). These first line 
monoclonals, unfortunately, have not shown the specificity needed for efficacy and second line agents are underway.  
 
 
Canine Indolent Lymphoma 
In the past 10 years, we have identified a less aggressive histologic subtype of lymphoma deemed “indolent” or “low 
grade” lymphoma. This form can be either of B-Cell origin (CD79a+) including marginal zone lymphoma which 
appears to be the most common form involving lymph node and/or spleen, follicular lymphoma (lymph node), and 
mantle cell lymphoma (often occurring as a solitary splenic mass) or T cell origin (CD3+, CD45-), in which T-zone 
is the most common form. 8-11  
Patients with nodal indolent LSA often present with submandibular/cervical lymph node enlargement. The key 
difference vs that of high grade LSA resides in the history in which the lymphadenopathy has existed over a 
prolonged times frame of weeks to months, often with a waxing and waning of the disease. 5-7 The majority of 
patients are consider substage a with no clinical signs. The overall survival is significantly longer than that of “high 
grade” lymphoma. Interestingly, this is in the face of many patients received no chemotherapeutic agents. For cases 
with splenic involvement, the identification of a “mass effect” is most common.Unlike “high grade LSA, indolent 
LSA requires histopathology to definitively diagnose. Also, local therapy in the form of surgery (for stage I or II 
local lymph node involvement or splenic involvement) may provide long term control without the addition of 
chemotherapy.  
 
Indolent LSA Controversy 
Clearly splenic indolent LSA needs local therapy in the form of surgery, but do the other forms truly need treatment? 
Various, less intense chemotherapy protocols have been anecdotally utilized and the use of chemotherapy is 
considered controversial since no prospective studies exist comparing survival time with treatment vs no treatment. 
 
Tanovea™ VetDC: 
Tanovea™ was discovered by Gilead Sciences, Inc., and licensed to VetDC for use in animal cancer, (previously 
known as VDC-1101). This agent was designed to preferentially target and attack cancer cells implicated in 
lymphoma. 15-17 The data from studies totaling well over 330 patients have shown Tanovea™ to be highly effective 
against LSA with a 60-80% overall response rate. Not surprisingly, responses are higher in naïve LSA vs relapse and 
in dogs with a B cell phenotype. Data suggests Tanovea™ is well-tolerated with a similar side effect profile as other 
commonly used agents. The administration is via the intravenous route with a 1mg/kg dosing every 3 weeks. The 
FDA is in the final staging to approve Tanovea.  
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Tanovea Studies: 
 
VC-003  (Tanovea w/ prednisone) in naïve and relapsed (n=74) 
Proceedings of the 2015 ACVIM Annual Forum 
 
VC-007  0.82 vs 1.0 mg/kg in naïve and relapsed (n=63) 
Proceedings of the 2015 VCS Annual Conference 
 
VC-006  (Alternating Tanovea/Doxorubicin) 1.0 mg/kg in naïve (n=52) 
Proceedings of the 2016 ACVIM Annual Forum 
 
VC-008  0.82 vs 1.0 mg/kg in relapsed B-cell receiving one prior DOX-containing regimen (n =52) 
Abstract and oral presentation scheduled for 2016 VCS Annual Forum 
 
VC-010  1.0 mg/kg in naïve and relapsed lymphoma, lymphoid leukemia, CTCL, multiple myeloma  (n = 100 
subjects enrolled to date) 
 
Controversy of Tanovea: 
Although the majority of side effects with this agent are similar to most chemotherapeutics, two unique side effects 
are present that clinicians need to be educated in regards to recognition and treatment. 

 Pulmonary fibrosis: this appears to be recorded in a small percentage of the patients treated and the 
mechanism is unknown. In some cases this was fatal, thus clearly screening with thoracic films and 
exclusion of patients with pre-existing pulmonary issues or particular breeds at risk of pulmonary fibrosis is 
warranted. 

 Dermatopathy: also occurring in a minority of patients and often appears along the pinna and chest. Per 
VetDC, resolution of the side effects occurs once discontinuing the protocol. 

 Anorexia: Although per the data provided by VetDC this is not dissimilar to other agents, however, in this 
author’s experience, the anorexia appears more prolonged than that commonly seen with other agents.  
 

This represents the first lymphoma specific drug to add to our arsenal in a long time. The addition to a multidrug 
protocol will likely occur and the data will suggest where best this fits. One option that seems quite interesting based 
upon the presented data is the combination with doxorubicin which is a less costly and time efficient protocol vs. 
standard CHOP. 
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9>%94;$>!17!#)$!7$48<!94>!84#3!#)$!F*9>>$+'!-$7$4>842!34!#)$!*3;9#834!3=!#)$!#1A3+!
94>!#)$!<$%$+8#:!3=!#)$!3F<#+1;#834,!=*13+3<;378;!218>94;$!94>!A9419*!>8+$;#834!3=!#)$!
218>$H8+$!A9:!F$!4$;$<<9+:'!d$L#,!9!XMUK;A!^MWO!%9<;1*9+!<)$9#)!94>!>8*9#3+!<)31*>!F$!
9>%94;$>!3%$+!#)$!218>$H8+$'!E)$!>8*9#3+!8<!+$A3%$>!94>!#)$!<)$9#)!8<!<$;1+$>!#3!#)$!
7+$71;$'!B4!#)$!=$A9*$!>32,!#)$!>8<#9*!1+$#)+9!<)31*>!F$!;9#)$#$+8I$>!H8#)!94!$4>M)3*$!
1+849+:!;9#)$#$+'!E)$!218>$H8+$!;94!#)$4!F$!9>%94;$>!#)+312)!#)$!1+849+:!;9#)$#$+!94>!
84#3!#)$!F*9>>$+'!E)$!1+849+:!;9#)$#$+!8<!#)$4!+$A3%$>!94>!#)$!%9<;1*9+!<)$9#)!84<$+#$>'!
E)$!%9<;1*9+!<)$9#)!H8**!<$+%$!9<!9!73+#!=3+!+$7$9#$>!+$84#+3>1;#834!3=!>8==$+$4#!>$%8;$<!
4$;$<<9+:!=3+!#)$!7+3;$>1+$!94>!H8**!9*<3!79+#89**:!3;;*1>$!#)$!1+$#)+9'!E)$!*9##$+!$==$;#!
8<!1<$=1*!>1+842!+$#+32+9>$!1+$#)+3;:<#32+97):'!
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^'! B=!9;G18<8#834!3=!218>$H8+$!9;;$<<!#3!#)$!F*9>>$+!8<!43#!73<<8F*$!+$#+32+9>$,!
43+A32+9>$\94#$2+9>$!9;;$<<!%89!7$+;1#94$31<!714;#1+$!3=!#)$!F*9>>$+!H8#)!9!
714;#1+$!4$$>*$!3+!UW2!%9<;1*9+!;9#)$#$+!8<!94!$L;$**$4#!A$#)3>!=3+!2984842!218>$H8+$!
9;;$<<!#3!#)$!F*9>>$+'!E)$!218>$H8+$!8<!#)$4!>8+$;#$>!94#$2+9>$!9;+3<<!#)$!3F<#+1;#834!
94>!31#!3=!#)$!1+$#)+9*!3+8=8;$'!

b'! B4!#)$!A9*$!>32,!9!XMSO!Z$+$4<#$84!3+!)3;P$:!<#8;P!;9#)$#$+!8<!9>%94;$>!3%$+!#)$!
218>$H8+$!94>!#)+312)!#)$!%9<;1*9+!<)$9#)!94>!84#3!#)$!F*9>>$+'!E)$!F*9>>$+!8<!
>8<#$4>$>!#3!9!*9+2$!>89A$#$+!H8#)!83>849#$>!;34#+9<#!A$>81A!84!<9*84$'!B4!<3A$!;9<$<,!
9##$A7#842!#3!+$#+32+9>$!=8**!#)$!F*9>>$+!=+3A!#)$!>8<#9*!1+$#)+9!H8**!*$9>!#3!<8248=8;94#!
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92$4#!<)31*>!F$!>8*1#$>!$4312)!#)9#!#)$!218>$H8+$!<)31*>!F$!%8<8F*$!H8#)84!#)$!F*9>>$+'!
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W'! B4!#)$!=$A9*$!>32,!#)$!%9<;1*9+!<)$9#)!H8**!1<19**:!$L#$4>!84#3!#)$!F*9>>$+!H)$4!8#!94>!
#)$!>8*9#3+!9+$!9>%94;$>!3%$+!#)$!218>$H8+$'!E)$!F*9>>$+!;94!F$!>8<#$4>$>!9<!>$<;+8F$>!
84!CbD'!c8#)!#)$!>8*9#3+!+$A3%$>,!#)$!<8>$M9+A!3=!#)$!%9<;1*9+!<)$9#)!;94!F$!=3+;$=1**:!
84Q$;#$>!9<!#)$!<)$9#)!8<!H8#)>+9H4!3%$+!#)$!H8+$!#3!A9L8A9**:!>8<#$4>!#)$!F*9>>$+'!!

V'! B4!#)$!A9*$!94>!=$A9*$,!A9L8A1A!43+A9*!1+$#)+9*!>89A$#$+!<)31*>!F$!>$#$+A84$>!84!
#)$!9+$9<!;+9489*!#3!C8=!977*8;9F*$D!94>!;91>9*!#3!#)$!3F<#+1;#834'!E)$!*$42#)!3=!#)$!
3F<#+1;#834!<)31*>!9*<3!F$!A$9<1+$>'!!

UK'!E)$!H8>#)!3=!#)$!<#$4#!;)3<$4!<)31*>!F$!977+3L8A9#$*:!UKe!*9+2$+!#)94!#)$!A9L8A1A!
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<1;)!9<!#)$!.$#M"#$4#!E+9;)$9!#)9#!=3+$<)3+#$4!9<!#)$:!$L794>,!1+$#)+9*!<#$4#<!<1;)!9<!
#)$!.$#M"#$4#!f+$#)+9!9+$!*9<$+!;1#,!94>!>3!43#!=3+$<)3+#$4'!E)$!+9>8379G1$!A9+P$+<!34!
#)$!<#$4#!84>8;9#$!#)$!*3;9#834!3=!#)$!;+9489*!94>!;91>9*!$>2$!3=!#)$!<#$4#!84!F3#)!#)$!
;3A7+$<<$>!=3+A!C34!#)$!>$*8%$+:!<:<#$AD!94>!84!#)$!+$*9L$>!=3+A!C1734!+$*$9<$!=+3A!
#)$!>$*8%$+:!<:<#$AD'!E)8<!A9P$<!;)33<842!#)$!977+37+89#$!<8I$!%$+:!<#+982)#=3+H9+>'!

UU'!/**!73+#<!34!#)$!;)3<$4!<#$4#!<)31*>!F$!=*1<)$>!H8#)!<9*84$!#3!$4<1+$!#)9#!8#!H8**!9>%94;$!
H8#)31#!>8==8;1*#:!3%$+!#)$!218>$H8+$'!E)$!<#$4#!8<!9>%94;$>!3%$+!#)$!218>$H8+$!#3!<794!
#)$!*$42#)!3=!#)$!1+$#)+9!P43H4!#3!F$!3F<#+1;#$>'!E)$!<#$4#!8<!>$7*3:$>!F:!<8A7*:!
H8#)>+9H842!#)$!<)$9#)!C>3!43#!71<)!#)$!<#$4#!31#!3=!#)$!>$*8%$+:!<:<#$AD'!?=#$4,!#)$!
;+9489*!9<7$;#!3=!#)$!3F<#+1;#834!8<!84!#)$!F*9>>$+!4$;P'!B4!#)$<$!;9<$<,!#)$!;+9489*!A3<#!
9<7$;#!3=!#)$!<#$4#!<)31*>!F$!9>%94;$>!Q1<#!84#3!#)$!F*9>>$+!94>!>$7*3:$>!14#8*!8#!
9;)8$%$<!9!;348;9*!977$9+94;$!C9F31#!U\R;AD'!Z9;PM#$4<834!8<!#)$4!977*8$>!#3!#)$!
>$*8%$+:!<:<#$A!#3!71**!#)$!<#$4#!F9;P!84#3!#)$!9+$9!3=!3F<#+1;#834'!c)8*$!A984#984842!
<8248=8;94#!F9;PM#$4<834,!#)$!+$A984>$+!3=!#)$!<#$4#!8<!>$7*3:$>!9;+3<<!#)$!3F<#+1;#834'!
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?4;$!#)$!<#$4#!8<!>$7*3:$>,!#)$!>$*8%$+:!<:<#$A!<)31*>!F$!*$=#!84!7*9;$!=3+!977+3L8A9#$*:!
U!A841#$!#3!9**3H!#)$!<#$4#!#3!;34#841$!#3!$L794>'!E)$!>$*8%$+:!<:<#$A!94>!218>$H8+$!
9+$!#)$4!H8#)>+9H4!14>$+!=*13+3<;378;!218>94;$'!!

UR'!@9+$*:,!9!<8#19#834!8<!$4;314#$+$>!CA3<#!3=#$4!84!=$A9*$<D!84!H)8;)!#)$!A9<<!$L#$4><!#)$!
$4#8+$!*$42#)!3=!#)$!1+$#)+9!94>!3;;9<8349**:!84#3!#)$!%92849'!B4!#)$<$!<8#19#834<,!#)$!
34*:!37#834<!9+$!#3!<#$4#!#)$!$4#8+$!1+$#)+9!C;91<842!;$+#984!84;34#84$4;$D!3+!#3!<#$4#!
977+3L8A9#$*:!R\J!3=!#)$!1+$#)+9!CF$2844842!;+9489**:D'!(3<#!3=#$4,!#)$!3F<#+1;#834!8<!
A3+$!7+3L8A9*!94>!#)$!+$A984842!#1A3+!>8<#9**:!8<!43#!3F<#+1;#8%$'!E)$!79#8$4#!<)31*>!
F$!+$;3%$+$>!=+3A!94$<#)$<89!#3!37#8A9**:!9<<$<<!#)$!$==$;#!3=!#)$!<#$4#'!B=!#)$!<#$4#!
>3$<!43#!+$*8$%$!#)$!3F<#+1;#834!1<842!#)$!*9##$+!#$;)48G1$,!9!<$;34>!<#$4#!;94!F$!7*9;$>!
#3!$L#$4>!#)$!+$A984842!*$42#)!3=!#)$!1+$#)+9'!!

UJ'!_$4#*$!7+$<<1+$!<)31*>!F$!977*8$>!#3!#)$!F*9>>$+!#3!%8<19*8I$!C94>!>3;1A$4#!#)+312)!
=*13+3<;378;!+$;3+>842D!#)9#!#)$!3F<#+1;#834!)9<!F$$4!+$*8$%$>'!@$#+32+9>$!
1+$#)+3;:<#32+97):!A9:!9*<3!F$!7$+=3+A$>'!B=!73<<8F*$,!>$%8;$<!<1;)!9<!1+849+:!
;9#)$#$+<!<)31*>!F$!9%38>$>!#3!7+$%$4#!#+91A9!#3!#)$!<#$4#!>1+842!9##$A7#<!9#!7*9;842!
#)$<$!>$%8;$<'!B=!4$;$<<9+:!=3+!94:!+$9<34!C+9+$D,!=*13+3<;378;!218>94;$!<)31*>!F$!
1#8*8I$>!#3!<9=$*:!7*9;$!9!1+849+:!;9#)$#$+'!!

UX'!(3<#!79#8$4#<!H8**!9H9P$!=+3A!94$<#)$<89!94>!F$!;34#84$4#'!B=!84;34#84$4;$!7$+<8<#<!
F$:34>!34$!H$$P,!#)$+97:!H8#)!7)$4:*7+37943*9A84$!A9:!F$!F$4$=8;89*'!!

!
E$,#,$-0*>#,"#)"2*6%$*C-0)2"-"#*1B<#$'(#)%"*
*
Ureteral stents are double pigtail, multiple fenestration, tubes made from plastics, silicone, or 
silastic. Stents have been placed successfully as a long-term treatment option in veterinary 
patients. Such stents are most often placed in an antegrade manner because the tumor often 
obstructs visualization of the ureteral papilla for a retrograde placement. The antegrade technique 
requires percutaneous pyelocentesis with a renal access needle or an over-the needle IV catheter 
(18-G in dogs; 22-G in cats). This can be performed using ultrasound or fluoroscopy. The 
guidewire is passed down the ureter guided by an ureteropyelogram and into the urinary bladder 
and out the penis or vulva. The stent is then placed in a retrograde fashion over the wire to keep 
the hole in the kidney as small as possible. These procedures can also be accomplished 
intraoperatively. Successful placement of ureteral stent in cats and dogs is high.  

!

/4!B48=848#!($>8;9*!1+$#$+9*!<#$4#!1<$>!#3!+$*8$%$!A9*82494#!1+$#$+9*!3F<#+1;#834<'!
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!
!
3$-(4,-0*>#,"#*F0-(,:,"#H*
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CONTROVERSIES IN ONCOLOGY: IMMUNOTHERAPY: HOPE vs. HYPE 
 

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

 
 
IMMUNOTHERAPY DEVELOPMENTS FOR CANINE LYMPHOMA 
Currently, 20 FDA-approved monoclonal antibodies (MAbs) exist in the United States for treatment of various human 
malignancies. The use of passive immunotherapy is a key element in therapy guidelines in human oncology. Rituximab is one of 
the most well-known monoclonal antibodies and targets the CD20 antigen on the surface of B-lymphocytes. Rituximab was 
approved by the FDA in 1997 and is now considered standard-of-care therapy in conjunction with chemotherapy for a number of 
human B-cell disorders.  
In dogs, expression of CD20 has been confirmed in B-cell lymphomas by immunohistochemistry using anti-human CD20 
polyclonal antibodies that recognize the intracellular domains of CD20.1   Ex vivo evidence suggests that rituximab does not bind 
canine CD20 and thus cannot be utilized for passive immunotherapy in dogs.2 The development of canine monoclonal antibodies 
for treatment of B-cell and T-cell lymphomas would represent a massive advancement in the treatment of canine lymphoma. 
 

1. B-cell Monoclonal Antibody (MAb) for Aid in Treatment of Canine B-cell Lymphoma (Aratana Therapeutics®) 
A caninized B-cell MAb (AT-004) was fully licensed by the USDA in January 2015 as an aid in the treatment of canine 
B-cell lymphoma. This MAb is commercially marketed by Aratana Therapeutics®, Inc. (Initial clinical data presented in 
abstract form at the Veterinary Cancer Society Conference in 2014.) 
 
The first study was an open-label pilot study evaluating the treatment of canine B-cell lymphoma with doxorubicin with 
or without the B-cell MAb.  Dogs enrolled were chemotherapy-naive with high-grade (WHO stage III–IV) B-cell 
lymphoma. Dogs were randomized 3:1 to 

 Phase I (n=12): 
o Doxorubicin (DOX; 30 mg/m2 intravenously at week 1) plus B-cell MAb (5 mg/kg intravenously 

weekly at weeks 2–8) or DOX alone.  
 Phase II (n=8): 

o Relapsed dogs previously treated with DOX+B-cell MAb could receive DOX (30 mg/m2 at week 
1) plus anti-CD20 MAb (5 mg/kg at weeks 2, 4, 6, 8), with additional courses permitted.  

Response rate, progression-free survival (PFS), overall survival (OS), and safety were evaluated.   
 

 Phase I:  
o Seventy-five percent (9/12) of dogs treated with DOX+B-cell MAb achieved complete remission 

vs 60% (3/5) receiving DOX alone.  
o Median (95% CI) progression-free survival (PFS) with DOX+B-cell MAb was 98 (64–259) days 

vs 57 (29–77) days with DOX alone (P<0.0014).  
 Phase 2:  

o Median PFS (95% CI) with DOX+anti-CD20 MAb was 113 (14–
cycle DOX+B-cell MAb, overall survival (OS) was 316 (117–838) days. DOX+B-cell MAb was 
generally well tolerated, with few additional adverse events (transient infusion reaction, n=4) vs 
DOX alone.3 

 
The second study was a prospective double-blind, randomized, placebo-controlled study evaluating the treatment of 
canine B-cell lymphoma with abbreviated L-CHOP chemotherapy and the canine B-cell MAb. Dogs were treated with 
one 4-week cycle of L-CHOP chemotherapy and then randomized to either receive treatment with the canine MAb or 
placebo. Upon relapse, all dogs received one dose of doxorubicin followed by treatment with the canine MAb. Efficacy 
was assessed by evaluation of measurable lymph nodes, cytology and clinical status.  Safety was based on Veterinary 
Cooperative Oncology Group’s common terminology criteria (VCOG-CTCAE v1.1).  
The study was comprised of 27 dogs (24 randomized) with measurable, cytologically-confirmed and flow 
cytometrically-immunophenotyped B-cell lymphoma. The median progression-free survival (PFS) and overall survival 
(OS) times in the canine MAb arm of the study were 167 and 325 days, respectively, compared to 93.5 and 177 days for 
the placebo arm (p<0.0001 for both PFS and OS values). Adverse events were restricted to the L-CHOP cycle.4 
 
This author recently evaluated the addition of a monoclonal antibody to an abbreviated CHOP protocol (Mini B-
CHOMP). This is a single arm study comprised of nodal B cell confirmed (all methods acceptable) LSA and treated with 
2 cycles of standard CHOP, along with a B-cell MAb. Primary end points include PFS and safety. 

 
2. T-cell Monoclonal Antibody for Aid in Treatment of Canine T-cell Lymphoma (Aratana) 
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A caninized T-cell monoclonal antibody (AT-005) was fully licensed by the USDA in January 2014 as an aid in the 
treatment of canine T-cell lymphoma. This monoclonal antibody is commercially marketed by Aratana Therapeutics, 
Inc. T-cell MAb was designed to target a cell-surface glycoprotein expressed by T-cells but, not hematopoietic stem 
cells. Initial pharmacokinetic data was presented in abstract form at the Veterinary Cancer Society Conference in 2014. 

 
The bioavailability and safety of intravenously administered T-cell MAb was evaluated in dogs with high-grade (WHO 
stage IV–V) T-cell lymphoma. Nine dogs (6 – 12 years old) received T-cell  MAb (~2.5 mg/kg) twice weekly for 4 
weeks, followed by once weekly every other week. Plasma samples were collected before each dose and after the first 
and last doses; in 4 of these dogs, samples also were collected at 4, 8, 24, and 48 hours after dose 1. Plasma antibody 
concentrations were measured via ELISA. Pharmacokinetic parameters were calculated, using WinNonlin 
Pharmacokinetic software. Plasma T-cell MAb was detected immediately after dose 1, and plasma concentrations 
increased until doses 4–6, when steady-state was reached. Mean pharmacokinetic parameters were: single-dose: AUC, 

-life, 123.67 h; maximum plasma concentrati
-

elimination half-  Neither 
clinically relevant changes in hematology or serum chemistry values, nor any episodes of hypotension or anaphylactoid 
reactions were noted. Canine T-cell MAb is detectable in plasma after a single dose (initial mean half-life, 5.2 days) and 
accumulates after multiple doses (mean half-life, 6.6 days). T-cell MAb is well tolerated in dogs with T-cell lymphoma.5 
 
Aratana has completed enrollment for two prospective multi-center, double-blind, randomized, placebo-controlled 
studies to further evaluate the T-cell MAb in conjunction with cytotoxic chemotherapy for treatment of canine T-cell 
lymphoma.  
 

 Study I T-CHOMP: 
o This study was designed to assess the benefit of adding the T-cell MAb to a multi-agent chemotherapy 

protocol for dogs with intermediate to high grade T-cell lymphoma.  
o All enrolled dogs received multi-agent chemotherapy (CHOP protocol), with the addition of either 

placebo or the monoclonal antibody beginning with the second week of the CHOP protocol.  
o Dogs were randomized equally (1:1) to receive antibody or placebo during the chemotherapy protocol. 

This study was fully enrolled (49 dogs).6 
 Study II: T Lab 

o The second study (n=61) assessed the benefit of adding the T-cell MAb to a single-agent CCNU 
chemotherapy protocol for dogs with intermediate to high grade T-cell lymphoma.  

o All enrolled dogs received single-agent CCNU chemotherapy on Weeks 1 and 4 of the study.   
o After two cycles of CCNU, dogs that achieved a partial or complete response were randomized equally 

(1:1) to receive either T-cell MAb or placebo twice a week for the next 4 weeks then every other week 
for four weeks.6 

 
Aratana completed an analysis of the results thus far and T-cell MAb and in neither study was there an increase in 
progression free survival vs. chemotherapy alone. Recent internal scientific studies suggest that T-cell MAb and B-cell 
MAb are not as specific to the targets as expected. Given the mixed clinical and scientific results, Aratana does not 
believe T-cell MAb and B-cell MAb in their current, first-generation forms will capture the desired lymphoma market 
opportunity. Therefore, Aratana is pursuing second-generation monoclonal antibodies and other efforts in lymphoma 
which are intended to deliver breakthrough benefits. 
 
Controversy: Two large prospective studies failed to demonstrate improvement in PFS. Further assessment raises 
concerns over the MAb truly binding its target. In the USA this has raised issues regarding biologics obtaining 
conditional approval on limited data. As a scientist, I give Aratana credit for performing these studies as many other 
companies are selling product based on data from <10 patients only to ultimately see failure in further clinical trials. 
If the USDA sets such a low bar, it represents a commercial and scientific dilemma. Had the bar been higher, is 
possible the two Aratana Mab’s may have never gone to trial? 
 

3. Anti-CD20 Monoclonal Antibody (Elanco) 
The generation and characterization of a rituximab-like anti-CD20 antibody intended as a candidate treatment for canine 
B-cell lymphoma has recently been described.7 A panel of anti-canine CD20 monoclonal antibodies was generated using 
a mouse hybridoma approach. Mouse monoclonal antibody 1E4 was selected for construction of a canine chimeric 
molecule based on its rank ordering in a flow cytometry-based affinity assay. 1E4 binds to approximately the same 
location in the extracellular domain of CD20 as rituximab, and 1E4-based chimeric antibodies co-stain canine B cells in 
flow cytometric analysis of canine leukocytes using an anti-canine CD21 antibody.  
 



2017                                                                                                                                                                   55

Two of the four reported canine IgG subclasses (cIgGB and cIgGC) bound to canine CD16a, a receptor involved in 
antibody-dependent cellular cytotoxicity (ADCC). Chimeric monoclonal antibodies were assembled using canine heavy 
chain constant regions that incorporated the appropriate effector function along with the mouse monoclonal 1E4 anti-
canine CD20 variable regions, and expressed in CHO cells. Both 1E4-cIgGB and 1E4-cIgGC were observed to 
significantly deplete B-cell levels in healthy beagle dogs. The in vivo half-life of 1E4-cIgGB in a healthy dog was ~14 
days. The antibody 1E4-cIgGB has been selected for further testing and development as an agent for the treatment of 
canine B-cell lymphoma.7 This author is not aware of the regulatory status for this MAb. 

  
 

4. Anti-CD20 Monoclonal Antibody (IDEXX) 
A newly established anti-canine CD20 monoclonal antibody that can be used to identify B-cells by flow cytometry and 
that stably binds an epitope promoting macrophage-mediated phagocytosis of canine B-cell lymphoma cells in vitro has 
also been reported.8 This novel anti-canine CD20 MAb has been designated as 6C8. It recognized the extracellular 
domain of canine CD20 and showed high-affinity binding to canine CD20 in solution, as well as in its native 
conformation on canine B-cells. The 6C8 target was expressed invariably in B-cell lineage cells, but not in T-cells or in 
myeloid cells. 6C8 promoted phagocytosis of B-cell lymphoma cells by macrophages, but in its current framework, it did 
not induce direct cytotoxicity or complement dependent cytotoxicity. The 6C8 MAb may be useful as a diagnostic tool to 
phenotype B-cells, and could potentially be integrated as a tool for passive immunotherapy to treat dogs with B-cell 
disorders.8 This author is not aware of the regulatory status for this MAb. 
 
Controversy: The preliminary results suggest this antibody may be useful for diagnostic purposes but without being 
able to induce direct cytotoxicity or complement dependent cytotoxicity limits its therapeutic capability.  

 
5. ImmuneFx™ Cancer Vaccine (Morphogenesis Inc) 

A multi-indication cancer vaccine, ImmuneFx™, has been described. Pre-clinical studies have indicated that 
ImmuneFx™ acts by providing a priming action for the immune system. The priming antigen is supplied to the patient's 
own tumor cells or in vivo in the form of a DNA plasmid. The cellular machinery expresses the antigen on the surface of 
the tumor cells where it alerts antigen presenting cells to the fact that these cells are now “foreign”. Once this priming 
action has initiated the immune response, the antigen presenting cells attack the tumor cells. The tumor cells are then 
digested and all the antigens displayed to T-cells which, then initiate a response to all the antigens. Preclinical studies 
have shown that the vaccine can be produced  and safely delivered to dogs with naturally occurring lymphoma and a 
study in dogs with B-cell lymphoma is reported to be underway.9 This author is not aware of the regulatory status for this 
vaccine. 
 
Controversy: No published data in the literature as of yet, however, the product is commercially available. Is it ethical 
for the public (consumer) to essentially fund a companies data? 
 

6. Telomerase vaccine (Takis)10 
A DNA telomerase therapeutic vaccine has been described. As observed in humans, telomerase reverse transcriptase 
(TERT) activity is largely confined to tumor tissues and absent in the majority of normal dog tissues. Therefore, dog 
TERT (dTERT) may constitute a valid target for translational cancer immunotherapy. The ability of adenovirus serotype 
6 (Ad6) and DNA electroporation (DNA-EP) to induce immune responses against dTERT in dogs affected by lymphoma 
was evaluated. The vaccine was combined with standard chemotherapy regimen [cyclophosphamide, vincristine, 
prednisone (COP)]. dTERT-specific immune response was induced in 13 out of 14 treated animals (93%) and remained 
detectable and long-lasting with the absence of autoimmunity or other side effects. The survival time of vaccine/chemo-
treated dogs was significantly increased over historic controls of chemo-treated animals (>97.8 versus 37 weeks, 
respectively, P = 0.001).11 This therapeutic vaccine is currently being studied in dogs with lymphoma.12 This author is 
not aware of regulatory status for this vaccine. 
 

7. Oncept anti cd20 LSA vaccine 
Using the same xenogeneic DNA vaccination concept used for canine melanoma(CMM), which has been proven safe, 
leads to the development of antibodies and T cells and effective, Merial has gained conditional approval for its Oncept 
LSA vaccine. The construct is similar but designed to induce immunity to CD20. Therapeutic immunization to be used 
on achieving remission with chemotherapy. In an abstract of 9 dogs the survival time of vaccinates after completion 
of 25-week CHOP protocol was >734 days, median not reached, which represents a significant improvement over 
previously reported historical survival times of 1 year. 
 
Controversy: Preliminary data suggest the product needs to administered early in the treatment protocol and trial is 
underway with administration occurring in the second cycle of a 4 cycle CHOP. One concern not addressed with this 
product is whether autoimmunity vs normal cd20bearing cells may occur in a successfully treated patient.  
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IMMUNO-ONCOLOGY DEVELOPMENTS FOR CANINE OSTEOSARCOMA 

Listeria monocytogenes is a gram-positive intracellular bacteria that is capable of inducing potent innate and adaptive 
immune responses. Through its expression of listeriolysin (LLO), a pore-forming lysin that enables it to escape from the 
phagosome prior to lysosome fusion, it rapidly gains access to the cytoplasm of the cell and hence the MHC I processing pathway 
(Figure 1). This is essential for the bacteria to induce CD8+ cytotoxic T-cell responses. A large body of literature supports the use 
of a highly attenuated form of L. monocytogenes to introduce target antigens into antigen-presenting cells such as monocytes, 
macrophages and dendritic cells. By genetically fusing the target antigen of interest to LLO, potent CD8+ T-cell responses can be 
generated against the target antigen. This is particularly useful in the case of tumor immunotherapy, where the goal is to induce 
potent CD8+ T-cell responses against tumor antigens. ADXS31-164 is a highly attenuated strain of L. monocytogenes that has a 
chimeric human HER2/neu antigen (that comprises portions of the protein that contain the majority of HLA-A2 immunodominant 
epitopes of HER2/neu) fused to its LLO. ADXS31-164 breaks peripheral tolerance and induces potent CD4+ and CD8+ T-cell 
responses against HER2/neu that eliminate implanted HER2/neu+ positive tumors in mice and prevent their spontaneous growth 
in HER2/neu transgenic mice. 

A recombinant HER2/neu expressing Listeria therapeutic vaccine (AT-014) has been licensed by Aratana and is being 
studied as an aid in the treatment of canine osteosarcoma. In a preliminary study conducted at the University of Pennsylvania, Dr. 
Nicola Mason assessed 18 dogs with appendicular osteosarcoma treated with amputation and chemotherapy (4 doses of 
carboplatin) and to then receive either 2 x 108, 5 x 108, 1 x 109 or 3.3 x 109 CFU of ADXS31-164 intravenously every 3 weeks for 
3 administrations. Results: Only low grade, transient toxicities were observed. ADXS31-164 broke peripheral tolerance and 
induced antigen-specific IFN- eu in 15/18 dogs within 6 months of 
treatment. 

ADXS31-164 reduced the incidence of metastatic disease and significantly increased duration of survival time and 1, 2 
and 3 year survival rates when compared to a historical control group with HER2/neu+ appendicular osteosarcoma treated with 
amputation and chemotherapy alone. The median survival time of 11 historical control dogs was 316 days; and while 8 of the 
treated dogs were Grade I, the median survival time for the treated group is 956 days  (p<0.0001). 11 of the 18 treated dogs have 
surpassed the MST of the control group. Adverse events were mild to moderate and primarily consisted of fever, lethargy, and 
nausea/vomiting.13 

 

 
 
 A second, unpublished study assessed the safety and efficacy of a highly attenuated recombinant Listeria monocytogenes 
expressing a chimeric human HER2/neu (Lm-LLO-HER2/neu) in combination with palliative radiation (RT) to induce HER2 
specific immunity and delay tumor progression in dogs with OSA. Ten dogs with histopathologically confirmed, treatment naïve, 
HER2+ appendicular OSA, and no evidence of cardiac or metastatic disease were enrolled. All dogs received 2 × 8Gy fractions of 
RT on consecutive days, followed by the first of 8 intravenous doses of Lm-LLO-HER2/neu given once every 3 weeks. Dogs 
were monitored at each treatment and every 2 months after for systemic and cardiac toxicity, lameness and quality of life (QOL) 
(using a validated owner questionnaire). Radiographs were performed at baseline, week 10, week 22 and every 2 months 
thereafter to determine the effect on the primary tumor and development of pulmonary metastases. PBMCs were collected every 3 
weeks to evaluate HER2/neu specific T cell responses. The primary endpoint was time to progression; secondary end points were 
safety and overall survival. Results are compared to historical canine controls that received 2 × 8Gy RT alone. 
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Repeat Lm-LLO-HER2/neu administration was well tolerated with no systemic or cardiac toxicity. Lameness and QOL 
showed near uniform improvement over the study period. Limb radiographs of 7 dogs have been taken 10 weeks post enrollment 
and showed no evidence of tumor progression. 4 dogs have completed the scheduled 8 vaccinations, and limb radiographs of 
these dogs taken at 22 weeks, showed no progression of the primary lesion. At the time of the writing of the abstract, 4/10 dogs 
have died; 2 dogs were euthanized due to pathological fracture, and 2 dogs were euthanized due to metastatic disease. One dog, 
still alive, has developed pulmonary metastatic disease. At the time of abstract, median time to progression is 243 days and 
median survival time (MST) is 285 days.  
 
Controversy: Aratana is currently seeking conditional approval in the USA and the safety trial is still underway. Although the 
results of first trial were striking, questions are raised regarding patient selection (patients needed to clear post completion of 
Carboplatin) and many cases were deemed low grade OSA which may have contributed to promising results.  
 
ANTI-EGFR MONOCLONAL ANTIBODY 

The epidermal growth factor (EGFR) family is becoming an important target for immunotherapy in human oncology. 
Immunoglobulins such as cetuximab (Erbitux®; Merck) for the treatment of colorectal carcinoma overexpressing EGFR 
(epidermal growth factor receptor, ErbB-1) or trastuzumab (Herceptin®; Genentech) for metastatic breast cancer overexpressing 
HER2 (human epidermal growth factor receptor-2, ErbB-2), have become standard components of therapy.  
 

Generation of a canine anti-EGFR (Erb1) antibody for passive immunotherapy in canine cancer patients has been 
recently described.14 As the tumor-associated antigen EGFR (ErbB-1) is highly conserved between humans and dogs, and 
considering the effectiveness of the anti-EGFR antibody cetuximab in human clinical oncology, the development of a caninized 
version of this antibody, can225IgG, for comparative oncology studies was undertaken. Variable region genes of 225, the murine 
precursor of cetuximab, were fused with canine constant heavy gamma and kappa chain genes, respectively, and transfected into 
Chinese hamster ovary (CHO) DUKX-B11 cells. 480 clones were screened and the best clones were selected according to 
productivity and highest specificity in EGFR-coated ELISA. Upon purification with Protein G, the recombinant cetuximab-like 
canine IgG was tested for integrity, correct assembly, and functionality. Specific binding to the surface of EGFR-overexpressing 
cells was assessed by flow cytometry and immunofluorescence; moreover, binding to canine mammary tissue was demonstrated 
by immunohistochemistry. In cell viability and proliferation assays, incubation with can225IgG led to significant tumor cell 
growth inhibition. Moreover, this antibody mediated significant tumor cell killing via phagocytosis in vitro.  On the basis of its 
cetuximab-like binding site and the expression of a 91% homologous EGFR molecule in canine cancer, this antibody may be a 
promising research compound to establish passive immunotherapy in dog patients with cancer.14 

 
ANTI-PD-1 MONOCLONAL ANTIBODY 
 

An important part of the immune system is the ability to distinguish between “self” and “not self” and to do this it uses 
“checkpoints” which are molecules on many immune system cells that need to be activated (or inactivated) to start the body’s 
immune response. Cancers comes from “self” so is often left alone due to directive 1. Cancers can have numerous internal 
changes which create “neoantigens” and these may recognizable by the immune system as “not self”. Although an immune 
response to cancer can occur, it is often is ineffective, because tumors develop multiple resistance mechanisms to turn off the 
immune system.  
 

Cancer cells can exploit these checkpoints to avoid being attacked by the system. Programmed death 1 (PD-1) is a key 
immune-checkpoint receptor expressed by activated T cells, and it plays a major role in shutting down the immune response 
(immunosuppression). When PD-1 comes across the immunosuppressive PD-1 ligands PD-L1 (B7-H1) and PD-L2 (B7-DC), 
which are expressed by tumor cells, the possible immune response is effectively shut down. Inhibition of the interaction between 
PD-1 and PD-L1 can enhance T-cell responses against cancer. In physician based oncology several agents have been utilized and 
are deemed a “game changer” resulting durable responses against a wide variety of cancers. Two PD-1 inhibitors have been 
publically acknowledged and clinical trials are underway in the USA. 

 
Controversy: In physician based oncology these agents often result in autoimmunity related signs and it will be interesting to 
see the results of safety and efficacy studies in healthy and tumor bearing dogs.  
 
 
IMMUNOTHERAPY FOR CANINE MELANOMA 

1. Human CSPG4 DNA Vaccine 
The immunogenicity, safety, and therapeutic efficacy of a human chondroitin sulfate proteoglycan-4 (hCSPG4) DNA-
based vaccine has recently been evaluated.15 The homology between hCSPG4 and cCSPG4 amino-acidic sequences 
stands at more than 80%, providing the rationale for using an hCSPG4 DNA vaccine in the CMM model. Dogs with 
stage II–III surgically resected CSPG4-positive oral MM were treated with monthly intramuscular plasmid 
administration, which was followed immediately by electroporation (electrovaccination) for at least 6, and up to 20, 
months. The immunogenicity, safety, and therapeutic efficacy of the vaccine were evaluated.  hCSPG4 
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electrovaccination caused no clinically relevant local or systemic side effects and resulted in significantly longer overall 
and disease-free survival times in 14 vaccinated dogs as compared with 13 nonvaccinated controls. All vaccinated dogs 
developed antibodies against both hCSPG4 and cCSPG4. Seven vaccinated dogs were also tested for a cCSPG4-specific 
T-cell response and only two gave a detectable interferon (IFN) gamma response.15 
 

2. Canine Melanoma Vaccine, DNA (Oncept®, Merial) 
Preclinical and clinical studies have shown that xenogeneic DNA vaccination with tyrosinase family members (eg, 
tyrosinase, GP100, and GP75) can produce immune responses resulting in tumor rejection or protection and prolongation 
of survival whereas syngeneic vaccination with orthologous DNA does not induce immune responses. These studies 
provided the impetus for development of a xenogeneic tyrosinase (or similar melanosomal glycoproteins) DNA vaccine 
program in canine malignant melanoma (CMM). Cohorts of dogs received increasing doses of xenogeneic plasmid DNA 
encoding either human tyrosinase (huTyr), murine GP75, murine tyrosinase (muTyr), muTyr _ human granulocyte-
monocyte (HuGM)-CSF (both administered as plasmid DNA), or muTyr off-study intramuscularly biweekly for a total 
of 4 vaccinations. The antibody and T-cell responses in dogs vaccinated with huTyr have been investigated. Antigen-
specific (huTyr) IFN-g T cells were found along with 2- to 5-fold increases in circulating antibodies to huTyr, which can 
cross-react to canine tyrosinase, suggesting the breaking of tolerance.16,17  
 
The clinical results with prolongation in survival have been reported previously.18,19  The results of these trials 
demonstrate that xenogeneic DNA vaccination in CMM (1) is safe, (2) leads to the development of antityrosinase 
antibodies and T cells, (3) is potentially therapeutic, and (4) is an attractive candidate for further evaluation in an 
adjuvant, minimal residual disease phase II setting for CMM. Based on these studies, a multi-institutional safety and 
efficacy trial for US Department of Agriculture (USDA) licensure in dogs with locally controlled stage II/III oral 
melanoma was initiated in 2006 with granting of conditional licensure in 2007, which represented the first US 
governmental regulatory agency approval of a vaccine to treat cancer across species. Results of this licensure trial 
documented a statistically significant improvement in survival for vaccinates versus controls and a full licensure for the 
HuTyr-based canine melanoma vaccine from the USDA Center for Veterinary Biologics was received in December 2009 
(Oncept, Merial, Duluth, GA).20 

 

Kaser-Hotz and colleagues21 reported on concurrent use of Oncept and external beam radiation because many dogs with 
oral malignant melanoma may not be able to undergo surgery for local tumor control. This pilot study determined that 
concurrent use was well tolerated with no unexpected toxicities. Ottnod and colleagues22 performed a single-site 
retrospective study on 30 dogs with stage II to III oral malignant melanoma (15 each with and without use of Oncept). 
They determined that those dogs receiving Oncept did not achieve a greater progression-free survival, disease-free 
interval, or median survival time than dogs that did not receive the vaccine. Contrary to the aforementioned prospective 
USDA 5-site licensure trial,20 this study had less than 35% of cases treated surgically with margins 1 mm or more, 
suggesting a significant lack of local tumor control. Furthermore, contrary to the aforementioned prospective USDA 5-
site licensure trial, the Ottnod and colleagues study, similar to most noncontrolled retrospective studies, had a wide 
variety of other treatments used in both the nonvaccinated and vaccinated groups and the cause (in the context of local or 
distant disease) of death and/or progression of disease was not reported. 
 
Controversy: Several retrospective studies have documented longterm survival in patients with surgery alone, 
however, the number of cases receiving vaccine was quite low. Still the vaccine is a lightning rod in veterinary 
oncology with supporters and detractors. The biggest issues has been a lack of a randomized, prospective study to 
truly end the debate. Knowing there is little true benefit for a company such as Merial to fund such a trial, the 
questions will remain regarding this product. 
 
 

IMMUNOTHERAPY FOR FELINE SARCOMA 
Canarypox is a member of the avipox virus genus of the Orthopoxvirus family. The avipox virus is very host specific and 

only replicates and causes disease in avian species. The vaccine technology using a canarypox vector is proven to be safe and 
effective in stimulating protective immunity. Oncept IL-2 contains the active substance feline interleukin-2 recombinant 
canarypox virus (vCP1338). 23 The canarypox virus that contains the gene to produce the cytokine feline interleukin-2 (IL-2) 
which then is believed to stimulate a local anticancer response. The first trial assessed the efficacy (at low and high dose) and the 
safety (at high dose) of a recombinant canarypox virus (ALVAC®) expressing feline interleukin 2 (IL-2). ALVAC IL-2 was 
administered to cats (n=23) as an adjunct treatment of feline fibrosarcoma along with surgery and radiation therapy. Seventy-one 
cats with a first occurrence of feline fibrosarcoma were randomly assigned to three treatment groups: control treatment group (23 
cats), ALVAC IL-2 low dose group (25 cats) and ALVAC IL-2 high dose group (23 cats). Two dosages of ALVAC IL-2 were 
used to assess both safety (high dose) and efficacy (high and low doses). The treatment consisted of six consecutive doses of 
ALVAC IL-2 administered subcutaneously at the tumor site on Day 0 (one day before brachytherapy treatment), Day 7, Day 14, 
Day 21, Day 35 and Day 49. All cats were evaluated for relapse (i.e. local tumour recurrence and/or metastasis) every three 
months for at least one year (ALVAC IL-2 high dose group) or two years (reference treatment and ALVAC IL-2 low dose 
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groups) by complete physical examination and regular CT scans. ALVAC IL-2 treatment was well tolerated and adverse effects 
were limited to mild local reactions. Treatment resulted in a significant longer median time to recurrence (>730 days in the 
ALVAC IL-2 low dose group) than in the control group (287 days), and a significant reduction of the risk of relapse by 56% at 
one year (ALVAC IL-2 treatment groups versus reference treatment group) and 65% at two years (ALVAC IL-2 low dose 
treatment group versus reference treatment group). In the USA, the vaccine was recently conditionally approved for use in cats 
with fibrosarcomas that are 2–5 cm in length as part of a treatment protocol combining surgery and adjuvant radiotherapy. Trials 
are underway assessing the vaccine as an adjunct to surgery.23 This product has conditional approval by the USDA.  
 
Controversy: While open clinical trials as part of an efficacy study exist, the product is available for purchase and many are 
skeptical over the sale of a non fully-licensed product. The current data is limited to small numbers of patients.  
 
 
BIOLOGIC RESPONSE MODIFIERS (BRMs) 
BRMs are molecules that can modify the biological response of cells to changes in its external environment, which in the context 
of cancer immunotherapy could easily span nonspecific and specific immunotherapies. This section will be discussing nonspecific 
BRMs (sometimes termed "immunopotentiators") which are often related to bacteria and/or viruses. 
 

1. Imiquimod (AldaraTM) 
This represents a novel BRM that is a TLR7 (toll-like receptor 7) agonist. Imiquimod has been reported as a successful 
treatment for Bowen's disease (multicentric squamous cell carcinoma in situ) and other skin diseases in humans. Twelve 
cats with Bowen's like disease were treated topically with imiquimod 5% cream and initial and all subsequent new 
lesions responded in all cats. An additional cat (with pinnal actinic keratoses and squamous cell carcinoma) and dog with 
cutaneous melanocytomas has subsequently been reported to have been successfully treated with topical imiquimod 5% 
cream. It therefore appears that Imiquimod 5% cream is well tolerated, and further studies are warranted to further 
examine its usefulness in cats and dogs with other skin tumors that are not treatable through standardized means. 

 
2. Immunocidin ® (Nova Vive) 

This is a veterinary biologic for the treatment of mixed mammary tumors and mammary adenocarcinomas in dogs. It's 
based on Bioniche's proprietary mycobacterial cell wall (MCW) technology platform, derived from Mycobacterium phlei 
and is used as an intratumoral injection. Limited data exists, however, the product is fully licensed in the USA. 
 

Conclusion: 
The area of immuno-oncology is rapidly expanding in physician based oncology, and these advances are having significant 
impact on treatment options for many types of cancer. The most active areas of development within this realm include 
monoclonal antibodies (MAb) and therapeutic anti-cancer vaccines. In recent years, immuno-oncology therapeutics tailored for 
canine and feline oncology patients have gained attention. We must keep in mind that many of these therapeutics are in the earlier 
stages of development and a paradigm shift may be needed in data provide to the USDA for conditional approval. Along those 
lines a companies need to revenue must be weighed against selling a product with limited data as final results may significantly 
impact confidence in the brand and loyalty. 
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  Oncept IL-2 is het eerste veterinair geregistreerde immunotherapeuticum tegen tumoren in Europa.
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EEN DOORBRAAK IN DE BEHANDELING  
VAN FIBROSARCOOM BIJ DE KAT
Oncept IL-2 is ontwikkeld met de exclusieve recombinant kanariepokken-vectortechnologie van Merial 

en induceert de productie van interleukine-2 op de injectieplaats (tumor excisieplaats), waardoor 

lokaal anti-tumor immuniteit opgewekt wordt.

• Oncept IL-2 is geïndiceerd voor katten met niet-gemetastaseerde fibrosarcomen van 2 tot 5 cm.

• Een lokale toediening met Oncept IL-2  (6 behandelingen over een periode van 7 weken) startend 

binnen 2-4 weken na operatie, 1 dag voor de aanvang van de radiotherapie, verlaagt het risico op 

recidief met 65% na 2 jaar en verlengt het mediane recidiefvrije interval met meer dan een jaar. 

•  Oncept IL-2 is het eerste veterinair geregistreerde immunotherapeuticum tegen tumoren in Europa.

NIEUW

De vooruitzichten
zijn nog nooit
zo gunstig geweest.

65%
VERLAGING VAN

HET RISICO OP RECIDIEF 

MEER DAN 1 JAAR
VERLENGING VAN HET

RECIDIEFVRIJE INTERVAL 

LANGER RECIDIEFVRIJ

F i b r o s a r c o o m  b i j  d e  k a t

WEDEROM EEN

PRODUCT VAN MERIAL
INNOVATIEF

Merial maakt nu deel uit van Boehringer Ingelheim
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INTRA-ABDOMINAL NEOPLASIA 
 

Steve Mehler DVM, DACVS 
Sarah Boston DVM, DVSc, Dipl ACVS Founding Fellow of Surgical Oncology 

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

 
HEPATIC TUMORS 
Primary hepatic tumors are uncommon and account for less than 1.5% of all canine tumors and 1.0%-2.9% of 
all feline tumors, but up to 6.9% of non-hematopoietic tumors in cats. Metastasis to the liver from non-hepatic 
neoplasia is more common and occurs 2.5-times more frequently than primary liver tumors in dogs, 
particularly from primary cancer of the spleen, pancreas, and gastrointestinal tract. Primary hepatobiliary 
tumors are more common than metastatic disease in cats. The liver can also be involved in other malignant 
processes, such as lymphoma, malignant histiocytosis, and systemic mastocytosis. Nodular hyperplasia is a 
relatively common diagnosis in older dogs, but is benign and probably does not represent a preneoplastic 
lesion. 

 
There are four basic categories of primary malignant hepatobiliary tumors in cats and dogs:  
 

 Hepatocellular 
 Bile duct 
 Neuroendocrine (Carcinoid) 
 Mesenchymal 

 
Malignant tumors are more common in dogs, especially hepatocellular and bile duct carcinomas. 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).  
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 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. 
 

 
 
 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. 
 
The prognosis for cats and dogs 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 for cats with 
any type of malignant tumor, dogs with malignant tumors other than massive HCC, and cats and 
dogs with nodular and diffuse liver tumors as metastasis is more common. 
 
Clinical Signs 
Hepatobiliary tumors are symptomatic in approximately 50% of cats and 75% of dogs, 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. Icterus is more common in dogs with 
extrahepatic bile duct carcinomas and diffuse neuroendocrine tumors. However, these symptoms 
rarely assist in differentiating primary and metastatic liver tumors from non-neoplastic hepatic 
diseases.  
 

9 

7 8 
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Diagnosis 
 
Laboratory Tests 
Hematologic and serum biochemical abnormalities are usually non-specific. Leukocytosis, anemia, 
and thrombocytosis are common in dogs with liver tumors (Table 2). Leukocytosis is probably 
caused by inflammation and necrosis associated with large liver masses. Anemia is usually mild 
and non-regenerative. Thrombocytosis, defined as a platelet count greater than 500 x 103/L, is seen 
in approximately 50 percent of dogs with massive HCC. Proposed causes of thrombocytosis include 
anemia, iron deficiency, inflammatory cytokines, and paraneoplastic production of thrombopoietin. 
Anemia and thrombocytopenia are relatively common in dogs with primary and metastatic hepatic 
hemangiosarcoma. Prolonged coagulation times (e.g., increased prothrombin time, thrombin time, 
and activated partial thromboplastin time) and specific clotting factor abnormalities (e.g., decreased 
factor VIII:C and increased factor VIII:RA and fibrinogen degradation products) have been identified 
in dogs with hepatobiliary tumors, although these are rarely clinically relevant. 

 
Parameter Cat Dog 
Leukocytosis  54%-73% 
Anemia  27%-51% 
Hypoalbuminemia  52%-83% 
Increased ALP 10%-64% 61%-100% 
Increased ALT 10%-78% 44%-75% 
Increased AST 15%-78% 56%-100% 
Increased GGT 78% 39% 
Increased total bilirubin 33%-78% 18%-33% 
Increased serum bile acids 67% 50%-75% 

 
Table 2. Common clinicopathologic abnormalities in cats and dogs with hepatobiliary tumors. ALP: 
alkaline phosphatase; ALT: alanine transferase; AST: aspartate aminotransferase; and GGT: 
gamma-glutamyltransferase. 
 
Liver enzymes are commonly elevated in dogs with hepatobiliary tumors (Table 2). Increased 
activity of liver enzymes probably reflects hepatocellular damage or biliary stasis. There is no 
correlation between the degree of hepatic involvement and magnitude of liver enzyme alterations. 
The type of liver enzyme abnormalities may provide an indication of the type of tumor, and 
differentiate primary and metastatic liver tumors. Alkaline phosphatase (ALP) and alanine 
transferase (ALT) are commonly increased in dogs with primary hepatic tumors, while aspartate 
aminotransferase (AST) and bilirubin are more consistently elevated in dogs with metastatic liver 
tumors. Furthermore, an AST-to-ALT ratio less than 1 is consistent with HCC or bile duct 
carcinoma, while a neuroendocrine tumor or sarcoma is more likely when the ratio greater than 1. In 
general, however, liver enzyme elevations are not specific for the diagnosis of hepatobiliary 
diseases. Other changes in the serum biochemical profile in dogs with hepatic tumors may include 
hypoglycemia, hypoalbuminemia, hyperglobulinemia, and increased pre- and post-prandial bile 
acids. In contrast to dogs, 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. 
  
Alpha-fetoprotein, an oncofetal glycoprotein, is used in the diagnosis, monitoring response to 
treatment, and prognostication of HCC in humans. In dogs, serum levels of -fetoprotein are 
increased in 75% of HCC and 55% of bile duct carcinomas. However, -fetoprotein has limited 
value in the diagnosis and treatment monitoring of canine HCC as serum levels of -fetoprotein are 
also increased in other types of liver tumors, such as bile duct carcinoma and lymphoma, and non-
neoplastic hepatic disease. 
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Abdominal Radiographs 
Radiographs, ultrasonography, and advanced imaging can be used for the diagnosis, staging, and 
surgical planning of cats and dogs with hepatobiliary tumors. A cranial abdominal mass, with caudal 
and lateral displacement of the stomach, is frequently noted on abdominal radiographs of cats and 
dogs with massive liver tumors. Mineralization of the biliary tree is a rare finding in dogs with bile 
duct carcinoma. 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 and dogs. 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 and dogs 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 and dogs with hepatobiliary tumors has not been evaluated.  
 
 
Computed Tomography: 
Ultrasound is useful as a screening tool for liver tumors and to facilitate ultrasound guided fine 
needle aspirates and cytology. However, CT is the preferred method for assessing patients prior to 
surgery. CT is the best method for determining the resectability of a liver mass. Having said that, 
the best method of determining if a mass is resectable or not is exploratory laparotomy. CT can not 
determine if a large mass is compressing an adjacent structure or invading into it. 
 
In one study of 70 dogs with hepatic masses underwent triple-phase CT followed by surgical 
removal of the hepatic masses. The removed hepatic masses were histopathologically classified as 
hepatocellular carcinoma (n = 47), nodular hyperplasia (n = 14), and hepatic metastatic tumors (n = 
9) in dogs.  
 
47 hepatocellular carcinomas, the most common CT findings included: 

 Heterogeneous pattern with hyper-, iso-, and hypoenhancement in both the arterial and 
portal venous phases (40/47, 85.1%).  
 

14 nodular hyperplasias, the most common CT findings included: 
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 Homogeneous pattern with hyper- and isoenhancement in both the portal venous and 
delayed phases (13/14, 92.9%). 
 

Nine hepatic metastatic tumors, the most common CT findings included: 
 Homogeneous hypoenhancement pattern in both the arterial and portal venous phases 

(8/9, 88.9%).  
 5 demonstrated homogeneous hypoenhancement patterns in the delayed phase.  

The findings of this study suggests that triple-phase CT is a useful tool for preoperative 
differentiation of hepatocellular carcinoma, nodular hyperplasia, and hepatic metastatic tumors 
in dogs. 

 
Magnetic Resonance Imaging: 
This author has previously published a prospective study of 35 focal lesions of either the spleen (n  
= 8) or the liver (n = 27) were characterized by MRI in 23 dogs. Lesions were presumptively  
classified as malignant or benign on the basis of MRI findings. Imaging results were correlated with  
histopathologic (29) or cytologic (6) evaluation of the lesions. In this study, the overall accuracy in  
differentiating malignant from benign lesions was 94% (33 of 35 lesions). The overall sensitivity and  
specificity were 100% and 90%. MRI classified malignant hepatic lesions as HCC in all confirmed 
cases and correctly predicted the histologic grade of 5 HCC lesions.  
 
Clinical Staging 
Imaging is also important for the staging of cats and dogs with liver tumors. Local extension and 
regional metastasis can be assessed with abdominal ultrasonography, CT, MRI, or laparoscopy. 
The sonographic, and sometimes gross, appearance of nodular hyperplasia and metastatic disease 
is similar. In two studies, 25%-36% of dogs with ultrasonographically detectable focal hepatic 
lesions were diagnosed with nodular hyperplasia. Biopsy of such lesions is recommended prior to 
definitively diagnosing metastatic disease and excluding animals from curative-intent surgery. 
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. One benefit of 
CT scan is that the thorax can be included to determine if there are pulmonary lesions. 
 
Treatment 
Liver lobectomy is recommended for cats and dogs 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 or 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 large dogs, 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 are preferred for 
liver lobectomy as operative time is shorter with fewer complications (Fig. 10). 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 
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sutures at the base of the liver lobe are recommended for large tumors and perhaps right-sided liver 
tumors.  
 
 
 
 
 
 
 

 
Fig. 10. A 55mm thoracoabdominal stapler with a 
3.5mm cartridge is being used for liver lobectomy 
to resect a massive hepatocellular carcinoma. 
 
 
 
 
 
 
 
 
 
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. 
 
Chemotherapy: 
A paucity of information regarding the use of chemotherapy in either the macroscopic or 
microscopic disease setting since HCC is often considered a chemotherapy resistant tumor. One 
small study evaluated single agent gemcitabine in dogs diagnosed with HCC. Eighteen dogs were 
examined retrospectively (4 massive HCC, 10 nodular HCC and 4 diffuse HCC). All dogs received 
gemcitabine at 350–400 m
days. Median progression free interval was 971 days. The authors reported that based on the 
results of this study, surgery remains the best treatment for HCC, despite incomplete resection.  
 
Interventional radiology: 
Currently there are no effective treatments for veterinary patients with non-resectable liver cancer.  
Due to poor responses or complications with systemic chemotherapy and radiation therapy, 
veterinary oncologists typically treat these patients with supportive care.  Similar treatment 
difficulties for nonresectable human HCCs have led to investigation into regional, or liver-directed, 
therapies including intra-arterial chemotherapy delivery, trans-arterial embolization (TAE), 
transarterial chemoembolization (TACE), and ablation therapies (typically chemical or thermal).    
 
TACE involves a small catheter placed in the femoral artery.  Under fluoroscopic guidance, the 
catheter is advanced up the aorta, into the hepatic artery feeding the tumor, and a full dose of 
systemic chemotherapy and embolic particles or microspheres are injected to obstruct bloodflow to 
the tumor.  More recently, the development of drug-eluting beads (DEBs) has enabled 100-400 
times the concentration of chemotherapy to be achieved within the tumor compared to the same 
dose given intravenously (systemically).  The DEBs slowly elute the doxorubicin over weeks to 
months within the tumor resulting in less toxicity to the patient, most of whom show no side effects 
from the chemotherapy (such as immunocompromise or GI toxicities associated with systemic 
delivery).   
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TACE has been shown in a number of human randomized clinical trials to be associated with 
prolonged survival times when compared to systemic therapies.  Post-embolization syndrome 
(PES) is characterized in humans by general malaise, fever, nausea, abdominal discomfort.  It 
occurs in many people following TACE but it is generally self-limiting and well managed with 
supportive care such as anit-inflammatories, anti-nausea medications, antibiotics, pain medications, 
and gastroprotectants.  In addition, DEB TACE has been shown to result in fewer side effects (like 
post-embolization syndrome) and better results (for large tumors) than standard 
chemoembolization. It is unclear if animals experience PES however we currently treat them 
empirically with the same medications just in case. 
 
Prognosis 
 
Hepatocellular Carcinomas 
The prognosis for dogs with massive HCC is excellent following surgical excision with a median 
survival time not reached and greater than 1,460 days. Local tumor recurrence is reported in 0%-
13% of dogs with massive HCC following liver lobectomy. Metastasis to regional lymph nodes, 
peritoneum, and lungs is more common in dogs with nodular and diffuse HCC. Other metastatic 
sites include the heart, kidneys, adrenal gland, pancreas, intestines, spleen, and urinary bladder. 
The metastatic rate varies from 0%-37% for dogs with massive HCC and 93%-100% for dogs with 
nodular and diffuse HCC. But metastasis is rare in recent clinical reports of dogs with massive HCC 
and most deaths are unrelated to the tumor. 
 
Prognostic factors in dogs with massive HCC include surgical treatment, side of liver involvement, 
ALT and AST activity, and ratios of ALP-to-AST and ALT-to-AST. In comparison to the median 
survival time of > 1,460 days in dogs treated surgically, the median survival time of 270 days for six 
dogs managed conservatively was significantly decreased and these dogs were 15.4-times more 
likely to die of tumor-related causes than dogs treated surgically. Right-sided liver tumors, involving 
either the right lateral lobe or caudate process of the caudate lobe, had a poorer prognosis as 
intraoperative death was more likely due to caudal vena cava trauma during surgical dissection. 
However, there was no difference in survival time if dogs with right-sided massive HCC survived 
surgery. Increased ALT and AST were associated with a poor prognosis and this may reflect more 
severe hepatocellular injury secondary to either large tumor size or more aggressive biologic 
behavior.  
 

In contrast to massive HCC, the prognosis for dogs with nodular and diffuse HCC is poor. Surgical 
resection is usually not possible due to involvement of multiple liver lobes. Treatment options for 
nodular and diffuse HCC in humans include liver transplantation or minimally-invasive procedures 
for regional control, such as ablation or embolization. Bland embolization and chemoembolization 
have been reported with moderate success in the palliation of four dogs with HCC.  
 
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 and the second most 
common in dogs. Metastasis is common in dogs with up to 88% metastasizing to the regional lymph 

nodes and lungs, with other sites including the 
heart, spleen, adrenal glands, pancreas, kidneys, 
and spinal cord. In cats, diffuse intraperitoneal 
metastasis and carcinomatosis occurs in 67%-
80% of cases (Fig. 11). 
 
Fig. 11. Bile duct carcinoma in a cat with nodular 
morphology. Note the intraperitoneal metastasis 
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along the body wall. Lung metastasis was also present. 
 
  
 
 
 
 
 
 
 
 
Liver lobectomy is also recommended for cats and dogs with massive bile duct carcinoma. Survival 
times are poor though because the majority of animals die within 6 months because of local tumor 
recurrence and metastatic disease. There is no known effective treatment for cats and dogs 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 and dogs. 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 occurs in 93% of dogs and 
usually early in the course of disease. The use of toceranib phosphate (Palladia) has been reported 
but no published data exists.  
 
Sarcomas 
Primary and non-hematopoietic hepatic sarcomas are rare in cats and dogs. The most common 
primary hepatic sarcomas are hemangiosarcoma, leiomyosarcoma, and fibrosarcoma. 
Hemangiosarcoma is the most frequently diagnosed primary hepatic sarcoma in cats and 
leiomyosarcoma the most common in dogs. The liver is a common site for metastatic 
hemangiosarcoma in dogs while only 4%-6% of hemangiosarcoma occur primarily in the liver. 
Hepatic sarcomas have an aggressive biologic behavior with metastasis to the spleen and lungs 
reported in 86%-100% dogs. 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.  
 
 
 
 
URINARY BLADDER TUMORS 
 
Bladder tumors are uncommon, but account for up to 2% of all canine tumors. The majority of 
urinary bladder tumors are malignant and epithelial and these represent up to 92% of feline bladder 
tumors and 76%-96% of canine bladder tumors. Transitional cell carcinoma (TCC) is the most 
common urinary bladder tumor in both cats and dogs. Other bladder tumors include squamous cell 
carcinoma, adenocarcinoma, rhabdomyosarcoma, fibrosarcoma, chondrosarcoma, 
leiomyosarcoma, hemangiosarcoma, chemodectoma, and benign tumors such as leiomyoma and 
fibroma. 
 
Transitional Cell Carcinoma 
Transitional cell carcinoma (TCC) is the most common urinary bladder tumor in both cats and dogs. 
A number of risk factors for TCC have been identified in dogs, including: 

 
 Obesity 
 Aromatic amino metabolites of tryptophan (especially ortho-aminophenol) and oral 2-

naphthylamine 
 Industrial environments 
 Exposure to marshlands sprayed with insecticides 
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 Exposure to lawns or gardens treated with both herbicides and insecticides and herbicides 
alone, but not insecticides alone 

 Exposure to lawns or gardens treated with phenoxy herbicides, but not non-phenoxy 
herbicides 

 Exposure to topical insecticides for flea and tick control, but not more recent topical spot-on 
flea and tick products containing fipronil or imidacloprid 
 

Dogs excrete large quantities of tryptophan metabolites in the urine, but cats metabolize tryptophan 
differently and do not excrete urinary tryptophan metabolites. This may explain the decreased 
incidence of TCC in cats. 
 
Cyclooxygenase (COX)-2 is involved in the tumorogenesis of TCC in dogs. COX-1 is constitutively 
expressed by normal urinary bladder epithelium. In contrast, COX-2 is not expressed by normal 
urinary bladder epithelium, but is expressed in primary and metastatic bladder tumors in dogs.  
COX-2 overexpression increases the invasive ability of tumor cells by activating matrix 
metalloproteinases, increasing pro-angiogenic factors (i.e., vascular endothelial growth factor), and 
decreasing E-cadherin (which are all important for tumor growth, invasion, and metastasis). 
 
Metastatic disease correlates with the depth of bladder wall invasion (i.e., clinical stage) in dogs 
with TCC. Metastatic routes include direct extension into adjacent fat or regional organs, 
implantation into the peritoneal cavity, or lymphatic and hematogenous spread. Common metastatic 
sites include regional and distant lymph nodes, lungs, central nervous system (i.e., brain, spinal 
cord, and eyes), and bone. At the time of diagnosis, 16% of dogs have metastasis to regional lymph 
nodes and 14% have metastasis to distant sites. By necropsy, 48% of dogs have metastasis to 
regional lymph nodes and 51% have metastasis to distant sites. 
 
Smooth Muscle Tumors 
Leiomyoma and leiomyosarcoma are the most common mesenchymal tumors, accounting for up to 
12% of all primary urinary bladder tumors, in cats and dogs and. These tumors are usually small 
and located in the trigone or neck of the bladder. Leiomyomas are asymptomatic unless large. 
Leiomyosarcomas are locally aggressive and infrequently metastasize to the regional lymph nodes, 
liver, pancreas, kidneys, intestines, omentum, diaphragm, heart, and lungs. 
 
Rhabdomyosarcoma 
Rhabdomyosarcoma is a rare congenital tumor which arises from pluripotential mesodermal cells of 
the urogenital ridge or similar cells in the Müllerian and Wolffian ducts during embryogenesis. As a 
congenital tumor, rhabdomyosarcomas are more commonly diagnosed in dogs less than 2 years 
old. Large breed dogs, especially Saint Bernards, are predisposed, but there is no sex 
predisposition. 
 
Rhabdomyosarcomas are characterized by local invasion with metastasis occurring either  
rarely or late in the course of disease. Grossly, rhabdomyosarcomas appear as friable grape-like 
clusters or polypoid masses in the trigone or neck of the urinary bladder. They most commonly 
present because of urinary tract obstruction with hydronephrosis, and hydroureter. Hypertrophic 
osteopathy without pulmonary metastasis is a common paraneoplastic syndrome. Metastatic sites, 
although rare, include the mesentery, omentum, regional lymph nodes, adrenal gland, and liver. 
 
Signalment 
Female dogs are predisposed to urinary bladder TCC with a male-to-female ratio of 1:1.7. Scottish 
Terriers are predisposed, while a breed predisposition is also suspected in a number of other 
breeds such as Beagles, Shetland Sheepdogs, Wirehaired Fox Terriers, and West Highland White 
Terriers. A sex or breed predisposition has not been identified in cats with TCC. 
 
Clinical Signs 
The most common clinical signs in dogs with urinary bladder tumors are urinary, especially dysuria, 
hematuria, pollakiuria, and stranguria. Other signs include urinary tract obstruction, urinary 
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incontinence, and vaginal discharge. Lameness is the primary reason for presentation in 4%-10% of 
dogs because of either skeletal metastases or hypertrophic osteopathy. 
 
 
 
 
 
Diagnosis and Clinical Staging 
 
Urinalysis and Urine Sediment Cytology 
Hematuria and proteinuria are consistent findings on urinalysis due to ulceration of the urothelial 
mucosa. Bacteruria, pyuria, and positive urine cultures are common in cats with TCC.  
 
Urine Sediment Cytology 
Urine sediment cytology can be useful for the diagnosis of TCC and other epithelial tumors, but 
mesenchymal tumors are rarely diagnosed because of poor tumor cell exfoliation. Reactive and 
neoplastic transitional cells can have a similar cytologic appearance and this can make definitive 
diagnosis of TCC difficult. Transitional cell carcinoma is successfully diagnosed on urine sediment 
cytology in 30% of all cases and up to 90% of muscle-invasive TCC. The diagnostic accuracy of 
urine sediment cytology can be improved with bladder washes or traumatic catheterization. 
 
Bladder Tumor Antigen Dipstick Test 
The bladder tumor antigen urine dipstick test is a highly sensitive method for the diagnosis of TCC 
in dogs. This test measures a glycoprotein complex in the urine and has an 85%-90% sensitivity for 
the detection of TCC in dogs. However, the specificity is low (35%-78%) with false-positive results 
common because of urine abnormalities frequently found in urinary tract infections, which is the 
main differential diagnosis in animals with TCC, such as glucosuria, proteinuria, hematuria (> 30-40 
red blood cells per high power field), and pyuria (> 30-40 white blood cells per high power field). 
The sensitivity of the bladder tumor antigen test can be improved by centrifuging urine samples 
before testing. Regardless, the bladder tumor antigen test is a useful screening test to rule-out TCC, 
but does not provide a definitive diagnosis if positive. 
 
Novel Testing 
In two recent independent studies, a single mutation in the canine BRAF gene was detected in  
pathology verified tumor biopsy specimens of canine TCC/UC. The mutation was identified by  
comparing the DNA sequences of all genes of the dog DNA isolated from TCC/UC tissue samples  
with those from non-neoplastic tissues. The NIH team identified the mutation by looking at RNA  
sequences in affected tissues. The discovery of the same mutation independently by two groups  
using two different approaches provides cross validation of the data. 
 
The BRAF mutation was not present in numerous other canine cancers and in non-neoplastic 
bladder tissues, including inflammatory bladder tissue and polyps. In a follow up study reported the 
development of a rapid and highly sensitive test to detect the presence of this mutation in cells shed 
into the urine. Importantly, unlike the VBTA test, the new test is not affected by the presence of 
bacteria or blood in the urine and provides a highly effective means to detect the presence of 
malignant TCC/UC cells. 
 
Dr. Breen’s lab at NC State has been the pioneer of this test which has now been approved and  
termed  the CADET BRAF Mutation Detection Assay for early, fast, and reliable detection of canine  
TCC/UC in free-catch urine.To allow this test to be made widely accessible across the US, his  
group is combining efforts with Sentinel Biomedical.The CADET BRAF Mutation Detection Assay is  
the first early detection system for TCC/UC and may also be used to aid diagnosis and to monitor  
the impact of treatment for canine TCC/UC. The Sentinel Dog blue.pngThe CADET BRAF Mutation  
Detection Assay has been designed specifically to identify tumor cells carrying the BRAF mutation,  
which is present in 85% of all TCC/UC cases. The test can detect as few as just 10 mutant bearing  
cells in a urine sample and has been detecting cases up to four months (or longer) before any  
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clinical signs associated with the cancer become evident. For further information about the CADET  
BRAF Mutation Detection Assay, whether for annual screening, for use as a diagnostic aid, or for  
monitoring of the impact of treatment for TCC/UC  please see www.SentinelBiomedical.com 
 
Blood Tests 
Hematology and serum biochemistry findings are usually normal or non-specific. Mild-to-moderate 
normochromic, normocytic anemia can be caused by either hematuria or bone marrow suppression 
secondary to chronic disease.  
 
Uremia can be caused by obstruction of urinary outflow by tumors located in the trigonal region of 
the urinary bladder or age-related renal failure. 
 
Survey and Contrast Radiographs 
Imaging is important for diagnosis and localization of an urinary bladder mass and clinical staging. 
Imaging modalities include survey abdominal and thoracic radiographs; positive-, negative-, and 
double-contrast radiography; excretory urography; ultrasonography; transurethral cystoscopy; and 
computed tomography or magnetic resonance imaging scans.  
 
A bladder mass is rarely visible on survey abdominal radiographs, but abnormal findings can 
include sublumbar lymph node enlargement, renomegaly, and skeletal metastases, particularly to 
the lumbar vertebrae and pelvis. 
 
Positive-contrast cystography is useful for the identification of mucosal abnormalities and space-
occupying lesions in the urinary bladder. The majority of TCCs in dogs involve the trigonal region of 
the urinary bladder, whereas TCCs in cats are either diffuse or located in the fundus or ventral 
bladder wall. Negative- and double-contrast radiographs can also be used to support positive-
contrast cystography findings. There is a small risk of air emboli if room air is used for negative- and 
double-contrast studies, so carbon dioxide or nitrous oxide are preferred to minimize the risk of this 
potentially fatal complication.  
 
An excretory urogram is indicated to determine the location and extent of obstructive urinary tract 
disease when the urethra cannot be catheterized for positive-contrast cystographic studies. 
 
Three-view thoracic radiographs are recommended for evaluation of pulmonary metastasis. There 
are four different radiographic patterns for pulmonary metastasis in dogs with urinary bladder TCC: 
 

 Diffuse unstructured increase in interstitial density which can mimic old age changes 
 Localized interstitial or alveolar infiltrates 
 Multiple interstitial nodules 
 Normal pulmonary opacities 

 
Ultrasonography 
Ultrasonography is recommended to determine the location and extent of bladder tumors, and for 
clinical staging with evaluation of the regional lymph nodes and involvement of adjacent anatomic 
structures such as the colon. Transitional cell carcinoma commonly involves the trigonal area of the 
urinary bladder in dogs, which results in urinary tract obstruction and makes surgical resection 
difficult and complicates treatment. In contrast, TCCs in cats are either diffuse or located in the 
fundus or ventral bladder wall. Other abnormalities include hydronephrosis and megaureter 
secondary to ureteral obstruction by trigonal and/or ureteral tumors. Ultrasonography has largely 
superceded contrast radiographic studies because of its simplicity and non-invasiveness, and is 
also superior to excretory urography and double-contrast cystography in detecting TCC. 
 



76                                                                                                                                   ONCOlogisch Treffen

 

 
 

Transurethral Cystography 
Transurethral cystoscopy is the preferred method for the diagnosis of TCC in humans and has been 
used for the investigation of bladder diseases in cats and dogs. Transurethral cystoscopy provides 
a minimally-invasive method of assessing the mucosal surface of the urethra and urinary bladder 
and performing biopsies for clinical staging and grading purposes. 
 

 
 
Biopsy 
Biopsy is required for definitive diagnosis of urinary bladder tumors, differentiate benign and 
malignant tumors, and differentiate neoplastic diseases from non-neoplastic diseases such as 
granulomatous urethritis. Biopsy techniques include fine-needle aspiration, needle-core biopsy, 
catheter biopsy, cystoscopic biopsy, and open surgical incisional or excisional biopsy. Traumatic 
catheter biopsy techniques have a high diagnostic accuracy as results correlate with surgical 
biopsies in 73% of dogs with urethral and bladder tumors. Percutaneous aspirates or biopsy 
procedures are not recommended because of the high risk of tumor seeding in dogs with TCC. 
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Based on the above clinical staging tests, the following clinical staging system is used for cats and 
dogs with urinary bladder tumors: 
 
 
Primary Tumor 
T0 No evidence of neoplasia 
Tis Carcinoma in situ 
T1 Superficial papillary tumor 
T2 Tumor invading bladder wall 
T3 Tumor invading adjacent organs (i.e., prostate, uterus, vagina, and rectum) 

 
Node 
N0 No evidence of regional lymph node involvement 
N1 Regional lymph node involvement (i.e., sublumbar lymph nodes) 
N2 Regional lymph node and juxta-regional lymph node involvement 

 
Metastasis 
M0 No evidence of metastasis 
M1 Evidence of distant metastasis with site specified 

 
Clinical staging provides important information on treatment options and prognosis in dogs with 
urinary bladder TCC. Unlike humans where the majority of TCCs are superficial, 82%-98% of 
canine TCCs are T2 and T3 lesions which are defined as muscle-invasive disease because they 
invade the muscle layers of the urinary bladder wall. Furthermore, 56% of urinary bladder TCCs 
involve the urethra and 29% involve the prostate. 
 
Surgery 
The treatment of dogs with urinary bladder TCC is complicated by its location in the trigone and 
common extension into the urethra. Furthermore, as in humans, TCC is regarded as a diffuse 
disease of the urothelium with mucosal biopsies distant to the tumor showing pathologic changes 
ranging from dysplasia to carcinoma in up to 89% of cases. Treatment options include surgery, 
radiation therapy, and photodynamic therapy for management of the local tumor, and chemotherapy 
for the management of both the local tumor and metastatic disease. 
 
Surgical techniques for the management of urinary bladder tumors include: 
 

 Tube cystostomy 
 Urethral Stenting 
 Partial cystectomy 
 Total cystectomy with urinary diversion 

 
Tube Cystostomy 
A cystostomy tube is a palliative technique used to by-pass the urinary outflow obstruction caused 
by trigonal and urethral tumors. A number of different catheters have been used for cystostomy 
tubes, including a Foley catheter, Pezzer or mushroom-tipped catheter, Stamey Malecot catheter, 
low-profile cystostomy tube, and pigtail catheter. Cystostomy tubes can be placed percutaneously 
or with either laparoscopic or open surgery.  
 
Using an open technique, cystostomy tube can be placed through either a ventral midline celiotomy 
or mini-paramedian approach. The catheter is passed through a paramedian tunnel created in the 
abdominal musculature, subcutaneous tissue, and skin (Fig. 15). The urinary bladder is exteriorized 
with stay sutures and isolated with moistened laparotomy sponges and a purse-string suture is 
placed in the ventral aspect of the bladder. The catheter is introduced into the bladder through a 
stab incision in the centre of purse-string suture and the purse-string suture is tightened. Additional 
sutures may be placed between the urinary bladder and ventrolateral abdominal wall to increase 
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the strength and security of the stoma. Omentum is wrapped around the tube and cystotomy site to 
reduce the risk of urine leakage. The celiotomy or paramedian approach is closed routinely and the 
catheter secured to skin using Chinese finger-trap technique. 
 

Fig. 15. A cystostomy tube is placed for palliation 
of urinary tract obstruction in dogs with urinary 
tumors. A catheter is placed through the 
abdominal wall into the urinary bladder near the 
apex of the bladder. The urinary bladder is fixed 
to the abdominal wall and the catheter is fixed to 
the skin. The tube is then connected to a closed 
drainage system or intermittently drained. 
 
 
 
 
 
 
 
 
Complications associated with cystostomy tubes 

are common but usually manageable. Urinary signs such as stranguria, pollakiuria, and hematuria 
are common, but these may be caused by the tumor or the catheter. Urine leakage around the 
stoma and catheter is very common. When using low-profile catheters, leakage can also occur from 
either the antireflux valve or extension tube. Vesicoureteral reflux is also very common and this can 
predisposes to ascending urinary tract infection and tumor seeding of the upper urinary tract. Other 
less common complications of cystostomy tubes include premature tube removal because of self-
trauma or deflation or deterioration of the balloon and subcutaneous infection at the stomal site. 
 
A pigtail cystostomy tube can be placed percutaneously using fluoroscopy. This is useful in cases 
that have complete urethral obstruction. A cystocentesis is performed using an 18G needle that 
accommodates a weasel wire. Once access to the bladder is gained via the guidewire, the pigtail 
catheter can be fed into the bladder and secured using the locking loop on the pigtail catheter. 
Placement can be confirmed using fluoroscopy and contrast radiography. 
 
Urethral Stenting 
Urethral stenting is a minimally invasive technique that allows the relief of urethral obstruction in a 
noninvasive manner. It has largely superceded cystotomy tube because it is easier to manage for 
the owners compared to a cystostomy tube and because of a decreased risk of infection. In 
general, the placement of a urethral stent requires fluoroscopy, but it has been anecdotally 
performed with digital radiography. A contrast urethrogram is first performed to assess the extent of 
urethral obstruction and to measure the size of the urethral stent required. A nitinilol, self expanding 
stent is placed under fluoroscopic guidance. Relief of the obstruction is confirmed with a second 
contrast urethrogram. Potential complications of this procedure include reobstruction, straining due 
to the stent and urinary incontinence (25% risk).  
 
Partial Cystectomy 
In humans, partial cystectomy is only recommended for the excision of superficial bladder tumors 
(i.e., T1 clinical stage or non-muscle invasive tumors) with no trigonal involvement. Theoretically, 
partial cystectomy is not indicated in most dogs with TCC because the majority are muscle-invasive 
and involve the trigone. Partial cystectomy is therefore a palliative procedure in dogs with TCC 
because it provides symptomatic relief of clinical signs, but it may also prolong local tumor control 
and survival time when used in combination with adjuvant chemotherapy. 
 
The advantages of partial cystectomy include preservation of urinary bladder function and urinary 
continence, and avoiding the complications, metabolic consequences, and intensive management 
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associated with total cystectomy and urinary diversion. The disadvantages include the risk of tumor 
seeding and local tumor recurrence following partial cystectomy and, as discussed above, partial 
cystectomy is rarely indicated for the curative-intent resection of bladder tumors in cats and dogs as 
most are advanced, involve the entire urothelium, and are located in the trigonal area. 
 
There are some important intraoperative considerations to minimize the risk of tumor seeding and 
postoperative complications. To reduce the risk of tumor seeding, the bladder should be isolated 
with moistened laparotomy sponges and the tumor should not be handled directly as this will shed 
tumor cells into the bladder and surgical site. The abdominal cavity should be thoroughly lavaged 
following completion of the partial cystectomy. 
 
Partial cystectomy is performed through a ventral midline celiotomy. The bladder is exteriorized with 
stay sutures and isolated with laparotomy sponges to minimize the risk of tumor seeding. A 
cystotomy is performed distant to the palpable urinary bladder mass to suction urine and identify the 
tumor and paired ureteral openings. The ureters should be catheterized to prevent iatrogenic 
damage during tumor resection or inadvertently suturing the ureters during bladder closure. Full-
thickness resection of the tumor is performed with a minimum of 1 cm margins of grossly normal 
urothelium. Ureteral transection and re-implantation can be performed to obtain adequate surgical 
margins if the tumor is located in the trigonal region, however, extension of the tumor can occur 
along the ureters. 
 
Eighty percent of the urinary bladder can be resected without affecting long-term bladder capacity. 
The bladder regains near-normal capacity following stretching of the stromal and smooth muscle 
layers. Grafts, such as porcine small intestinal submucosa, have been described in dogs and 
humans to augment bladder size following partial cystectomy. This is not commonly performed in 
veterinary medicine because there is no significant difference in postoperative bladder capacity at 
4-6 months compared to partial cystectomy without augmentation. Furthermore, bladder capacity 
returns to normal by 8-12 months postoperatively in both augmented and non-augmented urinary 
bladders. 
 
The bladder is flushed with isotonic saline and closed with an appositional simple interrupted or 
continuous suture pattern to prevent mechanical or inflammatory ureteral obstruction. Suture 
material selection is important because of the risk of urinary tract infection and the effect this can 
have on durability of suture material. The urinary bladder heals very quickly and regains 100% of its 
normal tissue strength at 14-21 days. A monofilament, absorbable suture material is recommended, 
such as PDS or monocryl. Braided suture material should be avoided. 
 
Care should be taken to avoid the ureteral papillae in closure of the cystectomy site. If the ureteral 
opening will be compromised by resection or closure, one or both ureters may need to be 
reimplanted at another site.  
 
Following closure of the partial cystectomy, instruments and gloves should be changed to minimize 
the risk of tumor seeding into the bladder, peritoneal cavity, and incision site. The regional lymph 
nodes and adjacent organs are examined and aspirated or biopsied for clinical staging purposes.  
 
Potential postoperative complications include transient pollakiuria and urinary incontinence because 
of reduced urinary bladder capacity, tumor seeding local tumor recurrence and ureteral stricture if 
the ureters were reimplanted. Patients should remain on a high rate of fluid therapy post operatively 
to prevent blood clot formation within the bladder. These patients need to be walked frequently post 
operatively, and even then will likely exhibit incontinence post operatively due to loss of reservoir. 
This should correct over time, but it is very important to warn owners of this potential consequence 
of partial cystectomy, especially in large resections. 
 
Prostatectomy 
Prostatic transitional carcinoma or adenocarcinoma may be treated with urethral stenting and 
chemotherapy and/or radiation. In select cases, total prostatectomy is a feasible option. A CT scan 
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should be performed prior to surgery for local and distant staging. In cases where the prostatic 
carcinoma is focal, prostatectomy should be considered. The surgery may require pubectomy for 
surgical access, but is a fairly straightforward procedure. The entire prostate and urethra are 
resected en bloc and an anastomosis is performed using a monofilament absorbable suture 
material. A urinary catheter should be used to facilitate anastomosis and should remain in place 
after resection to improve outcome. The primary complication of total prostatectomy is urinary 
incontinence, with a reported incontinence rate of 50%. Other potential complications include 
leakage at the anastomosis site and tumor recurrence. 
 
Total Cystectomy and Urinary Diversion 
Total cystectomy and urinary diversion are recommended in humans for muscle-invasive bladder 
tumors and tumors involving the trigone or urethra because of superior local tumor. Urinary 
diversion techniques have been reported in dogs with TCC and include: 

 
 Ureterocolonic or trigonal-colonic anastomosis 
 Ureterohysterostomy 
 Ureteroileostomy with perineal urinary diversion  
 Koch pouch urinary diversion (or continent jejunal reservoir) 
 Neobladder reconstruction using intestinal segments (i.e., iliocystoplasty) 

 
Despite being surgically feasible, total cystectomy and urinary diversion to the gastrointestinal tract 
are not recommended in cats and dogs because of unacceptable morbidity and mortality and poor 
tumor control. Common complications include urinary tract infection and pyelonephritis, renal 
failure, struvite urolithiasis, and hydronephrosis and megaureter secondary to ureteral obstruction 
and tumor recurrence. For longer term survivors, metabolic complications are common because of 
hyperchloremic acidosis and hyperammonemia resulting from absorption of urinary toxins across 
the permeable gastrointestinal mucosa. However, more recent reports of total cystectomy and 
urinary diversion to urothelial-lined structures (urethra, vagina, and prepuce) are encouraging with 
good survival times and, other than urinary incontinence, minimal morbidity. 
 
More recently surgical oncologist have begun to revisit total cystectomy. While the majority of 
human TCCs are superficial in origin responding well to local therapies such as intravesicular 
chemotherapy or laser ablation, the more uncommon “muscle-invasive” TCC cases have little 
response to medical therapy and are often treated with radical cystectomies.  Unfortunately for 
veterinarians, approximately 95+% of canine TCCs are classified as the “muscle-invasive” type and 
have limited continued clinical response to chemotherapy and radiation therapy.  Even initial 
biological responses are routinely non-durable and subsequent tumor growth and spread ultimately 
leads to patient death or euthanasia within approximately a year or so following diagnosis. Contrary 
to theoretical advantages, radical surgical resections have not been demonstrated to consistently 
provide improved chemotherapy responsiveness or prolonged survival times.  In addition, reported 
complications associated with rerouting procedures have dissuaded many from pursuing these 
aggressive alternatives.  
 
The IR group at AMC has previously reported on the rapid, safe, and successful use of a novel 
subcutaneous ureteral bypass device in dogs and cats with nonmalignant ureteral obstructions.  
Radical cystectomies with subcutaneous ureterovesicular bypass (SUB) placement can permit more 
aggressive, wider tumor resections without the prior concerns of sufficient working lengths of 
remaining urinary tract structures. In addition, the procedures can be rapid, safe, and effective in re-
establishing urinary tract patency compared to the more involved rerouting surgeries historically 
performed.  This procedure is currently under evaluation and has been reported only in abstract 
form. The preliminary results in 5 dogs have demonstrated improved ability to achieve wide surgical 
margins in female (compared to male) dogs with few surgical complications but chronic infections 
remain a challenge when patients will be receiving subsequent chemotherapeutics.  Total 
cystectomy with reimplantation of the ureters into the vagina, prepuce or remaining urethra has also 
been reported in two case series and a case report.  
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The obvious disadvantage of total cystectomy is urinary incontinence. Patients will need intensive 
lifelong nursing care and diapers long term after total cystectomy. There are also concerns with 
chemotherapy safety in cases that have had total cystectomy and are treated with 
chemotherapeutic agents that are excreted in the urine.  
 
Radiation Therapy 
External beam radiation therapy is used for the palliative and curative-intent treatment of bladder 
tumors in dogs and humans. In general, radiation therapy is not considered as a viable treatment 
option for the curative-intent treatment of dogs with TCC because of poor tumor control, distant 
metastases, and high complication rates. However, the role of radiation therapy in the treatment of 
dogs with urinary bladder TCC is being readdressed. To date, this combination has not resulted in 
any improvement in overall survival times compared to chemotherapy alone. Several of the reported 
clinical results may be biased by case selection since radiation has traditionally been considered a 
"last resort" option for this disease. 
 
In humans, the maximum volume of the urinary bladder which can be safely irradiated is 30%. The 
major reason that radiation therapy fails in dogs is probably because the extent of bladder 
irradiation required in dogs is much greater than 30% as canine TCC often involves the entire 
bladder, urethra, and ureters.  
 
Complications associated with external beam radiation therapy for treatment of bladder tumors 
includes ureteral stenosis, bladder wall fibrosis, urinary incontinence, cystitis, and stranguria. 
Adverse events including bladder fibrosis or intestinal and urethral stricture once thought inevitable, 
are now less likely due to improved radiation treatment planning techniques that limit the total dose 
delivered to normal tissues. 
 
Chemotherapy 
Intravesical and systemic chemotherapy have been investigated in the sole or adjunctive treatment 
of dogs with TCC of the urinary bladder and urethra. Intravesical chemotherapy is rarely indicated in 
dogs because it is only effective against superficial TCC (i.e., mucosal involvement only) and this is 
very rare in dogs with TCC. Systemic chemotherapy is recommended due to the high risk of local 
and distant metastatic disease. 
 
Non-steroidal anti-inflammatory drugs are important in the treatment of canine TCC because of the 
upregulation of COX-2. Piroxicam has traditionally been used for the treatment of TCC in dogs, but 
safer COX-2 selective non-steroidal anti-inflammatory drugs, such as deracoxib and meloxicam, 
also have in vitro antitumor activity against TCC. Piroxicam decreases tumor volume in up to 26% 
of dogs and this is significantly associated with the induction of apoptosis and reduction in urine 
basic fibroblast growth factor concentration, a proangiogenic factor involved in tumor progression.  
 
Other chemotherapeutic drugs with an effect against canine TCC include doxorubicin alone or in 
combination with cyclophosphamide, mitoxantrone, cisplatin, and perhaps carboplatin. Cisplatin 
combined with piroxicam results in excellent response rates of up to 71%, but the risk of renal 
toxicity is unacceptably high with this combination. Renal toxicity is less when piroxicam is 
combined with carboplatin, but response rates and survival times with this combination are similar 
to piroxicam alone. Furthermore, other studies have shown very limited responses and poor survival 
times when carboplatin is used alone. Currently, the recommended adjuvant chemotherapy protocol 
involves a combination of mitoxantrone and a NSAD. 
 
Within the past few years two others have been added to this armamentarium, vinblastine and 
chlorambucil. In, 2011, Arnold et al. published a paper showing that vinblastine was an effective 
agent in the treatment of TCCs in dogs. The median survival time reported was approximately 150 
days with some of the dogs surviving for over 900 hundred days after diagnosis. This research and 
our own experience with this protocol caused some of our oncologists to switch from mitoxantrone 
to vinblastine as their first-line treatment for TCCs. The other major advance in medical oncology is 
the use of chlorambucil in the management of this disease. Unlike the prior injectable 



82                                                                                                                                   ONCOlogisch Treffen

 

chemotherapeutics, Schrempp et al used chlorambucil in a metronomic setting-daily low dose of a 
chemotherapeutic agent. The median survival time of dogs from the beginning of treatment was 
over 200 days with some dogs surviving over 700 days.  
 
Although oncologist argue of the “best” drug, clearly the data points to Cisplatin, however, the 
associated nephrotoxicity has limited further use. A protocol designed to reduce the nephrotoxicity 
of cisplatin/piroxicam combination therapy using the novel drug, Tavocept, has been investigated in 
a funded, prospective clinical trial. Tavocept permitted a shortened diuresis protocol (90 minutes vs 
6 ½ hours), such that cisplatin could be easily administered on an outpatient basis. This drug is 
undergoing the FDA approval process for human clinical use; thus, however, there is renewed 
interest and a veterinary related product.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Drug protocol 
# of 
dogs 

Trial 
type RR 

MST 
(days) Comments 

Cisplatin 50 mg/m2 q4wks 15 R 20% 132     

  60 mg/m2 q3wks 18 P 16% 130     

Carboplatin alone 14 P 0 132      

Piroxicam (0.3 mg/kg/day) alone 34 P 18% 181    

Carboplatin and piroxicam 31 P 38% 161 No renal toxicity 
reported; 
Frequent GI and 
marrow toxicity 
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Doxorubicin/cyclophosphamide 11 R    259    

Mitoxantrone and piroxicam 49 P 35% 350 49 of 55 evaluable for 
response; 
MST 291 by Knapp 
criteria 

Laser ablation, then Mitoxantrone 
and piroxicam 

8 P 100% 299 RR related to the fact 
that all dogs 
underwent surgery 

Cisplatin and piroxicam 14 P 71% 246 Renal toxicity in 12/14 

Cisplatin, then piroxicam 8 P 0%, 
then 
25% 

309 No responses to 
cisplatin only; 2/8 
responded when 
piroxicam added 

Cisplatin (40 to 50 mg/m2) and 
piroxicam 

14 P 7% 307 Renal and GI toxicity 
seen at both dosages 

R= retrospective; P = prospective, RR = response rate; MST = median survival time 

 
 
Prognosis 
The prognosis for dogs with urinary bladder TCC is guarded. Local tumor control is difficult because 
of the proximity of the tumor to the trigone, ureters, and neurovascular supply of the urethra and 
bladder; diffuse involvement of the urothelium; advanced stage at diagnosis with the majority of 
TCCs invading the muscle layers of the bladder wall; and local tumor recurrence is common 
following partial cystectomy and radiation therapy. Furthermore, metastatic disease is common with 
regional lymph node metastasis reported in 48% of dogs and distant metastasis in 51% of dogs at 
the time of death. 
  
The median survival time following surgical debulking or partial cystectomy is 86-142 days with 1-
year survival rates of up to 54.5%.  
 
The combination of incomplete surgical resection and intraoperative radiation therapy improves the 
outcome, with a median survival time of 12-15 months and a 1-year survival rate of 61%. However, 
the local tumor recurrence rate was 46% and the metastatic rate was 30%. 
 
The vast majority of TCC cases are treated with medical therapy, i.e. with drugs. Two broad 
categories of drugs have been used to treat TCC. Nonsteroidal antiinflammatory drugs (NSAIDs) 
and chemotherapy. NSAIDs include Deramaxx, piroxicam, and others. The most studied drug is 
piroxicam and in one study the median survival (190 days) which compared favorably to patients 
with no additional therapy. Feldene may have gastrointestinal or renal side effects and more safer 
drugs such as Deramaxx or rimadyl have been designed. More recent evidence found an improved 
survival with Deramaxx as well and this has become this authors drug of choice. 
 
The combination of mitoxantrone and piroxicam is recommended in the postoperative management 
of dogs with TCC. Response rates of up to 35% have been reported and the median survival time 
was 350 days.  
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The median survival times for other reported adjuvant chemotherapy protocols are 93-132 days for 
carboplatin alone, 130-220 days for cisplatin alone, 259 days for doxorubicin and 
cyclophosphamide, and 358 days for cisplatin combined with either mitoxantrone or doxorubicin. 
The rule of thumb with therapy: 
No therapy: average survival < 2months 
NSAID alone: ~ 6month survival 
NSAID+Chemotherapy: ~1 year survival 
Surgery (debulking)+NSAID+Chemotherapy: UNKNOWN 
 
 
Some prognostic factors in dogs with TCC include: 

 Signalment,  
 Location  
 Extent of the tumor 
 Clinical stage 
 Treatment options pursued (surgery and chemotherapy selection) 
 Histologic grade.  

 
Spayed female dogs have a significantly longer survival time than castrate male dogs, with median 
survival times of 358 and 145 days, respectively. Transitional cell carcinoma of both the bladder 
and urethra or prostate have a worse prognosis than either the bladder or urethra alone and are 
associated with a higher clinical stage and pathologic grade. Surgical debulking significantly 
improves the response rates and survival times in dogs with urinary bladder TCC treated with 
chemotherapy, with median survival times of 150 days for chemotherapy alone, 195 days for 
surgery alone, and 272 days for surgery and chemotherapy. The combination of a platinum drug 
and either doxorubicin or mitoxantrone significantly improves survival times compared to dogs 
receiving a platinum drug alone, with median survival times of 358 and 132 days, respectively. 
 
Transitional cell carcinoma is histologically graded according to the depth of invasion and degree of 
cellular differentiation. Histologic grade has prognostic significance in dogs with urinary bladder 
TCC. Grade I TCC is defined as well differentiated, grade II as moderately differentiated, and grade 
III as anaplastic. Grade II TCCs are the most common in dogs, accounting for 57%-81% of cases. 
 
Survival Rate Grade I Grade II Grade III 
Distribution 18% 61% 20% 
1-month 39% 60% 85% 
6-months 28% 30% 5% 
12-months 22% 5% 5% 
> 12-months 11% 5% 5% 
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te bestellen via webshop en fax

AST Farma levert onder de naam ‘AST 
Compounding’ magistraal bereide dier-
geneesmiddelen. Deze service is bedoeld 
voor situaties waarin u als dierenarts wilt 
uitwijken naar een behandeling waar-
voor een diergeneesmiddel nodig is dat 
niet als zodanig is geregistreerd. Het 
kan ook voorkomen dat de beschikbare 
toedieningsvorm of concentratie niet 
toepasbaar is bij het doeldier in kwestie. 
AST Compounding speelt hierin graag 

een faciliterende rol en richt zich op die 
situaties waarin de cascaderegeling (Be-
sluit Diergeneesmiddelen, artikel 8A.1 en 
8A.2) het toestaat uit te wijken naar een 
magistraal bereid diergeneesmiddel.  

Indien sprake is van diergeneeskundige 
noodzaak, kan AST Compounding u op 
aanvraag de volgende farmaceutische 
toedieningsvormen leveren: tabletten, 
capsules, orale vloeistoffen, steriele in-

jectiepreparaten, zalven en steriele oog-
druppels. 

De magistraal bereide diergeneesmidde-
len zijn uitsluitend op recept verkrijgbaar 
en kunnen via fax en de webshop van AST 
Farma besteld worden. Indien het recept 
voor 12:00 uur ‘s middags ontvangen is, 
wordt het diergeneesmiddel dezelfde 
dag nog bereid en verstuurd. Indien een 
grondstof niet voorradig is, kan dit enkele 
dagen langer duren. 

U leest meer over AST Compounding, de 
bijbehorende regelgeving en hoe we u 
verder van dienst kunnen zijn op de web-
site van AST Farma.

 AST compounding is een handelsnaam van AST Farma. Meer infor-
matie over deze en andere diensten vindt u op www.astfarma.nl

AST Farma BV, info@astfarma.nl T+31 (0) 348 56 34 34

AST compounding

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

magi  
AST compounding

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

istrale bere
AST compounding

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

 eidingen
AST compounding

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

AST compounding

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

te bestellen via webshop en fax

receptuur op maat

levering v   

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

te bestellen via webshop en fax

receptuur op maat

aal bereide diergeneesmiddelenan magistrlevering v   

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

te bestellen via webshop en fax

aal bereide diergeneesmiddelen  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

en kunnen via fax en de webshop v
len zijn uitsluitend op recept verkrijgbaar
De magistraal bereide diergeneesmidde

.druppels
 zalven en steriele oogjectiepreparaten,aal bereide diergeneesmiddelen  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

ASTan en kunnen via fax en de webshop v
len zijn uitsluitend op recept verkrijgbaar

-De magistraal bereide diergeneesmidde

- zalven en steriele oog  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

toedieningsvorm of concentratie niet
omen dat de beschikbarekan ook voork

niet als zodanig is geregistreerd.
voor een diergeneesmiddel nodig is dat

en naar een behandeling wuitwijk
wsituaties voor 

geneesmiddelen.
Compounding’ magistraal bereide dier

levert arma FAST 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

aanvraag de volgende farmaceutische
noodzaak,
Indien sprak

magistraal bereid diergeneesmiddel.
8A.2) het toestaat uit te wijk
sluit Diergeneesmiddelen,
situaties w
een faciliterende rol en richt zich op die

toedieningsvorm of concentratie niet
omen dat de beschikbare

 Hetniet als zodanig is geregistreerd.
voor een diergeneesmiddel nodig is dat

-aaren naar een behandeling w
wiltdierenarts als u aarin w

 Deze service is bedoeldgeneesmiddelen.
-Compounding’ magistraal bereide dier

AST‘‘ASTnaam de onder levert 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

aanvraag de volgende farmaceutische
AST Compounding u op kan noodzaak,

an diergeneeskundigee is vIndien sprak

magistraal bereid diergeneesmiddel.
en naar een8A.2) het toestaat uit te wijk     e   

el 8A.1 en artiksluit Diergeneesmiddelen,
aarin de cascaderegeling (Besituaties w

een faciliterende rol en richt zich op die

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

bijbehorende regelgeving en hoe we u
U leest meer over 

dagen langer duren.
grondstof niet voorradig is
dag nog bereid en verstuurd.
wordt het diergeneesmiddel dezelfde

‘s middags ontvvoor 12:00 uur 
arma besteld worden.F

aanvraag de volgende farmaceutische
AST Compounding u op

an diergeneeskundige

magistraal bereid diergeneesmiddel.
en naar een

el 8A.1 en
-aarin de cascaderegeling (Be

een faciliterende rol en richt zich op die

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

bijbehorende regelgeving en hoe we u
 deAST Compounding,U leest meer over 

dagen langer duren.
ele kan dit enk   e,grondstof niet voorradig is

 Indien eendag nog bereid en verstuurd.
wordt het diergeneesmiddel dezelfde

,angen is‘s middags ontv
 Indien het receptarma besteld worden.

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

Compounding AST 
toepasbaar is bij het doeldier in kwestie

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

capsules
toedieningsvormen 

graaghierin speelt Compounding 
.toepasbaar is bij het doeldier in kwestie

matie over deze en ander
AST compounding is een handelsnaam van 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

 steriele in orale vloeistoffen,,capsules
tabletten,leveren:toedieningsvormen 

T+31 (0) 348 56 34 34 info@astfarma.nl ,arma BV V,AST F
e diensten vindt u op wwwmatie over deze en ander

arma.AST FAST compounding is een handelsnaam van 

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

arma.AST Fan site v
an dienst kunnen zijn op de webverder v

- steriele in
tabletten,

T+31 (0) 348 56 34 34
.astfarma.nle diensten vindt u op www

- Meer inforarma.

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 

arma.
-an dienst kunnen zijn op de web

  

 

 

 
 

 
 
 
 
 
 

 

 
 

  

 
 
 

  

 

 
 
 
 
 
 
 

 

 
 

 



2017                                                                                                                                                                  101

PALLIATIVE CARE AND THE ONCOLOGY PATIENT: IMPROVING THE QUALITY OF LIFE 
 

Steve Mehler DVM, DACVS 
Sarah Boston DVM, DVSc, Dipl ACVS Founding Fellow of Surgical Oncology 

Craig A. Clifford, DVM, MS, DACVIM (Oncology) 
 
 
INTRODUCTION: 
Palliative care is defined as treatment of symptoms of a condition, rather than treatment of the underlying condition itself. The world 
health organization defines palliative care as "The active total care of patients whose disease is not responsive to curative treatment”. 
The goal of palliative care is to improve or at least maintain the quality of life without necessarily slowing the progression of cancer or 
improving the lifespan.  
 
Although for the clinician, our goal is often to attempt to cure, for many owners the primary goal with treatment of any condition is 
quality and not quantity of life. The goal of this lecture is to provide several examples of Palliative care in the form of surgical 
intervention, use of chemotherapy, radiation therapy, pain management and nutrition.  
 
PAIN MANAGEMENT: 
Pain is a primary concern of most owners upon hearing the diagnosis of cancer and their feeling of not wanting their pet to be consider 
”in pain”. Pain is a normal physiologic response that typically serves a protective function; however, pathologic pain, results from overt 
damage to nerves or tissues.  Tumors are generally poorly innervated structures but may induce pain via by the pressure on normal tissue 
and their subsequent destruction. Primary treatment of the tumor may result in some degree of pain control even if the tumor does not 
respond by reduction in volume. The analgesic effectiveness of radiation therapy is well documented in the treatment of bone pain, 
metastases and cancer of the central nervous system. The effect of chemotherapy on cancer pain is generally associated with a reduction 
in tumor size. Surgery can relieve pain and discomfort via removal or an ulcerated superficial mass, large oral tumors preventing 
adequate nutrition, gastrointestinal obstruction, abscessed tumor, compression of nervous tissue by a tumor etc. The benefits of this type 
of therapy needs to be adequately weighed against the risks such as the associated hospitalization time, recovery time and the overall 
expected duration of benefit.  
 
Anti-inflammatory and analgesic agents are commonly used to treat cancer-related pain and below provides a brief description of several 
of the classes.   

 Glucocorticosteroids are certainly associated with increased urination, drinking, appetite, as well as an overall improvement in 
the perceived of quality of life. There may be some benefit in patients with cancer in which the tumor has resulted in: include 
intracranial pressure, acute spinal cord compression, bone pain (metastatic disease), neuropathic pain secondary to tumor 
infiltration, lymphedema, and hepatic/splenic capsular distention.  

 Non-steroidal anti-inflammatory drugs (NSAIDs) are the most widely used analgesic drugs in human and veterinary medicine.  
NSAIDS act both centrally to produce analgesia and peripherally to decrease inflammation primarily by decreasing 
prostaglandin production through inhibition of the cyclooxygenase (COX) enzyme. NSAIDs are effective at controlling mild to 
moderate pain and when combined with other analgesics such as opioids medications, a synergistic effect may occur.   

 Opioid analgesics are added if insufficient analgesia is achieved with non-opioids. An example includes the use of Tylenol 
(Tylenol 4 with 60 mg codeine dosed at 1-2 mg/kg po tid-qid, based on the codeine component). In cats, oral butorphanol (0.2-
1.0 mg/cat po BID- QID) is used quite often. Morphine tablets or morphine suppositories may also be used but administration 
can be problematic. Transdermal fentanyl administration has been very useful for both pre-emptive pain relief and ongoing 
pain relief from chronic pain. This authors tends to utilize them more as an end stage treatment, after a long, frank discussion 
with the owner.  

 False inhibitory neurotransmitters (i.e., Gabapentin, trade name Neurontin) are to treat chronic pain including neuropathic pain 
and chemotherapy-induced peripheral neuropathy.  The exact mechanism by which gabapentin induces analgesia is unclear, 
however, Gabapentin has become the drug of choice for treatment of neuropathic pain, allodynia, and hyperalgesia in animals. 
The dose range is wide for gabapentin (5-20 mg/kg every 8-12 hours).   

 Bisphosphonates: Bisphosphonates are used to decrease bone resorption by inhibiting the production of new osteoclasts, 
inhibiting the ability of mature osteoclasts to resorb bone, and inducing osteoclast apoptosis. By inhibiting tumor-associated 
osteolysis, bisphosphonates may reduce the pain associated secondary to primary and metastatic bone tumors. Pamidronate and 
Zoledronate in veterinary medicine. A dosage of 1.0-2.0 mg/kg every 4 weeks has been reported. In an effort to lower the risk 
of renal toxicity, the pamidronate dose is diluted in 250 mL 0.9% NaCl and administered over 2 hours. Zoledronate is 
administered at a dosage of 0.25mg/kg IV over 15 minutes q 4 weeks and is considered more potent than pamidronate. 
 

Alternative therapies: Although data is limited, acupuncture, chiropractic management and physical therapy may be incorporated into 
pharmacologic management of pain to enhance overall well-being. 
 
PALLIATION AS A PRIMARY THERAPY: 
Primary therapy for palliative purposes is accomplished in order to control symptoms associated with cancers includes physical 
disruption of vegetative functions such as dysphasia, tenesmus, dysuria and, dyspnea and symptoms associated with metabolic or 
paraneoplastic sequelae to cancer such as anemia, cachexia, hypoglycemia or hypercalcemia.  
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SURGERY: 
Although surgical intervention is generally associated with curative intent and long-term local control, there are several instances when 
surgical intervention may be employed in a palliative setting.  

1. Improved patient comfort: 
In cases where a surgical cure is not possible, or is not the goal of the client, surgical cytoreduction may be employed. The most 
common instance is a large sarcoma in an older patient. In some cases, these sarcomas will grow large enough that they outgrow 
their own blood supply and they become necrotic, infected, or they interfere with nutrition, urination or defecation, respiration or 
ambulation. In these cases, the mass can be removed as a marginal or intralesional excision. A wide excision is not recommended 
and a radical excision, such as amputation, is only recommended when necessary. In the case of a marginally excised soft tissue 
sarcoma, mass recurrence is very likely. In the author’s experience, a second cytoreductive surgery will not be as successful in the 
face of recurrence and with generally result in a second recurrence of the mass within half of the time of the first recurrence. 
Amputation of the limb in cases of bone cancer and/or pathological fracture are considered palliative and will not afford a long-term 
survival in cases of metastatic osteosarcoma or osteosarcoma when the owner has no intention of treating with chemotherapy. 
However, amputation is the most effective method available for the treatment of bone cancer pain and should be considered, even in 
cases where the expected survival time is short. Other cases where palliative surgery may be employed include uncontrolled 
hemorrhage, abscessed or obstructive lymph nodes or oral tumors that are painful and/or infected. Each case must be considered in 
light of patient comfort and overall prognosis. However, in many cases, a surgical procedure may give the patient a better quality of 
life, even in the short term and this approach should not be discouraged because it is “too much to put a patient through”.  
 
2. Removal of fluid from the thorax or abdomen: 
Surgical placement of a pleural port catheter in the thorax or abdomen is a method that will allow for removal of malignant effusion 
from the affected cavity. This can be useful for mesothelioma or carcinomatosis. The port is sutured subcutaneously, with 
fenestrated tubing going into the body cavity. A non-coring needle, called a Huber needle, is used to evacuate fluid from the cavity 
intermittently. This can often be done without sedation. The port can also be used to administer intracavitary chemotherapy, which 
can be useful for malignant effusions. 
 
3. Vascular access ports: 
Vascular access ports are similar in design to the pleuralport catheter and they provide longstanding vascular access with a 
subcutaneous port. This can be useful in cases of long-term chemotherapy or for cases that are having daily radiation therapy. 
 
4. Feeding tube placement: 
Feeding tube placement is controversial in cases where cancer is being palliative. The need for enteral feeding is a stopping point 
for many clients, especially if this is a life-long requirement. However, adequate nutrition is important and feeding via an 
esophageal or gastrostomy tube is much more effective than attempts at syringe feeding by the client, which carry an inherent risk 
of inadequate nutrition/hydration and aspiration pneumonia. 
 
 
 
Surgery may be beneficial if the symptoms are associated with presence of a mass and ideally reducing the mass will improve those 
symptoms. The goals of primary therapy in a palliative setting are certainly different than in a curative setting and these need to be 
addressed with the owner to manage expectations. Palliative surgical debulking is not intended to include large normal tissue 
margins but simple remove enough of the tumor to alleviate symptoms. Cases in which a tumor is large enough to affect nutritional 
intact, urination or defecation, respiration ambulation or may be infected are all examples in which a cytoreduction may provide a 
benefit.  

 
RADIATION THERAPY: 
We often break radiation therapy into one of two categories based on the total radiation dose and fractionation scheme: 

1. Definitive (curative intent) radiation protocols typically entail the delivery of 2.25 to 3.20 Gy/fraction on a M-F schedule for a 
total of 16 to 25 treatments resulting in a total dose of 48 to 63Gy. Generally, this is reserved for the microscopic setting. 

2. Palliative (hypofractionated) radiation protocols typically involve the administration of a larger dose per fraction, with fewer 
total fractions and lower total radiation dose. On the positive side, in regard to quality of life, palliative protocols typically are 
associated with little to no acute adverse effects seen with definitive protocols such as moist desquamation of the skin or oral 
mucositis. The larger dose/fraction, however, is associated with an increased risk of late adverse effects, but ideally most 
animals receiving palliative radiation therapy typically will not live long enough to develop late effects. Palliative radiation 
therapy is used commonly in the treatment of canine appendicular osteosarcoma. The literature suggests 50% of patients 
experience pain relief by the second treatment and overall 75% experience pain relief by the completion of the 4th treatment. 
The median duration of pain relief is ~ 2-5 months. Palliative radiation protocols have been assessed in a variety of cancers 
including oral tumors, nasal tumors, hemangiosarcoma, thyroid carcinoma, mast cell tumor, injection site sarcoma and soft 
tissue sarcomas. A variety of palliative protocols exist and these include: 

a. 8 Gy/fraction, given once weekly for 4 consecutive weeks for a total dose of 32 Gy.  
b. 5 Gy/fraction once daily for 5 consecutive days for a total dose of 20 Gy.  

3. Sterotactic radiation therapy is also considered hypofractionated delivery extremely high doses/fraction in 1-3 treatments. It is 
sometimes called radiosurgery, and an example is CyberKnife. This is a non-invasive way to deliver radiation therapy with 
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similar precision as a surgical procedure. CyberKnife utilizes hundreds to thousands of small beams of radiation to target a 
tumor, which are administered from up to 1200 different angles around a patient’s body, thus “painting” on a dose of radiation 
with submillimeter accuracy. This means that a clinically insignificant dose of radiation is received by the healthy tissue 
surrounding a tumor, making radiation side effects minimal to absent. CyberKnife is able to deliver a very large dose of 
radiation in 1-3 treatments, which is equivalent to 3-4 weeks of daily treatments on a conventional linear accelerator. This 
results in a patient being required to undergo anesthesia fewer times and completion of a radiation protocol in one week or less.  

4.  
Oncologists generally do not see an ethical dilemma with the use of radiation therapy in a palliative setting since there are little acute 
side effects with these “palliative” protocols and most of the anticipated late side effects will occur well beyond the assumed lifespan of 
that patient. The bigger issue is a result of the financial impact of radiation therapy. In the USA, a palliative (4-6 fraction protocol) will 
cost $3000-3800 and Stereotactic radiation therapy for a single fraction (as in OSA) is $8,000 and for a three fraction protocol ($12,000).  

 
CHEMOTHERAPY: 
Chemotherapy when used in a palliative setting is administered to attempt reduction or stabilization of the tumor to improve quality of 
life. One could say treatment of any bulky tumor would be described as “Palliative” in nature, however, for the purposes of this lecture, 
we reserving this for patients whose cancer has adversely affected their quality of life. Responses to chemotherapy in such a setting have 
been noted with transitional cell carcinoma, hemangiosarcoma, soft tissue sarcoma, mast cell tumor, histiocytic sarcoma, thyroid 
carcinoma, etc.  
The dilemma more so when utilizing chemotherapy in a palliative setting is working to ensure the quality of life is not substantially 
impacted. Generally, we will provide supportive medications such as appetite stimulants, antinausea medication, antidiarrheals 
medications in an attempt to mitigate chemotherapy related side effects. The use of palliative chemotherapy also requires frank and 
honest discussions with owners regarding outcome and potential side effects, to help weight the pros and cons of such therapy. 
 
INTERVENTIONAL RADIOLOGY 
The use of expandable stents for relieving luminal obstruction secondary to cancer can be performed under fluoroscopic guidance, and 
have been evaluated in patients with urethralsophageal, and colonic neoplasia. In many case this may actually be a life-saving procedure.  
 
Enteral nutritional support is associated with decreased length of stay, fewer infective complications, and significant cost savings when 
compared to parenteral nutritional support in people with critical illness. This is likely to be true for veterinary patients as well. 
Appropriate caloric intake in the cancer patient is as important as the primary therapy. Many cancer patient, requiring surgery or not, 
require parenteral nutrition. Nasogastric and nasoesophgeal tube placement is quick and the procedure is generally well-tolerated in 
small animal patients. However, many of these patients demonstrate nausea or vomiting associated with feeding into the stomach. 
Feeding distal to the stomach allows for the provision of enteral nutritional support in this patient population. Traditional surgical 
jejunostomy is invasive (requires laparotomy or laparoscopy) and is associated with significant complications. The author was involved 
in a technique study and subsequent prospective study in dogs utilizing fluoroscopy to place a nasojejunostomy feeding tube. The 
procedure involves using a Berenstein catheter and 260cm hydrophilic guidewire to gain guidewire access to the jejunum. The catheter is 
removed and a feeding tube is placed over the guidewire and sutured adjacent to the nasal planum. In our experience, ability to achieve 
transpyloric access is 100% in these cases. Ability to gain jejunal access is 84%. Orad migration of the tube is rare.  
 
 
NUTRITIONAL SUPPORT: 
Malnutrition can occur as a result of cancer and it has been shown that while ~ 4% of dogs with cancer were emaciated (defined as body 
conditioning score < 3 out of 9) at the time of initial diagnosis, 68% had documented evidence of weight loss and 15% had moderate to 
severe muscle wasting. Cancer Cachexia is defined as a metabolic alteration and weight loss despite adequate nutrition. This is not to be 
confused with Cancer Anorexia which is weight loss and metabolic alterations associated with inadequate nutrition. Cancer cachexia is a 
real entity and likely underestimated in veterinary medicine. The incidence is likely higher in cats vs. dogs. The cause is unknown, 
however, metabolic alterations in carbohydrate, protein and lipid metabolism occur as a result of cancer. Cancer cells prefer anaerobic 
glycolysis which results in hyperlactatemia. The conversion of lactate to glucose (Cori cycle) yields a net energy loss. A negative 
nitrogen balance can also lead to immunosuppression. 
 
There are three associated phases of cachexia: 
1. Silent phase: No clinical signs of the disease are present, however, biochemical changes such as hyperlactatemia,  

hyperinsulinemia and alterations in amino acid and lipid profiles are noted. 
2. Clinical Phase: At this point patients will demonstrate signs such as anorexia, lethargy and weight loss.  
3. Severe Phase: This phase is associated with weakness, severe debilitation and significant weight loss.  
 
A patient's nutritional assessment is based on both a thorough history (type of food, number of meals, how voracious a patient is in 
eating) and physical examination (assess body weight, body condition score, and overall muscle mass). The extent of nutritional support 
is based upon the results of the history and exam. Often is may require on mild intervention such as introducing higher coloric diets or 
medications such as appetite stimulants (megesterol acetate, prednisone, cyproheptadine, and mirtazapine), antiemetics 
(metoclopramide, dolasetron, ondansetron, and maropitant) or gastrooproteectants (famotidine, sucralfate and omeprazole).   
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For some, there is an ethical dilemma in the placement of feedings whether nasogastric, gastric or intestinal for palliation. In rare cases, 
in which a bulky mass prevented the ability to ingest adequate nutrition, I have used more aggressive means to ensure adequate 
nutritional intake but this represents minority of cases.  
 
Medical oncologists are all too frequently asked by client the following question….”what diet should I use?” Owners are also always 
concerned that their pet is getting enough to eat and is there is a “cancer diet”. So what do I recommend? I try to recommend a diet 
relatively low in simple carbohydrates, with moderate amounts of bioavailable proteins as well as soluble and insoluble fiber, and 
moderate amounts of polyunsaturated fatty acids (high in omega-3). Often times I may supplement the current diet with additional 
protein and fish oil. I have found the additional protein content often encourages a more vigorous appetite in dogs. In regards to fish oil 
supplementation there is recent data regarding a veterinary based product which I often recommend for my patients.  
 
BONE CANCER PAIN 
Bone cancer pain is a distinct pain entity that has been studied most extensively in murine models. These bone cancer pain models 
have suggested that bone cancer pain causes sensitization of the peripheral and central nervous system and that the cause and 
modulation of this pain state is distinct from both neuropathic and inflammatory pain. The exact cause of bone cancer pain is not 
well understood and it appears to be multifactorial. Osteoclast-mediated osteolysis plays a major role in the development of bone 
cancer pain and osteoclast proliferation and hypertrophy is stimulated by the tumor. Osteoclasts contribute to bone cancer pain, 
both by the direct effects on the bone structure and by neurochemical effects.  Bone destruction can lead to stimulation of 
mechanoreceptors and pain receptors in the periosteum and medullary cavity with mechanical stress, pathological fracture and 
microfracture, through direct compression of the sensory neurons that innervate the medullary canal, and through neurochemical 
effects. Osteoclasts and tumor cells create an acidic microenvironment that is permissive to bone resorption. Cell apoptosis from 
the tumor will contribute to this acidic pH. This stimulates acid-sensing channels in sensory neurons in bone. Osteolysis by 
osteoclasts also leads to release of growth factors from the bone that may directly activate pain fibers that innervate bone. Cancer 
cells and macrophages in the tumor also release prohyperalgesis factors which excite primary afferent neurons. As perceived by 
the patient, there are two types of pain that are felt. One is ongoing, background pain, which is a constant, dull, throbbing pain. 
The other is breakthrough pain, which is reported to be intense, severe pain that is often induced by movement or weight bearing 
on the affected area. 

 

Because the causes of bone cancer pain are multifactorial, strategies to treat this pain in a palliative setting should be 
multimodal. Common strategies employed in the treatment of human bone cancer pain include: analgesics, tumor ablation 
through radiation and chemotherapy, inhibition of osteolysis and mechanical support. With the exception of mechanical 
support, these strategies have also been adopted in the palliative management of bone cancer pain. 

 

When assessing a veterinary patient with cancer, there are two pieces of information that must be obtained from the owner. 
The first is the owner’s goals of therapy. It is important that the goals are realistic, given the diagnosis, concurrent disease 
and stage of disease, and that they are clearly stated. The owner must choose either a palliative or curative intent path of 
treatment. The second important piece of information in determining treatment options is to assess the owners obstacles or 
limitations of certain treatment options. The obstacles can include, financial limitations, time limitations, risk averse clients, 
refusal of amputation for patient or client reasons, clients averse to invasive treatments.  

 

Reasons for palliative treatment of bone cancer in dogs usually include: finances, Inability to amputate, the presence of 
metastatic disease and personal beliefs. Often the client perception that amputation is too much to “put their dog through” are 
unfounded and it is important to communicate to owners the paradox of this sentiment, as in most dogs, amputation is a fast, 
route towards the complete elimination of bone tumor pain, and is generally well-tolerated. There are also cases where 
palliation is not possible without surgery. This would be cases of pathological fracture or impending pathological fracture. In 
these cases, surgical stabilization may be part of the palliative treatment protocol. 

 

For cases where a palliative course of treatment is selected, there are several options available. Management of bone cancer 
pain through more than one mechanism and modality is more likely to result in improved comfort compared to any one 
modality on its own. 
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Pain medication is the first line of treatment for bone cancer pain. If well-tolerated, NSAIDs should be the initial drug of 
choice for long-term management of bone cancer pain. Adjuvant analgesics, such as gabapentin, have been shown to help to 
mitigate the neuropathic component of bone cancer pain. Opioids are frequently used in the management of bone cancer pain 
in humans and animals. However, their use is somewhat controversial. In murine models comparing the dose of morphine 
required for the treatment of inflammatory pain and bone cancer pain, 3-10X more morphine was required to treat bone 
cancer pain. Again in murine models, there has been recent data to suggest that chronic morphine administration may also 
contribute to breakthrough pain and osteoclast-induced osteolysis. Translated into practice in human patients with metastatic 
cancer to bone, this means that extremely high doses of morphine are required to treat this pain, which results in severe 
opioid side effects that can affect quality of life. As well, morphine is though to manage the ongoing pain component of bone 
cancer pain, but is not very effective at managing breakthrough pain. Current research in murine models of bone cancer pain 
are focused on determining the mechanism of this distinct pain entity to allow the development of analgesics that can treat 
bone cancer pain more effectively. 

 

Palliative radiation is the second mainstay of the palliative treatment of appendicular osteosarcoma in dogs. Radiation is a 
common method for the palliation of bone cancer pain in human and animal cancer patients.  It is a very  effective method for 
treating bone cancer pain. The exact mechanism of pain relief is not known.  However, it is probably a combination of a 
decrease tumor burden and a decrease in inflammatory cells. As in people, canine patients have a high reported response to 
palliative radiation (74-96%). Duration of pain relief in dogs varies from 1.8-4.3 months. The optimal protocol for palliative 
radiation in dogs is not known.  Most published protocols for canine osteosarcoma use an 8Gy dose given at weekly intervals 
for 2-4 treatments. The most common protocol is given at days 0, 7 +/- 14 and 21. To date, there are no studies in canine 
patients to indicate which protocol is superior.  In human patients, a recent study showed no difference in efficacy between 
single large doses of radiation versus more fractionated protocols. A further problem in our patients is that the response rate is 
generally measured by the owner.   Further, duration of effect and/or survival times are based on when the owner elects to 
stop treatment.  Although this will be a reflection of the patient’s pain control, it is not an objective measure of pain relief and 
the placebo effect of radiation, coupled with the owners desire not to euthanize their pet, may falsely increase reported 
response rates and survival times.  These responses could therefore be an inaccurate reflection of our ability to control pain in 
our patients with radiation.  There are currently few studies that use objective measures, such as force plate analysis to 
evaluate the efficacy of palliative radiation in dogs with appendicular osteosarcoma. Weinstein et al have specifically 
evaluated this method to evaluate dogs that are treated with palliative radiation. Further studies with objective measures are 
necessary to determine both the efficacy of palliative radiation in general and the optimal protocol. 

 

Bisphosphonates are a class of drugs that are osteoclast inhibitors.  They are used in both human and veterinary medicine to 
treat bone cancer pain via inhibition of bone resorption and mechanical stabilization.  Pamidronate was recently reported as 
the sole treatment in a clinical trial by Fan et al for palliation in 43 dogs with osteosarcoma, with 12/43 (28%) having pain 
relief associated with this medication.  A second study by Fan et al that used force plate analysis did not show a difference in 
efficacy in dogs with appendicular osteosarcoma treated with radiation and chemotherapy with and without pamidronate. In 
humans, there is a moderate pain relief seen in 50% of patients. However, newer generation bisphosphonates are used much 
more commonly in palliation of bone cancer pain in human cancer patients. The primary limitation in the use of new 
generation bisphosphonates, such as Zoledronate,  in our patients is cost. A recent retrospective study of canine patients with 
appendicular primary bone tumors treated with palliative radiation by Oblak and Boston showed that the addition of 
pamidronate to the protocol to be a significant and independent negative prognostic indicator.  Although this finding is 
somewhat counterintuitive, it is possible that there is a negative interaction between radiation and bisphosphonate use. Other 
studies have shown a synergistic effect. It may be that the timing of bisphosphonate administration and palliative radiation 
therapy is important. Bisphosphonates require time to become incorporated into bone. One study in murine models has 
shown that a synergistic effect is only seen when pamidronate is given 3-6 days before palliative radiation and that this effect 
is not seen when they are given concurrently. 

 

The addition of chemotherapy to palliative radiation protocols is controversial, with some studies reporting an increase in the 
response rate and duration of effect with chemotherapy and other studies reporting no effect.  Direct killing of tumor cells by 
the chemotherapeutic agent has been reported to have an analgesic effect in people when preoperative neoadjuvant 
chemotherapy is administered for osteosarcoma.  Systemic chemotherapy will be useful in cases of palliative radiation to 
suppress metastatic disease. This will be helpful in cases that have had a positive and durable response to local therapy.   
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Mechanical stabilization is employed regularly to treat people with impending pathological fracture due to metastatic bone 
cancer. This approach is not regularly employed in veterinary medicine, but has been reported as a case report by this author 
recently in a dog with a distal radial osteosarcoma. As well, a VSSO retrospective study has recently reported 16 dogs with 
pathological fracture with bone sarcoma that were treated with fracture stabilization. With the advent of MIPO (minimally 
invasive plate osteosynthesis), stabilization of appendicular fractures or primary bone tumors is an area that warrants further 
consideration and study. 

 

An optimal palliative approach to bone cancer in dogs would treat the bone cancer pain by multiple modalities, while still 
aiming to suppress metastatic disease.  
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Minimally Invasive versus Maximally Invasive Surgical Oncology 
 
 

Sarah Boston DVM, DVSc, DACVS, ACVS Founding Fellow of Surgical Oncology 
Steve Mehler DVM, DACVS 

Craig A. Clifford, DVM, MS, DACVIM (Oncology) 
 
 
 
Minimally invasive diagnostic and surgical procedures in veterinary medicine are currently being provided at many 
academic institutions and private practices around the world. Laparoscopy, thoracoscopy, and endoscopy procedures are 
currently a growing part of small animal practice and their increased usage is inevitable. Laparoscopy and thoracoscopy 
are defined as the minimally invasive exploration of the abdominal and thoracic cavity, and their organs with a rigid 
endoscope. Both are indicated for many diagnostic and surgical procedures.  Currently, diagnostic indications with 
examination and biopsy of viscera is the most common use of these techniques; however, therapeutic interventions are a 
rapidly growing set of indications for laparoscopy and thoracoscopy. In addition, due to the magnification and intense 
lighting provided by the endoscope, small lesions not easily seen by other diagnostic methods such as ultrasound are more 
apparent. For this reason, laparoscopy and thoracoscopy are particularly useful in small animal species. Thoracoscopy and 
laparoscopy has many advantages over routine open techniques.   One of the biggest differences is the decreased pain, 
more rapid recovery, shortened hospital stay, and a more rapid return to normal activity. In the case of minimally invasive 
oncologic surgery, it is important to have sample collection bags, deployed within the body cavity, to procure tumors prior 
to removing them from the portal sites or another incision.  Portal seeding has been documented in humans and small 
animals from a variety of tumors. Although a minimally invasive approach has distinct advantages, there are some 
instances when an open approach is appropriate and even preferable.  
 
 Adrenalectomy Work Up 
The initial work up for an adrenal tumor may be done by the attending surgeon or by your friendly neighborhood internist. 
There are four types of adrenal tumors: functional adrenocortical tumors, producing excessive cortisol; functional 
adrenocortical tumors, producing excessive amounts of other hormones, such as 17-hydroxyprogesterone and leading to 
atypical HAC; pheochromocytoma, a functional tumor of the medulla producing excessive amounts of catecholamines; 
and non functional tumor of the adrenal glands.  
 
Adrenal cortical tumors producing cortisol are generally worked up with baseline CBC, serum biochemistry and 
urinalysis. A urine cortisol:creatinine ratio is a very sensitive, non specific test and is a very useful screening test for 
Cushing’s disease. A low dose dexamethasone suppression test is the preferred method of diagnosing Cushing’s disease, 
as it is more sensitive than an ACTH stimulation test. However, clinician’s preference comes into play and an ACTH 
stimulation test provides a baseline for post operative assessment. For Cushingoid patients, it is important to distinguish 
between adrenal and pituitary hyperadrenocorticism. Testing such as endogenous ACTH, a high dose dexamethasone 
suppression test or ultrasound are useful to distinguish between these diseases. Abdominal ultrasound alone should be 
interpreted cautiously, as bilateral adrenal enlargement could mean either PDH or bilateral adrenal tumors. For patients 
with signs of hyperadrenocorticism that are negative for hypercortisolism, a steroid panel is recommended. 
 
Pheochromocytoma can be a challenging diagnosis because clinical signs are often intermittent and nonspecific. 
Hypertension may be a feature of this disease but dogs with Cushingoid dogs may also have hypertension. Serum or urine 
catecholamines can be measured at some centres but this can also be difficult to interpret because of intermittent secretion 
and the short half-life of cathecholamines. In general, the diagnosis of pheochromocytoma is based on a history of 
syncope, nervousness, agitation, weakness, collapse, panting, anxiety, hypertension and possibly abdominal pain or other 
nonspecific signs. This combined with the diagnosis of an adrenal mass will make this presumptive diagnosis more likely. 
In general, pheochromocytoma is more likely to invade the vena cava, but this is not a universal finding as adrenal 
carcinoma can also display this behavior. 
 
Nonfunctional adrenal gland tumors are usually an incidental finding. Patients with an incidentally found adrenal mass 
should be worked up for Cushing’s disease if indicated on baseline blood work. The decision to perform surgery or not on 
an incidentaloma is generally based on the size and progression of the mass and if any clinical signs or metabolic 
abnormalities can be attributed to this mass retrospectively. For masses under 2cm without invasive characteristics on 
imaging, it might be appropriate to monitor for progression before going to surgery. 
 
Imaging is essential for preoperative planning. In general, ultrasound is a good tool to determine the presence of an adrenal 
mass and may be useful to determine if there is caval invasion. However, CT is a much more precise method to determine 
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if the extent of an adrenal mass and/or caval tumour thrombus and to plan a resection. CT also allows for further staging of 
the lungs and the rest of the abdomen. It also will allow for assessment of kidney involvement so that the surgeon and 
owner can be prepared for possible nephrectomy. 
 
Preoperatively, dogs should be placed on phenoxybenzamine for a minimum of a week prior to surgery. (0.6mg/kg po 
BID) This is more critical for patients that have a suspected pheochromocytoma and may not be necessary for dogs with 
an adrenal cortical tumour. However, as there is a possibility of a mixed tumour, so this is generally given to all patients 
preoperatively. Pretreatment with phenoxybenzamine has been shown to significantly decrease perioperative mortality. 
(Herrera ) In patients that are hypertensive, this dose of phenoxybenzamine may not make them normotensive. This is not 
a goal of therapy, rather it is to help prevent post operative mortality and anesthetic complications. It is not recommended 
to delay surgery by gradually increasing the dose of phenoxybenzamine as this may not be possible and once the patient 
has been pretreated for 7 days, surgery should be scheduled. 
 
It is also important to keep in mind that blood loss from adrenalectomy can be significant or even fatal. Especially in cases 
that have extensive invasion of the surrounding tissues or the vena cava. The patient should be cross-matched and typed 
and blood should be available for transfusion intraoperatively and post operatively. Dogs with Cushing’s disease have a 
higher risk of being hypercoagulable, Perioperative management of this potential complication is somewhat controversial 
and will vary between clinicians. The use of thromboelastography (TEG) may be useful as a preoperative baseline and 
post operatively to monitor for evidence of hypercoagulability for directed anticoagulant therapy when indicated. 
 
Open Surgical Approach 
The technical difficulty of surgery will depend on the size and invasiveness of the tumour. Preoperative CT is a good 
indicator of this. For small tumors with no invasion, a minimally invasive approach should be considered. For large right-
sided tumours, the patient’s right lateral abdomen should be prepared aseptically in case the standard ventral midline 
approach needs to be extended. A flank or intercostal approach has been described for adrenalectomy. The decision to 
perform a flank or midline approach is based on surgeon’s preference. In general, I perform a midline laparotomy to 
approach adrenalectomy. A Ligasure precise is your best friend in adrenalectomy. Hemaclips or ligaclips should also be 
available. In general, the preloaded clips are easier to handle unless you have a dedicated assistant to load ligaclips. Other 
instruments that are necessary include appropriately sized Satinskys and needle drivers, 5-0 prolene suture on a taper 
needle and Debakey forceps. Magnifying loupes are also very useful for the cavotomy. 
 
When caval invasion exists, the surgery requires a focused team and even the most casual surgeons should have a formal 
communication style during this part of the surgery.  
Using blunt dissection, electrosurgery and the ligasure, the adrenal tumor is dissected from surrounding tissues. There is 
often a lot of neovascularization and possibly invasion into the surrounding tissues.  
 
The adrenal gland is freed from all tissues except for the phrenicoabdonimal vein as it enters the vena cava. If visible the 
dorsolateral aspect of the phrenicoabdominal vein should be isolated and ligated. Rummel tourniquets are placed around 
the vena cava cranial and caudal to the tumour thrombus and on the contralateral renal vein. It is important that the 
surgical team communicates well and knows which team member is responsible for which Rummel to limit confusion and 
prevent wasting time if major hemorrhage is encountered. The Rummel tourniquets are tightened and a venotomy is made 
at the level of the phrenicoabdominal vein as it enters the vena cava. The length of the venotomy should be limited to the 
diameter of the vena cava at the level of the thrombus or just slightly longer than this. The venotomy should be made with 
an 11 blade or Potts scissors. Try to keep the venotomy as ventral as possible as this will aid in placement of the Satinsky 
and suturing the venotomy. The tumor thrombus is removed. 5-0 prolene is used to place stay sutures at the cranial and 
caudal edges of the venotomy with trailing suture retained. The stay sutures are then used to facilitate placement of the 
Satinskys at the venotomy site. The Satinskys are placed in a manner that allows partial flow through the vena cava. The 
Rummel tourniquets are released (not removed). The venotomy site is sutured in a simple continuous pattern going caudal 
to cranial and then another line going cranial to caudal. The Satinskys are released and the cavotomy site is inspected. If 
severe hemorrhage is encountered, the Rummel tourniquets should be tightened again and the site resutured.  
 
The management of bilateral adrenal tumors is technically no more challenging than managing a unilateral tumor. The 
preoperative management is the same as a unilateral adrenal tumor, with the exception that a single patient may have both 
a pheochromocytoma and Cushing’s disease, so this should be kept in mind. The post operative management is slightly 
more challenging in cases of bilateral adrenalectomy because the patient becomes acutely Addisonian. However, this can 
be managed with an appropriate dose of DOCP and a superphysiological dose of dexamethasone intraoperatively. In the 
short-term, these patients need to be monitored for signs of Addisonian crisis during recovery and careful attention should 
be paid to their fluid requirements, urine production and electrolytes. In the long-term, these patients are essentially 
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Addisonian patients and should be managed with DOCP injections every 28 days and daily physiological doses of 
prednisone.  
 
The reported perioperative mortality rates for adrenalectomy are 15-37%. Long term survival is reported if the patient is 
discharged. The oncologic outcome will depend on the potential for malignancy. Reported complications of adrenalectomy 
include GI complications, pancreatitis, hemorrhage, hypotension, electrolyte imbalances, renal failaure, DIC, pulmonary 
thromboembolism and death. Reported prognostic factors include the presence and size of a tumor thrombus, whether or 
not nephrectomy is performed, whether or not a transfusion is performed,tumor type (pheochromocytoma), and tumour 
size (>5cm). Dogs with Cushing’s disease will require a post operative ACTH stimulation test. Most will need a 
supraphysiological dose of corticosteroids. A TEG should be taken post operatively and compared to the preoperative 
status.  
 
Laparoscopic adrenalectomy 
  
Laparoscopy can be done for exploration of the abdominal cavity and adrenalectomy. upon repositioning of the patient. 
Laparoscopy provides an improved lighting, magnification, and visualization advantage of the deep location of the adrenal 
glands compared to traditional open surgery. The appropriate positioning of the patient allows the surrounding organs 
To be mostly retracted by gravity, leaving the adjacent vessels as the main barrier to laparoscopic adrenalectomy. Vascular 
invasion is a clear contraindication to laparoscopic removal.  
 
The indications for laparoscopic adrenalectomy include benign, malignant, and metastatic neoplasia as well as functional 
tumors, including cortical and medullary neoplasms.  Laparoscopic removal may take longer but the time under anesthesia 
is directly related to surgeon experience, size of the tumor, body condition score, and ability to visualize the organ. 
Laparoscopic adrenalectomy is considered an advanced procedure in humans because it is complex and associated with 
potential life-threatening complications.  
 
Adrenalectomy in dogs is usually done via a paralumbar fossa, or flank, approach. An initial abdominal exploration may 
be made with a port on the ventral midline, using gravity to evaluate the dorsal, cranial, and caudal aspects of the 
abdomen. The patient is positioned in lateral recumbency for the adrenalectomy. A minimum of 4 ports are used for the 
endoscope, retraction of the kidney, instruments to stabilize and dissect the adrenal, and for hepatic retraction. The surgeon 
should triangulate ports toward the affected adrenal gland. Once retracted, the descending colon will remain in a 
dependent location. 
 
On the right, retract duodenum ventral and utilize gravity to maintain its position. Manual retraction of the liver and 
kidney cranially and caudally, respectively, are usually done with fan retractors. The use of vessel sealing devices is 
mandatory for adrenalectomy.  Both the Ligasure and Harmonic Scalpel are acceptable devices for laparoscopic 
adrenalectomy. The perioperative mortality of open surgery would not be expected to be any different with laparoscopic 
surgery. 
 
From the medical oncologist’s perspective, this is most commonly a locally invasive disease which needs local control, 
thus whichever procedure that can obtain this with less morbidity is favored.  
 
Lung Tumor Work Up 
Pulmonary tumors in dogs are most commonly bronchogenic carcinoma. Non-neoplastic differential diagnoses include: 
fungal infection, granuloma, abscess, and a parasitic granuloma (eg Paragonimus). Efforts should be taken to rule out these 
differential diagnoses as best as possible, with baseline blood work (CBC, serum biochemistry), appropriate fecal 
examination for endemic areas, and consideration for evaluation of a transtracheal wash or bronchoalveolar lavage or 
endoscopy if fungal infection or bacterial infection are considered likely.  
We have previously described the workup for this cancer within the intra-thoracic section.  
 
Open Lung Lobectomy 
Removal of the affected lung lobe is the treatment of choice. Generally this is performed with a lateral thoracotomy. 
Thoracoscopic removal is discussed below. Regardless of the technique for lung lobe removal, the hilar lymph nodes 
should be biopsied at the time of surgery for staging. Nodes with tumor metastasis are often firm on palpation. Removal of 
the hilar lymph nodes can take as long as lung lobe removal and is many times less satisfying from a surgical perspective, 
but it is important from a prognostic perspective and may change recommendations on whether or not chemotherapy 
should be used in the adjuvant setting. 
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With appropriate analgesia, dogs can recover very well from this surgery. They require post operative monitoring in a 24-
hour hospital and may require nasal oxygen in the immediate post operative period. My patients will receive IV fluids, 
maropitant, a Cox-2 selective NSAID, fentanyl CRI, and bupivacaine via a pain diffusion catheter for pain management 
post-operatively. Aggressive pain management in the immediate post operative period will often result in a decreased need 
for analgesia when the patients go home.  
 
Lung tumors in dogs and cats can afford an excellent long-term prognosis in select cases. Patients that present with a 
cough should be radiographed sooner than later to develop a diagnosis and therapeutic plan. 
 
Thoracoscopy for Lung Tumors, Perihilar Lymph Node Extirpation  
 
Thoracoscopy is routinely performed as a diagnostic and therapeutic procedure. Benefits include reduced postoperative 
pain, decreased patient morbidity, and shorter hospitalization stay. For lung lobectomy and evaluation of the cranial 
mediastinum for mass removal, it is recommended to become proficient with one lung ventilation. An endobronchial 
blocker can be manipulated under endoscopic visualization into the right or left main-stem bronchus to deflate the lungs 
on the side with the affected lobe. The endobronchial blocker is passed through the lumen of the endotracheal tube and 
advanced to the level of the main-stem bronchus under direct observation, typically with a flexible video bronchoscope. 
The silicone balloon of 
the endobronchial blocker was inflated with air until complete occlusion of the bronchus to the affected lobe is achieved. 
 
For lung lobe tumors, patients are positioned in lateral recumbency with the unaffected 
lung side located ventrally. Three or four ports are inserted between the 4th and 10th 
intercostal spaces using triangulation to observe and provide access to the diseased lobe. For resection of caudal lung 
lobes, the cannula for the camera is tyically inserted in the ventral aspect of the 8th intercostal space. One instrument 
cannula is inserted 
dorsally in the 10th intercostal space to gain access to the dorsal ligament of the caudal lung lobe and a 2nd instrument 
cannula can be inserted in the 7th intercostal space. Stapling equipment, endoscopic GIA, is often used for lung lobectomy 
and are introduced through a cannula in the middle of the 6th intercostal space. For resection of cranial lung lobes, the 
telescope is often inserted in the ventral part of the 7th intercostal space. The cannula for the stapling device can be placed 
in the dorsal half of the 8th intercostal space and an instrument cannula is often inserted in the middle of the 5th intercostal 
space. Lobectomy is achieved with an endoscopic GIA and the resected lobes with mass are placed in an endoscopic 
retrieval bag (Endobag, United States Surgical Corporation) prior to removal from the thoracic cavity. In most cases, the 
lobes are removed through an extended incision of 1 instrument portal. A chest tube is placed in a routine manner from 
dorsal to ventral, caudal to cranial traveling over 3 intercostals spaces, avoiding cannula sites when possible. It is safest to 
place the tube under direct visualization of the telescope.  
 
From the medical oncologist’s perspective, as long as the associated lymph noides can be tested and assessed, the 
approach which offers the greatest chance of local control and less morbidity is preferred.  
 
Thymoma Work Up 
Thymomas are cranial mediastinal masses that originate from the thymic epithelium. They are categorized as invasive or 
noninvasive. Diagnosis is based on either cytology, flow cytometry or Tru-cut biopsy. A lymphocytic-rich thymoma can 
be difficult to distinguish from lymphoma on cytology alone, which is the other major differential diagnosis for a cranial 
mediastinal mass. It is very important to distinguish between these two diseases prior to surgical intervention because the 
mainstay of treatment for thymoma is surgical removal, whereas the primary treatment for mediastinal lymphoma is 
chemotherapy. Radiation therapy may plan a role in either condition.  
 
Paraneoplastic syndromes are relatively common with thymomas, with myasthenia gravis (MG) being a condition that is 
unique to this disease. It is recommended to take baseline ACH-R Ab titers prior to surgery to identify cases of latent MG. 
Cases with established MG and megaesophagus have a worse prognosis and the MG may not improve post-operatively. 
Further, some patients may develop clinical signs associated with MG post-operatively.  
 
Open Approach for Thymoma Removal 
CT scan is recommended prior to surgery for staging and surgical planning. Caution should be used in interpretation of the 
CT scan, as it can be difficult to distinguish between a mass that is invading or compressing the adjacent structures, 
especially if the mass is very large. The open surgical approach is a median sternotomy. This sternotomy can be tailored to 
the size of the mass. In the authors’ experience, patients are less painful post-operatively if they sternum is left intact 
cranial and/or caudal to the sternotomy site. Care is taken to avoid the phrenic nerves, which may be closely associated 
with the mass. One phrenic nerve can be sacrificed, but damage to the phrenic nerves bilaterally will result in ventilator 
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failure. The vena cava may also be compressed against and adherent to the mass, which can be difficult to see because of 
the vena cava is thin-walled. Care must be taken when dissecting the mass away from adjacent structures. 
 
If the mass can not be removed surgically and this is determined at the time of surgery, Surgical biopsy and placement of 
surgical clips to assist with radiation planning is recommended. Radiation therapy is the recommended therapy for 
nonresectable, invasive thyomomas. 
 
Thoracoscopy for Thymoma Removal 
Thymoma, a tumor arising from elements that comprise the thymus is a rare disease in dogs and cats. In dogs, the space 
within the thoracic cavity ventral to the thymus is more favorably suited to a thoracoscopic removal of a thymoma. 
Advanced imaging is a mandatory part of the diagnostic evaluation because failure to recognize invasion of vascular or 
other vital structures preoperatively could result in life threatening hemorrhage or other significant morbidity during 
thorascopic resection. 
 
Double-lumen endobronchial tubes are recommended for thorascopic mediastinal mass resection because of the need for 
selective ventilation of either the left or right lung fields. Using double-lumen tubes the ventilated lung can be alternated 
intraoperatively 
by redirecting gas inflow between the tracheal and bronchial portals of the tube without the need for any intraoperative 
bronchoscopic manipulations. The surgical technique for thymoma resection should involve either the Ligasure or 
Harmonic Scalpel. The use of an assisted approach can also be useful by the way of digital manipulation with 1 index 
finger inserted through a very cranial portal positioned adjacent to the mass. Specific port positioning is case dependent 
but having 1 portal located cranially close to the mass is ideal in case a finger is required for manipulation. Once the 
thymoma is resected from the mediastinum it is removed from the thorax using a specimen retrieval bag to avoid portal 
site implants or drop metastases. Specimen retrieval bags have the added benefit of allowing substantial volumes of tissue 
to be manipulated through a substantially smaller incision as with moderate tension these tumors are often removed 
through a portal less than 3 cm in diameter. It is important to select the appropriate cases for thorascopic removal of 
thymomas or other mediastinal masses. Modestly sized masses that do not invade vascular, neurologic, or other vital 
structures and do not have any evidence of metastases. A further prerequisite for performing this technique is adequate 
access to specialized expertise and equipment. 
 
From the medical oncologist’s perspective, the choice of min or max may partially depend upon the ability to cleanly 
resect as thymomas are locally invasive but do not spread. Residual disease will lead to recurrence thus, the advanced 
imaging will play a role in which procedure is pursued. Alternatively, if adjuvant radiation therapy was preplanned then a 
less aggressive approach is also feasible.  
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CONTROVERSIES IN ONCOLOGY: METRONOMIC THERAPY 
 

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

Introduction 
 
Chemotherapy has traditionally been administered at a maximum tolerated dose (MTD) designed to kill a proportion 
of rapidly dividing cells at the time of administration. Unfortunately, MTD dosing is associated with inevitable and 
potentially life-threatening side effects to tissues such as bone marrow progenitor cells and intestinal epithelium. 
Despite this, for most cancers in dogs, traditional MTD dosing has yielded few advances in long-term survival in 
spite of dose intensification/modifications protocols. 
 
A shift in the paradigm of chemotherapy administration is currently underway. Instead of using cycles of potentially 
toxic MTD chemotherapy with long breaks to allow recovery of normal cells, metronomic chemotherapy utilizes 
frequent, even daily, administration of chemotherapeutics at a dosage well below the MTD, without prolonged 
breaks. A key feature of metronomic chemotherapy is compression of the schedule of drug administration with the 
cumulative dose being significantly less than with MTD-based chemotherapy, resulting in a favorable toxicity profile 
and potential for long-term treatments without treatment breaks. 
 
Unlike MTD chemotherapy, where the tumor cells are the primary targets of therapy, metronomic therapy appears to 
target the tumor microenvironment including the endothelial cells, and in this context, the chemotherapeutics may act 
as anti-angiogenic agents. Many chemotherapy agents administered at the MTD result in apoptosis of tumor 
endothelial cells and this effect is lost in standard protocols which require prolonged recovery time. Lower and more 
frequent dosages continue to yield endothelial cell apoptosis; however, without the required breaks between 
treatments, the repair of endothelial cells is prevented. Evidence also suggests that metronomic therapy is capable of 
responses even in drug-resistant cancers via targeting the more genetically stable endothelial cells. There is also 
suppression on the mobilization of circulating endothelial progenitor cells (CEPs) from the bone marrow 
(angiogenesis). These CEPs provide a source of endothelial cells in newly formed blood vessels and evidence has 
shown a decrease in CEP number and viability with metronomic therapy. A third potential mechanism of metronomic 
therapy involves increasing the production of the body's own natural angiogenesis inhibitors. Several studies have 
documented an increase in thrombospondin-1 (TSP1), an inhibitor of angiogenesis, in vivo and in vitro to LMD 
cyclophosphamide. Finally, metronomic therapy may selectively remove/lower T-regulatory lymphocytes decreasing 
immune tolerance. 
 
 

 
Figure: Graphical depiction of metronomic administrations of chemotherapy designed to limit any prolonged breaks. 
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Data from human studies suggest a favorable toxicity profile and likely lower cost for metronomic therapy. Thus it 
may be very appealing for our veterinary patients. Several studies using metronomic therapy in humans have been 
promising, leading to a number of clinical trials assessing metronomic therapy alone or in combination with vascular 
targeting agents (nonsteroidal agents [NSAIDs], small molecule inhibitors [tyrosine kinase inhibitors] or monoclonal 
antibodies). Although there is mounting evidence of metronomic efficacy, optimal treatment regimens are still not 
defined and an important challenge is the need to evaluate optimal treatments using relevant surrogate markers of 
metronomic response such as circulating angiogenic growth factors and circulating CEPs. Changes in trial design are 
necessary when assessing metronomic therapy, since the target of therapy is the vasculature or other cells in the 
tumor in addition to the malignant cells, objective clinical benefits may take considerable time to develop. Often this 
is only manifested as disease stabilization. 
 
In veterinary medicine, data exist further documenting the mechanism of action behind the use of metronomic 
therapy in cancer patients. Cyclophosphamide administered at 15 mg/m2 orally on a daily basis did decrease tumor 
microvessel density based upon serial biopsy at day 14. Although a short-term study, decreases in tumor 
angiogenesis were also noted. Immunomodulation via decreased T regulatory cells in patients with soft-tissue 
sarcomas has been noted in patients receiving cyclophosphamide and chlorambucil documented decreased T 
regulatory cell levels in patients with soft-tissue sarcomas. 
 
Thus far, several studies evaluating metronomic therapy in dogs and cats have been reported using a variety of 
protocols containing cyclophosphamide, chlorambucil, etoposide, lomustine and a tyrosine kinase inhibitor 
(toceranib, Zoetis®) in conjunction with a nonsteroidal. The side effect profile seems favorable with sterile 
hemorrhagic cystitis noted in dogs with cyclophosphamide ranging from 5–12% depending upon study. Anecdotally, 
the incidence may be higher as more patients are treated and for longer time frames, thus it is imperative that routine 
evaluation of the urine be performed. Toxicity leading to protocol cessation was noted with lomustine, and more 
recently chronic bone marrow suppression has been noted with chlorambucil. 
 
Multiple tumor types have been evaluated, but particular interest is noted with canine soft-tissue sarcoma (STS; 
decreased microvessel density, decrease T regulatory cells, and improved disease-free interval vs. surgery alone), 
mammary carcinoma, transitional cell carcinoma, hemangiosarcoma (HSA; improved disease-free interval for a 
combination metronomic protocol vs. standard doxorubicin dosing), and histiocytic sarcoma among others. This 
novel approach may be more cost effective; however, prospective randomized and long-term studies evaluating 
responses and safety are lacking. With the exception of the HSA and one STS study, the vast majority were looking 
at bulky disease and often patients with advanced disease. The microscopic disease setting would appear to be the 
most beneficial time to institute such a protocol as evidenced by the data for STS and HSA. Two new studies, 
however, using metronomic therapy post-standard therapy, but still in the microscopic disease setting did not note a 
benefit in patients with HSA and osteosarcoma. A recent evaluation also suggested higher toxicity in dogs with OSA 
receiving MTD chemotherapy along with a metronomic protocol. 
 
The Controversy of Metronomic Therapy: 

1. Although there is mounting suggestive evidence of efficacy associated with metronomic therapy several 
important factors are still unknown: 
 Optimal treatment regimens are still not defined. 

o Other than for cyclophosphamide, we still do not really know what “dose” is best for each 
drug to achieve the desired effect “antiangiogenic effects or immunomodulation” 

 
 Need to evaluate optimal treatments using relevant surrogate markers of response 

o  This may include circulating angiogenic growth factors, T-regulatory cell levels, and 
circulating CEPs.  

 Innovation in trial design is also necessary when assessing LMD.  
o Since the target of therapy is the vasculature or other cells in the tumor in addition to the 

malignant cells, objective clinical benefits may take considerable time to develop and may be 
initially manifested only as disease stabilization.  

 Literature is building but mostly retrospective, no good prospective studies!!! 
 

 
2. In veterinary oncology, if an owner declines standard of care, should we offer metronomic? 
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o One point of view is that we are still learning which dosing schedules and histologies are optimal 
and therefore metronomic therapy should not be a "catch all" therapy when standardized therapy is 
not available or tenable for the client. 

o The other point of view is that it is unlikely to cause harm… 
o But is that true….  

 The incidence of sterile hemorrhagic cystitis has clearly increased as the 
“proper” metronomic dose has been slowly raised (10, 12, 15, not 17mg/m2 
daily).  

 SHS can severely impact the quality of life of a patient 
 Does Lasix help? And what are longterm implications of a diuretic? 

 Multiple report on oncology list serv of severe prolonged myelosuppression with 
the “presumed” metronomic dose of chlorambucil 

 Data suggest hepatotoxicity can still occur with CCNU 
 

3. Environmental impact of metronomic therapy?? 
a. No published data regarding assessment of samples administered in a metronomic setting, but 

clearly this may be a concern since this is chronic oral dosing.  
 

4. Compounding of drugs!! 
a. Not all compounders are created equal!! In a study assessing neutropenia in digs receiving 

compounded CCNU, the potency of lomustine from 5 compounding pharmacies ranged from 50 to 
115% of the labeled concentration, with 1 sample within ±10% of the labeled concentration.22  
In a pilot study assessing Cytoxan, 
compounding pharmacies were obtained and potency analyses at two time points was performed, 

4/5 and 0/5) samples were analyzed and deemed 
inadequate. Stability testing 23 
 
These studies are very concerning regarding compounding chemotherapy in dogs and cats. These 
studies support broader investigation into the potency and consistency of compounded 
chemotherapy drugs and highlight the potential need for greater oversight of these products 22,23 
This author only utilizes one compounding pharmacy which will present purity and sterility data on 
all samples.  
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There has been a lot of recent attention in the veterinary literature to determine 
whether or not gonadectomy may have an effect on cancer risk. This has created a 
lot of questions for veterinarians about the common practice and recommendation 
to spay and neuter dogs and cats early. Studies that evaluate the effect of spaying 
and neutering retrospectively are inherently difficult to perform because to date, 
they have all been retrospective. There are many other factors that may contribute 
to the development of cancer that are difficult to capture in this type of study. 
Oncogenesis is multifactorial. Neuter status may play a role, but the patient’s 
genetics and environmental exposure likely are also important factors. One 
potential confounding factor of evaluating the risk of cancer development with 
neutering is that spayed and neutered animals are known to have an increased life-
span. This alone will increase the risk of developing cancer and it is difficult to 
separate these factors out retrospectively. Another potential confounding factor is 
that owners that spay and neuter their pets may have an increased tendency to seek 
medical attention for their pets and to commit financially to the diagnostics 
necessary to definitively diagnose cancer. Because most of the retrospective studies 
on the effect of gonadectomy and cancer are performed via data bases at veterinary 
teaching hospitals, there is a potential for selection bias because these will tend to 
be referral cases rather than cases from the larger pet population. Another 
precaution is the source of the information. The paper that has received the most 
attention recently is an article in the on-line journal pLOS. This journal is an open-
access journal that is not peer-reviewed. This does not automatically mean that the 
information is not valid. However, this type of journal relies on the readers to serve 
as reviewers and to scrutinize the information presented carefully. There is, 
however, some emerging evidence that gonadectomy may increase the risk of 
developing some forms of cancer.  
 
MAMMARY NEOPLASIA 
Most veterinarians can recite by wrote the statistics on the preventative effects of 
early spaying on mammary tumor development. Before the first heat, the lifetime 
risk is 0.5%, between the first and second heat, this risk is 8%, and after the second 
heat, the risk is 26%. This original article was authored by Schneider et al and was 
published in the Journal of the National Cancer Institute in 1969. It has been cited in 
the veterinary literature 156 times. The effect of estrogen exposure is thought to be 
the cause of mammary neoplasia development in intact bitches and queens. We also 
know that in countries that do not routinely spay their dog population, mammary 
tumors are extremely common. However, a recent Cochrane metaanalysis in 
veterinary medicine by Beauvais et al has suggested that the evidence that early 
spaying prevents the risk of neoplasia in the current veterinary literature is weak. 
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This is most likely because the studies are weak, rather than suggesting that 
mammary tumors are not prevented by early spaying. In cats, intact queens have a 
reported seven times increase in developing mammary neoplasia. This risk is 
decreased by 91% and 86%, if performed before the first and second heat, 
respectively. 
 
REPRODUCTIVE ORGAN TUMORS 
The removal of the reproductive tract in females will eliminate the risk of ovarian 
neoplasia and uterine neoplasia. It will also almost completely eliminate the risk of 
vaginal leiomyomas. In male dogs, there will be a corresponding elimination of the 
risk of testicular tumors and almost complete elimination in the risk of perianal 
gland tumors with neutering. Neutering however, has been shown to increase the 
risk of prostatic carcinoma. 
 
OTHER COMMON CANCERS 
 
The risk of the development of osteosarcoma has recently been reported to increase 
in spayed and neutered dogs. This risk has been reported to vary between no risk in 
some articles to 1.3-1.9 times the risk in spayed or neutered dogs. One study that 
evaluated rottweillers exclusively found that neutered males and females were at an 
increased risk. However, this article also had a significant age differential between 
neutered (older) and unneutered (younger) patients. Because osteosarcoma often 
presents in older patients, it is important to be cautious when evaluating this data.  
 
Hemangiosarcoma has also been recently reported to occur with increased risk in 
females that are neutered late compared to females neutered early or intact females. 
A study in Vizlas also found that spayed females were at an increased risk. The next 
step is to decide what do to with this information. Do we hold off on spaying and 
neutering, or do we go ahead, but perform a prophylactic splenectomy for high-risk 
breeds? Other tumor types that have been shown to have an increased risk in the 
neutered population include lymphoma, transitional cell carcinoma and mast cell 
tumors. 
 
When evaluating the risk of various cancers with relation to spaying or neutering, 
the veterinarian will need to look at every patient as an individual and determine 
with the owner this risks and benefits of the procedure. Currently there is data 
suggesting that spaying and neutering may carry an increased risk of cancer in some 
breeds, but the data is inherently weak because it is retrospective and because there 
is a great deal of selection bias that can not be corrected for. A knee-jerk response to 
hold off on spaying and neutering will likely lead to an increase of reproductive tract 
tumors and other health and social problems related to having a pet population that 
is largely intact. Increased surveillance of at-risk breeds that have been spayed or 
neuter for the cancers that they are predisposed to may be a more moderate 
approach to managing this information. There is currently a Morris Animal 
Foundation study that is following 3000 golden retrievers over their lifetime. 
http://www.caninelifetimehealth.org Because this study is prospective, it may help 
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shed some light on these important questions. We can not assess neuter status in 
isolation with respect to the risk of developing cancer because it is only one factor in 
many that lead to the development of cancer. 
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How to Avoid Common Errors in Surgical Oncology in First Opinion Practice 
Sarah Boston, DVM, DVSc, Diplomate ACVS 
ACVS Founding Fellow of Surgical Oncology 

Department of Clinical Sciences, University of Florida, Gainesville, FL 
 
 
Biopsy 
Selection of incisional biopsy site is a very important part of surgical oncology and also 
an area for potential pitfalls that may have an effect on a successful resection. It is also 
important to keep in mind that if the tissue is a malignant process, the biopsy tract must 
be resected with the definitive resection, so the biopsy should be in a location that will be 
easily removed with the definitive resection.  As well, the biopsy tract should be small 
(2cm maximum) and should be in one location only.  For example, multiple incisions 
taken from multiple locations around the mass could result in multiple areas needing to 
be resected in a definitive surgery and this may compromise the ability to achieve clear 
margins of resection.  The sutures used to take a biopsy should be left in place until 
definitive surgery so that the biopsy tract can be removed.  Another area to keep this 
principle in mind is oral tumors.  A mass arising from the maxilla may appear to be most 
easily biopsied by going through the upper lip.  This will, however, result in the need to 
resect the lip when, in most cases, this is not necessary for oral masses of the maxilla.   
The need to remove a portion of the upper lip would lead to a less cosmetic end result for 
the patient.  Osteosarcoma is another tumor type where the biopsy location may be 
important if a limb spare procedure is the owner’s choice for a definitive tumor resection.  
If you are unsure of the best method of biopsy for one of your cases that you think will 
eventually require a major resection, contact your friendly neighborhood surgical 
oncologist to discuss the case and biopsy techniques before you biopsy.   
 
An example of when an excisional biopsy is not appropriate for the patient is removal of 
a mass with moderate margins with no knowledge of the tissue type.  This is termed an 
unplanned excision in human surgical oncology. It has the potential to disrupt fascial 
planes and make a definitive resection more difficult. If this mass is then diagnosed as a 
malignant process, the definitive resection has been compromised.  A very dangerous 
logic is “removing as much as you can”, without knowing what the mass is.  If you do not 
know what the mass is, remove as little as you can and do not disrupt the tissues around 
the mass.  This is because the tissue surrounding the mass contains tumor cells and the 
excision will disrupt the tissue architecture and the fascial planes, making it more 
difficult to determine and achieve clean margins of resection.  The resection also 
becomes much larger than it would have been prior to mass removal because the entire 
scar must be removed using 3cm and a fascial plane deep.  If the fascial plane below the 
mass was already disrupted, you must go another fascial plane deep to achieve clean 
margins. This next fascial plane could be the body wall.  It is also possible that a patient 
who would not have required radiation may need radiation to clean up the field.  The 
potential consequences of a dirty resection of an unknown tumor include:  a significant 
increase in morbidity to the patient, a significant increase in cost to the client, and the 
potential to lose the ability to cure the patient.  The logic of “just removing the mass and 
then finding out what it is” is very dangerous and can have serious consequences.  Do not 
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be surprised by your results.  The pitfalls of this approach are not always apparent to the 
doctor who has made this error because the problem is then referred on.  It is also very 
important not to be completely guided by the client by the decision to just remove a mass.  
Most clients “just want the mass removed”.  They do not like looking at it, it bothers the 
dog and they do not want to think that their dog might have cancer.  However, when 
clients are educated about the reasoning behind a logical, step-wise approach to tumor 
diagnosis and treatment, most of them are relieved to have this knowledge and will 
pursue more diagnostics, even if this is more costly up front.  It is almost never more 
costly overall to take this approach. 
 
A presumptive diagnosis is sometimes made in cases where the pattern of disease points 
very strongly to the diagnosis and/or the mass is in an area that is difficult or impossible 
to biopsy.  As mentioned earlier, this type of diagnosis is also made in cases where the 
treatment will not change based on the type of tumor.  Examples of this include a primary 
bone tumor.  If the radiographic diagnosis is consistent with a primary bone tumor and 
the signalment of the patient is also consistent with the diagnosis, bone biopsy is 
considered unnecessary by some surgical oncologists.  If, however, there is a bone lesion 
in a location or patient that is not consistent with a primary bone tumor, a biopsy is 
recommended.  A bleeding splenic mass will need to be removed regardless of whether it 
is hematoma or hemangiosarcoma.  A lung mass will need to be removed regardless of 
whether it is an abscess, granuloma or tumor. The advent of advanced imaging can help 
us to characterize these tissue types better in a noninvasive manner, but will only allow us 
to reach a more educated presumptive diagnosis. 
 
Another potential error that is rarely referred to our practice, but does happen, is that a 
mass is removed but is not submitted for histopathology. This can create severe issues 
when and if the mass recurs. This is often done as a cost-saving measure. However, it is 
recommend in most instances to include the cost of histopathology into the quote for the 
procedure to ensure that all masses that are removed are evaluated by a pathologist. 
 
Surgical Planning 
Wide and radical resection are reserved for curative intent surgeries and generally are 
performed for patients that are negative for metastatic disease.  These surgeries take a 
great deal of planning.  Three-dimensional imaging (CT or MRI) is usually necessary to 
evaluate the extent of the neoplasm and plan the surgical resection.  The use of three-
dimensional imaging will greatly increase the chances of achieving a surgical cure.  
Tumor cells are able to take on characteristics of muscle cells, meaning that they have the 
ability to contract and move throughout the tissues.  This is how tumor cells metastasize 
(by moving into blood and lymphatic vessels) and how they invade the surrounding 
tissues locally.  The cells that are in the periphery are the most aggressive cells in the 
tumor cell population.  If these cells are left behind, the tumor will regrow and will 
contain a more aggressive population of cells.   
 
Prior to surgery, a general plan of how the defect that is created will be reconstructed 
should be made.  There are two important steps to consider when planning surgery: 
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1. What tissues need to be removed to ensure that either a 3cm metric margin or a 
fascial plane barrier to invading tumor cells is removed. 

2. What tissues in the area can be spared for reconstruction.  
 

Surgical Technique 
A skin flap may be necessary to replace a defect in the skin.  It is critical that the flap is 
planned for preoperatively and that this area is clipped, prepped and draped in the field at 
the time of surgery.  At the time of surgery, the use of a sterile ruler and pen can be very 
helpful to trace out the mass, the proposed margins of resection and the planned flap.  
Mark your margins around the mass with 3cm margins laterally and trace this around the 
mass.  This will result in a circular or oval shaped incision.  Do not create an ellipse at 
this time.  This will create one of two problems: it will either compromise the margins by 
taking less tissue than is required, or it will commit you to reconstructing in one 
direction.  The reconstruction and the removal of “dog ears” should be done once the 
mass is removed and the defect is being closed.  
 
During resection, it is very important to continue with an en bloc resection that does not 
“cone down” to remove less of the deeper tissues.  This can be prevented by suturing the 
skin to the deep fascia to prevent it from slipping and to maintain the appropriate 
orientation.  The problem with coning down is that the deep tissues are critical to remove, 
as they may contain tumor cells.  If this tissue is not removed then the difficult closer 
created by a large skin defect was created in vain because dirty margins are a very real 
possibility.  The fascial plane refers to either a layer of muscle or the fascia around a 
muscle.  This does not include a layer of fat or subcutaneous tissue, as tumor cells can 
readily penetrate these tissues.  Tumor cells move via the path of least resistance, they 
can generally move laterally more easily (through fat and SQ) and will stop when they 
reach the fascia of a muscle.  The decision to take the fascia around the muscle or the 
muscle itself depends on the regional anatomy. If it is possible to remove the fascia only, 
this is preferable, as it will result in less morbidity to the patient.  However, it is not 
always possible and in most cases, our patients adjust well after removal of a single 
muscle.  One notable example of an excellent fascial plane is the antebrachial fascia, 
which can be used as the deep layer when removing soft tissue sarcomas in this area.  
 
Although the surgeon should have a reconstruction plan in mind preoperatively, it is 
important not to focus on how to close the defect during resection, as it may cause you to 
take less tissue than is necessary for a cure.  It is possible that some resections will not be 
100% reconstructed at the time of surgery and that some open wound management may 
be necessary. This possibility should be discussed with owners prior to surgery. 
 
Whether or not to change the instruments and gloves after the mass has been removed is 
somewhat controversial.  The reasoning behind this action is that there may be tumor 
cells on the surgeon’s gloves or instruments and that this may result in further tumor 
seeding.  If surgical oncology principles are strictly adhered to, the surgeon should not 
come into contact with tumor cells during resection because the incisions are well outside 
the tumor capsule with a healthy margin of tissue around this tumor.  That is to say, the 
surgeon should be working in normal tissue that is free of gross and microscopic tumor.  
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If the surgeon has not followed these principles, or if the tumor cells exist outside of the 
proposed margin, then the surgery is compromised whether gloves and instruments are 
changed or not.  There are two instances when I will change gloves and instruments: 

1. The mass has been removed and I am going to elevate a skin flap.  I will change 
the gloves in this case because if the margins do come back dirty and radiation or 
a recut is an option, it is possible that the field will not have been contaminated.  
Having said this, when the histopathology comes back dirty, technically the entire 
scar should be considered dirty. 

2. If the tumor capsule is inadvertently entered, the surgeon should close the area 
where the tumor capsule was breached with a simple continuous pattern. The area 
should be lavaged and gloves and instruments should be changed.  The tumor 
resection should be continued to include a larger area of tissue (usually deeper).  
In this case a second change of instruments/gloves could be considered once the 
tumor has been removed.  If the tumor capsule is inadvertently opened, the risk of 
recurrence increases.   

 
The use of drains is traditionally contraindicated in surgical oncology.  This refers to 
Penrose drains.  The reason that a Penrose drain should not be used is because it will need 
to exit ventrally and this will require tunneling the drain to a distant site.  Theoretically, if 
the resection is not clear of tumor cells, these tumor cells may be transferred along the 
drain. If a further definitive resection or radiation is required, it will be necessary to 
resect or irradiate the drain tract, which may not be readily detectable and will increase 
morbidity.  A closed suction drain, however, may be useful in large 
resection/reconstruction cases where there is a lot of dead space. This type of drain can 
exit just adjacent to the incision and does not create a new tunnel in the tissues, and 
should not therefore be a concern when placing a closed suction drain.  The same logic 
should follow when a pain catheter is used.   
 
 
By following the principles of surgical oncology, an optimal treatment pathway for every 
cancer patient can be reached.  The decisions should be made in a logical, stepwise 
fashion, taking into account the characteristics of disease and the wishes of the pet owner.  
It is very important for general practitioners to work in concert with their pathologist and 
surgical oncologist to develop the best possible plan for each patient. 
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