FELINE MAST CELL TUMOURS
Introduction
Mast cell tumours (MCTs) are relatively common cutaneous tumours in cats, representing 2-20% of tumours: the wide variation in reported frequency likely reflects geographical variation, and variation over time, as some reports are decades old.  Data suggest MCTs are potentially less common in the UK/Europe than the USA.  
The aetiology of feline MCT is unknown.  A genetic predisposition had been proposed in the Siamese, and an increased frequency suggested other pedigree cats in the UK, including Burmese, Russian Blue and Ragdoll (Melville and others 2014).  Genetic factors may also underlie geographical variations in incidence.   There is no proven gender predilection. 
Two different (histological) subtypes of MCT exist in the cat.  The mastocytic form, similar to MCT in dogs, is the more common.  The mean age at development of the mastocytic form is 10-11 years, but MCT can occur at any age: studies reported 9% and 16% of tumours in cats under 1 year of age were cutaneous mast cell tumours in the UK and Germany respectively, and the majority were mastocytic.   The relatively infrequent atypical (previously histiocytic) form of MCT has primarily been reported in Siamese cats under 4 years of age, but also occurs in other breeds. 
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About 80% of feline cutaneous MCTs present as a solitary mass.   Most cats present with a firm, well-circumscribed, hairless, dermal nodule, which may appear pale (figure 1).  Superficial ulceration is relatively common (about 25%) (figure 2).  Flat, pruritic, plaque-like lesions resembling eosinophilic granuloma may also be seen, or discrete subcutaneous nodules.  Some masses are ill-defined (figure 3).  Intermittent pruritus, erythema, and ulceration are common, and Darier’s sign has been reported.   Up to 20% of cats present with multiple lesions (figure 4).
The head is the most common sites for cutaneous MCT, with some studies reporting more than 50% of tumours on the head or head and neck (figure 4, figure 5, figure 6). The trunk and limbs may also be affected (figure 7). Less frequent sites include the tail and paw/digits (figure 8), but tumours can arise at any site.
Visceral MCTs are more common in the cat than in the dog, with up to 50% of cases occurring in visceral sites. This may be more common in the USA than Europe, and geographical variation has not been fully explored.  In any case, MCT is reported to account for 15-26% of splenic disease in cats, and spleen is the commonest visceral site.   The liver is the next most common, and intestinal MCT is relatively rare.   Clinical signs are often vague and cats may be systemically unwell for months before diagnosis. Diarrhoea is common with intestinal MCT.  Ultrasound examination may reveal altered splenic or hepatic parenchyma, nodular lesions, enlarged and hypoechoic lymph nodes, or loss of intestinal layering (figures 9-11).  Effusions may also occur.  A cranial mediastinal form of MCT is also reported. Signs related to mast cell degranulation are more common in visceral or disseminated MCT. 
Other reported sites for feline MCTs are the oral (figure 12) and nasal cavity, and primary nodal MCT has been reported (i.e. nodal MCT with no known primary). 
Cats with disseminated disease may present with cutaneous metastases from visceral disease, or with visceral metastases from cutaneous disease
Atypical mast cell tumours tend to present as small deep dermal or subcutaneous nodules, often arising in groups on the head.   
Biological Behaviour and Prognosis
The classical pattern of metastasis shown by canine MCTs (metastasis to local/regional nodes prior to distant metastasis) is less clearly defined in feline tumours. 
Reported metastatic rates for cutaneous MCT vary from 0 to 22% and prognostication can is challenging as it is difficult to identify tumours with a higher risk of metastases. Disseminated cutaneous disease is more likely to be associated with systemic spread than solitary cutaneous tumours.  
Visceral MCTs are generally aggressive tumours, and widespread metastasis is common.  However, cats with primary splenic MCTs may achieve long survival, but prognosis is variable, and poor prognostic indicators include anorexia, weight loss, and male gender.  
Multiple cutaneous MCT may carry a more guarded prognosis than solitary tumours (Litster and Sorenmo 2006, Sabattini and Bettini 2010) but this remains controversial (Melville and others 2014).  This controversy may partly reflect different definitions of multiple (number, synchronous or sequential) in different studies. Cats with multiple cutaneous mast cell tumours can be challenging to manage, even if they do not metastasise, but disease progression may be slow.
Approach to Feline MCTs
The first step in the approach to feline MCTs is to recognise that MCT is a differential. Most feline MCTs can be diagnosed on fine needle aspirate (FNA) (figure 13), but there are reports of fatality as a result of FNA induced aspiration of visceral tumours, and premedication with anti-histamines (H1 antagonists) is recommended. 
The most common site of metastases is the local lymph node, which should be assessed by palpation/imaging and FNA.  The regional lymph nodes may also be affected.  The most common sites of distant metastases are the spleen and liver, which should be assessed by (gentle) palpation, ultrasound (figure 9-11) and FNA.  Pulmonary metastases are uncommon, and thoracic radiographs are most important for ruling out significant comorbidity or assessing thoracic nodes (these must be markedly enlarged to be detectable radiographically) or effusion.   Buffy coat examination and bone marrow sampling may be indicated.
Not every cat requires full staging and a stepwise approach is recommended.  Minimum staging would be evaluation of the local lymph node (palpation, ultrasound examination, FNA).  However, cats presenting with any of the following should be fully clinically staged, based on lymph node aspirates, abdominal ultrasound and fine needle aspirates, plus thoracic radiographs, and buffy coat smear if indicated:
· multiple masses 
· palpable abdominal abnormalities
· clinical signs of systemic disease
· histologically poorly differentiated or anaplastic tumours
· visceral or cranial mediastinal tumours
Haematology will often show relatively non-specific findings, and should not be relied on to diagnose mast cell disease.   About 30% of cats are anaemic, and this is more common in cats with mastocythaemia.  Anaemia probably multifactorial and due to varying combinations of anaemia of inflammatory disease, GI blood loss secondary to ulceration, splenic sequestration or enhanced red blood cell clearance.  Erythrophagocytosis by tumour cells is also reported.
Eosinophilia is common, but is a very non-specific finding in cats, and is also seen in lymphoma.  
Mastocytaemia (circulating mast cells) is NOT pathognomonic for mast cell disease (Piviani and others 2013).  Mastocytaemia is difficult to detect on direct blood cell examination, as overall cell numbers tend to be low.  Buffy coat smears are more sensitive, but cells may still be missed, and quantifying mastocytaemia is fraught with difficulty.  Mast cells are also found in the blood/buffy coat smears from cats with other diseases, albeit relatively infrequently, and an important differential is lymphoma.  High numbers of mast cells may be more common in MCT patients than those with other diseases.  Interestingly, mastocytaemia may be less common in GI than other visceral tumours (and this cannot be used to differentiate intestinal MCT and lymphoma).  
Buffy coat smears have been recommended in cats with known or suspected MCTs, uncharacterised splenomegaly and cats with potential signs of visceral MCT (GI signs of unknown cause, weight loss, malaise).  However, a diagnosis based on samples from affected organs is required.  It has also been suggested that buffy coat smears can be used to monitor tumour burden: this is better done by monitoring the tumours themselves, and absence of circulating mast cells could not be used to confirm remission. 
It is the author’s opinion that bone marrow aspirates are not indicated in the majority of feline mast cell tumour cases, as most cases with significant bone marrow involvement have widely disseminated disease and a positive marrow result is unlikely to change management or prognosis. Marrow sampling may be indicated, for example, where there is apparently solitary mast cell disease butt mastocytaemia is detected.
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Histopathological Characteristics
The Patnaik and Kiupel grading systems used for cutaneous mast cell tumours in dogs cannot be applied to feline MCTs. Unfortunately, it has proved difficult to identify histological predictors of malignancy, and the classification and reclassification of feline cutaneous mast cell tumours has resulted in confusion and the published literature lacks clarity.   Much of the confusion seems to have arisen from the inconsistent use of pathological terms (poorly differentiated, pleomorphic and anaplastic) and in particular some studies divide mastocytic tumour into well differentiated and pleomorphic groups (Sabattini and Bettini 2010), while others use well differentiated and poorly differentiated, with additional assessment of pleomorphism (Johnson and others 2002).  The summary below attempts to clarify this, but is likely that the histopathological classification of feline MCTs will continue to evolve. 
The first step in classification is to determine if the tumour is mastocytic or atypical (previously histiocytic).   Most tumours are mastocytic (figure 14).  Mastocytic tumours are then classified based on cell morphology as either well differentiated or poorly differentiated tumours, and poorly differentiated tumours have a poorer prognosis.  Tumours may also be further classified as pleomorphic or anaplastic (both poorly differentiated and pleomorphic).  Anaplastic tumours have a poor prognosis. 
Mastocytic tumours are also classified by their margination and degree of infiltrative growth, as either compact or diffuse.  Diffuse tumours are not consistently associated with a poorer prognosis. 
Happily, the majority of cutaneous mastocytic MCTs (50-90%) are well differentiated and show benign behaviour. The minority of well differentiated tumours that are pleomorphic do not necessarily have a worse prognosis, though they tend to show more infiltrative behaviour and diffuse growth patterns: neither pleomorphism nor diffuse appearance alone is associated with poor prognosis.  However, pleomorphic tumours with a high mitotic index are likely to have a poorer prognosis (Johnson and others 2002).  In some papers, the reason pleomorphic tumours have a poorer prognosis appears to be the use of this term to describe poorly differentiated tumours. 
Recently, a new category of new subcategory of well-differentiated MCTs with prominent multinucleated cells (figure 15) has been described, which may be associated with a higher risk of tumour associated death, but this is based on survival data in only 4 cats (Melville and others 2014).  
Intestinal mast cell tumours have also been the subject of some debate: it is suggested that there is a sclerosing variant which shows particularly aggressive behaviour (Halsey and others 2010), but this remains a controversial diagnosis.  
Proliferation Indices
The value of proliferation indices has not been widely assessed in feline MCT, but high mitotic index (MI) has been associated with aggressive behaviour, as has high Ki67 in a small number of cases.   However, there are currently no validated “cut off” values for mitotic index or Ki67, and studies report considerable overlap of MI values between cats with short and long term survival.  
Molecular Characteristics
MCTs develop from the resident tissue mast cells, and mast cells in different sites have different characteristics resulting in the differences in biological behaviour described above.  The molecular profile of MCT cells in different sites has been investigated.   It was previously suggested that the main biogenic amine in feline mast cells was serotonin, but in a retrospective immunohistochemical study, few tumours showed any immunoreactivity.  In the same study, 53% of GI MCTs, 28% of cutaneous MCTs, and 18% of splenic MCTs showed histamine immunoreactivity, while 33% of GI MCTS, 69% of cutaneous MCTs, and 35% of splenic tumours showed KIT immunoreactivity (Sabattini and others 2013).  Histamine and KIT are important proteins in feline mast cell disease.
KIT
In cats, the relationship between KIT protein expression (which is detected on immunohistochemistry) and KIT genetic mutations, histological grade and prognosis is less clear  than in dogs.  Increased KIT immunoreactivity may be a negative prognostic indicator, but there is limited data and some studies have shown no association between KIT status and prognosis (Rodriguez-Carino and others 2009).  KIT expression is heterogeneous depending on site, with up to 92% of cutaneous tumours reported to show immunoreactivity, but much lower percentages of visceral tumours.   In addition, immunoreactivity does not correlate with histological subtype (Sabattini and others 2013), though cytoplasmic KIT has been shown to correlate with mitotic index.  To further muddy the waters, though KIT mutations are common, those identified are not always significantly associated with protein expression.  This suggests that some mutations may be clinically insignificant “passenger” mutations.  In addition, cats with multiple tumours may have different mutations in different nodules, suggesting that these may be multiple de novo tumours rather than metastases.   
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Surgery
Surgery is the best option for single cutaneous MCTs, but fewer cats with MCT are cured by surgery than dogs.  The relatively small size of the patient means it is frequently impossible to excise MCTs with wide margins, but this may be less critical for histologically well differentiated and/or compact tumours. However, post-surgical recurrence rates of up to 30% are reported, irrespective of apparently complete excision.   If a preoperative biopsy suggests more aggressive behaviour (poorly differentiated or anaplastic tumour; high mitotic index), a wide margin of excision should be used combined with adjunctive therapy as appropriate. 
Splenectomy is treatment of choice for splenic MCTs, even if there is pre-existing metastatic disease, but the literature is confusing.  One relatively recent study reported a median survival time of only 132 days (Gordon and others 2010), though older papers suggest better MSTs of 360-570 days (overall range 60-1140 days).   Cats with other visceral forms are rarely surgical candidates, as disease is usually widely disseminated at presentation, but for isolated intestinal lesions 5-10cm margins are recommended. 
In atypical (histiocytic) MCT, spontaneous regression may occur, but if not, marginal excision or periodical monitoring is warranted. There is no benefit in using corticosteroids in these cases.
Radiotherapy
There are relatively few reports of external beam radiation therapy of feline mast cell tumours, though it is a suggested treatment in several feline texts.  However, few cats are good candidates for radiotherapy, since most cats that are not surgical candidates have either multiple tumours or metastases at presentation, and radiotherapy is a locoregional treatment.  Strontium 90 plesiotherapy has been used in the treatment of solitary/ localised lesions with local control in 98% (34 of 35) of cases in a retrospective study: this likely reflects careful case selection.   
Chemotherapy
The role of chemotherapy for palliative or adjuvant treatment of feline MCT has not been clearly established. Chemotherapy is generally reserved for cats with histologically poorly differentiated or anaplastic, locally invasive and/or metastatic tumours. Vinblastine, chlorambucil and lomustine have been used.  (Rassnick and others 2008) report an overall response rate of 50% in a group of 38 cats (7 achieved complete remission [CR], and 12 partial remission [PR]) with measurable disease treated with lomustine (50-60mg/m2 every 4 weeks), and a median duration of response of 168 days (range 25-723 days).  The rate limiting toxicity of lomustine in cats is neutropenia, which can be delayed, prolonged and severe.  There is also a risk of pulmonary toxicity for cats receiving large cumulative total doses.  Other alkylating agents (cyclophosphamide, chlorambucil) have not been fully evaluated, though the oncology team in the author’s hospital have seen some PRs or stable disease in response to chlorambucil in a small number of cases.   Response rates to vinblastine are low, and there are no large number studies, but individual responses are reported (1 cat of 3 treated with vinblastine prior to lomustine in the study above achieved PR, and 1/13 achieved PR in response to combined vinblastine and cyclophosphamide as rescue after lomustine).    There is no proven role for corticosteroids in the treatment of feline mast cell tumours.
Tyrosine Kinase Inhibitors
A brief explanation of the action of the mechanisms of tyrosine kinase inhibitors (TKIs) is given in box 1 and figure 16.   Mutations in the c-KIT proto-oncogene are reported in up to 52-92% of cutaneous mast cell tumours, but these mutations are less frequent in GI tumours and infrequent in splenic tumours, where KIT is a less appropriate therapeutic target. 
There is limited data on the use of KIT targeting TKIs in cats, and the toxicity of these drugs has not been fully evaluated.  The human TKI imatinib has been used in a case series of 10 cats, 8 of which were known to harbour KIT mutations and objective responses were achieved in 7 (6 PR and one CR).  One further cat with no known KIT mutation achieved PR.  However, this drug is very expensive and the veterinary licensed drugs, toceranib phosphate (Palladia, Zoetis) and masitinib (Masivet, AB Science) are more readily available.   One toxicity study reports reasonable tolerance of masitinib, given at a total dose of 50mg per cat either daily or every other day for 4 weeks. Proteinuria was noted in (10%) cats when used daily, and neutropenia was noted in 15% of cats, along with some GI toxicity (Daly and others 2011).  Toceranib has been used to treat a small number of cats in the author’s hospital (at a dose or 2-3mg/kg three times weekly: starting dose 2-2.7mg/kg), with some achieving CR/PR or SD for a period of months.  Of the first 11 cats treated, neutropenia was noted in 4/11 and mild GI toxicity in 5/11. 
Supportive therapy
Anti-H1 and H2 drugs may help to counteract the effects mast cell degranulation.  H1 antagonists are recommended prior to interventions (surgery, FNA of aggressive tumours) and in animals with significant clinical signs thought to be due to degranulation.   The most commonly used H2 antagonist is famotidine (0.5-1mg/kg once daily).  Supportive therapy is indicated in cats with disseminated or visceral disease.
Conclusions
Mast cell tumours are relatively common in cats, and most can be managed in practice.   Most solitary lesions are managed surgically. 
Poor prognostic indicators include:
· Histologically poorly differentiated or anaplastic mastocytic tumours
· Histologically high mitotic index
· Systemic signs of illness
· Disseminated disease
Currently, the treatment of visceral and systemically disseminated tumours remains challenging and survival times for these patients are often short.   Further work is required to investigate the value of chemotherapy and more novel treatments like TKIs. 
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RTKs and TKIs (FYI!)
Receptor tyrosine kinases (RTKs) are enzymes expressed on the cell surface, that are switched on by the binding of a specific growth factor (ligand) paired with that receptor. These enzymes phosphorylate tyrosine residues, initiating a cascade of signals which cause upregulation of gene expression, and enhanced cell proliferation and survival (figure 16).    RTKs are often dysregulated in cancer, most often being switched on without the need for ligand binding.  
Tyrosine kinase inhibitors (TKIs) act by blocking the activating phosphylation step.   These TKIs have been developed to target specific RTKs known to be dysregualted in specific cancers e.g. KIT in mast cell tumours.  Most TKIs also affect non-target RTKs, and this can cause toxicity, or additional beneficial effects.  The RTKs involved in blood vessel formation (angiogenesis) in tumours also represent an important target for some TKIs.







Box 1: Receptor tyrosine kinases (RTKs) and tyrosine kinase inhibitors (TKIs)
Figure Legends
Figure 1: A firm, well-circumscribed, hairless, pale dermal nodular mast cell tumour in a 5 year old neutered male Maine Coone.
Figure 2: An ulcerated cutaneous mast cell tumour on the dorsum of a 13 year old neutered male Maine Coone.
Figure 3: An ill-defined swelling of the right upper lip and vibrissum of an 8 year old female neutered domestic short haired.  This was confirmed as a subcutaneous mast cell tumour.
Figure 4: Multiple ulcerated masses on the head of a 5 year old neutered male Maine Coon.  Note the large plaque like lesion ventral to the left eye.  All lesions are mast cell tumours.
Figure 5: A small, pale, hairless proliferative dermal mast cell tumour on the dorsal head of 8 year old neutered male Ragdoll.
Figure 6: A small ulcerated mast cell tumour affecting the mucocutaneous junction on the left eyelid of a 14 year old neutered female domestic short haired.
Figure 7: A firm, well-circumscribed, hairless, pink dermal nodular mast cell tumour on the dorsum of a 5 year old Maine Coone cat.
Figure 8: An ulcerated proliferative dermal mast cell tumour on the distal limb of a dorsum of a 5 year old Maine Coone cat.
Figure 9: Ultrasonographic image of the spleen (a) and liver (b) of 13 year old male neutered domestic short haired cat presented with squamous cell carcinoma, found to have visceral mast cell tumour on staging.  The spleen is heterogenous, and there is an ill defined 10mmx 10mm isoechoic nodule. A hyperechoic liver nodule is also seen.  
Figure 10: Ultrasonographic image of the spleen (a) and enlarged medial iliac lymph node (b) of a 10 year old neutered male Ragdoll cat that has developed visceral metastases after a long history of cutaneous mast cell tumours (see also figure 5).  The spleen is mildly heterogenous, and node is enlarged and hypoechoic. 
Figure 11: Ultrasonographic images of a duodenal mast cell tumour (a) and mesenteric nodal metastasis (b) in a 14 year old neutered female domestic short haired cat.  The mass is hypoechoic and mainly eccentric but circumferential, and the node is markedly enlarged, plump and hypoechoic.
Figure 12: Ulcerated, proliferative oral mucosal mast cell tumour in a 9 year old female neutered domestic short haired cat.  This cat had widespread metastases at presentation.
Figure 13: Fine needle aspirate from a cutaneous mast cell tumour in a cat.  There are background red blood cells, and metachromatic granules from ruptured mast cells. The nucleated cells are mast cells, showing variable granulation.  One binucleate cell is present (courtesy of EJ Villiers, Dick White Referrals).
Figure 14: Histological appearance of a mastocytic mast cell tumour (courtesy of T Scase, Bridge Pathology). 
Figure 15: multinucleated mast cell (seen here in a fine needle aspirated from a cutaneous mast cell tumour) (courtesy of EJ Villiers, Dick White Referrals).
Figure 16: diagrammatic representation of a tyrosine kinase receptor and its downstream pathways.
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Quiz
1. Most mast cell tumours in cats are:
a. Self resolving, atypical tumours
b. Solitary cutaneous mastocytic tumours which tend to follow a benign course
c. Disseminated cutaneous mastocytic tumours which tend to follow a highly aggressive course
d. Disseminated visceral mastocytic tumours which can follow a benign or malignant course
2. The first step in working up a cat with a suspected mast cell tumour is:
a. Excisional biopsy of the lesion
b. Buffy coat smear
c. Fine needle aspirate of the lesion
d. Thoracic radiography
3. The most common site for mast cell tumours in cats is:
a. The skin of the head or neck
b. The sin of the distal limbs or tain
c. The small intestine
d. The cranial mediastinum
4. Which of the following histological findings is an indicator of poor prognosis in a cat with a cutaneous mast cell tumour?
a. Patnaik grade III tumour
b. Atypical (histiocytic) form
c. Compact form
d. Mastocytic poorly differentiated form
5. Which if the following is FALSE with regard to treatment of feline mast cell tumours?
a. Surgical excision is the treatment of choice for most feline mast cell tumours
b. Tyrosine kinase inhibitors are the treatment of choice for the majority of feline mast cell tumours 
c. Radiotherapy may contribute to local/locoregional disease control
d. The prognosis for cats with splenic mast cell tumours treated with surgery is variable
