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introDuCtion

In dogs mast cell tumours (MCT), most commonly found in 
the skin, account for 16-21% of all skin tumours, making them 
the most common skin malignancy of dogs. In fact, diagnosing 
MCT in dogs without skin involvement is uncommon. 
Tumours usually occur in older dogs (mean age of onset 
9 years), but may occur in dogs less than one year of age.  
However, no sex predilection is reported. 

There is an apparent breed susceptibility in Boxers, Golden 
retrievers, Pugs, Boston terriers, Weimaraners and Pit-bulls 
(4 to 8 times more than the general population). MCTs are 
also commonly documented in Bull terriers, Bull mastiffs, 
Staffordshire terriers, English bull dogs, Fox terriers, 
Dachshunds, Labrador retrievers, Beagles, Schnauzers, 
Shar-peis, Rhodesian ridgebacks and Australian cattle dogs. 
However, breeds with bulldog ancestry account for more than 
50% of cutaneous MCT cases. Tumours in Boxers and Pugs 
tend to occur at a young age, are either low or intermediate 
grade and benign. Shar-peis are predisposed to developing 
poorly differentiated, high-grade tumours at a young age. 

Grading of MCTs has significant influence on accurate 
prognostication and selection of the appropriate therapy 
protocols for a particular patient. Gross assessment and 
clinical staging can provide useful information pertaining to 
malignant potential of a MCT, but needs to be correlated to 
histological grade to provide maximum diagnostic benefit. It 
should be appreciated that fine-needle aspirate (FNA) cytology 
may allow for a diagnosis to be made but does not allow for 
accurate grading. Histological grading of tumours remains 
the single most important and relevant prognostic factor in 
cutaneous MCTs.

histologiCal graDing

Evidence-based medicine studies have resulted in the 
development of a more expanded histological grading system 
to provide scientifically sound, reliable and very relevant 
prognostic data for clinicians on which to base their selection 
of therapeutic protocols which are most likely to have a 
successful outcome.   

Your pathologist should be providing you a report based 
on a combination of the of Patnaik and Kiupel two-tiered 
histological grading systems. These grading systems are 
then coupled with a critical assessment of mitotic index in 
at least 10 high-powered fields, histological examination 
of the surgical margins and, where indicated, performing 
immunohistochemical tumour-marker stains plus assessment 
of the tumour’s proliferation index.

the Patnaik system (1984)

This system is still used for the initial histological examination 
and the Patnaik grade should still appear in your report. This is 
a broad descriptive morphological system which shows poor 
correlation / concordance between pathologists reading the 
sections (<64% for Grades I and II and 75% for Grade III). 
The other interpretive grading systems are then added on top 
of this Patnaik description to provide maximum benefit for the 
clinician.  

Kiupel two-tier system (2011)

The new two-tier system introduced by Kiupel et al. is 
characterised by its simplicity, eliminating subjectivity 
inherent in Patnaik system. This system includes a group of 
clearly defined criteria which are used to split MCT into low-
grade or high-grade (high-risk) tumours.

The criteria employed include mitotic index per 10 HPFs, 

GRADE HISTOLOGICAL CRITERIA
1.Well differentiated Monomorphic round cells with 

distinct cytoplasm, medium-sized 
intracytoplasmic granules, no 
mitotic figures noted. Compact 
groups or rows of neoplastic cells 
confined to dermis.

2. Intermediately 
differentiated

Some pleomorphic cells round to 
ovoid in shape. Some cells have less 
distinct cytoplasm with large and 
hyperchromatic  intracytoplasmic 
granules, but others have distinct 
cytoplasm with fine granules. 
Areas of oedema or necrosis 
are noted. Mitotic figures are 
0–2 per high-power field (HPF). 
Tumour infiltrating lower dermis/
subcutaneous tissue.

3. Poorly 
differentiated

Dense sheets of pleomorphic cells 
with indistinct cytoplasm with fine 
or not obvious intracytoplasmic 
granules. Mitotic figures 3–6 
per high-power field. Oedema, 
haemorrhage, necrosis and 
ulceration common. Tumour 
infiltrating lower dermis/
subcutaneous tissue.
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number of multinucleated cells (3 or more nuclei) per 10 
HPFs, number of bizarre nuclei (atypical with indentations, 
segmentation and irregular shape) per 10 HPFs and presence / 
absence of karyomegaly (nuclear diameters of at least 10% of 
neoplastic mast cells vary by at least 2 fold).

high grade 
• > 7 mitoses per 10 HPF or
• At least 3 multinucleated (3 nuclei or more) cells in   
 10 HPF or
• At least 3 bizarre nuclei in 10 HPF or
• Karyomegaly

Tumours are classified as high grade if one or more of these 
criteria are met. Median survival time < 4 months.

low grade
• < 7 mitoses per 10 HPF
• <  3 multinucleated (3 nuclei or more) cells in 10   
 HPF
• <  3 bizarre nuclei in 10 HPF
• No karyomegaly

Tumours are classified as low grade if all these criteria are 
met. Median survival time > 2 years.

This study revealed that all dogs with Kiupel high-grade 
tumours had a uniformly negative outcome.  Dogs with 
low-grade Kiupel tumours did not have uniformly positive 
outcomes, however, highlighting the importance of providing 
all 3 sections Patnaik + mitotic index + Kuipel to clinicians for 
maximum help. 

Mitotic index as a Predictive indicator (2007)

Critical evaluation of the mitotic index in at least 10 HPFs 
has shown strong prognostic value for survival. This mitotic 
index assessment is particularly useful in sub-categorising 
intermediate grade (Grade II) tumours, where a broad 
spectrum of tumours with varying malignant capability are 
classified in the Patnaik system.

• Grade II tumours with a mitotic index of < / = 5 per   
 10 HPFs; survival time of 70 months.
• Grade II tumours with a mitotic index > 5 per 10   
 HPFs; survival time of 5 months or less.
• >5 prognostic for reduced survival independent of   
 grade.
• >7 predictive for recurrence.

There are exceptions to the rule, with some tumours with 
mitotic index of 2 or more per 10 HPFs behaving aggressively 
and, very rarely, tumours with mitotic index of 1 or less having 
lymph node metastases. 

surgical margins

Histological examination of surgical margins is a further 
powerful prognostic tool and also extremely important in 
determining if further surgery or adjunctive radiation therapy 
is required. Dogs with incomplete histologically tumour-free 
margins are at increased risk for tumour recurrence as well as 
more likely to develop metastatic disease.

Surgical targets
 Grade I:  2 cm lateral, 1 deep plane
 Grade II: 2-3 cm lateral, 1 deep plane
 Grade III: >3 cm lateral, 1 deep plane
Remember: formalin-fixing and tissue processing result 
in significant tissue shrinkage and so the histological 
measurement can be remarkably different to that suspected 
clinically. In addition to establishing whether surgical margins 
are histologically tumour–free, the following observations 
about the margin tissue can also be extremely useful to the 
clinician:

• Are neoplastic cells closest to the margin part of a   
 circumscribed mass or fragmented with infiltrating   
 islands of cells?
• What are the tissue constituents of the margin? Is   
 tissue viable, necrotic or inflamed? 

lymph node involvement

Confirmed histological lymph node metastasis is a negative 
prognostic indicator irrespective of the grading. Dogs with 
lymph node metastases are nearly 8 times more likely to die of 
MCT than those without. It is important to remember that the 
presence of mast cells in lymph node cytology smears is not 
conclusive but merely an indicator that surgical biopsies into 
formalin for histological confirmation are required. 

• Grade I and II tumours with positive nodes: local   
 lymph node removal and radiation of the lymph node   
 bed is indicated.
• Grade III tumours with positive nodes: local lymph   
 node removal and chemotherapy indicated.

CD117 (c-KIT) Immunohistochemical (IHC) stains (Minor 
Prognostic Indicator)

CD117 (c-KIT) cell surface marker is expressed by all MCT 
and this IHC stain is performed on formalin-fixed tissues 
where it has various applications.

• To confirm highly anaplastic tumours with poor or no  
 cellular granulation as being of mast cell origin.
• Staining pattern has prognostic significance helps   
 sub-classify Kiupel low-grade tumours

o Pattern 1: Perimembrane – favourable.
o Pattern 2: Focal cytoplasmic – intermediate.
o Pattern 3: Diffuse cytoplasmic – unfavourable.

Please note this staining detects all c-KIT and is not the same 
as c-KIT mutation status, so it is not predictive of response 
to tyrosine kinase inhibitors. Mutation analysis of c-KIT is 
performed by PCR. 

Ki-67 Proliferation index (Minor Prognostic indicator)

Also an IHC procedure performed on formalin-fixed tissues. 
Used in conjunction with CD117 (c-KIT) to assist in sub-
classifying Kiupel low-grade tumours.

aPPliCations

Grading information is integrated with the clinical staging 
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information to provide the clinician / oncologist with 
meaningful prognostic information to make informed 
decisions about: 

• Surgery: remains the primary treatment modality.   
 Decisions are made based on the grading    
 for second surgery, lymph node removal, adjunctive   
 therapy, chemotherapy or palliative therapy.
• Radiation therapy: grading allows for selection of   
 radiation therapy to the right circumstances    
 where it is most likely to be effective, i.e. where   
 complete excision cannot be achieved or    
 with concurrent lymph node involvement.
• Chemotherapy: grading used to decide where   
 chemotherapy is most likely to be effective:
 o Reduce tumour burden prior to definitive surgery.
 o In high-grade tumours with evidence of systemic   
  spread.
 o Post-operatively where a tumour has been    
  completely excised and further     
  surgery not possible or radiation     
  therapy not available.

• Tyrosine kinase inhibitors: used for the treatment   
 of recurrent MCT where surgical excision    
 is not possible or appropriate.     
 These are most effective in MCT with c-KIT   
 mutations. Multiple studies have indicated    
 that 15-40% of all MCTs have     
 mutations in c-kit; however, no genetic defects were   
 identified in >60% of MCTs. These findings indicate   
 that although c-kit mutations are involved    
 in the development and progression of some    
 MCTs, mutations in other genes are likely to   
 be involved in the induction and progression   
 of most MCTs.

suBCutaneous MCt

These subcutaneous MCTs are not graded according to the 
histological grading systems of Patnaik and Kiupel, but the 
following comments are made:

If the subcutaneous MCT has no mitoses, the likelihood of it 
recurring is about 2% and of metastasising 1%. An extremely 
small percentage is malignant. If the mitotic index is 1-4 per 
10 HPFs, the likelihood of it recurring is about 10% and of 
metastasising 3%.  A mitotic index > 4 per 10 HPFs has a 
higher likelihood of recurring (ca. 50%) and metastasizing 
(25%). Ki-67 and c-KIT IHC stains add further weight to the 
prognostic indications of the mitotic index.

Those that are infiltrative, have multinucleated cells (>1 per 
10 HPFs) or anisokaryosis (in >10% of cells) are likely to 
be malignant. Further testing with Ki67 and c-Kit cellular 
distribution provides further information.  
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Questions Select one answer:
                                                                     

1. What is the most common skin malignancy of dogs?
 (a) Squamous cell carcinoma
 (b) Mast cell tumours
 (c) Lymphoma
 (d) Basal cell tumours
 (e) Follicular tumours

2. Which of the following breeds are considered to have a 
breed susceptibility for cutaneous mast cell tumours?

 (a) Boerbul
 (b) Africanis
 (c) Yorkshire Terriers
 (d) Boxers
 (e) Border Terriers

3.What is considered the single most important and relevant 
prognostic indicator for cutaneous mast cell tumours in 
dogs?

 (a) Histological grading
 (b) Cytological grading
 (c) Gross assessment
 (d) Clinical staging
 (e) Diagnostic imaging

4.Which grading systems should appear in a histopathology 
report on all cutaneous mast cell tumours?

 (a) McSporran Grading system
 (b) Bostock Grading system
 (c) Ward Grading System
 (d) Duncan and Kalishman Grading systems
 (e) Patnaik and Kiupel two-tiered grading systems

5. What is the major shortfall of the Patnaik Grading System?
 (a) It does not include the mitotic rate of the tumour
 (b) It does not evaluate cellular pleomorphism
 (c) There is poor correlation / concordance between  

 pathologists reading sections
 (d) Nuclear morphology is not used in the system
 (e) Tumour infiltration is not evaluated

6. What are the criteria for karyomegaly in the Kiupel two-tier 
grading system? 

 (a) Nuclear diameters of at least 10% of neoplastic mast  
 cells vary by at least 2 fold.

 (b) Nuclear diameters of at least 5% of neoplastic mast  

 cells vary by at least 2 fold.
 (c) Nuclear diameters of at least 2% of neoplastic mast  

 cells vary by at least 2 fold.
 (d) Nuclear diameters of at least 7% of neoplastic mast  

 cells vary by at least 2 fold.
 (e) Nuclear diameters of at least 1% of neoplastic mast  

 cells vary by at least 2 fold. 

7. For cutaneous mast cell tumour classification, mitotic rate / 
index of the tumour is calculated according to the number 
mitoses in how many High Powered Fields?

 (a) Two
 (b) Three
 (c) One
 (d) Ten
 (e) Five

8.What are the target surgical margins for Grade II mast cell 
tumours?

 (a) 0.5-1 cm lateral, 2 deep planes
 (b) 2-3 cm lateral, 1 deep plane
 (c) 1-2 cm lateral, 1 deep plane
 (d) 1-2 cm lateral, 1 deep plane
 (e) 0.5-1 cm lateral, 1 deep plane

9. What is the significance of histologically confirmed mast 
cell tumour lymphnode metastases?

 (a) Indicates increased risk of tumour recurrence at the  
 primary skin site

 (b) Of no clinical significance unless associated with a  
 Grade II high-grade tumour

 (c) Dogs with lymphnode metastases are nearly 8 times  
 more likely to die of MCT than those without

 (d) Indicates increased risk of pulmonary metastases
 (e) Indicates the concurrent presence of visceral mast cell  

 tumours

10.Which of the following cell surface markers are expressed 
by all mast cells?

 (a) CD117
 (b) CD3
 (c) CD79a
 (d) CD20
 (e) CD18


