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Foreword

Dear colleagues,

On behalf of the Collaborative Veterinary Cancer Centres, we would like to wel-
come you to the 5th Dutch Oncology Conference.
Since our first ‘ONCOlogisch Treffen’ much has changed in veterinary oncology.
While oncology was only a small field in veterinary medicine as little as 5 years
ago, it has now grown to be the specialty with the largest evolution. This is main-
ly due to many advances in basic oncological science. 
The subject of this year’s conference deals with cancer of the skin in all its forms.
We are pleased to have some of the world’s top speakers in every field important
to dermatologic tumours. You will have the chance to gain from their knowledge
and enthusiasm during the course of this weekend.
This year’s programme has another important feature. The arrival of new drugs
for the treatment of mast cell tumours in the dog has given us an enormous
opportunity. On the other hand we will be faced with the challenge to learn how
to use these drugs in practice and change our way of dealing with these patients
and their disease.

To make a conference like this succeed, many people need to be thanked; more
than can be mentioned on one page. 
A special word of honour goes out to Johan de Vos. Since the institution of the
Veterinary Collaborative Cancer Centres, he has been the driving force behind
all this. Veterinary oncology in The Netherlands and Belgium wouldn’t be what
it is now without his continuing effort. 
We would especially like to thank the many sponsors. Without their generous
support, it would be absolutely impossible to organise events like these. Please
take the time to visit their stands and talk to their representatives. 

We hope you enjoy this ONCOlogisch Treffen, edition 2010!!

Tom Hendrickx
Samenwerkende Diergeneeskundige Kankercentra (SDK)

www..kankerbijdieren.nl
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Program

ONCOlogisch Treffen 2010
‘Skin tumours: there’s more beyond the surface’

Saturday february 6th 2010 (moderator Erik Teske)

09.00 - 09.05 Opening of the congress

09.05 - 10.00 Chiara Noli (Page 9)

Introduction to skin tumours: prevalence, how to perform proper diagnostic
procedures, and pitfalls of cytology and histology. 

10.00 - 10.45 Michael Pavletic (Page 16)

Surgical wound closure: methods and their selection.

10.45 - 11.15 Coffee break

11.15 - 12.00 Barbara Kaser-Hotz (Page 21)

General principals of radiation oncology. 

12.00 - 12.45 Barbara Kitchell (Page 28)

Targeting canine cutaneous mast cell tumours: new concepts from bench to
bedside. 

12.45 - 13.45 Lunch

13.45 - 14.00 Presentation of the Dutch Animal Cancer Foundation-Award.

14.00 - 14.45 Chiara Noli and Barbara Kitchell (Page 33)

Histo-pathologic aspects and managing of canine epitheliotropic lymphoma. 

14.45 - 15.30 Michael Pavletic (Page 41)

The use of skin stretching devices.

15.30 - 16.00 Coffee break

16.00 - 16.45 Barbara Kaser-Hotz (Page 47)

Radiation therapy within the treatment protocols of canine and feline skin and
soft-tissue tumours. 

16.45 - 17.30 Michael Pavletic (Page 51)

Closure options of pinna and elbow wounds. 

17.30 - 17.45 Pfizer presentation on Palladia (Page 57)

17.45 - 18.30 followed by keynote lecture (Page 57)

Hanneke Kluin - Nelemans
Systemic Mastocytosis: a human disease?  

19.30 Congress dinner
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Program

Sunday february 7th 2010 (moderator Jolle Kirpensteijn)

09.00 - 09.45 Michael Pavletic (Page 78)

Trunk wounds and closure options. 

09.45 - 10.30 Barbara Kitchell (Page 81)

Canine melanoma: biologic behaviour and treatment strategies.

10.30 - 11.00 Coffee break

11.00 - 12.00 Keynote lecture (Page 85)

Wilma Bergman: 
Epidemiology of human skin tumours in The Netherlands, and a comprehensive
review of clinical and fundamental aspects of melanoma. 

12.00 - 12.45 Chiara Noli (Page 88)

Pseudo-tumours and reactive histiocytosis.

12.45 - 13.45 Lunch

13.45 - 14.30 Barbara Kaser-Hotz (Page 95)

Principles and indications of photodynamic therapy (PDT) in the management of
skin tumours. 

14.30 - 15.15 Michael Pavletic (Page 102)

Nasal reconstructive surgery.

15.15 - 16.15 Barbara Kitchell (Page 105)

Feline cutaneous neoplasia, followed by case examples: cutaneous tumours in
veterinary medicine.

16.15 - Farewell drink
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Biography

ONCOlogisch Treffen, february 6 - 7, 2010

‘Skin tumours: there’s more beyond the surface’

The Dutch veterinary oncology conference ‘ONCOlogisch Treffen’ celebrates its fifth anniversary.
On 6 and 7 February 2010 the Conference will highlight tumours of the skin in dogs and cats. World-famous spe-
cialists, from different disciplines, will deal with this topic, warranting an exciting and high-level education program.

The speakers

Dr. Chiara Noli
Dr. Chiara Noli graduated in veterinary medicine from the University of Milan, Italy, in 1990.
After a residency at the University of Utrecht, Holland, she obtained the European Diploma in
Veterinary Dermatology in 1996. Since then she works as referral dermatologist and der-
matopathologist in Northen Italy. Dr. Noli is Past President and Founder Member of the Italian
Society of Veterinary Dermatology, Past President of the European Society of Veterinary
Dermatology and has been Board Member of the International Society of Veterinary
Dermatopathology. Dr. Noli is author of nearly 100 articles in Italian and international journals,
of eight book chapters and of two veterinary dermatology textbooks.

Prof. dr. Michael Pavletic
Dr. Pavletic is a Diplomate of the American College of Veterinary Surgeons. He was professor of
surgery at Louisiana State University, and Head of Small Animal Surgery at Tufts University. Dr.
Pavletic assumed the position of Head of the Surgery Department at Angell Animal Medical
Center in Boston in 1998. He was elected as the 2007 President of the ACVS and 2008 Chairman
of the Surgery College. 
Dr. Pavletic has published over 100 articles in the fields of plastic and reconstructive surgery,
wound healing and wound management. He has developed over 50 original surgical techniques
to date, and also is the author of the textbook, ‘Atlas of Small Animal Reconstructive Surgery’. 

Prof. dr. Barbara Kaser-Hotz
Dr. Kaser - Hotz is an ACVR Diplomate of Radiology and Radiation Oncology, and an ECVDI
Diplomate of Diagnostic Imaging. She was Head of the Department and Professor of Veterinary
Radiology and Radiation Oncology at the University of Zürich. Since 2008 dr. Kaser is Head of the
Animal Oncology and Imaging Centre in Zürich and Professor of Veterinary Radiology and
Radiation Oncology at the University of Berlin.

Prof. dr. Barbara Kitchell
Dr. Barbara E. Kitchell graduated from Purdue University School of Veterinary Medicine in 1979. 
Dr. Kitchell completed an internship at the University of Minnesota, then residency in Small
Animal Medicine at UC Davis. She started an Oncology referral center at Special Veterinary
Services, Berkeley, California in 1985. She received a Ph.D. degree (emphasis in Cancer Biology)
from the Department of Comparative Pathology at UC Davis in 1994. In addition, Dr. Kitchell
completed a postdoctoral fellowship in the Department of Comparative Medicine, Stanford
Medical School from 1990 - 1994. She returned to academic medicine in 1994 as Assistant
Professor in the Department of Veterinary Clinical Medicine, University of Illinois School of
Veterinary Medicine. Dr. Kitchell joined the faculty of Michigan State University in 2004, where
she is acting as Director of the Center for Comparative Oncology. Dr. Kitchell is an ACVIM
Diplomate in the specialties of Internal Medicine and Oncology. She has received numerous
awards including the National Cancer Institute Physician Scientist Award, the Dean’s
Postdoctoral Fellowship Award at Stanford, and the Gaines Cycle ‘Golden Fido’ award for
Veterinarian of the Year in 1993. She was a selected participant at 2 workshops (Molecular
Biology of Cancer in 1993 and Methods in Clinical Cancer Research in 1997), sponsored by the
American Association for Cancer Research and is an active member of that organization. She is
president of the Veterinary Cancer Society. Dr. Kitchell is the author of numerous scientific pub-
lications and chapters, and keeps busy as a single mom of 3 active teenagers.
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Key-note speakers

Prof. dr. Hanneke C. Kluin-Nelemans
Professor dr. Hanneke C. Kluin-Nelemans did her medical training at the Medical Faculty in
Utrecht (1968-1975), followed by specialisation in Internal Medicine, Immunology and
Hematology. She was registered as internist in 1980, as immunologist in 1988 and haematologist
in 1991. Her PhD thesis ‘Clonogenic Assays in the Management of Hematologic Malignancies’
was defended in Leiden in 1988. She was granted a fellowship (Hemato-oncology and
Immunology) by the Dutch Cancer Foundation between 1983 and 1984. From 1984-2000 she
worked as staff member at the Leiden University Medical Center, Dept of Hematology. Since 2001,
she is head of the Department of Hematology, University Medical Center Groningen. Her main
fields of expertise consist of malignant lymphoma, hematomorphology and mastocytosis.

Prof. dr. Wilma Bergman
Dr. Bergman will be Key-note speaker on sunday. Dr. Bergman was Head of the Department of
Dermatology at the Leiden University Medical Centre, The Netherlands. In 1988 she wrote her
doctoral thesis entitled ‘Clinical and fundamental aspects of familial melanoma’. Since 2008
Dr. Bergman is a Melanoma Foundation Professor at Leiden University, with a special assignment
on melanoma pre- and post-graduate education and public information. Her scientific research
is focussed on genetic aspects of skin melanoma in humans. She is co-author of more than one
hundred international publications.



6 ONCOlogisch Treffen 2010



2010 7

ONCOlogisch Treffen 2010

‘Skin tumours:
there’s more beyond the surface’

Saturday february 6th

(moderator Erik Teske)

Sunday february 7th

(moderator Jolle Kirpensteijn)
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Chiara Noli

Introduction to skin tumours: prevalence, how to
perform proper diagnostic procedures, and pitfalls
of cytology and histology

Dr. Chiara Noli, Dip ECVD
Ospedale Veterinario Cuneese, Borgo S. Dalmazzo (C N) - Italy

Incidence and revalence of skin tumours
The incidence of skin tumours among domestic carnivores is not exactly known,
as it can vary considerably depending on the region and on the breed populari-
ty in the different countries and time periods. One of the first studies indicated
an incidence rate of 728 cases of cancer of the skin and connective tissue/100000
dogs/year, and 84 cases in the cat (Dorn a and b). In another more recent study
the incidence rate was calculated to be 1,437 per 100,000 dogs per year (Dobson).

In a survey from a pathology laboratory (Goldschmidt) skin tumours represent-
ed 45% of canine and 24% of feline surgical pathology submissions. The high
prevalence of submissions originating from the skin is likely to reflect the readi-
ness of the veterinarian to identify and excise lesions in these sites, compared
with sites within the body cavities. Of these epithelial tumours were 35% and
43% of canine and felin skin tumours respectively, while about half of all skin
neoplasms were of mesenchimal origin in both species. A more precise break-
down of the submissions is given in the following tables:

Skin tumours in the dog (Goldschmidt) benign malignant
Epithelial 35% 85% 15%
Melanocytic 4% 81% 19%
Mesenchimal 50% 57% 43%
Tumour like lesions 11% 100% -

Skin tumours in the cat (Goldschmidt) benign malignant
Epithelial 43% 60% 40%
Melanocytic 1% 58% 42%
Mesenchimal 47% 20% 80%
Tumour like lesions 9% 100% -

Among epithelial skin tumours, the same study reports hepatoid gland adeno-
ma (27%), sebaceous adenoma (12%), trichoepitelioma (12%) and trichoblastoma
(11%) were the most prevalent ones in dogs, and trichoblastoma (34%), squamous
cell carcinoma (23%) in cats. Among mesenchimal and round cell tumours histi-
ocytoma (24%), mast cell tumour (20%), lipoma (16%) and hemangiopericytoma
(now called perivascular nerve sheath tumour)(14%) were seen more frequently
in dogs, while fibrosarcoma (36%), mast cell tumour (27%) and lipoma (12%) had
the highest prevalence in cats (Goldschmidt).
In another more recent study from Korea skin tumours comprised 25% of all sub-
missions to a Veterinary Pathology Laboratory (Pahkrin). Thirty-eight different
types of cutaneous tumors were identified and categorized into epithelial and
melanocytic tumors (56.95%), mesenchymal tumors (38.90%), and hematopoiet-
ic tumors (4.14%). Among these, 69.25% were benign and 30.74% were malignant.
The most frequently diagnosed cutaneous tumors were epidermal and follicular
cysts (12.70%), lipoma (11.36%), mast cell tumors (8.82%), cutaneous histiocytoma
(7.49%), basal cell tumors (6.82%), sebaceous gland adenoma (6.68%), sebaceous
gland hyperplasia (5.08%), hepatoid gland adenoma (3.61%), apocrine adenocar-
cinoma (3.07%), and fibroma (2.81%), in order of prevalence. They comprised
68.45% of all cutaneous tumors. These were distributed on the trunk (30.08%),
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head and neck (20.9%), extremities (19.14%), anal and perianal area (8.59%), and
tail (3.91%). The age of the dogs with the ten most frequent tumors had a mean
age of 8.3 years, with a range of 2 months to 19 years. When all types of tumors
were considered together in the entire population, there was no difference in
incidence according to sex.
In another survey from Zimbawe, the prevalence of epithelial, mesenchymal,
lymphohistiocytic and melanocytic tumours was 39.4%, 44.4%, 7.4% and 8.7%,
respectively (Mukaratirwa). The 10 most common tumours, comprising 73.7% of
all cutaneous neoplasms, were mast cell tumours, squamous cell carcinomas,
perianal gland adenomas, lymphomas, benign melanomas, haemangiosarco-
mas, sebaceous gland adenomas, fibrosarcomas, lipomas and malignant
melanomas. The prevalence of various neoplasms, age of affected dogs and sites
of occurrence were similar to surveys in other countries, except that in
Zimbabwe there was a greater prevalence of lymphomas and of tumours associ-
ated with increased exposure to ultraviolet light (squamous cell carcinomas,
haemangiosarcomas and melanomas). For all classes of tumours the sex of the
dog did not have any significant influence on the likelihood of developing a
tumour. For a dog diagnosed with a tumour located on the trunk, the tumour
was significantly more likely to be an epithelial tumour than a non-epithelial
tumour.
In another English study (Dobson) canine cutaneous histiocytoma was the most
common single tumour type, with a standardised incidence rate of 337 per
100,000 dogs per year, followed by lipoma (318), adenoma (175), soft tissue sarco-
ma (142), mast cell tumour (129) and lymphosarcoma (114).
In a last study from Greece thirty-one types of neoplasm were diagnosed, among
which mast cell tumours (13.8%), hepatoid gland adenomas (9.8%), lipomas
(5.7%) and histiocytomas (5.7%) were the most common (Kaldrymidou). The
prevalence of epithelial, mesenchymal, lymphohistiocytic and melanocytic
tumours was 47.7, 40.8, 8.6 and 2.9%, respectively. Potentially malignant neo-
plasms were less frequently recorded than benign neoplasms. The odds of
tumour malignancy linearly increased with increasing age of the dog by a factor
of 1.1 per year. Finally, the effect of the sex and the breed of the dog on the risk
of developing cutaneous neoplasms was investigated in an age-matched case-con-
trol sample of 348 dogs by conditional logistic regression analysis. The odds of
neoplasm presence were two times higher in pure bred dogs than in mongrels
but did not differ between cross-breeds and mongrels.

Diagnostic procedures: cytology
Microscopic examination of cytology specimens is a very useful, inexpensive and
rapid method of obtaining important information about skin tumours. The dis-
advantage of cytology is that it gives information only on the morphology of the
single cells, and not of the tissue structure (as histology) and invasion of sur-
rounding tissues. So a histologic examination is mandatory in all excised skin
tumours. Furthermore, whereas in some cases it is definitively diagnostic (as in
mastocytoma), in others it is of no help (as in cases when only fat is harvested).
Skin tumours should be excised as soon as they are detected, as many malignant
cutaneous neoplasia may be completely cured if well excised. Cytology, by help-
ing us to determine the type of tumour before the excision, may help us to per-
form the excision in the most efficaceous way. The most important example in
this respect is mastocytoma, which needs extremely wide excision margins in
order not to recur

When collecting samples, the clinician should favor quality over the quantity of
cellular material, seeking to obtain a monolayer of cells that is much easier to
examine than an accumulated mass. 
Following the instrumetation required for cytological sampling:

- Frosted-end glass slides 
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- Pencil for writing details of the sample on the glass slide
- Injection needles (grey 21 G) for fine needle aspirates
- Fine injection needles (24 G) for fine needle insertion
- 5 and 10 ml syringes for fine needle aspirates
- Number 10 or 20 scalpel blades for collecting samples from tumour (section)-

surfaces
- Small jars for immersing specimens during staining
- A set of stains e.g. Diff Quik ir Hemacolor (alcohol, red, blue) or May Gruene-

wald Giemsa
- Spray bottle with distilled water, in case there is no access to tap water nearby
- Tissue paper on which to place the slides while they dry or a hair drier for

more rapid drying. 
- A microscope capable of good resolution up to 100x magnification

(oil immersion)
- Coverslips from 20 x 20 mm to 50 x 24 mm
- Glue to mount the coverslips (Eukitt type) 
- Slide box to store specimens in the dark

Fine needle aspiration
This technique is used for raised lesions, nodules or accessible lymph nodes. A
21-G (grey) needle is inserted into the center of the nodule and connected to a 5
or 10 ml syringe. While the needle is inside the mass, several 1-2ml aspirates are
made, changing the needle position (angulation) without withdrawing the nee-
dle from the mass. The suction is completely released before withdrawing the
needle. If this has been done correctly, the plunger should return to 0 ml and the
cells will be located in the needle lumen. If the plunger fails to return to zero,
air has entered the syringe and the procedure should be repeated because the
cells are in the cone of the syringe and difficult to remove. 
The needle is then removed from the cone and the syringe filled with air, recon-
nected to the needle and the cells are ‘sprayed’ onto a microscope slide. If the
sample is liquid, a smear is made, similar to that used for blood. If the material
is solid, the material is spread by placing a second slight over the sample, apply-
ing little or no pressure, and spreading the sample.

Fine needle insertion
Samples containing mainly or only blood are of little value for microscopic eval-
uation. In these cases, a 24G (brown or orange) needle can be inserted into the
mass and it’s angle changed rotating it on its axis, without connection to a
syringe. The samples are sprayed onto a slide and spread as described above. This
technique is particularly indicated for lymph nodes. 

Impression smear
Impression smears are used for exudative lesions and from cut surfaces of
excised nodules or biopsy punches. In the latter cases, useful information can be
obtained prior to receiving the histopathological report. The slide is placed sev-
eral times lightly onto the lesion and in the case of biopsy samples or excised
nodules, the sample is ‘spotted’ on to the slide, avoiding spreading. Impression
smears have the advantage of not deforming the cells but often result in a sam-
ple that is too thick. In such cases, search around the margins of the slide for a
monolayer of cells. 

Fixation and staining
When using standard in-house stains, the slides should be air dried before stain-
ing. Rapid in-clinic stains are generally modified Wright-type such as Diff Quik
or Hemacolor, consisting of a fixative (generally ethanol) and red and blue stains.
If the stains are fresh, it is sufficient to immerse the slide into each liquid for 5-
10 seconds. If mast cell tumor is suspected, the sample should be fixed for 2 min-
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utes to ensure maximal staining of the granules. After staining, the slide is
washed under a stream of tap water or distilled water and left to air dry. Drying
may be assisted by using a hair dryer or by lying the slide on a dry tissue, with-
out wiping the sample. Stains should be changed frequently because of contam-
ination and loss of capacity to stain tissue (especially the blue). 
This type of stain is sufficient for a basic evaluation of neoplastic lesions.
However, these stains are insufficient for a detailed evaluation of neoplastic cells
and it is advisable to send stained and unstained specimens to a veterinary labo-
ratory. More time-consuming staining methods, like May-Gruenwald-Giemsa are
preferable for cytological evalutaiont of neoplastic cells.In any case, where the
diagnosis is not obvious (e.g. mast cell tumor), the diagnosis of neoplasia should
not be based solely on in-house cytology. 

Examination and storage of samples
The slides should be viewed at first with the 4x objective to obtain an overview
and then with the 10x, 40x and 100x (oil immersion) objectives, concentrating
on the most significant areas. At lower power, the cellular content of the sample,
its quality and the depth of staining are evaluated. It is important to evaluate if
the cells are intact or burst (‘naked nuclei’). The nuclei should be have a good
blue color, the eosinophils should contain red-orange granules and the mastcells
purple ones. If insufficiently stained, the samples can be immersed in the exist-
ing or new stains. Old, poorly filtered or contaminated stains produce artifacts
such as crystals, dirt or molds. To preserve the sample, the cover slip can be
mounted with glue (Eukitt, Crystal Mount) and stored away from direct light. As
any sample is going to fade with time, it is advised to take multiple photographs
from particularly interesting preparates.

Diagnostic procedures: skin biopsy
Complete excision of the skin nodules with wide margins are preferred whenev-
er. An elliptical incision is made with a scalpel to include the lesion. The sample
should be immediately fixed in formalin, ensuring that it is well immersed and
that it does not float to the surface. For nodular lesions > 2cm in diameter it is
important to make a 1-2cm full thickness incision, leaving the base intact. This
allows the pathologist to orientate the sample with respect to size and shape. 

In cases in which a complete tumour excision is impossible, then a punch biop-
sy may be performed to obtain the diagnosis (and tumour grading when appli-
cable). In order to maximize the probability of a diagnostic biopsy, a larger
punch (6-8mm) should be used wherever possible. The punch is held perpendi-
cular to the skin surface by the thumb and forefinger. Continuous pressure is
exerted, rotating the punch in one direction only. The punch is removed when
the dermis is fully perforated and the subcutis is reached. The deep dermis and
subcutis is gently held with forceps and the sample is removed, cutting as deep
as possible. To avoid damage to the specimen and the production of artifacts, it
is important not to grasp the epidermis and superficial dermis with the forceps.
The biopsy sample should be gently dried with a swab to remove excess blood
that can interfere with histopathologic interpretation and the immediately
placed in 10% formalin. The wound is closed with one or two sutures, depending
on its size and location. 

Samples should always be fixed in a volume of 10% formalin at least 10x greater
than the sample volume. The opening of the container should be larger than the
sample itself; formalin hardens the tissue making extraction of the sample from
small diameter containers very difficult. Skin samples should not be refrigerat-
ed because of the risk of freezing and artifact formation. In cold climates, it may
be necessary to add 10% alcohol to the formalin solution to prevent freezing. The
sample should always be accompanied by a full clinical history. The clinician is
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more likely to receive an accurate diagnosis and other useful information if the
pathologist receives a full clinical history. The pathologist should be informed of
the signalment (species, age and breed), clinical signs, description and site of the
lesions and duration and evolution of the disease. Any treatment/medication, its
duration and period of suspension should be included. Biopsies from different
sites should be submitted in separate numbered containers with a description in
the history indicating the site and type of lesion for each biopsy.

Advantages and pitfalls of cytology and of histology
Advantages Disadvantages and Pitfalls

Cytology - Rapid - Single cells or groups of cells,
- Unexpensive however not organized in
- In house structures, tissues or organs,
- More sensitive in mast cell therefore diagnoses based on
tumours and many round growth pattern not possible
cell tumours - Mesenchymal proliferations
(lymphoma, histiocytoma, etc) may be difficult to interpret

- Can be learned by clinicians - Pitfalls in sampling (center of
(at least for tumours easy to a cyst vs wall): i.e. positive 
recognize) results more reliable than

- No anaesthesia necessary negative results
- No risk for metastases
- Need of several different
samples if different stains or
immunocytochemistry is
needed (cannot be done retro-
spectively)

Histology - Most times more diagnostic - May require general anaes-
- Cells organized in structures, thesia
tissues and organs - More expensive

- Can usually discriminate well - Minimum 3 days for proces-
between tumour and inflam- sing
mation in inflamed tumours - Outside lab
of fibrous chronic inflam- - May miss mastcell tumour
mations - Round cell tumours may be

- Immunohistochemistry and difficult to interpret without
lymphocyte clonality more immunohistochemistry
readily performed - Needs an experienced dedi-

- Possibility of different stains cated pathologist
and re-cuts from the same
sample, even after many years

- Infiltrative growth and
tumour grading can be
assessed

Aknowledgment
I would like to thank Dr. Erik Teske for the help in the compilation of the table
above.
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Surgical wound closure: methods and selection

Michael M. Pavletic DVM, DACVS
Director of Surgical Services
Angell Animal Medical Center
Boston, Massachusetts 02130

Introduction
The method of wound closure commonly involves the veterinarian’s assessment
of the following factors:

- Wound condition
- Wound size
- Wound location
- Regional skin tension
- Condition or health of the regional skin
- Factors affecting wound healing

Many contaminated or infected wounds require a variable period of open wound
management (delayed primary closure, secondary closure) before wound closure
can be safely attempted. This is contrast to surgical wounds after tumor resec-
tion, where the wound usually is created under sterile conditions (with the
exception of ulcerated masses.) In the case of ulcerated wounds, most have bac-
terial contamination or are clearly infected. Wide (en bloc) excision of the entire
wound should result in a surgically clean wound suitable for closure.
Wound size and location have an obvious impact on the decision making process
of wound closure; both influence the ability to mobilize regional skin for clo-
sure. However, the skin adjacent to the defect must be healthy and have suffi-
cient durability to close a wound successfully. 

Wound closure options
Wound management and closure is ideally performed under the same anesthet-
ic procedure: it is faster, easier, and more economical. The dilemma is not the
average wound closure in a low impact area surround by durable elastic skin.
Rather, it is the large wounds and problematic defects in body regions lacking
simple skin or mucosal apposition as an effective closure option. Under these cir-
cumstances other closure options require consideration. The list of supplemen-
tal closure options for problematic wounds include:

- Second intention healing
- Tension relieving techniques
- Skin stretchers 
- Local f lap techniques
- Axial pattern f laps
- Skin grafting
- Tissue expanders

Each closure option has specific advantages and disadvantages. On occasion,
techniques can be effectively combined to effectively close a problematic defect. 

Surgical closure options from easy to more difficult
In general, tension relieving techniques can be used to reduce incisional tension.
The release or relaxing incision is one of the more common options employed. It is
possible to use skin stretchers to pre-stretch skin prior to elective surgery, close
large wounds (especially involving the trunk), and to reduce incisional tension
postoperatively. Local skin f laps can be used to close problematic wounds in a vari-
ety of problematic areas. The transposition flap is especially effective for a vari-
ety of body regions. Axial pattern flaps are best employed for large wounds. Skin
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grafts however, are especially useful for lower extremity defects and large trunk
wounds. They are not a preferred technique for surgical wounds after tumor
resection. Although grafting of the surgical defect has been described, the graft
is at greater risk of failure compared to their application to a stable granulation
bed. Tissue expanders are not commonly used in veterinary surgery, although
they have the most potential use for closing lower extremity defects. Use of tis-
sue expanders vs. mesh graft coverage of lower extremity defects is in part the
preference of the surgeon.

Reference
Pavletic MM. Atlas of Small Animal Wound Management and Reconstructive
Surgery. Ames, Iowa, Wiley Blackwell, 2010.
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Introduction to veterinary radiation oncology

Barbara Kaser-Hotz, 
Prof. Dr. med. vet. Diplomate ACVR (Radiology and Radiation Oncolcogy),
Diplomate ECVDI
Animal Oncology and Imaging Center, Hünenberg, Zug, Switzerland, www.aoi-
center.ch

Introduction
Radiation is the second most important cancer treatment modality after sur-
gery. Interestingly, radiation was used shortly after the discovery of radiation by
Röntgen in 1895. Originally, the beneficial effect of radiation was accidently
detected in patients with degenerative joint disease. In veterinary medicine,
radiation therapy was also first used to treat cows and horses with arthrosis. In
the 1930ies Prof. Pommer in Vienna had treated a great variety of different dis-
ease entities, but tumors were not among the most common indications. After
the war radiation was slow to grow in Europe, but in the United States several
veterinary schools started with radiation therapy in animals, now mainly to
treat cancer, and spontaneous animal tumors were used as a comparative model,
as the biologic behaviour of common animal and human tumors is often very
similar. Particularly Colorado State University and Prof. E.L. Gillette played a
major role in the development of veterinary oncology. An additional boost was
given to the specialty, when in 1994 the first diplomates in radiation oncology
were accredited by the American College of Veterinary Radiology. Ever since the
specialty is rapidly growing with currently more radiation facilities in operation
in private setting, compared to Universities. As our animal patients very com-
monly contract cancer and owners are willing to treat their pet with cancer also
in Europe the specialty becomes more readily accepeted and more radiation
equipment are installed.

General Principles
Radiation is used to treat local and regional disease. Rarely is radiation imple-
mented in veterinary medicine to treat the whole body, where as in human
patients the bone marrow is wiped out in patients undergoing bone marrow
transplantation. In veterinary medicine occasionally half body irradiation is per-
formed in the management of lymphoma. But, again, radiation is a modality to
treat local and regional disease (Fig 1).

Fig 1: TNM-Staging 

As in human medicine, more and more, cancer therapy in general is often a mul-
timodality approach using surgery, and medical therapy in combination with
radiation. Often surgery is performed first, followed up by radiation therapy.
Radiation kills cells. It is, as with all cancer treatment options, the goal to max-
imally damage the tumor, while minimally destroying normal tissue. This is
often a narrow path and radiobiologic and physics aspects are optimized to
reach that goal. We will in the following look into these aspects in more detail.
Obviously, an important basis is the knowledge of the biologic behavior of the
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various tumors. This is especially crucial in the choice of curative or palliative
intent therapy. The goal of therapy has to be decided before treatment is initiat-
ed and the decision is based on the metastatic potential of a tumor, the general
health of a patient, concurrent disease, and to some extent also the age of a
patient. Although age per se is not a contraindication for a curative intent treat-
ment approach, life expectancy and quality of life are always important aspects
to take into account in the decision making process. 

Main indications for radiation therapy
- Tumors of the head and neck

Nasal tumors, brain tumors, oral tumors,
- Skin and soft tissue tumors

Mastcelltumors, Squamous cell carcinoma, T-Cell Lymphoma, Soft tissue
sarcoma, Melanoma, Lymphoma, Histiocytic sarcoma

- Others: such as bladder and urethral tumors, osteosarcoma, spinal tumors,
thymoma etc.

Radiobiologic principles
Unlike surgery, radiation cannot be given in a single treatment. Radiation is typ-
ically given in several sessions, called fractions. There is a radiobiologic rationale
behind this fractionation. In the last century it was empirically detected, that if
a given dose is applied in a single fraction it leads to more skin effects than when
the dose is divided in multiple fractions, whereas the tumor will be damaged
more efficiently when multiple doses are applied. The unit in radiation is Gy,
which is defined as 1 J/kg, which means the energy deposited in a given volume.
In general, the higher the dose the bigger the radiobiologic effect, both on nor-
mal tissue and on the tumor. However, the difference in effect between the two
tissues when fractionated radiation is done, lies in the repair capacity. Normal
tissue has an enormous capacity to repair cellular damage inflicted be ionizing
radiation, but tumors lack or are far less efficient in repair (Fig 2).
The fractionation schedules have been designed empirically and evolved over the
centuries and years. The fractionation depends both, on normal tissue and on
the tumor to be treated. Brain tissue for example does not tolerate large frac-
tions, therefore a fine fractionation scheme always has to be implemented when
treating brain tumors. Carcinomas respond best to multiple, rapidly applied
fractions, as their doubling time is often very fast (average in dog tumors, 8
days), whereas sarcomas tend to respond well to larger and fewer fractions. These
are obviously general concept, depending upon the location and the tumor his-
tology fractionation protocols are chosen.

Fig 2: Therapeutic gain normal tissue/tumor
tissue

In veterinary medicine it is more difficult to apply 20 -30 fractions, as it is com-
monly done in human medicine, as our patients have to be anesthetized.
Curative protocols usually involve 12 to 18 fractions, where as palliative proto-
cols make use of 3 to 5 large fractions. The curative protocols involve fractions of
2.5 to 3.5 Gy to a total dose of 45 -60 Gy given over three to five weeks. Palliative
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protocols involve fractions of 6 to 10 Gy each over 2 -3 weeks.
The goal of palliative radiation is to alleviate pain, stabilize and improve quality
of life. Therefore, side effects should be minimal. When curative intent radiation
is applied, the total dose will be higher and acute side effects such as skin or
mucosal irritation is expected. These side effects usually are seen towards the
end of therapy and up to two weeks after completion of therapy. Therapy
involves systemic antibiotics and corticosteroids. Normally these irritations heal
without further complications.

Treatment planning
Before a dog or cat undergoes radiation therapy a complete staging is common-
ly undertaken to assess not only the T stadium but also the regional lymphnodes
and potential distant metastasis. The various imaging modalities play an impor-
tant role in the staging process. When staging is done treatment planning can
begin and involves, depending upon the location of a tumor , only adspectation,
palpation and measuring of the gross tumor with callipers to assess the extent
of the tumor. However, as soon as the tumor is more deeply located, imaging
studies play an important role. For superficial tumors hand-calculated treat-
ment plans can be done, but all other treatment planning is based upon a CT-
Study with the patient immobilized in treatment position. The CT study is then
used to determine the tumor volume and the treatment volume. Computerized
treatment planning is used which involves the choice of the best treatment
beam angles, weight of dose for each field etc, always with the goal in mind to
maximally damage the tumor while sparing normal tissue. In our view, good,
conformed treatment planning makes sense, when care is taken to immobilize
the treatment region from fraction to fraction in the same position. By using
this technique higher doses can be applied to the tumor. 

Fig 3: Transverse CT at the level
of the tympanic bullae; regional
lymphnodes are assessed (a),
treatment plan for pituitary ade-
noma (b), dog’s head immobilized
with a bite block, coordinates are
recorded for treatment planning
(c); sagittal view head with
tumor volumes (red) and normal
tissue volumes (brain) (d).

Treatment equipment
Ionizing radiation can be administered by an external source (teletherapy),
through placement of radioactive isotopes interstitially (brachytherapy) or by
systemic application (Jodine-131). Teletherapy is the most commonly used radia-
tion technique. The machines used to produce the ionizing radiation are, today,
linear accelerators, and to a lesser amount, there are still some cobalt units in
place. Cobalt undergoes radioactive decay under the emission of Gamma-rays.
Both types employ photons in the Megavoltage range, allowing deep penetration
into tissue. The beam is however, much sharper, when linacs are used.
Computerized treatment planning is commonly used with high energy photons
and electrons. While photons have the advantage of deep penetration and spar-
ing the skin, electrons are particularly suitable in veterinary medicine, as their
dose fall of is rapid and thus critical normal structures can be spared, for exam-
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ple when irradiating cats with vaccine associated sarcomas. Orthovoltage
machines are used to treat superficial lesions, as their depth dose distribution is
limited to a few centimetres. The maximum dose is here deposited on the skin.

Fig 4: Linear accelerator and on-line images taken with the radiation beam to assess
treatment possition

Tumors of the head

Tumors of the oral cavity
Oral cancer accounts for 6% and 3% of all tumors in dogs and cats, respectively.
Malignant tumors are more common than benign ones. In dogs, the most com-
mon oral neoplasm is melanoma, followed by squamous cell carcinoma (SCC)
and fibrosarcoma. In cats, the most common tumors, in descending order, are
SCC and fibrosarcoma. Unlike in people, in whom a link to tobacco use and alco-
hol consumption has been observed, the question remains unanswered in veteri-
nary medicine. It has been suggested, that use of flea collars and intake of
canned tuna fish may increase the risk of SCC in cats.
In most cases, an oral mass is observed by the owners. Further symptoms are
increased salivation, halitosis, facial swelling, bloody oral discharge, pain in
opening the mouth, loose teeth. The diagnostic evaluation of dogs and cats with
oral cancer may be challenging. Cytology may be helpful in many cases; howev-
er, histopathological evaluation of biopsy samples will lead to a definitive diag-
nosis.
After having obtained a diagnosis, the tumor needs to be staged, to evaluate if it
has spread locally (to regional lymph nodes) or distantly (mainly to lungs). A CT
scan of the skull is often necessary, either to determine the local behavior of the
tumor, and to possibly plan treatment (surgery or radiation therapy). Since work-
up may be expensive, the first step is to obtain thorax films. If pulmonary
metastatic disease is present, treatment options become really limited, and
euthanasia is in many cases the final decision. If chest films don’t show any evi-
dence of disease, staging can be completed (bloodwork, cytology of regional
lymph nodes, CT-scan). Only after staging, prognosis and treatment options can
be discussed with the owners.
The treatment plan for an individual patient depends on several factors, includ-
ing location of the tumor, stage of disease, general condition of the patient,
owner’s wishing. Surgery represents the best treatment. Usually 2 -4 cm (depend-
ing on histological type) margins in normal tissues should be obtained to avoid
tumor recurrence. Regional lymphadenectomy should be also performed. If sur-
gical margins are dirty, then adjuvant radiation is suggested.
If the tumor is not surgically removable, then (palliative) radiation therapy may
be considered as first-line treatment. Chemotherapy should be considered for
high-grade tumors (because they tend to spread), in case of confirmed metas-
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tases (either regional and distant), or in an adjuvant post-surgical setting (to ster-
ilize surgical mergins). Melanomas are immunogenic and quite chemo-resistant.
Immunotherapy, administered after the local therapy, seems to improve progno-
sis.

Nasal tumors
Nasal tumors are rare both in dogs and cats. In dogs, epithelial tumors comprise
the greatest majority of nasal tumors, with adenocarcinoma, SCC and anaplas-
tic (undifferentiated) carcinomas being overrepresented. In cats, lymphoma and
malignant epithelial neoplasms are the most common tumors. It has been sug-
gested that pollution and living in industrial areas increases cancer risk in dogs. 
Unilateral epistaxis or mucopurulent discharge, facial deformity, sneezing,
exophtalmus, ocular discharge have all been described. If the brain is involved
from neoplastic extension, then neurologic symptoms will be observed, such as
head tilting, circling, epilepsy.
Because neoplasia can mimic rhinitis, diagnosis is challenging in many cases. A
biopsy should be taken to obtain a definitive diagnosis. For staging purposes and
treatment planning, a CT scan of the skull is mandatory. Further examinations
include: bloodwork, evaluation of the regional lymph nodes and thorax x-rays.
In the case of lymphoma, additional work-up is necessary, such as FeLV-FIV sta-
tus, abdominal ultrasound and bone marrow evaluation. Surgery would be the
best treatment option; however, cancer is often too advanced to radically remove
it. Radiation therapy has become the main treatment option, either with cura-
tive and palliative intent, mostly depending on disease stage and general
patient’s conditions. Chemotherapy may be considered in the case of high-grade
or undifferentiated tumors or in case of metastasis.
Localized lymphoma cases are treated by means of radiation therapy as sole ther-
apy. In case of lymph node and/or visceral involvement, systemic chemotherapy
has to be added.

Fig 5: Nasal planum SCC before and after 10 fractions of radiation

ZNS-tumors
Intracranial tumors are not always amenable to surgical removal. Therefore,
alternative local treatment modalities such as radiotherapy are important. In
veterinary medicine due to more complex anatomic structures brain surgery
appears even more difficult than in humans. Therefore, radiation therapy is
even more important for therapy. If radiotherapy is not available or the owners
decide against radiotherapy, chemotherapy might be used. Chemotherapy
might also be added to surgery and/or radiation. Due to the fact, that the blood
brain barrier limits the cytotoxic concentrations of many intravenously applied
drugs and because in veterinary medicine we are mainly dealing with brain
tumors representing primarily a local problem, medical therapy plays less of a
role in the management of brain tumors. 
Nervous tissue is very sensitive to high total doses of radiation, and particularly
to large single doses of radiation. Therefore, careful planning of therapy is a key
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issue in successful therapy of brain tumors. One hast to remember, that not the
tumor itself, but the normal surrounding brain tissue is dose-limiting. It is
therefore always the goal of the radiation oncologist, to treat the smallest possi-
ble brain volume. This is achieved by using computerized treatment planning
and exact repositioning.

Fig 6: Sagittal view of a menignioma, dog in treatment positioning, plan for a glioma in
a boxer

Whereas palliative treatments with a few large fractions can be used for soft tis-
sue and bone tumors, this is not possible for intracranial tumors. Even the small-
est pituitary tumors require fractionated therapy with a minimum of 10 frac-
tions. Larger tumors are treaed with 15 to 18 fractions, given daily, over a time
period of 3 - 4 weeks.
Radiation therapy of brain tumors is in most situations very rewarding, as often
within 3 -5 fractions, improvement of clinical signs is apparent. Dogs and cats
become more alert and neurologic signs, such as circling or seizures diminish or
disappear.
Most animals are treated with corticosteroids to decrease brain pressure. This is
particularly nesessary, when large volumes in the cerebrum have to be irradiat-
ed or when the brain stem is involved. Corticosteroids are tapered off after ther-
apy.
Side effects of radiation are not visible to the owners, as the dose to the skin is
in most instances low and only minimal change in hair color is visible, but no
moist desquamation and hair loss will occur.
The management of dogs with seizures is not always easy. Despite radiation ther-
apy, and despite reduction of the tumor mass, dogs may occasionaly seizure, if
the tumor involves the cerebrum, particulary the piriform lobes.
Phenobarbiturates, and Potassium-Bromide will be used according to clinical
signs.

Summary and conclusion
Radiation involves many aspects, from oncologic knowledge, over imaging inter-
pretation, biology and physics. Technical advances have been amazingly rapid
over the last decade, mainly because of computer technology development.
Radiation cures, alone or in combination, the second most patients, after sur-
gery. It is therefore an integral part of oncologic management.
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What’s new in mast cell disease?

Barbara E. Kitchell, DVM, Ph.D., DACVIM

Normal mast cells are of hematopoietic origin and function as mediators of IgE
specific inflammatory and hypersensitivity responses. Granules in the mast cells
contain a number of vasoactive substances, including heparin and histamine,
which induce the typical mast cell degranulation reaction of redness, pain,
swelling, and itch. Malignant transformation of mast cells is a rare event in
human beings but unfortunately a common event in dogs and to a lesser extent
cats. Because the species in which the molecular pathogenesis of cancer is usu-
ally studied (humans) is not much affected by this disorder, research regarding
the underlying cause of this disorder is scant. There is clearly a breed predispo-
sition in mast cell disease, suggesting a genetic contribution. Environmental car-
cinogenesis for mast cell disease has not been well studied. 

Etiopathogenesis of canine cutaneous mast cell tumors
Canine cutaneous mast cell tumors (MCT) are a challenge for the veterinarian.
Tumors occur in older dogs (mean age 9 years), but any age may be affected.
There is no sex predisposition. Flat nosed English breeds (Boxers, Boston terriers,
Bullmastiffs) have a hereditary predisposition. Shar Pei’s appear to be prone to a
particularly aggressive variant. Boxers and possibly golden retrievers tend to
have well-differentiated tumors, according to some authors. Other breeds at risk
include Labrador retrievers, cocker spaniels, and schnauzers. While the exact eti-
ology of canine mast cell tumors remains unknown, several factors have been
implicated over the years. An early study suggested a viral etiology, based on the
observation of apparent cell-free transmission of mast cell disease in experimen-
tal dogs. No infectious etiologic agent has ever been identified, however. The role
of genetic factors and exposure to environmental carcinogens is probable.
London et al and other investigators identified mutations in the proto-oncogene
c-kit, which is the receptor for hematopoietic stem cell factor, in canine MCTs.
These mutations consist of internal tandem duplications in the negative regula-
tory juxtamembrane domain of kit. It is estimated that these tandem duplica-
tion mutations exist in 38% of canine mast cell cases, and is associated with
more aggressive biologic behavior and higher tumor grade. These mutations
result in constitutive activation of the gene, causing the cells to divide inappro-
priately, ultimately resulting in a tumor. Another less well-explored mutation is
a deletion at intron 11 of the c-kit gene, which is adjacent to the exon which
codes for the juxtamembrane domain, in 49% of MCT. The role of c-kit mutations
in canine mast cell tumors is being actively explored, as receptor tyrosine kinase
inhibitors are a class of drugs tailored to inhibit aberrant signaling through
pathways such as c-kit. Thus, dogs with spontaneous mast cell tumor could ben-
efit from drug discoveries, and dogs also provide a useful preclinical model for
drug development for humans with cancer.

Staging
Staging for mast cell tumors involves grading the local tumor and assessing
regional lymph node and distant sites such as liver and spleen. In the dog, 50%
of MCT are benign and cured by surgery. However, an additional 50% are malig-
nant. Malignant mast cell tumors can recur locally or can become metastatic,
with the higher histologic grades of tumor associated with more aggressive
behavior. Historically, the published literature and text references recommend
that mast cell patients be staged with thoracic radiographs, abdominal ultra-
sound, liver and splenic fine needle aspirates, bone marrow aspiration, and
buffy coat analysis. However, in February of 2000, the Veterinary Cancer Society
hosted a focus meeting about canine mast cell disease. At this meeting, changes
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in staging protocols were recommended. These recommendations were based on
the observation that buffy coat blood tests for mast cell leukemia, ultrasound
evaluation for liver and spleen involvement, and bone marrow analysis yielded
less that 2% positive results in a large series of more than 100 cases. These rec-
ommendations have not been uniformly accepted throughout the veterinary
oncology community, however. More recently, a 5 year retrospective ultrasound
study from Tufts revealed that in 19 patients, mast cell tumors may be detected
in the abdominal cavity as organomegaly, diffuse hyperechoic lesions, focal
hypoechoic lesions, or the liver and spleen may be completely unremarkable
sonographically and yet still yield mast cell disease on cytology. Feline mast cell
disease might be detected as thickening at the ileocecocolic junction or loss of
intestinal wall layering. Mast cell tumors that are destined to become metastat-
ic are generally the Grade III tumors.

Prognostic factors
Prognostic factors include the location of the primary tumor, in that tumors of
the inguinal, axillary, and perineal region may be more aggressive than those
arising on the lateral trunk, head or extremities. Mast cell tumors that arise in
the muzzle in the dog are reported to be more aggressive than those at other
locations, with higher regional metastatic rates than reported for MCT at other
sites. Studies suggest that MCT located in the subcutaneous tissues, as compared
to intradermal or muscle invasive MCT. In 53 cases of SQ mast cell tumors, mar-
gins were considered incomplete in 66% of the cases, and metastasis occurred in
6%. The mean survival time from diagnosis was 1199 days, (range 55 - >178 days)
which suggests a less aggressive behavior for these tumors (J Comp Path 2007
136(4):231-9).
Histologic grade remains the most prognostic aspect associated with outcome;
the high-grade tumors are more likely to be metastatic and have shorter overall
survival times. In the classic Patnaik study of cases treated at the Animal Medical
Center, 93% of patients with surgically excised Grade I tumors survived 1500
days (approximately 4 years), while 47% of Grade II and 6% of Grade III tumors
treated with surgery alone survived for this period of time. Overall, around 50%
of all patients in this study were cured by surgery. Proliferative indices (Ki67,
AgNor scores) as well as evidence of abnormal c-Kit staining patterns or c-Kit
oncogene mutations are associated with a worse outcome (BMC Vet Res 2008
4:32; Vet Path 2007 44(3):298-308). Recently, mitotic index (MI) has been found to
predict outcome very well, when, of 57 tumors evaluated, dogs having 1-7 mitot-
ic figures per 10 high power fields (400x) had a median survival time of 18
months, vs. dogs with >7 mitotic figures per 10 high power fields having a sur-
vival time of 3 months. Dogs with a MI of <1 did not reach a median survival dur-
ing the course of the study. (Vet Path 2009, epub ahead of print). In another
study, for Grade II MCT with a MI < 5, the median survival tie was 70 months, vs
>5 with a median survival time of 50 months. However, for Grade III lesions with
a MI < 5 the median survival time was not reached, while for Grade III lesions
with a MI of >5, the MST was <2 months. (Vet Path2007, 44(3):335-41). Thus, apart
from all other prognostic proliferative and kit mutation variables, the mitotic
index is very critical to counseling clients on the need for additional therapy. 

Treatment
Therapy for mast cell disease is varied depending upon the histologic grade of
disease, the clinical stage, and the availability of modalities such as radiation
therapy. For the most part, surgery is still the mainstay of therapy for local mast
cell disease. Surgery with 3 cm margins into normal tissue has been traditional-
ly recommended and is often curative for lower grade lesions. Recently,
researchers have questioned the need for such extensive margins, particularly in
Grade I disease. A study from the Animal Medical Center of 21 cutaneous MCT
patients suggested that 2 cm lateral margins and a deep margin of 1 fascial
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plane is sufficient to clear the local disease. The definition of what constitutes a
“dirty margin” on histology is also subject to debate. Because mast cells normal-
ly reside in dermal tissues, it is possible that the pathologist may report normal
mast cells at the margin of excised tissue. In fact, in one study only 30% of cuta-
neous mast cell tumors with histologically declared incomplete margins ulti-
mately recurred, suggesting that normal resident mast cells are misread as neo-
plastic in 70% of these cases. Unfortunately, there is no simple marker that can
differentiate malignant from benign resident mast cells. Thus, more conserva-
tive surgical excision is recommended by some authorities. However, in 30% of
cases, due to the size and/or location of the lesion, surgery may be truly incom-
plete. In these cases, wider surgical margins may be obtained, or radiation ther-
apy for microscopic disease in the tumor bed may be recommended. 

Radiation therapy for incomplete margins or for non-resectable disease has a
high probability of success in controlling local MCT. In one study of 95 MCT’s
treated on 85 dogs, 79% were free of tumor at one year and 77% were tumor free
at 2 years. Another recent study of dogs that were radiated for incomplete surgi-
cal margins showed 96% tumor free survival at 1 year and 88% tumor free sur-
vival from 2-5 years after radiation. Palliative radiation of Grade III MCT resulted
in complete remission with a median duration of 33 weeks or a partial remission
with a median duration of 16 weeks (all subject to improvement in quality of
life).
Chemotherapy may be reserved for dogs with nonresectable or metastatic
lesions. The efficacy of chemotherapy in preventing recurrence or metastasis of
mast cell tumor has not been documented. Glucocorticoids are most commonly
used in treatment of this disease. Intralesional triamcinolone (1 mg/cm of
tumor) may also be helpful, even in the setting of preoperative tumor reduction.
L-asparaginase has been shown experimentally to be helpful in treating mast cell
disease in dogs. Anecdotal reports of response to a variety of other chemothera-
py agents exist. Agents that have shown efficacy include vincristine, vinblastine,
cyclophosphamide, and doxorubicin. The nitrosourea agent CCNU (Lomustine)
has been reported to induce responses in dogs with metastatic mast cell disease.
However, the response to any of these agents is unpredictable and typically short
lived in disseminated canine mast cell disease.

Protocols for mast cell disease:
Chlorambucil (Leukeran® 6 mg/ M2 PO every other day, alternating with

Prednisone 20 mg/ M2 PO daily, then tapering to every other day.
This protocol was recently reported to be associated with 533 day progression
free survival in 8/21 treated dogs, suggesting this inexpensive and non-toxic pro-
tocol may be helpful for some cases.

Vinblastine 2-3.0 mg/M2 IV every 2-3 weeks coupled with 2 mg/kg oral
prednisone is reported to have a 47% response rate, although this study was ret-
rospective and mixed dogs with surgically incomplete margins with those that
had measurable disease. Still, the fact that a response rate was seen at all is of
some interest, indicating that vinblastine does in fact have some efficacy in this
disease. Recent studies of dose escalation of vinblastine to a maximum tolerated
dose of 3.5 mg/m2. The lower dose of 2.0 mg/m2 was associated with 3 partial
response of 77 day median duration, while the higher dose induced 1 complete
and 6 partial responses of 63 days for the CR and a median of 28 days for the par-
tial response. The 3.5 mg/m2 dose induced hematologic toxicity in approximate-
ly half the cases, and 2 dogs had sepsis (JVIM 2008 22(6):1390 - 6.) In another
study of high dose vinblastine, 3/16 dogs had severe toxicity and one died. 

Modified CVP Protocol: Cytoxan 200 - 300 mg/M2 divided over 4 consec-
utive days (Days 6, 7, 8, and 9). Vinblastine 2 - 3 mg/M2 Day 1, Prednisone 20
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mg/M2 PO EOD. This was reported by Robin Elmslie to result in a median sur-
vival of 18 months for high grade or metastatic MCT after surgical resection, and
5 months median survival for unresectable lesions. 

CCNU single agent therapy: 50 - 70 mg/M2 PO q 21 days. Response rates
have been repor- ted to be 44% for bulky MCT lesions with this protocol. 

Investigational therapy with a small molecular inhibitor of receptor
tyrosine kinase signaling, which acts as a c-KIT inhibitor, has been carried out in
the dog (Palladia, Pfizer), and those dogs with a receptor mutation were the ones
most likely to respond. The registration trial for this compound evaluated the
drug in 86 dogs in a blinded, randomized placebo controlled setting. 37.2% of
dogs had complete response, and 25% had partial response vs 7.9% of 63 placebo
control dogs. Of 58 dogs that received Palladia after placebo failure, 8 had com-
plete and 16 had partial responses for a response rate of 41%. The overall
response rate for all dogs on Palladia was 42.8% (21 CR, 41 PR) and the median
duration of objective response was 12 weeks and time to progression was 18
weeks. Adverse effects were considered tolerable. (Clin Cancer Res 2009
15(11):3856-65). However, this product is not yet commercially available and has
the potential for significant adverse effects. Adverse effects seen with this prod-
uct have been largely gastrointestinal signs, which are managed by supportive
care and increasing the interval between doses to every other or every third day.
Beginning the dose at 2.5 mg/kg every other day rather than the recommended
3.25 mg/kg, plus premedication with omeprazole, diphenhydramine, and low
dose prednisone is reported to decrease adverse effects. However, dogs with sig-
nificant gastro intestinal signs are at risk for ulceration and intestinal or gastric
perforation, so drug should be discontinued in the case of GI signs, and possibly
restarted at a lower dose. 
Other receptor tyrosine kinase inhibitors have been evaluated in the dog, includ-
ing a compound called masitinib, which resulted in improvements in survival
and response rates. In 202 dogs with nonmetastatic, recurrent or nonresectable
grade II or III MCT, dogs were randomized to masitinib 12.5 mg/kg/day PO or a
placebo. Time to tumor progression was 118 days for the active drug vs. 75 days
for the placebo. In all dogs, but in previously untreated dogs median time to pro-
gression was 253 days for treated vs. 75 days for placebo treated dogs. These find-
ings were seen whether dogs were affected by wild type or mutated c-kit, and
those dogs that had stable disease or tumor response at 6 months follow up were
highly likely to maintain stable disease for 2 years. 
Imatinib mesylate (Gleevec) which has been reported to benefit dogs whether or
not the tandem duplication mutation in the activation domain of c-kit is pres-
ent. Gleevec is administered at 10 mg/kg SID PO, and extreme care must be taken
to monitor for evidence of what may be a lethal idiosyncratic hepatobiliary
necrosis. Owners who elect to pursue imatanib therapy for their dog should be
counseled that lethal toxicities have been seen, as well as complete clinical
responses in dogs that have the activating c-kit mutation. In a recent Japanese
study, 21 dogs with measurable MCT showed response within 14 days in 10/1
cases, and those dogs with kit mutation in exon 11 had a 100% response rate
JVIM 2008 22(4):985-8).
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Epitheliotropic lymphoma: clinical and histopatho-
logic aspects

Dr. Chiara Noli, Dip ECVD
Ospedale Veterinario Cuneese, Borgo S. Dalmazzo (C N) - Italy

Classification of cutaneous and epitheloptropic lymphoma
Cutaneous lymphoma in characterized by the neoplastic proliferation of lym-
phocytes in the skin. Two forms of primary cutaneous lymphoma are recog-
nized. Non-epitheliotropic lymphoma only involves the dermis and can be of both
B and T-cell lineage. Epitheliotropic lymphoma initially involves the epidermis
and/or mucosa and can also include the dermis and/or submucosa and is a
tumour of the skin-homing T- cell lineage. 

Epitheliotropic lymphoma consists of three clinical forms: 
- Pagetoid reticulosis is limited to the epidermis.
- Mycosis fungoides involves both the epidermis and dermis. 
- Sézary’s syndrome characterized by the concomitant presence of leukemia. 

Epidemiology
Epitheliotropic lymphoma is a disease of older animals, the median age of onset
being 9 years of age. No real breed or sex predisposition has been recognized. 
In the case load seen by the author (a pure dermatology referral practice) epithe-
liotropic lymphoma accounted for 0.5% of all canine dermatological cases. The
average duration of the disease prior to diagnosis is 5-6 months, the average sur-
vival time after diagnosis is 2-4 months (maximum 2 years), slightly longer (0-11
months longer) with treatment (Beale and Bolon, Muller et al., Walton). 

Etiopathogenesis
In canine epitheliotropic lymphoma, the neoplastic cells are memory T lympho-
cytes, as they express CD3 and lack expression of CD45RA. The majority (80%) is
CD8+, in some cases they are CD4-/CD8- and only rarely CD4+. About 65% of cases
express the Á‰ receptor (100% in the case of pagetoid reticulosis). It is worth
noting that in humans neoplastic cells are almost always CD4+ Th2-lymphocytes. 

Chronic skin diseases such as atopic dermatitis, seborrhea, pyoderma and con-
tact dermatitis are considered predisposing factors, probably due to the long-
lasting recruitment and presence of skin homing lymphocytes in the skin. 

Clinical presentation 
The neoplastic T lymphocyte infiltrates within the epidermis and dermis are
responsible for a variety of clinical signs relating to the stage and form of the dis-
ease (pagetoid reticulosis, mycosis fungoides or Sézary’s syndrome). In humans,
four clinical stages are recognized (Patterson):

Macula stage is represented by an area of erythema (rarely multiple areas) that
may be pruritic or asymptomatic. The lesion may resolve spontaneously then
reappear. The macula stage may persist for months or years before progressing
to the plaque stage.
Plaque stage is characterized by firm raised areas of dark red or purple plaque.
Alopecia, scale and pruritus are often present. 
Erythroderma may be the initial clinical sign or may appear after the plaque stage.
Cases present with diffuse erythema, pruritus and scale. Systemic involvement
with fever is common. 
Tumor stage is the most aggressive phase of the disease and is characterized by
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nodules, often at the sites where plaque was present. 

In dogs and cats, syndromes similar to those recognized in humans may be seen
or, in some cases, the presentation may vary. The macula stage is rarely seen, pos-
sible because it is obscured by the hair coat. Pruritic cases that undergo sponta-
neous remission may not be presented to the veterina-rian. 
In cases of canine pagetoid reticulosis and mycosis fungoides, the plaque stage is
commonly recognized. The lesions may be single or multiple and are erythema-
tous and exfoliative with variable degrees of pruritus. 
In the dog, the tumor stage is most commonly manifest as multiple, often ulcer-
ated, nodules. This stage is an expression of the expansion of the tumor in the
dermis and a loss of affinity for the epidermis. The tumor can spread also by
hematogenous and lymphatic metastasis to the liver and spleen. 
Mucosal lesions are present in many cases of canine epitheliotropic lymphoma,
manifesting as plaques in the lips, oral cavity, conjunctiva, nose or vulva. There
is often depigmentation of the lips, philtrum and/or nasal planum. In the dog,
cases have been reported in which the only signs were erythema, nodules and
pruritus of the interdigital skin. Lymphadenopathy is not a feature of early cases
but appears in the more advanced stage of the disease and is always present in
the tumor stage. 
Sézary’s syndrome is rare and is characterized by associated circulating malig-
nant lymphocytes with large nuclei (Sézary cells) associated with the cutaneous
signs. 

Differential diagnoses
Due to the variety of clinical presentations, the differential diagnosis of non-
epitheliotropic lymphoma covers a number of diseases. Cases with erythema,
nodules and pruritus of the interdigital skin bring into consideration podode-
modecosis, bacterial furunculosis or allergic disease (atopic dermatitis, food
allergy or contact dermatitis). The differential diagnosis of erythroderma-
desquamation includes all the diseases associated with seborrhea, sebaceous
adenitis, drug reactions and leishmaniasis. Diffuse or localized erythema can
mimic allergic skin disease (e.g. atopic dermatitis, dietary allergy). Mucosal
involvement is seen in the autoimmune diseases and drug reactions.
Involvement of the nasal planum can mimic autoimmune disease or leishmani-
asis. 

Diagnosis
The diagnosis of epitheliotropic lymphoma can be obtained with cytology, with
fine-needle aspiration biopsies from plaques and tumours, or by direct impres-
sion smears from ulcerations or light exhudation under the scales. Neoplastic
lymphocytes are usually easily recognized. However, due to the negative progno-
sis of this disease, the diagnosis must always be confirmed by histopathology.

Histopathology
In human medicine epitheliotrpic lymphoma is characterized by:

- epidermotropism of the neoplastic lymphocytes,
- Pautrier’s microabscesses (small focal accumulations of atypical neoplastic

cells in the epidermis),
- mycosis cells (medium to large lymphocytes with moderate to abundant

eosinophilic granular cytoplasm and a large hyperchromatic indented
nuclei with dense clumped chromatin)

- Sézary cells (smaller lymphocytes with even more hyperconvoluted, cere-
briform nuclei, characteristic of erythrodermic forms and often found in
the blood in case of Sézary syndrome).

In the plaque stage there is an horizontal spreading of the tumor cells, and in
the tumor stage the infiltration is more vertical, in the depth of the cutaneous
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tissue. In the forms called pagetoid reticulosis, the neoplastic infiltration of
abnormal mononuclear cells is typically limited to the epidermis and does not
involve the dermis underneath. There might be formation of Pautrier’s microab-
scesses. 

The histopathology of canine epitheliotropic lymphoma is very similar to the
human counterpart, although Sézary cells are more difficult to identify. The epi-
dermis may be normal, hyperplastic or ulcerated. The exocytosis of neoplastic
cells can be diffuse or multifocal, with formation of Pautrier’s microagregates.
These contain also vacular spaces with mucinous material. The epidermal inva-
sion is usually confined to the basal or suprabasal parts of the epidermis, but
can occasionally involve its full thickness. Adnexa are also often involved: tumor
cells may invade the external rooth sheath of the hair follicle and the apocrine
glands (particularly the space between the basal lamina and the secretory cells),
but infrequently involve sebaceous glands. In these cases alopecia is a frequent
clinical manifestation, as the hairs are lost due to the destruction of the hair
follicle. In the dog adnexal involvment may precede epidermal invasion. The der-
mis is also invaded with atypical lymphocytes, and involvement of the subcutis
and fat is frequent in tumoural stages. While the nodular stages of human
epitheliotropic lymphoma show a diminuished or absent epitheliotropism of
the tumoral lymphocytes, in the canine nodular stages this can be intense.
Inflammatory cells, such as plasma cells, neutrophils, eosinophils istiocytes and
macrophages may accompany the neoplastic infiltrate. Neutrophils are found
particularly in case of ulceration. 

The infiltrating cells are often monomorphous, although the morphology can
be very different from case to case. Their aspect can vary from small to large
lymphocytes/blasts, with variable amounts of mitotic figures. Tumoral infiltrat-
ing cells of cats more closely resemble normal small lymphocytes and are some-
times difficult to differentiate from inflammatory infiltrate. Cells are CD3+
(100%), CD8+ (80%) or CD8-/CD4-(20%)CD45RA- (memory cell), CD5-. Clonality
tests show clonal rearrangements of TCR-γ.
Diseases similar to Sézary syndrome and pagetoid reticulosis have been
described in the dog (Thrall). The cells in pagetoid reticulosis of the dog have
more abundant cytoplasma, larger nuclei and higher mitotic activity than in
other types of epitheliotropic lymphoma (Gross). Pagetoid reticulosis in the dog
does not seem to be a benign disease like the human disease, but seems to
involve visceral organs and to behave like regular epitheliotropic lymphoma.
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Treating Canine Cutaneous Lymphomas
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Canine cutaneous lymphomas are uncommon tumors. Epitheliotrophic cutaneous
T-cell lymphoma (CTCL) encompasses the disorders also referred to as mycosis
fungoides (MF), Sezary syndrome, and pategoid reticulosis, and is the most 
common form of cutaneous lymphoma in dogs. It accounts for approximately
5% of all canine lymphoma subtypes. B cell lymphomas may also be localized to
the skin, but this form is even more rare. IN terms of immunophenotype, most
dogs have CD8+ disease, affecting cytotoxic T cells. CTCL may behave in an indolent
manner and generally occur in older dogs of 9-12 years of age. Mycosis fungoides
is characterized by the presence of Pautrier’s microabcesses, which are epidermal
accumulations of cytotxic T cells rather than true bacterially induced neu-
trophilic abscesses. Sezary’s syndrome is typically considered to include the
leukemic phase of MF. Lesions may be multicentric and may develop anywhere
on the dog’s body, and lesions may also be seen in the oral cavity and at muco-
cutaneous junctions. As the disease progresses over time, bulky lesions may arise
from what initially manifests as erythroderma or pruritic exfolliative patches,
progressing through flat plaques, or small nodules. Nodal involvement and 
visceral metastasis is a late stage event. 

Treatment of cutaneous lymphomas is challenging for 2 reasons. First, the phar-
macology of skin means that drugs that reach the lesions at therapeutic levels
must have particular qualities, such as high volume of distribution and
lipophilicity. Secondly, and perhaps more critically, is the fact that T lympho-
cytes in general, but cytotoxic CD 8+ lymphocytes in particular, are notoriously
hard to kill due to the relative insensitivity to apoptotic signals. Thus, dogs with
generalized T cell lymphoma of any site typically have a lower response rate,
duration of remission, and overall survival than do dogs that present with B cell
lymphomas. In many studies the T cell phenotype is associated with roughly half
the survival duration and response rate as seen in the B cell counterpart disease.
Add to this general refractory nature the difficulties of cutaneous pharmacology;
it is understandable that CTCL would be a difficult disease to manage. 

In general, the standard rules of cancer therapy apply to these tumors. That is,
solitary lesions that can be surgically excised should be excised, with consideration
given to adjunctive chemotherapy to prevent dissemination or new lesions.
Surgery is rarely possible as most dogs have multiple cutaneous lesions by the
time the disease is manifest. Solitary lesions may be associated with long durations
of relapse-free survival.

Radiation therapy is also highly efficacious in treating lymphomas in general.
Cutaneous lymphomas may be treated with superficial forms of radiotherapy,
including focuses orthovoltage therapy or electron beam therapy. In some
advanced cases of generalized cutaneous lymphomas, large superficial areas of
the skin have been successfully treated with electron beam therapy. Lymphomas
typically require 30-36 gy of therapy as a total dose, which may be delivered in
smaller doses per fractions over 3-4 weeks. Electron beam radiotherapy obviously
requires special equipment and treatment planning is necessarily intricate to
avoid excessive irradiation of underlying normal tissues. Another form of radio-
therapy that has been used with some success is the topical application of
Strontium-90 probes (pleisiotherapy). Strontium-90 emits a powerful but poorly
penetrating bean of radiation, penetrating at a depth of 2-4mm from the skin
surface. Thus plesiotherapy may not be indicated for nodular or plaque type
lesions. Additionally, this radioisotope treatment is associated with significant
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biohazard concerns to the clinician who wields the probe, and has necessarily
prohibitive regulatory considerations due to concern for public and operator
safety. 

Phototherapy is another specialized form of treatment that requires the applica-
tion of a specific wavelength of ultraviolet light to lesions that have been pre-
viously sensitized to laser therapy by systemic treatment with a photosensitizer
called psoralen. Psoralen plus ultraviolet A therapy is referred to as PUVA treat-
ment. The response rate to this type of therapy is reportedly high and of long
duration, but there has been limited application of this type of therapy in the
veterinary clinical setting reported. The other form of light associated therapy is
referred to as photodynamic therapy, in which a photofluor such as 5-amino-
levulinic acid is systemically administered to the patient, followed by laser 
irradiation at a specific wavelength to excite the photosensitizing agent and
result in death of the cells. Again, the specific equipment and expertise required
for this type of therapy limits its utility in the veterinary setting. 

Topical therapies for cutaneous T cell lymphomas may be successful for superficial
or early lesions. Topical strategies include the use of topical or intralesional 
corticosteroids. However, steroid responses are of short duration typically and
lesions would not be cured. The more commonly used topical treatment in
human medicine is a liquid formulation of the alkylating agent mechlorethamine,
or nitrogen mustard. This agent is a potent proximate carcinogen and thus poses
a biosafety risk for the person applying the drug as well as for the canine patient
that might ingest this agent by grooming it off the treated lesions. For these 
reasons it is rarely used in veterinary oncology. The drug carmustine is a non-
traditional alkylating agent that is essentially the liquid equivalent of the highly
lipophilic agent CCNU. There are no reports of its use in veterinary oncology.
Topical retinoids such as the RXR interactive agent bexarotene (1%) gel has been
used to treat human MF but no veterinary reports have been produced. The other
retinoic acid receptor drug in use in human medicine is all-trans-retinoic acid,
or tretinoin, which interacts with RAR retinoid receptors. This agent has seen
limited use in veterinary patients and has been associated with some responses.
Finally, the immunomodulatory agent imiquimod has been used to treat CTCL
lesions in people. This agent has been largely used to treat Bowenoid multicentric
cutaneous squamous cell carcinoma in situ in cats, where it has demonstrated
safety and efficacy. It is unknown whether imiquimod would have similar posi-
tive benefits in the setting of CTCL. 

Systemic therapy for CTCL include something as simple as altering the level of
fatty acids in the patient’s diet. Linoleic acid in the form of safflower oil has been
successfully used at a dose of 3 ml/kg twice weekly and has been anecdotally
associated with cutaneous lymphoma regression. This is a high dose of the oil in
its native form, so some dermatologists prefer to give the purified agent in 
capsule form. 
Systemic chemotherapy agents may be used in the treatment of CTCL, and these
agents have included most commonly corticosteroids such as prednisone (0.5-2.0
mg/kg/day) with tapered dosing in response to toxicity such as Cushingoid 
syndrome. Lomustine or CCNU is a non-traditional alkylating agent that is used
primarily for treatment of brain tumors in people because of its high volume of
distribution and lipophilicity. This drug has been used in dogs with cutaneous
lymphoma with complete remissions recorded in all 7 dogs treated.  Duration of
response ranged from 2 to 15 months. In a more recent study of 6 dogs treated with
CCNU at a median dose of 60 mg/m2, 83% of dogs demonstrated a measurable
response with 33% experiencing complete remission. Duration of remission was
a median of only 86 days, however.  Another study of 82 dogs treated at 60-70
mg/m2 PO demonstrated a response rate of 80% with a complete response rate of
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26% for a median duration of 95 days. Thus, while lomustine is able to induce
remissions in CTCL, it is clear that further therapies are required to effect durable
remissions for this disease. Lomustine is administered as a capsule given at a
dose range of 50-90 mg/m2 PO every 21 days for 4-6 treatments. Higher doses are
associated with profound myelosuppression and the potential for idiosyncratic
hepatotoxicity, which may lead to fatal liver failure in rare cases. For this reason,
it is recommended that monitoring for lomustine toxicity include a complete
blood count to assess myelosuppression at the nadir of 7-10 days, as well as a
repeat complete blood count at day 21 along with a serum chemistry panel. If
significant elevations (3-5x baseline) in liver enzyme transaminases are seen, it
is recommended that lomustine therapy be discontinued to avoid potentially
lethal hepatotoxicity.  

We have attempted the use of another lipophilic alkylating agent, temozolomide,
in CTCL. This agent is given as a pill for 5 consecutive days on a 28-day cycle, at
a dose of 125 mg/m2 PO. The dose is given to dogs after an overnight fast, but the
drug is a direct mucosal irritant so it is recommended that dogs be given food
after allowing 20 minutes for oral drug absorption. Anecdotally, we have seen
responses of relatively short duration to temozolomide in this setting. Because
this agent is a new one in human medicine, it is a very costly course of therapy
to prescribe when compared to the cost of the older agent lomustine.

Surprisingly enough, doxorubicin in either its native form or as a pegylated lipo-
somal formulation (Doxil) has been successful also in treating some cases of
CTCL. In a series of 9 dogs that were part of a larger global pegylated liposomal
doxorubicin trial, 3 dogs treated at 1 mg/kg IV had complete responses that had
a median duration of 90 days. Interestingly, this agent is associated with an
unusual toxicity of palmar-plantar erythrodysesthesia or hand foot syndrome.
Administration of pyridoxine (vitamin B6) can help limit this adverse effect.
Currently the drug is cost-prohibitive, making a therapeutic trial of the older
native form of doxorubicin much more attractive to owners and clinicians. We
have seen responses in doxorubicin treated patients with this disease. 

Combination chemotherapy with CHOP (cyclophosphamide, doxorubicin, vin-
cristine, and prednisone) based protocols, as well as the use of MOPP
(mechlorethamine, vincristine, procarbazine, and prednisolone) have been advo-
cated in treating CTCL. Unfortunately, limited reports of use of combination
therapies are available in the veterinary literature.

Investigational treatment in human medicine is very active in this disease, and
several drugs have been licensed at least in part based on the “Orphan drug” 
regulation in the United States. Denileukin diftitox is an immunotoxin conjugate
that has serious and life threatening adverse effects when the drug is used in
dogs. The principle behind this form of therapy is that activated but not quies-
cent T lymphocytes as well as neoplastic T lymphocytes, upregulate the high
affinity receptor for IL-2. The drug itself is a human recombinant IL-2 molecule
that has been manipulated to contain a covalent bond to a molecule of diptheria
toxin. Under conditions of high-affinity receptor binding, the IL-2 molecule 
signals for its normal IL-2 response, which is seen as fever, chills, malaise, and in
more severe cases vascular leak syndrome and hypotension in 20% of human
patients treated with this agent. However, after the signaling aspect of the molecule
is completed, the receptor containing the bound drug is internalized and cycled
through the lysosome, where the low pH environment results in cleavage of the
diphtheria toxin moiety from the IL-2. Diphtheria toxin is an extremely potent
cytotoxic agent, such that one molecule of this toxin is capable of killing one
cell. Thus, if the adverse effects could be managed appropriately, it is possible
that the drug could be highly useful in a treatment setting. Recently a dose of
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denileukin was developed for use as an immunomodulator in the bone marrow
transplant setting, using dogs as a model system.  Hopefully, this new dose will
allow further exploration of safe use of the drug in tumor bearing dogs, but at
this point the lethality of the toxicity in dogs precludes it use in a clinical setting. 
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Skin stretchers
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Introduction
Skin of humans and animals is a nonhomogeneous viscoelastic tissue with the
combined characteristics of a viscous fluid and elastic solid. Skin extensibility is
dependent upon three factors occurring consecutively as a load, applied to the
skin, is progressively increased: (1) convolutions in dermal collagen progressive-
ly straighten; (2) dermal collagen fibers align parallel to each other in the direc-
tion of the applied load; and (3) fully aligned collagen fibers extend only upon
application of great increases in tension. As skin progressively extends, it con-
tracts in a plane at right angles to the applied load.
The inherent extensibility of the skin is subjectively assessed by gently grasping
and lifting this skin between the thumb and index finger. Mechanical creep is
the biomechanical property of skin in which skin is capable of further extension
beyond that the limits of its inherent extensibility. In mechanical creep, colla-
gen fibers align, over time, with subsequent displacement of interstitial fluid
surrounding the collagen fibers and fibrils which comprise individual collagen
strands. Stress relaxation of the skin, the progressive reduction in force required
to maintain the stretched skin’s length, is a corollary of mechanical creep.
Mechanical creep and stress relaxation can be achieved by application of a con-
stant load to the skin or by intermittent stretching of the skin with periods of
relaxation (load cycling). Biological creep has been recognized as the progressive
increase in skin surface area that occurs with slowly expanding subcutaneous
forces are applied to the overlying cutaneous tissues. Progressive enlargement of
a gravid uterus, enlarging tumors and obesity are examples of this natural phe-
nomenon.
Surgical attempts at stretching skin to facilitate closure of wounds primarily rely
on mobilization by taking advantage of the skin’s inherent extensibility,
mechanical creep, and stress relaxation. Tissue expanders, presuturing, load cycling
with skin hooks, and a ‘C-clamp’ skin stretching device are examples of methods currently
employed to take advantage of these biomechanical properties of skin. Each technique has
advantages and limitations to their usage in clinical patients. One common disadvan-
tage of each of these devices, to a variable degree, is their proximity of placement
to the surgical site. ‘Recruitment’ of skin is limited to the immediate vicinity of
their application. Additionally, each device requires insertion beneath or into
the skin to exert their mechanical effect.
The speaker has designed an externally applied, noninvasive device that applies
adjustable tension to skin both local and distant to the surgical site. The device
which I have termed the ‘skin stretcher’ enables the surgeon to gradually
increase tension on the skin as this tissue progressively accommodates to the
load by mechanical creep and stress relaxation.

Uses
Skin stretchers (mpavletic@angell.org) are used to mobilize or stretch skin to
facilitate wound closure. Uses include:

1) Prestretching skin prior to elective surgical procedures (e.g. skin tumor
removal).

2) Stretching skin during open wound management in preparation for
wound closure.

3) Application to offset incisional tension post-operatively.



42 ONCOlogisch Treffen 2010

Michael Pavletic

Skin preparation and application
Skin preparation includes the following steps prior to skin pad application:

1) Clip the fur from the sites of skin pad application.
2) Gently clean the skin with surgical soap and isopropyl alcohol. Dab off

excess alcohol.
3) Allow the skin to dry before pad application.
4) Pads generally are placed 10-20 cm from the surgical site. However multi-

ple skin pads can be placed in a variety of locations, local and distant to
the surgery site.

5) Pads are placed in pairs, on opposing sides of the surgical site.

Skin pads are applied in the following fashion:
1) Peel off the backing to expose the adhesive surface.
2) To enhance skin adhesion, apply a few drops of cyanoacrylate adhesive to

this contact surface. Spread the glue to a thin uniform layer. Immediately
apply the pad to the skin. 
NOTE: Apply the long axis of the pad perpendicular to the surgical site
(long axis of the pad in the direction of stretching).

3) Manually compress the pad onto the skin for 30 -60 seconds.
4) Apply the remaining skin pads in the same fashion.

After pad application, the elastic cables are attached to the skin pads in the following fashion:
1) Anchor one end of the cable to one pad.
2) Stretch the elastic cable across to the paired pad on the opposite site of the

surgical site. 
Apply a mild amount of tension.

3) Cut the redundant elastic cable from the coil provided.
4) Repeat steps 1 - 3 with the remaining pads.
5) A dressing and bandage may be placed over the surgical site to protect the

area from cable irritation.

After application, elastic cables are adjusted in the following fashion:
1) As the skin stretches and relaxes, the cable tension is increased by uncoup-

ling the cable from one pad. The cable is stretched and reapplied to assure
maximum uniform tension is maintained to optimize skin stretching.

2) Cable tension is adjusted every 6 to 8 hours.
3) Depending upon the desired results, skin stretching generally is per-

formed for a 48 - 72 hour period.

Preparation for Surgery:
1) Under anesthesia, cables are removed and the pads can be pulled or

unpeeled from the skin surface. Nail polish removal is a solvent for cyano-
acrylate glue, but its use is not considered necessary.

2) Since the skin is already clipped, surgically prepare the skin and close the
wound.

3) If incisional tension is a concern, new pads and a cable band can be reap-
plied to support the area for an additional 4 - 5 day period.

Comments
Skin pads can be trimmed with bandage scissors to fit a given area or particular
need. In small patients, skin pads can be cut in half and trimmed to conform to
smaller donor regions or offset incisional tension post-operatively. Skin pads also
can be slightly bent or ‘pre-curved’ prior to application to better conform to body
contours.
Pads occasionally separate form the skin surface secondary to improper skin
preparation, glue application, excessive cable tension, or moisture accumula-
tion. The adherent properties of the skin pads also will vary to some degree with
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the individual patient. Pads can be replaced by the application of additional glue
and allowing the supplemental glue to dry for a few minutes before reapplica-
tion of the cable. Occasionally, damaged pads will require replacement.
Skin pads are removed by manually peeling them from the skin surface. In so
doing, the corneal layer of the skin may be displaced; this outer epithelial layer
often reforms within days. Pads retained on the skin surface generally begin to
separate spontaneously within a week after application. Skin pads are not
reusable.
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CD brander en USB. De Logiq C3 en Logiq C5 hebben de vertrouwde GE

kwaliteit maar zijn qua investering zeer geschikt voor praktijken die met

echografie willen beginnen.



47

Barbara Kaser-Hotz

Radiation therapy within the treatment protocols
of canine and feline skin and soft tissue sarcoma

Barbara Kaser-Hotz  
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Animal Oncology and Imaging Center, Hünenberg, Zug, Switzerland,
www.aoicenter.ch

Introduction
Tumors of the skin and subcutaneous tissue are the most common tumors affec-
ting dogs. In cats it is the second most common tumor entity after tumors of the
lymphoid tissues. This alone points out the relevance of these tumors in veteri-
nary medicine.
Luckily, not all of these tumors are malignant. Best example is melanoma, which
is usually benign when arising from haired skin, or basal cell tumors on cat’s
heads and faces also have a benign behaviour.  
In many situations surgery is both diagnostic and therapeutic (excisional bio-
psy). Radiation plays a role, when tumors cannot be removed completed, as an
adjunct therapy to control residual disease, sometimes because of better cosme-
tic results compared to surgery. Radiation may also be used to preoperatively
down-stage the disease. As discussed in the general radiation therapy lecture,
radiation has to be applied in multiple fractions. This is one reason, why radia-
tion is normally only done, when surgery is not possible. This is often the case
with tumors on the head or on the distal extremities where it becomes difficult
to completely remove a skin tumor, particularly when the histology of these
tumors indicate an invasive growth, which is the case with mast cell tumors and
soft tissue sarcomas.

Squamous cell carcinoma 
Cats quite commonly have got these tumors on the nasal planum, eyelid and ear
pinnae. While the tumors on the ear typically are surgically removed, nose-ecto-
mies and removal of an eye is for many owners not an acceptable alternative. As
we have learned in the past, that these tumors have rapid doubling time of pro-
bably only a few days, we feel that the dose of radiation has to be applied rapid-
ly. Ten fractions of 4.8 Gy are given within 5 days on a twice per day schedule. A
treatment response is seen in over 90% of the treated animals. The ulcerated
nose rapidly reepithelialises. Cats tolerate the accelerated radiation protocol
well. A time interval of a minimum of 6 hours between the fractions should be
respected to allow normal tissue repair. 

SCC before and after 10 fx of RT
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Infiltrative SCC in the dog does not respond as favourably to radiation as in the
cat. Even with high doses of radiation tumor recurrence usually occurs 3 to 6
months after radiation therapy. 

Melanomas
In most instances surgery is performed to control local disease. Radiation is
given when surgery is not possible and applied in course fractionation with indi-
vidual fraction sizes of at least 6 Gy both in the dog and in the cat. Typically, 4
fractions of 8 Gy are applied with a weekly interval or two fractions of 6 Gy twice
a week. With these protocols, long-term local control is achieved; however metas-
tasis to regional lymph nodes or distant organs is usually the limiting factor.
Therefore, methods to enhance the immune response is suggested in combinati-
on with radiation. 

Mast cell tumors 
Radiation plays an important role in the management of incompletely excised
intermediate grade mast cell tumors. Radiation is also used for measurable
disease, when surgery is not possible. Curative protocols using total doses of  48
– 52 Gy will result in long term control in the adjuvant setting, and less consis-
tent results with measurable disease.  MCT located on the distal limbs are tech-
nically easily treated with radiation and particularly electrons are suited well.
We try to spare a strip of skin to allow normal lymph drainage. Regional
lymphnodes are regularly included in the irradiated field, even when cytologi-
cally negative.  This may not be necessary in all distal limb cases, but lymph
nodes should be routinely included when the primary is located on the head,
the perineum or präputium. Premedication includes antihistaminica and pred-
nisolone in order to minimize radiation side effects.

Other round cell tumors
Lymphomas, both T- and B-cell, respond very favourably to relatively low doses of
radiation. A rapid response within days to weeks is normally seen. Depending
upon the stage and type of the lymphoma radiation is combined with chemothe-
rapy.
Cutaneous  plasma cell tumors can also effectively be treated with radiation,
when surgery is not possible. Although little is known in the literature, it is our
impression that tumor control is more difficult in the feline species, compared
to the dog.
Transmissible venereal tumors are highly sensitive to radiation, here, if chemo-
therapy with vinblastin is not possible, radiation will cure the patient.

Soft tissue sarcoma
Radiation is commonly used in combination with surgery, either preoperatively
or postoperatively, as a curative treatment approach. Irradiation of measurable
disease is a palliative measure, as these tumors do not rapidly regress. A slow
decrease of the tumor mass, or stable disease over months is typically seen, when
palliative treatment is applied. 
Soft tissue sarcoma are considered radioresistant and therefore high doses of
radiation have to be used. Typically, doses of over 52 Gy are applied even when
used in combination with surgery, both pre- and post surgically. Although pre-
operative radiation with the goal to sterilize the margins of the field and thus
allow for less aggressive surgeries are becoming more accepted, it is still more
common to irradiate a “dirty” site, after the soft tissue sarcoma has been surgi-
cally removed.  
The prognosis for dogs with soft tissue sarcoma is good, as in most instances, the
metastatic potential is low and the local tumor control is the challenge. Median
survival times of over 2000 days are reached when surgery is combined with
radiation.
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In cats with vaccine-associated sarcomas radiation also plays a role in control-
ling local disease. Even when complete resection is reported, radiation of the sur-
gical site is indicated, as there is still a high incidence of local recurrence. 
Both, in the dog and in the cat, palliative radiation with either 4 – 6 fractions is
often rewarding for the owners. The tumor mass can be stabilized and control-
led for months with relative little effort and minimal side effects. It seems that
when radiation is combined with chemotherapy (doxorubicin/carboplatin) the
tumor contral will be longer.
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Closure options of pinna and elbow defects
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Introduction
- The Pinna
Trauma and tumor resection involving the pinna presents the veterinarian with
the dilemma of (1) adequate removal of diseased or dying tissue and (2) closure
of the resultant defect. Although partial or complete resection of the pinna is
needed for advanced trauma or disease, many veterinarians are not aware of clo-
sure options available to salvage the pinna. Transposition flap techniques can be
highly effective in closure of wounds secondary to trauma and neoplasia.

- The Elbow
One of the most problematic areas for wound closure is the elbow region, espe-
cially over the olecranon. Postoperative dehiscence and skin necrosis over the
olecranon in dogs is largely due to this region’s susceptibility to motion, repeat-
ed impact, and compression. This is particularly evident in large breed dogs
where their body weight can enhance impact and compression of the skin.
Wounds in this region may be secondary to external trauma, prolonged com-
pression of the skin with tissue ischemia (pressure sores), infection/abscessation,
or dehiscence secondary to resection of diseased or damaged skin. Debilitated
dogs are more prone to pressure sore formation secondary to poor nursing care.
Once formed, long term resolution of pressure sores can be problematic and
expensive. Prolonged protection may be needed after postoperatively.
The antecubital area also can be problematic for closure, largely based on the
flexion and extension of the affected limb during normal physical activities.
Bandaging can be problematic in this area. Unless motion is restricted, the pro-
tective bandage may abrade the open wound surface or impair circulation to the
skin used to close the defect. In general, unless this area is immobilized, a band-
age would not be advisable for antecubital defects in most cases.

Surgical options for the ear
There are three arteries and associated veins that visibly supply circulation to
the length of the pinna. Their preservation helps assure it survival. Local trans-
position flaps are remarkably versatile for covering a number of pinnal defects,
especially the lower1/2 to 2/3s of the pinna in the average dog. Clearly there are
a variety of anatomic variations between various species and their respective
breeds.
Closure or reconstruction of the distal third of the pinna can be more problem-
atic due to its relative distance to donor areas. Although direct flap techniques
(tucking a denuded portion of the pinna beneath an adjacent flap) can be used
effectively in some situations, it is not ideal for cases involving neoplasia.
Moreover, because dogs and cats function well without a pinna, it is difficult to
justify complete reconstruction of the pinna (although we have the surgical
capabilities to do so today). In general, patients with tumors or major trauma
involving the terminal third of the pinna usually are better candidates for par-
tial resection. 

Wound closure options for the elbow
Closure techniques for elbow wounds include a) healing by second intention, b)
simple appositional closure of the wound, c) local skin flaps, d) axial pattern
flaps (APF), e) myocutaneous flaps (MCF), f) distant direct flaps, and g) skin grafts.
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Each option has advantages and disadvantages. For example, healing by second
intention can be prolonged or futile; should healing occur, the epithelialized
scar may lack the long-term durability required during daily activities, especial-
ly in larger dogs. Direct apposition requires sufficient skin laxity to offset post-
operative tension or distraction forces. Closure of wounds under tension over the
olecranon will increase the probability of wound dehiscence. Tension relieving
techniques may be useful under these circumstances. Simple local skin flap tech-
niques also may be useful to close problematic wounds unsuitable for simple
appositional closure. Local flaps are comparatively easy to perform, providing
full-thickness skin coverage with a variable amount of subcutaneous tissue to
provide some cushion between the olecranon and the flap’s overlying dermal
surface. From the author’s experience, the use of single or paired bipedicle
advancement flaps (release incisions) can be effective for closing small to mod-
erate defects overlying the olecranon. Axial pattern flaps (in particular the
Thoracodorsal APF) and myocutaneous flaps ( including the Latissimus Dorsi or
Cutaneous Trunci MCF) are normally reserved for the larger problematic elbow
wounds. The underlying subcutaneous tissues or muscle layer of these large
flaps can provide a thick cushion of tissue over the olecranon, added protection
against direct impact forces over this bony prominence. Distant direct flaps can
be used for wound closure but are more labor intensive to execute, requiring pro-
long immobilization of the affected limb to the trunk of the patient during the
healing and transfer process. Skin grafts, devoid of an underlying subcutaneous
layer during their preparation, usually lack the durability required for perma-
nent wound closure over the elbow prominence of larger dogs.
As noted, the author has found the use of dual bipedicled advancement flaps a
useful technique for closure of small to moderate problematic ulcers. The use of
release incisions in the small depressions caudal to the medial and lateral epi-
condyles, will create open donor wounds after apposition of each bipedicled
flap. These surgical wounds healed remarkably well by second intention, often
within three weeks after surgery using basic topical wound care. 

Protection of the olecranon 
Successful closure of these cutaneous defects normally includes a variable peri-
od of time protecting the area from external disruptive forces. Prolonged protec-
tion of an incision line may be required beyond the point of suture removal. A
variety of external protective techniques, commercially available protective
devices, and bedding materials have been advocated to both prevent trauma to
the olecranon region and promote the closure of problematic skin wounds. They
include : external splints/spica bandages; Schroeder-Thomas Splints; antecubital
braces to prevent elbow flexion; ‘doughnut’ rings (comprised of cotton or short
segments of pipe insulation); and soft bedding, including sheep-skin and foam
mattresses. Soft bedding is a useful adjunct in preventing re-injury to healed
elbow wounds. Wound care includes keeping the incision clean and dry as well
as managing any infection involving this region. In open wound care, changes in
dressings are largely dictated by the product(s) used, presence or absence of
infection, the state of the wound, and the volume of discharge. 
Each of the current protective devices has their own advantages and limitations.
The elbow is not ideally suited to doughnut rings, whose use in protecting bony
prominences (management and prevention of pressure sores) is questionable.
While circular rings of padding can help protect a bony prominence from
impact and compressive forces, the ring itself unfortunately distributes pressure
on the peripheral skin essential to the healing process. Rigid splints and braces
have the undesirable effect of impairing use of the affected limb as they mini-
mize motion and incisional tension postoperatively. Patients normally have dif-
ficulty elevating the extended leg during ambulation: in most cases the patient
will simply drag the immobilized limb as it walks. As a result, owners usually
need to lift and assist their dog in to stand and walk to a variable degree. In a
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large dog, this can be problematic for many owners. Prolonged limb immobiliza-
tion in turn, promotes muscle atrophy and negatively affects circulation to the
immobilized extremity. Schroeder-Thomas Splints and reinforced spica braces
do require periodic reassessment and adjustment during their application. Long
term use and replacement of these external splints, combined with local wound
care can be labor intensive and cumulatively expensive.
The author has developed a simple external device designed to protect the elbow
after the surgical closure of wounds overlying the olecranon, while allowing the
dog to walk on the affected leg unimpeded. Composed of commercially available
foam pipe insulation (Armacell), layered application of this material provides a
protective cushion to the elbow. Pipe Insulation Protection for Elbows (P.I.P.E.) allows
for prolonged protection of the olecranon area, economically while provide a
simple means to change medicated dressings.
Having studied problematic elbow wounds over several years, it is my impression
that prolonged protection is advisable until inflammation subsides and collagen
remodeling is initiated. This can be assessed clinically by pushing the healed
skin with the index finger. Normal skin will shift to a variable degree with
pressed. In some cases, the skin is initially immobile as a result of scarring
between the underlying periosteum and dermal/subcutaneous tissues. This skin,
affixed to the prominence, cannot shift to any degree and is susceptible to com-
pressive trauma unless additional time is given to protect the area. During the
maturation phase of healing, collagen resorption and reformation occurs. As
inflammation declines, the skin begin to resume its natural elastic and mobile
relationship with the underlying tissues.

Application of P.I.P.E.- Upon completion of surgery, segments of 1 inch inner
diameter (2.5 cm) pipe insulation (Armacell) are cut with scissors: an inner layer
measured below the elbow to the metacarpophalangeal joints, and a second,
longer length that overlaps the uppermost level of the olecranon.
Strips of two inch white surgical tape are applied to the length of the limb. The
shorter inner layer of pipe insulation is opened and cupped over the caudal
aspect of the leg, to assure proper protection of the surgical site. Elasticon
(Johnson & Johnson) bands are used to the secure both the inner and outer lay-
ers of pipe insulation to the exposed layer of white tape. A shorter third segment
of pipe insulation can be applied below the level of the elbow in especially large
dogs for added protection of the olecranon area. 
Following application, the overlapped segment of the second layer of pipe insu-
lation is temporarily folded down to facilitate application of a wound dressing
and thin absorbent bandage layer (cast padding), in the slot provided above the
first layer of pipe insulation. A thin outer layer of gauze is secured with a small
strip of surgical tape. Dressings are usually changed daily over the first week,
and every second or third day thereafter. The entire P.I.P.E. is changed every three
weeks to correct loosening of the layers and offset partial compression/collapse
of the foam cells from repeated impact on the material when the patients
reclined on their bedding.
Applying the pipe insulation from the elbow to the metacarpcphalangeal joints
provided a long surface area to effectively secure this device to the forelimb.
Moreover, when the dog is recumbent, the pressure exerted by the weight of the
patient against the floor or bedding is distributed over the length of the pipe
insulation below the olecranon, which corresponds to the shorter inner seg-
ment of insulation. The second layer provides added elevation of the olecranon
from the floor and bedding when the patient reclines. Overlapping the olecra-
non provided a foam shield to the surgical area, while creating an open slot for
application of a dressing and light bandage. 
Tt is critical that the simple dressing/bandage is thinner than the slot or gap pro-
vided: thick bandages would actually focus pressure on the olecranon when the
patient reclines. It is also important to apply the cast padding and outer gauze
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wrap loosely, avoiding any stretching of the materials during their application.
This minimizes the risk of the bandage material from binding and rubbing the
skin overlying the olecranon. As noted in giant breeds, it may be advisable to
apply a outer tertiary layer of foam, approximating the length of the first foam
layer. This can provide added elevation of the olecranon from the floor or bed-
ding during recumbency. 
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Clinical, genetic, and therapeutic insights into systemic
mast cell disease
Ayalew Tefferi and Animesh Pardanani

Purpose of review
Mast cell disease is markedly heterogeneous in its underlying
molecular pathogenesis, clinical presentation, natural history,
and specific treatment. Skin-only disease (cutaneous
mastocytosis) is infrequent in adults and systemic
mastocytosis may be broadly classified as an indolent or
aggressive variant based on the absence or presence of
impaired organ function. Urticaria pigmentosa and mast cell
mediator release symptoms can occur in all categories of mast
cell disease and may not be prognostically detrimental. The
purpose of this review is to summarize current concepts and
recent advances in the pathogenesis and treatment of adult
mast cell disease.
Recent findings
A series of laboratory investigations has revealed that mast cell
disease is a clonal stem cell disorder, and at least two genes
(c-kit and PDGFRA) with pathogenetically relevant mutations
have been identified. FIP1L1-PDGFRA+ mast cell disease
responds completely to imatinib mesylate. Both Asp816Val
c-kit+ and molecularly undefined cases have been shown to
respond to 2-chlorodeoxyadenosine therapy after failing
treatment with interferon-�.
Summary
A partial molecular calssification of mast cell disease is now
possible; Asp816Val c-kit+, FIP1L1-PDGFRA+, and
molecularly undefined cases. Such molecular classification is
therapeutically relevant.

Keywords
mastocytosis, C-kit, FIP1L1-PDGFRA, imatinib mesylate,
cladribine
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Introduction
Mast cells were first described by Paul Ehrlich in 1878 as
“granular cells of the connective tissue” and are histori-
cally known to contribute to the pathophysiology of type
I hypersensitivity [1]. We now recognize mast cells as
being derived from the hematopoietic stem cell [2–4]
and more specifically from CD34+ and Kit+ progenitors
but not from monocytes or basophils [5]. Stem cell factor
(Kit ligand), often in synergy with interleukin-3, is the
most important cytokine that is responsible for the
growth and maturation of mast cells [6,7]. Mast cells ex-
press high-affinity IgE receptors (Fc � R1) that, when
engaged, result in mast cell degranulation and release of
biologic amines (eg, histamine), proteases (eg, tryptase),
proteoglycans (eg, heparin), prostaglandins (eg, PGD2),
leukotrienes (eg, LTC4), and various other cytokines and
chemokines (eg, tumor necrosis factor-�, interleukin-8)
[8,9]. The physiologic function of mast cells is linked to
their effector activity for T helper 2 (TH2)–dependent,
IgE-mediated, allergic, and antipathogen host defense
responses [10]. Mast cell disease (MCD) is defined as
tissue infiltration by morphologically as well as immuno-
phenotypically abnormal mast cells.

Diagnosis and classification of mast
cell disease
Normal mast cells are usually round, carry an abundance
of evenly distributed cytoplasmic granules, and express
tryptase, CD117 (Kit; the receptor for stem cell factor),
and CD68 (macrophage marker) but not CD25 or CD2
[11–14]. Mast cells in MCD are often fusiform in shape,
display cytoplasmic hypogranularity, and aberrantly co-
express CD25 (usually) and CD2 (sometimes) along with
tryptase, CD117, and CD68 [13,15,16,17•]. These mor-
phologic and immunophenotype features are currently
used to confirm tissue diagnosis in MCD. Mast cell im-
munophenotyping might be particularly helpful in re-
vealing occult bone marrow involvement [18].

Adult MCD is operationally classified (World Health Or-
ganization criteria) into two broad categories: cutaneous
and systemic mastocytosis (SM) [19,20]. Cutaneous mas-
tocytosis signifies skin only disease and occurs relatively
infrequently in adults [21]. Therefore, suspected MCD
in adults warrants a bone marrow examination that in-
cludes careful morphologic evaluation, immunohisto-
chemical studies for tryptase, and bone marrow mast cell
flow cytometry to document phenotypically abnormal
mast cells (CD25+, CD2+/CD−). SM is further subclassi-
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fied into indolent SM (little or no evidence of impaired
organ function), aggressive SM (presence of impaired
organ function such as cytopenia, symptomatic hepato-
splenomegaly, clinically relevant bone disease, weight
loss), SM associated with another (usually clonal my-
eloid) hematologic disease (SM-AHD), and mast cell
leukemia/sarcoma [19,20].

Mast cell leukemia/sarcoma is extremely rare, with fewer
than two dozen cases reported in the literature [22,23].
SM-AHD constitutes approximately one-third of adult
MCD, and the associated disorders are often myeloid
(myeloproliferative or myelodysplastic disorders, acute
myeloid leukemia) but can be lymphoid as well
(lymphoma) [24–26]. In SM that is not associated with
another hematologic disease, approximately 60% have
indolent SM and 40% aggressive SM [27]. With the ex-
ception of some cases with mast cell leukemia/sarcoma,
aberrant mast cell CD25 expression appears to be a uni-
form marker for SM and thus diagnostically very useful
(Pardanani A, et al., in press). In contrast, aberrant mast
cell CD2 expression occurs only in a minority of all cases
(30% general prevalence) and more often in indolent SM
(46% incidence) than in either aggressive SM (13%) or
SM-AHD (29%) (Leukemia Research, in press).

Clinical features and prognosis of mast
cell disease
Clinical presentation in adult SM is markedly heteroge-
neous and includes skin disease (usually in the form of
urticaria pigmentosa) (Fig. 1), mast cell mediator release
symptoms (headache, flushing, lightheadedness, presyn-
cope, syncope, anaphylaxis, asthmalike symptoms, pru-
ritus, urticaria, angioedema, nausea, vomiting, peptic ul-
cer disease, diarrhea, abdominal cramps), and direct or
indirect organ damage (bone pain from lytic bone le-
sions, osteoporosis or bone fractures, hepatosplenomeg-
aly, cytopenia from bone marrow involvement) [27].
Laboratory findings include increased levels of serum
tryptase, histamine, calcitonin, and urine histamine me-
tabolites including methylimidazoleacetic acid and pros-
taglandins (PGD2) [27]. In addition, approximately 20%
of patients with SM may display significant and some-
times isolated blood eosinophilia [28].

Bone marrow mast cell infiltration in MCD is variable
and includes both tight and loose clusters of mast cels,
often in a paratrabecular and perivascular pattern (Fig.
2). The mast cell content and infiltration pattern in the
bone marrow is best visualized by the use of immuno-
histochemical stains that are relatively specific to mast
cells (tryptase, CD117) [29,30]. In addition, the bone
marrow may show variable degrees of hypercellularity
and bone marrow. eosinophilia, reticulin fibrosis, osteo-
sclerosis, and neoangiogenesis [31•].

In general, mast cell leukemia/sarcoma is a terminal dis-
ease with survival measured in months and no effective

therapy to date [22,23]. Both prospective and retrospec-
tive studies have consistently shown that the natural his-
tory of indolent SM is far better (median survival mea-
sured in decades and infrequent progression to
aggressive disease) than those of both aggressive SM and
SM-AHD [19,32]. Outcome in SM-AHD is determined
by the associated AHD and is significantly worse com-
pared with SM without AHD [24]. In the latter MCD
category, including both indolent and aggressive SM, in-
creased bone marrow mast cell and eosinophil content,
elevated serum alkaline phosphatase, anemia, and hepa-
tosplenomegaly have been associated with poor progno-
sis [27]. In contrast, neither bone marrow microvessel
density nor reticulin fibrosis was identified as being
prognostically useful [27].

Molecular features and clonality in mast
cell disease
The best recognized molecular markers in MCD involve
mutations of the c-kit protooncogene [33]. Such muta-
tions were first identified in a human mast cell leukemia
(HMC-1) cell line in which murine c-kit mutants corre-
sponding to HMC-1 Asp816Val but not Val560Gly c-kit
mutations were shown to impart ligand-independent,

Figure 1. Urticaria pigmentosa in a patient with aggressive
mastocytosis
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constitutive activation of the protein product (Kit) [34].
The gain-of-function murine c-kit mutant (Asp814Tyr)
demonstrated cell-transforming capability that resulted
in ligand-independent cell proliferation, neoplastic trans-
formation, and differentiation of murine mast cell lines
[35,36]. Similarly, retroviral transfection, with constructs
of activating c-kit mutations, resulted in neoplastic trans-
formation of human hematopoietic progenitor cells [37].
Subsequently, activation mutations of c-kit (eg,
Asp816Val, Asp820Gly) were shown in primary cells of
some but not all patients with SM including those with
SM-AHD [38,39], aggressive SM [39–41], and indolent
SM [39,42]. Furthermore, sorted mast cells and coexist-
ing myeloid cells in a patient with SM-AHD have been
shown to carry Asp816Val c-kit mutations [43]. Canine
mast cell neoplasms are also known to carry activating
juxtamembrane c-kit mutations [44–47].

The aforementioned set of observations clearly impli-
cates activating mutations of c-kit as disease-causing mu-
tations in MCD. Although earlier studies suggested the
uniform presence of Asp816Val as well as the occurrence
of Val560Gly c-kit mutations in adults but not children
with MCD [42,48], more recent studies have revealed

substantial interstudy variability in the incidence of the
particular mutations in adult-onset disease. In our expe-
rience, Asp816Val c-kit mutation was detected only in a
minority of adults with SM (approximately 30%) and ap-
peared to be more frequent in aggressive SM with or
without AHD compared with indolent SM [39]. How-
ever, in another study, all patients with indolent SM but
none with aggressive SM displayed the particular muta-
tion [49]. The reason for the marked discrepancy is cur-
rently not known, and the potential contribution of pa-
tient and sample source heterogeneity is unlikely to be
the cause because of the stem cell nature of the disease.
Regardless, preliminary observations suggest that c-kit
mutations in MCD might be prognostically detrimental
[39,50].

Currently known c-kit mutations in both the juxtamem-
brane and activation loop domain of c-kit are rare in other
chronic myeloproliferative diseases [39,49] including
polycythemia vera, essential thrombocythemia, myelofi-
brosis with myeloid metaplasia, and myelodysplastic syn-
drome, whereas mutations involving the extracellular do-
main of c-kit have been reported in patients with
myelofibrosis with myeloid metaplasia and chronic my-

Figure 2. Bone marrow mast cell infiltration

Before (a and b) and after (c and d) treatment with imatinib mesylate in a patient with aggressive mastocytosis are shown.
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eloid leukemia [51]. On the other hand, activating mu-
tations of c-kit are known to occur in acute myeloid, es-
pecially in core binding factor, leukemia [52–54], and
gastrointestinal stromal tumors [55,56].

The most recently discovered and therapeutically rel-
evant disease-associated mutation in MCD is the
FIP1L1-PDGFRA fusion [57••,58••]. FIP1L1-PDGFRA
represents an approximately 800-kb interstitial chromo-
somal deletion involving chromosome 4q12 that results
in juxtaposition of the platelet-derived growth factor re-
ceptor � (PDGFRA) and FIP1L1 gene. The fusion gene
generates a constitutively activated PDGFRA tyrosine
kinase that transforms hematopoietic cells and appears to
be a pathogenetic mutation in a subset of patients with
SM and associated eosinophilia [58••]. To date, we have
not detected the presence of the specific mutation in
MCD that is not associated with eosinophilia, but the
prevalence in SM and associated eosinophilia might ap-
proach 50% (Tefferi and Pardanani, Unpublished data,
August, 2003). The therapeutic relevance of FIP1L1-
PDGFRA is discussed further in the treatment section.

Mast cells are part of the hematopoietic lineage and
share the same precursors with granulocytes, basophils,
eosinophils, and monocytes [2–5,59,60]. In mice, single
hematopoietic stem cells have given rise to mast cells,
macrophages, B and T lymphocytes, and natural killer
cells [61]. In the same species, a mast cell–committed
precursor cell has also been identified [62]. Human mast
cells have been cultured from both bone marrow and
peripheral blood mononuclear cells, under the influence
of both stem cell factor and interleukin-3, and the spe-
cific precursors have been identified as being CD34+C-
kit+Fc � R1− [59,60,63].

The availability of molecular markers in MCD (eg,
Asp816Val, FIP1L1-PDGFRA) has been exploited by
several studies to demonstrate the clonal nature and the
hematopoietic stem cell origin of the clonal process in
MCD [40,64•]. C-kit mutation–based clonality studies
have revealed clonal involvement of myeloid cells, in-
cluding monocytes and B and T lymphocytes in either
indolent or aggressive SM [64•,65]. Most recently, we
used both c-kit and FIP1L1-PDGFRA mutation-based
studies to demonstrate clonal involvement of eosino-
phils, neutrophils, and mononuclear cells in SM and as-
sociated eosinophilia [58••,66•]. The aforementioned
studies strongly suggest that both Asp816Val+ and
FIP1L1-PDGFRA+ MCD is a clonal stem cell disease
with evidence of multilineage involvement in myeloid
and, at least in the case of Asp816Val+ disease, lymphoid
lineage.

Recent advances in the treatment of mast
cell disease
There are two aspects of the disease process in MCD
that draws attention to treatment: mast cell mediator re-
lease symptoms and organ dysfunction as a result of tis-

sue infiltration by mast cells. Triggering factor avoidance
and histamine antagonists are the cornerstones of
therapy for mast cell mediator symptoms. Known trig-
gers of mast cell degranulation include opioid analgesics,
alcohol, aspirin/nonsteroidal antiinflammatory drugs, and
contrast dyes. Both H1 and H2 histamine receptor block-
ers as well as cromolyn sodium have variable value in the
treatment of cutaneous and gastrointestinal manifesta-
tions of disease [67]. In addition, patients with a propen-
sity toward vasodilatory shock should wear a medical
alert bracelet and carry an Epi-Pen self-injector for self-
administration of subcutaneous epinephrine [68]. Urti-
caria pigmentosa shows suboptimal response to both
topical and systemic corticosteroid therapy, and some
patients may respond well to oral-based psoralen photo-
chemotherapy [69].

In general, cytoreductive therapy is not recommended
for indolent SM [70]. In aggressive SM, interferon alpha,
in a subcutaneous dose of 1 to 5 million U daily or three
times per week, may result in a clinically meaningful
response in a variable but substantial proportion of
treated patients [71•,72]. The adverse dropout rate with
interferon treatment is not trivial, and whether the ad-
dition of corticosteroids to interferon improves treatment
tolerance as well as efficacy remains to be tested in a
randomized setting [73].

Most recently, two new drugs have successfully been
added to the therapeutic armamentarium for aggressive
SM: 2-chlorodeoxyadenosine [74] and imatinib mesylate
[75••]. The former is a purine nucleoside analogue with
in vitro antilymphocyte and antimonocyte activity in di-
viding and resting cells [76,77]. The drug has proven
efficacy in the treatment of hairy cell leukemia [78],
Langerhans cell histiocytosis [79], and chronic lympho-
cytic leukemia [80]. Because of lineage proximity be-
tween monocytes and mast cells [60], the drug was first
administered on a compassionate-use basis to a patient
with interferon-resistant aggressive SM [74]. This pa-
tient, as well as two of three additional patients with
interferon-resistant aggressive SM who were treated with
intravenous 2-chlorodeoxyadenosine (approximately 5
mg/m2 in 2-hour daily infusions × 5 and given at variable
intervals that ranged from 1 month to 6 months for as
many as six courses), achieved complete or partial reso-
lution of mast cell mediator symptoms, skin disease,
hepatosplenomegaly, ascites, diarrhea, and substantial
reduction in bone marrow mast cell content [81•]. In a
subsequent multicenter study of ten patients (three in-
dolent SM, three aggressive SM, three SM-AHD and
one with smouldering SM), six cycles of 2-chlorodeoxy-
adenosine therapy given at monthly intervals produced
measurable responses in all treated patients including a
decrease in serum tryptase levels in all patients, allevia-
tion of mast cell mediator symptoms in all patients, par-
tial responses in all seven patients with urticaria pigmen-
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tosa, and a substantial reduction in bone marrow mast
cell content in eight patients [82••].

The rationale for imatinib mesylate use stems from the
drug’s known in vitro [83,84•] and ex vivo [85•,86•] ac-
tivity against neoplastic mast cells that do not carry the
Asp816Val c-kit mutation. Consistent with these experi-
mental data, neither of two patients with Asp816Val+

MCD responded to treatment with imatinib mesylate
[58••,87••]. In contrast, all three patients with FIP1L1-
PDGFRA+ MCD achieved complete and durable re-
sponses to lower than standard doses (100 mg/d) of ima-
tinib mesylate (Fig. 3) [58]. The three patients with
FIP1L1-PDGFRA+ MCD and the two patients with
Asp816Val+ MCD all had moderate to severe eosino-
philia. However, responses to imatinib mesylate were
also seen in five of seven patients with MCD who did
not have associated eosinophilia [87••]. None of these
latter seven patients carried either the c-kit or PDGFRA
mutation. Treatment-induced molecular remissions
were achieved in all three patients with FIP1L1-
PDGFRA+ MCD [58••].

Conclusion
Recent high-impact discoveries in the pathogenesis and
treatment of MCD have rekindled major interest in the
particular field. Current information enables one to con-
struct a molecular classification–based treatment algo-
rithm in MCD (Fig. 3). However, it is important to rec-
ognize that not all patients with MCD require treatment,
and cytoreductive therapy may not be the preferred first-
line therapy in dealing with mast cell mediator symp-
toms. Although the value of imatinib mesylate for the
treatment of FIP1L1-PDGFRA+ MCD is well demon-
strated, additional studies are required to better define
the subset of patients for whom 2-chlorodeoxyadenosine

is most suited. In the future, identification of essential
downstream components in the molecular pathogenesis
of Asp816Val-driven mast cell proliferation may reveal
additional drug targets [88].
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Mast cells have been recognized for well
over 100 years. With time, human mast
cells have been documented to originate
from CD34� cells, and have been impli-
cated in host responses in both innate
and acquired immunity. In clinical immu-
nology, they are recognized for their cen-
tral role in IgE-mediated degranulation
and allergic inflammation by virtue of

their expression of the high-affinity recep-
tor for IgE and release of potent proinflam-
matory mediators. In hematology, the
clinical disease of mastocytosis is charac-
terized by a pathologic increase of mast
cells in tissues, often associated with
mutations in KIT, the receptor for stem
cell factor. More recently, and with in-
creased understanding of how human

mast cells are activated through recep-
tors including the high-affinity receptor
for IgE and KIT, specific tyrosine kinase
inhibitors have been identified with the
potential to interrupt signaling pathways
and thus limit the proliferation of mast
cells as well as their activation through
immunoglobulin receptors. (Blood. 2008;
112:946-956)

Introduction

Mast cells have a rather unique position among cells of the
immune response. Their progenitors are bone marrow derived,
yet under normal conditions appear in the mature state only
within vascularized tissues, where they are long-lived. Mast
cells appear historically ancient,1 yet their roles in mammalian
biology, including disease pathogeneses and host defense mecha-
nisms, often remain speculative and based on in vitro studies
and animal models2-4 with 2 primary exceptions—IgE-mediated
immediate hypersensitivity reactions and mastocytosis. Compli-
cating the understanding of the role of mast cells in human
biology is that while other normal human immune cell functions
often become more obvious in the absence of a specific cell type,
such as with agranulocytosis, or in the absence of normal
function of a specific pathway, as in autoimmune lympho-
proliferative syndrome (ALPS) associated with defective lym-
phocyte Fas-mediated apoptosis, the single similar situation
involving mast cells and human disease characterized to date
is mastocytosis, resulting from disturbed control of mast
cell proliferation.

Mast cell research initially relied upon observation on mast
cell appearance and numbers in tissue biopsies, sometimes
correlated with tissue histamine levels. With time, methods were
developed to obtain and study mast cells ex vivo. The most
common protocols relied on obtaining mast cells from the
peritoneal cavity of rodents, or enrichment of mast cells from
tissue digests. These approaches initiated modern mast cell
biology with the first work on histamine, slow-reacting sub-
stance of anaphylaxis (SRS-A), and other mast cell–derived
mediators including proteases, and the early studies on the
mechanisms of mast cell signal transduction. In more recent
years, and with the identification of key mast cell growth
factors, investigators have discovered how to culture mast cells
in vitro from pluripotential precursors (Figure 1). This develop-
ment has facilitated the further study of human mast cell gene
expression, signal transduction, and production of mediators
relevant to inflammation.

History

The most striking feature of mast cells is that their cytoplasm is
filled with dense metachromatic granules that stain red or violet
when treated with basic aniline dyes. Using this “metachroma-
sia,” Ehrlich in 1878 first clearly described mast cells or
“mastzellen” (maestung—a root of the English word mastica-
tion; the active form “measten” is still in use).5 He speculated
that these granules were the product of overfeeding (die mast).
Ehrlich also noted the tendency of mast cells to be associated
with blood vessels, nerves, and glandular ducts. These observa-
tions contributed to Ehrlich’s Nobel Prize in Medicine in 1908.
In 1894, Unna reported that the cutaneous lesions termed
urticaria pigmentosa (UP) were associated with increased mast
cells below each lesion.6 Thus, by the end of the 19th century,
mast cells had been recognized both in the normal state and
associated with pathology.

Following a number of reports that mast cells could “explo-
sively” release their granules on contact with irritants, Webb in
1931 reported that the peritoneal cells of the rat undergo degranula-
tion following irritation by such agents as egg white, known to
cause a peculiar urticaria-like reaction when injected intraperitone-
ally into the rat.7 Within a few years, mast cells had been identified
as carriers of heparin by Jorpes8 and histamine by Riley.9 These
observations and knowledge that histamine and heparin were
released simultaneously from dog liver in anaphylactic shock led to
the conclusion by the 1950s that mast cells played an important
function in anaphylaxis. Also associated with anaphylaxis was
SRS-A, which caused smooth muscle contraction and was found to
be released from isolated rat peritoneal mast cells exposed to
histamine releasing agents.10-13

As information on mast cells increased, it was observed that
significant mast cell hyperplasia occurred in association with
certain pathologic conditions such as parasitosis with a tissue
phase, and then in diseases that would later be classified as variants
of mastocytosis. The first description of a disease that was
apparently UP is attributed to Nettleship and Tay in 1869,14 later
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termed UP by Sangster in 1878.15 In 1949, Ellis described an
autopsy report of a fatal case of UP in a 1-year-old child. He
documented mast cell infiltrations in the skin, liver, spleen, lymph
nodes, and bone marrow.16 There followed many descriptions of
variants of mastocytosis organized over the years into classification
schemes from Degos in 195617 to the contemporary World Health
Organization recognized classification18 recently updated.19

Human mast cell mediators

The recognition that mast cells are the source of most tissue
histamine, contain heparin, and could generate SRS-A upon
activation took place in the mid 20th century. Since then, there have
been numerous papers devoted to the identification and character-
ization of mast cell mediators. A partial list of mediators now
associated with the human mast cell is presented in Table 1.20

Preformed mediators stored in cytoplasmic granules within the
mast cell include proteoglycans, proteases, and histamine. They
appear together in structured complexes that allow components
such as histamine to be rapidly disassociated upon contact with the

extracellular environment. Tissue mast cells account for most
histamine found within normal tissues, with the exception of the
upper gastrointestinal tract21 and central nervous system. Serotonin
is found within rodent mast cells in significant quantities, while
human mast cells contain much less serotonin.22

Human mast cells contain variable mixtures of heparin and
chondroitin sulfate E/diB glycosaminoglycans. Human mast cells
have been estimated to contain 2.4 to 7.8 �g heparin per 106 cells.23

This observation, along with the knowledge that heparin is a
negatively charged molecule helps explain why mast cell granules
are preferentially stained with cationic dyes. Proteoglycans synthe-
sized by human pulmonary mast cells contain chondroitin sulfate E
and heparin chains at 1:1 to 1:2 ratio, while those in the human
gastric mucosa have more chondroitin sulfate E,24 contributing to
variable staining characteristics among mast cell populations.
Heparin macromolecules are known to be resistant to protease
degradation, now known to be because this granule constituent has
a peptide core with a repeating protease-resistant Ser-Gly se-
quence25 that is designated “serglycin.”26,27 Heparin is, however,
susceptible to oxidative cleavage.28

Tryptases and chymases are the major protein components of
mast cell secretory granules. The types and properties of these
endopeptidases vary with mammal of origin and subtype. Upon
mast cell degranulation, tryptases and chymases are released. Mast
cells express tryptases including �-tryptase, which is membrane
anchored, and several soluble tryptases, �-tryptase, �-tryptase, and
�-tryptase, that compartmentalize into inhibitor-resistant oli-
gomers. In the case of �-tryptase, this is a heparin-stabilized
tetramer.29 Of these tryptases, �-tryptase, occurring in 3 principal
forms (I, II, and III), seems the most biologically important, as it is
the only one of the 3 that does not have a catalytic domain defect
that reduces activity.30 The �-gene appears to be an allele at the �1
site at the human tryptase gene locus on chromosome 16p13.3, a
predictor that some may lack this allele, which is the case in 20% to
25% of the population.

The 2 peptidases with chymotrypsin-like activity made by mast cells
are chymases and cathepsin G. Human mast cell subpopulations appear
to rather selectively express chymase. The variable expression of these
enzymes has led to the recognition of human mast cell subsets. Mast cell
subsets expressing tryptase and chymase (MCTC) tend to be abundant
in the dermis,31 while mast cells expressing tryptase, but little or no
chymase (MCT), tend to be located in the mucosa of organ systems.
A third and minor population of mast cells expresses chymase and
cathepsin G (MCC).

Figure 1. Human mast cells cultured from peripheral blood in SCF and stained
with toluidine blue (cytoprep; 400�). The figure is provided courtesy of Madeleine
K. Radinger (Laboratory of Allergic Diseases, National Institute of Allergy and
Infectious Diseases, National Institutes of Health (LAD/NIAID/NIH). Images were
obtained via digital microscopy using a Zeiss Axiophot (Jena, Germany) equipped
with a Plan-Apochramat 100�/1.4 numeric aperature (NA) objective. Images were
processed using Adobe Photoshop version 3.0 (Adobe Systems, San Jose, CA).

Table 1. Major human mast cell–derived mediators

Class Mediators Physiological effects

Preformed mediators Histamine, serotonin, heparin, neutral proteases (tryptase

and chymase, carboxypeptidase, cathepsin G), major

basic protein, acid hydrolases, peroxidase, phospholipases

Vasodilation, vasoconstriction, angiogenesis, mitogenesis,

pain, protein processing/degradation, lipid/proteoglycan

hydrolysis, arachidonic acid generation, tissue damage and

repair, inflammation

Lipid mediators LTB4, LTC4, PGE2, PGD2, PAF Leukocyte chemotaxis, vasoconstriction, bronchoconstriction,

platelet activation, vasodilation

Cytokines TNF-�, TGF-�, IFN-�, IFN-�, IL-1�, IL-1�, IL-5, IL-6, IL-13,

IL-16, IL-18

Inflammation, leukocyte migration/proliferation

Chemokines IL-8 (CXCL8), I-309 (CCL1), MCP-1 (CCL2), MIP-1�S

(CCL3), MIP1� (CCL4), MCP-3 (CCL7), RANTES (CCL5),

eotaxin (CCL11), MCAF (MCP-1)

Chemoattraction and tissue infiltration of leukocytes

Growth factors SCF, M-CSF, GM-CSF, bFGF, VEGF, NGF, PDGF Growth of various cell types, vasodilation, neovascularization,

angiogenesis

The mediators in the table are examples only. In addition, many mediators are identified in human mast cell lines or primary cultures of human mast cells and may not be
produced in vivo.
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A number of potential functions have been associated with
various mast cell proteases including bronchoconstriction, and the
degradation of fibrinogen, extracellular matrix proteins, and endog-
enous and exogenous peptides. These proteases also hydrolyze
chemokines and cytokines and inactivate allergens and neuropep-
tides. It is likely that additional biologic roles will be identified.

Activated mast cells initiate the de novo synthesis of several
lipid-derived substances. Of particular importance are the cycloox-
ygenase and lipoxygenase metabolites of arachidonic acid, which
have potent inflammatory activities and may also play a role in
modulating the release process. The major lipoxygenase products
derived from mast cells and basophils were originally termed
SRS-A, with definitive studies linking mast cells and IgE to SRS-A
generation in monkey lung fragments in 1970.32 The identification
of SRS-A as a conjugate of a cysteine-containing peptide and a
metabolite of arachidonic acid termed leukotriene C4 (LTC4) was
reported by Murphy et al in 1979.33 More completely, it is now
known that SRS-A is composed of 3 cysteinyl leukotrienes
consisting of the biosynthetic intracellular product LTC4 and its
extracellular metabolites LTD4 and LTE4. The major cyclooxygen-
ase product of mast cells is prostaglandin D2 (PGD2).

Mast cells isolated from a variety of tissues release both LTC4
and PGD2, whereas peripheral blood basophils release LTC4 but
not PGD2. Mast cells also produce LTB4, although in much
smaller quantities than PGD2 or LTC4, and some mast cell
populations represent a potential source of platelet activating factor
(PAF). Th2 cytokines are known to regulate the pathway for
cysteinyl leukotriene generation from human mast cells.34 Leukotri-
enes elicit local dermal erythema and wheal reactions35 and are
potent bronchoconstrictors.36

Mast cells are now well documented to synthesize and release
cytokines, chemokines, and growth factors following activation.
The ability of murine mast cell lines to produce the cytokines
including IL-3, IL-4, IL-5, and IL-6 was reported by Plaut et al in
1989.37 TNF was the first cytokine clearly associated with normal
mast cells in 1990.38 Endothelins were associated with the mast cell
in 1992.39 Some of the TNF released from mouse mast cells upon
appropriate stimulation reflects a cytokine that is rapidly released
from preformed stores, and even larger amounts of newly synthe-
sized TNF is released over a period of hours after cell activation.38

This observation has been repeated variably with other cytokines,
although not all exist preformed in mast cell granules.

Human mast cells are now believed a potential source for a
number of cytokines/growth factors and chemokines including
IL-5, IL-6, IL-13, IL-16, stem cell factor (SCF), granulocyte-
macrophage colony-stimulating factor (GM-CSF), NGF, bFGF and
VEGF, as well as several C-C chemokines.40-43 IL-4 is produced in
significant amounts by human basophils, but human mast cells
appear to produce minimal IL-4.44 It should be recognized that data
implicating some of these mediators were obtained using human
mast cell lines and primary mast cell cultures, whereas the mediator
patterns expressed by resident tissue mast cells under various
conditions remain largely to be determined.

These products may be released when mast cells are activated
via IgE- or IgG-dependent mechanisms, and may also be produced
under other circumstances such as in response to stimulation by
bacterial products through Toll-like receptors (TLRs).45 Production
of a specific mast cell–derived cytokine may be related to
activation through a specific receptor(s). For example, interferon-�
(IFN-�) is produced by human mast cells following exposure to
double-stranded DNA through TLR-3 but not after IgE-mediated
activation through Fc�RI.45 This production of cytokines and

chemokines by human mast cells greatly expands the list of
possible mechanisms by which these cells may contribute to the
pathophysiology of allergic and immunologic diseases, to host
defense, and to homeostasis.

Human mast cell growth factors

Kitamura et al recognized as early as 1977 that mouse mast cells
originated from bone marrow by grafting bone marrow cells into
irradiated mice.46 This was followed in 1981 by the recognition by
Nabel et al that T lymphocytes synthesized a factor that stimulated
the proliferation of cloned mast cells.47 In 1983, Ihle et al reported
that IL-3 would promote the growth of mast cells from mouse bone
marrow.48 However, early studies also found that IL-3 lacked the
ability to promote culture of human mast cells, although it did
promote the growth of human basophils.49,50 It was known,
however, that human mast cells would develop in the presence of
fibroblasts, and in 1991 Kirshenbaum et al used this property to
determine that human mast cells arose from CD34� human
pluripotent stem cells.51 Following the isolation and characteriza-
tion in 1990 of stem cell factor (SCF),52-54 which is produced
mainly, but not exclusively, by stromal cells, it was reported in
1992 that SCF was the principal growth factor for CD34-derived55

and mononuclear cell–derived56 human mast cells. The human
mast cell committed progenitor was later described to be CD34�,
KIT�, and CD13�.57

Since then a number of papers have reported that several
cytokines inhibit or enhance SCF-dependent human mast cell
growth and differentiation. For example, IFN-� inhibits human
mast cell growth and differentiation by inhibiting early progenitor
cell division, while IL-5 blocks later cell division.58,59 Cytokine
effects on mature cells in culture may vary from the effects of
cytokines on human mast cell progenitors during their differentia-
tion. For example, in one study, IL-4 appeared to down-regulate
early KIT expression, while when added to mast cells late in
culture, it induced some cell division and potentiated Fc�RI-
mediated degranulation. Other factors are comitogenic with SCF
including lysophosphatidic acid,60 LTD4,61 and thrombopoietin.62

SCF receptor

The receptor for SCF is KIT, a transmembrane protein with
intrinsic tyrosine kinase activity. It is expressed on a variety of cell
types, including mast cells, hematopoietic progenitor cells, melano-
cytes, germ cells, and gastrointestinal pacemaker cells. KIT is
down-regulated from the surface of progenitor cells as they
differentiate into their respective mature forms. Mast cells are one
exception to this phenomenon, as they retain surface KIT expres-
sion at high levels as mature cells.

KIT is encoded for by c-Kit, the homologue of its viral counterpart,
found in the genome of the Hardy-Zuckerman 4 feline sarcoma virus.63

Human c-KIT is localized to chromosome 4 (q11-12) and is structurally
related to receptors for platelet-derived growth factor (PDGF) and
monocyte colony-stimulating factor.64

Mice deficient in KIT are also deficient in mast cells, and
display macrocytic anemia, lack of hair pigmentation, sterility, and
reduced numbers of thymic and gastrointestinal pacemaker cells.65

The KIT-SCF interaction is essential for regulation of the prolifera-
tion, survival, and migration of melanocytes. Loss-of-function
mutations in c-KIT result in piebaldism, an autosomal dominant
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disorder of pigmentation characterized by patches of white skin
and hair. KIT similarly exerts critical functions in both male and
female germ cell biology, where it regulates oogenesis, folliculogen-
esis, and spermatogenesis.

Mast cells in inflammation

Mast cells and IgE have long been associated with the pathogenesis
of the acute manifestations of the immediate hypersensitivity
reaction, the pathophysiologic hallmark of allergic rhinitis, allergic
asthma, and anaphylaxis. The central role of mast cells in these
disorders is widely accepted. In 1921, Prausnitz and Kustner
demonstrated that serum transferred into the skin of a normal
recipient induced a local allergic reaction upon contacting the
antigen to which the donor was sensitive. This came to be known as
the PK test.66 The sensitizing factor was termed “reagin.” In the late
1960s, reagin was isolated from normal serum by Ishizaka et al67

and from a myeloma by Johansson and Bennich68 and found to be a
unique class of immunoglobulin designated IgE.

IgE is now known to bind with high affinity to Fc�RI, and the
expression of this receptor is related to the serum IgE concentra-
tion.69 High “constitutive” levels of Fc�RI expression are restricted
to mast cells and basophils, and this feature helps explain the
unique role of mast cells as tissue-based effector cells in allergic
inflammation. In humans, low levels of expression are detected in
Langerhans cells, peripheral blood dendritic cells, and monocytes.
In mast cells and basophils, Fc�RI has a tetrameric structure
composed of a single IgE-binding � chain, a single � chain, and
2 identical disulfide-linked � chains.70 All 3 subunits must be
present for efficient cell surface expression in rodents, but human
cells can express Fc�RI in the absence of the � chain.71 In humans,
the Fc�RI expressed by hematopoietic cells other than mast cells
and basophils consists of only the ��2 form.72 The aggregation of
Fc�RI that is occupied by IgE is sufficient for initiating down-
stream signal transduction events involving tyrosine phosphoryla-
tion that activate the mast cells or basophils to degranulate and to
secrete lipid mediators and cytokines as shown in Figure 2.73,74 The
Fc�RI � chain functions as an amplifier of signaling through Fc�RI.
After degranulation, mast cells are believed to survive and regranu-
late. This may contribute to the increase in mast cells in association
with chronic inflammation.

Two recent observations show that the functions of KIT and
Fc�RI in mast cell biology are closely interrelated. The first
evidence for this interrelationship is the observation that SCF
enhances Fc�RI-mediated mast cell degranulation, and that the
phosphorylation of NTAL/LAB/LAT2, a membrane adaptor mole-
cule, was the crucial link between the signaling cascades following
KIT activation and Fc�RI aggregation (Figure 2).75 Further, in vitro
data from studies with mouse and human mast cells indicates that,
under some circumstances, the binding of certain IgE antibodies to
Fc�RI can promote proliferation of developing mast cells and mast
cell survival.76

In addition to IgE and specific antigen, and in some cases IgG,77

a variety of biologic substances including products of complement
activation, neuropeptides, bacterial products,45 cytokines, animal
venom components, chemical agents, and physical stimuli may
elicit the release of mast cell mediators. Morphine and other
narcotics are among the pharmacologic agents that induce human
mast cell mediator release, especially from skin mast cells. The
responsiveness of specific populations of mast cells to individual
stimuli varies, and some stimuli induce a pattern of mediator

release that differs from the one associated with IgE-dependent
mast cell activation.

The activation of mast cells following phagocytosis of
bacteria and following activation by a variety of viral and
bacterial products through TLRs had led to a growing recogni-
tion that mast cells offer a protective function through their
innate immune functions. For example, mast cells perform a
critical protective role in a mouse model of acute septic
peritonitis involving mast cell–derived TNF.78 SCF enhances
this innate immunity through effects on mast cells.79

Diseases of abnormal mast cell proliferation

As might be expected, given the complexity of the control of mast
cell numbers, there is the potential for disturbances to arise that
lead to a pathologic increase in mast cells within tissues, with
attendant consequences both systemically and locally from the
excess mast cell burden and the associated mast cell mediators.
Such disorders are categorized under the general term “mastocyto-
sis.” Clinical features of diseases of pathologic mast cell prolifera-
tion include pruritus, flushing, nausea, vomiting, diarrhea, abdomi-
nal pain, and vascular instability. Their most remarkable pathologic
features are abnormal accumulations of mast cells in the skin,
gastrointestinal (GI) tract, bone marrow, liver, spleen, and lymph
nodes, and the frequent association of this increase in mast cell
numbers with hematologic disorders. Mastocytosis may occur at
any age. The exact prevalence of mastocytosis and its variants is
unknown, and familial occurrence is unusual.

Variants of disease are now believed to be in part dependent on
specific inherited genetic polymorphisms and acquired somatic
mutations, and are categorized under cutaneous and systemic
mastocytosis. The complexity of this classification system in-
creases as data accumulate about clinical patterns of disease and
associated genetic abnormalities. For example, a consensus confer-
ence in 1990 recognized 4 patterns of disease determined on the
basis of severity and prognosis.80 A 2000 consensus conference
added subclassifications to cutaneous mastocytosis and to systemic
mastocytosis and set criteria for diagnosis.18,19

Pathogenesis of mastocytosis

The recognition of SCF as the principal human mast cell growth
factor led to early studies to determine whether SCF was elevated
in patients with mastocytosis. While there was some early indica-
tion that SCF was elevated in skin lesions associated with
mastocytosis,81 later studies on SCF levels in skin and blood did not
support this hypothesis, at least for adult patients.82 Rather, groups
turned their attention to KIT, the SCF receptor.

In 1995, Nagata et al identified a point mutation consisting of a
substitution of valine for aspartic acid in the catalytic domain of
c-KIT (ASP816VAL or D816V) in the peripheral blood of 4 of
4 patients with mastocytosis with predominately myelodysplastic
features.83 The next year, the same mutation was identified in a
patient with urticaria pigmentosa and aggressive systemic mastocy-
tosis in both skin and spleen.84 This mutation was one of
2 mutations identified in the HMC-1 cell line cultured from a
patient with mast cell leukemia85 and known to be an activating
mutation. It is now accepted that the majority of adults with
mastocytosis have the D816V mutation if bone marrow mono-
nuclear cells are examined. With time and disease severity, and in a
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subset of patients, the clone expands sufficiently to be detected in
peripheral blood. Some patients within this subset will develop the
smoldering systemic mastocytosis variant. These observations
support the concept that mastocytosis is in part a result of the
presence of “overactive” KIT in adult patients with mastocytosis
and in children with more severe patterns of disease, with other
secondary or coexisting events giving rise to mastocytosis disease
variants. There is no evidence yet that the ASP816VAL (D816V)
mutation is passed from generation to generation.

Additional c-KIT mutations have been identified that may play a
role in the etiology of mastocytosis. These mutations consist of
V560G within the juxtamembrane domain of KIT detected in the
human mast cell leukemia (HMC) cell line HMC-1; D816Y,

D816F, and D816H; the E839K dominant inactivating mutation in
several reported cases of pediatric mastocytosis; and the rare
germ-line mutation F522C. Exceedingly rare c-KIT mutations that
are reported to be present in less than 1% of patients with
mastocytosis include the following: R815K, D820G, V533D,
V559A, del419, K509I, and A533D.86,87 It appears that mast cell
proliferative disorders associated with mutations in c-KIT may be
modified by the genetic composition of the effected individual. For
example, a polymorphism in the gene for the IL-4 receptor alpha
chain (Q576R) resulting in a gain of function has been shown to be
associated with less extensive mast cell involvement, with disease
usually localized to the skin.88 Here, the hypothesis is that because
addition of IL-4 early to human mast cell cultures decreases the

Figure 2. Signal transduction events initiated by Kit and Fc�RI leading to specific mast cell responses, and the integration of these pathways for the synergistic
enhancement of mast cell mediator release. Dimerization of Kit, following ligation by SCF, results in activation of its intrinsic tyrosine kinase activity and autophosphorylation
of specific tyrosine residues on its cytosolic tail. These phosphorylated residues provide docking sites for critical signaling molecules including Src kinases, Shc,
phosphoinositide 3-kinase (PI3K), and phospholipase C� (PLC�). Subsequent activation of the Ras-Raf-Map kinase (MAPK) cascade via the GTP exchanger Sos, PI3K,
PLC�, and JAK2 leads to the enhanced concentrations of Ca2�, and activation of transcription factors and survival pathways necessary for mast cell growth, differentiation,
survival, cell migration, adhesion, and cytokine production. The Src kinases Lyn and Fyn may also contribute to some of these responses. Aggregation of Fc�RI, following
binding of antigen to antigen-specific IgE molecules occupying the Fc�RI, results in recruitment of the tyrosine kinase Syk to the � chain-ITAMs following translocation to the
lipid raft microdomains and phosphorylation of specific tyrosines within these motifs by Lyn. This results in activation of Syk and the phosphorylation of the transmembrane
adaptor molecules LAT and NTAL that coordinate downstream signaling by providing multiple phosphotyrosine-based docking sites for associating molecules such as PLC�1
and the cytosolic adaptors Grb2, Gads, and Shc. These events regulate the activation of PLC�1 and PLC�2, which are required for calcium mobilization and PKC activation,
essential signals for mast cell mediator release. A parallel pathway initiated by the tyrosine kinase, Fyn, leads to the activation of PI3K via the phosphorylation of the cytosolic
adaptor Gab2. These events are also required for optimal degranulation and cytokine production, likely as a consequence of PI3K-dependent membrane association of the
tyrosine kinase kinase, Btk, and activation of transcription factors. PI3K may also regulate the activation of sphingosine kinase (SK) and PLD, which produce the lipid mediators
sphingosine-1-phosphate (S-1-P) and diacylglycerol (DAG), which also contribute to the critical calcium signal and PKC activation regulating mast cell mediator release.
Concurrent with these events, the GTP exchangers Sos and Vav activate the Ras-Raf-MAPK pathway, which in turn contributes to the activation of specific transcription factors
required for cytokine production. In addition, the MAPKs ERK1/2 control the activation of PLA2, which liberates arachidonic acid from membrane lipids for the subsequent
generation of eicosanoids. NTAL appears to be a point of integration between the 2 pathways, providing an amplification mechanism also requiring PI3K and BTK, for the
potentiation of antigen-dependent mediator release by SCF. Note that, although not depicted as such for clarity, many signaling events occur within specific microdomains
within the cytosolic membrane. In addition, for clarity, several of the intermediary steps have been simplified and other pathways that may down-regulate mast cell activation
have not been included. The figure and legend are provided courtesy of Alasdair M. Gilfillan (LAD/NIAID/NIH).
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number of mast cells by down-regulating KIT expression,59 a
polymorphism in the IL-4 receptor resulting in increased signaling
through that receptor might limit the consequences of an “overac-
tive” SCF receptor.

In addition to KIT-dependent pathways, inhibition of mast cell
apoptosis through other biologic mechanisms may also lead to
mastocytosis. For example, we have recently described an unusual
case of a patient presenting with peripheral basophilia and systemic
mastocytosis where cytogenetics revealed a t(4;5)(q21.1;q31.3)
involving PDGFR�. Molecular analyses revealed that PDGFR�,
encoding an imatinib-sensitive tyrosine kinase, was fused to
PRKG2. Functional studies confirmed that the activity and trans-
forming properties of PRKG2-PDGFR� were dependent on the
disruption of the autoinhibitory juxtamembrane domain.89

As an increase in mast cell numbers is not limited to mastocyto-
sis, confusion may arise in diagnosis and selection of therapy. For
example, some patients with hypereosinophilic syndrome who
carry the Fip1-like-1–platelet-derived growth factor receptor
(FIP1L1-PDGFR�) fusion protein resulting from an approximately
800-kb interstitial deletion of chromosome 4q12 and thus have
chronic eosinophilic leukemia (CEL) also have increased mast
cells and an increase in serum tryptase levels. The sometimes
overlapping clinical manifestations of D816V KIT-associated sys-
temic mastocytosis with eosinophilia and FIP1L1/PDGFR�-
associated CEL, coupled with the increase in activated eosinophils
and mast cells seen in both disorders, have led to confusion in the
nomenclature. It is of paramount importance, however, to distin-
guish between these 2 groups of patients because of differences in
clinical sequelae, prognoses, and selection of treatment. Such
patients can be differentiated by identification of either a mutation
in c-KIT or identification of the fusion protein. Clinical criteria are
also available to distinguish these disorders.90

Mastocytosis variants

Diseases of pathologic mast cell proliferation are classified into
disease variants based on clinical presentation, pathologic findings,
and prognosis. The contemporary classification system for masto-
cytosis is shown in Table 2.18,19 Patients with cutaneous mastocyto-
sis (CM) have the best prognosis, followed by those with indolent
systemic mastocytosis (ISM) and 2 subvariants of SM termed bone
marrow mastocytosis and smoldering mastocytosis. Patients with
systemic mastocytosis with an associated clonal hematologic

non–mast cell lineage disease (SM-AHNMD), aggressive systemic
mastocytosis (ASM), or mast cell leukemia (MCL) experience
more rapid and complex courses. Patients with CM or ISM may
experience progressive difficulties, but their condition may be
managed for decades with medications that offer largely symptom-
atic therapy. In SM-AHNMD, examination of the peripheral blood
and bone marrow leads to the diagnosis of one of several
hematologic disorders; survival of these patients is determined by
the course of the hematologic disorder. Patients with ASM or MCL
have a poor prognosis, as do those with MCS. Patients with ASM
experience a rapid increase in the number of mast cells. Medical
management may be difficult, and prognosis is less favorable.
MCL is rare, with the most fulminant behavior. In this form of mast
cell disease, numerous immature mast cells are found in peripheral
blood smears. MCL is distinguished from the other disease types by
its clinical and pathologic picture. MCS is exceedingly rare, and a
leukemia phase may occur.

Hematologic findings

The bone marrow, spleen, liver, and lymph nodes have been
recognized as the most common sites of pathologic mast cell
infiltrates in systemic mastocytosis. Since the first description of
the systemic nature of mastocytosis,16 information accumulated
that mastocytosis is often associated with hematologic disorders.
And with evidence that human mast cells were derived from a bone
marrow hematopoietic progenitor in the late 1980s,49,51 investiga-
tors around the same time began to conclude that mastocytosis
might represent a myeloproliferative disorder.91 The bone marrow
is currently thus recognized as the most useful biopsy site, and is
required for establishing the pathologic diagnosis and for staging,
and should include inspection of the aspirate. Examination of the
bone marrow both reveals diagnostic infiltrates and allows study of
the hematopoietic marrow, which provides important prognostic
information. Immunohistochemical staining of the bone marrow
biopsy with antitryptase used to characterize mast cells into
subsets31 is now the method of choice to visualize mast cells in
paraffin-embedded decalcified specimens.

The morphologic appearance of mastocytosis-related bone
marrow infiltrates in trephine core biopsy sections is distinctive.
The majority of infiltrates are focal (Figure 3), although the lesions
may be diffuse. Focal mast cell lesions are most commonly situated
paratrabecularly, followed by perivascular and parafollicular distri-
butions. Focal aggregates of spindle-shaped mast cells are often
accompanied by lymphocytes and eosinophils. In the case of
patients with tryptase-positive round cell infiltrates where the
infiltrates comprise greater than 95% round cells and less than 5%
spindle-shaped cells, application of additional immunohistochemis-
try markers to confirm the diagnosis of mastocytosis should be
applied (eg, CD34, CD117, and the basophil-specific antibodies
2D7 or BB1), since basophils and sometimes blast cells also
express tryptase. Bone marrow lesions are cellular in the early
stages of mastocytosis. As the disease progresses, the number of
mast cells may decrease and the lesions may become fibrotic.
Mastocytosis infiltrates in the bone marrow may be associated with
osteosclerotic or osteolytic changes in the bone trabeculae. The
report that flow cytometry could be used to determine the
coexpression of CD2 and/or CD25 in CD117 (KIT)–positive mast
cells by flow cytometry of bone marrow aspirates, and that these

Table 2. WHO systemic mastocytosis variants

Variant term Subvariants

Cutaneous mastocytosis (CM) Urticaria pigmentosa (UP), maculopapular CM

(MPCM), diffuse CM (DCM), mastocytoma

of skin

Indolent systemic mastocytosis

(ISM)

Smoldering SM, isolated bone marrow

mastocytosis

Systemic mastocytosis with an

associated clonal

hematologic non–mast cell

lineage disease (SM-

AHNMD)

SM-AML, SM-MDS, SM-MPD, SM-CMML,

SM-NHL

Aggressive systemic

mastocytosis (ASM)

Mast cell leukemia (MCL) Aleukemic MCL

Mast cell sarcoma

Extracutaneous mastocytoma
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markers revealed neoplastic mast cells, further refined the diagnos-
tic options for mastocytosis.92 Such markers can now also be
detected using immunohistochemistry.93

MCL is the leukemic variant of SM, defined by 20% or more
atypical mast cells in bone marrow smears. In typical cases, mast
cells in the peripheral blood account for more than 10% of
leukocytes, but may be lower. Other forms of systemic mastocyto-
sis may progress into a terminal leukemic phase that is indistinguish-
able from MCL and has the same prognosis.18,19,94

Cytologic abnormalities in hematopoietic cells, as well as mast
cells, may be detected in bone marrow aspirates.95 Evidence of
dysplastic or neoplastic hematopoietic cells form the basis in most
cases for the classification of the associated hematologic disorders.
Atypical or poorly differentiated mast cells may be identified in the
bone marrow aspirates of patients with MCL and with aggressive
forms of mastocytosis.18,19 The cytoplasmic granules of atypical
mast cells are often very fine and smaller in number compared with
the coarsely granular mast cells from patients with the indolent
form of mastocytosis. Nuclear mast cell atypia may take the form
of lobated nuclei and have binucleation or multinucleation and
mitotic figures. Mitoses are rarely seen in mast cells, even in
aggressive forms of mastocytosis, except in patients with MCL.

The relative number of mast cells in the bone marrow aspirate in
contrast to the number in the bone marrow biopsy is not always a
useful measure of pathologic mastocytosis infiltrates. In some
cases, few mast cells are found in the bone marrow aspirate despite
evidence of mastocytosis in trephine core biopsy sections because
of the increased reticulin associated with the infiltrates in the
marrow itself. Mast cell hyperplasia in bone marrow can also be
found in conditions other than systemic mast cell disease, including
uremia, osteoporosis, and hematologic conditions (lymphomas,
preleukemias, and leukemias).

Treatment of mastocytosis

Treatment of mastocytosis is based on amelioration of symptoms
with pharmacologic agents that inhibit the actions of mediators
identified as mast cell derived, especially histamine and the
leukotrienes; treatment of gastric hypersecretion with H2-
antihistamines and proton pump inhibitors; treatment of osteoporo-
sis with calcium, vitamin D, and bisphosphonates; treatment of
associated inflammation with glucocorticoids; treatment of sys-
temic anaphylaxis-like reactions with epinephrine; and with strate-
gies to treat an associated hematologic disorder or decrease the
mast cell compartment.96,97 So far, no standard therapy for patients
with aggressive forms of disease has been defined.

IFN-� shows variable efficacy in patients with aggressive
mastocytosis,98 and is often combined with glucocorticoids.99

The current recommendation is to restrict use of IFN-� to
patients with slowly progressing ASM or smoldering SM with a
high mast cell burden or with severe side effects, such as
collapse of vertebral bodies associated with severe osteoporosis.
The formidable chronic side effects including fever, myalgias,
bone pain, anorexia, depression, and fatigue can be an important
limitation to the use of this agent.

Case reports have documented that cladribine or 2-CDA may
induce clinical remissions in patients with more aggressive forms
of mastocytosis.100 In a case series of 9 patients who received
6 courses of therapy, all 9 showed responses concerning symptoms
and decreases in serum tryptase but none achieved a complete
response.101 Side effects were mostly related to bone marrow
suppression. Cladribine may thus offer a reasonable therapeutic
approach in treating those patients with aggressive forms of
mastocytosis who have IFN-�–resistant advanced disease. Never-
theless, cladribine may induce pancytopenia and immunosuppres-
sion, and its potential oncogenicity remains largely unknown.
Thus its use in systemic mastocytosis should be approached
with caution.

A variety of chemotherapeutic regimens have been used in
attempts to achieve control of symptoms and to control disease
progression in ASM and SM-AHNMD and MCL as reviewed
elsewhere.96,97 Key to the treatment of SM-AHNMD is selection of
treatment according to the detection of additional specific targets
and recognition of the status and grade of the SM component. In
general, patient responses depend on the prognosis of the AHNMD
and most remissions are only partial and short-lived. Cytoreductive
drugs that have been used include cytosine arabinoside (ARA-C),
doxorubicin, daunorubicin, and vincristine, alone or in combination.

Imatinib is a tyrosine kinase inhibitor that inhibits the kinase
activity of c-abl, bcr-abl, and platelet-derived growth factor
receptor tyrosine kinases as well as KIT. Imatinib has proved
effective for treatment of chronic phase chronic myelogenous
leukemia, myeloproliferative HES, and most GIST patients who
harbor c-KIT mutations. The sensitivity of KIT mutants to imatinib
depends on the mutation. Imatinib has been shown to suppress
proliferation of an HMC-1 human mast cell line carrying the
wild-type codon at 816 but not the mutated 816 codon.102 Growth
of COS cells expressing wild-type KIT was inhibited by imatinib at
0.1 �M, but doses of imatinib as high as 10 �M did not suppress
growth of COS cells expressing D816V mutated KIT.103 Imatinib
was reported to result in histologic or clinical responses in 5 of
12 patients with systemic mastocytosis.104 Although these patients
were reported to lack a mutation in c-KIT at codon 816 or a

Figure 3. Bone marrow biopsy from a patient with
systemic mastocytosis. Hematoxylin and eosin stain-
ing is shown in panel A, tryptase staining in panel B.
Magnification �100. Note the focal collections of mast
cells, major criteria for the diagnosis of systemic masto-
cytosis. Courtesy of Irina Maric (NIH/Clinical Center,
Department of Laboratory Medicine). Images were
obtained via digital microscopy using an Olympus BH-2
microscope (Olympus, Melville, NY) equipped with a
DPlan 10�/0.65 NA objective. Images were captured
using an Olympus DP12 digital camera system and
recorded on a 3.3V SmartMedia SSFDC card. Imaging
software was Adobe Photoshop version 6.0 (Adobe
Systems, San Jose, CA).
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juxtamembrane mutation, it is not clear whether they had any
distinguishing histopathologic changes in their bone marrow mast
cells or carried other c-KIT mutations. Three of these patients
showed dramatic and complete responses and had peripheral blood
eosinophilia and other characteristics of patients with MP-HES, but
the FIP1L1/PDGFR� fusion gene associated with imatinib-
responsive MP-HES had not been described at the time of
treatment of this case series. Additional limited clinical data
corroborate in vitro studies suggesting that imatinib will prove to
be ineffective in the majority of patients with SM associated with
c-KIT D816V mutations.105 Imatinib, however, has been shown to
dramatically decrease the bone marrow mast cell burden, serum
tryptase level, and clinical symptoms in a patient with the (F522C)
novel mutation in the transmembrane region of KIT106 and in a
patient with systemic mastocytosis with chronic basophilic leuke-
mia and a PRKG2-PDGFR� fusion.89

Splenectomy has been used in the management of patients with
ASM or SM-AHNMD.107 Massive splenomegaly, especially if
associated with hypersplenism or portal hypertension, may be an
indication for splenectomy. In these patients, splenectomy de-
creases the mast cell burden and often improves cytopenias,
facilitating the subsequent use of myelosuppressive agents such as
interferon-alpha (IFN-�) or chemotherapy, if necessary. Neverthe-
less, it should be considered a high-risk surgical procedure.

Bone marrow transplantation is reserved for those patients
with advanced and potentially fatal forms of SM-AHNMD,
MCL, and ASM. There is limited experience with this procedure
in this patient population and the response has ranged from
favorable with engraftment and prolongation of life, to poor in
patients with advance disease, with secondary complications
such as graft-versus-host disease and death from progressive
disease or infection.108 Nonmyeloablative bone marrow transplan-
tation has been performed in select patients with no apparent
long-term success to date.109

Reports of resistance of kinase domain codon D816V mutations
to imatinib have prompted numerous in vitro studies designed to
assay the efficacy of novel tyrosine kinase inhibitors. PKC412 is a
novel staurosporine-derived tyrosine kinase inhibitor that inhibits
autophosphorylation of KIT. The clinical efficacy of PKC412 was
assessed in a patient with MCL with an associated myelodysplastic/
myeloproliferative disorder and who was c-KIT D816V positive.110

The patient exhibited a partial response, but died after 3 months of
therapy following development of a c-KIT D816V-negative AML,
suggesting that clinical efficacy of PKC412 may be limited by
clonal evolution in the advanced leukemic phase of this disease.
Further studies aimed at assessing the clinical efficacy of this agent
in aggressive systemic mastocytosis are in progress. Similar
clinical studies are in progress or in the planning stage with
BMS-354825 (dasatinib), AMN107, and other agents including

monoclonal antibodies and protein trafficking and protein function
regulators (such as 17-AAG). Given the experience with PKC-412
and with marrow transplantation, most in the field believe the
treatment of aggressive mastocytosis will move to a multiple drug
approach using combination therapy with targeted agents that have
different mechanisms of action.

Conclusions

The first histologic description of mast cells in the late 19th century
was followed in the first half of the 20th century by a gradual
recognition that mast cells were a source of histamine and heparin;
were involved in allergic responses; and that their pathologic
proliferation caused a systemic disease, that of mastocytosis.
However, it was not until the late 20th century and the identifica-
tion of mast cell growth factors that mast cell research truly
accelerated. Using cell lines, primary mast cell cultures, and animal
models of allergic inflammation and infectious diseases, mast cells
were then clearly implicated in both acquired and innate immunity.
The ability to culture human mast cells allowed the study of the
relationship of human mast cells to other lineages, and elucidation
of specific growth factors and cytokines that regulate their respon-
siveness, and the specific contributions of mast cells to a variety of
infections and autoimmune conditions. Much, however, remains to
be explored. Challenges such as how to regulate mast cell
responsiveness or how to selectively ablate the mast cell compart-
ment remain. Given the techniques now available to gain insight
into mast cell function, these are areas that should yield to further
study and then for the first time truly allow the development and
application of approaches to modifying mast cell function in both
health and disease.
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10. Diamant B, Högberg B, Thon IL. Isolation of bio-
logically intact mast cells. Exp Cell Res. 1959;18:
512-520.

11. Austin KF, Brocklehurst WE. Anaphylaxis in

MAST CELLS AND MASTOCYTOSIS 953BLOOD, 15 AUGUST 2008 � VOLUME 112, NUMBER 4

For personal use only. at University of Groningen on January 15, 2010. www.bloodjournal.orgFrom



74 ONCOlogisch Treffen 2010

chopped guinea pig lung. II. Enhancement of the
anaphylactic release of histamine and slow react-
ing substance by certain dibasic aliphatic acids
and inhibition by monobasic fatty acids. J Exp
Med. 1961;113:541-557.

12. Baker AR, Bloch KJ, Austen KF. In vitro passive
sensitization of chopped guinea pig lung by
guinea pig 7s antibodies. J Immunol. 1964;93:
525-31.

13. Orange RP, Valentine MD, Austen KF. Antigen-
induced release of slow reacting substance of
anaphylaxis (SRS-A rat) in rats prepared with ho-
mologous antibody. J Exp Med. 1968;127:767-
782.

14. Nettleship E, Tay W. Rare forms of urticaria. Br
Med J. 1869;2:323-330.

15. Sangster A. An anomalous mottled rash, accom-
panied by pruritus, factitious urticaria and pig-
mentation, “urticaria pigmentosa?” Trans Clin Soc
London. 1878;11:161-163.

16. Ellis JM. Urticaria pigmentosa: a report of a case
with autopsy. AMA Arch Pathol. 1949;48:426-435.

17. Degos R. Les mastocytoses. Bull Soc Med Hôp
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As one trained in internal medicine and in immunology, I can trace my interest in mast cells to
clinical fellowships in Allergy and Immunology and Rheumatology during which my research pro-
gressively focused on cells involved in the induction of immediate hypersensitivity. While a fellow
at the Robert B. Brigham Hospital at the Harvard Medical School in the late 1970s, I examined pro-
teoglycans within mast cell granules under the watchful mentorship of Dr K. Frank Austin and Dr
Jerry Silbert. Among other observations, we were able to report that human mast cells synthe-
sized and stored heparin.

When I accepted a tenure track position within the intramural program of the National Institute of
Allergy and Infectious Diseases, I continued studies on the components of the mast cell granule,
which led to challenges facing investigators on how to maintain both mouse and human mast
cells in culture. This in turn led to an interest in critical cytokines and growth factors regulating
mast cell proliferation and activation. At the same time, as a clinical investigator, I decided to
study mastocytosis, a disease associated with a pathologic increase in mast cells, but about
which almost nothing was known in terms of etiology.

Fortuitously, these basic and clinical interests in the control of mast cell proliferation and function paralleled and became the foundation of subsequent
research. On one hand, my colleagues and I were part of the efforts to understand human mast cell development, and on the other, among the group of
investigators that worked out the clinical patterns of mastocytosis and developed approaches to management. Along the way, these 2 interests have al-
lowed me to contribute to the understanding of the biology of human mast cells and the characterization of human mastocytosis, and to help improve the
management of patients with diseases involving mast cells in their pathogenesis.
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Wound closure options for large trunk wounds

Michael M. Pavletic DVM, DACVS
Angell Animal Medical Center
Boston, Massachusetts 02130

Introduction
My general thought processes for approaching large trunk wounds follows a
rather simple pathway (which may not necessarily say much about my ability to
think).

1) Assess the true wound size of the defect and its location. 
a) Wound size and location will eliminate some options and allow the clini-

cian to select those methods that have the best likelihood of succeeding.
2) Palpate the inherent elasticity of the skin within the area

a) This will help determine if Second Intention Healing is a possible option
for closure.

b) This will help determine if we can stretch the available skin for simple clo-
sure of the large defect(s).

c) This will help determine if skin flaps are a possibility (simple or complex)
d) Skin grafts are reserved for particularly large or challenging wounds.
e) If the thoracic or abdominal wall also require resection, consider what

muscle or myocutaneous flaps are available. Consider the use of omentum
and synthetic mesh as secondary options for closure.

3) Condition of the wound/ lesion: what is needed to prepare the area for closure?
4) Consider those factors that may influence healing (ie, radiation therapy, et al.)

Clearly, the size and location of the defect will allow you to rule out some surgi-
cal options. Local skin tension also factors into the decision making process. In
the meantime, the relative condition of an open wound will dictate treatment
options to consider. There are factors that may affect the closure option. For
example a chronic non-healing radiation ulcer, involving an extremity, may not
support a free graft or distant flap closure technique. A skin flap or muscle flap
may be options better suited to closing these problematic wounds.

Closure options
Second intention healing can be a valuable option to partial or complete closure
of trunk wounds. The economy of this method of closure depends upon the
material costs, hospital visits, and the amount of time required to fully contract
and epithelialize. Dogs and Cats less than 6 months of age can heal remarkably
well by second intention. Care is needed to assure contractures do not form.
Wound contraction lasts for about 6 weeks; thereafter, the remaining wound
likely will need to close by epithelialization unless surgical intervention is
deemed necessary. In some cases, second intention can be used to close the magnitude of
some wounds, followed by a simpler surgical closure if needed. There also are cases where a
flap may be used to close most of a large wound, leaving smaller areas to heal by second
intention. In general, there are advantages of closing a surgical wound (clean
wound) after tumor resection over open wound management.
Undermining and primary closure, or the use of tension relieving techniques
can be used to effectively close problematic wounds. Again, the availability of
skin will dictate which technique(s) are likely to close the wound.
Skin Stretchers can be remarkably effective in closing large trunk wounds. They
may be used to pre-stretch the regional skin prior to elective surgery (tumor
removal, etc) or used postoperatively to offset incision tension. In most large
wounds involving the trunk, skin stretchers are my first choice for wound clo-
sure. [Refer to my lecture and notes on ‘Skin Stretchers’]
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Subdermal plexus flaps (transposition, advancement) can be used alone or in
combination with a second flap to close small to moderate sized defects involv-
ing the trunk. They may be used as an effective option for wounds that fail to
heal completely by 2nd intention. 
There are a variety of axial pattern flaps that may be used to close the larger
problematic wounds within their arc of rotation. They can be especially useful
for the more problematic inguinal and axillary areas.
Omentum is a potential source of healthy, vascular tissue to promote wound clo-
sure in some trunk wounds where healing is problematic. Example: chronic radi-
ation wounds may lack circulation to support healing. Omental flaps, can sup-
plement local circulation similar to muscle flaps. In turn, omentum and healthy
muscle flaps can support the placement of a free graft or cover synthetic mesh
in the absence of other soft tissues in thoracic and abdominal wall reconstruc-
tion.

Final comments
I would again like to emphasize that combined closure techniques can be used
to close a number of the more challenging trunk defects we encounter in small
animal surgery. Skin stretchers, flaps, grafts, and 2nd intention healing can be
used in various combinations to close a variety of challenging trunk wounds.
The trunk in particular provides us with a number of soft tissue resources to
close skin defects alone or in combination with resection of portions of the tho-
racic and abdominal walls.

Reference
Pavletic MM. Atlas of Small Animal Wound Management and Reconstructive
Surgery. Ames Iowa, WileyBlackwell, 2010.
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What’s new in melanoma? 

Barbara E. Kitchell, DVM, Ph.D., DACVIM

Tumors of melanocytic origin are the most common malignancies of the oral
cavity, skin and eyes in dogs. Melanomas are either benign or malignant tumors
that arise as a result of unregulated replication of melanocytes. Melanomas
account for 4%-7% of all types of canine tumors, 9%- 20% of skin tumors, 33% of
malignant oral tumors and are the most common canine intraocular tumors. 
The oral cavity represents the fourth most common site of cancer in dogs.
Malignant melanoma is the most common canine oral neoplasm, which has a
fair to a poor prognosis. In dogs, this tumor arises most commonly in the gingi-
va, but may also occur in the palatine, labial or buccal mucosa. Melanomas of
the oral cavity are uniformly malignant compared to cutaneous melanomas,
which are most commonly benign. Greater than 90% of oral melanomas in
canines are malignant while less than 50% of cutaneous melanomas and 18% of
intraocular melanomas are malignant in the dog. Though lingual and digital
(nail bed) melanomas are rare, melanoma of the digits in dogs has a high
metastatic rate with affected dogs usually developing pulmonary metastasis
prior to or after surgery. In cats, melanoma is uncommon and accounts for
approximately less than 1% of all feline neoplasms. Ocular (anterior uveal)
melanomas have been reported to be more common than oral or cutaneous
melanoma. In contrast, other studies have shown either ocular or cutaneous to
be most common. Uveal and oral melanomas are more malignant than cuta-
neous melanomas in cats. 
While cutaneous and ocular melanomas tend to have a more favorable progno-
sis, oral melanomas in dogs have a poor prognosis, with only about 25% of
patients surviving one year after treatment. Local tumor recurrence as well as
regional and systemic metastasis contribute to treatment failure. Therefore, even
if complete surgical excision of the primary tumor is possible, tumor spread via
metastasis remains a problem. A multidisciplinary approach to treatment,
including surgery, radiotherapy and chemotherapy probably enhances survival,
however the optimal sequencing of modalities has not been determined. 
Surgical excision is indicated when the tumor can be completely excised with-
out the result compromising the quality of life. Surgical resection with 1 -2 cm
margins is recommended where feasible. There is a definite survival advantage
when more radical surgical approaches are employed, with 480 day median sur-
vival for aggressive surgery vs. 74 day median survival for more conservative
resection reported in one study. 
Mandibular melanoma has a more favorable prognosis than mandibular disease,
possible because of the improved potential for radical mandibulectomy as
opposed to maxillectomy. Regional lymph nodes should be excised at the time of
primary tumor resection. Microscopic evidence of metastasis may be detected
even in lymph nodes of normal size. In a retrospective study of lymph nodes
resected from 100 dogs with oral melanoma, 47% had nodal metastasis on histo-
logic evaluation. Signficantly, while 70% of these node positive dogs had
enlarged lymph nodes, 30% of dogs with nodal metastasis on histology had nor-
mal lymph node size on physical examination. Thus, while enlarged lymph
nodes often indicate metastasis, normal lymph nodes on palpation cannot rule
it out. In fact reverse-transcriptase PCR analysis for melanoma specific antigen
RNA has been successfully achieved from lymph node aspiration samples. 
Radiation therapy
The use of radiation is limited to an adjunctive role, because most melanomas
are relatively resistant to radiotherapy, and radiation therapy to the local tumor
bed does not address the life-limiting problem of systemic spread. As in human
medicine, there are inherent advantages in using radiotherapy in the head and
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neck region. The region is anatomically complex, with cranial nerves and other
vital structures in high concentration. Aggressive surgery can result in function-
al as well as cosmetic abnormalities. While most veterinary patients can com-
pensate for loss of function and are not bothered by cosmetic alterations, these
complications do represent a significant barrier to some clients. A benefit of
radiotherapy is that regional lymph nodes can also be irradiated. Radiation ther-
apy protocols for melanoma typically involve coarse fraction delivery (hypofrac-
tionation), such as 8 Gy per fraction delivered on day 0, 7, and 2l. This protocol
was reported to result in an overall response of 83% (complete response: 53%,
partial response: 30%, no response or stable disease: 17%). The same protocol
induced remission in 3/5 cats treated for oral melanoma and resulted in a medi-
an survival time of 146 days. A variety of other protocol schemes have been
reported, including 36 Gy delivered in 4 fractions, 30 Gy delivered in 3 fractions,
and 45 Gy or more delivered in 12 -19 fractions of 2 - 4 Gy per fraction. In a large
case series reported from NCSU, 140 dogs radiated with one of the 3 previously
described fractionation schemes showed no superior method of radiation. Dogs
treated with radiation therapy had a median time to first event (recurrence or
metastasis) of 5 months and median survival of 7 months. 

Combined modality therapy
The combination of radiation plus surgery in some tumors can provide tumor
control while minimizing dysfunction and/or disfigurement. Radiation plus sur-
gery can be combined in a variety of fashions. Radiation therapy can be per-
formed first to convert a non-resectable tumor into a resectable tumor. If
histopathologic evaluation indicates residual disease, a course of radiation can
follow surgery. Surgery can be performed first and if residual disease is evident
based on histopathologic evaluation, radiation can be performed. Surgery can be
performed first with planned radiation therapy to follow. The benefit of this
over option 2 is that if the surgeon knows in advance that radiation will follow,
a marginal excision can be performed. Less normal tissue is excised, resulting in
better function and appearance. Tension on suture lines can be minimized,
encouraging better healing and decreasing the likelihood of post-surgical hypox-
ia, which can render radiation less effective. 

Chemotherapy combined with radiation therapy has also been attempted for
oral melanomas. We have had experience with hypofractionated raoiation ther-
apy (6 Gy x 6 fractions) plus low dose cisplatin (7.5 mg/M2 IV without diuresis on
alternate radation fractions), which resulted in a limited number of durable
remissions. Freeman et al reported on 39 dogs treated with 6 Gy x 6 fractions
ofradiation plus either 10-30 mg/M2 cisplatin or 90 mg/M2 carboplatin 30 min-
utes before radiation. In this protocol 15% of dogs recurred with a median time
of 139 days, land 51 % of dogs developed metastatic disease at a median of 311
days. Overall survival duration was a median of 363 days for this cohort. 
Chemotherapy for metastatic disease or as an adjunct to surgery and radiation
therapy has largely been through the use of dacarbazine in veterinary oncology,
although evidence of response to systemic carboplatin and the nitro sou rea
agent lomustine have also been noted anecdotally and in limited case series.
Melanomas have been found to express cox-2 in vitro and in paraffin embedded
clinical specimens, and may therefore respond to this signaling as a growth fac-
tor. Adjunctive treatment with a cox-2 inhibitor such as piroxicam or newer
more selective coxibs is worthy of additional investigation. Additionally, evi-
dence of efficacy of a combination of cisplatin (50 mg/M2 IV with a 6 hour saline
diuresis) plus piroxicam (0.3 mg/kg daily PO) induced responses in 2111 dogs
treated for oral melanoma. Renal toxicity was dose limiting and requires careful
monitoring. 
Immune and gene therapy for melanoma is an area of intense investigation in
human oncology. In the dog, non-specific active immunotherapy with agents
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such as Bacillus Calmette-Guerin or liposome encapsulated muramyl tripeptides
have been reported to result in a high rate of antitumor response. Melanomas
are a tumor type that is most likely to attain spontaneous remissions, which sug-
gests that there are intrinsic tumor antigens that the immune system can be
"taught" to recognize. Examples of melanoma tumor antigens that are under
investigation as immunomodulatory targets include those recognized by anti-
bodies: GM2, GD2, and GD3 gangliosides, tyrosinase, Trp 1, Trp 2, and GP 75 anti-
gens. Melanoma antigens recognized by T cells include MAGE 1, MAGE 3, GAGE
1, Gp100, and MART -1. 

Antitumor vaccine strategies have also been attempted. Long-term survival of
dogs with advanced malignant melanoma was achieved after DNA vaccination
with xenogeneic human tyrosinase antigen (Meriel). In this phase one trial,
median survival for 9 dogs treated was 389 days, with complete responses report-
ed and greater that 588 day survival for one dog with bulky non-resectable dis-
ease. This vaccine is now commercially available by limited license to veterinary
oncologists, and ongoing investigations are being conducted in extended field
studies. Gene therapy has also been employed experimentally in dogs with
malignant melanoma. Intratumoral administration of DNA encoding bacterial
superantigen of staphylococcal enterotoxin B combined with either genes for
GM-CSF or IL-2 resulted in an overall response rate of 46% in 26 dogs treated.
Intratumoral infiltration with CD4+ and CD8+ T cells and macrophages was
noted, as well as high levels of antitumor cytotoxic T lymphocyte activity in
peripheral blood. Ex-vivo differentiated bone marrow or peripheral blood
derived dendritic cells have been created by exposing blood or bone marrow
mononuclear cells to differentiation conditions in cell culture. Differentiation
of monocytes to professional antigen presenting cells can be accomplished by
exposing cells to granulocyte-macrophage colony stimulating factor, stem cell
factor, tumor necrosis factor and FIt-3 ligand. These ex vivo expanded dendritic
cells can then be loaded with specific melanoma antigens such as gp100, or with
DNA derived from apoptotic bodies, to use as a therapeutic vaccine. Initial evi-
dence suggests that this therapy has some potential utility in dogs with sponta-
neously arising melanoma, in that dogs were able to develop antigen-specific
cytotoxic T lymphocytes after exposure to the vaccine. 
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Cutaneous melanoma in humans:
where are we now?

Prof. dr. Wilma Bergman, dermatologist 
Leiden University Medical Center, Leiden, the Netherlands

Apart from the tutorial on CD-Rom titled: Early Diagnosis of Melanoma, where
you can find the whole story about melanoma, I herewith present in short an
update on this most deadly type of skin cancer in humans. The three most
important problems with melanoma in humans are the following: a) the inci-
dence is rising and starts to become a significant problem b) there is no effective
therapy available for advanced disease and c) melanoma seems to be a complex
disease with different pathways involved hampering the development of
(immune) therapy.

Incidence
During the past several decades there has been a substantial increase in the inci-
dence of cutaneous melanoma among all Caucasian populations. Incidence
ranges from 5/100.00 in low-incidence countries like Eastern Europe to 15-
20/100.000 in the Netherlands and Sweden to 50/100.000 in high incidence coun-
tries like Australia. The number of deaths due to cutaneous melanoma has also
increased in most fair-skinned populations. Nowadays around 80% of melanoma
patients survive the disease in countries with a good health system, a govern-
ment who warns against the sun and education about the early diagnosis of
melanoma.

Risk factors
Established risk factors for melanoma are mentioned in table 1 (Gandini et al.
2006) Most important is exposure to UV radiation from the sun on an unadapt-
ed white skin. Not only sunburn is a risk factors but also the white skin as such.
This can be explained by the occurrence of deleterious variants in the gene cod-
ing for the receptor of the hormone melanocortin called the MC1R gene, or ‘red-
hair’ gene. In red hair variants the production of the pigment melanin is (part-
ly) replaced by the production of pheomelanin, oxygen radical when exposed to
UV. Atypical moles (nevocellular nevi) are precursor lesions that can develop into
melanoma, but the trigger to that change is unknown, but may be is UV expo-
sure again. Atypical moles are flat and large ( 5mm or more) moles mostly with
irregular brown pigmentation. Familial melanoma comprises 10% of all
melanoma cases. In about half of the families a dominant tumor suppressor
gene mutation is present; the other half is thought to be caused by combinations
of several low penetrance gene mutations in pigment genes and DNA repair
genes. Sun exposure seems to play a role in familial melanoma as well.

Risk factor Relative risk
Red hair and white skin color ++
Sun burns before the age of 20 ++
Sunburns later in life +
Many moles (more than 75) ++
Atypical moles +++
Melanoma in one family member ++
Familial/hereditary melanoma (rare) ++++

Table 1 Risk factors for melanoma
Genetics 
High risk/familial melanoma genes 
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The best understood melanoma susceptibility gene is CDKN2A on chromosome
9. Hereditary mutations in this gene underlie susceptibility to melanoma in 40%
of families with 3 or more cases of melanoma. The probability of identifying a
mutation in a melanoma case from a family varies by continent but is generally
increased if one of the cases has multiple primaries, or if there is early onset
under the age of 40 years. In most populations there is also a strong relationship
between gene mutation status and pancreatic cancer.

The CDKN2A locus is biologically of note as it codes for two alternatively spliced
products: p16 and p14ARF. P16 binds to CDK4 and is a cell cycle inhibitor having
effects on cellular senescence. P16 is established specifically to play a role in the
induction of senescence of melanocytes. P14ARF is also a tumor suppressor gene
and mutations at the CDKN2A locus may lead to melanoma susceptibility if they
impact on p16 alone, p14ARF alone, or both p16 and p14ARF. 
Hereditary mutations are seen at this locus in less than 2% of apparently spo-
radic melanoma patients, which is in unselected melanoma patients. 
Very rare families exist (2% of families with detectable mutations) who have
hereditary mutations in the CDK4 gene which codes for the p16 binding site.
The lifetime risk (i.e. penetrance) of melanoma in CDKN2A mutation carriers is
high, but variable, ranging from 58% in Europe to 91% in Australia by the age of
80 years, which underscores the importance of the environment (geographical
location) even in familial melanoma. 

Lower risk susceptibility genes 
The most well understood common melanoma susceptibility gene to date is the
MC1R gene which is established as a determinant of susceptible phenotypes
such as red hair, sun sensitivity in the absence of red hair, and freckles. The gene
is also a melanoma susceptibility gene.
Other pigmentary genes (tyrosinase, TYR; TYR related protein 1, TYRP1; agouti
signaling protein (ASIP)) have also more recently been identified as melanoma
susceptibility genes.

Therapy
Primary melanoma will usually be treated by the surgical removal of a margin
of healthy skin surrounding the tumor. In thin tumors (Breslow thickness of 2
mm or less) a margin of 1 cm of skin is removed and in thicker tumors a margin
of 2 cm. No adjuvant therapy has proved to increase survival more than a few
months. Survival is fair (80% 5 year survival) in early melanomas with low
Breslow thickness, but considerably less in thicker tumors. After local metas-
tases have developed 5-year survival drops to 50-60%. Systemically metastasized
melanoma (stage IV) only survives in less than 15%. Biochemotherapy was evalu-
ated in a systematic review and it was concluded that it was not associated with
a statistically significant survival benefit in any of the trials and toxicity to the
patient was high (Hamm et al. 2008) Melanoma in particular is known for its
inherent immunogenicity on the basis of many anecdotal reports of sponta-
neous regression and thus has been the focus of immunotherapeutic approach-
es. Vaccine therapy for melanoma has been reviewed by Terando et al 2007,
including dendritic cell vaccination. They conclude: despite their ability to
induce antigen specific cytotoxic T cells, delayed type hypersensitivity and occa-
sional clinical responses, cancer vaccines have yet to produce reliable and repro-
ducible clinical tumor regression. The authors see a future for multimodality
immunotherapy (apart from early detection and primary prevention!)
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Pseudotumours and reactive histiocytosis

Dr. Chiara Noli, Dip ECVD
Ospedale Veterinario Cuneese, Borgo S. Dalmazzo (C N) - Italy

Pseudotumours

Pathogenesis 
The word ‘pseudotumour’ can include non-neoplastic tissue proliferations, such
as hamartomas or cysts, but also any nodule or plaque, including inflammatory
lesions, which is not a tumour sensu strictu.
A cutaneous pseudotumour is a circumscribed mass, protruding from the sur-
face plain of the skin and possibly involving the deep cutaneous structures. It
can be due to infiltration of inflammatory cells, fibrin and scar tissue deposition
in the case of organizing haematomas, crystalline material such as calcium or a
cyst containing fluid or solid material (see table I). Fistula formation is defined
as ulceration of the surface of the nodule with exudation of the contents (pus,
keratin, necrotic tissue etc.).

Clinical Aspects
It is important to differentiate a cutaneous nodule from a mass in the underly-
ing tissue (such as a synovial bursa). In the case of a cutaneous nodule, the raised
tissue is part of the skin itself. The surface of the epidermis can be intact, ulcer-
ated or fistulated. Alopecia on the surface of the nodule indicates destruction of
the adnexa, for example in the case certain fungal infections, such as kerion.
Alopecia is not an important diagnostic determinant. 
Fistulated masses can be a foreign body granuloma or a reaction to foreign mate-
rial such as fungal elements, keratin or calcium (e.g. kerion, interdigital granu-
loma). The presence of a purulent or haemorragic discharge indicates primary
or secondary infection. Deep mycoses need to be suspected in animals coming
from specific geographic areas, especially the (sub)tropics. Nodules on the trunk,
which are ulcerated and discharging pink greasy pus, are consistent with sterile
nodular panniculitis. In cats small nodules (a little larger than a papule), yel-
low/pink in color and not extremely firm may indicate xanthomatosis or
eosinophilic granuloma. Larger nodules with sinus tracts discharging haemo-
purulent exudate and possible regional lymphadenopathy indicate an atypical
bacterial or deep fungal infection. These infected nodules may show wound
break down at the site of a biopsy or incomplete surgical removal.
Cutaneous cysts may drain their contents (fatty or sebaceous in character) to the
surface. In such cases, physical and microscopic examination leads to rapid diag-
nosis.
Sometimes there are multiple similar nodules (see table II). Nodular dermatofi-
brosis of German Shepherds (and occasionally other breeds) is a systemic disease
in which there are numerous fibrous hamartomas and is often associated with
renal disease such as cystadenoma/carcinoma. Other diseases associated with
multiple nodules include follicular cysts, the papular form of leishmaniasis and
deep mycoses and atypical bacterial infections.
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Table I - Differential diagnosis of pseudotumours 

Non-neoplastic nodules and papules
Bacterial infection
- Abscess
- Infected lick granuloma or callus
- Atypical bacterial infection, botryomycosis (bacterial pseudomycetoma)

Fungal infectiosn
- Subcutaneous (opportunistic saprophytic) mycoses

Pheomycetoma (miscellaneous opportunistic fungi)
Mycetoma (miscellaneous opportunistic fungi)
Pseudomycetoma (dermatophytic mycetoma, rare, Persian cat)

- Systemic mycoses 
Cryptococcosis 
Sporotrichosis
Other systemic mycoses

- Kerion

Parasitic infestations
- Nodular myiasis
- Papular leishmaniasis

Sterile/foreign material nodules
- Eosinophilic granuloma
- Foreign body reaction
- Calcinosis circumscripta or calcinosis cutis
- Sterile pyogranuloma
- Sterile nodular panniculitis
- Xanthomatosis
- Nodular dermatofibrosis (renal)

Cysts
- Follicular (infundibular, isthmic, matrical, hybrid, dermoid)
- Sebaceous 
- Apocrine
- Seroma

Table II - Multiple Nodules

- Leishmaniasis
- Nodular dermatofibrosis
- Deep bacterial infections (including interigital furuncolosis)
- Deep mycoses
- Histiocytosis (cutaneous/systemic)
- Calcinosis cutis (Cushing’s syndrome) 
- Xathomatosis
- Sterile nodular panniculitis

The localization and distribution of the nodules may suggest their nature (Table
III). Lick granulomas and calcinosis circumscripta are often located on the limbs;
sterile nodular panniculitis tend to involve areas where subcutaneous fat is the
thickest such as the trunk. 
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Table III - Distribution (of indicative value only)

Head
- Reactive histiocytosis
- Chalazion (meibomian gland pyogranuloma)
- Kerion

Trunk
- Nodular panniculitis
- Follicular cysts

Limbs
- Calcinosis circumscripta
- Lick granuloma
- Interdigital granuloma/furuncolosis
- Infected callus

The age of the animal may assist diagnosis in some cases. With the notable
exception of histiocytoma, tumors are rare in dogs less than three years of age,
thus pseudotumours (particularly hamartomas) are more probable in young ani-
mals. Calcinosis circumscripta has a predilection for younger dogs especially of
large breeds. Nodular dermatofibrosis tends to effect dogs in middle age. Breed
predisposition may assist also. The German Shepherd is prone to nodular der-
matofibrosis and calcinosis circumscripta, the Husky to eosinophilic granulo-
ma, short coated heavy breeds are predisposed to interdigital granulomas and
calluses, and the Persian cat to dematophytic mycetomas.

Clinical approach
The approach to all nodules is similar even if a clinical orientation is obtained
from the breed, distribution, age and the number of nodules. In every case cytol-
ogy by impression smear and/or fine needle aspirate is indicated. Cytology aims
to reveal if the nodule is inflammatory or neoplastic as this will determine the
subsequent treatment. In cases of pseudotumours these are the principal cyto-
logical findings.

1) A population of neutrophils, macrophages and mesenchymal cells suggests a
picture of chronic inf lammation/infection. Detailed examination may reveal the
etiological agent (bacteria, Leishmania, yeasts e.g. Cryptococcus). In many cases
the cause is not evident and the following pathway may assist:
a) Discharging nodules with draining tracts should be explored for foreign

bodies and if negative, a culture sample should be submitted for isolation
of bacteria, fungi and atypical bacteria. While awaiting the results, begin a
course of standard antibiotics (cephalosporin, amoxicillin/clavulanic acid,
clindamycin etc.)

b) Non-ulcerating nodules with inflammatory cytology can be sampled for
culture by fine needle aspirate or by incision/excision biopsy for both cul-
ture and histopathology. The histological examination can, if desired, be
delayed until after the culture results are obtained. While awaiting the
results, begin a course of standard antibiotics as above.

2) If cytology reveals corneocytes or amorphous material such as sebum, keratin
or calcified debris then the picture is consistent with a cyst or a form of calci-
nosis. After excision, it is wise to submit the nodule for histopathologic con-
firmation. 
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3) If the cytology findings that reveal blood only, very few cells, distorted cells
or burst cells (nuclei without cytoplasm) are inconclusive. In this case, repeat
the cytology (fine needle aspirate may reveal more than an impression smear)
and if still inconclusive perform an incision/excision biopsy.

Diagnostic approach to any type of nodule or papule
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Reactive histiocytosis
Reactive histiocytoses belong to the grouping of canine and feline histiocytic dis-
orders. In the dog the following clinical forms are recognized: 

- Cutaneous histiocytoma (a most often benign neoplasia of Langerhans cells)
- Cutaneous histiocytosis (a reactive proliferation of interstitial/dermal den-

dritic cells)
- Systemic histiocytosis (as above, but involving internal organs)
- Histiocytic sarcoma - localized or disseminated (malignant histiocytosis, the

malignant proliferation of histiocytes)
(Malignant fibrous histiocytoma is not considered a histiocytic proliferation any-
more, and is now classified under the soft tissue (mesenchimal) sarcomas.)
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The cause of cutaneous and systemic histiocytoses is still unknown, a dysregula-
tion of the proliferation and activation of dendritic cells, following antigenic
stimulation, is hypothesized. This could be also suggested by the fact that many
of theses cases respond to immunesuppression.
Moleculs involved in interaction between T-cells and dendritic cells (DC) include
the T cell molecules CD28 and CTLA-4 and the DC co-stimulatory molecules B7-
1 and B7-2. Defects in the expression or upregulation of these molecules during
an antigen-driven response could lead to the dysregulated interactions between
Tcells and DC and their excessive proliferation in histiocytoses. Infiltrating lym-
phocytes are CD8+ (T-suppressor cells), however their role in these lesions is still
unclear. 

Cutaneous histiocytosis (canine reactive histiocytosis) is a benign proliferation of
histiocytes in the skin and subcutis. The condition is seen in adult dogs between
3 and 9 years of age without gender predisposition. No breed predisposition is
recognized other than an increased incidence in Collies and Shetland
Sheepdogs. 
Clinically, cutaneous histiocytosis presents as single or multiple areas of plaque
or nodules, most commonly located on the head and limbs. The lesions may dis-
appear and then reappear without apparent reason. Complete spontaneous res-
olution is rare. Systemic, mucous or lymph node involvement is not part of this
syndrome. 

Systemic histiocytosis has a predilection for Bernese mountain dogs, Rottweilers,
golden and Labrador retrievers. Males are usually overrepresented. A polygenic
mode of inheritance has been proven in Bernese mountain dogs. The lesions of
systemic histiocytosis are similar to those of the cutaneous form, but involve also
multiple tissues and internal organs. Lesions involve initially the skin and lym-
phnodes, with predilection for planum nasale, muzzle, eyelids, sclera, nasal cav-
ities, mucocutaneous junctions and scrotum. Lesions can also develop in lungs,
liver, spleen and bone marrow. As with the cutaneous form, lesions may wax and
wane, or can spread to many organs and dogs are usually euthanized.

Differential diagnoses of both variants include multiple histiocytomas, epithe-
liotropic lymphoma and poorly differentiated mast cell tumors. 
The diagnosis of histiocytosis is confirmed by cytology, histopathology and
immunochemistry. 
Cytologically both variants show several benign histiocytes with abundant cyto-
plasm, round or kidney-shaped nuclei and variable amounts of inflammatory
cells, such as a few neutrophils and lymphocytes.
Histologically a dense infiltrate of large histiocytic cells with abundant pale cyto-
plasm are observed in the dermis, there are some lymphocytes and neutrophils.
The majority of the infiltrate is observed in the deep dermis and subcutis, par-
ticularly around the blood vessels and adnexa, while the infiltrate is less dense
towards the superficial dermis (bottom heavy). The histologic appearance of
cutaneous and systemic histiocytosis is very similar, the only difference being
the systemic involvement and the breed predisposition present in the systemic
form.
These cutaneous histiocytosis cells express CD1, CD11c, MHC class II, Thy-1 and
CD4. 
Because spontaneous cure is rare, immunosuppressive or immunomodulatory
therapy is required. Prednisolone (2mg/kg SID) or other immunosuppressive
agents such as cyclosporine (5mg/kg SID) have been used to induce remission of
the signs. Other authors have reported good results using combinations tetracy-
cline and niacinamide three times daily (500mg of each for dogs >10kg and
250mg of each for dogs <10kg), therapy with leflunomide and doxorubicin has
also been described. Depending on the drug used the lesions resolve within 15-
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30 days. Reoccurrence is common and requires a maintenance therapy protocol. 
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Introduction
Photodynamic therapy (PDT) has been rarely used in Veterinary Medicine in the
past to treat cancer. The principle behind PDT lies in the interaction of a photo-
sensibilisator with light and oxygen. The photoactive drug is accumulated with-
in the tumor and will then be activated by light of a specific wavelength. It is
important to have a homogenous light distribution. The combination of light, a
photoactive drug and oxygen will lead to a photochemical reaction. This leads to
a direct destruction of tumor cells, as well as indirect damage via impairement
of tumor vasculature. The main limitation is the limited light penetration into
tissue - therefore only superficial tumors are amenable to PDT.

Indications
The main indication in veterinary medicine has been cutaneous squamous cell
carcinoma. Particularly suited are superficial tumors such as carcinoma in situ.
Approximately 15% of all skin tumors in cats are SCC. The most common loca-
tions are nasal planum, ear pinnae and eye lid. Aggressive surgery would involve
the removal of the eye or the nasal planum. This is often not acceptable to the
owners. PDT is a minimally invasive therapy with minimal cosmetic deforma-
tion. In most instances, particularly when the tumor is small, a single therapeu-
tic intervention is curative. However, the therapy can be repeated without hesi-
tation, as there is no accumulation of toxicity. 

PTD procedures
Before PDT can be applied, a complete staging has to be performed, including
biopsy of the primary tumor and fine needle aspiration of the regional lymph
nodes. Bloodwork (hematology and chemistry) is recommended as well and
although these tumors are rare to metastasize, two view chest radiographs
should be performed before PDT. The photosensibilisator is administered intra-
venously over 15 -20 minutes. Four to 6 hours later the tumor can be treated with
laser light of a specific wavelength. The animal has to be anesthetized in order
to remain in the same position for the entire laser light application. The laser
treatment itself takes approximately 4 minutes.

Potential side effects
With the new photosensibilisotors systemic side effects are rarely seen.
Hyperaemia, oedema, cyanosis and pruritus have been observed. Depending on
the size of the lesion and degree of associated inflammation, cats are treated
with anti-inflammatory agents such as Piroxicam (1 mg/cat sid) and antibiotics
after PDT. The treated region will develop a crust, which will remain for several
weeks and then will shed off. Skin an mucous membrane underneath will reep-
ithelialise. The skin usually remains hairless and thinner for a few months. 
Due to the systemic application of the photosensibilisator the animals are light
sensitive and have to be kept inside the house for 10 -12 days. They should not be
exposed to any sun light during that period of time. Otherwise, skin reactions,
such as hyperaemia and oedema, may occur.
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Treatment response
The overall response rate initially is 80 -100%. Approximately 75% of the treated
cats are tumor-free one year after therapy. The recurrence rate is about 20%, with
a median time to recurrence of 6 months.

Other indications and outlook
In human medicine PDT is also used to treat superficial oral and esophageal
tumors, as well as urethral and bladder tumors.

Summary and conclusion
PDT is an elegant treatment option for small, superficial squamous cell carcino-
mas in cats. Due to the limited penetration of light the indications are limited,
and other treatment options such as radiation and/or surgery have to be imple-
mented. A combination of surgery first followed up by laser light application
could be useful as well.

Cat with SCC before PDT Cat with SCC after PDT
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General indications
Imaging is used extensively

a) to diagnose and stage a tumor
b) to plan treatment and 
c) to assess tumor response and tumor control. 

Basically, we can treat best, what we can visualize!  It is critical not to miss gross
tumor disease first in the staging process, but then also in the decision and plan-
ning  process. For example, is the cribriform plate intact, or is the brain inva-
ded? Are lymphnodes enlarged and are they metastatic or reactive? These and
similar questions need to be addressed and have a great impact on the outcome
of cancer patients in general.
All imaging modalities play a role in this task: Radiography, ultrasonography,
nuclear medicine, computed tomography and magnetic resonance imaging.

Radiography
Thoracic radiography is probably the most commonly used imaging study in
oncology. It is easy, fast, and cost effective. Due to the high natural contrast of
the thorax, the sensitivity of thoracic radiography is quite high. If a high
metastatic rate is expected with a particular tumor and intensive treatment is
foreseen (f.e. limbsparing in osteosarcoma), then CT scanning of the lungs may
be indicated to exclude pulmonary metastasis. However, we do not use it on a
regular basis, mainly for cost reasons.
Radiography is also excellent in the assessment of bone tumors. Often, radiogra-
phy is sufficient when a lesion is suspected on the long bones. Obviously 3D
images as  available with CT or MRI would be nice to have in every situation, but
are probably only necessary when specific therapies are envisioned, or en bloc
resection is being done.
Abdominal radiography gives a good overview of the abdominal cavity, organs
and adjacent bony structures. When first working up a patient, radiography is
often the best choice, followed by abdominal ultrasonography, which is more
sensitive and in combination with fine needle aspirate also more specific. CT is
advantageous when the lesion of question lies within the pelvic canal.
To assess tumors on the head, in our experience, radiography is sufficient to
evaluate the rostral mandible, but for all other sites CT or MRI is needed to
define the exact extent of a lesion. This is crucial also for surgical planning.

Ultrasonography
Ultrasound has revolutionized abdominal diagnostic work up. It is very helpful
in finding abnormalities of parenchymateous changes or enlarged lymphnodes.
Also in the evaluation of thoracic lesion, for example cranial mediastinal mas-
ses, ultrasonography is helpful. A big advantage is also the repeatability of the
exam, before therapy, during therapy and for follow up purposes. This is in most
instances done without anaesthesia.

Nuclear medicine
While the anatomic resolution is not great, the sensitivity is excellent and
lesions otherwise not detected are found. Bone scans are still commonly used to
find metastasis in people, in prostatic carcinoma or mammary carcinoma
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patients. More advanced nuclear medicine techniques include Positron Emission
Tomography (PET) and when this is combined with CT, a perfect fused image
with optimal anatomical and functional information can be reached. While
these techniques are not readily available in veterinary medicine, computed
tomography and magnetic resonance imaging are more readily available.

Computed Tomography
Computed tomography is used extensively in the head, pelvis, spine and proxi-
mal limbs. With faster and newer multislice scanners the chest and abdomen
has become a further common indication. When CT is used in the staging
process, always a pre- and post contrast study is obtained. The contrast enhan-
cing pattern is important to identify and characterize a lesion more specifically.
Computed tomography is also the basis for computerized radiation treatment
planning. Radiation and CT both make use of ionizing radiation. Although the
energy of the beam is quite different, algorithms for the absorption pattern of
various tissue and tissue interfaces can be used to calculate the estimated dose
of a given radiation field. In recent years the higher resolution and clearer defi-
nition of MR in brain tumors can be used by merging the two imaging studies
for treatment planning purposes.

Magnetic Resonance Imaging 
While CT is more versatile, MR has superior soft tissue contrast and has a
higher sensitivity in the CNS. It is the method of choice for brain and spine, but
also for various tumors in the extremities it gives valuable information.

Lat. thoracic radiograph, dog, with cran. Mediast. mass: Thymoma 

CT: for planning and staging
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Introduction
On occasion, tumors of the external nose of the dog and cat are encountered.
Options for treatment have included radiation therapy, cryosurgery, and surgi-
cal excision (scalpel and laser). Cosmetic loss of the external nose does not
impair normal function of the patient, although mucosal inflammation and
irritation may be noted from exposure of these delicate tissues. Cosmetic results
after ‘nasal planectomy’ are generally considered poor.
Nasal reconstruction in veterinary surgery is considerably more difficult to
achieve compared to human patients. The nasal tissues in small animals is more
specialized than the human: there are no epithelial surfaces that match the
unique shape, color, and textured polygonal surface of this structure in the dog
and cat. Major nasal reconstruction in humans often requires a series of staged
procedures to achieve the best possible cosmetic results. In veterinary medicine
it is difficult to justify this approach in patients with no personal interest in
their appearance. However, improved cosmetic results can be achieved in a sin-
gle surgery.

Anatomy
The external nose of the dog and cat is a complex cartilaginous framework com-
prised of the paired dorsolateral, ventrolateral, and accessory nasal cartilages.
There is a single cartilaginous nasal septum, the ventral portion being the
vomeronasal cartilage. The membranous nasal septum connects the immovable
caudal cartilaginous nasal septum with this mobile rostral segment. Altogether,
this cartilaginous framework is loosely fixed to the bony nasal aperture. The
nasal, incisive, and maxillary bones of the skull form the casement of the nasal
aperture. The incisive bone in particular forms a shelf or saddle to support the
external nose. The dorsal and lateral nasal ligaments, connective tissue, maxil-
lonasolabial muscle attachments and skin assist in attaching the cartilaginous
framework to the skull.
The external nose is named according to its specific anatomic region: the central
region - central planum; the lateral nasal region- rolled alar cartilages; the lower
rostral base of the nostril- the sulcus. The furrow or central indentation located
on the central planum is referred to as the philtrum. The philtrum extends to
the labial margin, marking the union between the two halves of the upper lip.
Loss of support to the external nose, secondary to trauma, or tumor resection,
can cause variable degrees of lateral or ventral nasal deviation. Removal of the
rostral maxilla (incisive bone and maxilla) caudal to the canine teeth can result
in a dramatic collapse or ventral deviation of the external nose. With collapse of
the nose, normal breathing become difficult or impossible. Removal of large
areas of the external nose will result in a ‘skeletal appearance’, with exposure of
the nasal the remaining cartilaginous septum and nasal mucosa. There are sev-
eral surgical techniques that can be used to improve cosmetic appearance, func-
tion and coverage to the exposed nasal mucosa.

Techniques
Simple Advancement Skin Flap: A dorsal single pedicle advancement flap usually
can be directed over the central planum defect and secured to the sulcus with
4 - 0 sutures. Coverage of the thin,exposed cartilaginous septum, after complete
resection of the external nose, provides a better cosmetic result, while adding
some external protection to the nasal mucosa.
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Alar Fold Flaps: Nasal tumors that do not involve the alar folds, in turn allows the
surgeon to pivot and suture these two segments together, thereby partially cov-
ering the nasal mucosa. Cosmetically, the apposed alar flaps create a semblance
of a nose, improving the cosmetic appearance to the patient.

Use of Musculof:ascial Island Labial Flap: This labial flap technique allows the sur-
geon to create the semblance of a nose and partially cover the nasal mucosa after
total resection of the external nose.
Bilateral Sulcus Flaps: With loss of the outer central planum, each sulcus can be
used for creation of two small flaps that can transposed dorsally to replace the
defect created after resection of a focal tumor or disease process.

Cantilever Sutur:e Technique: The cantilever suture is an effective method to support
the external nose after rostral maxillectomy caudal to the upper canine teeth. By
preventing ventral deviation, the patient can breath through the nose more
effectively; cosmetic results also are improved.

Septal Resection via Dorsal Central Planum Flap: Tumors or disease processes involv-
ing the nasal cartilage, deeper to the external central planum, can be excised
without subjecting the patient to complete resection of the external nose. The
epithelial surface and unaffected underlying soft tissue support are elevated as
a single pedicle flap, with a dorsal base. Self retaining retractors are used to
dialate the common nasal meatuses and faciliate removal of the central septum
in its entirety. After completion of the resection, the flap is replaced in its origi-
nal position with 3 - 0 or 4 - 0 absorbable sutures. Cosmetic results are excellent.

Final Comments
A surgical laser greatly facilitates surgical procedures involving the external
nose. Electrocautery is essential.

Reference
Pavletic MM: Atlas of Small Animal Reconstructive Surgery (Ed 2). Philadelphia,
WB Saunders, 1999, pp 389-411.
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Feline Cutaneous Neoplasms 

Barbara E. Kitchell, DVM, Ph.D., DACVIM

Cutaneous tumors arise from cells of epithelial, mesenchymal, melanocytic or
round cell origin that are either resident in the skin or home to the skin under
physiologic or pathologic conditions. Thus, the skin as an organ is host to a 
variety of benign and malignant tumors. It is estimated that while dermal masses
in the dog are malignant 30% of the time, the proportion of malignant skin
lesions in the cat is in the range of 60%. In a series of 340 cat dermal lesions eval-
uated at the University of Missouri, and in a larger series of 3260 feline skin
lesions submitted to the University of Pennsylvania, basal cell tumor was the
most common lesion of the skin in cats, comprising 15-26% of tumors seen, and
fortunately these lesions are generally benign. However, other benign lesions
were less frequently diagnosed in cats than in dogs, with cutaneous mast cell
tumors, squamous cell carcinoma secondary to sunlight exposure or due to der-
mal papillomavirus infection (Bowen’s disease – cutaneous squamous cell carci-
noma in situ) and fibrosarcomas being seen in descending order of frequency.
Tumors of cutaneous adnexal structures, cutaneous melanocytic lesions, and
lymphoma of skin are relatively infrequent in cats. The peak age of incidence of
skin tumors in cats is 9-10 years, and Siamese cats were more likely to be affected
by cutaneous mast cell tumors but less likely develop cutaneous squamous cell
carcinoma (likely due to protection from actinic damage afforded by their color-
point pigmentation pattern). No breed or sex predilection is noted for other
cutaneous tumors of cats.
Because of the higher propensity of feline skin lesions to be malignant, it is
important to establish a diagnosis in order to determine appropriate therapy for
them. Cytology of cutaneous lesions will determine cell of origin in many cases,
and can give clues to the level of aggressive biologic behavior that might be
expected. Lesions that may not appear as masses, but rather as non-healing
wounds and crusted or raised and exfolliative dermal lesions should be evaluated
cytologically or by biopsy, as lesions of this type may be seen in feline squamous
cell carcinoma of actinic origin, or the multicentric cutaneous squamous cell
carcinoma in situ form (Bowen’s disease) of squamous cell carcinoma. Cutaneous
lymphoma in the cat may have varied physical appearance, even mimicking der-
matiphytosis in some cases. Thus, biopsy of chronic feline cutaneous lesions is
generally warranted. 
Feline skin tumors may follow an indolent course, so following their progression
through measurement and creation of a body map is advisable. This is particu-
larly true in cases of multicentric dermal nodular disease. Objective documen-
tation through body map measurements allows one to document tumor progres-
sion and detect newly arising lesions. Thus, masses that are growing or chang-
ing in character may be addressed more appropriately. Biopsy is of course always
the definitive diagnostic procedure for any mass lesion. Cutaneous masses in
cats are often appropriately managed by excisional rather than incisional biopsy
for diagnosis, with the exception of fibrosarcoma lesions that generally require
more extensive definitive surgery or adjunctive therapies such as radiotherapy
to accomplish cure. For some firmly adherent or large dermal lesions, such as
might be seen in the case of injection site sarcomas, incisional biopsy is recom-
mended to rule out injection site granulomas that require less aggressive surgical
management at the outset than do fibrosarcomas. Histologic grading systems
are not often applied to feline cutaneous malignancies, as compared to counter-
part diseases in the dog, but mitotic or proliferative index and degree of cellular
anaplasia may be informative to predicting future biologic behavior, and of
course it is critical to assess excisional biopsy specimens of malignant lesions
through evaluation of surgical margins. Cats diagnosed with malignancies with
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a metastatic potential merit staging evaluation. Staging involves evaluating
regional lymph nodes, including nodes inside body cavities by thoracic radio-
graphs and abdominal ultrasound examination in some cases. Thoracic films
and abdominal ultrasound may be warranted as well to detect visceral organ
metastasis in the lungs, liver, spleen or other organs.

Feline Basal Cell Tumors
Most feline basal cell lesions are benign, with incidence in older cats. They are
usually solitary and well-demarcated dermal masses that may be hairless. These
lesions are generally freely movable but fixed to the overlying skin. The head,
neck and shoulders are the most frequent anatomic site affected. These lesions
may be pigmented and also may be cystic in nature, mimicking other lesions.
They may have a detectable mitotic rate, making them seem more threatening
than their normal biologic behavior would predict. Surgery is almost always 
curative, but approximately 10% of feline basal cell tumors are malignant.
Metastasis of these lesions is typically through the lymphatics, and small 
nodules may develop in a “chain of pearls” leading from the primary tumor to
the draining regional lymph node. No literature exists for response rates to 
dermal basal cell malignancies in the cat, but carboplatin (150-240 mg/m2 IV
bolus injection every 21 days) has been used by the author with some success in
inducing remission. Doxorubicin at 1 mg/kg IV in a 20-30 minute infusion every
21 days may also be helpful.

Feline Cutaneous Squamous Cell Carcinoma
Squamous cell carcinoma (SCC) is reported to account for 15% of feline skin
tumors. These lesions arise from 2 different pathologic routes. In cats that live
outdoors in areas of high ultraviolet light exposure, such as at high altitude or
near the equator or the ozone depleted areas of the Southern hemisphere,
actinic damage to specific areas of skin may be see. Cats that lack protective pig-
ment around the nasal planum, lower eyelids, pre-auricular hairless area and
pinnae are vulnerable to sunlight damage which may result first in actinic ker-
atosis and ultimately progresses to SCC. Because of the common location on the
face and the relatively indolent nature of the lesions, they are often mistaken by
owners for injuries suffered in cat-fights. Thus owners of white cats or cats with-
out pigment in low-fur areas of the face should be counseled to monitor the
occurrence of sores that do not heal. The age at onset of these lesions is typically
12 years of age, and multiple lesions occur in an estimated 30% of cats. These
lesions will commonly have defects in the p53 tumor suppressor gene, and 
different point mutations in this gene may be found in individual lesions. This
indicates that each of the separate lesions is independently arising rather than
representing dermal metastasis of a primary skin tumor. Sunlight in this case
acts in a “field carcinogenesis” manner. SCC lesions are typically erosive when
they arise in the skin, but over time proliferative lesions may also be seen.
Metastasis is late in this disease, and typically involves regional lymph nodes
before any distant metastasis is seen. These cats often succumb to the effects of
local disease (infection in ulcerated lesions, inability to eat, hemorrhage) before
metastasis occurs. 
Treatment of cutaneous SCC in the cat is therefore primarily local, with surgical
excision being the most curative approach. Nasal planum resection and pinnec-
tomy are disfiguring but may be life saving in these cats. Extensive eyelid recon-
structive surgery is also described. If complete local excision is achieved, these
procedures may be curative and long survivals are reported. Radiation therapy
may also be effective, whether through external beam irradiation or through
topical application of strontium-90 (pleisiotherapy). In one older series of cases,
orthovoltage radiation to a total dose of 40 gy resulted in 60% 1-year tumor con-
trol but only 10% 5-year control. Plesiotherapy is reported to achieve 1- and 3-year
control rates of 89 and 82%, respectively, but special licensing and biosafety
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issues are involved in handling the radiotherapy source. Also, plesiotherapy is
only effective for very superficial lesions as the depth of radiopenetration from
strontium 90 is only about 2mm - 4mm. Cryosurgery of these lesions is also
reportedly successful, as is photodynamic therapy in select institutions.
Intralesional chemotherapy has been applied with some success to cats, with
time-release repositol intralesional injections in a purified bovine collagen 
base to limit systemic absorption of the chemotherapeutic agents. Thus, while 5-
fluoruracil and cisplatin are known to be contraindicated in cats due to 
systemic toxicities that may be lethal (and in fact, even 5% topical 5-fluoruracile
crème applied to cat skin has resulted in fatal neurotoxicity), these agents have
been used successfully to treat dermal SCC in cats, with up to 85% response rates
observed. Systemic chemotherapy for feline actinic SCC is generally unrewarding,
although a variety of agents have been employed (mitoxantrone, carboplatin,
doxorubicin, cyclophosphamide, bleomycin).
Other adjunctive therapies that have been employed in the treatment of feline
cutaneous SCC include COX-2 inhibitors such as piroxicam (0.3 mg/kg every
other day PO) may be analgesic and anti-inflammatory for symptom control, but
may also be anti-angiogenic and induce death of aberrant squamous epithelial
cells as a direct therapeutic effect. In one limited study, partial responses were
seen in half of the feline patients treated, and duration of the response was
approximately 5 months. A study of COX-2 expression in feline tumors failed to
discover COX-2 immunoreactivity in feline cutaneous SCC, however. Retinoic
acid derivates such as etretinate or isotretinoin have been used with limited 
success as differentiation agents in feline actinic SCC. 
Multicentric SCC in situ, or Bowen’s disease, has been reported to occur in cats.
These lesions are typically superficial and crusted or ulcerative rather than pro-
liferative, and arise in haired and pigmented skin. While FeLV and FIV have not
been associated with these lesions, papillomavirus DNA has been recovered from
pathologic specimens, suggesting a viral causation. These lesions may be treated
by surgery or local plesiotherapy as for actinic SCC, but immunotherapy with a
topical macrophage stimulant called imiquomod (Aldara) has been found to be
successful in eradicating these lesions. Imiquomod 5% crème is applied topically
every other day or 3 times per week, and is expected to result in increased 
erythema and crusting as the lesions undergo immune-mediated involution. 
In small case series, anorexia and vomiting, fever, elevated liver enzymes and
neutropenia were noted infrequently with use of this agent. Tumor control was
observed at a median of 1184 days in this series of 12 treated cats. Recently
imiquomod was also found to be efficacious in a cat with actinic-induced SCC of
the ear pinna as well. 

Feline Mast Cell Tumors 
MCT occurs in the skin and in visceral sites in the cat. Skin tumors occur in older
(mean age 9 years) cats, with no observed sex predilection. Siamese cats are 
three times more likely than other breeds to develop cutaneous MCT, which are
histiocytic in appearance and prone to spontaneous regression. Visceral MCT
tumors occur in the spleen, mediastinum and nodes. There is no FeLV association.
Cats also are prone to an aggressive intestinal form of MCT, which is associated
with vomition, weight loss, diarrhea and anorexia. Tumors in the intestine are
composed of poorly differentiated cells. 

Most cutaneous MCT of cats are well differentiated and benign, but occasionally
have been reported to metastasize and very commonly appear as multiple
lesions in the skin. While visceral disease and skin disease may be concurrent, it
is unclear whether multicentric dermal MCT represent dermal metastasis of
derma malignancy or rather spontaneously arising (metachronous) primary 
disease. Visceral MCT of the spleen may cause massive splenomegaly and vomiting
due to GI ulceration from histamine release. When visceral organs such as
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spleen and liver are involved, mastocythemia and bone marrow involvement
may be detected on staging evaluation. Occasionally cats with visceral MCT will
develop multiple metastatic foci in the skin. Mediastinal involvement presents
like thymic lymphosarcoma, with dyspnea and pleural effusion. Cytology ofthe
pleural fluid reveals mast cells and eosinophils. 

Staging for MCT in cats involves a minimum database and buffy coat evaluation
for occult mastocythemia, thoracic radiographs and abdominal ultrasound with
fine needle aspiration of involved organs, and possibly bone marrow aspiration.
The histologic grading system, as applied to canine MCT, has been shown in
repeated studies not to be predictive of tumor behavior or of clinical outcome.
Mitotic rate within feline tumors may be correlated with biologic behavior. 

Treatment of feline dermal MCT is surgery, which occasionally must be multiple
due to the tendency of cats to have multiple solitary tumors over long periods of
time. Because these tumors are well differentiated in general, surgery is curative
most often for solitary lesions. Corticosteroids (1 mg/kg/day prednisone) may be
helpful. Radiation therapy can be useful for nonresectable or invasive tumors.
Visceral MCT in cats is variable in behavior. Cats may present with massive
splenomegaly, prompting the clinician to render a poor prognosis. However,
splenectomy alone results in median survival times of 12 months, with some
cats reported to live 3 years or more. Treatment of gastric and duodenal ulcers is
symptomatic as described in canine MCT. 

Systemic chemotherapy has been attempted for cats with disseminated MCT.
Agents such as used for the dogs may; be tried. However, no reports of prolonged
survival as a result of chemotherapy have been published. We have observed 
limited numbers of responses to CCNU chemotherapy (10 mg capsule PO per cat
every 21-28 days, depending on rate of bone marrow recovery, or alternately
reformulated 60 mg/m2 PO every 21-28 days for very small or debilitated cats). In
a series of cats with cutaneous MCT, 7 cats had complete responses and 12 had
partial remissions for an overall response rate of 50% and control observed for
168 days. Neutropenia and thrombocytopenia were observed in these cats but
none died of toxicity. A combination of prednisolone at 5 mg/cat BID PO and
chlorambucil 2 mg/cat twice weekly has also been somewhat helpful and has
very little toxicity. Doxorubicin at 1 mg/kg IV over 20 minutes every 21 days for
4-6 treatments has been attempted with limited success.

Recently, the use of receptor tyrosine kinase inhibitors have been investigated
for cats with mast cell disease. The older drug imatanib mesylate (Gleevec) has
been shown to improve outcomes in visceral MCT feline cases, at a dose of 
10 mg/kg PO SID. In some cases, cats develop GI signs necessitating treated on 
an every other or every third day basis for quality of life concerns. Masitinib
mesylate (AB Science) is a newly introduced RTKI in the United States. It has been
evaluated in feline vaccine induced sarcoma cell lines and in healthy cats. A dose
of 12.5 mg/kg (50 mg tablet) every other day was tolerated by 3 healthy cats, but
no other information is available at this time. Toceranib (Palladia - Pfizer) was
also tested in feline toxicology studies. Doses of up to 6.5 mg/kg /day were 
associated with anorexia, weight loss, emesis and diarrhea in the limited num-
ber of healthy cats tested, so the therapeutic dose is likely to be established at a
lower dose range. No tumor bearing cats were tested in either of the reports of
feline RTKIs at the 2009 Veterinary Cancer Society meeting in Austin, TX.

Feline Dermal Fibropapilloma
A rare dermal tumor in cats is the cutaneous fibropapilloma (sarcoid) lesion.
These are generally solitary but may be multicentric. They may be ulcerated and
hairless and arise generally on the head of young cats with a median age of 
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4 years. These lesions are characterized by a relatively benign appearing dermal
fibroblastic proliferation with hyperplastic epidermis and long rete pegs. An
association with papillomavirus infection has also been noted with this disease
in cats. Lesions are managed by excision but local recurrence may be common,
as is the case in surgically managed fibrosarcomas of injection site or sponta-
neous origin. Other reports of therapy are limited.
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