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CANINE AND 
FELINE 
MELANOMA
T H E  G O O D, T H E  B A D  A N D  T H E  U G LY
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CANINE MELANOCYTIC TUMORS

Melanocytic tumors (n = 1.652)
Anatomical location Histologic characterization

Oral cavity 63%
Malignant 70%

Skin 27%

Digit/Nail bed 9%
Benign 30%

Ocular 1%
Gillard et al., 2013 
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MELANOCYTOMA VS MELANOMA

• Malignant (melanoma) vs Benign (melanocytoma)

• Grading only possible with histology, not cytology
– May require “bleaching” of the biopsy
– Ki67-index

• Nature of a melanocytic tumor can be “guesstimated” based on :
– Species
– Anatomical location
– Morphology
– Staging findings (presence of metastatic disease)
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MELANOCYTIC TUMORS
LOCATION

Gillard et al. 2013
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MELANOCYTIC TUMORS
ETIOLOGY

Cutaneous and Oral:
• genetic 
• pure-breed > mixed breed
• specific breeds

• trauma
• chemical agents
• hormones

Cutaneous
• sunlight – more often in 

sun-exposed skin face and pinna

Oral:
• presence of pigmented cells
• buccal microflora?
• Inflammation?

No consensus, but reported factors include:
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MELANOCYTIC TUMORS
DIAGNOSIS

Melanotic Amelanotic
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MELANOCYTIC TUMORS
DIAGNOSIS

Variable morphology
Cytology does not distinguish between 

melanoma or melanocytoma

Different histological subtypes, 
but these are not prognostic

Immunohistochemistry
Melan-A, PNL-2, TRP-1, TRP-2, (vimentin, S-100, NSE)
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MELANOMACYTIC TUMORS
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MELANOCYTIC TUMORS
DIAGNOSTIC WORK-UP

Staging according to 
TNM-system
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MALIGNANT MELANOMA
STAGING – CUTANEOUS/ORAL

Tumor (largest diameter)
T1 < 2 cm
T2 2-4 (5) cm
T3 > 4 (5) cm
Oral melanomas
a   No bone involvement
b   Bone involvement

N = regional lymph node
N0 No node involvement
N1 Node involvement

N2 Fixed nodes
M = distant metastases

M0 No metastases
M1 Metastases

Stage T N M

I T1 N0 M0

II T2 N0 M0

III T3/any N0/1 M0

IV Any T Any N M1
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Melanocytic Tumors
Potential prognosticators (dog)
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Ocular
Melanocytic Tumors
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MELANOCYTIC TUMOR
PALPEBRAL 

Eyelid melanocytoma

Dog - typically benign
Cat - rare

Doberman Pinscher 
MN 6Y

Nova Scotia duck tolling retriever 
MN 4Y
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MELANOCYTIC TUMOR
CONJUNCTIVAL 

Dog & Cat

• variable pigmentation
• potential for subconjunctival and orbital invasion
• potential for metastasis

Dog:
• retrievers, rottweilers, 

cocker spaniels 

• Location: membrana nictitans
Cat:
• DSH
• Location: bulbar conjunctiva

• Highly malignant
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MELANOCYTIC TUMOR
LIMBUS

Dog

• German Shepherd, retrievers 
predisposed

• Pigmented, fan-shaped, nodular, 
solitary sharp delineation, most 

commonly on dorsal limbus
Typically benign
Adjuvant treatment in case of 

incomplete resection

C
ourtesy prof M

. Boevé
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MELANOCYTIC NEOPLASIA 
IRIS - DOG

• Breed: Labrador retriever,  Golden retriever,  Bouvier de Flandres

• Age: 2M – 17Y (82% >7Y)
• Signs: intraocular mass, glaucoma, hyphema
• Benign : Malignant:  85 : 15
• Metastatic rate: ±5% (<3M!)

• Prognosis:  MI <2 vs >4

Suspect iris melanoma
2 shades of pigment,  

dyscoria

Courtesy prof M. Boevé
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MELANOCYTIC NEOPLASIA
IRIS - DOG

Iris melanoma

Pigmented mass, dyscoria,

cells on lens capsule

Courtesy prof M. Boevé
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MELANOCYTIC NEOPLASIA
IRIS – ADDITIONAL DIAGNOSTICS

US (L) and CT-scan (R) of a large iris tumor (dog)
(note enlargement globe and thinning of the sclera due to secondary glaucoma) 
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MELANOCYTIC NEOPLASIA
IRIS - CAT

Diffuse iris melanoma

(cat, OS)

Diffuse iris melanoma
• Main differential:  melanosis/iris freckles
• Most common intraocular tumor (±80%)
• Indolent, but malignant
• Age:  >10Y
• Metastases: 60-70% (kidney, liver, lungs)

• Clinical presentation
- progressive iris pigmentation
- raised lesion/mass effect
- iris thickening
- dyscoria
- cells in anterior chamber/ on lens capsule

Courtesy prof M. Boevé
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FELINE DIFFUSE IRIS MELANOMA
CRITERIA FOR MALIGNANCY?

Diffuse iris mealanoma vs melanosis

• Morphology (extension, surface)
• Degree of pigmentation?
• Cells in anterior chamber?
• Pupil shape (mydriasis!)

• Uni- of bilateral? 
• Presence of metastatic disease?

Enucleation recommended:
• Iris contour changes
• Tumor cells extend into the iridocorneal angle
• Glaucoma
• Normotensive buphthalmia
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Suspect iris melanoma

Recommend active monitoring

Typical diffuse iris melanoma
Recommend enucleation 

following staging

FELINE UVEAL MELANOCYTIC 
NEOPLASIA

Courtesy prof M. Boevé
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Typical diffuse iris melanoma
Dyscoria is sometimes best appreciated following pupil dilation 

using mydriatics (right)

Courtesy prof M. Boevé

FELINE UVEAL MELANOCYTIC 
NEOPLASIA
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• Rare in dog and cat
• typically benign in both species

• Can be locally infiltrative; potentially leading to:
• retinal detachment and intraocular 

hemorrhage
• secondary uveitis
• glaucoma

MELANOCYTIC NEOPLASIA
Choroid
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Cutaneous 
Melanocytic Tumors
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Melanocytoma Malignant Melanoma 

Frequency 60% 40%

Age 8.1 years 11.6 years

Morphology solitary, small, pigmented, 
firm, not fixated to deeper 

structures

fast-growing tumors, often 
ulcerated, often pigmented (grey, 
brown, black), can be amelanotic

Location face (near the eyelids), trunk, 
and extremities

head, ventral abdomen, 
scrotum, digit, nail bed

MELANOCYTIC TUMORS
Skin
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• Cutaneous
Schnauzers, Scottish terrier, Doberman Pinscher, Cocker Spaniel

• Digit
Irish and Gordon Setters, Schnauzer, Scottish terrier, 
Golden Retriever

MELANOCYTIC TUMORS
Breed Predilections

26

JAVMA, Vol 239, No. 7, October 1, 2011 Scientific Reports 963
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For each breed, the OR was calculated by comparing 
odds of each tumor type for dogs of that breed with 
odds for dogs of all other breeds. Only breeds with > 
10 dogs with that specific tumor type were included 
in OR calculations; for each tumor type, results were 
reported only for those breeds for which the OR was 
significantly different from 1. An OR significantly > 1 
was considered evidence of a predisposition in dogs of 
that age category or breed; an OR significantly < 1 was 
considered evidence that dogs of that age category or 
breed were protected from developing that tumor type, 
compared with dogs in the general population. 

All analyses were performed with standard software.b 
Values of P < 0.05 were considered significant.

Results

After duplicate records and records with missing 
information were excluded, information was available 
for 1,139,616 dogs. Of these, 25,996 had a diagnosis 
of cutaneous neoplasia (case dogs) and 1,113,620 had 
a diagnosis other than cutaneous neoplasia (control 
dogs). For dogs with cutaneous neoplasia, the most 
common skin tumor type was lipoma, followed by ad-
enoma and mast cell tumor (Table 1).

 Of the 25,996 case dogs, 11,385 were spayed fe-
males, 5,866 were sexually intact males, 5,488 were 
castrated males, and 3,257 were sexually intact females. 
The most frequent age range was > 10 to 15 years (n = 
10,657), followed by > 7 to 10 years (7,973), > 4 to 7 
years (4,016), > 2 to 4 years (1,342), > 15 years (746), 

2 weeks to 12 months (652), and > 1 to 2 years (610) 
(Table 2). Mixed-breed dogs were most common, fol-
lowed by Labrador Retrievers, Golden Retrievers, Min-
iature Poodles, American Cocker Spaniels, German 
Shepherd Dogs, Doberman Pinschers, Boxers, Minia-
ture Schnauzers, and Dachshunds.

For the 6 tumor types that were selected, case and 
control frequency and ORs, 95% CIs, and P values were 
summarized. Variables evaluated for each tumor were 
age and breed (Tables 3–7).

Evaluation of ORs and their 95% CIs indicated that 
dogs > 7 to 10 years old, > 10 to 15 years old, and > 15 
years old were significantly more likely to have cuta-
neous hemangiosarcoma, compared with dogs in other 
age groups. Dogs of 5 breeds were found to be overrep-
resented, compared with dogs of other breeds (Table 3).

Similarly, dogs in the 3 oldest ages groups were 
significantly more likely to have cutaneous lymphoma 
than were dogs in other age groups. However, dogs of 
only 4 breeds were overrepresented, compared with 
dogs of other breeds (Table 4).

Dogs in the 3 youngest age groups were significantly 
less likely and dogs in the 4 oldest age groups were sig-
nificantly more likely to develop cutaneous mast cell tu-
mors, compared with dogs in other age groups. Thirteen 
breeds were overrepresented, and 14 were underrepre-
sented, compared with dogs of other breeds (Table 5).

Dogs in the 3 oldest age groups were significantly 
more likely to have cutaneous melanoma, compared 
with dogs in the other age groups. Mixed-breed dogs, 
German Shepherd Dogs, and American Cocker Spaniels 

 No. of No. of
 case control
Variable dogs dogs OR 95% CI P value

Age     
  2 wk–12 mo 5 277,747 0.02 0.01–0.05 ! 0.001
  " 1–2 y 5 131,410 0.05 0.02–0.12 ! 0.001
  " 2–4 y 14 189,027 0.10 0.06–0.16 ! 0.001
  " 4–7 y 105 214,604 0.70 0.57–0.86 0.010
  " 7–10 y 252 162,303 3.08 2.65–3.59 ! 0.001
  " 10–15 y 326 127,844 6.21 5.36–7.18 ! 0.001
  " 15 y 24 10,685 3.50 2.33–5.27 ! 0.001
Breed     
  Vizsla 21 1,896 17.34 11.21–26.83 ! 0.001
  Miniature  83 18,624 7.53 5.99–9.47 ! 0.001
    Schnauzer
  Chesapeake Bay 12 3,172 5.84 3.30–10.35 ! 0.001
    Retriever
  Boxer 38 13,850 4.35 3.14–6.04 ! 0.001
  Airedale Terrier 10 4,517 3.41 1.82–6.36 ! 0.001
  Scottish Terrier 11 5,519 3.07 1.69–5.57 0.002
  Doberman Pinscher 60 32,015 3.02 2.32–3.93 ! 0.001
  Golden Retriever 64 39,712 2.59 2.01–3.35 ! 0.001
  Irish Setter 23 15,962 2.23 1.47–3.38 0.002
  Mixed 117 259,601 0.63 0.51–0.76 ! 0.001
  German Shepherd  22 69,430 0.47 0.31–0.71 0.005
    Dog
  American Cocker 12 41,285 0.43 0.25–0.77 0.033
    Spaniel

There were 731 case dogs with cutaneous melanoma and 
1,113,620 control dogs without a diagnosis of cutaneous neoplasia. 
The OR represents the odds of cutaneous melanoma in the age 
group or breed of interest, compared with the odds in all other dogs.

Table 6—Odds of cutaneous melanoma among dogs grouped on 
the basis of age and breed for dogs examined at veterinary teach-
ing hospitals in the United States for which records were entered 
in the VMDB between 1964 and 2002.

 No. of No. of
 case control
Variable dogs dogs OR 95% CI P value

Age     
  2 wk–12 mo 11 277,747 0.02 0.01–0.03 ! 0.001
  " 1–2 y 22 131,410 0.09 0.06–0.14 ! 0.001
  " 2–4 y 88 189,027 0.25 0.20–0.31 ! 0.001
  " 4–7 y 262 214,604 0.70 0.61–0.80 ! 0.001
  " 7–10 y 583 162,303 2.74 2.48–3.02 ! 0.001
  " 10–15 y 802 127,844 6.01 5.48–6.59 ! 0.001
  " 15 y 63 10,685 3.68 2.86–4.73 ! 0.001
Breed     
  Rhodesian 11 1,398 4.81 2.65–8.72 ! 0.001
    Ridgeback
  Golden Retriever 176 39,712 2.88 2.46–3.36 ! 0.001
  Siberian Husky 45 10,379 2.68 1.99–3.60 ! 0.001
  Boxer 40 13,850 1.77 1.30–2.43 0.004
  Labrador Retriever 151 63,954 1.48 1.25–1.74 ! 0.001
  Mixed 532 259,601 1.35 1.22–1.49 ! 0.001
  American Cocker 35 41,285 0.51 0.36–0.71 ! 0.001
    Spaniel
  Miniature Poodle 30 35,627 0.50 0.35–0.72 0.002
  Collie 17 22,013 0.46 0.29–0.75 0.016
  Toy Poodle 12 16,533 0.44 0.25–0.77 0.035

There were 1,831 case dogs with cutaneous soft tissue sarco-
mas and 1,113,620 control dogs without a diagnosis of cutaneous 
neoplasia. The OR represents the odds of cutaneous soft tissue sar-
coma in the age group or breed of interest, compared with the odds 
in all other dogs.

Table 7—Odds of cutaneous soft tissue sarcoma (ie, cutaneous 
hemangiopericytoma, fibrosarcoma, myxosarcoma, leiomyosar-
coma, rhabdomyosarcoma, neurofibrosarcoma, or undetermined 
sarcoma) among dogs grouped on the basis of age and breed 
for dogs examined at veterinary teaching hospitals in the United 
States for which records were entered in the VMDB between 
1964 and 2002.
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MELANOCYTIC TUMORS
SKIN

Older animals
M : F = 1.4
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Skin Melanocytoma Malignant Melanoma 

Frequency 60% 40%

M.I. <3 ≥3

Ki-67 <15% ≥15%

Nuclear atypia <20% ≥20%

MELANOCYTIC TUMORS
Good vs Bad

28

MELANOCYTIC TUMORS
CUTANEOUS PROGNOSIS
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Ki67 < 15%
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! pigmentation, ulceration, metastases, invasion, 
nuclear atypia, MI, Ki-67

" size, junctional activity, necrosis, inflammation, DNA-ploidy
# signalment, weight, histological type, deep location, 

expression markers
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MELANOCYTIC TUMORS
SURVIVAL

• Skin
• Mostly benign (±85%)
• Melanocytoma / benign melanoma

– no recurrence or metastases
– median OST 1.463 days

• Malignant melanoma
– 36% recurrence
– median OST 384 days

• Digit
• Second most common digital tumor
• Mostly malignant 
• Metastatic rate (@ presentation): 30-40% 
• 1-year survival ± 40%, 2-year survival ±10%

30
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Feline Cutaneous 
Melanocytic Tumors

31

FELINE CUTANEOUS MELANOMA

• Rare disease
– NL 57/1.530 feline skin tumors (4%; 1991-95)

• Signalment
– DSH
– median age 11.5Y (2-20)
– M=F

• Most common locations
– Nose
– Digit
– Base ear/pinna

Duna et al, 2000; Chamel et al, 2015
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FELINE CUTANEOUS MELANOMA

33
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Prognostic

• Size (>0.6 cm malignant)

• Location (nail bed worse)

• Pigmentation (amelanotic worse)

Not prognostic

• Histological subtype

• Grade?

Duna et al, 2000; Chamel et al, 2015

FELINE CUTANEOUS MELANOMA

Outcome
• 40% local recurrence,
• ±30% distant metastases
• 80% died from PD @ mean 5M

34

Grading feline non-ocular melanocytic tumors

A tumor is high grade if it is
1. Located on nasal planum, lip, oral or nasal mucosa:

a. ≥4 mitotic figures in 10 high-power fields (HPF) and/or
b. Presence of intratumoral necrosis

a. All other locations: both criteria present

Median survival time
• Low grade tumors: not reached
• High grade tumors: 90 dagen

Pittaway et al., 2019c

FELINE CUTANEOUS MELANOMA

35

Canine Oral
Melanocytic Tumors

36
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CANINE ORAL MELANOMA
• Breeds

• Oral: (miniature) poodle, dachshund
• Lip: Irish setter, Chihuahua, Golden Retriever, Cocker Spaniel
• Tongue: Chow Chow, Shar Pei
• Reduced risk: German shepherd, Boxer? 

• Older dogs (mean 11.4Y)
• ± ⅓ amelanotic melanomas
• Often (±60%) osteoinvasive

37

CANINE ORAL MELANOMA
STAGING

Often early metastases (>65%) 
• regional lymph nodes (14 - 74%)
• lungs (14 - 92%)
• CNS!

What is the sentinel node?
• Regional lymph nodes

– (sub)mandibular
– medial retropharyngeal
– parotid

• Most non-enlarged nodes not palpable
• Poor correlation cytology/histology

Metastatic disease 
6 / 11
3 / 11
2/ 11

Herring et al, 2002; Janet et al., 2017

38

CANINE ORAL MELANOMA 
STAGING – CT-SCAN

39
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CANINE ORAL MELANOMA
THERAPY & PROGNOSIS

Therapy
• Good local tumour control possbiel with surgery and/or radiotherapy 
• Poor distant tumour control

• Chemotherapy: carboplatin little effect
• Immunotherapy?

• 1-year survival rate after surgery ~25 %

Prognosis
• Survival rate negatively affected by:

• Tumor size
• mOST: 18 months < 2cm > 6 months

• Tumor stage
• Tumor grade
• Tumor proliferation (M.I./Ki-67)

40

CANINE ORAL MELANOMA
PROGNOSIS - GRADE

41

CANINE ORAL MELANOMA
PROGNOSIS - RISK FACTORS

1. Tumor sublocation 
 (rostral > caudal)
2. Tumor volume
 (microscopic > macroscopic)
3. Presence of osteolysis
 (no > yes)

Proulx et al, 2003

42



15

Feline Oral
Melanocytic Tumors

43

ORAL MELANOMA CAT?
• Rare in cats, poor prognosis
• Therapy:

– Surgery
– Radiotherapy
– Immunotherapy: Oncept® melanoma vaccine has been safely used; 

benefit? 

44

MELANOCYTIC TUMORS
TREATMENT OPTIONS? 

1. Surgery
2. Surgery!!
3. Surgery!!!!!
4. Radiotherapy
5. Immunotherapy
6. Targeted therapy
7. Chemotherapy

(platinum drugs, alkylators)

45
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MELANOCYTIC TUMORS
TREATMENT

Melanoma  -
Wide (2 cm) excision

Melanocytoma –
Marginal excision

46

Advances in Brief

Long-Term Survival of Dogs with Advanced Malignant Melanoma
after DNA Vaccination with Xenogeneic Human Tyrosinase: A
Phase I Trial1

Philip J. Bergman,2 Joanne McKnight,
Andrew Novosad,3 Sarah Charney,4
John Farrelly,5 Diane Craft, Michelle Wulderk,
Yusuf Jeffers, Michel Sadelain,
Ann E. Hohenhaus, Neil Segal, Polly Gregor,
Manuel Engelhorn, Isabelle Riviere, Alan N.
Houghton, and Jedd D. Wolchok
Donaldson-Atwood Cancer Clinic and Flaherty Comparative
Oncology Laboratory, The E&M Bobst Hospital of the Animal
Medical Center, New York, New York 10021 [P. J. B., J. M., A. N.,
S. C., J. F., D. C., A. E. H.], and Memorial Sloan-Kettering Cancer
Center, New York, New York 10021 [M. W., Y. J., M. S., N. S.,
P. G., M. E., I. R., A. N. H., J. D. W.]

Abstract
Purpose: Canine malignant melanoma (CMM) is a

spontaneous, aggressive, and metastatic neoplasm. Preclin-
ical mouse studies have shown that xenogeneic DNA vacci-
nation with genes encoding tyrosinase family members can
induce antibody and cytotoxic T-cell responses, resulting in
tumor rejection. These studies provided the rationale for a
trial of xenogeneic DNA vaccination in CMM using the
human tyrosinase gene.

Experimental Design: Three cohorts of three dogs each
with advanced (WHO stage II, III, or IV) CMM received
four biweekly i.m. injections (dose levels 100, 500, or 1500
!g, respectively/vaccination) of human tyrosinase plasmid
DNA i.m. via the Biojector2000 delivery device.

Results: Mild local reactions at injection sites were the
only toxicities observed, with no signs of autoimmunity. One
dog with stage IV disease had a complete clinical response in
multiple lung metastases for 329 days. Two dogs with stage

IV disease had long-term survivals (421 and 588" days) in
the face of significant bulky metastatic disease, and two
other dogs with locally controlled stage II/III disease had
long-term survivals (501 and 496 days) with no evidence of
melanoma on necropsy. Four other dogs were euthanized
because of progression of the primary tumor. The Kaplan-
Meier median survival time for all nine dogs was 389 days.

Conclusions: The results of this trial demonstrate that
xenogeneic DNA vaccination of dogs with advanced malig-
nant melanoma is a safe and potentially therapeutic modal-
ity. On the basis of these results, additional evaluation of this
novel therapeutic is warranted in locally controlled CMM
and advanced human melanoma.

Introduction
CMM6 of the oral cavity, nail bed, foot pad, and mucocu-

taneous junction is a spontaneously occurring, highly aggres-
sive, and frequently metastatic neoplasm (1–4). CMM is a
relatively common diagnosis representing !4% of all canine
tumors, and it is the most common oral tumor in the dog (3, 5,
6). CMM and advanced HM are diseases that are initially treated
with aggressive local therapies, including surgery and/or frac-
tionated radiation therapy; however, systemic metastatic disease
is a common sequela (1, 3, 7). Also, CMM and HM are che-
moresistant neoplasms (8–10). On the basis of these similarities,
CMM is a good clinical model for evaluating new treatments for
advanced HM (11).

Canine patients with advanced disease (WHO stage II, III,
or IV) have a reported median ST of"5 months with aggressive
local excision (1–3). Human patients with deep American Joint
Committee on Cancer stage II or stage III disease (locally
advanced or regional lymph node involvement) have at least a
50% chance of recurrence after surgical resection; patients with
stage IV melanoma (distant metastases) have a median survival
of "10 months, and most of these patients eventually die of
melanoma (9, 12). Standard systemic therapy is dacarbazine
chemotherapy in HM and carboplatin chemotherapy in CMM
(8, 10). Unfortunately, response rates to chemotherapy in hu-
mans or dogs with advanced melanoma range from 8 to 28%
with little evidence that treatment improves survival (8–10). It
is evident that new approaches to this disease are desperately
needed.

Active immunotherapy in the form of vaccines represents
one potential therapeutic strategy for melanoma. The advent of
DNA vaccination circumvents some of the previously encoun-

Received 10/11/02; accepted 12/6/02.
The costs of publication of this article were defrayed in part by the
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CANINE MELANOMA 
OTHER TREATMENT OPTIONS?

• Chemotherapy
• No proven benefit carboplatin, cisplatin, melphalan
• Platinum drugs radiosensitizer?

• Radiotherapy
• Effective for local control

• Immunotherapy
• The future??
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CANINE MELANOMA
RADIOTHERAPY
• Generally considered to be an intrinsically radioresistant tumor 

• Dogs
– 3x 10Gy
– 4x 9Gy
– 6x 6Gy
– 12-19x 2-4Gy

Sause et al, 1991, Proulx et al, 2003

No difference in outcome and toxicity 
between these protocols

Hypofractionated protocols favored

Treatment field:
• Surgical site/Tumor
• Regional lymph nodes

48
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CANINE ORAL MELANOMA
RADIOTHERAPY

>80% of cases significant to complete reduction in tumor volume
Typically within 2 to 3 weeks after start radiotherapy

49

CANINE ORAL MELANOMA
PROGNOSIS WITH RADIOTHERAPY

Théon et al, 1997

Stage PFS time (months) PFS-rate (%)
Mean Median 1-year 3-year

Overall 18 8 36 20

T1 38 19 71 54

T2 12 6 28 12

T3 12 7 23 9

T1 <2cm, T2 2-4cm, T3 >4cm

50

CANINE ORAL MELANOMA
RADIOTHERAPY –TOXICITY (6x 6Gy)

51
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CANINE ORAL MELANOMA
PROGNOSIS - STAGE & RADIATION TYPE

1150 Scientific Reports  JAVMA, Vol 247, No. 10, November 15, 2015
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the mechanisms of death included pulmonary metas-
tasis, brain metastasis, anemia resulting from tumor 
hemorrhage, and respiratory failure caused by physical 
obstruction. Unfortunately, exact numbers could not be 
determined because many case records did not include 
detailed information on the cause of death.

The MST of the 107 dogs that received OVX (68 
dogs) and MVX (39 dogs) treatments was 121.5 days 
(range, 11 to 1,620 days) and 233 days (range, 3 to 
966 days), respectively, and a significant (P < 0.05) dif-
ference was observed between the 2 treatment groups 
(Figure 3). When survival times of dogs that under-
went OVX and MVX treatments were compared accord-
ing to disease stage, there was no significant difference 
observed between groups with stage I (997 days [n = 
12 dogs] vs 934 days [6], respectively), stage II (246 
days [12] vs 258.5 days [10], respectively), or stage 
IV melanoma (78.5 days [24] vs 97 days [7], respec-
tively). However, the MST differed significantly (P 
< 0.01) between groups with stage III disease (OVX, 
98.5 days [n = 20 dogs] vs MVX, 209.5 days [16]). The 
6-month survival rate was 50 of 107 (46.7%), and the 
1-year survival rate was 25 of 107 (23.4%). When the 
influence of clinical stage, signalment factors, radiation 
technique (OVX vs MVX), and total radiation dose on 
death within a year was evaluated in multivariate analy-
sis, clinical stage (P < 0.001) and age (P < 0.05) were 
each significantly associated with this outcome, but 
weight (P = 0.23), sex (P = 0.79), radiation technique 
(P = 0.26), and radiation dose (P = 0.35) were not. In 
dogs with stage III melanoma, the risk of death within 
a year was not significantly (P = 0.46) associated with 
the total radiation dose, but the risk of death (hazard 
ratio, 5.05) was significantly (P < 0.01) greater for dogs 
that received OVX treatments, compared with those 
that received MVX radiotherapy. When the 5 dogs that 
underwent OVX radiotherapy for 1 treatment followed 
by MVX radiotherapy were excluded from the analysis, 
the MSTs for dogs that received OVX (n = 68) and MVX 
(34) radiotherapy were 121.5 and 214.5 days, respec-
tively (P < 0.05), but risk of death within a year was 
not significantly (P = 0.27) associated with radiation 

technique. The MSTs for dogs in each treatment group 
categorized according to stage were as follows: stage I 
(OVX, 997 days [n = 12 dogs] vs MVX, 934 days [5]), 
stage II (OVX, 246 days [12] vs MVX, 233 days [9]), 
stage III (OVX, 98.5 days [20] vs MVX, 187 days [13]; 
P < 0.01), and stage IV (OVX, 78.5 days [24] vs MVX, 
97 days [7]).

Therapeutic response information was evaluated 
for 87 dogs. A complete response was observed for 
38 (44%) dogs, and a partial response was observed 
for 36 (41%). The disease was assessed as stable for 7 
(8%) dogs and progressive for 6 (7%). Significantly (P 
< 0.001) fewer dogs had stable or progressive disease 
than had partial or complete responses. Unfortunate-
ly, the response data could not be evaluated in all 111 
dogs because some did not visit the hospital after radio-
therapy (n = 15) or underwent partial resection during 
radiotherapy (9).

Acute radiation damage was indicated in the medi-
cal records of 49 dogs, and the 62 remaining dogs did 
not have sufficient information in the records to assign 
a score. More than 1 sign of radiation damage was indi-
cated for 29 of 49 dogs. Acute radiation damage noted 
in the medical records was retrospectively scored as fol-
lows: 31 dogs had ≥ 1 sign of damage with a score of 1, 
for a total of 50 observations (hair loss, 21; dermatitis, 
11; changes in skin pigmentation, 10; and conjunctivi-
tis, 8); 26 dogs had ≥ 1 sign with a score of 2, for a total 
of 36 observations (stomatitis, 23; keratoconjunctivitis, 
9; corneal ulcer, 2; epidermal hypertrophy, 1; and kera-
toconjunctivitis sicca, 1); and 9 dogs each had 1 sign 
with a score of 3 (cutaneous necrosis, 4 [OVX group, 
2; MVX group, 2]; cutaneous edema, 2 [OVX group, 1; 
MVX group, 1]; necrosis of the oral mucosa, 2 [OVX 
group, 1; MVX group, 1]; and cutaneous ulcer, 1 [in 
the MVX group]). Twenty dogs in the OVX group and 
27 dogs in the MVX group had ≥ 1 sign of radiation 
damage. When acute damage scores were compared ac-
cording to radiation type, scores of 1, 2, and 3 were 
observed in 18, 14, and 4 dogs that underwent OVX 
treatment, respectively. Acute damage was scored as 1, 
2, and 3 in 31, 21, and 5 dogs that underwent MVX 
treatment, respectively. The acute radiation damage was 
scored as 1 and 2 in 2 dogs that underwent electron 
beam radiotherapy. When classified according to the af-
fected site, the skin, oral cavity, and eye were involved 
in 19, 12, and 5 dogs that underwent OVX treatment, 
respectively, and in 30, 12, and 15 dogs that underwent 
MVX treatment, respectively. In the 2 affected dogs that 
underwent electron beam radiotherapy, acute damage 
developed in the skin and oral cavity. Late radiation-
induced damage, which is scored as 2 or 3, was not de-
termined to have developed in any dogs.

The following serious adverse effects resulted di-
rectly or indirectly from tumor reduction in dogs with 
large tumors: oronasal fistula (6/111 [5.4%] dogs), man-
dibular fracture (2 [1.8%]), and trismus (1 [0.9%]). In 
all 6 dogs with oronasal fistula, the lesion occurred in 
the hard or soft palate region surrounding the tumor. 
In the 2 dogs with mandibular fracture, the fracture site 
had CT evidence of osteolysis before radiotherapy. In 
the dog with trismus, the tumor encompassed a large 
area of the left cheek (including masseter, zygomaticus, 

Figure 3—Kaplan-Meier survival curves of 107 dogs with oral ma-
lignant melanoma that underwent OVX (solid line; n = 68) or MVX 
(dashed line; 39) radiotherapy. The survival times differed signifi-
cantly (P = 0.032) between treatment types.

mOST of 107 dogs treated with RTx
Orthovoltage (n=68) 122d
Megavoltage (n=39) 233d

mOST of the 111 dogs by stage
I (n=19)  758d

II (n=24)  278d
III (n=37) 163d
IV (n=31) 80dJAVMA, Vol 247, No. 10, November 15, 2015 Scientific Reports 1149
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request (15 dogs). Seven of these 31 dogs had stage I 
(n = 2) or stage II (5) melanoma, and treatment was 
discontinued at the owner’s request for all 7. The thera-
peutic response for 4 of these dogs was complete, but 
this variable was unknown for the remaining 3 dogs. 
In contrast, for dogs with stage III (n = 8) or IV (16) 
melanoma, the most common reason for discontinu-
ing radiotherapy was deteriorating clinical condition or 
death (16/24 [67%]). The median total radiation dose 
was 37.8 Gy (range, 6.3 to 74.3 Gy). One geriatric dog 
(age, 15 years) had lymph node metastasis confirmed at 
the initial physical examination; the patient was not ex-
pected to survive long term and was thus administered 
> 70 Gy of radiation. A significant (P < 0.001) differ-
ence was observed between the median total radiation 
doses for dogs that received OVX (31.50 Gy) versus 
MVX (49.00 Gy) treatment.

Ninety-nine of 111 dogs had ≥ 1 adjunctive treat-
ment. This included debulking surgery (n = 18 dogs), 
chemotherapy (39), or both (27). Of the 66 dogs that 
received chemotherapeutic agents, 26 had local treat-
ment only, 26 had systemic treatment only, and 14 had 
both. Other treatments (given to 65 dogs) included fi-
rocoxib (5.0 mg/kg [2.27 mg/lb], PO, q 24 h; n = 46 
dogs), prednisolone (0.5 to 1.0 mg/kg, [0.23 to 0.45 
mg/lb], PO, q 24 h; 29), mebendazole (5.0 mg/kg, PO,  
q 24 h; 5), and hyperthermia (2). In 7 of 45 dogs that 
underwent debulking surgery, there were no macro-
scopically measureable tumor lesions at the time of ra-
diation treatment planning; all 7 dogs were classified 
as having stage I tumors prior to resection. Cisplating  
(0.5 mg [1 mL]/dog/treatment, q 1 to 2 wk) injected 
directly into the tumor was used for local chemother-
apy, and carboplatin (180 to 250 mg/m2, IV, q 3 wk) 
was used for systemic chemotherapy. The number of 
dogs that underwent chemotherapy according to clini-
cal stage was as follows: stage I, 11 dogs (local only, 3 
dogs; systemic only, 4 dogs; local and systemic, 4 dogs); 
stage II, 19 dogs (local only, 9 dogs; systemic only, 5 
dogs; local and systemic, 5 dogs); stage III, 20 dogs (lo-
cal only, 9 dogs; systemic only, 8 dogs; local and sys-
temic, 3 dogs); and stage IV, 16 dogs (local only, 5 dogs; 
systemic only, 9 dogs, local and systemic, 2 dogs). Local 
chemotherapy was used concurrently with radiother-
apy for 2 dogs and was performed after radiotherapy 
was complete in 38 dogs. Systemic chemotherapy was 
used concurrently with radiotherapy in 32 dogs and ad-
ministered after radiotherapy was complete in 8 dogs. 
Anatomic locations of oral melanomas included max-
illa (n = 40), mandible (38), lip (11), buccal mucosa 
(11), hard palate (4), soft palate (4), and tongue (3). 
The survival curves did not vary significantly (P = 0.16) 
among dogs grouped by tumor sites (Figure 1). The 
survival curves also did not vary significantly between 
dogs with rostral (n = 29) and caudal (9) maxillary tu-
mors (P = 0.20) or between those with rostral (29) and 
caudal (5) mandibular tumors (P = 0.51). Six dogs were 
excluded from the analysis because their tumors were 
too large to classify as rostral or caudal.

The MST for all 111 dogs was 171 days (range, 3 
to 1,620 days). The MST for dogs with stage I, II, III, 
and IV melanoma were 758, 278, 163, and 80 days, re-
spectively. The survival curves for dogs with each stage 

of disease are indicated (Figure 2). Although survival 
times differed significantly (P < 0.001) among stages 
by the log rank test, the Tukey test revealed significant 
differences in MST between stages I and II (P < 0.05), 
stages I and III (P < 0.001), and stages I and IV (P < 
0.01) only, with no significant differences observed be-
tween stages II and III (P = 0.83), stages II and IV (P = 
0.90), and stages III and IV (P = 1.0).

Fifteen dogs were still alive at study completion 
(8 dogs with stage I [surviving 1,620, 1,159, 675, 598, 
577, 468, 402, and 339 days], 3 with stage II [surviv-
ing 966, 769, and 479 days], 2 with stage III [surviv-
ing 424 and 392 days], and 2 with stage IV melanoma 
[surviving 343 and 312 days]). Of the 96 dogs that 
died, 3 were euthanized, 66 died of melanoma, and 11 
died of other conditions (ie, other tumors or unrelated 
disease); cause of death was unknown in 16 dogs. The 
cause of death was confirmed as melanoma in 69 dogs, 
including the 3 dogs euthanized because of the disease; 

Figure 1—Kaplan-Meier survival curves of 111 dogs with oral ma-
lignant melanoma evaluated according to tumor location (maxilla 
[n = 40], mandible [38], lip [11] buccal mucosa [11], hard palate 
[4], soft palate [4], or tongue [3]. The survival curves did not vary 
significantly (P = 0.16) according to tumor site.

Figure 2—Kaplan-Meier survival curves of the same dogs as in Fig-
ure 1, evaluated on the basis of World Health Organization tumor 
stage11 (I [n = 19], II [24], III [37], or IV [31]). Significant differences 
in MST were found between stages I and II (P < 0.05), stages I 
and III (P < 0.001), and stages I and IV (P < 0.01). There was no 
significant difference observed between stages II and III (P = 0.83), 
stages II and IV (P = 0.90), or stages III and IV (P = 1.0).

Kawabe et al, 2015
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CANINE MELANOMA
IMMUNOTHERAPY 

Immunostimulation

• Various approaches reported

– Aspecific: BCG, levamisole: no effect

– Specific: DNA-based, whole cell, dendritic cell, virolytic therapy

– Checkpoint blockers: CTLA-4, PD1/PDL-1

• Note: Clear rationale for combining RTx with immunotherapy

53

• 33 stage I-III loco-regionally 
controlled MM

• Median OST 569 days
• Anti-Tyrosinase Abs detected!

IMMUNOTHERAPY
ONCEPT®- MELANOMA VACCIN

Vaccine 24 (2006) 4582–4585

Development of a xenogeneic DNA vaccine program for canine
malignant melanoma at the Animal Medical Center
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Abstract

Introduction: Canine malignant melanoma (CMM) is an aggressive neoplasm treated with surgery and/or fractionated RT; however, metastatic
disease is common and chemoresistant. Preclinical and clinical studies by our laboratory and others have shown that xenogeneic DNA
vaccination with tyrosinase family members can produce immune responses resulting in tumor rejection or protection and prolongation of
survival. These studies provided the impetus for development of a xenogeneic DNA vaccine program in CMM.
Materials and Methods: Cohorts of three dogs each received increasing doses of xenogeneic plasmid DNA encoding either human tyrosi-
nase (huTyr; 100/500/1500 mcg), murine GP75 (muGP75; 100/500/1500 mcg), murine tyrosinase (muTyr; 5 dogs each at 100/500 mcg),
muTyr ± HuGM-CSF (9 dogs at 50 mcg muTyr, 3 dogs each at 100/400/800 mcg HuGM-CSF, or 3 dogs each at 50 mcg muTyr with
100/400/800 mcg HuGM-CSF), or 50 mcg MuTyr intramuscularly biweekly for a total of four vaccinations.
Results: The Kaplan–Meier median survival time (KM MST) for all stage II–IV dogs treated with huTyr, muGP75 and muTyr are 389, 153
and 224 days, respectively. Preliminarily, the KM MST for stage II–IV dogs treated with 50 mcg MuTyr, 100/400/800 mcg HuGM-CSF or
combination MuTyr/HuGM-CSF are 242, 148 and >402 (median not reached) days, respectively. Thirty-three stage II–III dogs with loco-
regionally controlled CMM across the xenogeneic vaccine studies have a KM MST of 569 days. Minimal to mild pain was noted on vaccination
and one dog experienced vitiligo. We have recently investigated antibody responses in dogs vaccinated with HuTyr and found 2- to 5-fold
increases in circulating antibodies to human tyrosinase.
Conclusions: The results of these trials demonstrate that xenogeneic DNA vaccination in CMM: (1) is safe, (2) leads to the development
of anti-tyrosinase antibodies, (3) is potentially therapeutic, and (4) is an attractive candidate for further evaluation in an adjuvant, minimal
residual disease Phase II setting for CMM.
© 2005 Elsevier Ltd. All rights reserved.

Keywords: Melanoma; DNA vaccine; Xenogeneic; Canine; Comparative oncology

1. Introduction

Canine malignant melanoma (CMM) of the oral cav-
ity, nail bed, foot pad and mucocutaneous junction is a
spontaneously occurring, highly aggressive and frequently
metastatic neoplasm [1]. CMM is a relatively common diag-
nosis representing ∼4% of all canine tumors and it is the most

∗ Corresponding author. Tel.: +1 212 329 8674; fax: +1 212 702 0971.
E-mail address: philip.bergman@amcny.org (P.J. Bergman).

common oral tumor in the dog [1,2]. CMM and advanced
human melanoma (HM) are diseases that are initially treated
with aggressive local therapies including surgery and/or frac-
tionated radiation therapy; however, systemic metastatic dis-
ease is a common sequela [1,3–7]. Based on these similarities,
CMM appears to be a good clinical model for evaluating new
treatments for advanced HM.

Canine patients with advanced disease (WHO stage II,
III or IV) have a reported median survival time of 1–5
months with standardized therapies [1,2,4]. A combination of

0264-410X/$ – see front matter © 2005 Elsevier Ltd. All rights reserved.
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ONCEPT®-MELANOMA VACCIN

55

• Methodological flaws in the initial published studies using Oncept®

• Counter-reaction was to be expected, but those also have weaknesses

AND THE FINAL VERDICT?
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MELANOMA VACCINE
ADVERSE EVENTS?

• Little to no side-effects
• DNA microseeding well tolerated

– no significant toxicity beyond local site irritation
– sometimes mild (pain?) response to vaccination

• No signs of autoimmunity 
• Rare cases of depigmentation

“Dino”, beagle, M, 6 Y
stage 2 oral melanoma, 

After 5 cycles of vaccination
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IMMUNOTHERAPY
IMMUNE CHECKPOINT BLOCKADE

Nivolumab® 
anti-PD1 antibody

Ipilimumab®

anti-CTLA4 antibody
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IMMUNOTHERAPY
IMMUNE CHECKPOINT BLOCKADE

Maekawa 2016, 2017, Igase 2020, 2022, 2024

PD-1/PD-L1 are present in a 
variety of canine cancers including 
oral MM 

PD-L1 antibody: clinical benefit in 
1/7 dogs with oral MM
PD-1 antibody 
• ±33% had clinical benefit
• mPFS 70 days, mOST 215 days
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TARGETED THERAPY
ONCOGENETIC PATHWAYS
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OTHER TREATMENT OPTIONS
TARGETED THERAPY 

Oncogenetic pathways
• Humans: mutations in BRAF, KIT, NRAS and PTEN common
• Dogs (n=95): no mutations in BRAF, KIT, NRAS 3/95 and PTEN 2/95
• BRAF-inhibitors have a role in human, but not canine melanoma
• Kit: possibly relevant in feline diffuse iris melanoma

• PI3K/Akt activation
• Present in human and canine melanocytic neoplasia
• Cell cultures sensitive to inhibitor (rapamycin)

• Dog: activation of ECM-receptor interaction, protein digestion and 
absorption, focal adhesion fibronectin type III domain, ADAMTS2 

Shelly et al, 2005,Shin, et al, 2007, Maekawa et al, 2014, Brachelente et al, 2017
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MELANOMA
CONCLUSIONS

• Know your enemy!

– Location is key!!

• Check for metastases, especially in case of oral and ungual melanoma

• Therapy of choice:

– Surgery: tumor (wide) incl. regional lymph nodes

– No  proven benefit of adjuvant chemotherapy

– Oral melanoma: add hypofractionated RTx protocol 

• Systemic treatment options necessary!!

– Immunotherapy?
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