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INTRODUCTION

In human medicine, tumors of childhood are clinically, histopathologically, and biolog-

ically distinct from that of adult-onset malignancies. 1 Most childhood cancers occur 
sporadically, are often rapidly growing, and aggressively invasive. 1 The study of vet-

erinary pediatric oncology is sparse and mostly consists of case reports. 
Population-based studies in veterinary medicine have helped us to better quantify 
the age of onset of neoplasia. A 2023 study evaluating age at cancer diagnosis in a 
US population of dogs found 0.004% (14/3452) of dogs 0 to 1 year old develop 
neoplasia. 2 This likely contributes to the lack of published literature on this subject. 
A 2010 UK study evaluating pediatric oncology in dogs less than 12 months of age 
revealed that the 5 most frequent tumors were canine cutaneous histiocytomas 
(89%), papillomas (2%), mast cell tumors (MCTs) (2%), benign adnexal tumors 
(2%), and soft tissue sarcomas (1%). 3 This article will review the literature and informa-

tion available for both benign and malignant tumors found in veterinary pediatric pa-

tients. As there are differences between species and breeds, for the purposes of 
this article, we will refer to pediatric as those greater than 4 weeks of age and less 
than or equal to 1 year of age.

HISTIOCYTIC TUMORS

Canine cutaneous histiocytomas are one of the most common canine tumors found in 
patients less than 1 year of age. 3 Cutaneous histiocytoma is a benign tumor of

The Schwarzman Animal Medical Center, The Cancer Institute, 510 East 62nd Street, New York, 

NY 10065, USA

* Corresponding author.

E-mail address: margaret.wong@amcny.org

KEYWORDS

• Pediatric • Oncology • Young • Veterinary • Cancer • Kitten • Puppy

KEY POINTS

• Veterinary pediatric oncology remains largely under researched with few case series and

reports.

• Canine cutaneous histiocytomas and papillomas are common benign tumors. Mast cell

tumors have variable behavior. Rhabdomyosarcoma, nephroblastoma, neuroblastoma,

and lymphoma tend to behave more aggressively.

• Although rare, neoplasia should be considered as a differential diagnosis in pediatric

patients.
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Langerhans cells and typically presents as a solitary raised pink skin mass, often in the 
cranial portion of the body. 4 These tumors tend to develop quite rapidly; however, they 
also generally regress on their own (Fig. 1). Immunohistochemical expression of 
E-cadherin is unique to histiocytomas and can help differentiate histiocytomas from 
reactive histiocytosis. 4 Regression is thought to be mediated by CD8 + T cells and 
given such, immunosuppression should be avoided. Cases of multiple or metastatic 
histiocytomas are rare, and these cases are usually classified as cutaneous Langer-

hans cell histiocytosis (LCH). 4,5

Cutaneous LCH is identical morphologically and immunohistochemically to histio-

cytoma, but LCH may have more cytologic atypia. 4 Regression of these tumors is 
possible, even in cases with widespread disease, and may be delayed up to 
10 months. 4 A 1999 case report of an 8-month-old female miniature Dachshund 
detailed the use of Griseofulvin to treat LCH. 6 Griseofulvin is an antifungal medication. 
In this case report, it was given at a dose of 30 mg/kg orally every 12 hours and the 
general condition of the dog improved in 1 week, with complete resolution of all lesions 
after 7 weeks of treatment. 6 A 2014 case report described the use of Lomustine to 
treat a patient with LCH. 7 This patient was treated with oral Lomustine at 90 mg/m 2 

with partial remission noted 1 week post-treatment. 7 These lesions relapsed 3 weeks 
later; however, the patient did continue to have a partial response to repeat dosing. 7 

Histiocytic tumors are much more rare in cats than in dogs. 4 LCH takes on a unique 
form in the cat with localization of these abnormal cells to the lungs, and often 
described as pulmonary LCH or malignant histiocytosis. A 2001 case report described 
a 1-year-old male castrated domestic shorthair with a diagnosis of malignant

Fig. 1. Canine cutaneous histiocytoma. (A) Initial presentation. (B) Tumor resolution. (Cour-

tesy of Dr. Autumn Davidson.)

Abbreviations

CM cutaneous mastocytosis

FeLV feline leukemia virus

LCH Langerhans cell histiocytosis

MCT mast cell tumor

NSE neuron-specific enolase

SCC squamous cell carcinoma

RMS rhabdomyosarcomas
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histiocytosis. 8 This patient was noted to have pancytopenia, panhypoproteinemia, 
was feline leukemia virus (FeLV) positive, and had evidence of diffuse infiltration of ma-

lignant histocytes on bone marrow cytology. 8 The patient was euthanized after blood 
transfusion and treatment with cephalexin with no response to treatment. 8 Necropsy 
revealed multiorgan involvement including the bone marrow, spleen, kidney, liver, uri-

nary bladder, lung, and brain. 8

PAPILLOMA

Papillomas are benign epidermal proliferative lesions that can be associated with 
papillomavirus infections. 4 There are 6 known syndromes associated with canine 
papillomavirus infections: oral papillomas, venereal papillomas, exophytic cutaneous 
papillomas, cutaneous inverted papillomas, footpad papillomas, and pigmented viral 
plaques. 9,10 The 2021 Gould article examining pedal papilloma in the dog found that 
12 of 44 cases were 1 year old or less. 10 These lesions can resolve spontaneously, 
however, other interventions such as surgery, topical imiquimod, azithromycin, and 
interferon alpha have been described. 10

Papillomas occur less frequent in cats than in dogs; there are 3 cases of cutaneous 
papillomas reported and none were in feline patients 1 year of age or less. 11,12 Aside 
from cutaneous lesions, feline patients can also develop oral papillomas, viral plaques, 
and Bowenoid in situ carcinomas. 11 Feline papillomaviruses 2, 3, and 6 have been 
associated with cutaneous squamous cell carcinoma (SCC). 11 It is unclear whether 
SCC develops due to viral plaques or directly from normal skin. 11 These tumors typi-

cally occur in cats greater than 10 years of age. 4

MAST CELL TUMORS

Mast cell tumor (MCT) is the most common cutaneous tumor in the dog, which ac-

counts for between 16% and 21% of all cutaneous tumors. 4 Although MCTs are 
generally tumors of older animals, there have been reports of these tumors in pediatric 
dogs and cats. 13–20 A 2022 article on skin masses in dogs under 1 year of age found 
that dogs aged 6 months and above showed significantly higher odds of developing 
an MCT compared with dogs under 6 months of age. 21 The majority of MCTs occur 
in the dermis and subcutaneous tissues; however, there are a subset of patients 
with a more disseminated visceral form with infiltration into lymph nodes, spleen, liver, 
and bone marrow (systemic mastocytosis) and primary gastrointestinal. 4

Cutaneous MCTs display a wide array of biologic behavior. Veterinarians rely heavily 
on the histopathologic grade of cutaneous MCTs to help direct treatment recommen-

dations as well as prognoses. Grade I tumors tend to behave in a more benign fashion 
with a lower incidence of recurrence and metastasis than grade III tumors, which have 
been shown to have higher rates of metastasis and a worse prognosis. 22–24 A 2020 
retrospective evaluation of dogs less than 12 months of age with mast cell neoplasia 
described 16 cases within an 8-year period, at 3 veterinary referral hospitals, in the 
United Kingdom. 20 Nine of the 16 cases were graded using the 2-tier histologic 
grading criteria that are now standard for cutaneous MCTs. Three of the 9 tumors 
were graded within the higher tiers (2 grade II high and 1 grade III). The stage of dis-

ease at time of diagnosis was different among the 3 patients, and follow-up treatment 
postsurgery was also different among the 3 patients. All 16 patients were alive at the 
time of writing with a median follow-up time of 1,115 days. Four patients were noted to 
have had local recurrence.

A 1995 article evaluating the occurrence of MCTs in young Shar-Peis found that 
dogs as young as 3 and 6 months of age could develop MCTs, and at least one of
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them was a grade III. 15 A 2012 report by Mahler reported a grade I MCT in a 4-week-

old Boxer dog. 19

A 2023 article by Yang and colleagues described a different mast cell phenomenon 
in 8 young dogs; cutaneous mastocytosis (CM). 16 In this article, CM is described as 
patients with greater than 3 cutaneous lesions, with an age of onset of less than 
1.5 years, and with histologic confirmation of a dermal and/or subcutaneous mast 
cell neoplasm. The median age of onset was 6 months with a median age at diagnosis 
of 12 months. 16 Follow-up information was available for all 8 dogs (median follow-up 
time 898 days), with 6 alive at the time of writing and 2 euthanized (1 unknown cause 
and 1 secondary to rupture of a large cutaneous neoplasm). The lesions demonstrated 
a variable response to corticosteroids in combination with antihistamines in some 
cases, but the lesions did persist. 16

Despite the favorable outcome noted in the Rigas 2020 study, the authors would ex-

ercise caution in thinking that MCTs in young dogs may behave less aggressively 
despite their aggressive characteristics on histopathology. Given the wide range of bio-

logic behavior in these tumors and the ability to see high-grade tumors in young canines, 
the authors would recommend that all confirmed MCTs in young canines be treated 
similarly to those in their older counterparts, with curative intent surgery performed to 
confirm histologic grade and to dictate further treatment recommendations.

The biologic behavior of feline cutaneous MCTs is different than in their canine 
counterparts. There are 2 distinct types of cutaneous MCTs in cats: (1) the mastocytic 
subtype which is similar histologically to what is seen in the canine; and (2) the histio-

cytic mast cell tumor with morphologic features more similar to histiocytic mastocy-

toma. 4 In 1988, Chastain and colleagues published a case report of cutaneous 
mastocytomas in 2 litters of Siamese kittens. 14 In this report, 4 kittens sired by the 
same tomcat were noted to have developed multiple cutaneous MCTs at 6 and 
8 weeks of age. All affected kittens, treated or untreated, had lesions that had 
regressed within 4 months. A 1996 Practitioner’s Corner, published in the Canadian 
Veterinary Journal reported a similar finding of cutaneous mast cell neoplasia in a 3-

month-old Siamese kitten. 13 This patient’s lesion was removed at the time of neuter-

ing, which served as both a diagnostic and therapeutic treatment. A larger study 
further demonstrated the occurrence of the histiocytic variant of MCTs in young Sia-

mese cats. 17 The histiocytic subtype has been shown to regress over 4 to 24 months. 4

RHABDOMYOSARCOMA

Rhabdomyosarcomas (RMS) are malignant tumors originating from myoblasts or 
primitive mesenchymal cells capable of differentiating into striated muscle cells. 4 In 
dogs, these tumors commonly arise from the skeletal muscle of the urinary bladder, 
retrobulbar musculature, larynx, tongue, and myocardium. 4 RMS have a variety of 
gross morphologies, histologic variations, and cellular phenotypic variations, which 
can make diagnosis of these tumors difficult. 25 The most common histologic sub-

classes include embryonal RMS, alveolar RMS, and botryoid RMS; the less common 
subclass includes pleomorphic RMS. 25

Botryoid RMS are tumors that have a characteristic gross appearance and 
anatomic location. 25 The term botryoid refers to the grape-like masses protruding 
into a mucosa-lined organ, such as the urinary bladder. 26 The most common presen-

tation is a tumor affecting the urinary bladder rhabdomyosarcoma (ubRMS). 25,26 The 
ubRMS commonly occurs in large-breed dogs 2 years of age or younger, with Saint 
Bernards being over-represented. 26,27 A 2023 case series of ubRMS in 7 dogs, 3 of 
which were pediatric, describes the clinical and endoscopic features and outcomes. 26
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The overall median survival time was 45 days (range 20–120) with patients receiving a 
range of therapy including radical surgery and adjuvant doxorubicin (n = 1), radical sur-

gery alone (n = 2), debulking surgery (n = 1), and palliative medications alone (n = 3). 26 

A 2013 article by Caserto reviewed 27 canine ubRMS, 10 of which were pediatric 
cases. 25 Of the 6 cases where metastases were found, 3 were in pediatric patients. 25 

To the authors’ knowledge there are no prospective or large studies that evaluate 
treatment recommendations for ubRMS.

There are additional case reports of RMS in pediatric veterinary patients affecting 
other anatomic locations with a variety of histopathologic features. 28–33 A 2018 case 
report described a primary meningeal RMS of the spinal cord in a 7-week-old Labra-

dor Retriever. 30 This patient was presented for postmortem examination, as it was 
born with multiple deformities. This was the first and only report of meningeal RMS 
in the canine. 30 A 1996 case report detailed a 4-month old Akita with tracheal embry-

onal RMS. 32 Surgical resection of this lesion was performed but histologic margins 
were unclear. The owner declined further therapy, and the patient was reported to 
be doing well 34 months after discharge. 32 A 2008 case report described an embry-

onal RMS arising from the axillary space and invading the scapular bone. 33 Given 
the morbidity and poor prognosis, the owner elected euthanasia with subsequent 
postmortem examination. 33

An extremely rare variant of RMS is the spindle cell RMS, also reported as leio-

myomatous RMS. 28 The clinical course of this disease varies, with the original re-

ports in children with these tumors being less aggressive, while a few reports have 
demonstrated more aggressive biologic behavior. 28 A 2010 case report by Roza 
and colleagues described a more aggressive variant of spindle cell RMS in an 11-

month-old male Boxer. 28 A physical examination revealed significant swelling in 
the frontal region of the forehead, painful on palpation, with no evidence of ulcera-

tion. A cone beam computed tomography (CT) was performed and revealed signif-

icant destruction of the frontal, nasal, incisive, parietal, and maxillary portion of 
the zygomatic process of the temporal bone on both sides. The patient was eutha-

nized due to the aggressive nature of the disease. The literature on this variant of 
RMS is scarce within veterinary medicine, and it is unclear if there are differences 
in biologic behavior based on histopathologic subtypes. 28,29

NEPHROBLASTOMA

Nephroblastomas are rare tumors derived from embryonic metanephric blastema. 34 In 
humans, nephroblastoma is also referred to as Wilm’s tumor and is the most common 
primary malignant renal tumor in children. 1,35 Staging criteria for this tumor have been 
described by the National Wilm’s Tumor Study Group. 36 In humans, renal nephroblas-

toma is treated by nephrectomy with follow-up chemotherapy and radiotherapy as 
adjunctive treatments depending on the histopathology characteristics and tumor 
stage. 35 There have been approximately a dozen renal nephroblastoma cases re-

ported in the veterinary literature, with an age range of 16 weeks to 12 years. 34,35 Vin-

cenzo and colleagues describe a 3-month-old Golden Retriever with renal 
nephroblastoma with extension and adhesion of the tumor to the left ovary and left 
uterine horn. 35 The only treatment modality performed in this case included left ne-

phrectomy, spay, and extirpation of an enlarged mesenteric lymph node. The histo-

pathologic findings of the left kidney were consistent with renal nephroblastoma 
with disease not appreciated in the other organs removed. Adjuvant chemotherapy 
was recommended but declined by the owner. The patient was noted to be doing 
well at a follow-up telephone conversation 19 months postsurgical intervention. Other
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pediatric reports in the veterinary literature in young patients have not been as 
favorable. 37,38

In dogs, nephroblastoma can be seen as a tumor within the thoracolumbar portion 
of the spinal cord. These tumors are thought to arise from neoplastic transformation 
of the metanephric blastema or from a persistent nephrogenic rest that becomes 
trapped in the dura during development. 39 Spinal cord nephroblastomas are typically 
found as intradural extramedullary masses within the vertebral canal between T10 
and L3. 39,40 A 2011 article by Brewer and colleagues describes 11 cases from the 
Cornell University Hospital for Animals. The age range for dogs within this article 
was 5 months to 4 years, with 4 of 11 dogs being less than 1 year of age at admis-

sion. 39 Various treatment modalities are described including 4 that received no treat-

ment, 1 patient received glucocorticoids, and 6 dogs underwent surgery (dorsal 
laminectomy, hemilaminectomy of a combo of both). Survival time from the time of 
diagnosis for the dogs treated via resection of the mass ranged from 2 to 976 days 
(median, 70.5 days). Survival time for those who did not undergo surgery was 0 to 
3 days (median, 1 day). No dogs had evidence of metastatic disease. A 2023 article 
by Kim and colleagues describes conventional fractionated radiotherapy for 5 young 
dogs with nephroblastoma of the spinal cord. 41 None of these dogs fell within the pe-

diatric range; however, outcome appeared favorable when compared with the earlier 
Brewer study. All patients received hemilaminectomy and no patients received adju-

vant chemotherapy. Radiotherapy prescriptions ranged from 18 to 20 fractions of 2.4 
to 2.5 Gy/fraction for a total dose of 45 to 50 Gy. All patients were deceased at the 
time of analysis with no patients lost to follow-up. The median overall survival from 
first treatment to death by any cause was 3.4 years (1234 days; 95% confidence in-

terval (CI), range: 68–3,607 days). 42

NEUROBLASTOMA

Neuroblastomas are tumors of neuroectodermal origin, arising from primitive sympa-

thetic ganglion cells (neural crest). 43 In humans, neuroblastoma is a common 
neoplasm of infancy and childhood. 44–46 In the canine, this tumor has been reported 
in younger dogs, however, there are 2 case reports that describe it in pediatric pa-

tients. 43,44 In the first case, Louden and colleagues described a 1-year-old female 
German Shepherd with a 4-week history of bilateral hind limb paresis that progressed 
to tetraplegia. 44 The patient died while under general anesthesia for diagnostic imag-

ing. Necropsy revealed a multilobular 10-cm × 12-cm × 12-cm firm midabdominal 
mass attached to the cranial poles of both kidneys. The liver, lymph nodes, spleen, 
and vertebral canal also contained abnormal tissue similar to that of the midabdominal 
mass. Immunohistochemistry was performed on the midabdominal mass and was 
positive for neuron-specific enolase (NSE). This was the first report to discuss the 
immunohistochemical features of canine neuroblastoma. 44

In most cases, neuroblastomas occur in the abdominal cavity as large masses; 
however, neuroblastomas can be of adrenal, cervical, or retropharyngeal origin. 43 

Mestrinho and colleagues described an adrenal neuroblastoma in an 11-month-old 
intact Rhodesian Ridgeback. 43 The patient underwent an extensive surgery including 
nephrectomy to remove an approximately 12 × 12 × 8.4 cm retroperitoneal mass. 
Adjuvant chemotherapy was recommended but was not pursued by the owner. The 
patient presented 33 days after surgery for similar complaints and was euthanized. 
A necropsy discovered an enlarged nodule in the cranial mediastinum (6 × 2.5 cm), 
an enlarged central mesenteric lymph node (7.5 × 3.5 cm), and numerous small hepat-

ic nodules. Immunohistochemistry of the midabdominal mass was positive for
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neurofilament protein, NSE, and synaptophysin. Histopathology confirmed the addi-

tional lesions to be metastasis due to the adrenal neuroblastoma. 43

GLIOMA

Gliomas are common in dogs, comprising approximately 30% to 40% of intracranial 
tumors and are particularly frequent in brachycephalic breeds such as the Boxer, Bos-

ton Terrier, and English and French Bulldogs. 47–49 Epidemiologic data on glioma in 
dogs indicates a median age at diagnosis of 8 years and a male predilection. 50 A 
2024 study published in the Journal of Veterinary Diagnostic Investigation described 
a series of 5 canine cases of glioma in the first year of life. 51 The affected dogs (4 males 
and 1 female) were 3 to 12 months old, with none of the dogs being brachycephalic. 51 

The clinical signs consisted of dullness (2 cases), seizures (2 cases), vestibular signs (1 
case), and deafness (1 case). 51 All patients were euthanized due to poor prognosis. 
The histopathology included both low-grade and high-grade gliomas. 51

HEMATOPOIETIC TUMORS

Hematopoietic neoplasms are those that arise from the blood, bone marrow, lymph, 
and lymphoid tissues. Hematopoietic tumors account for approximately 33% of all tu-

mors in the cat, and almost 90% are malignant lymphomas. 52 Until the late 1990s, 
approximately 70% of cats with malignant lymphoma in the United States and West-

ern Europe were FeLV positive. 52–54 A 2005 article by Louwerens and colleagues 
found a decrease in the incidence of FeLV-associated tumors presented to the Veter-

inary Medical Teaching Hospital (VMTH) of UC Davis between 1983 and 2003. 55 This is 
likely due to the invention of FeLV testing and vaccination. 55 In the Louwerens and col-

leagues study, the age distribution of cats with non-FeLV-associated lymphoma 
ranged from 0.6 to 20 years, with a median age of all cats with any particular type 
of lymphoma of approximately 11 years. Only mediastinal lymphoma had a signifi-

cantly different median age at presentation of 2 years, specifically in Siamese-type 
breeds. This bimodal distribution and breed predilection has been described in other 
studies. 52,56 Within their study population, 11 cats were 1 years of age. Of these 11 
cats, the anatomic distribution included abdominal (n = 2), atypical (n = 2), mediastinal 
(n = 4), and mixed (n = 3). 55 Aside from mediastinal lymphoma, spinal lymphoma has 
also been described in the younger feline population. 57 A 1994 article by Lane and col-

leagues described 23 cats with spinal lymphoma. 57 The median age of the cats was 
24 months (range 6 months to 14 years). 57 Seventeen cats were tested for circulating 
FeLV p27 antigen and were positive at diagnosis. One cat was seronegative but was 
later immunofluorescence assay (IFA)-positive on bone marrow. The location of spinal 
tumors were extradural in 87% of cats. The remainder had cervical root of the brachial 
plexus affected. 57 Treatment was recorded for 4 cats and included local spinal radia-

tion followed by chemotherapy (L-asparaginase, vincristine, and prednisone) in 3 cats 
and surgical cytoreduction followed by chemotherapy (same protocol) in 1. One pa-

tient was alive 13 months postpresentation; however, the other 3 cats died or were 
euthanized within 5 months of treatment. 57

Lymphoma is the most common hematopoietic tumor of the dog, representing 83% 
of all cases. 55 The estimated age rates are 1.5 per 100,000 for dogs less than 1 year of 
age and 84 per 100,000 for dogs 10 to 11 years old. 4 The most common anatomic forms 
of lymphoma, in order of decreasing prevalence, are multicentric, gastrointestinal, medi-

astinal, and cutaneous forms. 4 Case reports in pediatric oncology have described rare 
presentations of hematopoietic neoplasia including acute lymphoblastic leukemia, pol-

yostotic lymphoma, primary cardiac lymphoma, thymic lymphoma with multiple
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metaphyseal involvement, and uveodermatologic lymphoma. 58–62 The clinical course in 
all reports described aggressive behavior of the tumors despite location with subse-

quent euthanasia. 58–62

SUMMARY

Pediatric veterinary oncology remains an understudied and likely under reported area 
of veterinary medicine. Although rare, malignant neoplasia is possible in these patients 
and should be considered, especially in patients with atypical clinical presentation.

CLINICS CARE POINTS

• All masses should be taken seriously, dealt with promptly, and a definitive diagnosis should 

be pursued when dealing with pediatric patients.

• All pediatric feline patients with a potential malignancy should be retroviral tested.

• All malignancies in pediatric veterinary patients should be addressed with a curative intent.
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