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Osteosarcoma (OSA) in dogs poses a clinical challenge to veterinary practitioners
across the globe. As knowledge evolves, so too do clinical practices. However,
there remain uncertainties and controversies. There is value for the veterinary
community at large in the generation of a contemporary wide-ranging guideline
document. The aim of this project was therefore to assimilate the available published
knowledge into a single accessible referenced resource and to provide expert
clinical guidance to support professional colleagues as they navigate current OSA
challenges and controversies. Primary bone tumors are common in dogs. The history
and clinical signs relate to the anatomic site of the tumor. Most canine patients
present with a sudden-onset lameness that can appear to improve temporarily in
response to analgesia and rest. Most patients do not have detectable metastasis
at the time of diagnosis, but most canine patients do develop metastasis within
months without appropriate therapy. Surgical resection using wide margins is
currently the mainstay of therapy for the local control of the primary tumor.
Most commonly, this comprises limb amputation in dogs, but not all dogs are
considered good candidates. Anti-metastatic therapy is vital in dogs if surgery
is going to offer a good chance of achieving a durable benefit. While there are
many limb-sparing and palliative therapy options for dogs with OSA, most have
not been shown to achieve superior outcomes compared with amputation and
adjuvant chemotherapy. There is a role for radiotherapy in the palliative treatment
of OSA. Immunotherapy should be considered a developing treatment modality—
multiple immunotherapeutic approaches have yielded positive results in dogs in
small experimental studies. It is hoped that this document will serve as a useful
resource to practitioners all over the world, to help them better understand this
disease and provide the best options for patients to extend quality of life and
survival, either within the primary care or referral hospital setting.
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Introduction

OSA in dogs presents a dual challenge to the veterinarian,
regardless of experience and facilities. Firstly, when arising in a
weight-bearing bone, lesions are consistently painful. As a second
challenge, primary osseous OSA is associated with a high prevalence
of distant metastasis. Clinical stage provides the best indication of
prognosis. There are many treatment strategies reported, which
generally can be separated into treatments for the primary tumor and
treatments for metastatic disease. The purpose of this guideline
document is to provide a succinct yet comprehensive overview of OSA
management in dogs.

Methodology

Comprehensive literature reviews were carried out. Initial drafts
of each section of the guidelines were written by individual authors.
The guidelines were then combined into one document and reviewed
by all authors. Areas of uncertainty or controversy were highlighted
and associated recommendations and opinions were arrived at by
group consensus. To quantify the strength of evidence available to
support the information provided, references used to support
statements were classified with a level of evidence (LOE) and overall
evidence grade (OEG) as detailed in Elwood [(1) (LOE 2a OEG B)].

Epidemiology and etiopathogenesis

OSA is the most common primary bone tumor in dogs,
representing approximately 85% of all canine skeletal tumors [(2, 3)
(LOE 3a-4a, OEG B)]. Risk factors for canine OSA include breed, size
and age. A recent epidemiological study reported an overall 1-year
OSA prevalence of 0.037%, with prevalences tenfold greater than
baseline in the Scottish Deerhound (OR 118.4), Leonberger (OR 55.8),
Great Dane (OR 34.2), Rottweiler (OR 26.7) and Greyhound (OR
11.9) [(4) (LOE 2¢; OEG B)]. Increased risk is additionally reported in
the Irish Wolthound, Saint Bernard, Irish Setter, Old English
Sheepdog, Bull Mastiff, Doberman Pinscher, German Pointer,
Labrador Retriever, Lurcher, German Shepherd, Golden Retriever,
Boxer and Landseer [(2, 4-11) (LOE 2c-4a, OEG B)]. In addition to
larger breeds being affected, dogs weighing at or above the mean for
their breed are 1.65 times as likely to develop OSA than those
weighing below the breed mean [(4) (LOE 2¢, OEG B)]. Similar
associations are seen in humans, where increased birthweight, being
taller than average as an adolescent or being a very tall adult increases
the risk of OSA [(12) (LOE 2a, OEG B)]. While prevalence is greater
among large- and giant-breed dogs, OSA has been shown to behave
equally aggressively in smaller breeds [(13) (LOE 4b, OEG C)].

Appendicular limb OSA mainly affects middle-aged to older dogs,
with studies reporting median ages of 7 to 9 years with a small first
peak of incidence between 18 and 24 months [(2, 4, 8, 14-18) (LOE
2c-4b, OEG B)]. The early peak corresponds with the principal human
peak of incidence in late puberty [(5, 12) (LOE 2a-5, OEG B)].

Older studies suggested that males are at slightly greater risk than
females [(2, 8, 15, 19, 20) (LOE 4a, OEG C)]. However, this does not
emerge as a risk factor once the greater weight of male dogs is
accounted for [(4) (LOE 2¢, OEG B)]. Similarly, causal associations
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between neutering status and OSA development are inconsistent [(3)
(LOE 3a, OEG B)], with studies showing neutering increasing risk
[(21, 22) (LOE 2c¢-3b, OEG B)] and not affecting risk [(4) (LOE 2c,
OEG B)].

While OSA occurs most commonly in the axial skeleton in many
species [(12) (LOE 5, OEG D)], appendicular OSA accounts for the
majority of cases in dogs (69 to 86% of cases) [(2, 3, 5, 17, 23-25) (LOE
2¢c-4a, OEG B)] and humans (82 to 97% of cases) [(26-28) (LOE
2c-4a, OEG B)]. The vast majority of canine and human OSA arises
within the medullary cavity, with tumors arising from the periosteum
being rare in dogs [(29) (LOE 5, OEG D)] and humans [(30) (LOE 3a,
OEG B)]. Both canine and human appendicular OSA occur
predominantly within the metaphyseal region of long bones. The
difference in the most commonly affected sites of bone tumors
between humans and dogs is likely due to the distinct weight-bearing
mechanics of the two species. In humans, appendicular OSA is most
commonly found in the femur and tibia; in dogs where the forelimb
supports 60% of the dog’s bodyweight, appendicular OSA is found
twice as often in the forelimb (proximal humerus and distal radius)
than the hindlimb (distal femur and proximal and distal tibia) [(2, 3,
6,12,27,28) (LOE 2c-4a, OEG B)].

There is plentiful evidence implicating genetic and heritable
factors for the development of OSA in dogs. Somatic mutations in
tumor-suppressor genes associated with both human and canine OSA
have been identified, including: TP53, MYC, PTEN, RUNX2,
CDKN2A/B and DLG2 [(31-36) (LOE 3a-4b, OEG B)]. TP53
mutations have been reported to be present in around 60%, DLG2
mutations in 56% and SETD2 mutations in 21% of OSA tumor
samples [(33, 34) (LOE 3b-4c, OEG B)]. Breed-associated inheritance
of OSA has been described in multiple breeds [(3, 37, 38) (LOE 2b-3b,
OEG B)]. OSA occurs much more frequently in dogs than in people,
with a lifetime incidence risk 30 to 50 times higher in dogs [(5, 23)
(LOE 5, OEG D)]. In larger dogs and humans, more cell divisions are
needed for the formation and continuous remodeling of long bones,
increasing the potential for mutations. Canine OSA tends to occur in
major weight-bearing bones adjacent to late-closing physes where
mitotic activity is greatest. Known drivers of osteoblast replication are
associated with OSA development: fracture-associated OSA can
develop secondary to the original trauma or implant placement, with
a reported incidence of 0.08% [(39) (LOE 3b, OEG B)]; OSA is also a
rare late complication of chronic osteomyelitis [(40) (LOE 5, OEG D)].

It has been proposed that the high rates of OSA in large- and
giant-breed dogs may partly be explained by artificial selection for
large breeds without co-selection for cancer-protective mechanisms
that would occur under conditions of natural selection, as evidenced
in whales and elephants, which both exhibit multiple differing species-
specific tumor-suppressor genes [(12) (LOE 5, OEG D)].

History and clinical signs

Dogs usually present with a history of intermittent weight-bearing
lameness that worsens over time. A history of mild trauma before the
onset of lameness is sometimes reported. Acute presentation for
sudden, non-weight-bearing lameness is also possible with a
pathological fracture [(3) (LOE 5, OEG D)]. This situation is estimated
to occur in fewer than 3% of cases and can occur with or without
initial trauma [(3, 41, 42) (LOE 3a-4b, OEG B)]. Pathological fracture
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is more common in certain breeds (Rottweilers, Irish Wolfthounds and
Greyhounds), with lameness present in 60% of dogs preceding the
fracture [(42) (LOE 4b, OEG C)]. Bone lysis is a risk factor [(41) (LOE
4a, OEG Q)].

The main clinical signs induced by appendicular OSA are
lameness, pain, and local swelling [(43) (LOE 5, OEG D)]. Metaphyseal
swelling can be soft to firm and difficult to palpate in heavily muscled
areas (e.g., the shoulder). Local pain is very variable. Initially, the
clinical signs respond to treatment with nonsteroidal anti-
inflammatory drugs (NSAIDs) or analgesics, and the dog may
be misdiagnosed with an orthopedic or soft tissue injury. It is therefore
essential to consider osteosarcoma (OSA) as a differential diagnosis in
large- to giant-breed dogs presenting with lameness and pain localized
to the metaphyseal region [(3) (LOE 5, OEG D)].

Patients with metastatic disease may have clinical signs referable
to the site of metastasis—for example, pain associated with a bony
metastasis. However, the clinical signs linked to pulmonary metastases
are rarely respiratory, even with a large intrathoracic component.
Rarely, pain and mild to moderate swelling of the distal limbs are
associated with the unusual paraneoplastic syndrome of hypertrophic
osteopathy associated with large intrathoracic metastases. More
generally, the signs associated with significant metastasis are systemic,
namely weight loss, decreased appetite, malaise, and lethargy [(3)
(LOE 5, OEG D).

Epidemiology, etiopathogenesis, history
and clinical signs: recommendations

o Ifan atrisk breed patient is presented with acute-onset unilateral
lameness, a detailed orthopaedic examination should be carried
out, paying particular attention to OSA predilection sites by
applying firm digital pressure to the long bone metaphyses.

« Diagnostic imaging is recommended at an early stage in patients
with an at-risk signalment presenting with unexplained acute-
onset or persistent or recurring lameness.

Additional studies are required to understand the relationship
between the timing of neutering and the risk of OSA development.

Epidemiology, etiopathogenesis, history
and clinical signs: opinion

o Unless or until strong evidence is presented to the contrary,
we believe it is prudent to delay neutering in at-risk breeds until
they have achieved skeletal maturity. This is an area of current
controversy; knowledge and recommendations may change.

Diagnosis
Diagnostic imaging
Radiography remains a fundamental tool for detecting and

staging canine OSA. The most common radiographic findings (see
Figure 1) include cortical lysis (osteolytic), trabecular lysis (loss of
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trabecular pattern), bone production (osteoblastic), Codman’s
triangle, and sunburst pattern into local soft tissues—generally at
a metaphyseal location. It is usually accepted that OSA does not
cross joints, with the exception of femoral head OSA, which may
invade the acetabulum via the round ligament [(44) (LOE 4a,
OEG Q)].

Other causes of lytic bone lesions exist that can be challenging to
differentiate from OSA using radiography alone (Table 1). Computed
tomography (CT) is useful for questionable early cases, to demonstrate
early medullary and/or cortical bone lysis, and for cases undergoing
palliative irradiation to assess the degree of cortical destruction and
thus risk of subsequent pathological fracture [(45) (LOE 4a, OEG C)].
However, CT does require sedation or general anesthesia [(46) (LOE
5, 0EG D)] and is typically available only at larger primary care clinics
or specialty centers.

For patients undergoing limb-sparing techniques, advanced
imaging modalities such as CT and magnetic resonance imaging
(MRI) provide more detailed anatomical information, aiding in
precise tumor localization and assessment of local tissue involvement
[(47,48) (LOE 4c, OEG C)]. Finally, for patients in which stereotactic
body radiation therapy is to be considered, CT is imperative for both
image-guided treatment planning and to determine its feasibility
utilizing a new scoring scheme [(45) (LOE 4a, OEG C)].

Clinical pathology

Cytology

Diagnosis of canine OSA requires microanatomic evaluation of
tumor tissue, which is typically obtained via FNA and/or biopsy [(3,
49) (LOE 3a, OEG B)]. FNA, being less invasive, does not require
general anesthesia and offers a less traumatic option for the dog [(49,
50) (LOE 3a-4b, OEG B)]. The reported sensitivity of cytology for
diagnosing histologically confirmed OSA as sarcoma ranges from 70
to 97%; specificity ranges from 80 to 100% [(51-53) (LOE 4a-b, OEG
C)]. However, while cytology can diagnose neoplasia, its effectiveness
in definitively diagnosing OSA is imperfect [(52) (LOE 4b, OEG C)].
Cytochemical staining for ALP supports the differentiation of OSA
from other bone tumors [(54-57) (LOE 4a-c, OEG C)], but this test
is not widely accessible. Perhaps surprisingly, sensitivity of
preoperative histopathology is lower than that of fine needle aspirate
(FNA) cytology (45.5% versus 53.6% for histotype and 72.8% versus
100% for malignancy) [(53) (LOE 4a, OEG C)].

Blood work

In dogs with OSA treated with amputation and chemotherapy,
higher numbers of circulating monocytes (>0.4 x 10° cells/pL) and
lymphocytes (>1.0 x 10° cells/pL) were found to be associated with a
shorter disease-free interval (DFI) [(58) (LOE 4a, OEG C)].

Although serum ALP cannot differentiate OSA from other bone-
forming tumors or reactive bone lesions [(54) (LOE 4a, OEG C)],
dogs with normal pre-treatment ALP levels (total ALP and ALP of
bone origin) survived significantly longer than animals with increased
pre-treatment ALP levels [(59-67) (LOE 2b-4b, OEG B)]. Serum
ALP of bone origin correlates with osteoblastic activity [(68) (LOE
4a, OEG C)]. Human osteosarcoma tumour extracts have high
activity of this enzyme [(69) (LOE 4b, OEG C)]. Elevated ALP is
considered to correlate with micrometastatic disease or a greater
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FIGURE 1

Radiographic images depicting typical signs of OSA. (A) Distal radial OSA. Osteolysis is apparent as thinning of the bold white cortex and loss or
smudging of the fine internal trabecular pattern. Significant disordered new bone formation is evident proximally and caudally. On the cranial aspect,
new bone formation is apparent where the periosteum has lifted (Codman'’s triangle). When this new bone formation is rapid, bone fibers align
perpendicular to the axis of the bone (Sharpey's fibers) creating a sunburst appearance. Soft tissue thickening is recognizable in the distal limb. OSA
typically arises in the metaphyseal region of the bone. It does not cross the joint (except occasionally when infiltrating the round ligament of the hip
and extending into the acetabulum). (B) Distal tibial OSA. Changes are noted as in A. In this tumor, lytic changes are more apparent; there is less
chaotic new bone formation. (C) Proximal humeral metaphysis is the second most common site of origin of OSA in dogs. (D) Proximal femoral
metaphysis OSA is uncommon. Surrounding soft tissue can mask radiographic changes and reduce clinical impact, enabling the disease to progress
further before clinical signs become apparent, for example, by pathological fracture.

tumor burden, both of which contribute to reduced survival [(67)
(LOE 3b, OEG B)].

Inflammation

Dogs with OSA have an altered pro- and anti-inflammatory
immunologic profile compared with healthy dogs regardless of
NSAID use [(70) (LOE 3b, OEG B)].

Calcium homeostasis

Dogs with OSA showing high immunostaining intensity for PTHR1
had shorter average survival times (mean = 139 + 27 days) compared
with those with low immunostaining intensity (mean = 290 + 68 days)
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[(71) (LOE 4b, OEG C)]. PTHRI is a G-protein coupled receptor which
acts as a regulator of cell growth and differentiation in developing
tissues, for example skeletal growth plate [(72) (LOE 2a, OEG B)].

Biomarkers

Identification and quantification of plasma-derived, circulating
tumor DNA by “liquid biopsy” is gaining traction as a non-invasive
tool to aid diagnosis and guide treatment decision-making in human
cancer patients; initial work indicates corresponding results in canine
cancer patients [(73, 74) (LOE 2a-4c, OEG B)]. Several authors have
evaluated various novel biomarkers belonging to cell signaling, bone
development and other molecular pathways in an effort to better
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TABLE 1 Differential diagnoses for canine OSA.

Condition

Key features

Radiographic appearance

10.3389/fvets.2025.1633593

Prognosis and treatment

Benign tumors, well-defined, radiodense; painless on

Radiographically dense and sharply

Osteomas Surgical excision is curative.
palpation. defined.
Benign lesions, often in young animals; may resemble Multilobular, sharply defined Histological confirmation required; excision is
Bone cysts
highly resorptive OSA. radiolucent defects. curative.
Bacterial Associated with penetrating trauma (e.g., bites, open Treat infection; surgical debridement if
Localized lysis and reactive changes.
osteomyelitis fractures). necessary.

Fungal osteomyelitis

Related to travel to endemic areas (e.g., Coccidioides,

Blastomyces).

Monostotic, metaphyseal lytic lesions;

lung infiltrates possible.

Antifungal therapy; histologic and serologic

confirmation required.

Leishmania lesion

Often bilateral, osteolytic and osteoproductive lesions,
lytic changes often span joints; consideration in

endemic areas.

Periosteal and intramedullary
proliferation; typically diaphyseal and

related to the nutrient foramen.

Variable prognosis and management focusing
on antiparasitic therapy, pain control, and

supportive care, while monitoring for relapses.

Multiple
IP Developmental, hereditary, occurs in growing dogs; Benign trabecular radiographic Surgical excision if clinical signs persist post-
cartilaginous
¢ may undergo malignant transformation. pattern. skeletal maturity.
exostosis
Metastasis rates [(178) (LOE 4b, OEG C)]:
Occurs in large- and medium-breed dogs; low Proximal tibia common; less aggressive | o Grade 1-10%
Chondrosarcoma
metastatic potential, but up to 25% reported. Iytic or mixed changes. o Grade 2-31%
o Grade 3-50%
Fib Rare, high metastatic rates in high-grade tumors; Mixed lesions; similar to fibroblastic Complete resection can be curative in low-
ibrosarcoma
difficult to distinguish histologically. 0s. grade cases.
Primary Rare, highly metastatic; widespread metastasis within Poor prognosis; 1-year survival rate: 28% [(179)
Predominantly lytic lesions.
hemangiosarcoma 6 months. (LOE 4a, OEGC)].

Solitary osseous

plasmacytoma

Rare, benign, painful (75%), reported in tibia &carpal

bones. More frequently axial.

Radiographically lytic lesions.

Radiotherapy reported, survival 545 and
798 days. Systemic progression possible.
[(180) (LOE 4c, OEG C)].

Multiple myeloma

Uncommon. Malignant, painful. Axial always with
concurrent appendicular involvement often. Paresis/

paralysis often noted due to extradural compression.

Multiple large, lytic bony lesions.
Clonal gammopathy. Plasmacytosis
(>20%) in bone marrow. Light chain

proteinuria.

Chemotherapy (melphalan, prednisolone);
radiation therapy, pamidronate. Median
survival time 384 days

[(181) (LOE 4c, OEG C)].

Lymphoma

Rare. B-cell origin. Lameness, pain, pathologic
fracture, anemia, thrombocytopenia and atypical

circulating lymphocytes.

Osteolytic lesions in long bones, ribs
and/or dorsal spinous processes.
Typically bilateral. Can affect

metaphyses.

Polyostotic: poor prognosis. Monostotic:
radiation +/— systemic chemotherapy may
achieve lasting remission

[(182, 183) (LOE 4c, OEG C)].

Histiocytic sarcoma

Rare. Malignant. Solitary or disseminated. Axial or
appendicular. Solitary typically periarticular. May have
lymph node involvement. Bernese Mountain Dogs,

Rottweilers, Golden retrievers predisposed.

Consistently osteolytic. Some also have
productive components. Periarticular

location highly suggestive.

Disseminated form, prognosis very poor.
Localized tumor confers more favorable
outcome using surgery, radiotherapy and/or
chemotherapy (lomustine). [(184) (LOE 4c,
OEG C)].

Metastatic bone

cancer

Rare. Common origins: mammary, spleen and tonsil.
Carcinoma (64%), hemangiosarcoma (20%). Multiple

sites (38%). Mostly humeri and vertebrae.

Radiographically osteolytic, mixed and
osteoproliferative/osteosclerotic

lesions.

Prognosis very poor. Multiple systemic medical
therapies reported without consistent success.
[(185) (LOE 4b, OEG C)].

understand disease progression and support the development of
targeted therapies [(31) (LOE 3a, OEG B)]. A detailed listing of these
is outside of the scope of this article. Currently, the aforementioned
ALP is the only widely available biomarker with clinical application.

Biopsy and histology

Percutaneous core biopsy (often performed with a Jamshidi
needle or bone trephine) obtains both cellular and matrix components.

Frontiers in Veterinary Science

Therefore, as long as tumor tissue is harvested, it provides a more
representative sample of the tumor than FNA, increasing the
likelihood of accurate histopathological characterization. Typically
conducted under heavy sedation or, preferably, general anesthesia, it

relies on imaging techniques for accurate tumor localization [(75-77)
(LOE 3a-4b, OEG B)]. Alternative biopsy methods include incisional
and excisional biopsies [(78) (LOE 5, OEG D)]. While incisional
biopsies provide ample tissue for diagnosis, they carry a modest risk

05

of fracture, and also confer risk of bleeding, infection, and potential
for tumor spread [(3) (LOE 3a, OEG B)]. Excisional biopsy involves
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complete tumor removal, facilitating an extensive evaluation but is
limited by the need for complete resection and carries its own set of
risks, including local recurrence when limb-preserving techniques are
applied [(79) (LOE 4a, OEG C)].

Biopsy site selection is vital to avoid false negatives. A recent study
reported 27.8% (5/18) of malignant lesions were not identified
histologically, with 4 of the 5 diagnostic errors due to a diagnosis of
reactive bone tissue instead of a neoplastic process [(51) (LOE 4a,
OEG C)]. For bone tumors, targeting the lesion’s center is
recommended to avoid the less diagnostic periosteal reaction found
at the periphery [(3) (LOE 3a, OEG B)]. Advances in imaging, such as
CT and magnetic resonance imaging (MRI) guided biopsies, have
enhanced the precision of biopsy procedures, minimizing sampling
errors and ensuring the evaluation of tumor sections most
representative of the disease [(75, 76) (LOE 3a-4b, OEG B)].

Canine appendicular OSA can present with diverse cell
morphologies and patterns and, depending on its anatomic
localization, be classified as central (arising from the medullary cavity)
or surface (arising from the periosteum) [(29, 49) (LOE 3a, OEG B)].
The central form can be further classified into 6 histological subtypes
(osteoblastic, chondroblastic, fibroblastic, telangiectatic, giant cell, and
poorly differentiated) with mixed subtypes commonly observed
within the same tumor. Histologically, OSA can sometimes
be confused with a callus repair, and one must look for maturation
within the callus as a differentiating feature in the cell population [(49,
80) (LOE 5, OEG D)]. This variability underscores the complexity of
OSA and the importance of thorough histopathological examination
for accurate diagnosis and treatment planning. Clinical and
histological features of OSA can be seen in Figure 2.

Diagnosis: recommendations

« Consider use of CT for suspected OSA occurring in atypical
anatomical sites with unusual radiographic or clinical findings,
and in areas endemic for infectious causes of bone lesions (e.g.,
Leishmania).

« Cytology is recommended as the first tissue sampling method of
choice. Note that it is not always diagnostic, as OSA is often not
readily accessible.

« Avoid biopsy if planning radiation as this further undermines
bone integrity. Experienced oncologists will rely on the
combination of clinical, radiological and cytological findings, and
knowledge of endemic pathogens which might radiographically
mimic OSA.

o Avoid biopsy in cases with a “typical” presentation as it
predisposes to a pathologic fracture and “outgrowth” of the
tumor through the biopsy canal.

Diagnosis: opinions

« Provided the owner is adequately informed of the associated
risks, it is acceptable to establish a diagnosis via histopathology
following amputation, when signalment, clinical presentation
and radiologic findings are compatible with osteosarcoma.

« Many oncologists only seek to make a preoperative diagnosis
when lesions are subtle or inconsistent with typical primary bone
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tumors, and then preferring to rely on cytology in the majority
of cases.

Biopsy typically requires general anesthesia, whereas FNA can
often be performed under sedation; in some cases local analgesia
may suffice. Ultrasonography can aid in identifying cortical bone
defects, which may serve as optimal target sites for aspiration.

« At this point in time there aren’'t enough validated data to support
the use of liquid biopsy results in clinical decision making in dogs
with OSA. As the quality and quantity of baseline data from
circulating tumour DNA analysis increase, liquid biopsy might
gain a role in clinical management of canine primary
bone tumours.

Clinical staging

Tumor staging is reccommended and should include orthopedic
examination and local lymph node cytology for bone and lymph node
metastasis, respectively [(3) (LOE 3a, OEG B)]. Less than 5% of dogs
have lymph node metastasis, but it is a negative prognostic factor [(81)
(LOE 4a, OEG C)]. Three-view chest radiographs are recommended
to ensure no overt evidence of pulmonary metastasis, which is noted
in approximately 5% of cases [(3, 46, 82, 83) (LOE 3a-4b, OEG B)].
The use of thoracic CT offers a more sensitive assessment of the lungs
for staging purposes [(46, 82) (LOE 4b, OEG C)]. Additionally, nuclear
medicine techniques such as bone scintigraphy and positron emission
tomography (PET) can contribute to the detection of metastatic
lesions, providing critical information for treatment planning and
prognosis. Currently, availability of these techniques is mostly limited
to academic centers [(83-86) (LOE 4a-5, OEG C)].

There is a surgical staging system for humans with sarcoma of the
skeleton. The system is based on histological grade (G), anatomic setting
of primary tumor (T) and metastasis (M). Three stages are described:

Stage 1: no signs of metastasis (MO0), low histologic grade (G1).

Stage 2: no signs of metastasis (MO0), high histologic grade (G2).

Stage 3: signs of regional or distant metastasis (M1), regardless of
histologic grade.

Stages 1 and 2 are subdivided by anatomic setting into group A
where the tumor remains within the bone [intracompartmental (T1)]
and group B where the tumor extends beyond the bone into other
structures [extracompartmental (T2)] [(3, 87) (LOE 3a-4a, OEG B)].

Most canine cases would be stage 2B at diagnosis [(3) (LOE 3a, OEG
B)]. However, this grossly underestimates the prevalence of metastatic
disease, with approximately 90% of dogs having micrometastatic disease
at the time of diagnosis [(82) (LOE 3a, OEG B)].

Clinical staging: recommendations

o Detailed thoracic imaging is imperative to understanding the
clinical stage of disease.

« Detailed examination is important to highlight atypical sites of
potential cancer spread—for example, second skeletal sites and
locoregional lymph nodes.

« CT, especially with contrast media, provides greater accuracy
than radiography in determining the anatomic extent of disease.
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FIGURE 2

Clinical and cytological features of canine OSA. (A—C) Dogs are generally ambulatory within 24 h of amputation. Aids to ambulation are available and
may be particularly advantageous in the immediate post-operative period. (D,E) Dog with distal radial OSA weight-bearing but favoring affected limb
4 weeks after hypofractionated radiotherapy. (F) Same dog 2 years later, non-weight-bearing lame with chronic pathological fracture. (G,H) German
Shepherd, 11 years old. (G) OSA of chondroblastic or osteoblastic type. Large blast cells showing moderate anisocytosis are visible with granular
basophilic cytoplasm and excentric nuclei. The cytoplasm contains light metachromatic granules. These might be chondroid material. The nuclei are
round to oval in shape, with large and prominent basophilic nucleoli and a clumped chromatin pattern. Diff-Quik staining (400x). (H) Chondroblastic
or osteoblastic cell with multiple prominent nucleoli, and a cell (left) showing mesenchymal patterns. Quick-diff staining (1,000x). (I) Multinucleated
cell that contains multiple uniform nuclei with prominent single nucleoli. The cytoplasm is basophilic and often contains eosinophilic or lighter
basophilic granules; this is consistent with a large osteoclast. The background is pinkish, which seems to be osteoid matrix. Diff-Quik staining (1,000x).
(J) Bone lesion in an 8-year-old crossbreed. OSA of fibroblastic type. Large spindle-shaped cells with cytoplasmic projections at the poles of the cells.

(Continued)
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FIGURE 2 (Continued)

tumor mass. Diff-Quik staining (1,000x).

The cytoplasm is granulated and contains small vacuoles. Nuclei are oval in shape with a coarse chromatin pattern and moderately large, prominent
nucleoli. Diff-Quik staining (1,000x). (K,L) 7-year-old Doberman Pinscher. (K) Bone lesion. Large osteoblasts or chondroblasts showing marked
anisocytosis and anisokaryosis are visible, with granular basophilic cytoplasm and eccentric nuclei. Nuclear molding is also visible. The cytoplasm
contains light metachromatic granules. These might be chondroid material. The nuclei are round to oval in shape, with large, prominent, dark
basophilic nucleoli and a highly clumped chromatin pattern. Diff-Quik staining (1,000x). (L) Pulmonary lesion. The cells are cohesive like the primary
bone lesion, although anisokaryosis and cytoplasmic basophilia are more marked. Note that there are several granulocytes in close proximity to the

« Examination of imaging studies by an experienced radiologist
will improve discovery of clinically relevant findings that might
otherwise be missed.

Clinical staging: opinions

« While it might be intuitive that treatment decisions made with
CT-derived clinical stage data would be superior to those made
without, there is currently a lack of evidence to support this in
veterinary patients.

o Advanced imaging (CT/MRI/scintigraphy) is not a prerequisite
for rational definitive therapy.

Osteosarcoma treatment in dogs

The principal 2 goals of treatment for OSA in dogs are relief of
pain directly associated with the primary tumor and the control of
metastatic disease. Pain management is always prioritized.

Surgical treatment

Amputation

This is now widely regarded as the therapy of choice for
appendicular OSA, with the exception of early-stage OSA arising from
the distal metaphysis of the radius (see below) or the diaphysis of the
ulna [(88) (LOE 4b, OEG C)] where limb-preserving surgical options
may be appropriate. Amputation should achieve complete resection
of the tumor and alleviation of the tumor-associated bone pain. In the
case of tumors of the forelimb, amputation including the scapula or
through the shoulder joint is recommended. In the hind limb with
tumors distal to the stifle, amputation in the proximal femoral third
or by disarticulation in the hip joint can be performed. In tumors
arising from the distal femur, the level of amputation should be the hip
joint. If the tumor extends into the femoral head, further extension
into the acetabulum via the round ligament of the hip is possible, and
partial pelvectomy (acetabulectomy) must be considered [(3, 89, 90)
(LOE 3a-4a, OEG B)].

Contraindications for amputation are gait-compromising
neurological disorders or relevant orthopedic deficits in the
remaining limbs. Amputation is rejected by many pet owners and
some veterinarians, although studies have shown good mobility
even in large- and giant-breed dogs [(3, 91) (LOE 3a-4a, OEG B)].
Dogs that are non-weight-bearing lame have already demonstrated
their ability to ambulate on three legs. Preoperative counselling of
pet owners, supplemented with educational resources such as videos
of three-legged dogs or testimonials from their caregivers, may help
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set realistic expectations and facilitate informed decision-making
regarding the procedure. Despite the elimination of the primary
tumor by amputation, this surgery remains palliative due to the
high prevalence of undetected micrometastases. Amputation alone
(or limb-sparing techniques) without subsequent chemotherapy
results in survival times of only 3 to 4 months [(15, 19) (LOE 4a,
OEG C)].

Today, orthopedic companies offer bespoke prostheses for distal
limbs. In cases of tumors located distal to the hock or the carpus, such
prostheses offer an alternative to total limb amputation. Prosthetic
devices that induce bone tissue integration have been described [(92)
(LOE 4c, OEG C)], but their use remains experimental.

Distal radial osteosarcoma limb-sparing

If the dog is a poor candidate for amputation due to underlying
neurological or orthopedic conditions, or if it is declined by the owner
for ethical or personal reasons, limb-sparing surgery may
be considered as an alternative. Many different techniques have been
described. Allogeneic bone grafts [(93, 94) (LOE 2b-4¢, OEG B)],
reimplantation of the patients own bone after extracorporeal
destruction of the tumor [(95-98) (LOE 4c, OEG C)], and metallic
endoprostheses [(94) (LOE 2b, OEG B)] can serve as a non-living
substitute for the tumor-bearing part of the bone [(93, 96) (LOE 4c,
OEG C)]. However, regardless of the technique, limb-preserving
surgery does not produce better survival outcomes than amputation.
After limb-preserving bone graft surgery in 220 dogs, local recurrence
occurred in 25% of cases and infection in 44% of cases over a period
of 1year [(99) (LOE 4a, OEG C)]. In another study, 78% of the
patients developed an infection, 36% an implant complication, and
24% a local recurrence. Metastases formed in 67% of patients. The
median survival was 289 days [(100) (LOE 4b, OEG C)].
Complications might lead to the need to amputate, and a study
evaluating dogs with failed limb-sparing surgery described a median
survival time of 205 days following amputation [(101) (LOE 4a,
OEG C)].

Stereotactic irradiation is a limb-sparing alternative to segmental
tumor resections and grafting techniques [see Radiotherapy section].

Surgical treatment of metastases

Surgical removal of lung metastases has been reported in humans
and dogs [(102-104) (LOE 4a-b, OEG C)]. Prerequisites for resection
of lung metastases are a good general condition of the patient, slow
progression of metastases (preferably a remission period >300 days)
and the absence of evidence of tumor at other sites. Resection is only
beneficial if the mediastinum and chest wall are not affected and the
number of lung metastases does not exceed 2 radiographically visible
nodules [(3, 103, 104) (LOE 3a-4b, OEG B)]. The published work
reported cases imaged using x-ray. The impact of radiographically-
undetectable but CT-detectable pulmonary nodules is unknown.
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Applying these criteria, MST was 255 days after metastasectomy,
compared with 49 days after the detection of lung metastases in cases
without metastasectomy [(103) (LOE 4a, OEG C)]. In an older study
with 36 dogs, the mean survival time after lung metastasis resection
was 176 days [(104) (LOE 4b, OEG C)]. Usually, metastasectomy is
performed by lateral or ventral thoracotomy but, in selected cases,
thoracoscopic removal may be employed.

Radiotherapy

Radiotherapy (RT) can be used for palliation of pain or for long
term control of the primary tumour. The killing of tumor cells or the
inhibition of osteoclast-mediated osteolysis are factors that may
contribute to pain reduction in either scenario. Stereotactic body
radiation therapy (SBRT) involving the administration of high-dose
fractions of radiation (20 to 30 Gy) to the target site has emerged as a
forefront technique, offering a balance between effective tumor
management and minimally invasive treatment [(105) (LOE 3a, OEG
B)]. This method is particularly significant for limb-sparing in cases
where amputation or more aggressive surgeries are not viable options.

Pathologic fractures post-SBRT have been the main complication
when using this type of treatment [(45, 106) (LOE 4a, OEG C)]. A
recent study involving 123 dogs treated with SBRT at 130 anatomic
locations revealed that the majority of dogs showed improvement in
lameness within 3 weeks post-treatment [(107) (LOE 4a, OEG C)].
However, pathologic fractures developed in 41% of the cases. Just over
half of these cases subsequently required limb amputation. The MST
for dogs receiving SBRT was 233 days. It is interesting to note that a
longer MST was observed in dogs that subsequently underwent
amputation (346 versus 202 days).

Pathological fractures commonly occur in specific anatomical
regions such as the distal tibia and proximal femur. A study looking at
a CT-based scoring system assessed the risk of fractures in dogs
undergoing SBRT, trying to evaluate different factors such as the
degree of bone lysis and the length of the affected bone, providing a
predictive framework for fracture risk [(45) (LOE 4a, OEG C)]. More
recently, the measurement of the patient’s total body volume was
significantly associated with pathological fractures following SBRT
[(108) (LOE 4b, OEGC)].

Palliative RT consists of the use of hypofractionated protocols
with the aim to relieve cancer induced pain. Multiple protocols have
been described, with 4 weekly administrations of fractions of
6-8 Gy being a frequently used prescription. These protocols are
typically well tolerated with minimal early toxicities, although RT
can potentiate the risk of pathologic fractures in the long term. A
recent study compared fracture rates in dogs receiving highly
fractionated versus coarsely fractionated RT [(109) (LOE 4a, OEG
C)]. Theoretically, hypofractionated protocols should have a higher
associated risk of late complications, including bone necrosis,
which predisposes to pathologic fracture. In contrast, the study
reported that in fact the risk was higher when using more finely
fractionated protocols. The authors concluded this might be due to
poorer tumour control when using a lower dose per fraction, as
tumour progression probably plays a major role in this complication
as well. In this study, none of the dogs treated with hypofractionated
RT combined with zolendronate developed fractures, and the
authors suggested this drug could play a role in preventing fractures
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in dogs treated with RT. Multiple studies have evaluated the impact
of bisphosphonates in outcome when treating dogs with palliative
RT, with conflicting results, and further research is required to
determine their role in this setting [(109) (LOE 4¢c, OEG D); (110)
(LOE 4a, OEG C); (111) (LOE 4c, OEG D)]. Carboplatin has been
proposed as a radiation sensitizer [(112) (LOE 5, OEG D)],
although one study did not find its concurrent use in dogs receiving
palliative RT had a statistical effect in survival. Additionally, severe
toxicities have been described in dogs receiving concomitant
carboplatin and RT, with grade 3 or 4 neutropenia and
thrombocytopenia and grade 3 or 5 gastrointestinal toxicosis in 20
and 10% of dogs, respectively [(113) (LOE 4a, OEG C)]. Therefore,
carboplatin is not routinely used as a radiation sensitiser for
canine osteosarcoma.

Research into specialized limb-sparing techniques for specific
tumor locations, such as ulnar ostectomy combined with SBRT, has
shed light on limb preservation [(114) (LOE 4b, OEG C)]. Meanwhile,
Nolan et al. [(115) (LOE 4a, OEG C)] investigated the impact of
radiation dose and baseline pain levels on survival in dogs undergoing
RT with or without chemotherapy. Higher radiation dose (SBRT vs.
conventional hypofractionated RT) and lower pain score at diagnosis
were associated with improved survival outcome. Their findings
underline the importance of personalized treatment plans, considering
individual pain management and disease characteristics.

Despite these advancements, the management of OSA using RT
is not without challenges. The risk of pathologic fractures following
SBRT remains a significant concern, necessitating careful patient
selection and thorough diagnostic assessment. The potential for late
side effects in tissues with slow turnover, such as bone, also warrants
cautious consideration. These side effects can include tissue fibrosis,
necrosis and loss of function, although they are less likely in acute pain
palliation settings.

The treatment of canine appendicular OSA through RT,
particularly SBRT, is evolving, with ongoing research enhancing our
understanding and capabilities. The integration of advanced diagnostic
tools, combined treatment modalities, and personalized patient care
continues to shape the future of this technique, striving to improve the
quality of life and survival outcomes for these patients.

Medical therapy

Adjuvant medical treatment

Definitive-intent treatment of canine patients with OSA consists
of achieving local control using various surgical or radiological
techniques and, for patients at high risk of metastases, systemic
chemotherapy. Adjuvant chemotherapy, when following surgery and/
or RT, is considered the standard of care. Local treatment without
chemotherapy typically provides patients with appendicular OSA with
an MST of approximately 4 to 5.8 months and almost 90% mortality
rate within 1 year, because of occult micrometastases at the time of
diagnosis [(15, 19, 116, 117) (LOE4a-b, OEG C)]. Depending on the
study and specific protocol, chemotherapy has improved MST to
between 8 and 14 months. Most studies have evaluated carboplatin,
doxorubicin and cisplatin used alone or in combination, usually in 4
to 6 doses, but no single protocol has been proven to be of greater
benefit [(63, 115-125) (LOE 2b-4b, OEG B)]. Selected chemotherapy
protocols are listed in Table 2.
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For platinum agents, carboplatin is considered the drug of choice.
This is due to its lower risk of adverse events such as nephrotoxicity,
nausea, and gastrointestinal toxicity compared with cisplatin which
requires aggressive saline diuresis to minimise the risk and magnitude
of kidney damage. When used as an adjuvant or neoadjuvant combined
with amputation, carboplatin given every 3 weeks resulted in a median
DFI of between 137 and 257 days and a MST of between 277 and
321 days [(118, 119, 126) (LOE 2b-4a, OEG B)]. Aggressive saline
diuresis is necessary to minimize the risk of nephrotoxicity associated
with cisplatin administration. Doxorubicin has been described as a
monotherapy for adjuvant therapy for OSA. A 2-week interdose interval
was required to demonstrate efficacy [(63, 124) (LOE 2b, OEG B)].
Treatment can be associated with myocardial toxicity; therefore, some
oncologists recommend an echocardiographic examination before
starting this drug, particularly in high-risk breeds [(63) (LOE 2b, OEG
B)]. A lower proportion of dogs with chemotherapy-related adverse
effects was observed when treated with single-agent carboplatin
compared with single-agent doxorubicin [(120) (LOE 2b, OEG B)].

Dual-agent chemotherapy protocols with alternating or
concurrent use of drugs do not appear to offer any survival advantage

TABLE 2 Treatment protocols for dogs with OSA.

10.3389/fvets.2025.1633593

compared with single-agent protocols [(121, 122, 127-131) (LOE
2b-4b, OEG B)]. Chemotherapy is usually started at the time of suture
removal but could be initiated before (i.e., neoadjuvant) or up to
3 weeks after limb or tumor removal [(119, 124) (LOE 2b-4a, OEG
B)]. Neoadjuvant chemotherapy is standard of care in human
medicine, with markedly improved rates of disease progression due to
local recurrence and distant metastasis compared to controls.
Improved outcomes are attributed to massive necrosis of the primary
tumour and successful earlier targeting of micrometastases [(132)
(LOE 1a, OEG A)]. In dogs, neoadjuvant chemotherapy resulted in
statistically-insignificantly poorer survival [(119) (LOE 4a, OEG C)].
However, some data suggest early initiation of adjuvant chemotherapy
up to 5days after amputation of the affected limb does confer a
survival advantage [(118, 125) (LOE 2b, OEG B)].

Metronomic chemotherapy (cyclophosphamide, meloxicam or
piroxicam) has failed to yield a survival advantage when used either
concurrently with adjuvant maximum tolerated chemotherapy, or as
a maintenance therapy following amputation and conventional
chemotherapy [(133-135) (LOE 2b-4b, OEG B)]. Toceranib
phosphate as an adjuvant agent in dogs with appendicular OSA after

Dose Starting protocol No. of [\[o} Progression = Overall 1l-year 2-year References
interval cycles of free survival  survival @ survival survival
(weeks) dogs (days) (days)
Carboplatin 300 mg/m’

7 days before surgery 3-4 41 123 215 - - [(119) (LOE 4a, OEG C)]

<7 days after surgery 4 48 257 321 35.4% - [(118) (LOE 2b, OEG B)]

After surgery 3-4 114 272 388 - - [(119) (LOE 4a, OEG Q)]
3 <14 days after surgery 4 109 282 299-304 35% 19% [(120, 126) (LOE 2b-4a,

OEG B)]
After surgery, majority <14 days 6 181 399-425 306-479 38% 13% [(120, 122, 126) (LOE
2b-4a, OEG B)]

Doxorubicin 30 mg/m?*
2 27 or 41 days before surgery 5 35 - 366 50.5% 9.7% [(186) (LOE 4b, OEG C)]
2 14 days after surgery 5 124 269 252 42% 15% [(120) (LOE 2b, OEG B)]
2 14 days after surgery 5 303 - 240 35% 17% [(63) (LOE 2b, OEG B)]
3 14 days after surgery 5 65 302 241 29% 14% [(120) (LOE 2b, OEG B)]
Concurrent cisplatin 60 mg/m? and doxorubicin 15-25 mg/m?

2 days after surgery - 53 - 345 - - [(124) (LOE 2b, OEG B)]
? 10 days after surgery - 49 - 330 - - [(124) (LOE 2b, OEG B)]
Alternating carboplatin and doxorubicin

10-14 days after surgery 3 each 32 227 320 48% 18% [(121) (LOE 4b, OEG C)]
3 After surgery, majority <14 days 3 each 166 135-302 258-314 44% 20% [(120,122,127) (LOE

2b-4b, OEG B)]

Sequential doxorubicin (3 doses q2) and carboplatin (3 doses q3)
2 After surgery ‘ 6 ‘ 38 ‘ - ‘ 317 ‘ 43.2% ‘ 13.9% ‘ [(128) (LOE 4b, OEG Q)]
Comparison of interval between amputation and adjuvant therapy for a mix of treatment protocols: carboplatin 300 mg/m?* (n = 107) or doxorubicin 30 mg/m* (n = 12) or
cisplatin 70 mg/m?* (n = 11) or alternating (cisplatin n = 25 or carboplatin n = 8) and doxorubicin or cisplatin and dacarbazine 200 mg/m?*/day for 5 consecutive days (n = 4)
or alternating carboplatin and epirubicin 30 mg/m?* (n = 1)
- <5 days after surgery - 52 375 445 - - [(125) (LOE 4a, OEG C)]
- >5 days after surgery - 116 202 239 - - [(125) (LOE 4a, OEG C)]
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amputation and 4 doses of carboplatin was added to metronomic
chemotherapy (cyclophosphamide and piroxicam) [(133) (LOE 2b,
OEG B)] or used as a single drug [(136) (LOE 2b, OEG B)], with no
evidence of a survival benefit. Metronomic administration of
lomustine following palliative RT has also been investigated in dogs
with appendicular OSA and found to confer no benefit [(137) (LOE
4a, OEG Q)].

Medical treatment of gross metastatic disease

There is currently no standard of care for dogs with advanced-
stage OSA. Partial remission in 25% and stable disease lasting
8 weeks or more in 25% of dogs with measurable pulmonary
metastases have been described in response to the combination of
losartan and toceranib [(138) (LOE 2b, OEG B)] (see Immunotherapy
section). Otherwise, treatment of gross measurable disease with
conventional cytotoxic drugs or tyrosine kinase inhibitors is
unrewarding. The MSTs of dogs with distant metastases range
between 55 and 94 days when all sites and medical-only treatments
are considered together [(139-142) (LOE 2b-4b, OEG B)]. It has
been noted that dogs with bone metastases treated with RT and
chemotherapy (130 days) [(139) (LOE 4a, OEG C)] and dogs with
cutaneous/subcutaneous metastases treated with chemotherapy and
surgical excision (94 days) appeared to have longer survival than
others in those particular cohorts [(142) (LOE 4b, OEG C)]. Initial
studies of toceranib phosphate efficacy in dogs with metastatic OSA
delivered encouraging results [(143) (LOE 4a, OEG C)]; however,
subsequent studies showed clinical benefit in only 10 and 17.6% of
patients, with a median PFS of 36 and 57 days, respectively [(140,
141) (LOE 2b-4b, OEG B)]. Similarly, zoledronate used for patients
with pulmonary OSA metastases had limited effectiveness (median
PFS 28 days, median stage III-specific survival 92 days) [(144) (LOE
2b, OEG B)].

Medical palliative treatment

Dogs not considered suitable for definitive treatment can
be offered palliative therapy. A multimodal approach is best, which
may include analgesics, tumor ablation with radiation and
chemotherapy, and inhibition of osteolysis. Combining chemotherapy
with palliative RT in dogs with OSA may improve bone pain control
and/or survival time [(110, 111, 145, 146) (LOE 4a-b, OEG C)].

A discussion of the importance of specific classes of analgesics in
patients with OSA is beyond the scope of this paper, but readers are
directed to Figure 3, which is adapted from widely used and referenced
sources. The use of NSAIDs, opioids, local anaesthetics, NMDA
antagonists, anticonvulsants, tricyclic antidepressants,
aminobisphosphonates, corticosteroids and anti-NGF monoclonal
antibodies should be considered. The drug of first choice for long-
term management of bone cancer pain should be a COX-2 inhibitor,
given reports of COX-2 overexpression in canine OSA. Furthermore,
the MST of definitively treated patients undergoing limb amputation
and chemotherapy can likely be prolonged by intensive perioperative
analgesic treatment with both NSAIDs and a local anesthesia-eluting
soaker catheter placed at the amputation site [(123) (LOE 4a, OEG
C)]. Newer pain medications such as the anti-NGF monoclonal
antibody tanezumab have also been shown to be effective in reducing
bone cancer pain in humans [(147) (LOE 2b, OEG B)]. There is a
canine anti-NGF agent, bedinvetmab, which is licensed for the

treatment of pain associated with osteoarthritis.
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Aminobisphosphonates are osteoclast inhibitors used in both
human and veterinary medicine to treat bone cancer pain via
inhibition of bone resorption and mechanical stabilization. Multiple
studies have indicated their analgesic effect in dogs with appendicular
OSA [(148-150) (LOE 2b-4c, OEG B)] although further studies are
required to evaluate the impact of administration of bisphosphonates
on outcome for dogs with OSA also receiving RT as conflicting results
have been reported so far [(109-111, 151) (LOE 2b-4c, OEG B-C)].

Immunotherapy

Different immunotherapy options have historically been used to
treat canine OSA. The best-documented used liposome-encapsulated
muramyl tripeptide-phosphatidylethanolamine (L-MTP-PE) and was
proven to be clinically efficacious for dogs with OSA [(152) (LOE 2b,
OEG B)]. Despite their limitations and challenges, next-generation
immunotherapies are showing promising results. These include cancer
vaccines, checkpoint inhibitors, targeted therapies, adoptive cell
therapies, and advanced molecular approaches, as well as
their combinations.

Although previously reported in the literature, OSA cancer vaccines
are currently gaining more attention. Vaccines aim to stimulate the
immune system to target and destroy cancer cells. The use of Listeria-
based vaccines [(153) (LOE 2b, OEG B)] and ErbB (EGFR/HER2)-
specific vaccines [(154) (LOE 2b, OEG B)] have led to extended survival
in initial canine studies. The ErbB-specific vaccine demonstrated in vitro
inhibition of tumor growth, as well as inducing complete radiographic
resolution of pulmonary metastases in 3 out of 3 immunized cases.
However, the Listeria-based commercially approved vaccine failed to
yield improvements in disease-free interval or overall survival (although
immune response was able to differentiate elite from short-term
survivors) [(155) (LOE 4a, OEG C)] and has since been removed from
the market because some patients developed vaccine-specific Listeria
infections, which represented a possible zoonotic threat [(156) (LOE 4b,
OEG C)]. Another approach involves peptide-based vaccines, with
some showing effectiveness in non-metastatic appendicular OSA
compared with historical controls [(157, 158) (LOE 2b, OEG B)].

The recently reported clinical benefit induced by losartan when
combined with toceranib for treatment in dogs with stage III
osteosarcoma is thought to be mediated by blockage of monocyte
recruitment and subsequent angiogenesis in dogs with metastatic
OSA [(138) (LOE 2b, OEGB)]. The chimeric human/dog-DNA
vaccine targeting CSPG4 has also shown potential in OSA treatment
[(159) (LOE 2b, OEG B)]. Another approach used to break tumor
of with
immunomodulating radiation to induce antitumor immunity. This

tolerance is a combination immunocytokines
method is notable for its synergy between in situ vaccination and
targeted radionuclide immuno-RT [(160) (LOE 4c, OEG C)].
Checkpoint inhibitors are pivotal in advancing canine cancer
treatment. PD-1 inhibitors have shown promising results in
human OSA [(161) (LOE la, OEG A)] and the expression of PD-1
ligand in canine OSA correlates with metastasis and T-cell
infiltration [(162) (LOE 4b, OEG C)]. Gilvetmab, a caninized
PD-1 inhibitor, received conditional licensure in December
2019 in the US for the treatment of canine melanoma and mast
cell tumors. Initial trials with a PDL-1 inhibitor in dogs have
indicated a positive immune response in OSA [(163) (LOE 2b,
OEG B)], although to date improvements in overall survival or

disease free interval have not been documented; the development
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FIGURE 3

OSA analgesia decision tree. Adapted from WSAVA Global Pain Management Protocol: Cancer-related pain, 2022 WSAVA guidelines for the
recognition, assessment and treatment of pain and table 16.4 in Supportive Care for the Cancer Patient [(175-177) (LOE 2c, OEG B)]. OSA dogs have a
generalized increased pain sensitivity throughout their body with inflammatory and neuropathic components; therefore, a multimodal drug approach
using a base analgesic and adjunctive analgesics as required to control OSA pain is recommended. Two approaches to OSA pain management include
the “analgesia ladder’,” whereby there is a gradual addition of analgesic medications until adequate comfort is achieved, and the “reverse pyramid,”
whereby there is an initial aggressive multimodal approach to “wind down” pain followed by sequential withdrawal of analgesic medications, providing
comfort is maintained. Many of the adjunctive analgesic drugs used to control OSA pain are used off-label; prescriptions should be based on an
individual risk—benefit assessment. *Long-term use is limited by the need to change fentanyl patches every 4 to 7 days. Clinicians should be aware of
the abuse potential and danger to children when considering prescribing fentanyl patches.

of OX40 agonists is another innovative approach [(164) (LOE 5,
OEG D)].

Cell-based therapies and immunomodulation techniques are
emerging in OSA treatment. One approach comprising the
combination of autologous cancer cell vaccination, adoptive T-cell
transfer, and interleukin-2 administration has induced long-term
survival in some dogs with OSA [(165) (LOE 2b, OEG B)]. This
ELIAS Animal Health treatment received full approval from the US
Department of Agriculture Center for Veterinary Biologics (USDA-
CVB) in late 2023. Inhaled recombinant human IL-15 for
pulmonary metastases from OSA represents a novel methodology
[(166) (LOE 2b, OEG B)]. The use of conditionally replicative
adenoviral vectors has also been described [(167) (LOE 2b,
OEG B)].
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Recent work has created an atlas of circulating leukocytes in
healthy and OSA-affected dogs, offering valuable insights for future
therapies [(168) (LOE 4c, OEG C)]. The safety and survival benefit of
oncolytic vesicular stomatitis virus in dogs with naturally occurring
OSA [(169) (LOE 2b, OEG B)] opens doors for viral-based therapies.

These significant advancements in immunotherapy are
contributing to a deeper understanding of canine OSA and offer hope
for improved management and survival.

Treatment: recommendations

o The combination of limb amputation and adjuvant chemotherapy
has repeatedly been shown to achieve the best outcomes for dogs
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with appendicular limb OSA. Carboplatin as a sole agent is the
adjuvant chemotherapy of choice.

In cases of pathological fracture or extreme pain, amputation
alone is an excellent palliative care option.

o Limb sparing is appropriate for a minority of cases. Owners must
be apprised of the very high risk of complication, including the
risk of limb-construct failure necessitating amputation
or euthanasia.

Treatment: opinions

o Chemotherapy should be initiated shortly after or at the time of
amputation to achieve better outcomes (acknowledging that
histology will not yet be reported).

Attitudes toward limb amputation vary among oncologists,
general practitioners and pet owners. Several resources are
available to help owners better understand the expected
functional outcome of amputation and appreciate its potential
benefits—these include videos featuring 3 legged dogs, owner
testimonials and communication platforms to contact owners of
previously treated dogs.

Osteoarthritis is rarely a contraindication for limb amputation.
Neurological deficits indicative of cervical intervertebral disc
disease are a contraindication for forelimb amputation.

« The role of anti-NGF monoclonal antibody therapy is under-
investigated in canine OSA.

Although multiple studies demonstrate absence of a measurable
survival benefit in dogs receiving aminobisphosphonates as
palliative treatment, anecdotal evidence suggests a clinical benefit
in a small proportion of cases. Unfortunately, there is currently
no predictive marker for this.

Consideration of prognostic indicators

Dogs with OSA treated with standard of care (local tumor control
and adjuvant chemotherapy) have an approximately 40% likelihood
of survival at 1 year and 20% at 2 years [(120) (LOE 2b, OEG B)].
About 12% of dogs have gross metastasis at diagnosis [(170) (LOE 2c,
OEG B)]. Within cases without metastasis at diagnosis, there is a
subset of cases that may develop metastasis early in the course of the
treatment and have shorter survival. High serum ALP and body
weight were found to be associated with an increased hazard of
metastasis development. Increased serum ALP was associated with
shorter DFI and ST [(59-61, 63, 81, 171) (LOE 2b-4b, OEG B)] while
dogs of lower body weight (<40 kg) had significantly longer DFI and
ST [(63, 118, 156) (LOE 2b-4b, OEG B)]. Proximal humerus, scapula,
distal femur, and proximal tibia locations, and older age at diagnosis,
have been linked with increased mortality [(64, 172) (LOE 2c-4b,
OEG B)]. Meta-analysis has specifically identified elevated ALP and
proximal humerus location as consistent negative prognostic
indicators [(66) (LOE 3a, OEG B)].

When dogs surviving more than a year were studied, only
infection of the surgical site after limb-sparing surgery conferred a
significantly improved prognosis [(173) (LOE 4a, OEG C)].
Interestingly, surgical site infection after amputation did not influence
survival [(174) (LOE 4a, OEG C)].
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A summary of clinical and histopathological predictors or
prognosticators of outcome for dogs with OSA can be found in Table 3.

Referral considerations

Dogs with suspected OSA may be referred for advanced
diagnostics, staging, or treatment. Diagnosis can be achieved with
cytology in most cases when needed (referral may be needed for
ultrasound-guided sampling and/or CT imaging). Even after being
diagnosed, some owners may prefer to be referred to a specialist to
discuss prognosis and treatment options.

TABLE 3 Prognostic factors for canine OSA.

Prognostic factor = Summary/interpretation(s)

Lung metastasis

Very poor prognosis; grave prognosis if metastasis

in lung and another site [(139) (LOE 4a, OEG C)].

Lymph node metastasis

Rare in dogs, but those with lymph node metastasis
have significantly poorer prognosis in terms of DFI
and ST [(81) (LOE 4a, OEG C)].

Tumor mitotic index

Increased mitotic index reduces DFI [(61, 63) (LOE
2b-4a, OEG B)].

Post-operative infection

Can increase ST after limb-sparing surgery [(187)

(LOE 4b, OEG C)].

Tumor size

Increasing tumor size significantly associated with
pulmonary metastasis [(8) (LOE 4a, OEG C)] and
with time to metastasis [(188) (LOE 2b, OEG B)].

Extension of tumor into

adjacent soft tissue

Poor prognosis [(8) (LOE 4a, OEG C)].

Percentage of tumor that
is necrotic following
neoadjuvant

chemotherapy

Significant direct correlation with ST; percentage of
tumor that is necrotic predictive for survival [(186)

(LOE 4b, OEG C)] and strongly predictive for local

tumor control but no correlation with time for

metastasis [(189) (LOE 2b, OEG B)].

Histological subtype

Fibroblastic subtype has a more favorable prognosis

[(8), (190, 191) (LOE 4a, OEG C)].

Age

Dogs <5 years old have shorter DFI compared
with older dogs. The mitotic index is higher in
tumors from young dogs [(15, 63, 191) (LOE
2b-4a, OEG B)].

Tumor location: humerus

Dogs with tumors involving the humerus have

shorter DFI and ST [(118) (LOE 2b, OEG B)].

Histological grade

Higher grades associated with decreased ST and
DFI; grade I and IT tumors have a significantly
better prognosis relative to grade III [(61) (LOE
4a, OEG Q)].

Serum alkaline Increased plasma levels of this enzyme associated

phosphatase with shorter DFI and ST [(59-61, 63, 81, 171) (LOE
2b-4b, OEG B)].

Body weight Dogs of lower body weight (<40 kg) had

significantly longer DFI and ST [(63, 118, 187) (LOE
2b-4b, OEG B)].

Vascular invasion

Reduced DFI [(61) (LOE 4a, OEG C)].

DF], disease-free interval; ST, survival time.
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For staging, traditional diagnostic imaging includes 3-view chest
radiographs and long bone radiographs. Whole-body CT scans may
not identify bone metastases, but they may be more sensitive for
detection of small pulmonary nodules. Single positron-emission CT
(SPECT) is more efficacious in detecting metastatic lesions and may
have an impact on the prognosis, but accessibility to this technology
is presently extremely limited [(74, 77) (LOE 4a-5, OEG C)].

Referral considerations: recommendation

« Advanced surgical techniques such as limb-sparing surgery or
clinical trials are reasons to recommend referral.

Referral considerations: opinions

o If chemotherapy would normally be performed at a referral
center, given the evidence supporting early implementation of
chemotherapy following amputation, referral for surgery and
chemotherapy should be considered to avoid unwanted delay.

Referral is likely to provide owners with a clearer understanding
of their pet’s disease process and options for management and
should therefore be considered in all cases where achieving the
best outcome overrides other non-medical considerations.

Author contributions

GP: Conceptualization, Methodology, Project administration,
Supervision, Writing — original draft, Writing — review & editing. JB:
Writing - original draft, Writing — review & editing. FC-V: Writing -
original draft, Writing - review & editing. CC: Writing — original draft,
Writing - review & editing. DJ: Writing - original draft, Writing — review
& editing. MK: Writing - original draft, Writing - review & editing. TK:
Writing - original draft, Writing — review & editing. DL: Writing —
original draft, Writing - review & editing. FQ: Writing — original draft,
Writing - review & editing. LR: Writing - original draft, Writing - review
& editing. AT-R: Writing - original draft, Writing - review & editing. PV:
Writing - original draft, Writing - review & editing. PB: Writing — original
draft, Writing - review & editing.

References

1. Elwood C, Devauchelle P, Elliott ], Freiche V, German AJ, Gualtieri M, et al. Emesis
in dogs: a review. ] Small Anim  Pract. (2010) 51:4-22. doi:
10.1111/j.1748-5827.2009.00820.x

2. Brodey RS, Riser WH. Canine osteosarcoma. A clinicopathologic study of 194
cases. Clin Orthop Relat Res. (1969) 62:54-64.

3. Ehrhart NP, Christensen NI, Fan TM. Tumors of the skeletal system In: D Vail, D
Thamm and J Liptak, editors. Withrow and MacEwen’s small animal clinical oncology.
6th ed. St. Louis, MO: Elsevier (2020). 524-64.

4. O'Neill DG, Edmunds GL, Urquhart-Gilmore J, Church DB, Rutherford L,
Smalley MJ, et al. Dog breeds and conformations predisposed to osteosarcoma in the
UK: a VetCompass study. Canine Med Genet. (2023) 10:8. doi:
10.1186/540575-023-00131-2

5. Anfinsen KP, Grotmol T, Bruland OS, Jonasdottir T]. Breed-specific incidence rates
of canine primary bone tumors--a population based survey of dogs in Norway. Can J
Vet Res. (2011) 75:209-15.

6. Brodey RS, Mcgrath JT, Reynolds H. A clinical and radiological study of canine
bone neoplasms. I. ] Am Vet Med Assoc. (1959) 134:53-71.

Frontiers in Veterinary Science

14

10.3389/fvets.2025.1633593

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Acknowledgments

The authors are very grateful to Vincent Krogmann and
Annalena Boeing of Boehringer Ingelheim Animal Health for
facilitating and funding in-person and virtual meetings that enabled
the completion of this project, and to Helen Kedward-Dixon and
Claire Williams of Layered Advertising for their invaluable
editorial support.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

7. Dorfman SK, Hurvitz Al Patnaik AK. Primary and secondary bone tumours in the
dog.J Small Anim Pract. (1977) 18:313-26. doi: 10.1111/j.1748-5827.1977.tb05890.x

8. Misdorp W, Hart AA. Some prognostic and epidemiologic factors in canine
osteosarcoma. J Natl Cancer Inst. (1979) 62:537-45. doi: 10.1093/jnci/62.3.537

9. Egenvall A, Nedtvedt A, von Euler H. Bone tumors in a population of 400 000
insured Swedish dogs up to 10 y of age: incidence and survival. Can J Vet Res. (2007)
71:292-9.

10. Tuohy JL, Shaevitz MH, Garrett LD, Ruple A, Selmic LE. Demographic
characteristics, site and phylogenetic distribution of dogs with appendicular
osteosarcoma: 744 dogs (2000-2015). PLoS One. (2019) 14:¢0223243. doi:
10.1371/journal.pone.0223243

11. Dhein ES, Heikkili U, Oevermann A, Blatter S, Meier D, Hartnack S, et al. Incidence
rates of the most common canine tumors based on data from the Swiss canine Cancer registry
(2008 to 2020). PLoS One. (2024) 19:¢0302231. doi: 10.1371/journal.pone.0302231

12. Makielski KM, Mills L], Sarver AL, Henson MS, Spector LG, Naik S, et al. Risk
factors for development of canine and human osteosarcoma: a comparative review. Vet
Sci. (2019) 6:48. doi: 10.3390/vetsci6020048

frontiersin.org


https://doi.org/10.3389/fvets.2025.1633593
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1111/j.1748-5827.2009.00820.x
https://doi.org/10.1186/s40575-023-00131-2
https://doi.org/10.1111/j.1748-5827.1977.tb05890.x
https://doi.org/10.1093/jnci/62.3.537
https://doi.org/10.1371/journal.pone.0223243
https://doi.org/10.1371/journal.pone.0302231
https://doi.org/10.3390/vetsci6020048

Polton et al.

13. Zanardi S, Sabattini S, Rossi F, Rossanese M, Buracco P, Montinaro V, et al.
Adjuvant chemotherapy is associated with prolonged survival time in small-breed dogs
undergoing amputation for appendicular osteosarcoma. Vet Comp Oncol. (2025)
23:161-7. doi: 10.1111/vco.13041

14. Nielsen SW, Schroder JD, Smith DL. The pathology of osteogenic sarcoma in dogs.
J Am Vet Med Assoc. (1954) 124:28-35.

15.Spodnick GJ, Berg J, Rand WM, Schelling SH, Couto G, Harvey HJ, et al.
Prognosis for dogs with appendicular osteosarcoma treated by amputation alone: 162
cases (1978-1988). ] Am Vet Med Assoc. (1992) 200:995-9. doi:
10.2460/javma.1992.200.07.995

16. Straw RC, Withrow SJ, Richter SL, Powers BE, Klein MK, Postorino NC, et al.
Amputation and cisplatin for treatment of canine osteosarcoma. J Vet Intern Med. (1991)
5:205-10. doi: 10.1111/j.1939-1676.1991.tb00950.x

17. Tjalma RA. Canine bone sarcoma: estimation of relative risk as a function of body
size. ] Natl Cancer Inst. (1966) 36:1137-50.

18. Wolke RE, Nielsen SW. Site incidence of canine osteosarcoma. ] Small Anim Pract.
(1966) 7:489-92. doi: 10.1111/§.1748-5827.1966.tb04475.x

19. Brodey RS, Abt DA. Results of surgical treatment in 65 dogs with osteosarcoma. J
Am Vet Med Assoc. (1976) 168:1032-5. doi: 10.2460/javma.1976.168.11.1032

20. Misdorp W. Skeletal osteosarcoma. Animal model: canine osteosarcoma. Am ]
Pathol. (1980) 98:285-8.

21. Ru G, Terracini B, Glickman LT. Host related risk factors for canine osteosarcoma.
Vet J. (1998) 156:31-9. doi: 10.1016/s1090-0233(98)80059-2

22. Cooley DM, Beranek BC, Schlittler DL, Glickman NW, Glickman LT, Waters DJ.
Endogenous gonadal hormone exposure and bone sarcoma risk. Cancer Epidemiol
Biomarkers Prev. (2002) 11:1434-40.

23. Withrow SJ, Powers BE, Straw RC, Wilkins RM. Comparative aspects of
osteosarcoma. Dog versus man. Clin Orthop Relat Res. (1991) 270:159-68. doi:
10.1097/00003086-199109000-00023

24. Heyman SJ, Diefenderfer DL, Goldschmidt MH, Newton CD. Canine axial skeletal
osteosarcoma. A retrospective study of 116 cases (1986 to 1989). Vet Surg. (1992)
21:304-10. doi: 10.1111/j.1532-950x.1992.tb00069.x

25. Leeper H, Viall A, Ruaux C, Bracha S. Preliminary evaluation of serum total
cholesterol concentrations in dogs with osteosarcoma. J Small Anim Pract. (2017)
58:562-9. doi: 10.1111/jsap.12702

26. Aljubran AH, Griffin A, Pintilie M, Blackstein M. Osteosarcoma in adolescents
and adults: survival analysis with and without lung metastases. Ann Oncol. (2009)
20:1136-41. doi: 10.1093/annonc/mdn731

27. Longhi A, Pasini A, Cicognani A, Baronio E Pellacani A, Baldini N, et al. Height
as a risk factor for osteosarcoma. J Pediatr Hematol Oncol. (2005) 27:314-8. doi:
10.1097/01.mph.0000169251.57611.8e

28. Mirabello L, Troisi R], Savage SA. Osteosarcoma incidence and survival rates from
1973 to 2004: data from the surveillance, epidemiology, and end results program.
Cancer. (2009) 115:1531-43. doi: 10.1002/cncr.24121

29. Cook MR, Lorbach J, Husbands BD, Kisseberth WC, Samuels S, Silveira C, et al.
A retrospective analysis of 11 dogs with surface osteosarcoma. Vet Comp Oncol. (2022)
20:82-90. doi: 10.1111/vco.12741

30. Rothzerg E, Xu J, Wood D. Different subtypes of osteosarcoma: histopathological
patterns and clinical behaviour. J Mol Pathol. (2023) 4:99-108. doi: 10.3390/jmp4020011

31.Simpson S, Rizvanov AA, Jeyapalan JN, de Brot S, Rutland CS. Canine
osteosarcoma in comparative oncology: molecular mechanisms through to treatment
discovery. Front Vet Sci. (2022) 9:965391. doi: 10.3389/fvets.2022.965391

32.Fenger JM, London CA, Kisseberth WC. Canine osteosarcoma: a naturally
occurring disease to inform pediatric oncology. ILAR J. (2014) 55:69-85. doi:
10.1093/ilar/ilu009

33.Shao YW, Wood GA, Lu J, Tang QL, Liu J, Molyneux S, et al. Cross-species
genomics identifies DLG2 as a tumor suppressor in osteosarcoma. Oncogene. (2019)
38:291-8. doi: 10.1038/541388-018-0444-4

34, Sakthikumar S, Elvers I, Kim J, Arendt ML, Thomas R, Turner-Maier J, et al.
SETD2 is recurrently mutated in whole-exome sequenced canine osteosarcoma. Cancer
Res. (2018) 78:3421-31. doi: 10.1158/0008-5472.CAN-17-3558

35. Thomas R, Wang H]J, Tsai PC, Langford CE, Fosmire SP, Jubala CM, et al. Influence
of genetic background on tumor karyotypes: evidence for breed-associated cytogenetic
aberrations in canine appendicular osteosarcoma. Chromosom Res. (2009) 17:365-77.
doi: 10.1007/s10577-009-9028-z

36. Angstadt AY, Thayanithy V, Subramanian S, Modiano JF, Breen M. A genome-wide
approach to comparative oncology: high-resolution oligonucleotide aCGH of canine
and human osteosarcoma pinpoints shared microaberrations. Cancer Genet. (2012)
205:572-87. doi: 10.1016/j.cancergen.2012.09.005

37.Bech-Nielsen S, Haskins ME, Reif JS, Brodey RS, Patterson DF, Spielman R.
Frequency of osteosarcoma among first-degree relatives of St. Bernard dogs. J Natl
Cancer Inst. (1978) 60:349-53. doi: 10.1093/jnci/60.2.349

38. Dillberger JE, McAtee SA. Osteosarcoma inheritance in two families of Scottish
deerhounds. Canine Genet Epidemiol. (2017) 4:12. doi: 10.1186/s40575-017-0042-8

Frontiers in Veterinary Science

15

10.3389/fvets.2025.1633593

39. Arthur EG, Arthur GL, Keeler MR, Bryan JN. Risk of osteosarcoma in dogs after
open fracture fixation. Vet Surg. (2016) 45:30-5. doi: 10.1111/vsu.12416

40. Franchini D, Paci S, Ciccarelli S, Valastro C, Greco G, Di Bello A. Chondroblastic
osteosarcoma associated with previous chronic osteomyelitis caused by Serratia
liquefaciens in a German shepherd dog. Vet Sci. (2022) 9:96. doi: 10.3390/vetsci9030096

41. Boulay JP, Wallace LJ, Lipowitz AJ. Pathological fracture of long bones in the dog.
J Am An Hosp Assoc. (1987) 23:297-303.

42. Bhandal J, Boston SE. Pathologic fracture in dogs with suspected or confirmed
osteosarcoma. Vet Surg. (2011) 40:423-30. doi: 10.1111/j.1532-950X.2011.00811.x

43. Alexander JW, Patton CS. Primary tumors of the skeletal system. Vet Clin North
Am Small Anim Pract. (1983) 13:181-95. doi: 10.1016/s0195-5616(83)50011-9

44. Gibbs C, Denny HR, Kelly DE. The radiological features of osteosarcoma of the
appendicular skeleton in dogs: a review of 74 cases. ] Small Anim Pract. (1984)
25:177-92. doi: 10.1111/j.1748-5827.1984.tb00466.x

45. Martin TW, LaRue SM, Griffin L. CT characteristics and proposed scoring scheme
are predictive of pathologic fracture in dogs with appendicular osteosarcoma treated
with stereotactic body radiation therapy. Vet Radiol Ultrasound. (2022) 63:82-90. doi:
10.1111/vru.13033

46. Armbrust L], Biller DS, Bamford A, Chun R, Garrett LD, Sanderson MW.
Comparison of three-view thoracic radiography and computed tomography for
detection of pulmonary nodules in dogs with neoplasia. ] Am Vet Med Assoc. (2012)
240:1088-94. doi: 10.2460/javma.240.9.1088

47.Karnik KS, Samii VE, Weisbrode SE, London CA, Green EM. Accuracy of
computed tomography in determining lesion size in canine appendicular osteosarcoma.
Vet Radiol Ultrasound. (2012) 53:273-9. doi: 10.1111/j.1740-8261.2012.01930.x

48.Davis GJ, Kapatkin AS, Craig LE. Comparison of radiography, computed
tomography, and magnetic resonance imaging for evaluation of appendicular
osteosarcoma in dogs. J Am Vet Med Assoc. (2002) 220:1171-6. doi:
10.2460/javma.2002.220.1171

49. Thompson KG, Dittmer KE. Tumors of bone In: D] Meuten, editor. Tumors in
domestic animals. 5th ed: Quedgeley, Gloucestershire: Wiley-Blackwell (2017). 386-8.

50. Britt T, Clifford C, Barger A, Moroff S, Drobatz K, Thacher C, et al. Diagnosing
appendicular osteosarcoma with ultrasound-guided fine-needle aspiration: 36 cases. J
Small Anim Pract. (2007) 48:145-50. doi: 10.1111/j.1748-5827.2006.00243.x

51. Sabattini S, Renzi A, Buracco P, Defourny S, Garnier-Moiroux M, Capitani O, et al.
Comparative assessment of the accuracy of cytological and histologic biopsies in the
diagnosis of canine bone lesions. J Vet Intern Med. (2017) 31:864-71. doi:
10.1111/jvim.14696

52. Neihaus SA, Locke JE, Barger AM, Borst LB, Goring RL. A novel method of core
aspirate cytology compared to fine-needle aspiration for diagnosing canine
osteosarcoma. ] Am Anim Hosp Assoc. (2011) 47:317-23. doi: 10.5326/JAAHA-MS-5676

53. Loukopoulos P, Rozmanec M, Sutton RH. Cytological versus histopathological
diagnosis in canine osteosarcoma. Vet Rec. (2005) 157:784. doi: 10.1136/vr.157.24.784

54. Barger A, Graca R, Bailey K, Messick ], de Lorimier LP, Fan T, et al. Use of alkaline
phosphatase staining to differentiate canine osteosarcoma from other vimentin-positive
tumors. Vet Pathol. (2005) 42:161-5. doi: 10.1354/vp.42-2-161

55. Barger A, Baker K, Driskell E, Sander W, Roady P, Berry M, et al. The use of
alkaline phosphatase and runx2 to distinguish osteosarcoma from other common
malignant primary bone tumors in dogs. Vet Pathol. (2022) 59:427-32. doi:
10.1177/03009858221083035

56. Cagle LA, Maisel M, Conrado FO, Wait C, Peper K, Lochhead T, et al.
Telangiectatic osteosarcoma in four dogs: cytologic, histopathologic, cytochemical, and
immunohistochemical findings. Vet Clin Pathol. (2024) 53:85-92. doi: 10.1111/vcp.13338

57. Ryseft JK, Bohn AA. Detection of alkaline phosphatase in canine cells previously
stained with Wright-Giemsa and its utility in differentiating osteosarcoma from other
mesenchymal  tumors. Vet  Clin  Pathol. (2012)  41:391-5.  doi:
10.1111/j.1939-165X.2012.00445.x

58. Sottnik JL, Rao S, Lafferty MH, Thamm DH, Morley PS, Withrow S, et al.
Association of blood monocyte and lymphocyte count and disease-free interval in dogs
with  osteosarcoma. ] Vet Intern Med. (2010) 24:1439-44. doi:
10.1111/j.1939-1676.2010.0591.x

59. Garzotto CK, Berg J, Hoffmann WE, Rand WM. Prognostic significance of serum
alkaline phosphatase activity in canine appendicular osteosarcoma. J Vet Intern Med.
(2000) 14:587-92. doi: 10.1892/0891-6640(2000)014<0587:psosap>2.3.co;2

60. Ehrhart N, Dernell WS, Hoffmann WE, Weigel RM, Powers BE, Withrow SJ.
Prognostic importance of alkaline phosphatase activity in serum from dogs with
appendicular osteosarcoma: 75 cases (1990-1996). ] Am Vet Med Assoc. (1998)
213:1002-6. doi: 10.2460/javma.1998.213.07.1002

61. Kirpensteijn J, Kik M, Rutteman GR, Teske E. Prognostic significance of a new
histologic grading system for canine osteosarcoma. Vet Pathol. (2002) 39:240-6. doi:
10.1354/vp.39-2-240

62. Kirpensteijn J, Kik M, Teske E, Rutteman GR. TP53 gene mutations in canine
osteosarcoma. Vet Surg. (2008) 37:454-60. doi: 10.1111/.1532-950X.2008.00407.x

63. Moore AS, Dernell WS, Ogilvie GK, Kristal O, Elmslie R, Kitchell B, et al.
Doxorubicin and BAY 12-9566 for the treatment of osteosarcoma in dogs: a randomized,

frontiersin.org


https://doi.org/10.3389/fvets.2025.1633593
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1111/vco.13041
https://doi.org/10.2460/javma.1992.200.07.995
https://doi.org/10.1111/j.1939-1676.1991.tb00950.x
https://doi.org/10.1111/j.1748-5827.1966.tb04475.x
https://doi.org/10.2460/javma.1976.168.11.1032
https://doi.org/10.1016/s1090-0233(98)80059-2
https://doi.org/10.1097/00003086-199109000-00023
https://doi.org/10.1111/j.1532-950x.1992.tb00069.x
https://doi.org/10.1111/jsap.12702
https://doi.org/10.1093/annonc/mdn731
https://doi.org/10.1097/01.mph.0000169251.57611.8e
https://doi.org/10.1002/cncr.24121
https://doi.org/10.1111/vco.12741
https://doi.org/10.3390/jmp4020011
https://doi.org/10.3389/fvets.2022.965391
https://doi.org/10.1093/ilar/ilu009
https://doi.org/10.1038/s41388-018-0444-4
https://doi.org/10.1158/0008-5472.CAN-17-3558
https://doi.org/10.1007/s10577-009-9028-z
https://doi.org/10.1016/j.cancergen.2012.09.005
https://doi.org/10.1093/jnci/60.2.349
https://doi.org/10.1186/s40575-017-0042-8
https://doi.org/10.1111/vsu.12416
https://doi.org/10.3390/vetsci9030096
https://doi.org/10.1111/j.1532-950X.2011.00811.x
https://doi.org/10.1016/s0195-5616(83)50011-9
https://doi.org/10.1111/j.1748-5827.1984.tb00466.x
https://doi.org/10.1111/vru.13033
https://doi.org/10.2460/javma.240.9.1088
https://doi.org/10.1111/j.1740-8261.2012.01930.x
https://doi.org/10.2460/javma.2002.220.1171
https://doi.org/10.1111/j.1748-5827.2006.00243.x
https://doi.org/10.1111/jvim.14696
https://doi.org/10.5326/JAAHA-MS-5676
https://doi.org/10.1136/vr.157.24.784
https://doi.org/10.1354/vp.42-2-161
https://doi.org/10.1177/03009858221083035
https://doi.org/10.1111/vcp.13338
https://doi.org/10.1111/j.1939-165X.2012.00445.x
https://doi.org/10.1111/j.1939-1676.2010.0591.x
https://doi.org/10.1892/0891-6640(2000)014<0587:psosap>2.3.co;2
https://doi.org/10.2460/javma.1998.213.07.1002
https://doi.org/10.1354/vp.39-2-240
https://doi.org/10.1111/j.1532-950X.2008.00407.x

Polton et al.

double-blind, placebo-controlled study. J Vet Intern Med. (2007) 21:783-90. doi:
10.1892/0891-6640(2007)21[783:dabftt] 2.0.co;2

64. Liptak JM, Kamstock DA, Dernell WS, Monteith GJ, Rizzo SA, Withrow SJ.
Oncologic outcome after curative-intent treatment in 39 dogs with primary chest wall
tumors (1992-2005). Vet Surg. (2008) 37:488-96. doi: 10.1111/j.1532-950X.2008.00415.x

65. Schmidt AF, Nielen M, Klungel OH, Hoes AW, de Boer A, Groenwold RH, et al.
Prognostic factors of early metastasis and mortality in dogs with appendicular
osteosarcoma after receiving surgery: an individual patient data meta-analysis. Prev Vet
Med. (2013) 112:414-22. doi: 10.1016/j.prevetmed.2013.08.011

66. Boerman I, Selvarajah GT, Nielen M, Kirpensteijn J. Prognostic factors in canine
appendicular osteosarcoma - a meta-analysis. BMC Vet Res. (2012) 8:56. doi:
10.1186/1746-6148-8-56

67. Sternberg RA, Pondenis HC, Yang X, Mitchell MA, O'Brien RT, Garrett LD, et al.
Association between absolute tumor burden and serum bone-specific alkaline
phosphatase in canine appendicular osteosarcoma. J Vet Intern Med. (2013) 27:955-63.
doi: 10.1111/jvim.12121

68. Leung KS, Fung KP, Sher AH, Li CK, Lee KM. Plasma bone-specific alkaline
phosphatase as an indicator of osteoblastic activity. J Bone Joint Surg Br. (1993) 75-
B:288-92. doi: 10.1302/0301-620X.75B2.8444951

69.Liu PP, Leung KS, Kumta SM, Lee KM, Fung KP. Bone-specific alkaline
phosphatase in plasma as tumour marker for osteosarcoma. Oncology. (1996) 53:275-80.
doi: 10.1159/000227573

70. Axiak-Bechtel SM, Mathew LM, Amorim JR, DeClue AE. Dogs with osteosarcoma
have altered pro- and anti-inflammatory cytokine profiles. Vet Med Sci. (2019) 5:485-93.
doi: 10.1002/vms3.191

71. Al-Khan AA, Nimmo JS, Tayebi M, Ryan SD, Simcock JO, Tarzi R, et al.
Parathyroid hormone receptor 1 (PTHRI) is a prognostic indicator in canine
osteosarcoma. Sci Rep. (2020) 10:1564. doi: 10.1038/s41598-020-58524-3

72. Cheloha RW, Gellman SH, Vilardaga JP, Gardella TJ. PTH receptor-1 signalling-
mechanistic insights and therapeutic prospects. Nat Rev Endocrinol. (2015) 11:712-24.
doi: 10.1038/nrendo.2015.139

73. Pascual ], Attard G, Bidard FC, Curigliano G, De Mattos-Arruda L, Diehn M, et al.
ESMO recommendations on the use of circulating tumour DNA assays for patients with
cancer: a report from the ESMO precision medicine working group. Ann Oncol. (2022)
33:750-68. doi: 10.1016/j.annonc.2022.05.520

74. Kruglyak KM, Chibuk J, McLennan L, Nakashe P, Hernandez GE, Motalli-Pepio
R, et al. Blood-based liquid biopsy for comprehensive Cancer genomic profiling using
next-generation sequencing: an emerging paradigm for non-invasive Cancer detection
and Management in Dogs. Front Vet Sci. (2021) 8:704835. doi: 10.3389/fvets.2021.704835

75. Vignoli M, Ohlerth S, Rossi F, Pozzi L, Terragni R, Corlazzoli D, et al. Computed
tomography-guided fine-needle aspiration and tissue-core biopsy of bone lesions in
small  animals. Vet  Radiol  Ultrasound.  (2004)  45:125-30.  doi:
10.1111/j.1740-8261.2004.04020.x

76. Morello E, Martano M, Buracco P. Biology, diagnosis and treatment of canine
appendicular osteosarcoma: similarities and differences with human osteosarcoma. Vet
J. (2011) 189:268-77. doi: 10.1016/j.tvjl.2010.08.014

77. Crenn'V, Vezole L, Bouhamama A, Meurgey A, Karanian M, Marec-Bérard P, et al.
Percutaneous Core needle biopsy can efficiently and safely diagnose Most primary bone
Tumors. Diagnostics (Basel). (2021) 11:1552. doi: 10.3390/diagnostics11091552

78. Dittmer KE, Pemberton S. A holistic approach to bone Tumors in dogs and cats:
radiographic and histologic correlation. Vet Pathol. (2021) 58:841-57. doi:
10.1177/0300985821999832

79. Selmic LE, Lafferty MH, Kamstock DA, Garner A, Ehrhart NP, Worley DR, et al.
Outcome and prognostic factors for osteosarcoma of the maxilla, mandible, or calvarium
in dogs: 183 cases (1986-2012). ] Am Vet Med Assoc. (2014) 245:930-8. doi:
10.2460/javma.245.8.930

80. Craig LE, Dittmer KE, Thompson KG. Bones and joints In: G Maxie, editor. Jubb,
Kennedy, and Palmer’s pathology of domestic animals, volume 1. 6th ed. St Louis, MO:
Elsevier (2016). 16-163.

81. Hillers KR, Dernell WS, Lafferty MH, Withrow SJ, Lana SE. Incidence and
prognostic importance of lymph node metastases in dogs with appendicular
osteosarcoma: 228 cases (1986-2003). ] Am Vet Med Assoc. (2005) 226:1364-7. doi:
10.2460/javma.2005.226.1364

82. Eberle N, Fork M, von Babo V, Nolte I, Simon D. Comparison of examination of
thoracic radiographs and thoracic computed tomography in dogs with appendicular
osteosarcoma. Vet Comp Oncol. (2011) 9:131-40. doi: 10.1111/j.1476-5829.2010.00241.x

83. Talbott JL, Boston SE, Milner RJ, Lejeune A, Souza CH, Kow K, et al. Retrospective
evaluation of whole body computed tomography for tumor staging in dogs with primary
appendicular osteosarcoma. Vet Surg. (2017) 46:75-80. doi: 10.1111/vsu.12579

84.Crooks C, Randall E, Griffin L. The use of fluorine-18-fluorodeoxyglucose-
positron emission tomography/computed tomography as an effective method for staging
in dogs with primary appendicular osteosarcoma. Vet Radiol Ultrasound. (2021)
62:350-9. doi: 10.1111/vru.12959

85. Slinkard PT, Randall EK, Griffin LR. Retrospective analysis of use of fluorine-18
fluorodeoxyglucose-positron emission tomography/computed tomography (18F-FDG

Frontiers in Veterinary Science

10.3389/fvets.2025.1633593

PET/CT) for detection of metastatic lymph nodes in dogs diagnosed with appendicular
osteosarcoma. Can J Vet Res. (2021) 85:131-6.

86. Brody A, Crooks JC, French JM, Lang LG, Randall EK, Griffin LR. Staging canine
patients with appendicular osteosarcoma utilizing fluorine-18 fluorodeoxyglucose
positron emission tomography/computed tomography compared to whole body
computed tomography. Vet Comp Oncol. (2022) 20:541-50. doi: 10.1111/vc0.12805

87. Enneking WE, Spanier SS, Goodman MA. A system for the surgical staging of
musculoskeletal sarcoma. Clin Orthop Relat Res. (1980) 153:106-20. doi:
10.1097/00003086-198011000-00013

88. Sivacolundhu RK, Runge JJ, Donovan TA, Barber LG, Saba CF, Clifford CA, et al.
Ulnar osteosarcoma in dogs: 30 cases (1992-2008). ] Am Vet Med Assoc. (2013)
243:96-101. doi: 10.2460/javma.243.1.96

89. Bray JP, Worley DR, Henderson RA, Boston SE, Mathews KG, Romanelli G, et al.
Hemipelvectomy: outcome in 84 dogs and 16 cats. A veterinary society of surgical
oncology  retrospective  study. Vet Surg.  (2014)  43:27-37.  doi:
10.1111/j.1532-950X.2013.12080.x

90. Kramer A, Walsh PJ, Seguin B. Hemipelvectomy in dogs and cats: technique
overview, variations, and description. Vet Surg. (2008) 37:413-9. doi:
10.1111/j.1532-950X.2008.00405.x

91. Barker DA, Foale RD, Holmes MA, Demetriou JL. Survey of UK-based veterinary
surgeons' opinions on the use of surgery and chemotherapy in the treatment of canine
high-grade mast cell tumour, splenic haemangiosarcoma and appendicular
osteosarcoma. Vet Rec. (2016) 179:572. doi: 10.1136/vr.103479

92. Fitzpatrick N, Smith TJ, Pendegrass CJ, Yeadon R, Ring M, Goodship AE, et al.
Intraosseous transcutaneous amputation prosthesis (ITAP) for limb salvage in 4 dogs.
Vet Surg. (2011) 40:909-25. doi: 10.1111/j.1532-950X.2011.00891.x

93. Morello E, Buracco P, Martano M, Peirone B, Capurro C, Valazza A, et al. Bone
allografts and adjuvant cisplatin for the treatment of canine appendicular osteosarcoma
in 18 dogs. ] Small Anim Pract. (2001) 42:61-6. doi: 10.1111/§.1748-5827.2001.tb01993.x

94. Liptak JM, Dernell WS, Ehrhart N, Lafferty MH, Monteith GJ, Withrow SJ.
Cortical allograft and endoprosthesis for limb-sparing surgery in dogs with distal radial
osteosarcoma: a prospective clinical comparison of two different limb-sparing
techniques. Vet Surg. (2006) 35:518-33. doi: 10.1111/j.1532-950X.2006.00185.x

95. Boston SE, Duerr F, Bacon N, Larue S, Ehrhart EJ, Withrow S. Intraoperative
radiation for limb sparing of the distal aspect of the radius without transcarpal plating
in five dogs. Vet Surg. (2007) 36:314-23. doi: 10.1111/j.1532-950X.2007.00272.x

96. Liptak JM, Dernell WS, Lascelles BD, Larue SM, Jameson V], Powers BE, et al.
Intraoperative extracorporeal irradiation for limb sparing in 13 dogs. Vet Surg. (2004)
33:446-56. doi: 10.1111/j.1532-950x.2004.04068.x

97. Morello E, Vasconi E, Martano M, Peirone B, Buracco P. Pasteurized tumoral
autograft and adjuvant chemotherapy for the treatment of canine distal radial
osteosarcoma: 13 cases. Vet Surg. (2003) 32:539-44. doi: 10.1111/j.1532-950x.2003.00539.x

98. Yazawa D, Shimada M, Kanno N, Suzuki S, Yogo T, Harada Y, et al. Three cases of
dogs with osteosarcoma of the forelimb treated with liquid nitrogen for limb-sparing
surgery using autologous bone. J Vet Med Sci. (2024) 86:700-7. doi: 10.1292/jvms.23-0390

99. Straw RC, Withrow SJ. Limb-sparing surgery versus amputation for dogs with
bone tumors. Vet Clin North Am Small Anim Pract. (1996) 26:135-43. doi:
10.1016/s0195-5616(96)50012-4

100. Mitchell KE, Boston SE, Kung M, Dry S, Straw RC, Ehrhart NP, et al. Outcomes
of limb-sparing surgery using two generations of metal endoprosthesis in 45 dogs with
distal radial osteosarcoma. A veterinary Society of Surgical Oncology retrospective
study. Vet Surg. (2016) 45:36-43. doi: 10.1111/vsu.12423

101. Wustefeld-Janssens BG, Séguin B, Ehrhart NP, Worley DR. Analysis of outcome
in dogs that undergo secondary amputation as an end-point for managing complications
related to limb salvage surgery for treatment of appendicular osteosarcoma. Vet Comp
Oncol. (2020) 18:84-91. doi: 10.1111/vco.12513

102. Belli L, Scholl S, Livartowski A, Ashby M, Palangié T, Levasseur P, et al. Resection
of pulmonary metastases in osteosarcoma. A retrospective analysis of 44 patients.
Cancer. (1989) 63:2546-50. doi:
10.1002/1097-0142(19890615)63:12<2546::aid-cncr2820631232>3.0.c0;2-x

103. Turner H, Séguin B, Worley DR, Ehrhart NP, Lafferty MH, Withrow SJ, et al.
Prognosis for dogs with stage III osteosarcoma following treatment with amputation
and chemotherapy with and without metastasectomy. ] Am Vet Med Assoc. (2017)
251:1293-305. doi: 10.2460/javma.251.11.1293

104. O'Brien MG, Straw RC, Withrow SJ, Powers BE, Jameson V], Lafferty M, et al.
Resection of pulmonary metastases in canine osteosarcoma: 36 cases (1983-1992). Vet
Surg. (1993) 22:105-9. doi: 10.1111/j.1532-950x.1993.tb01682.x

105. Bryan JN. Updates in Osteosarcoma. Vet Clin North Am Small Anim Pract. (2024)
54:523-39. doi: 10.1016/j.cvsm.2023.12.007

106. Altwal J, Martin TW, Thamm DH, Séguin B. Configuration of pathologic
fractures in dogs with osteosarcoma following stereotactic body radiation therapy: a
retrospective analysis. Vet Comp Oncol. (2023) 21:131-7. doi: 10.1111/vco0.12877

107. Martin TW, Griffin L, Custis J, Ryan SD, Lafferty M, Boss MK, et al. Outcome
and prognosis for canine appendicular osteosarcoma treated with stereotactic body
radiation therapy in 123 dogs. Vet Comp Oncol. (2021) 19:284-94. doi: 10.1111/vco.12674

frontiersin.org


https://doi.org/10.3389/fvets.2025.1633593
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1892/0891-6640(2007)21[783:dabftt]2.0.co;2
https://doi.org/10.1111/j.1532-950X.2008.00415.x
https://doi.org/10.1016/j.prevetmed.2013.08.011
https://doi.org/10.1186/1746-6148-8-56
https://doi.org/10.1111/jvim.12121
https://doi.org/10.1302/0301-620X.75B2.8444951
https://doi.org/10.1159/000227573
https://doi.org/10.1002/vms3.191
https://doi.org/10.1038/s41598-020-58524-3
https://doi.org/10.1038/nrendo.2015.139
https://doi.org/10.1016/j.annonc.2022.05.520
https://doi.org/10.3389/fvets.2021.704835
https://doi.org/10.1111/j.1740-8261.2004.04020.x
https://doi.org/10.1016/j.tvjl.2010.08.014
https://doi.org/10.3390/diagnostics11091552
https://doi.org/10.1177/0300985821999832
https://doi.org/10.2460/javma.245.8.930
https://doi.org/10.2460/javma.2005.226.1364
https://doi.org/10.1111/j.1476-5829.2010.00241.x
https://doi.org/10.1111/vsu.12579
https://doi.org/10.1111/vru.12959
https://doi.org/10.1111/vco.12805
https://doi.org/10.1097/00003086-198011000-00013
https://doi.org/10.2460/javma.243.1.96
https://doi.org/10.1111/j.1532-950X.2013.12080.x
https://doi.org/10.1111/j.1532-950X.2008.00405.x
https://doi.org/10.1136/vr.103479
https://doi.org/10.1111/j.1532-950X.2011.00891.x
https://doi.org/10.1111/j.1748-5827.2001.tb01993.x
https://doi.org/10.1111/j.1532-950X.2006.00185.x
https://doi.org/10.1111/j.1532-950X.2007.00272.x
https://doi.org/10.1111/j.1532-950x.2004.04068.x
https://doi.org/10.1111/j.1532-950x.2003.00539.x
https://doi.org/10.1292/jvms.23-0390
https://doi.org/10.1016/s0195-5616(96)50012-4
https://doi.org/10.1111/vsu.12423
https://doi.org/10.1111/vco.12513
https://doi.org/10.1002/1097-0142(19890615)63:12<2546::aid-cncr2820631232>3.0.co;2-x
https://doi.org/10.2460/javma.251.11.1293
https://doi.org/10.1111/j.1532-950x.1993.tb01682.x
https://doi.org/10.1016/j.cvsm.2023.12.007
https://doi.org/10.1111/vco.12877
https://doi.org/10.1111/vco.12674

Polton et al.

108. Altwal J, Griffin L, Martin TW. Body composition measurements as predictive
variables for outcomes of canine appendicular osteosarcoma treated with stereotactic
body radiation therapy. Vet Comp Oncol. (2025) 23:116-22. doi: 10.1111/vco.13037

109. Norquest CJ, Maitz CA, Keys DA, Moore M, Bryan JN, Ehling TJ, et al. Fracture
rate and time to fracture in dogs with appendicular osteosarcoma receiving finely
fractionated compared to coarsely fractionated radiation therapy: a single institution
study. Vet Med Sci. (2022) 8:1013-24. doi: 10.1002/vms3.782

110. Ringdahl-Mayland B, Thamm DH, Martin TW. Retrospective evaluation of
outcome in dogs with appendicular osteosarcoma following Hypofractionated palliative
radiation therapy with or without bisphosphonates: 165 cases (2010-2019). Front Vet Sci.
(2022) 9:892297. doi: 10.3389/fvets.2022.892297

111. Oblak ML, Boston SE, Higginson G, Patten SG, Monteith GJ, Woods JP. The
impact of pamidronate and chemotherapy on survival times in dogs with appendicular
primary bone tumors treated with palliative radiation therapy. Vet Surg. (2012) 41:430-5.
doi: 10.1111/§.1532-950X.2012.00968.x

112. Douple EB, Richmond RC, O'Hara JA, Coughlin CT. Carboplatin as a potentiator
of radiation therapy. Cancer Treat Rev. (1985) 12 Suppl A:111-24) 12:111-24. doi:
10.1016/0305-7372(85)90026-x

113. Hume KR, Johnson JL, Williams LE. Adverse effects of concurrent carboplatin
chemotherapy and radiation therapy in dogs. J Vet Intern Med. (2009) 23:24-30. doi:
10.1111/j.1939-1676.2008.0224.x

114. Griffin MA, Martin TW, Thamm DH, Worley DR. Partial ulnar ostectomy,
stereotactic body radiation therapy, and palliative radiation therapy as local limb sparing
treatment modalities for ulnar tumors in dogs. Front Vet Sci. (2023) 10:1172139. doi:
10.3389/fvets.2023.1172139

115. Nolan MW, Green NA, DiVito EM, Lascelles BDX, Haney SM. Impact of
radiation dose and pre-treatment pain levels on survival in dogs undergoing
radiotherapy with or without chemotherapy for presumed extremity osteosarcoma. Vet
Comp Oncol. (2020) 18:538-47. doi: 10.1111/vc0.12576

116. Mauldin GN, Matus RE, Withrow SJ, Patnaik AK. Canine osteosarcoma:
treatment by amputation versus amputation and adjuvant chemotherapy using
doxorubicin and cisplatin. J Vet Intern Med. (1988) 2:177-80. doi:
10.1111/j.1939-1676.1988.tb00313.x

117. Thompson JP, Fugent MJ. Evaluation of survival times after limb amputation,
with and without subsequent administration of cisplatin, for treatment of appendicular
osteosarcoma in dogs: 30 cases (1979-1990). ] Am Vet Med Assoc. (1992) 200:531-3. doi:
10.2460/javma.1992.200.04.531

118. Bergman PJ, MacEwen EG, Kurzman ID, Henry CJ, Hammer AS, Knapp DW,
et al. Amputation and carboplatin for treatment of dogs with osteosarcoma: 48 cases
(1991-1993). J Vet Intern Med. (1996) 10:76-81. doi: 10.1111/j.1939-1676.1996.tb02031.x

119. Phillips B, Powers BE, Dernell WS, Straw RC, Khanna C, Hogge GS, et al. Use of
single-agent carboplatin as adjuvant or neoadjuvant therapy in conjunction with
amputation for appendicular osteosarcoma in dogs. ] Am Anim Hosp Assoc. (2009)
45:33-8. doi: 10.5326/0450033

120. Selmic LE, Burton JH, Thamm DH, Withrow SJ, Lana SE. Comparison of
carboplatin and doxorubicin-based chemotherapy protocols in 470 dogs after
amputation for treatment of appendicular osteosarcoma. J Vet Intern Med. (2014)
28:554-63. doi: 10.1111/jvim.12313

121. Kent MS, Strom A, London CA, Seguin B. Alternating carboplatin and
doxorubicin as adjunctive chemotherapy to amputation or limb-sparing surgery in the
treatment of appendicular osteosarcoma in dogs. ] Vet Intern Med. (2004) 18:540-4. doi:
10.1892/0891-6640(2004)18<540:acadaa>2.0.co;2

122. Skorupski KA, Uhl JM, Szivek A, Frazier SDA, Rebhun RB, CO R Jr. Carboplatin
versus alternating carboplatin and doxorubicin for the adjuvant treatment of canine
appendicular osteosarcoma: a randomized, phase III trial. Vet Comp Oncol. (2016)
14:81-7. doi: 10.1111/vco0.12069

123. Nolan MW, Uzan OC, Green NA, Lana SE, Lascelles BDX. Intensity of
perioperative analgesia but not pre-treatment pain is predictive of survival in dogs
undergoing amputation plus chemotherapy for extremity osteosarcoma. Vet Comp
Oncol. (2022) 20:568-76. doi: 10.1111/vco.12808

124. Berg J, Gebhardt MC, Rand WM. Effect of timing of postoperative chemotherapy
on survival of dogs with osteosarcoma. Cancer. (1997) 79:1343-50.

125. Marconato L, Buracco P, Polton GA, Finotello R, Stefanello D, Skor O, et al.
Timing of adjuvant chemotherapy after limb amputation and effect on outcome in dogs
with appendicular osteosarcoma without distant metastases. ] Am Vet Med Assoc. (2021)
259:749-56. doi: 10.2460/javma.259.7.749

126. Saam DE, Liptak JM, Stalker MJ, Chun R. Predictors of outcome in dogs treated
with adjuvant carboplatin for appendicular osteosarcoma: 65 cases (1996-2006). ]
Am Vet Med Assoc. (2011) 238:195-206. doi: 10.2460/javma.238.2.195

127. Bacon NJ, Ehrhart NP, Dernell WS, Lafferty M, Withrow SJ. Use of alternating
administration of carboplatin and doxorubicin in dogs with microscopic metastases
after amputation for appendicular osteosarcoma: 50 cases (1999-2006). ] Am Vet Med
Assoc. (2008) 232:1504-10. doi: 10.2460/javma.232.10.1504

128. Frimberger AE, Chan CM, Moore AS. Canine osteosarcoma treated by
Post-amputation  sequential accelerated doxorubicin and carboplatin
chemotherapy: 38 cases. ] Am Anim Hosp Assoc. (2016) 52:149-56. doi:
10.5326/JAAHA-MS-6315

Frontiers in Veterinary Science

17

10.3389/fvets.2025.1633593

129. Bailey D, Erb H, Williams L, Ruslander D, Hauck M. Carboplatin and
doxorubicin combination chemotherapy for the treatment of appendicular osteosarcoma
in the dog. J Vet Intern Med. (2003) 17:199-205. doi: 10.1111/j.1939-1676.2003.tb02434.x

130. Chun R, Garrett LD, Henry C, Wall M, Smith A, Azene NM. Toxicity and efficacy
of cisplatin and doxorubicin combination chemotherapy for the treatment of canine
osteosarcoma. ] Am Anim Hosp Assoc. (2005) 41:382-7. doi: 10.5326/0410382

131. McMahon M, Mathie T, Stingle N, Romansik E, Vail D, London C. Adjuvant
carboplatin and gemcitabine combination chemotherapy postamputation in canine
appendicular osteosarcoma. ] Vet Intern Med. (2011) 25:511-7. doi:
10.1111/j.1939-1676.2011.0697 x

132. Robinson M]J, Davis EJ. Neoadjuvant chemotherapy for adults with osteogenic
sarcoma. Curr  Treat Options in  Oncol. (2024) 25:1366-73. doi:
10.1007/s11864-024-01269-2

133. London C, Gardner HG, Mathie T, Stingle N, Portela R, Pennell ML, et al. Impact
of toceranib/piroxicam/cyclophosphamide maintenance therapy on outcome of dogs
with appendicular osteosarcoma following amputation and carboplatin chemotherapy:
a  multi-institutional ~ study. PLoS  Ome. (2015)  10:e0124889.  doi:
10.1371/journal.pone.0124889

134. Matsuyama A, Schott CR, Wood GA, Richardson D, Woods JP, Mutsaers AJ.
Evaluation of metronomic cyclophosphamide chemotherapy as maintenance treatment
for dogs with appendicular osteosarcoma following limb amputation and carboplatin
chemotherapy. ] Am Vet Med Assoc. (2018) 252:1377-83. doi: 10.2460/javma.252.11.1377

135. Bracha S, Walshaw R, Danton T, Holland S, Ruaux C, Obradovich J. Evaluation
of toxicities from combined metronomic and maximal-tolerated dose chemotherapy in
dogs with osteosarcoma. ] Small Anim Pract. (2014) 55:369-74. doi: 10.1111/jsap.12228

136. Gieger TG, Nettifee-Osborne J, Hallman B, Johannes C, Clarke D, Nolan MW,
et al. The impact of carboplatin and toceranib phosphate on serum vascular endothelial
growth factor (VEGF) and metalloproteinase-9 (MMP-9) levels and survival in canine
osteosarcoma. Can | Vet Res. (2017) 81:199-205.

137. Duffy ME, Anderson CL, Choy K, Fidel JL. Metronomic administration of
lomustine following palliative radiation therapy for appendicular osteosarcoma in dogs.
Can Vet J. (2018) 59:136-42.

138. Regan DP, Chow L, Das S, Haines L, Palmer E, Kurihara JN, et al. Losartan blocks
osteosarcoma-elicited monocyte recruitment, and combined with the kinase inhibitor
toceranib, exerts significant clinical benefit in canine metastatic osteosarcoma. Clin
Cancer Res. (2022) 28:662-76. doi: 10.1158/1078-0432.CCR-21-2105

139. Boston SE, Ehrhart NP, Dernell WS, Lafferty M, Withrow SJ. Evaluation of
survival time in dogs with stage III osteosarcoma that undergo treatment: 90 cases
(1985-2004). Am Vet Med Assoc. (2006) 228:1905-8. doi: 10.2460/javma.228.12.1905

140. Kim C, Matsuyama A, Mutsaers AJ, ‘Woods JP. Retrospective evaluation of
toceranib (Palladia) treatment for canine metastatic appendicular osteosarcoma. Can
Vet J. (2017) 58:1059-64.

141. Laver L, London CA, Vail DM, Biller BJ, Coy J, Thamm DH. Prospective
evaluation of toceranib phosphate in metastatic canine osteosarcoma. Vet Comp Oncol.
(2018) 16:E23-9. doi: 10.1111/vco.12328

142. Parachini-Winter C, Curran KM, Pellin M, Pellin M, Laver T, Hanot C, et al.
Cutaneous and subcutaneous metastasis of appendicular osteosarcoma in dogs: 20 cases.
J Vet Intern Med. (2019) 33:2200-8. doi: 10.1111/jvim.15557

143. London C, Mathie T, Stingle N, Clifford C, Haney S, Klein MK, et al. Preliminary
evidence for biologic activity of toceranib phosphate (Palladia®) in solid tumours. Vet
Comp Oncol. (2012) 10:194-205. doi: 10.1111/j.1476-5829.2011.00275.x

144. Smith AS, Lindley SES, Almond GT, Bergman NS, Matz BM, Smith AN.
Evaluation of zoledronate for the treatment of canine stage ITI osteosarcoma: a phase II
study. Vet Med Sci. (2023) 9:59-67. doi: 10.1002/vms3.1000

145. Ramirez O III, Dodge RK, Page RL, Price GS, Hauck ML, LaDue TA, et al.
Palliative radiotherapy of appendicular osteosarcoma in 95 dogs. Vet Radiol Ultrasound.
(1999) 40:517-22. doi: 10.1111/j.1740-8261.1999.tb00385.x

146. Mueller F, Poirier V, Melzer K, Nitzl D, Roos M, Kaser-Hotz B. Palliative
radiotherapy with electrons of appendicular osteosarcoma in 54 dogs. In Vivo. (2005)
19:713-6.

147. Fallon M, Sopata M, Dragon E, Brown MT, Viktrup L, West CR, et al.
Randomized placebo-controlled trial of the anti-nerve growth factor antibody
tanezumab in subjects with cancer pain due to bone metastasis. Oncologist. (2023)
28:e1268-78. doi: 10.1093/oncolo/oyad188

148. Fan TM, de Lorimier LP, Garrett LD, Lacoste HI. The bone biologic effects of
zoledronate in healthy dogs and dogs with malignant osteolysis. J Vet Intern Med. (2008)
22:380-7. doi: 10.1111/j.1939-1676.2008.0046.x

149. Spugnini EP, Vincenzi B, Caruso G, Baldi A, Citro G, Santini D, et al. Zoledronic
acid for the treatment of appendicular osteosarcoma in a dog. ] Small Anim Pract. (2009)
50:44-6. doi: 10.1111/j.1748-5827.2008.00635.x

150. Norquest CJ, Rogic A, Gimotty PA, Maitz CA, Rindt H, Ashworth HL, et al.
Effects of neoadjuvant zoledronate and radiation therapy on cell survival, cell cycle
distribution, and clinical status in canine osteosarcoma. Front Vet Sci. (2024) 11:1237084.
doi: 10.3389/fvets.2024.1237084

151. Fan TM, Charney SC, de Lorimier LP, Griffon GDJ, Gordon-Evans W], Wypij
JM. Double-blind placebo-controlled trial of adjuvant pamidronate with palliative

frontiersin.org


https://doi.org/10.3389/fvets.2025.1633593
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1111/vco.13037
https://doi.org/10.1002/vms3.782
https://doi.org/10.3389/fvets.2022.892297
https://doi.org/10.1111/j.1532-950X.2012.00968.x
https://doi.org/10.1016/0305-7372(85)90026-x
https://doi.org/10.1111/j.1939-1676.2008.0224.x
https://doi.org/10.3389/fvets.2023.1172139
https://doi.org/10.1111/vco.12576
https://doi.org/10.1111/j.1939-1676.1988.tb00313.x
https://doi.org/10.2460/javma.1992.200.04.531
https://doi.org/10.1111/j.1939-1676.1996.tb02031.x
https://doi.org/10.5326/0450033
https://doi.org/10.1111/jvim.12313
https://doi.org/10.1892/0891-6640(2004)18<540:acadaa>2.0.co;2
https://doi.org/10.1111/vco.12069
https://doi.org/10.1111/vco.12808
https://doi.org/10.2460/javma.259.7.749
https://doi.org/10.2460/javma.238.2.195
https://doi.org/10.2460/javma.232.10.1504
https://doi.org/10.5326/JAAHA-MS-6315
https://doi.org/10.1111/j.1939-1676.2003.tb02434.x
https://doi.org/10.5326/0410382
https://doi.org/10.1111/j.1939-1676.2011.0697.x
https://doi.org/10.1007/s11864-024-01269-2
https://doi.org/10.1371/journal.pone.0124889
https://doi.org/10.2460/javma.252.11.1377
https://doi.org/10.1111/jsap.12228
https://doi.org/10.1158/1078-0432.CCR-21-2105
https://doi.org/10.2460/javma.228.12.1905
https://doi.org/10.1111/vco.12328
https://doi.org/10.1111/jvim.15557
https://doi.org/10.1111/j.1476-5829.2011.00275.x
https://doi.org/10.1002/vms3.1000
https://doi.org/10.1111/j.1740-8261.1999.tb00385.x
https://doi.org/10.1093/oncolo/oyad188
https://doi.org/10.1111/j.1939-1676.2008.0046.x
https://doi.org/10.1111/j.1748-5827.2008.00635.x
https://doi.org/10.3389/fvets.2024.1237084

Polton et al.

radiotherapy and intravenous doxorubicin for canine appendicular osteosarcoma bone
pain. J Vet Intern Med. (2009) 23:152-60. doi: 10.1111/j.1939-1676.2008.0221.x

152. Kurzman ID, MacEwen EG, Rosenthal RC, Fox LE, Keller ET, Helfand SC, et al.
Adjuvant therapy for osteosarcoma in dogs: results of randomized clinical trials using
combined liposome-encapsulated muramyl tripeptide and cisplatin. Clin Cancer Res.
(1995) 1:1595-601.

153. Mason NJ, Gnanandarajah JS, Engiles JB, Gray F, Laughlin D, Gaurnier-Hausser
A, et al. Immunotherapy with a HER2-targeting Listeria induces HER2-specific
immunity and demonstrates potential therapeutic effects in a phase I trial in canine
osteosarcoma. Clin Cancer Res. (2016) 22:4380-90. doi: 10.1158/1078-0432.CCR-16-0088

154. Doyle HA, Gee RJ, Masters TD, Gee CR, Booth CJ, Peterson-Roth E, et al.
Vaccine-induced ErbB (EGFR/HER?2)-specific immunity in spontaneous canine cancer.
Transl Oncol. (2021) 14:101205. doi: 10.1016/j.tranon.2021.101205

155. Mason NJ, Selmic L, Ruple A, London CA, Barber L, Weishaar K, et al.
Immunological responses and clinical outcomes in dogs with osteosarcoma receiving
standard therapy and a Listeria vaccine expressing HER2. Mol Ther. (2025) 33:1674-86.
doi: 10.1016/j.ymthe.2025.02.023

156. Musser ML, Berger EP, Tripp CD, Clifford CA, Bergman PJ, Johannes CM. Safety
evaluation of the canine osteosarcoma vaccine, live Listeria vector. Vet Comp Oncol.
(2021) 19:92-8. doi: 10.1111/vco.12642

157. Marconato L, Melacarne A, Aralla M, Sabattini S, Tiraboschi L, Ferrari V, et al.
A target animal effectiveness study on adjuvant peptide-based vaccination in dogs with
non-metastatic appendicular osteosarcoma undergoing amputation and chemotherapy.
Cancers (Basel). (2022) 14:1347. doi: 10.3390/cancers14051347

158. Melacarne A, Ferrari V, Tiraboschi L, Mishto M, Liepe ], Aralla M, et al.
Identification of a class of non-conventional ER-stress-response-derived immunogenic
peptides. Cell Rep. (2021) 36:109312. doi: 10.1016/j.celrep.2021.109312

159. Tarone L, Giacobino D, Camerino M, Maniscalco L, Iussich S, Parisi L, et al. A
chimeric human/dog-DNA vaccine against CSPG4 induces immunity with therapeutic
potential in comparative preclinical models of osteosarcoma. Mol Ther. (2023)
31:2342-59. doi: 10.1016/j.ymthe.2023.06.004

160. Magee K, Marsh IR, Turek MM, Grudzinski J, Aluicio-Sarduy E, Engle JW, et al.
Safety and feasibility of an in situ vaccination and immunomodulatory targeted
radionuclide combination immuno-radiotherapy approach in a comparative
(companion  dog)  setting. PLoS  Ome. (2021)  16:¢0255798.  doi:
10.1371/journal.pone.0255798

161. Shi B, Chang ], Sun X, Ma X, Zhao P, Zhou C, et al. A meta-analysis: the clinical
value of PD-1 inhibitor or protein tyrosine kinase inhibitors in the treatment of
advanced osteosarcoma. Front Oncol. (2023) 13:1148735. doi: 10.3389/fonc.2023.1148735

162. Cascio MJ, Whitley EM, Sahay B, Cortes-Hinojosa G, Chang LJ, Cowart J, et al.
Canine osteosarcoma checkpoint expression correlates with metastasis and T-cell
infiltrate. Vet Immunol Immunopathol. (2021) 232:110169. doi:
10.1016/j.vetimm.2020.110169

163. Maekawa N, Konnai S, Hosoya K, Kim S, Kinoshita R, Deguchi T, et al. Safety
and clinical efficacy of an anti-PD-L1 antibody (c4G12) in dogs with advanced
malignant tumours. PLoS One. (2023) 18:¢0291727. doi: 10.1371/journal.pone.0291727

164. Ruiz D, Haynes C, Marable ], Pundkar C, Nance RL, Bedi D, et al. Development
of OX40 agonists for canine cancer immunotherapy. iScience. (2022) 25:105158. doi:
10.1016/j.i5¢i.2022.105158

165. Flesner BK, Wood GW, Gayheart-Walsten P, Sonderegger FL, Henry CJ, Tate DJ,
et al. Autologous cancer cell vaccination, adoptive T-cell transfer, and interleukin-2
administration results in long-term survival for companion dogs with osteosarcoma. J
Vet Intern Med. (2020) 34:2056-67. doi: 10.1111/jvim.15852

166. Rebhun RB, York D, Cruz SM, Judge SJ, Razmara AM, Farley LE, et al. Inhaled
recombinant human IL-15 in dogs with naturally occurring pulmonary metastases from
osteosarcoma or melanoma: a phase 1 study of clinical activity and correlates of
response. ] Immunother Cancer. (2022) 10:e004493. doi: 10.1136/jitc-2022-004493

167. Agarwal P, Gammon EA, Sandey M, Lindley SS, Koehler JW, Matz BM, et al.
Evaluation of tumor immunity after administration of conditionally replicative
adenoviral vector in canine osteosarcoma patients. Heliyon. (2021) 7:¢06210. doi:
10.1016/j.heliyon.2021.e06210

168. Ammons DT, Harris RA, Hopkins LS, Kurihara J, Weishaar K, Dow S. A single-
cell RNA sequencing atlas of circulating leukocytes from healthy and osteosarcoma
affected dogs. Front Immunol. (2023) 14:1162700. doi: 10.3389/fimmu.2023.1162700

169. Makielski KM, Sarver AL, Henson MS, Stuebner KM, Borgatti A, Suksanpaisan
L, et al. Neoadjuvant systemic oncolytic vesicular stomatitis virus is safe and may
enhance long-term survivorship in dogs with naturally occurring osteosarcoma. Mol
Ther Oncolytics. (2023) 31:100736. doi: 10.1016/j.0mt0.2023.100736

170. Diessner BJ, Marko TA, Scott RM, Eckert AL, Stuebner KM, Hohenhaus AE, et al.
A comparison of risk factors for metastasis at diagnosis in humans and dogs with
osteosarcoma. Cancer Med. (2019) 8:3216-26. doi: 10.1002/cam4.2177

Frontiers in Veterinary Science

18

10.3389/fvets.2025.1633593

171. Selvarajah GT, Kirpensteijn J, van Wolferen ME, Rao NA, Fieten H, Mol JA. Gene
expression profiling of canine osteosarcoma reveals genes associated with short and long
survival times. Mol Cancer. (2009) 8:72. doi: 10.1186/1476-4598-8-72

172. Kruse MA, Holmes ES, Balko JA, Fernandez S, Brown DC, Goldschmidt MH.
Evaluation of clinical and histopathologic prognostic factors for survival in canine
osteosarcoma of the extracranial flat and irregular bones. Vet Pathol. (2013) 50:704-8.
doi: 10.1177/0300985812471542

173. Culp WT, Olea-Popelka E Sefton J, Aldridge CE, Withrow SJ, Lafferty MH, et al.
Evaluation of outcome and prognostic factors for dogs living greater than one year after
diagnosis of osteosarcoma: 90 cases (1997-2008). ] Am Vet Med Assoc. (2014)
245:1141-6. doi: 10.2460/javma.245.10.1141

174. Hans EC, Pinard C, van Nimwegen SA, Kirpensteijn J, Singh A, MacEachern
S, et al. Effect of surgical site infection on survival after limb amputation in the
curative-intent treatment of canine appendicular osteosarcoma: a veterinary Society
of Surgical Oncology retrospective study. Vet Surg. (2018) 47:E88-96. doi:
10.1111/vsu.13105

175. WSAVA. Global pain council pain management protocol. Cancer-related pain.
Available online at: https://wsava.org/wp-content/uploads/2020/01/Cancer-related-pain.
pdf (Accessed February 10, 2025).

176. Monteiro BP, Lascelles BDX, Murrell ], Robertson S, Steagall PVM, Wright B.
2022 WSAVA guidelines for the recognition, assessment and treatment of pain. J Small
Anim Pract. (2023) 64:177-254. doi: 10.1111/jsap.13566

177. Nolan MW, Meneses C, Fan TM, Lascelles BDX. Supportive Care for the Cancer
Patient In: D Vail, D Thamm and J Liptak, editors. Withrow and MacEwen’s small animal
clinical oncology. 6th ed. St. ed. Louis, MO: Elsevier (2020). 286-329.

178. Farese JP, Kirpensteijn J, Kik M, Bacon NJ, Waltman SS, Seguin B, et al. Biologic
behavior and clinical outcome of 25 dogs with canine appendicular chondrosarcoma
treated by amputation: a veterinary Society of Surgical Oncology retrospective study.
Vet Surg. (2009) 38:914-9. doi: 10.1111/.1532-950X.2009.00606.x

179. Giuffrida MA, Kamstock DA, Selmic LE, Pass W, Szivek A, Mison MB, et al.
Primary appendicular hemangiosarcoma and telangiectatic osteosarcoma in 70 dogs: a
veterinary Society of Surgical Oncology retrospective study. Vet Surg. (2018) 47:774-83.
doi: 10.1111/vsu.12926

180. Reising AJ, Donnelly LL, Flesner BK, Maitz CA, Bryan JN. Solitary osseous
plasmacytomas in dogs: 13 cases (2004-2019). ] Small Anim Pract. (2021) 62:1114-21.
doi: 10.1111/jsap.13411

181. Hoim SE, Fitzgerald E, Mapletoft E, Purzycka K. Computed tomographic findings
in dogs with multiple myeloma. Vet Med Sci. (2023) 9:660-9. doi: 10.1002/vms3.1019

182. Langley-Hobbs SJ, Carmichael S, Lamb CR, Bjornson AP, Day MJ. Polyostotic
lymphoma in a young dog: a case report and literature review. ] Small Anim Pract. (1997)
38:412-6. doi: 10.1111/.1748-5827.1997.tb03495.x

183. Kornya M, Bryant C, Lillie B, Sanz S, Ruotsalo K, Bienzle D. Canine polyostotic
B-cell lymphoma: a case with clinical, immunohistochemical, and flow cytometric
characterization, and review of the literature. J Vet Diagn Invest. (2025) 37:0. doi:
10.1177/10406387251329020

184. Schultz RM, Puchalski SM, Kent M, Moore PE. Skeletal lesions of histiocytic
sarcoma in nineteen dogs. Vet Radiol Ultrasound. (2007) 48:539-43. doi:
10.1111/j.1740-8261.2007.00292.x

185. Agnoli C, Sabattini S, Ubiali A, Battisti E, Rossi F, Diana A, et al. A retrospective
study on bone metastasis in dogs with advanced-stage solid cancer. ] Small Anim Pract.
(2023) 64:561-7. doi: 10.1111/jsap.13621

186. Berg J, Weinstein MJ, Springfield DS, Rand WM. Results of surgery and
doxorubicin chemotherapy in dogs with osteosarcoma. ] Am Vet Med Assoc. (1995)
206:1555-60. doi: 10.2460/javma.1995.206.10.1555

187. Lascelles BD, Dernell WS, Correa MT, Lafferty M, Devitt CM, Kuntz CA, et al.
Improved survival associated with postoperative wound infection in dogs treated with
limb-salvage surgery for osteosarcoma. Ann Surg Oncol. (2005) 12:1073-83. doi:
10.1245/AS0.2005.01.011

188. Forrest L], Dodge RK, Page RL, Heidner GL, McEntee MC, Novotney CA, et al.
Relationship between quantitative tumor scintigraphy and time to metastasis in dogs
with osteosarcoma. ] Nucl Med. (1992) 33:1542-7.

189. Powers BE, Withrow SJ, Thrall DE, Straw RC, LaRue SM, Page RL, et al. Percent
tumor necrosis as a predictor of treatment response in canine osteosarcoma. Cancer.
(1991) 67:126-34. doi:
10.1002/1097-0142(19910101)67:1<126::aid-cncr2820670123>3.0.c0;2-7

190. Al-Khan AA, Nimmo JS, Day M]J, Tayebi M, Ryan SD, Kuntz CA, et al.
Fibroblastic subtype has a favourable prognosis in appendicular osteosarcoma of dogs.
J Comp Pathol. (2020) 176:133-44. doi: 10.1016/j.jcpa.2020.02.011

191. Loukopoulos P, Robinson WE. Clinicopathological relevance of tumour grading
in canine osteosarcoma. ] Comp Pathol. (2007) 136:65-73. doi: 10.1016/j.jcpa.2006.11.005

frontiersin.org


https://doi.org/10.3389/fvets.2025.1633593
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1111/j.1939-1676.2008.0221.x
https://doi.org/10.1158/1078-0432.CCR-16-0088
https://doi.org/10.1016/j.tranon.2021.101205
https://doi.org/10.1016/j.ymthe.2025.02.023
https://doi.org/10.1111/vco.12642
https://doi.org/10.3390/cancers14051347
https://doi.org/10.1016/j.celrep.2021.109312
https://doi.org/10.1016/j.ymthe.2023.06.004
https://doi.org/10.1371/journal.pone.0255798
https://doi.org/10.3389/fonc.2023.1148735
https://doi.org/10.1016/j.vetimm.2020.110169
https://doi.org/10.1371/journal.pone.0291727
https://doi.org/10.1016/j.isci.2022.105158
https://doi.org/10.1111/jvim.15852
https://doi.org/10.1136/jitc-2022-004493
https://doi.org/10.1016/j.heliyon.2021.e06210
https://doi.org/10.3389/fimmu.2023.1162700
https://doi.org/10.1016/j.omto.2023.100736
https://doi.org/10.1002/cam4.2177
https://doi.org/10.1186/1476-4598-8-72
https://doi.org/10.1177/0300985812471542
https://doi.org/10.2460/javma.245.10.1141
https://doi.org/10.1111/vsu.13105
https://wsava.org/wp-content/uploads/2020/01/Cancer-related-pain.pdf
https://wsava.org/wp-content/uploads/2020/01/Cancer-related-pain.pdf
https://doi.org/10.1111/jsap.13566
https://doi.org/10.1111/j.1532-950X.2009.00606.x
https://doi.org/10.1111/vsu.12926
https://doi.org/10.1111/jsap.13411
https://doi.org/10.1002/vms3.1019
https://doi.org/10.1111/j.1748-5827.1997.tb03495.x
https://doi.org/10.1177/10406387251329020
https://doi.org/10.1111/j.1740-8261.2007.00292.x
https://doi.org/10.1111/jsap.13621
https://doi.org/10.2460/javma.1995.206.10.1555
https://doi.org/10.1245/ASO.2005.01.011
https://doi.org/10.1002/1097-0142(19910101)67:1<126::aid-cncr2820670123>3.0.co;2-7
https://doi.org/10.1016/j.jcpa.2020.02.011
https://doi.org/10.1016/j.jcpa.2006.11.005

	Osteosarcoma of the appendicular skeleton in dogs: consensus and guidelines
	Introduction
	Methodology
	Epidemiology and etiopathogenesis
	History and clinical signs
	Epidemiology, etiopathogenesis, history and clinical signs: recommendations
	Epidemiology, etiopathogenesis, history and clinical signs: opinion

	Diagnosis
	Diagnostic imaging
	Clinical pathology
	Cytology
	Blood work
	Inflammation
	Calcium homeostasis
	Biomarkers
	Biopsy and histology
	Diagnosis: recommendations
	Diagnosis: opinions

	Clinical staging
	Clinical staging: recommendations
	Clinical staging: opinions

	Osteosarcoma treatment in dogs
	Surgical treatment
	Amputation
	Distal radial osteosarcoma limb-sparing
	Surgical treatment of metastases
	Radiotherapy
	Medical therapy
	Adjuvant medical treatment
	Medical treatment of gross metastatic disease
	Medical palliative treatment
	Immunotherapy
	Treatment: recommendations
	Treatment: opinions

	Consideration of prognostic indicators
	Referral considerations
	Referral considerations: recommendation
	Referral considerations: opinions


	References

