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Canine OSA: General Overview

ÅIncidence

ïMost common primary bone tumor

ï85% of malignancies arising in from the bone

ï>8000 cases in US per year (underestimate)

ïMiddle age to older dogs (median 7yr)

ïBimodal age distribution (small peak 18-24 mo)

ïRib OSA ςyounger adults ς4.5 -5.4 yr

Breeds

ÅLarge breed dogs 

ï>40kg ς29% of all cases and only 5% 

in axial skeleton

ïOnly 5% in dogs less than 15kg ςbut 59% of their 
tumors in the axial skeleton

ïIncrease wt and more specifically height

ïSt Bernard, Great Dane, Irish Setter, Doberman, 
Rottweiler, GSD, Golden, Greyhounds

ÅSize important in the breed

Etiology - ??

ÅPhysical factors
ïOccurrence in major wt bearing bones adjacent to late 

closing physes
ÅRepetitive microfractures/trauma -> induction of mitogenic

signals -> increase probability of mutation 

ïMetallic implants fracture repair, chronic 
osteomyelitis, fractures, bone allograph site

ïIonizing radiation (plutonium exposure in people and 
experimentally in dogs ςdifferent distribution)

ïRadiation therapy ςlate side effect ς1.7-5 yrs post RT
Åspeculation high dose/fx may predispose

ïSites of bone infarct ςcausal relationship?

Risk Factors

ÅMales may be slightly more frequent than 
females 
ïNot supported by all studies

ÅIntact males and females increased risk 
Å Vet J 1998

ÅIn Rottweilersςmale and female 
neutered/spayed prior to 1 yr  - 1:4 life time risk 
to develop bone sarcoma vsintact

Å Colley, Cancer EpidemiolBiomarkers Prev2002

ïInverse dose response relationship btw hormone 
exposure and incidence rate of tumor ςindependent 
of height or wt

Molecular Biology and Genetics

ÅLoss of tumor suppressor genes
ïLoss of Rb
ïLoss of p53
ÅOverexpression/mutation of p53 in canine appendicularOSA more 

than in flat bone sites ςincreased aggressive biologic behavior

ÅIncreased GH, IGF-1/IGF-1R, HGF/c-met , sis (PDGF), 
erbB-2 (HER-2) in cell lines and tumor tissues

ÅPTEN, MMPs, Ezrin, Cox-2, VEGF, angiostatin, 
telomerase

ÅCOX-2 upregulationprognostic in 1 study but not in 
another 

Mullins, JVIM 2004; Mohammed Prostaglandins LeukotEssentFatty Acids 2004

ÅAngiogenesis ςincreased microvasulardensity in 
primary OSA presenting with metsthan not 
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Pediatric Osteosarcoma

ÅPeak incidence during the adolescent growth 
spurt 

ïrole for rapid bone growth in the pathogenesis of 
osteosarcoma?

Å70% of patients with localized disease at 
diagnosis can be cured with multidisciplinary 
treatment - surgical resection and intensive 
chemotherapy.

Pediatric OSA

Å30% of patients with localized disease and 
80% of patients with metastatic disease at 
diagnosis will relapse.   (20% present with 
metastatic disease)
ïSurvival for these patients has remained 

unchanged over the past 20 years.

ÅPrior to the use of systemic chemo

the long-term survival for patients 

with OSA <20%. 

Pediatric OSA

ÅLocation:
ïMetaphysealregion of long bones

ï50% of cases occurring in either the distal femur or 
proximal tibia

ÅFew clinically useful prognostic indicators 
ïPercentage of tumor necrosis at the time of surgical 

resection after up-front chemotherapy prognostic for 
DFS

ï> 90% tumor necrosis have a DFS of up to 80%, while 
those with 90% necrosis or less have a DFS of 40-50%.

Pediatric Osteosarcoma cont..

ÅDenver protocol ς92% survival

Å95% of kids get limb spare

Å50-70% allograph complications ςnow cemented 
with antibx allographs decr complications to 30%

ÅSingle most important factor for survival is necrosis 
at time of sx

ÅIntra-arterial cisplat

Å48-72 hour adria 90mg/m2

ÅNext day cis 120mg/m2 in 6 hour or 160mg/m2 in 24 hour

ÅCycled q3wk

tŜŘƛŀǘǊƛŎ h{! ŎƻƴǘƛƴǳŜŘΧ

ÅNon-responders ς

ïTx for 12 months with ifosp, carbo and etopiside 

ïOverall survival 80% (usually 40%)

ÅProstesis that grow - Rephysis

Canine AppendicularOSA: Natural 
Behavior

ÅAggressive
ÅLocal destruction/lysis, production, soft tissue 

swelling
ÅPathologic fx
ÅRare to cross joint ςcollagenaseinhibitors in 

synovium
ÅLess than 15% metsat dx
Å90% die of met
ÅMets ςlungs, bones, soft tissues
ÅIncrease in bone metsfollowing chemotherapy
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Sites

ω75% appendicular
ωFront > rear limbs
ωMetaphyseal region of 
long bones
ωDistal radius and prox 
humerus
ωDistal femur, distal tibia 
and proximal tibia ςless 
common prox femur

ÅAxial
ÅExtraskeletal

away from the elbow
towards the knee 

Clinical signs/history

ÅLameness, swelling

ÅOften misdiagnosed initially as a 
orthopedic/soft tissue injury

ÅPain from microfx or disruption of periosteum

ÅPathologic fx 

Clinical Signs

ÅAxial skeleton ςsite depend signs  - swelling, 
pain, exopthalmus/facial deformity, 
hyperesthesia

ÅMets ςinitially asymptomatic ςdecreased 
appetite, malaise, HO

Diagnostic tests: Radiographs

ÅSun burst 

Å/ƻŘƳŀƴΩǎ ǘǊƛŀƴƎƭŜ ςnot 
pathognomonic

ÅDo not cross joint, but 
extend into soft tissues 
and adjacent bone

ÅSimilar appearance to 
fungal and 
ostoemyelitis

Diagnostics

ÅCytology ςALP staining

ÅGold standard tissue biopsy

ÅIf planning on limb spare ςneed to be careful 
about bx ςplan that skin incision and bx tract 
to be completely removed ςie avoiding 
transverse or large incisions

Bx 
Techniques

ÅOpen/  incisional

ïPro: lg tissue sample, 

ïCon: hematoma, 
wound breakdown, 
infection, local 
seeding, pathologic 
fx

ÅClosed 

ïMichell Trephine

ïJamshidi 

http://www.dog-names.org.uk/dog-health-canine-arthritis.htm
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Diagnosis

ÅMalignant mesenchymal tumor of primitive 
bone cells

ïProduce osteoid

ÅMain way of dx on histo

ïNeed lg bx pieces/whole tumor

ÅSubclassifcations
ïOsteoblastic, chondroblastic, fibroblastic, poorly 

differentiated, telangiectatic

ïSubtype not prognostic but grade maybe

Case 1 ï Samantha, 11yr FS Golden Retriever

Source: biopsy sample, only one small 
piece of mineralized material submitted

Mini -histopathology requested
DIAGNOSIS: reactive bone, unknown 
etiology 

COMMENTS: the production of reactive 
bone can be triggered by multiple 
processes, including trauma, healing 
fracture, infection, neoplasia. The sample 
provided was very small and a particular 

etiology was not obvious.  

Really???

http://www.michvet.com/library/oncology_bone_tumors.asp

Case 1 ï Samantha, 11yr FS Golden Retriever

Åsmall biopsy samples can lead to misdiagnoses

Åcollect the sample from the center of the lesion

Åsubmit the entire lesion when removed

Case 2 ï Austin, 13yr MN Labrador

Source: the entire left rear leg was submitted

Mini -histopathology requested

MICROSCOPIC FINDINGS: femoral fracture with marked proliferative bony 
callus with overlying soft tissue, granulation tissue formation and hemorrhage. 

COMMENTS: I see no evidence of neoplasia. This is a reparative,
prominent callus within the medullary cavity, and extending through the 
cortical fracture. It appears to be a traumatic induced fracture . No infectious 
agents are seen 

Case 2 ï Austin, 13yr MN Labrador Case 2 ï Austin, 13yr MN Labrador

Really???

Request
×second opinion

×additional cuts
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ADDENDUM COMMENTS ( full histopathology report requested )
I have evaluated additional sampling taken from an area distal to the previous 
examined tissues. 

Microscopically, these sections show a definite intramedullary neoplasm . 
It is composed of fairly densely arranged fibroblasts cells, and very disorganized 
bundles and fascicles readily infiltrating marrow fat, and producing abundant 
extracellular osteoid, immature and more mature bone. The neoplastic cells 
have ill-defined margins and moderate amounts of fibrillar eosinophilic 
cytoplasm. The nuclei are round to ovoid to moderately irregular in shape. They 
are markedly pleomorphic and hyperchromatic. 
Mitoses average 12 to 13/hpfs . Tumor emboli are visible in some of the 
blood vessels. This population represents a very highly productive 
intramedullary fibroblastic osteosarcoma , and I would classify it as a 
high grade malignancy. 

Case 2 ï Austin, 13yr MN Labrador Differential diagnosis

ÅBacterial osteomyelitis 

ÅFungal osteomyelitis

ÅOther primary bone tumors

ÅMetastatic lesions

ÅMM/LSA ςtypically only lytic lesions

Staging

ÅLN
ÅCXR ςmetstypically soft tissue density
ÅSurvey bone XR
ÅBone scan
ï171 dogs ς11 vs7 dogs found lesions (6.4vs 4%) 

(survey and cxrvsbone and cxr)
ï14/25 ςStraw , JAVMA 1989 (7 bxconfirmed OSA)
ï1/70 ςBerg, JAVMA 1990

ï4/23 ςParchman, Vet Surg1989

ï7.8% of 399 ςJankowski , Vet Comp Onc2003

{ǘŀƎƛƴƎ ŎƻƴǘƛƴǳŜŘΧ

ÅSurgical staging
ïHistologicgrade (G), anatomic site of primary (T), 

regional/distant mets(M)
ïStage 1 ςlow grade (G1) w/o mets
ïStage 2 ςhigh grade (G2) w/o mets
ïStage 3 ςmetsregardless of grade
ïSubstagea ςintracompartmental(T1) vsb 

exxtracompartmental(T2)
ïMost dogs stage 2b

ÅMetachronousςmulticentric less than 10% at 
presentation

Medullaryor Central Primary Bone 
Tumors

Å80+ % are OSA

ÅDistant 2nd - Medullary chondrosarcomas

Å3rd - Medullary FSA and HSA

Å4th - Medullary giant cell tumors 

Å5th - Medullary hemato/lymphoid tumors 
including plasma cell myeloma 

Å6th - Medullary liposarcoma

Prognostic Factors

ÅAge
ïDogs younger than 5yr tx with sxand chemo - shorter 

survival than older dogs

ÅTumor size
Å(-) Humeruslocation

Bergman, JVIM 1996

Å(+) small dog ςflat bone and complete sx
Å(-) tumor grade 

Kirpensteijn, Vet Path 2002

ÅStage ς3 MST 59d vs319 (w/o nodal mets) 
Hillers, JAVMA 2005
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tǊƻƎƴƻǎǘƛŎ CŀŎǘƻǊ ŎƻƴǘƛƴǳŜŘΧ

ÅALP >110u/L or bALP >23u/l shorter DFI

ïIs post op ALP prognostic??? 

ÅMolecular ςCox2?, Ezrin, MIB-1, MDR, p53

ÅMonocyte levels at time of diagnosis
ï Sottnik VCS 2009, 

Definitive therapy

ÅTreatment aimed at the primary tumor

ÅTreatment aimed at micrometastasis

Tx for Primary Tumor

ÅAmputation

ïStandard tx

ïPalliative

ÅAmputation alone ςMST 103-175d (3-5.8mo)

ÅLimb spare sx

Limb Spare Sx

Å50% of bone

ÅAbsence of path fx

ÅLess than 360 involvement of soft tissues

ÅFirm/definable soft tissue mass vs edematous 
lesion

ÅDistal radius/ulna

Surgical Limb Spare Techniques

ÅAllograft (remove 3-5 cm proximal to 
proximal radiographic margin of bone 
and soft tissue 2-3 cm)

ïFrozen cortical allograft ςmedullary cavity 
filled with polymethyl methacrylate bone 
cement

ïAdvantages ςabsence of ex-fix

ïDisadvantages ςhigh infection rate (40-
50%) ςcontrolled but rarely resolved

{ǳǊƎƛŎŀƭ [ƛƳō {ǇŀǊŜ ¢ŜŎƘƴƛǉǳŜǎ ŎƻƴǘΧ

ÅMetal endoprosthesis

ïAdvantages ςdo not need graft, possible use 
for other sites

ÅPasteurized tumor autograft

ïRemove effected bone and pasteurizing (65 
C for 40min) ς15% local recurrence, 31% 
infection, 23% implant failure rate

ïAdvantages ςno need for allograft and 
excellent anatomic apposition
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{ǳǊƎƛŎŀƭ [ƛƳō {ǇŀǊŜ ¢ŜŎƘƴƛǉǳŜǎ ŎƻƴǘΧ 

ÅLongitudinal bone transport osteogenesis(BTO)

ïIlizarov(circular) fixators

ïDistraction osteogenesisin the trailing 

distraction pathway

ïAdvantage ςautologousvascularized

nature of replacement bone ςlow risk

of infection

ïDisadvantages ςextensive client 

involvement and long term fixator

{ǳǊƎƛŎŀƭ [ƛƳō {ǇŀǊŜ ¢ŜŎƘƴƛǉǳŜǎ ŎƻƴǘΧ

ÅUlna transposition 
ï Pro  - preservation of vasculature ςdecreased infection, 

autologous
ïCon- prone to biomechanical complications , need for 

permanent internal hardware
ÅN = 26:  2 ultimately amputated, 2 euth due to surgical complications

33% infection, 7% local recurrence, 22% radius fxςSequin VCS 2008

ÅIntraoperativeextracorporalRT ςflip and nuke! (single dose 
of 70gy RT) 
ïAdvantages ςgood spare of immediate jt function ςgood 

function post op
ïDisadvantages ςinfection, high percentage of surgical revisions 
ς(including amputation)

{ǳǊƎƛŎŀƭ [ƛƳō {ǇŀǊŜ ¢ŜŎƘƴƛǉǳŜǎ ŎƻƴǘΧ

ÅNo significant difference in survival rates for dogs 
tx with amputation and cisplatinvslimb spare 
and cispaltin

ïWith the exception of infection increasing ST 

ïInfection survival 611d, non-infected 273d

Å25% catastrophic failure leading to amputation

ÅOPLA-Pt ςdecreased local relapse from 50% to 
15% with marginal resection

Radiation 

ÅPrimary tx vs palliation

ÅMST 209 d ςn=14 fractionated high dose 
(median dose of 57gy) + chemo 

Walter,  Vet Comp Oncol 2005

Stereotactic RadiosxςIntensity 
Modulated Radiation Therapy (IMRT)

ÅUF - Gama knife (single fx 30- 40gy) 

ïN= 11,  - 4 developed path fx (3-9 post post SRS) 
MST 363d

ï Farese, JAVMA 2004

Stereotactic RadiosxςIntensity 
Modulated Radiation Therapy (IMRT)

ÅCSU  - 3fx of 11-14gy (32-42gy) w/ 24-72hr 
btw doses

ïN= 25  

ï9 fx (2 prior or during RT), 

Å5 early - median 51d 

Å2 late  - median 325d 

Å1 out of field local recurrence
ïRyan, VCS 2009


