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PRIMARY BONE NEOPLASMS

Richard E. Weller, D.V.M.

Diplomate, American College of Veterinary Internal Medicine

(Internal Medicine; Oncology)

Summary

Canine appendicular osteosarcoma is a serious cancer that

causes lameness due to its aggressive local effects and death due

to early and widespread metastases. Amputation alone is

palliative, with a 10% rate of survival to 1 year. Cisplatin

chemotherapy (with or without doxorubicin) improves the chances

of survival, but metastatic cancer is still the cause of death in

most affected dogs. Limb sparing may be a viable alternative in

some dogs.
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Despite their clinical importance, primary bone tumors

remain one of the underdiagnosed malignancies in veterinary

medicine. Underdiagnosed, that is , until too late in their

biological course to permit a significant degree of therapeutic

success. Though the disease is well documented in the veterinary

literature, strategies designed to obtain an early diagnosis are

often overlooked.

This delay in diagnosis happens for several reasons. The

lameness that occurs in most cases, before visible swelling of

the affected limb, is subtle and to the owner it is frequently

seen as the result of a minor traumatic episode. This assumption

may delay the initial veterinary visit or be the reason for an

incorrect diagnosis when the animal is first presented for

examination. As a result, the early diagnostic radiograph is

frequently not taken, and, when it is taken, its interpretation

may be difficult.

The improvement that can be made by the veterinarian in

arriving at an early presumptive diagnosis of primary bone tumor

lies in four areas: i) careful consideration of the differential

diagnoses of lameness, taking into account the size, breed, and

age of the animal; 2) a complete physical examination, including

careful palpation and manipulation of the affected limb; 3)

radiographic examination of the affected limb plus a thoracic

radiograph on the first visit, and, if doubt still persists

regarding interpretation of the radiographs, immediate

consultation with an oncologist and/or radiologist, and 4) biopsy
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and histologic examination of an adequate specimen. _Y LARGE OR

GIANT BREED DOG MORE THAN TWO YEARS OF AGE THAT IS PRESENTED FOR

LAMENESS SHOULD HAVE THE AFFECTED LIMB RADIOGRAPHED.

While primary bone tumors have been reported in all domestic

species, they are uncommon in species other than the dog (most

common) and cat (less common). When compared to neoplasia in

other organ systems, the incidence of primary bone tumors is

infrequent, ranking behind tumors of the skin, female genital

tract, alimentary canal, hematopoietic system, and male

genitalia.

A primary bone tumor may arise from any tissue that is

normally present in bone. In a study of 194 cases of primary

bone tumors in dogs, nearly 98% were found to be malignant.

Types of Canine Maliqnant Bone Tumors

Osteosarcoma 85%

Chondrosarcoma 10%

Hemangiosarcoma 5%

Fibrosarcoma 5% ,

Malignant lymphoma 5%

Canine osteosarcoma

Canine osteosarcoma (OS) is a malignant aggressive bone

tumor with a 90% metastasis rate after surgical amputation. Its

predictable metastatic rate and pattern and its relative
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resistance to chemotherapy make this tumor particularly

attractive for studying anti-metastasis approaches.

The disease occurs mostly in large and giant breed dogs

between the ages of 1 and 15 years with a median age of

occurrence of 7 years. Boxers, Great Danes, St. Bernards, Golden

Retrievers, Irish Setters, and Dobermans are most commonly

affected. This is primarily a disease of the appendicular

skeleton with the major sites of occurrence being the metaphyseal

areas of the distal radius and ulna, proximal humerus, and the

proximal and distal portions of the femur and tibia.

All bone sarcomas typically metastasize by following venous

osteogenic mesenchyme in the metaphyseal spongiosa, it is likely

that tumor cells, early in the course of tumor growth, gain

access to the venous blood via the incomplete walls of sinusoids

of the bone marrow, i.e., in a manner similar to that in which

blood cell precursors gain access to circulating blood. Most

dogs will be dead with metastatic lung disease or from euthanasia

because of advanced clinical disease within 6 months of

diagnosis.

Etiology

The pathogenesis and etiology of osteogenic sarcoma remain

obscure, although many etiologic agents are known to "cause"

osteosarcoma in experimental situations. Known etiologic agents

include:



A. Chemical carcinogens: Chemical carcinogens known to

cause OS include methylcholanthrene, beryllium oxide, zinc

beryllium silicate, and possibly vinyl chloride.

B. Ionizing radiation: Numerous radionuclides have been

reported to induce bone cancer (OS, chondrosarcoma,

fibrosarcoma). Nearly all radionuclides that localize in bone

can produce bone cancer experimentally, and all mammals tested

thus far with either external or internal radiation have

developed OS. Historically, OS developed in workers exposed to

radiation from ingesting radium while painting luminous dials in

the watch industry (1917-1925). Experimental studies have shown

that alpha emitters are more oncogenic than beta emitters; strong

beta particles are more oncogenic than weak beta particles;

radionuclides with long biological half-lives are more oncogenic

than those with short half-lives. Radiation carcinogens include

238pu, 232U and 233U 90Sr and 45Ca.226Ra , 239pu , , ,

The relationship between radiation and viral-induced bone

cancer is interesting. Several reports suggest that there is an

interaction between radiation and viruses, and that radiation

might cause cancer by inactivating a viral inhibitor. Viral

reverse transcriptase has been identified in supernatant fluids

from cultured cells obtained from osteosarcomas induced in animal

models by 90Sr and plutonium.

Radiation-induced osteosarcomas have also been reported in

dogs after external beam or intraoperative radiation therapy.

Secondary tumors developed between 1.7 to 5 years after
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irradiation. Tumor induction may be included in the late effects

of irradiation which appeared to be worsened by the use of coarse

fractionation. There appeared to be a dose relationship for

tumors induced after single intraoperative radiation doses

combined with fractionated external beam irradiation using

fractions in excess of 3.5 Gy.
I

C. Viral causes of OS: Rous (1912) first noted the

cell-free passage of OS in chickens and since then other reports

of virus-induced bone cancer have appeared. Oncogenic DNA

viruses known to cause bone neoplasms include polyoma virus in

mice, and SV40 virus in Syrian hamsters. RNA viruses known to

induce bone neoplasms include Harvey and Maloney mouse sarcoma

viruses which can produce OS in rats or hamsters. Finkel et al.

(1966) isolated a C-type RNA virus (FBJ mouse virus) from a

spontaneously occurring sarcoma. The virus is unique because it

consistently induces neoplasms only in bone. Another OS-inducing

RNA virus is RFB which was originally isolated from a

radiation-induced OS in a mouse.

A role for infectious agents in human bone cancer is

suggested by the following observations:

1. Viral induced OS in mice and chickens.

2. OS in the long bones of hamsters inoculated with

extracts of human OS.

3. Tumor-specific antibodies to OS in the serum of

patients with OS and their close relatives and

friends.
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D. Other possible etiologies: Pre-existing bone

defects. Multiple exostoses on the surfaces of growing bone may

undergo transformation to malignant bone neoplasms. Paget's

disease in human subjects predisposes to bone cancer, and excess

bone sarcoma is suggested from case reports in patients with

polyostotic fibrous dysplasia. Neoplasms of various histologic

type have been observed on the walls of bone cysts, and have

complicated benign osteomas, bone infarcts, and chronic

osteomyelitis sinuses. Fracture-associated OS have been

diagnosed at the site of a fracture usually 5 or more years after

the initial event. Several hypotheses have been formulated

regarding the casualty of these sarcomas. At present, the best

treatment is prevention, and the best mode of prevention is to

achieve uncomplicated fracture healing.

One author has reported that spontaneous canine osteogenic

sarcoma and its metastases express androgen receptors in a wide

range of concentrations (15-340 fmol/mg protein). This suggests

a possible role for sex steroid hormones, particularly, androgens

in the pathogenesis of OS as well as the use of antiandrogens or

androgen ablation for treatment of the tumor.

_Diagnosis

Diagnosis is usually based on the age and breed of dog,

clinical signs, skeletal location of the lesion, and radiographic

appearance of the skeletal lesion. Bone biopsies are usually

performed only when the radiographic findings are not considered
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conclusive. The Michel trephine and Jamshidi needle have been

used to biopsy bone lesions for diagnosis. Jamshidi needle

biopsy is easy, quick, and safe with a high accuracy rate of

diagnosis (92%).

Monoclonal antibodies TP-1 and TP-3, which detect an antigen

expressed on the cell of human OS, have been tested by

immunohistochemioal staining for binding to normal and neoplastic

canine tissues. In dogs, as in man, TP antibodies were found to

be tumor specific for OS. Limited staining was found in a wide

range of normal canine tissues. The results suggested that TP

monoclonal antibodies are potentially valuable for in-vivo and

ex-vivo diagnosis of primary and metastatic canine OS. F (ab') 2

fragments of monoclonal antibody TP-1 were subsequently

radioiodinated with 131I and administered intravenously to dogs

with primary and/or metastatic OS. Immunoscintigraphy

demonstrated radiolabeled antibody fragments in 6/6 known primary

or metastatic lesions and, in addition, detected 4 metastatic

lesions not diagnosed by conventional radiography. The results

of that study confirmed the potential of monoclonal antibody TP-1

f(ab') 2 fragments for early detection of metastatic canine OS.

Radioaraphic findinqs

A lesion involving the metaphyseal area of a long bone with

following radiographic features is considered highly suggestive

of a primary bone tumor:

1. Lysis of the metaphyseal spongiosa (central lysis)
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2. Cortical destruction

3. Periosteal new bone formation

4. Long zone of transition between diseased and normal

bone

5. Disease process does not cross the joint space.

Several investigators have evaluated the usefulness of bone

scintigraphy, using 99mTc methylene diphosphonate, in diagnosing

primary bone tumors. Most concluded that scintigraphy was more

efficient than physical examination and radiographic bone surveys

for diagnosing multicentric, metachronous, or metastatic bone

tumors. In addition, bone scan images tended to overestimate

tumor length which would appear to provide safer resection

guidelines. Bone scintigraphy, however, was not of value in

distinguishing among various types of primary tumors.

Manaqement of canine appendicular OS

Canine appendicular OS is a highly malignant primary bone

cancer that closely resembles the same disease in humans.

Although amputation alone usually controls local disease,

metastatic cancer is common an is the cause of death or

euthanasia in 90% of dogs by 1 year. Cisplatin (+/- doxorubicin)

chemotherapy appears to improve survival time in dogs; however,

metastatic cancer remains a problem. Pulmonary metastasectomy

may prolong survival in carefully selected dogs. Limb-sparing,

although involved and potentially fraught with complications, can
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result in local disease control and a functional, pain-free limb

in selected dogs without adversely affecting their survival.

Studies are ongoing to improve local disease control with limb-

sparing and improve disease-free survival in dogs with

appendicular OS.

In man, a 5-year cure rate of 5 to 20% has been the

historical figure reported following amputation or radiation

therapy of the primary tumor. In dogs, 55 cases of OS with no

radiographic evidence of pulmonary metastasis were treated

surgically by amputation. The median survival was 18 weeks, and

26% of the dogs were still alive 6 months after surgery, 13.8% at

9 months, and 10.9% at one year. Twelve dogs with OS were

treated with radiation therapy alone, and although the

irradiation controlled the primary tumor in some cases, 11 of the

12 dogs died or were euthanized within 6 months because of

pulmonary metastasis (Table 1).

The natural history of OS indicates that pulmonary

micrometastases are present in the majority of patients at the

time of diagnosis. However, less than 10% of dogs show

radiographic evidence of this spread at the time of initial

evaluation. The problem of how to kill these malignant cells in

the lung or other body locations before they become established

and apparent radiographically or clinically is a major factor

limiting successful management of this disease. Methods that

have been evaluated to inhibit or preclude metastasis include: 1)

pre-operative ligation of veins draining the tumor site; 2)

prophylactic irradiation of the lungs; 3) immunotherapy; 4)
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anticoagulant treatment; 5) adjuvant systemic chemotherapy; and

6) limb salvage.

Systemic adjuvant chemotherapy for canine os

In man, two chemotherapeutic programs designed to prevent

pulmonary metastasis after amputation were shown to delay or

prevent the onset of metastatic disease and prolong survival when

compared to those patients treated by amputation alone. In the

methotrexate method, following amputation increasingly large

doses of this metabolic inhibitor (of folic acid) were given

intravenously followed by "rescue". Rescue was accomplished by

injecting citrovorum factor which permits cell metabolism to

bypass the site of folate inhibition. Treatment was repeated

every three weeks. For the doxorubicin (adriamycin) method, the

drug, which is derived from streptomyces organisms, was started

after amputation and healing of the surgical site. The drug was

given in high doses at 4 to 6 week intervals.

Data reported from major cancer centers indicates that

adjuvant chemotherapy may increase 5-year survival time to 40% of

patients treated for OS. Doxorubicin at a dosage of 30 mg/m 2

body surface area is reasonably well-tolerated in the dog and cat

and has been used extensively as adjuvant therapy for OS in both

species. Results were disappointing. There appeared to be an

increased disease-free interval, but adjuvant doxorubicin

chemotherapy did not significantly improve survival time when

compare to surgery alone.



Cisplatin, a platinum-derived anticancer agemt, is being

increasingly used to treat a variety of neoplasms in the dog and

cat, particularly OS. Evidence to date would suggest that

cisplatin has activity against canine OS, by reducing local

recurrence and metastasis and improving survival over amputation

alone. Cisplatin has been administered at dosages ranging from

50 to 70 mg/m 2 body surface area (BSA). Despite its cost and the

nephrotoxic potential of the drug, it is probably the agent of

choice for controlling metastasis and limb salvage procedures for

canine OS. The results of several clinical trials comparing

amputation alone versus amputation plus adjuvant cisplatin

chemotherapy have all shown that cisplatin significantly (P

0.05) increases median survival in dogs with OS. Median survival

in dogs treated by amputation alone ranged from 102 to 175 days,

while median survival in those dogs receiving adjuvant cisplatin

ranged from 282 to 322 days.

Limb-sparing treatment for osteosarcoma in dogs

Dogs with spontaneously developing osteosarcoma of the

extremities can be treated with one of several multimodality

limb-sparing procedures. Excision of the tumor preceded by

intra-arterial (IA) administration of cisplatin alone directed toI

the affected extremity, irradiation plus IA administration of

cisplatin, or irradiation plus IV administration of cisplatin.

Three weeks following the last treatment, tumors are excised and

the limb undergoes orthopedic reconstruction, generally using



cortical allografting and bone plating. Limb function, allograft

healing, local tumor control, and metastatic dissemination are

monitored. Limb function has been reported as good to excellent

in 69% of dogs undergoing limb-sparing treatment. Forelimb-

sparing procedures were generally associated with better function

than were limb-sparing procedures performed on hind limbs.

Percent tumor necrosis is strongly predictive for local tumor

control. There is no correlation between percent tumor necrosis

and time to metastasis. Multimodality limb-sparing treatment

appears to be a viable alternative for appropriately selected

dogs with osteosarcoma. The optimal method of treatment prior to

or after tumor excision has not yet been established.

Immunotherapyfor osteosarcoma

Methods of Immunotherapy are tabulated.

Passive Immunization Antiserum or immunoglobulin

from immunized animal or

donor.

Adoptive Immunization Immunocytes from immunized

donor.

Active Immunization Vaccination with tumor cells

(fresh or cultured) that were

irradiated and/or treated with

neuraminidase.



Semiactive Immunization Transfer factor. Immune RNA

obtained from immune donor

lymphocytes.

Nonspecific Stimulation BCG. Freund's adjuvant.

Tuberculin (PPD). Coley's

Toxin. Methanol extracted

residue (MER) of tubercle

bacilli. Inactive mumps virus.

Synthetic RNA polymers (poly

I:C, poly A:U). Haptens

(DNCB). Levamisole.

Bioloqical response modifiers

Lymphokines. Cytokines. Interferons.
Interleukin-2. Tumor necrosis factor.

Monoclonal antibodies. Low molecular weight
immunomodulators

For canine OS, some of the most promising work to date has

been done with liposome-encapsulated muramyl tripeptide-

phosphatidylethanolamine. In a study conducted at the University

of Wisconsin, thirteen dogs were treated with empty liposomes and

14 with liposome/MTP-PE. Median survival time for dogs treated

with empty liposomes was 77 days, compared to 222 days for dogs

treated with liposome/MTP-PE. Other biological response

modifiers are under consideration.
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Palliative radiotherapy

Palliative radiotherapy has been used as a method for the

management of bone pain in dogs with appendicular osteosarcoma.

Fifteen dogs were given three 10 Gy fractions of 60Co radiation

over a three week period. Treatments were administered on days

0, 7, and 21 using two parallel opposed portals that included the

entire length of the affected bone. Improved limb function was

noted in 12 of the 15 dogs (80%). No serious side effects were

reported. Survival time was similar to survival following

amputation or fractionated irradiation and chemotherapy.

Palliative radiotherapy compared favorably to other types of

salvage treatment. Optimal dose and fractionation schedules

remain to be determined. Samarium-153 (153Sm)

ethylenediaminetetramethylene phosphonic acid (EDTMP) has been

used to treat dogs with both primary and metastatic OS. Two

treatment regimes, a single 37 MBq or two 37 MBq doses separated

by one week were tested. Response to treatment was varied.

Small lesions with minimal lysis, metastatic lesions, and axial

skeletal lesions generally responded well. Adverse side effects

were minimal. 89Sr has recently been advocated for symptomatic

relief of bone pain in human patients with unresectable primary

or metastatic lesions involving bone.
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Proqno_ic Factors for Canine Osteosarcoma

• Breed

• Age

• Size of dog

• Tumor diameter and volume

• Long-flat bone localization

• Localization to hindlimbs

• Chronic inflammation

• Degree of soft tissue infiltration

• Histologic subtype

Axial skeletal OS i_ the doq

Axial skeletal osteosarcomas were evaluated retrospectively

in 116 dogs. Thirty-one tumors occurred in the mandible, 26 in

the maxilla, 17 in the spine, 14 in the cranium, 12 in the ribs,

10 in the nasal cavity and paranasal sinuses, and 6 in the

pelvis. As with appendicular canine OS, medium-sized and large

dogs were most commonly affected. Females outnumbered male

2.1:1, but this varied with tumor location. The mean age was 8.7

years. OS of the rib occurred in significantly younger dogs

(mean age, 5.4 years) than OS at any other axial skeletal site.

Pulmonary metastasis was diagnosed radiographically in 11.1% of

the dogs. The median survival for dogs treated surgically was 22

weeks, the 1-year survival was 26.3%, and the 2-year survival was

18.4%. The tumor recurrence rate was 66.7%. Most dogs (79.6%)



died or were euthanized for problems associated with the primary

tumor.

Canine extraskeletal osteosarcoma and choDdrosarcoma

Canine extraskeletal osteosarcomas (ESOS) are extremely rare

tumors that have proven difficult to treat. ESOS is associated

with a high rate of local recurrence and metastatic disease. It

principally affects older dogs and has no apparent breed

predilection, although it may develop more frequently in males.

The cause of ESOS is unknown, but may involve malignant

metaplasia of pluripotential mesenchymal cells into osteoblasts.

The classic radiographic appearance of ESOS is a soft tissue mass

with focal mineralization and without adjacent bone involvement.

Over a period of 25 years at the Animal Medical Center in New

York City, approximately 1,000 cases of skeletal osteosarcoma

were diagnosed. During that same period, 11 cases of ESOS and

three extraskeletal chondrosarcomas were diagnosed. ESOS were

found in the adrenal gland, eye, gastric ligament, ileum, kidney,

liver, spleen, testicle, and vagina. The chondrosarcomas were

found in the mitral valves, lungs, and omentum. The mean age of

the dogs with ESOS was 11 years, while the mean age of the dogs

with extraskeletal chondrosarcoma was 14 years. The sizes of the

tumors ranged from 3 cm 3 to 8,315 cm 3. Osteoblastic

osteosarcomas were the most common histologic type. Two of the

dogs with chondrosarcomas had mesenchymal chondrosarcomas. ESOS

of the jejunum has also been diagnosed in a dog. In contrast to



human subjects, in which most ESOS occur in the soft tissues and

extremities, most canine ESOS develop in the visceral organs.

_el_ne primary bone tumors

Primary bone tumors are uncommon in the cat. Referral

veterinary institutions report seeing an average of two cats with

bone neoplasms per year. According to the literature 80-90% of

feline bone tumors are malignant. Osteosarcoma is the most

predominant tumor in the reviewed studies (70%), with

chondrosarcomas being the second most common. Other tumor types

are rarely reported. Benign bone tumors are also infrequently

seen.



REBULTfJ OF TREATMENT FOR OBTEOSARCOI_

t

No. Median Median % Survival

Investiaator Doas Method Remission S_rvival (1 vearl

Brodey 65 Surgery NR NR 10.7

Banks 18 60Co NR NR 0

Silver 31 60Co, X-ray NR NR 0

Owen 6 Ampu + BCG NR 52 wks NR

20 Ampu + BCG NR 25 wks 35

Henness 8 _pu+MTX+ADR NR 10.5 mos 45

Madewell 14 Ampu + ADR 73 days 104 days 14

NR = not reported; BCG = bacillus calmette-guerin; MTX =

methotrexate; ADR = adriamycin.






