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Anaplastic sarcoma of the mandible in a llama

Erin Malone, Karen Roertgen, Calvin Kobluk

A3-year-old male, llama was presented to the Vet-
erinary Teaching Hospital at the University of

Minnesota for evaluation of a firm mass situated over the
ventrolateral aspect of the right mandibular ramus. The
previous year, the llama was found to have a wound over
the right masseter muscle that healed without compli-
cations. Four months prior to admission, a large swelling
was detected just caudal to the angle of the mandible on
the right side. When examined at this time, the mass was
soft and believed to be an area of abscessation; however,
it never ruptured. Over the 5 d prior to presentation, the
llama had become anorexic and was being handfed a
gruel and commercial electrolyte solution (Gatorade, The
Gatorade Company, Chicago, Illinois, USA). The owner
also noted blood coming from the mouth and suspected
that the llama had been in a fight. During this time,
the llama was diagnosed as having a cellulitis extending
down the neck and was placed on a 3 day course of
trimethoprim sulfadiazine (Tribrissen, Coopers Animal
Health, Mundelein, Illinois, USA). Since the cellulitis
was unresponsive to therapy, the llama was referred
for further evaluation.
On presentation, the llama had normal vital signs, but

became dyspneic when handled. Subcutaneous swelling
was present along the proximal third of the right latero-
ventral part of the neck, extending up to the mandibular
ramus. A firm subcutaneous mass was present over the
ramus of the right mandible, contiguous with the neck
swelling and extending rostrally to the diastema of the
lower jaw and dorsorostrad to just below the right eye.
A second mass extending laterally to incorporate the
socket of the wolf tooth was detected sublingually on the
right side. This smaller mass was pink, friable, and
bleeding slightly at the time of examination. Fragments
of bone or tooth were palpable within the mass. Radio-
graphs revealed a lytic area with a sclerotic border
underneath the wolf tooth and abnormal thickening of the
horizontal ramus of the mandible.
The llama was suspected of having a fracture of the

horizontal ramus of the mandible with osteomyelitis, and
formation of granulation tissue intraorally. The caudal
mass and subcutaneous swelling were believed to be
associated with abscessation and cellulitis of the sub-
mandibular and cervical tissues. Because of the poten-
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Figure 1. Anaplastic tumor cells from a mandibular mass in a
llama. Numerous large, hyperchromatic cells with angular bor-
ders are embedded in an eosinophilic matrix. Bar 20 pm.

tial complications and difficulty in management of
these lesions, the llama was euthanized.

At necropsy, the only abnormalities were in the head
and neck region. A smooth-surfaced, pale, cream-colored
mass was present in the subcutaneous tissue overlying
the ramus of the right mandible. It was well encapsulated
dorsocranially (beneath the eye), but caudally it extended
into the upper cervical region, where it totally sur-
rounded the jugular vein and carotid artery. The lateral
aspect of the trachea was also partially surrounded by the
mass for a length of 4 cm. On cut surface, the mass was
comprised predominantly of firm, cream-colored,
partially laminated tissue containing multiple, small
(1 cm in diameter), slightly firm, yellow areas. Occasional
areas of hemorrhage were present within the mass. No
involvement of the ramus of the mandible was found in
this region. The sublingual mass was composed of friable
necrotic tissue and extended into the socket of the wolf
tooth. The right mandible immediately caudal to this
tooth was lysed. A radiograph taken after removal of the
soft tissues revealed increased cortical thickness and mild
periosteal spiculation near the wolf tooth.

Histologically, the mandibular mass was comprised
predominately of loose sheets of highly anaplastic cells
that were partially subdivided into small clusters by
irregular, thin connective tissue septa (Figure 1). In a few
regions, the neoplastic cells were oriented along this sep-
tal tissue, giving them a primitive glandular appear-
ance. The cells were round to polygonal, with a deeply
eosinophilic cytoplasm and an eccentrically located
nucleus. The nuclei were pleomorphic and vesicular.
Usually a single nucleolus was evident. In some regions,
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scant to moderate amounts of an eosinophilic extra-
cellular matrix material, compatible with osteoid, was
present between the cells. Four to 6 mitotic figures
were seen per 400X field. The mandibular muscula-
ture was diffusely infiltrated by neoplastic cells. The cells
penetrated the sarcolemma and invaded the myofibers.
Extensive coagulation necrosis was present in the latter
areas. Neoplastic cells were also present within veins and
lymphatics. Similar tumor cell morphology was seen in
sections taken from the cervical portion of the mass. In
this region, the mass surrounded but did not invade the
carotid artery and trachea.

Immunohistochemical stains utilizing a peroxidase kit
(Vectastain ABC, Vector, Burlingame, California, USA)
revealed that the tumor cells immunoreacted strongly
with antivimentin (Dako, Carpinteria, California, USA)
but did not immunoreact with antikeratin or anticytok-
eratin (Dako). The tumor cells also immunoreacted
with antiserum to the monoclonal antibody TP-3 (1).
In some areas, the majority of the tumor cells exhibited
strong positive surface immunoreactivity with TP-3.
In other areas, the cells showed less intense but nonethe-
less distinctly positive immunoreactivity. In approxi-
mately 30% of the tissue examined, the tumor cells
displayed little to no surface immunoreactivity.
A cell surface antigen of human osteosarcoma cells

was used to develop the murine monoclonal antibody,
TP-3 (1). The antibody has been shown to be of unprece-
dented specificity in binding to human sarcomas, par-
ticularly osteosarcomas. In dogs, however, TP-3 has
been shown to be slightly less specific for these tumors.
Haines and Bruland (2) reported that although TP-3
stained all 13 canine osteosarcomas that they tested, it
also immunoreacted with a proportion of cells in several
types of canine carcinomas. Although the results of
the immunohistochemical tests suggest that the mandibu-
lar tumor was an osteosarcoma, the lack of information
concerning species differences in immunohistochemical
tests dictates a more conservative diagnosis of anaplas-
tic sarcoma, probable osteosarcoma.

Although osteosarcoma is the most common bone
tumor in the dog, it is rare in other animals. Canine
osteosarcoma typically involves the metaphyseal regions
of long bones, having a lower predilection for the axial
skeleton (3). In the dog, only 10-12% occur in the head
region (3); however, in other species, osteosarcoma
frequently involves the head, and in horses, the major-
ity of reported osteosarcomas have involved the jaw (4,5).

In this llama, the lack of evidence of mandibular
bone involvement suggests that the tumor may have
originated from the periosteum (periosteal osteosar-
coma). The earlier trauma to the region may have been
an inciting factor. The extension of the tumor into the cer-
vical region was an unusual finding.
The appearance and behavior of this tumor are com-

patible with periosteal osteosarcoma. These tumors are
capable of forming bone but do so only to a limited
extent; instead, they form a rather distinctive type of
fibrous tissue. The nuclei are pointed in various direc-
tions with no tendency for groups to lie parallel. This type
of osteosarcoma arises on the surface of the bone, gen-
erally over the diaphysis or epiphysis (3). Marked
periosteal reaction with cortical bone erosion often
occurs, but the articular cartilage is seldom perforated (6).
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The radiographic appearance varies, depending upon
tumor type and stage of development (4,7-9). The
amount of osteoclastic and osteoblastic activity can
vary within the tumor and over time (7). The cortical
destruction and extramedullary bone production evi-
dent in this llama are consistent with osteosarcoma.
Intramedullary bone production and more extensive
periosteal reaction (brush border, spiculation, or lami-
nation) are frequently noted with this tumor type; how-
ever, tumors in the mandible are often smoothly mar-
ginated, giving a less aggressive appearance (8,9).

Neoplasia has rarely been reported in the llama
(10-13). This may be due, in part, to incomplete diag-
nostic evaluations; other masses found in llamas exam-
ined at this clinic have been suspected of being
neoplastic, but biopsies or necropsies were not obtain-
able. Other factors accounting for the rare reports may
include a low prevalence of neoplasia within the popu-
lation or a lack of presentation for clinical examination.

Differential diagnoses for swellings in the head and
neck region should include trauma and infectious
processes, as well as neoplasia. Infection was considered
the most likely cause of the subcutaneous swelling in this
llama, based upon the history and location of the lesion.
Abscesses in this area are common in llamas, as the males
bite the throat and neck when fighting. Actinomyces
pyogenes is the most common isolate; however, oppor-
tunistic bacterial and fungal species have also been
cultured, presumably entering through a break in the
epithelial surface (14). Additionally, the mandibular
bone lysis observed would be consistent with bacterial
or fungal infection, as well as with many neoplastic
conditions. Misdiagnosis of osteosarcoma cases occurs
most often with the purely osteolytic forms (8).
Furthermore, biopsy can be misleading, as islands of
osteoid are frequently surrounded by fibroblastic tissue
and dense reactive bone. Radiographically assisted
biopsy of deep, central lesions is generally the most
productive procedure (8). Repeat radiographs may
also help .to identify alterations in the less aggressive-
appearing mandibular tumors (8,9). Further diagnostic
evaluation using intraoral radiographs, biopsy and cul-
ture of the masses, and ultrasound of the cervical
swelling might have facilitated accurate antemortem
diagnosis. cvi
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BOOK REVIEW

COMPTE RENDU DE LIVRE

Rollin BE. Farm Animal Welfare: Social, Bioethical,
and Research Issues. Iowa State University Press,
Ames, Iowa, 1995. 168 pp. ISBN 0-8138-2563-6. $29.95 US.

This small book is the author's attempt to find the mid-
dle ground in the farm animal welfare debate.

Drawing widely from the work of other researchers
and with the lucidity characteristic of his regular
Canadian Veterinary Journal feature "Veterinary
Medical Ethics", the author presents a convincing case
for the livestock industry's need to heed, now, society's
perception of and concern for the state of animal welfare
in modern animal agriculture. The text, supported by
extensive bibliographical notes, is in 2 parts.

Part 1 reviews the social and bioethical background of
animal welfare and offers guidance on the future direc-
tion of farm animal welfare research. It expounds the
author's argument that a new social ethic, engendered by
dramatic changes in animal agriculture over the last
50 years, has replaced the traditional concept of farm ani-
mal welfare that was limited to deliberate cruelty and
neglect. In the keeping of farm animals, failing to
respect and accommodate the essential natures of the
individual species violates the new social ethic and the
basic principles of sound animal welfare. Husbandry
played an essential role in traditional agriculture, which
largely allowed the animals to express the full range of
their natural behaviors. In modern animal agriculture,
where intensive confinement, with its total emphasis on
production efficiency and seeming disregard for the
natures and consequent welfare of the animals, is
increasingly the norm; husbandry has been replaced
by technology.

In discussing welfare research and scientific ideology,
the author argues that the same moral concern that
forced the biomedical research community to deal with
ethical issues and reappropriate common sense with
regard to consciousness and animal feeling will force the
agricultural scientific community and the livestock

industry to do likewise. Research should be directed to
helping livestock producers accommodate the new
social ethic by developing systems that reflect the eco-
nomic constraints of animal production and that are
animal friendly.

Part 2 examines in detail the issues that need to be
addressed through research in the beef, swine, dairy, veal,
and poultry industries. Surprisingly, answers to many of
the problems already exist. Acknowledging the problems
seems to be what is preventing progress in farm animal
welfare. Of concern in the swine, veal, and poultry
industries are the inherent deprivational and behav-
ioral problems of intensive confinement, where automa-
tion, the large scale of the operations, and the eco-
nomic worth of the individual animal, relative to capital
and labor costs, militate against the level of stockman-
ship associated with the extensive confinement sys-
tems characteristic of the cattle industry. In addition to
the traditional triumvirate of branding, dehorning, and
castration, concerns in the cattle industry include downer
animals, calf welfare, tail docking, mastitis, lameness,
and transportation. Extensive discussion is given to ways
of addressing the problems by rational means, such as,
the modification of existing systems, the adoption of
existing alternative systems, and the development of new
systems and methods.
As befits the middle ground, this book is in no way

condemnatory of animal agriculture or derisive of ani-
mal rights advocates. The inherent decency of the great
majority of farmers and ranchers and their concern for
the welfare of their animals are readily acknowledged,
as is the role of culture and tradition in long-accepted
management practices.

This informative, insightful, and thought-provoking
book is a "must read" for anyone associated with animal
agriculture.

Reviewed by Frank P. Baker, DVM, #1004-365
Wellington Crescent, Winnipeg, Manitoba R3M 3T4.
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