
The retroperitoneal space is a potential space within
the abdominal cavity that contains fat, loose con-

nective tissue, nerves, blood vessels (aorta and caudal
vena cava), and organs (kidneys, ureters, and adrenal
glands).1 The retroperitoneum is bordered by the
diaphragm cranially, anus caudally, peritoneum ven-
trally, epaxial muscles and vertebral bodies dorsally,
and quadratus lumborum muscles laterally.1 In dogs,
the retroperitoneal space is also continuous with the
retropleural space and mediastinum.1

Retroperitoneal sarcomas (RPSs) are rare with
only 4 cases2-5 described in the veterinary literature.
Osteosarcoma (OSA),2 hemangiosarcoma (HSA),3 and
chondrosarcoma4 have been reported in dogs, whereas
retroperitoneal lymphangiosarcoma has been described
in a calf.5 In humans, RPS is a recognized syndrome
and is defined as a mesenchymal tumor originating
from within the retroperitoneal space but not including
neoplasms arising from retroperitoneal organs, such as
the adrenal glands, kidneys, and ureters.6 Clinical signs
in humans commonly include abdominal pain and an
abdominal mass, although neurologic and gastroin-
testinal abnormalities are also reported.6,7 In humans,
the biological behavior of RPSs is often different than
that of other intra-abdominal sarcomas. Invasion into
adjacent organs and structures occurs in 10% to 30% of
cases.7 Local recurrence is reported in 20% to 85%,
although it is difficult to differentiate local recurrence
and peritoneal metastasis,8-12 and the metastatic rate to
regional lymph nodes, liver, and lungs is very low.6-13

In humans, RPSs are a heterogenous group of mes-
enchymal tumors.6 Liposarcoma, leiomyosarcoma, and
malignant fibrous histiocytoma are the most common
and account for up to 90% of all RPSs. Other histologic
types of RPSs include various soft tissue sarcomas
(STSs), rhabdomyosarcoma, synovial cell sarcoma, and
anaplastic sarcoma.6-10 Treatment options include surgi-
cal resection, chemotherapy, and radiation therapy.6

Surgery is recommended if complete resection of the
tumor is possible; however, complete resection is diffi-
cult to achieve in the retroperitoneal space, especially if
the tumor is large and invades adjacent structures.6-13

Treatment recommendations for unresectable RPSs are
not well-defined and include surgery and radiation ther-
apy, alone or in combination.6-20 Intraoperative radiation
therapy (IORT) improves control of the local tumor but
does not increase survival time.6,14-16 The role of adjuvant
external beam radiation therapy (EBRT) is controver-
sial as reports on local tumor control are conflicting and
acute toxicity to adjacent organs is a potential limiting
factor.6,7,10,14,17-20 Neoadjuvant and adjuvant chemotherapy
do not provide an obvious survival benefit.6,7,10,19

The prognosis for RPSs in humans is poor, and
prognostic factors include tumor grade and ability to
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Objective—To describe the clinical features, surgical
and histologic findings, biological behavior, and outcome
of dogs with retroperitoneal sarcomas.
Design—Retrospective study.
Animals—14 dogs.
Procedures—Medical and pathology records from 1992
to 2002  of dogs with tumors originating in the retroperi-
toneal space were reviewed. Dogs with retroperitoneal
tumors originating from the adrenal glands, kidneys, or
ureters were excluded. Inclusion criteria included obser-
vation of a tumor arising from the retroperitoneal space
during exploratory surgery or necropsy and histologic
confirmation of tumor type. Details of clinical signs, diag-
nostic findings, surgical management, and outcome
were determined from medical records and telephone
interviews with veterinarians and owners.
Results—Retroperitoneal sarcoma was diagnosed in
14 dogs, 2 at necropsy and 12 during exploratory
surgery. Hemangiosarcoma was the most common
histologic diagnosis. Seven dogs had regional exten-
sion of the sarcoma into adjacent organs, and 4 dogs
had metastatic disease. Grossly complete resection
was possible in 6 dogs. Cytoreductive surgery or inci-
sional biopsy was performed in the remaining dogs.
Two dogs were treated with palliative radiation thera-
py (1 intraoperatively and 1 postoperatively). Three
dogs received adjunctive chemotherapy, although
none completed the targeted course because of
development of local recurrence or metastatic dis-
ease. Local recurrence was reported in 2 of 12 dogs
and metastasis in 10 of 14 dogs. Thirteen dogs died or
were euthanatized as a result of the retroperitoneal
sarcoma; 1 dog was alive and disease-free 410 days
after surgery. Median survival time was 37.5 days.
Conclusions and Clinical Relevance—In dogs,
retroperitoneal sarcomas are aggressive tumors with
a high rate of local recurrence and metastasis, and a
poor survival time. (J Am Vet Med Assoc 2004;224:
1471–1477)
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achieve complete microscopic and macroscopic surgi-
cal resection.6-12,18,19 The 5-year survival rate of 69% to
92% for grade I RPSs is significantly better than 16% to
48% for grade II and III RPSs.6,8,9,13,18-20 Regardless of
grade, complete excision results in a substantial sur-
vival benefit with a 41- to 103-month median survival
time and 43% to 72% 5-year survival rate, compared
with 9 to 18 months and 3% to 33%, respectively, fol-
lowing incomplete resection.6-13,18-20 The purpose of the
study reported here was to describe the clinical fea-
tures, surgical and histologic findings, biological
behavior, and outcome of dogs with RPSs.

Criteria for Selection of Cases
Medical and pathology records of dogs with RPSs

examined at Colorado State University Veterinary
Teaching Hospital from January 1992 to June 2002
were reviewed. Inclusion criteria included observation
of a tumor arising from the retroperitoneal space dur-
ing exploratory surgery or necropsy and histologic
confirmation of tumor type. Dogs were excluded from
the study if the retroperitoneal tumor originated from
the adrenal gland, kidney, or ureter.

Procedures
Details of signalment, clinical signs, physical

examination findings, results of diagnostic tests per-
formed before surgery, surgical findings, adjunctive
treatment, and outcome after surgery were recorded.
Diagnostic tests performed before surgery included
CBC, serum biochemical analyses, and urinalysis; radi-
ography (left and right lateral and ventrodorsal views)
of the thorax; and radiography, ultrasonography, and
computed tomography (CT) of the abdomen. 

Surgery and necropsy reports were reviewed to
determine the side of retroperitoneal involvement, size
of the tumor, evidence of local extension or metastatic
disease, and gross assessment of the completeness of
resection. Clinical stage was determined by use of a
staging system (Appendix). Histologic samples were
reviewed by a single pathologist (EJE) and tumor type
and grade recorded. The number of dogs receiving
chemotherapy and radiation therapy or radiation ther-
apy alone was recorded, including chemotherapeutic
drug, dose, and number of doses administered, and
number of fractions and dose per fraction for radiation
therapy.

Outcome after surgery was determined from med-
ical records and telephone conversations with referring
veterinarians and owners. Survival time was calculated
from the time of surgery to death and did not include
dogs in which RPS was diagnosed at necropsy. The
cause of death was recorded as related or unrelated to
RPSs. Dogs that died as a result of treatment for RPSs
were included as a disease-related death.

Results
Retroperitoneal sarcomas were diagnosed in 15

dogs with 12 confirmed during exploratory surgery
and 2 confirmed at necropsy. One dog was excluded
from further analysis because a retroperitoneal OSA
was diagnosed via fine-needle aspirate only, and this
was not confirmed by histologic examination. Median

age was 9 years (range, 2 to 13 years). Of the 14 dogs,
7 were female and 7 were male. The majority of dogs
were large breeds; breeds included mixed-breed (n =
4), Golden Retriever (4), Labrador Retriever (2), and 1
each of Australian Shepherd, Brittany Spaniel, Cocker
Spaniel, and Great Pyrenees. Median weight of dogs
was 27.7 kg (60.9 lb; range, 13.6 to 42.7 kg [29.9 to
93.9 lb]).

Clinical signs were nonspecific or neurologic.
Nonspecific clinical signs included inappetence (n =
8), lethargy or collapse (7), and weight loss (2). Lower
motor neuron hind limb lameness was detected in 4
dogs, and 2 of those had neurogenic urinary inconti-
nence. Median duration of clinical signs before evalua-
tion was 1 day (range, 1 to 42 days). An abdominal
mass was detected in 6 dogs, and signs of abdominal or
retroperitoneal pain were detected in 5 dogs during
physical examination.

Complete blood count and serum biochemical
analyses were performed in all dogs. Abnormalities iden-
tified on the CBC included leukocytosis (n = 6 dogs);
mature neutrophilia (7); lymphopenia (8), anemia (10),
of which 6 were regenerative; and thrombocytopenia
(5). Morphologic abnormalities of RBCs, such as schis-
tocytes, acanthocytes, echinocytes, and polychromasia,
were detected in 7 dogs. Serum biochemical abnormali-
ties included high activities of creatine kinase (CK; n =
7), alkaline phosphatase (4), alanine amino transferase
(3), aspartate aminotransferase (AST; 9), and γ-glu-
tamyltransferase (2). Hypokalemia (n = 5), hyponatrem-
ia (3), and hypochloremia (4) were commonly detected
electrolyte disturbances. Urinalysis was performed in 9
dogs, and abnormal findings included hyposthenuria (n
= 6), microscopic or macroscopic hematuria (5), and
proteinuria (2).

Abdominal imaging was performed in all dogs. A
retroperitoneal mass was detected in all dogs examined
with radiography (n = 7), ultrasonography (12), and
CT (2; Fig 1). A large radiopaque mass in the dorsal
portion of the abdomen was a consistent finding and
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Figure 1—Sagittal computed tomography scanning image of the
caudal portion of the abdomen at the level of the sacrum in a 6-
year-old dog. Notice a large mass (M) originating from the left
retroperitoneal space displacing the colon (C) and bladder (B)
ventrally and laterally. 
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caused ventral and lateral displacement of the ipsilat-
eral kidney, bladder, and small and large intestine on
radiography (Fig 2). Ultrasonography of the abdomen
was often required to differentiate between a renal and
retroperitoneal mass. Ultrasonographic appearance of a
retroperitoneal mass varied, although most were
hyperechoic, compared with the adjacent renal cortex,
spleen, and liver, and occasionally contained multifo-
cal anechoic areas (Fig 3). Regional metastasis was sus-
pected in 1 dog on the basis of multifocal anechoic to
hypoechoic lesions observed in the spleen and liver.
Radiography of the thorax was performed in 11 dogs
for the purpose of staging the RPS, and pulmonary
metastases were detected in 3 dogs.

Exploratory surgery of the abdomen was per-
formed in 12 dogs, and necropsy was performed in 2
dogs. A retroperitoneal mass originating from the
retroperitoneal space (n = 5) or epaxial muscles (9)
within the retroperitoneal space was confirmed in all
dogs. The side of retroperitoneal involvement was

recorded in 13 dogs and included the left side (n = 9),
right side (3), and midline (1). The location of the
RPS was identified in the caudal retroperitoneal space
(n = 1), extending from the pelvic inlet to the level of
the bladder (3) or kidneys (2), extending from the
bladder to the kidney (2), or pararenal (6). The size of
the RPS was > 5 cm (n = 12 dogs), > 10 cm (7), and >
15 cm (2) in diameter. Local extension of the
retroperitoneal mass into the ipsilateral kidney (n =
3), aorta (2), paravertebral muscles (3), caudal vena
cava (1), adrenal gland (1), and the root of the mesen-
tery (1) was observed in 7 dogs. In these dogs, RPSs
were diagnosed rather than a primary renal or adrenal
tumor because the volume of the tumor was much
greater in the retroperitoneal space than the kidney or
aorta, and these organs only had focal rather than dif-
fuse involvement. Rupture of a retroperitoneal HSA
and hemoperitoneum was observed in 1 dog. Multiple
metastatic lesions to the omentum and peritoneum
were observed in 2 dogs, and 1 dog had a colocolonic
intussusception secondary to a metastatic lesion in the
colon with concurrent metastatic lesions in the liver.
One dog with suspected hepatic and splenic metas-
tases on abdominal ultrasound examination had
nodular hyperplasia of the liver and no gross splenic
abnormalities.

Complete resection of the RPS was attempted in 6
dogs, cytoreductive surgery was performed in 4 dogs,
and incisional biopsy only was performed in 2 dogs.
Colonic resection and end-to-end anastomosis was
performed in the dog with intussusception secondary
to a metastatic lesion in the colon. An adrenalectomy
was also performed in this dog, despite no evidence of
gross adrenal abnormalities, because an adrenal
pheochromocytoma was suspected due to preoperative
hypertension (170 mm Hg; reference range, 92 to 116
mm Hg) and retroperitoneal hemorrhage.21 Incisional
biopsy of the retroperitoneal mass resulted in profuse
hemorrhage, and aggressive resection was not attempt-
ed. Treatment was not attempted in another dog
because the tumor involved the root of the mesentery.
Intraoperative radiation therapy was performed in 1
dog after debulking the tumor. This dog was transport-
ed from surgery to the radiation suite. The dog was
redraped using an aseptic technique, and the retroperi-
toneal mass was isolated with laparotomy sponges
ensuring adequate retraction of the intestines, kidneys,
and ureters. An 8-cm diameter, sterile, circular plexi-
glass cone was positioned over the isolated retroperi-
toneal mass and 1 cm bolus of isotonic saline (0.9%
NaCl) solution added to the cone. The cone was then
docked to a 6-mV linear accelerator, which was used to
deliver 20 Gy radiation, with 12 MeV, to the retroperi-
toneal mass. Radiation dose was calculated by use of
skin-to-surface distance geometry with a 90% isodose
of reference. Following IORT, the dog was transported
back to surgery for abdominal lavage and routine clo-
sure of the linea alba, subcutaneous tissue, and skin.

Retroperitoneal sarcoma was confirmed histologi-
cally in all dogs. Sarcoma types included HSA (n = 9),
OSA (2), and 1 each of leiomyosarcoma, myxoid-type
peripheral nerve sheath tumor (PNST), and heman-
giopericytoma (HPC). These RPSs were graded as
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Figure 3—Ultrasonographic image of the abdomen in a 5-year-
old dog. Notice a mass in the retroperitoneal space that is pre-
dominantly hyperechoic (arrow) with hypoechoic to anechoic
areas (arrowhead).

Figure 2—Lateral radiographic view of the abdomen of a 9-year-
old dog. Notice a large, radiopaque mass (arrows) originating
from the dorsal aspect of the middle and caudal portion of the
abdomen, displacing the intestines ventrally and caudally and
the spleen cranially. 
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grade I (n = 1; HSA), grade II (5; 1 leiomyosarcoma, 1
PNST, and 3 HSA), or grade III (8; 1 HPC, 2 OSA, and
5 HSA). On the basis of imaging, surgical, and necrop-
sy findings, tumors were clinically staged as T2b-N0-
M0 (n = 10) or T2b-N0-M1 (4) RPSs. When combined
with histologic grading, 6 dogs had stage I, 4 dogs had
stage III, and 4 dogs had stage IV disease (Appendix).
All 4 dogs with metastasis at diagnosis (stage IV) had
grade III tumors (3 HSA and 1 HPC). 

Adjuvant chemotherapy was administered to 3
dogs. No dog completed the targeted number of doses
because of local recurrence or metastasis. One dog with
extraskeletal OSA received 3 of 5 targeted doses of dox-
orubicin prior to local recurrence and distant metasta-
sis, 1 dose of cisplatin after detection of local recur-
rence, and then no further chemotherapy because of
progressive disease. Two dogs with residual gross HSA
received adjuvant chemotherapy. One dog received 3 of
6 targeted doses of vincristine and cyclophosphamide
before detection of progressive disease and metastasis.
The other dog received 1 of 5 targeted doses of dox-
orubicin before ultrasonographic evidence of progres-
sive disease was identified and was then treated with
metronomic chemotherapy, consisting of piroxicam,
doxycycline, and cyclophosphamidea and palliative
EBRT, with 4 doses of 6 Gy on days 0, 7, 14, and 28.

Median survival time for dogs with RPSs was 37.5
days (range, 2 to 498 days). One dog with a grade II
leiomyosarcoma was alive and disease-free 410 days
after surgery. The remaining 13 dogs died or were
euthanatized because of progressive local disease (n =
6), local recurrence (2), or distant metastasis (10). The
lungs were the site of distant metastasis in all cases;
other metastatic sites included the peritoneum (n = 2),
intestines (1), liver (1), heart (1), and brain (1). 

Discussion
Retroperitoneal sarcomas are mesenchymal tumors

originating from within the retroperitoneal space but not
primarily involving retroperitoneal organs, such as the
adrenal glands, kidneys, or ureters.6 Retroperitoneal sar-
comas are rarely diagnosed in humans, and the lack of
recognition of this condition has resulted in misdiagno-
sis and inappropriate management with a significant
impact on local recurrence rates and survival times.7

Similarly, RPSs are not well recognized in dogs, with only
3 cases reported in the veterinary literature since 1969. In
the study reported here, 14 dogs had RPSs during a 10-
year period, which emphasizes the rarity of this tumor
and provides information to potentially improve the
diagnosis, management, and outcome of dogs with RPSs.

The most common histologic types of RPSs in
humans are liposarcoma, leiomyosarcoma, and malig-
nant fibrous histiocytoma.6-10 In contrast, HSA was the
most common RPS in dogs, accounting for 9 of the 14
cases, followed by extraskeletal OSA. Retroperitoneal
HSA and OSA are rare in humans.22,23 Nonvisceral
leiomyosarcoma is rare in the dog,24 although 1 case
was reported in the present series.

Clinical signs of dogs and humans with RPSs were
similar. Most dogs had nonspecific clinical signs such as
inappetence, weight loss, lethargy, signs of abdominal
pain, and an abdominal mass. These clinical signs are

also common in dogs with a variety of other intra-
abdominal neoplasms including hepatic, renal, and
splenic tumors.25-27 Tumors originating in the retroperi-
toneal space are bordered by the vertebral column, par-
avertebral musculature, and abdominal organs.1 As a
result, RPSs can become very large prior to detection,
and these clinical signs are most likely the result of
tumor size, compression or invasion of adjacent anatom-
ic structures, and distension of the peritoneum.7 In some
dogs, it was difficult to classify retroperitoneal masses as
an RPS because of renal or adrenal involvement. In these
dogs, RPS was diagnosed because tumor volume was
greater in the retroperitoneal space and organ involve-
ment was focal rather than diffuse. 

Four dogs with hind limb lameness had mono-
paresis secondary to unilateral sciatic neuropathy. A
malignant PNST is suspected until proven otherwise in
humans with RPSs and neurologic signs.7 In contrast,
in the study reported here, peripheral neuropathy was
presumably associated with compression or invasion of
the vertebral nerve roots of the sciatic nerve and not
tumor type because none of the 4 dogs with neurolog-
ic signs had PNST. The lumbosacral plexus, femoral
nerve, and obturator nerve can also be affected in
humans with RPSs.7 Lower motor neuron paralysis of
the bladder was detected in 2 dogs with sciatic neu-
ropathy, and this finding is consistent with multiple
nerve root involvement, especially if the tumor extends
into the caudal retroperitoneal space and invades the
paravertebral muscles adjacent to the caudal lumbar
and sacral vertebral bodies, or vertebral canal.

Anemia, morphologic changes in RBC, and throm-
bocytopenia were frequent hematologic abnormalities
in dogs with RPSs. These findings are commonly
reported in dogs with visceral HSA.28 Proposed causes
of morphologic changes in RBCs include chronic iron
deficiency, altered hepatic lipoprotein metabolism, dis-
seminated intravascular coagulation, and sluggish flow
through abnormal vascular channels causing increased
membrane fragility.28 In dogs with HSA, anemia and
thrombocytopenia develop secondary to blood loss
from tumor rupture, disseminated intravascular coagu-
lation, or Kasabach-Merritt syndrome.28

Serum biochemical abnormalities included increases
in CK and AST. Aspartate aminotransferase can be
increased in dogs with liver or muscle disease, whereas
CK is a muscle-specific enzyme.29 Increases in CK and
AST activity without concomitant liver enzyme abnor-
malities are indicative of muscle damage.29 This is an
important consideration in the surgical management of
dogs with RPSs because the ability to achieve complete
resection of RPSs is limited by invasion into the paraver-
tebral muscles. Dogs with RPSs and high CK or AST
activity may be poor surgical candidates.6-9

Abdominal imaging was performed by use of radiog-
raphy, ultrasonography, or CT. Similar to humans with
RPSs,7 a retroperitoneal mass was always imaged regard-
less of the technique. There are minor differences in the
radiographic appearance of RPSs in dogs and humans. In
humans, RPSs often appear as a heterogenous mass, pri-
marily solid with areas of liquefaction,7 whereas RPSs in
dogs were solid and radiopaque. Displacement of adja-
cent abdominal organs, such as the liver, gastrointestinal
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tract, kidneys, or urinary bladder, is a common radi-
ographic finding in dogs and humans with RPSs.7

Abdominal ultrasonography and CT were useful in plan-
ning the surgical management of RPSs by differentiating
retroperitoneal and renal masses and defining the extent
of disease. In humans, the presence of a retroperitoneal
mass on abdominal imaging is suggestive of RPSs.7

Ultrasonography, CT-guided aspirates, or needle-core
biopsies are not recommended in humans because of the
high risk of tumor seeding and increased potential for
local recurrence and decreased survival time.7,9

Surgery is the principal form of treatment for
humans with RPSs. Curative-intent surgery is recom-
mended if local resection is possible and there is no evi-
dence of metastatic disease.6-13,18-20 However, as there is no
survival benefit to incomplete resection, surgery is not
recommended if complete excision is considered unlike-
ly.7 Complete excision is complicated by adherence,
encompassment, or invasion of RPSs into adjacent struc-
tures in 31% to 75% of cases.6-9 The rate of complete
resection, which varies between 35% to 100%,8-14 is dra-
matically improved by an aggressive approach involving
en bloc resection of adjacent organs, muscle, and osseous
structures, including segments of the vertebral bodies
and pelvis.7,11,12,14 In the present study, adjacent anatomic
structures were involved with the RPSs in 7 of 14 dogs,
and the RPS was completely excised in 6 of the 12 dogs
treated with surgery. These poor results reflect early
reports in the human literature when a more tentative
surgical approach was often used by means of surgical
biopsy or tumor debulking rather than curative-intent
resection. However, in contrast to RPSs in humans, the
most common type of RPS in dogs was HSA, and these
often originated from and diffusely involved the paraver-
tebral muscles, which compromised the ability to achieve
complete resection.7,13 The biological behavior of
retroperitoneal HSA in dogs is similar to stage III cuta-
neous HSA, defined as a primary HSA with underlying
muscular involvement, with poorly defined margins, low
rate of complete excision, and high rates of local recur-
rence and metastasis.30 In dogs with stage III cutaneous
HSA, complete excision was only achieved with wide
surgical resection.30 Radical excision of RPS with diffuse
paravertebral muscle involvement would involve
removal of segments of lumbar and sacral vertebral bod-
ies resulting in a decreased quality of life with the risk of
vertebral column instability and neurologic dysfunction.
The rate of complete resection in the study reported here
was low because, unlike RPS in humans, resection was
not limited by invasion of adjacent abdominal organs but
rather diffuse involvement of paravertebral musculature.

Local recurrence is the most common cause of
death following surgical resection of RPSs.7,12 In
humans, local recurrence is reported in 20% to 85% of
cases,8-12 which is similar to the 17% of dogs with local
recurrence in the present study. The most likely cause
of local recurrence in dogs with RPSs was incomplete
excision as recurrent disease is common following
incomplete excision of stage III cutaneous HSA in
dogs.30 In humans, the rate of local recurrence is the
same following complete and incomplete resection,
although the disease-free interval is substantially
longer following complete excision.9 Because only 6 of

12 dogs had complete gross resection of the RPS, a con-
clusion cannot be made on whether local recurrence
rates differ with the completeness of resection in dogs.
In humans, recurrent disease is treated with a second
attempt at surgical resection as the rate of complete
resection, local recurrence, and survival time is similar
to initial surgical management of RPSs.10,11

The role of radiation therapy in reducing the inci-
dence of local recurrence is controversial and conflict-
ing. Disease-free intervals are improved with adjuvant
EBRT in certain reports.10,20 However, this effect is dose-
dependent,17 and the cumulative doses of radiation
required to substantially reduce local recurrence rates
result in unacceptably high rates of radiation-induced
enteritis and peripheral neuropathy.14,15 Neoadjuvant
EBRT warrants investigation as potential benefits
include decreased risk of acute toxicity because of dis-
placement of radiation-sensitive organs by the large
tumor volume, downstaging of disease resulting in a
greater ability to completely resect RPSs, and steriliza-
tion of tumor cells that decreases the risk of tumor seed-
ing and local recurrence.16 An alternative and promising
approach is the use of IORT in combination with mod-
erate doses of fractionated EBRT.6,14-16 Radiation therapy
was used in 2 dogs in the present study with no appar-
ent survival benefit; IORT was performed in 1 dog with
incompletely resected retroperitoneal HSA, and pallia-
tive EBRT was performed in another dog with local
recurrence. A conclusion cannot be made on the benefit
of radiation therapy in dogs with RPSs on the basis of
these 2 dogs with suboptimal doses of radiation. 

Adjuvant chemotherapy is not beneficial in reduc-
ing the rate of local recurrence or improving survival
time in humans with RPSs.6,7,10,14,19 Chemotherapy, con-
sisting of doxorubicin or vincristine and cyclophos-
phamide, was administered to 1 dog with extraskeletal
OSA and 2 dogs with HSA, but did not have an appar-
ent impact on local recurrence, metastasis, or survival.
In the present study, 9 dogs had HSA and 2 dogs had
OSA. Adjuvant chemotherapy substantially improves
survival times in dogs with extraskeletal OSA and non-
metastatic visceral HSA following complete resection.31-

33 Hence, chemotherapy is recommended in dogs with
RPS, especially after complete gross resection of a
retroperitoneal HSA or OSA.

Tumor grade and complete gross resection are the
most important and consistent prognostic factors in
humans with RPSs.6-13,18-20 Age,10,20 histologic type of
tumor other than liposarcoma,10 tumor necrosis sec-
ondary to infection from contamination from intestinal
contents or hematogenous spread,34 incomplete micro-
scopic excision,19 large tumor size,19 tumor invasion into
retroperitoneal structures,8 and metastasis at the time of
diagnosis8 are other less commonly reported prognostic
factors. Statistical analysis was not performed to identi-
fy prognostic factors in dogs with RPSs as all deaths were
related to the RPS and the sample population was small.
However, neoplastic extension into the sublumbar mus-
cles and histologic type and grade of the tumor appeared
to influence survival in dogs with RPSs. Neoplastic inva-
sion into adjacent structures, particularly sublumbar
muscles, limited the ability to achieve complete surgical
resection and resulted in local recurrence or progressive
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disease. Hemangiosarcoma accounted for 8 of the 10
dogs with metastatic RPSs, and metastasis was present in
8 of the 9 dogs with retroperitoneal HSA, of which 5
were grade III. Grade III RPSs were diagnosed in all 4
dogs with metastasis at diagnosis and in 6 of 8 dogs that
developed metastasis during the course of disease.

Median survival time of dogs with RPSs was 37.5
days. Thirteen dogs died from disease- or treatment-relat-
ed causes, and only 1 dog was alive and disease-free after
a follow-up time of 410 days. Local recurrence was report-
ed in 2 of 12 dogs and metastasis in 10 of 14 dogs. The
metastatic rate in dogs is higher than that reported in
humans with RPSs and dogs with cutaneous STS.6-20,33,35-37

This may be because of the different types of sarcomas
diagnosed in dogs with RPSs. The biological behavior of
RPSs in humans is similar to STSs on the extremities,
with a high rate of local recurrence and a low metastatic
rate.6-20,35-37 In contrast, HSA and OSA were the most com-
mon types of RPSs diagnosed in dogs in our study.
Hemangiosarcoma and extraskeletal OSA have a different
and more aggressive biological behavior with a poorer
prognosis than other types of STSs, which may account
for the higher metastatic rate in dogs with RPSs.28,30-33,38,39

In dogs, the histologic types of RPSs are different
from that in humans. Hemangiosarcoma was the most
common tumor type, compared with liposarcoma,
leiomyosarcoma, and malignant fibrous histiocytoma in
humans.6-10 The difference in histologic types of RPSs may
account for the aggressive behavior of RPS in dogs, with
frequent invasion into regional structures, difficulty in
achieving complete surgical resection, poor response to
adjuvant therapy, high rate of distant metastasis, and poor
survival times. Treatment recommendations for RPSs in
dogs are difficult to determine on the basis of these find-
ings; however, multimodality management with surgery,
IORT, EBRT, and chemotherapy warrants consideration.

aKnapp DW, School of Veterinary Medicine, Purdue University, West
Lafayette, Ind: Personal communication, 2003. 

References
1. Johnston DE, Christie BA. The retroperitoneum in dogs:

anatomy and clinical significance. Compend Contin Educ Pract Vet
1990;12:1027–1033, 1055.

2. Salm R, Mayes SEV. Retroperitoneal osteosarcoma in a dog.
Vet Rec 1969;85:651–653.

3. Sorenmo K, Duda L, Barber L, et al. Canine hemangiosarcoma
treated with standard chemotherapy and minocycline. J Vet Intern Med
2000;14:395–398.

4. Munday JS, Prahl A. Retroperitoneal extraskeletal mes-
enchymal chondrosarcoma in a dog. J Vet Diagn Invest 2002;14:
498–500.

5. Zezza L, dos Santos PCG, Bachuur ES. Retroperitoneal lym-
phangiosarcoma in a calf. Ciencias 1997;6:165–169.

6. Herman K, Kusy T. Retroperitoneal sarcoma—the contin-
ued challenge for surgery and oncology. Surg Oncol 1999;7:77–81.

7. Spillane AJ. Retroperitoneal sarcoma: time for a change in
attitude? Aust N Z J Surg 2001;71:303–308.

8. Dalton RR, Donohue JH, Mucha P, et al. Management of
retroperitoneal sarcomas. Surgery 1989;106:725–733.

9. Alvarenga JC, Ball ABS, Fisher C, et al. Limitations of
surgery in the treatment of retroperitoneal sarcoma. Br J Surg 1991;
78:912–916.

10. Catton CN, O’Sullivan B, Kotwall C, et al. Outcome and
prognosis in retroperitoneal soft tissue sarcoma. Int J Radiat Oncol
Biol Phys 1994;29:1005–1010.

11. Karakousis CP, Gerstenbluth R, Kontzoglou K, et al.
Retroperitoneal sarcomas and their management. Arch Surg 1995;
130:1104–1109.

12. Lewis JJ, Leung D, Woodruff JM, et al. Retroperitoneal soft-
tissue sarcoma: analysis of 500 patients treated and followed at a sin-
gle institution. Ann Surg 1998;228:355–365.

13. Jenkins MP, Alvarenga JC, Thomas JM. The management of
retroperitoneal soft tissue sarcomas. Eur J Cancer 1996;32A:622–626.

14. Glenn J, Sindelar WF, Kinsella T, et al. Results of multi-
modality therapy of resectable soft-tissue sarcomas of the retroperi-
toneum. Surgery 1985;97:316–325.

15. Alektiar KM, Hu K, Anderson L, et al. High dose rate intra-
operative radiation therapy (HDR-IORT) for retroperitoneal sarco-
mas. Int J Radiat Biol Phys 2000;47:157–163.

16. Willett CG. Intraoperative radiation therapy. Int J Clin Oncol
2001;6:209–214.

17. Tepper JE, Suit HD, Wood WC, et al. Radiation therapy of
retroperitoneal soft tissue sarcomas. Int J Radiat Oncol Biol Phys
1984;10:825–830.

18. Bevilacqua RG, Rogatko A, Hajdu SI, et al. Prognostic fac-
tors in primary retroperitoneal soft-tissue sarcomas. Arch Surg 1991;
126:328–334.

19. Singer S, Corson JM, Demetri GD, et al. Prognostic factors
predictive of survival for truncal and retroperitoneal soft-tissue sar-
coma. Ann Surg 1995;221:185–195.

20. Heslin MJ, Lewis JJ, Nadler E, et al. Prognostic factors asso-
ciated with long-term survival for retroperitoneal sarcoma: implica-
tions for management. J Clin Oncol 1997;15:2832–2839.

21. Whittemore JC, Preston CA, Kyles AE, et al. Nontraumatic
rupture of an adrenal gland tumor causing intra-abdominal or
retroperitoneal hemorrhage in four dogs. J Am Vet Med Assoc 2001;
219:329–333.

22. Scialpi M, Galasso C, Di Maggio A, et al. Primary retroperi-
toneal angiosarcoma: MR imaging features. Eur Radiol 2001;11:
791–795.

23. van Rijswijk CS, Lieng JG, Kroon HM, et al. Retroperitoneal
extraskeletal osteosarcoma. J Clin Pathol 2001;54:77–78.

24. Kapatkin AS, Mullen HS, Matthiesen DT, et al. Leiomyo-
sarcoma in dogs: 44 cases (1983–1988). J Am Vet Med Assoc
1992;201:1077–1079.

25. Klein MK, Cockerell GL, Harris CK, et al. Canine primary
renal neoplasms: a retrospective review of 54 cases. J Am Anim Hosp
Assoc 1988;24:443–452.

26. Prymak C, McKee LJ, Goldschmidt MH, et al. Epidemio-
logic, clinical, pathologic, and prognostic characteristics of splenic
hemangiosarcoma and splenic hematoma in dogs: 217 cases (1985).
J Am Vet Med Assoc 1988;193:706–712.

1476 Scientific Reports: Retrospective Study JAVMA, Vol 224, No. 9, May 1, 2004

S
M
A
L
L
A
N
IM
A
L
S

Primary tumor (T)
T0 No evidence of primary tumor
T1a or b Tumor diameter � 5 cm
T2a or b Tumor diameter � 5 cm

Regional lymph node (N)
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis

Histologic grade
G1 Well-differentiated (grade I)
G2 Moderately differentiated (grade II)
G3 Poorly differentiated (grade III)

Clinical staging
Stage I Any T N0 M0 G1-2
Stage II T1a or b or T2a* N0 M0 G3
Stage III T2b* N0 M0 G3
Stage IV Any T N1 M0 G1-3

Any T N0 M1 G1-3

*a = Noninvasive tumor. b = Invasive tumor.

Appendix 
Staging criteria for retroperitoneal sarcomas in dogs
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