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Abstract. Although synovial cell sarcoma is reported to be the most common neoplasm of the canine
synovium, this retrospective study of 35 canine synovial tumors found that the majority were of histiocytic
origin. Five (14.3%) synovial cell sarcomas were identied by positive immunohistochemical staining with
antibodies to cytokeratin. Eighteen (51.4%) histiocytic sarcomas were identied by cell morphology and im-
munohistochemical staining with antibodies to CD18. Six (17.1%) synovial myxomas were identied by his-
tologic pattern. The remaining six (17.1%) synovial tumors represented a variety of sarcomas, including two
malignant brous histiocytomas (actin positive), one brosarcoma, one chondrosarcoma, and two undifferen-
tiated sarcomas. Rottweilers were overrepresented in the histiocytic sarcoma category and Doberman Pinschers
were overrepresented in the synovial myxoma category. The average survival time was 31.8 months for dogs
with synovial cell sarcoma, 5.3 months for dogs with histiocytic sarcoma, 30.7 months for dogs with synovial
myxoma, and 3.5 months for dogs with other sarcomas. Among the dogs with follow-up information available,
metastatic disease was detected in 25% of dogs with synovial cell sarcoma, in 91% of dogs with histiocytic
sarcoma, in none of the dogs with synovial myxoma, and in 100% of dogs with other sarcomas. Immunohis-
tochemical staining for cytokeratin, CD18, and smooth muscle actin is recommended to make the diagnosis
and thereby predict the behavior of synovial tumors in dogs.
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Synovial cell sarcoma (SCS) is reported to be the
most common joint tumor of dogs.20,22,27 Excellent re-
views of the radiographic, histologic, and behavioral
features of this tumor in dogs have been pub-
lished.12,15,20,24 These tumors typically occur in the large
joints of the extremities (especially the stie) in mid-
dle-aged, large-breed dogs.12,14 The histologic appear-
ance is described as monophasic (spindle) or biphasic
with both spindle cell and epithelioid components.12,20
Positive cytokeratin staining of the epithelioid com-
ponent has been associated with a good prognosis in
dogs.24
Normal synovium consists of a single or double lay-

er of synoviocytes above a loose connective tissue lay-
er containing adipocytes, broblasts, histiocytes, and
blood vessels. The synoviocytes have been classically
divided into type A (phagocytic function) and type B
(synovial uid synthesis function). However, immu-
nohistochemistry has shown three distinct populations:
type 1, phagocytic macrophages; type 2, antigen-pre-
senting dendritic cells; and type 3, broblast-like mes-
enchymal cells that produce glyosaminoglycans (for-
merly type B cells).25 Theoretically, a neoplasm could
arise from any of these cell types.
In humans, the diagnosis of SCS is based on his-

topathology, immunohistochemistry, and cytogenetics.

The monophasic variant is the most common form and
immunohistochemistry for cytokeratin is used to dif-
ferentiate these from other spindle cell sarcomas.13,23
In addition, 90% of human SCSs have a specic trans-
location involving chromosomes X and 18.2,6,25 This
molecular marker is especially useful in identifying the
5�–15% of human SCSs that are not associated with
joints or tendon sheaths. These are thought to arise
from primitive mesenchymal cells similar to type 3
synovial cells.2,6
Other joint tumors reported in dogs include bro-

sarcoma, rhabdomyosarcoma, osteosarcoma, malig-
nant brous histiocytoma (MFH), liposarcoma, he-
mangiosarcoma, myxoma, malignant giant cell tumor
of soft tissue, and undifferentiated sarcoma.20,27 Re-
cently, histiocytic sarcomas have been reported in the
periarticular tissue of large appendicular joints.17

Materials and Methods
The records of the University of Pennsylvania School of

Veterinary Medicine surgical biopsy service were searched
for synovial tumors diagnosed between 1993 and 2000. Only
those cases seen by the Veterinary Hospital of the University
of Pennsylvania and two referral hospitals were included to
simplify medical record retrieval. Medical records were re-
viewed for breed, sex, age, weight, radiographic ndings,
surgical biopsy site, treatment, and outcome. The presence
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or absence of metastatic disease was determined by radiog-
raphy, cytology, ultrasound, necropsy, or a combination of
these. However, the cases in which metastatic disease was
detected by radiographs or ultrasound were not all conrmed
by histopathology as synovial tumor metastases.
All tissues were identied as intra-articular at surgery or

necropsy. Tissues were submitted xed in 10% neutral buff-
ered formalin, embedded in parafn, and 5-!m sections were
stained with hematoxylin and eosin (HE). Tumors identied
as myxomatous on HE were also stained with Alcian blue
(1% Alcian blue in 3% acetic acid, pH 2.5).
Immunohistochemistry for cytokeratin (AE1/AE3 and

CAM 5.2), vimentin, smooth muscle actin, CD3, CD18, and
MAC387 was performed on formalin-xed, parafn-embed-
ded 5-!m sections using a Autostainer Immunostaining Sys-
tem (DAKO, Carpinteria, CA). The slides were placed in a
60 C oven for 60 minutes then deparafnized. Some of the
antibodies required pretreatment with Proteinase K for 5
minutes (AE1/AE3, CAM 5.2, CD3, and MAC387). The
CD18 slides were pretreated for 5 minutes with a protein
block (CSA, DAKO). The slides were incubated for 30 min-
utes with the monoclonal antibodies AE1/AE3 (Boehringer
Mannheim, Indianapolis, IN) at 1 : 500, CAM 5.2 (Becton
Dickinson, San Jose, CA) at 1:20, vimentin (DAKO) at 1:30,
actin (DAKO) at 1:25, CD18 (Dr. P. F. Moore, University of
California, Davis) at 1:25, and MAC387 (DAKO) at 1:1,600,
and for 10 minutes with the polyclonal antibody CD3 (DAKO)
at 1:100. A two-step non�–avidin�–biotin detection method (EN-
VISION", DAKO) was used for the vimentin, CAM 5.2, and
AE1/AE3 antibodies. A labeled streptavidin�–peroxidase meth-
od (LSAB", DAKO), was used for the CD3, actin, and MAC
387 antibodies. A peroxidase-catalyzed signal amplication
method (CSA, DAKO) was used for the CD18 antibody.
The Kaplan-Meier product limit method was used to es-

timate the portion of dogs that were alive or that had died
in each histologic grouping (Stata 7.0 for Windows, College
Station, TX). Statistical differences in survival among his-
tologic groups were assessed by the log rank test. Addition-
ally, analysis of variance was used to compare differences
in age and weight among the histologic groups and the chi-
square test was used to compare metastasis. Fisher�’s exact
test was used to compare breed differences of synovial tu-
mors to the surgical biopsy population. Statistical signi-
cance was dened as P # 0.05. These analyses were per-
formed using SAS statistical software (SAS Institute Inc.,
Version 8.0, Cary, NC).

Results
Synovial cell sarcoma

Five (14.3%) of the synovial tumors were identied
as SCSs by positive staining with the cytokeratin an-
tibody AE1/AE3. The SCS cells were regularly spaced
with oval nuclei, smooth chromatin, and central nucle-
oli. The cells were spindle shaped with indistinct cell
borders and variable amounts of eosinophilic brillar
cytoplasm and stroma (Fig. 1). They occasionally
formed concentric rings around medium-sized blood
vessels. The cytokeratin staining was limited to small

clusters of cells constituting less than 10% of the neo-
plastic cells (Fig. 2). These small clusters had the same
spindle shape as the cells that did not stain with cy-
tokeratin. No epithelioid or glandular structures were
identied by HE staining or cytokeratin staining. The
overlying synovial membrane cells did not stain for
cytokeratin. The SCSs also stained diffusely positive
for vimentin, but were negative for all other antibodies
tested, including CAM 5.2.
The site, breed, treatment, metastatic behavior, and

survival of the dogs with SCSs are listed in Table 1.
The average weight of affected dogs was 33.8 kg with
a range of 8�–60 kg. Three of the dogs were castrated
males, one was an intact male, and one was a spayed
female. The average age at time of diagnosis was 9.3
years, with a range of 7�–12 years.
The average time from diagnosis to death or eutha-

nasia of the dogs with SCSs was 31.8 months with a
range of 0�–74 months. Dog No. 1 was euthanatized at
the time of diagnosis and a complete necropsy did not
detect metastasis. Lung metastases were detected by
radiographs at the time of euthanasia (4 months after
diagnosis) in dog No. 2. Dog No. 3 died at home of
unknown causes 15 months after diagnosis. Dog Nos.
4 and 5 were euthanatized 74 and 66 months after
diagnosis, respectively, for reasons unrelated to the
primary neoplasia or metastatic disease. Of the four
dogs with SCS with denitive follow-up information,
only one had evidence of metastatic disease.

Histiocytic sarcoma

Eighteen (51.4%) of the synovial tumors were iden-
tied as histiocytic sarcomas by cell morphology and
positive staining with CD18 antibody. Most of the his-
tiocytic sarcomas contained areas of spindle-shaped
cells as well as round cells. The cell morphology was
very anaplastic in the histiocytic sarcomas, with large
pleomorphic nuclei and coarse chromatin. The cyto-
plasm was abundant and varied from smooth and
brightly eosinophilic to brillar to vacuolated (Fig. 3).
The immunohistochemical staining for CD18 was
sparsely punctate to densely punctate and coalescing
along cell borders (Fig. 4). The staining was strongest
in areas where the neoplastic cells were round and
multinucleated. The neoplastic cells were positive for
vimentin, but negative for all other antibodies tested,
including MAC387.
The site, breed, treatment, metastatic behavior, and

survival of the dogs with histiocytic sarcomas are list-
ed in Table 2. Eleven (61%) of the dogs with histio-
cytic sarcomas were Rottweilers. This is signicantly
more than expected (P # 0.01). The average weight
of affected dogs was 43.1 kg with a range of 11.2�–
65.4 kg. The average age at time of diagnosis was 7.5
years with a range of 3�–13 years. No sex predilection
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Fig. 1. Carpus; synovial cell sarcoma; dog No. 1. The cells are spindle shaped with indistinct cell borders and variable
amounts of eosinophilic brillar stroma and oval nuclei with smooth chromatin and central nucleoli. HE. Bar $ 40 !m.

Fig. 2. Tarsus; synovial cell sarcoma; dog No. 3. The cytoplasmic cytokeratin staining is limited to small clusters of
cells that are otherwise indistinguishable from the surrounding cells. Immunohistochemistry for cytokeratin (AE1/AE3)
with hematoxylin counterstain. Bar $ 48 !m.

Fig. 3. Stie; histiocytic sarcoma; dog No. 11. The neoplastic cells are large with abundant eosinophilic cytoplasm and
pleomorphic nuclei with coarse chromatin. Notice the neutrophils and lymphocytes between the neoplastic cells. HE. Bar
$ 40 !m.

Fig. 4. Stie; histiocytic sarcoma; dog No. 11. The CD18 staining is punctate to coalescing along cell borders. Im-
munohistochemistry for CD18 with hematoxylin counterstain. Bar $ 40 !m.

Fig. 5. Stie; synovial myxoma; dog No. 28. The tumor consists of multiple myxomatous islands of variable sizes
separated by collagenous septa. HE. Bar $ 387 !m.

Fig. 6. Stie; synovial myxoma; dog No. 29. The stellate cells are widely separated in a mucinous stroma. HE. Bar $
40 !m.

 by guest on May 6, 2011vet.sagepub.comDownloaded from 

http://vet.sagepub.com/


Vet Pathol 39:1, 2002 69Canine Synovial Tumors

Table 1. The breed, site, treatment, and outcome of ve dogs with synovial cell sarcomas.

Dog
No. Breed Site Treatment Metastases

Survival
(months)

1
2
3
4
5

Saint Bernard
Samoyed
Mixed breed
Mixed breed
Dachshund

Carpus
Tarsus
Tarsus
Stie
Stie

Euthanasia
Chemotherapy then amputation
Amputation
Amputation
Amputation

None
Lung
None
Unknown
None

0
4
74
15
66

Table 2. The breed, site, treatment, and outcome of 18 dogs with histiocytic sarcomas of the synovium.

Dog
No. Breed Site Treatment Metastasis

Survival
(months)

6
7

8
9

Rottweiler
Rottweiler

Rottweiler
Rottweiler

Carpus
Elbow

Elbow
Stie

Amputation
Euthanasia

Amputation
Euthanasia

Lung
Lymph nodes, liver, lung,
spleen, other organs
Lymph nodes
Lymph nodes, liver

6
0.7

0.5
0

10
11
12
13

Rottweiler
Rottweiler
Rottweiler
Rottweiler

Stie
Stie
Stie
Stie

Prednisolone
Amputation
Chemotherapy
Amputation then
chemotherapy

Unknown
Lung
Unknown
Unknown

3.2
3
4
13

14
15
16

17

Rottweiler
Rottweiler
Rottweiler

Mixed breed

Stie
Stie
Stie

Stie

Amputation
Chemotherapy
Euthanasia

Amputation

Liver, spleen
Unknown
Lymph nodes, liver, lung,
spleen, other organs
Lung

7
3
0

6
18

19

20

Labrador Retriever cross

Labrador Retriever

Labrador Retriever

Stie

Elbow

Elbow

Amputation then
chemotherapy
Amputation then
chemotherapy
Chemotherapy

Liver

Unknown

No local spread

12

2

16
21

22

23

Golden Retriever

Doberman Pinscher

Bernese Mountain Dog

Elbow

Coxofemoral

Stie

Synovectomy then
chemotherapy
Amputation then
radiation
Chemotherapy

Lymph nodes, lung,
subcutis
Unknown

Unknown

12

4.5

0.5

was found for histiocytic sarcomas (six castrated
males, four intact males, ve spayed females, and one
intact female).
Numerous inammatory cells including CD3-posi-

tive T lymphocytes and MAC387-positive neutrophils
and macrophages were distributed throughout the his-
tiocytic sarcomas. The adjacent synovium also was of-
ten severely inamed and contained inltrates of lym-
phocytes, plasma cells, and macrophages. Eleven
(61%) of the histiocytic sarcomas were in the stie
(eight Rottweilers, one Bernese Mountain Dog, and
two mixed-breed dogs). Six (54.5%) of the dogs with
stie histiocytic sarcomas had a history of cranial cru-
ciate ligament rupture in the same joint, including ve
Rottweilers (dog Nos. 10, 12, 13, 14, and 16) and one
Labrador Retriever cross (dog No. 18). One of the

Rottweilers (dog No. 16) had evidence of bilateral sur-
gical repair of cranial cruciate ligament rupture at nec-
ropsy.
The average time from diagnosis to death or eutha-

nasia was 5.3 months with a range of 0�–16 months.
Eleven of the 18 dogs with histiocytic sarcoma had
follow-up information available regarding metastatic
disease in the form of radiographs, lymph node cytol-
ogy, ultrasound, or necropsy. Ten of those 11 (91%)
had evidence of metastatic spread. The lungs, lymph
nodes, and liver were the most common metastatic
sites. The remaining dog (dog No. 20) was euthana-
tized for local spread of the primary tumor. Therefore,
all of the dogs with histiocytic sarcoma for which fol-
low-up information was available died or were eu-
thanatized for reasons related to that neoplasm.
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Table 3. The breed, site, treatment, and outcome of 18 dogs with synovial myxomas.

Dog No. Breed Site Treatment Metastasis Survival (months)

24
25
26
27
28
29

Miniature Poodle
Labrador Retriever
Doberman Pinscher cross
Doberman Pinscher cross
Doberman Pinscher
Doberman Pinscher

Stie
Tarsus
Carpus
Stie
Stie
Stie

Biopsy only
Amputation
Biopsy only
Chemotherapy
Amputation
Chemotherapy

None
None
None
None
None
None

24" (alive)
72" (alive)
24
60" (alive)
38
8

Table 4. The diagnosis, breed, site treatment, and outcome of six dogs with other sarcomas of the synovium.

Dog
No. Diagnosis Breed Site Treatment Metastasis

Survival
(months)

30

31
32
33
34
35

MFH*

MFH
Fibrosarcoma
Chondrosarcoma
Undifferentiated sarcoma
Undifferentiated sarcoma

Golden Retriever

Airedale Terrier
Labrador Retriever
Mixed breed
Samoyed
Retriever cross

Tarsus

Tarsus
Tarsus
Stie
Tarsus
Stie

Amputation then
chemotherapy
Euthanasia
None
Chemotherapy
Amputation
None

Lung

Lymph nodes, lung
Unknown
Unknown
Liver, spleen
Unknown

6.5

0
6
1.7
6.5
0.5

* MFH $ malignant brous histiocytoma.

Synovial myxoma

Six (17.1%) of the synovial tumors were identied
as myxomas by their unique histologic appearance.
These tumors consisted of multiple myxomatous is-
lands (Fig. 5) containing widely separated stellate cells
(Fig. 6). The overlying synovial membrane was often
hyperplastic. The myxomatous islands extended into
the bone on either side of the joint, resulting in areas
of bony lysis radiographically and histologically. The
myxomatous nature of the tumors was conrmed by
positive staining with Alcian blue. These tumors also
stained with vimentin, but were negative for all other
antibodies tested.
The site, breed, treatment, metastatic behavior, and

survival of the dogs with synovial myxomas are listed
in Table 3. Four (66.7%) of the dogs with synovial
myxomas were Dobermans or Doberman crosses. This
is signicantly more than expected (P # 0.0001). The
most common site for the synovial myxoma was the
stie (four of six; 66.7%), with one tumor each in the
tarsus and carpus. The average weight of affected dogs
was 31.8 kg with a range of 5�–46.3 kg. The average
age at time of diagnosis was 9.2 years with a range of
6�–13 years. No sex predilection was found for syno-
vial myxomas (one castrated male, two intact males,
one spayed female, and two intact females).
The average time from diagnosis to death or eutha-

nasia of the dogs with synovial myxomas was 30.7
months with a range of 8�–72 months. Three of the
dogs are still alive 2, 5, and 6 years after diagnosis.
The dog with the shortest survival (8 months) was a

Doberman Pinscher (dog No. 29) that was treated with
ve cycles doxorubicin and died at home at the age of
11 years of unknown causes. No evidence was found
that the synovial myxoma was the cause of death or
euthanasia in any of these dogs.

Other sarcomas

In two dogs (dog Nos. 30 and 31), the neoplastic
cells stained only with antibodies to vimentin and ac-
tin. These tumors were made up of large polygonal to
spindle-shaped cells arranged in a storiform pattern.
These were diagnosed as MFH. The remaining four
synovial tumors stained only with antibodies to vi-
mentin. One dog (dog No. 32) had a distinct herring-
bone pattern of spindle cells that was consistent with
brosarcoma. Another dog (dog No. 33) had areas of
myxomatous and chondromatous differentiation that
were consistent with chondrosarcoma. The remaining
two sarcomas consisted of small plump spindle cells
with scant cytoplasm. These were diagnosed as undif-
ferentiated sarcomas.
The site, breed, treatment, metastatic behavior, and

survival of dogs with other sarcomas are listed in Ta-
ble 4. Four tumors were in the tarsal joint and two
were in the stie. The average weight of affected dogs
was 36.7 kg with a range of 24�–54 kg. The average
age at time of diagnosis was 7.8 years with a range of
4�–11 years. Four of the dogs were castrated males, one
was an intact male, and one was a spayed female.
The average time from diagnosis to death or eutha-

nasia was 3.5 months with a range of 0�–6.5 months.
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Fig. 7. Kaplan-Meier survival graph of dogs with sy-
novial myxoma, synovial cell sarcoma, or histiocytic sar-
coma of the synovium.

Of the three dogs with follow-up information, all three
had metastatic disease (both dogs with MFHs and one
of the dogs with undifferentiated sarcoma).

Group comparisons

The low-magnication patterns of the SCS, histio-
cytic sarcoma, malignant brous histiocytoma, and
other sarcomas were remarkably similar. They all
formed multiple variably sized lobules of spindle cells
covered by intact or ulcerated synovial membrane.
Only the synovial myxoma had a distinctive low-mag-
nication morphology consisting of myxomatous is-
lands. They all showed a similar degree of invasion
into surrounding soft tissue and bone.
A signicant difference (P # 0.0015) was found in

average survival times between the dogs with histio-
cytic sarcoma (5.3 months) or undifferentiated sarco-
ma (3.5 months) and those with SCS (31.8 months) or
synovial myxoma (30.7 months). The Kaplan-Meier
survival data of the three histologic groups is shown
in Fig. 7. The group with undifferentiated sarcomas
was not included in the graph because undifferentiated
sarcomas represent a variety of tumor types.
The average age at time of diagnosis for Rottweilers

(6.8 years) was signicantly lower (P # 0.05) com-
pared to the average age at time of diagnosis for all
other breeds (8.7 years). However, no signicant dif-
ference was found in age, weight, or sex distribution
among the histologic groups.
A signicant difference (P # 0.0005) also was

found in the percentage of dogs with metastases be-
tween dogs with histiocytic sarcoma (91%) or undif-
ferentiated sarcoma (100%) and those with SCS (25%)
or synovial myxoma (0%).

Discussion
Only ve (14.3%) of the synovial tumors in this

study were identied as SCSs. Although the two un-

differentiated sarcomas could represent monophasic
SCSs, they did not contain any cytokeratin-positive
cells. Because we could recognize no distinguishing
histopathologic features of the SCS except cytokeratin
staining, tumors negative for cytokeratin were exclud-
ed from the SCS category. Cytokeratin staining is
helpful in making the diagnosis of SCS, but the ab-
sence of cytokeratin staining does not rule out SCS.
This percentage of SCS in this study is similar to that
reported in a recent review of canine joint tumors
where only 8 of 30 (26.7%) were identied as SCSs.27
The prognosis of dogs with SCS was variable. Two

dogs treated only with amputation lived for more than
5 years, whereas another dog treated with chemother-
apy and amputation was euthanatized for pulmonary
metastatic disease only 4 months after the initial bi-
opsy. The average survival (31.8 months) was signif-
icantly better than that of dogs with histiocytic sar-
coma or undifferentiated sarcoma of the synovium.
The largest proportion of synovial tumors (51.4%)

were identied as histiocytic sarcomas. This is a rel-
atively new classication that includes tumors of mac-
rophage and dendritic cell origin.17 Primary histiocytic
sarcomas are typically diagnosed in the spleen, lymph
nodes, lung, bone marrow, skin, subcutis, brain, or
periarticular tissue, but metastasis to multiple organs
follow rapidly. In contrast, malignant histiocytosis, an-
other tumor of macrophage and dendritic cell origin,
presents with simultaneous involvement of multiple
organs. Both malignant histiocytosis and histiocytic
sarcoma occur most commonly in Bernese Mountain
Dogs, Rottweilers, and Golden Retrievers.11,17,18,21 Un-
fortunately, most of the surface markers of histiocytic
tumors are destroyed by formalin xation. However,
CD18 is a formalin-resistant %2 integrin found on the
surface of all bone marrow�–derived leukocytes and
dendritic cells.1,17,19,28 Therefore, mononuclear neoplas-
tic cells with abundant cytoplasm that stain with an-
tibodies to CD18, but do not stain with antibodies to
lymphocytes, are of histiocytic origin.
The preponderance of Rottweilers with synovial his-

tiocytic sarcomas is an interesting nding. Although
the Rottweiler is a common breed and is predisposed
to this type of tumor, so is the Golden Retriever,11,17
which was only represented by one dog. Many of the
Rottweilers in this study had a history of cranial cru-
ciate ligament rupture, which has been associated with
an ongoing chronic synovitis, even after surgical re-
pair.7 Increased numbers of dendritic cells have been
detected in the inamed synovium after cranial cruci-
ate ligament rupture.10 We hypothesize that the over-
representation of Rottweilers in this study is due to
their predisposition to both cranial cruciate ligament
rupture5,26 and histiocytic sarcoma,11,17 and that these
neoplasms arise from the dendritic cells found within
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the inamed synovium associated with degenerative
joint disease.
The prognosis of dogs with synovial histiocytic sar-

coma was very poor. All of the dogs for which follow-
up information was available died or were euthana-
tized as a direct result of their primary or metastatic
disease. The average survival was only 5.3 months af-
ter diagnosis. The average age at the time of diagnosis
was signicantly younger for Rottweilers (6.8 years)
than for other dogs in this study (8.7 years). In another
study, Rottweilers were found to have a younger age
at death, regardless of cause, than three other large
breeds.3
Six (17.1%) of the synovial tumors were myxomas.

Three cases of synovial myxoma were described pre-
viously by Pool.20 Two of those were in Doberman
Pinschers and synovectomy was considered to be cu-
rative.20 Nevertheless, all of the myxomas in this study
had been diagnosed previously as malignancies, ve
as myxosarcomas and one as a mucinous synovial cell
sarcoma. It is important to recognize that despite their
aggressive radiographic and histopathologic appear-
ance, myxosarcomas have a good prognosis. Two dogs
in this study (dog Nos. 24 and 26) had no evidence of
recurrence or metastasis 2 years after diagnosis; these
dogs received no treatment except nonsteroidal anti-
inammatory drugs. However, a recent case report of
a synovial myxoma demonstrated extension into the
surrounding tissue that necessitated amputation. At the
time of follow-up, 18 months after surgery, that dog
remained disease-free.8
Of the remaining synovial tumors, one was a bro-

sarcoma, one was a chondrosarcoma, two were undif-
ferentiated sarcomas, and two were diagnosed as MFH
by cell morphology and actin staining. Human MFH
is a morphologically heterogenous group of sarcomas;
however, in dogs, MFHs are typically composed of a
mixture of spindle cells in a storiform pattern, large
pleomorphic round cells, and a variable nonneoplastic
inammatory cell component.9 Both canine and human
MFHs stain most often with smooth muscle actin.9,16
Recent molecular analysis has conrmed a close re-
lationship between MFHs and leiomyosarcomas.4 De-
spite this difference in histogenesis, the histopatholog-
ic appearance of the histiocytic sarcomas and MFHs
are very similar.11 In this study, immunohistochemical
staining with smooth muscle actin and CD18 was used
to differentiate the two. Three of the histiocytic sar-
comas had been previously diagnosed as MFHs.
Of the 18 histiocytic sarcomas, 12 had been misdi-

agnosed. The diagnoses included liposarcoma (three),
MFH (three), SCS (three), undifferentiated sarcoma
(two), and brosarcoma (one). The prominent round
vacuoles in the cytoplasm of some of the histiocytic
sarcomas are similar to those seen in liposarcomas.

According to the results of this study, the prognosis
varies greatly between histologic types of synovial tu-
mors. Therefore, a panel of immunohistochemical
stains for synovial tumors should include cytokeratin,
CD18, and smooth muscle actin. Synovial cell sarco-
mas are spindle cell tumors with a small number of
cells that are strongly cytokeratin (AE1/AE3, but not
CAM 5.2) positive. MFHs stain diffusely positive with
smooth muscle actin and have a storiform pattern. His-
tiocytic sarcomas are more anaplastic with stippled cy-
toplasmic CD18 staining and may contain inamma-
tory cells. The inammatory cells stain positively for
CD3 and MAC387, but these antibodies were not use-
ful for tumor identication. Synovial myxomas have a
distinct pattern of myxomatous islands. All of the sy-
novial tumors stain uniformly positively with vimen-
tin.
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