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Canine histiocytic neoplasia: An overview

Amanda K. Fulmer, Glenna E. Mauldin

Abstract — Canine histiocytic neoplasms include cutaneous histiocytoma, as well as localized and disseminated
histiocytic sarcoma. These tumors have variable biologic behavior, although the malignant disorders often have a
poor prognosis. Immunohistochemistry plays an essential role in differentiating histiocytic tumors from other
neoplasias that may have similar histological appearances. This allows a definitive diagnosis to be established and
provides a more accurate prediction of prognosis. This article reviews the biologic behavior, diagnosis, and treat-
ment of histiocytic tumors in the dog.

Résumé — Néoplasie histiocytaire canine : exposé général. Les néoplasmes histiocytaires canins comprennent
aussi bien des histiocytomes cutanés que des sarcomes histiocytaires disséminés. Ces tumeurs ont un comportement
biologique variable, bien que les maladies malignes aient souvent un mauvais pronostic. Limmunohistochimie
joue un réle essentiel en différenciant les tumeurs histiocytaires des autres néoplasies qui peuvent avoir une
apparence histologique similaire. Ceci permet d’établir un diagnostic définitif et permet une prédiction plus précise
du pronostic. Cet article revoit le comportement biologique, le diagnostic et le traitement des tumeurs histiocytaires

chez le chien.
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Introduction

H istiocytes are a subset of leukocytes that occur in tissues
and serve an integral role in functioning of the immune
system. These cells arise from bone marrow-derived CD34 +
stem cell precursors; under the influence of various cytokines,
they differentiate to form cells of the monocyte/macrophage lin-
eage or the dendritic cell (DC) lineage (1). Once these cells have
differentiated, they share many of the same surface antigens, as
well as surface receptors for immunoglobulin and complement
molecules (1).

Several DC lineages have been identified in both humans
and dogs, including epidermal DC/Langerhans’ cells, interstitial
DCs found in many organs, and interdigitating DCs of T-cell
domains in peripheral lymphoid organs (Figure 1) (2). The
most well-defined DCs in the dog are found in the skin in the
form of epidermal DCs (or Langerhans’ cells) and dermal DCs
(part of the interstitial DC lineage) (3). Dendritic cells serve
as part of the adaptive immune response by acting as potent
antigen-presenting cells. After arising from the bone marrow,
DCs migrate through blood to a variety of either cutaneous
or mucosal epithelial sites. Once migration has occurred, the
DCs reside either within epithelia or in the dermis and lamina
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propria. It is in these sites that antigen processing occurs. Once
an antigen has been processed, DCs migrate beyond the skin to
the paracortex of lymph nodes, where they present antigens to
naive T-cells in order to initiate an immune response (4).

Cells of the monocyte/macrophage lineage are phagocytic in
function. Once released from bone marrow, monocytes circulate
through the blood and become fixed in tissues as mature macro-
phages. Mature macrophages that have arisen from histiocytes
are found in various tissues throughout the body, including skin,
spleen, lung (alveolar macrophages) and liver (Kupffer cells).
These cells form part of the reticuloendothelial system, which
also functions as part of the body’s innate immune system (5).

There are several well-documented disorders of histiocytic
cell lines in both humans and dogs. These diseases range from
localized, reactive, and benign processes to systemic malignancies
that result in a rapid clinical progression and death. Historically,
the diagnosis and treatment of these disorders in the dog has
been challenging for several reasons, including a lack of histo-
chemical markers that can reliably determine the cell of origin
for each condition; the confusing terminology used to describe
the different disorders; and the highly variable clinical behavior
of supposedly related diseases. Although the histiocytic disorders
are becoming recognized more frequently in animals, many of
the steps taken in human medicine to identify related disorders
and validate reliable diagnostic techniques have not yet been
taken in veterinary medicine.

Current veterinary research is directed towards identifying
histopathologic markers that accurately identify the cell of origin
for each histiocytic disorder; immunohistochemical staining
plays an increasingly important role in this respect, because it
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Figure 1. Ontogeny and phenotypic characteristics of myeloid dendritic antigen-presenting cells.
DC = dendritic cells; BG = Birbeck’s granules. Used with permission, Affolter VK, Moore PF. Localized
and disseminated histiocytic sarcoma of dendritic cell origin in dogs. Vet Pathol 2002;39:74-83.

allows the pathologist to make a definitive diagnosis, thus guid-
ing the clinician’s assessment of prognosis and recommendation
of available treatments. Histiocytic tumors can be differentiated
from other tumors, such as lymphoma, poorly differentiated
mast cell tumors, and malignant fibrous histiocytoma (MFH).
Immunohistochemical staining for these tumors involves the
use of antibodies directed against the cellular antigens on the
cytoplasmic surface of leukocytes known as cluster of differentia-
tion antigens (CD antigens) (6). These antigens vary, based on
the stage of a cell’s lineage-specific differentiation, and also may
reflect different states of activation or inactivation in various
leukocytes. Cluster of differentiation antigens are recognized by
a variety of monoclonal antibodies (6). Formation of an antigen-
antibody complex results in deposition of a colored precipitate
on the cells expressing the antigen in question, allowing their
identification on glass slides. The use of immunohistochemi-
cal staining permits specific distinction between the cells that
cause canine cutaneous histiocytoma, the reactive histiocytic
disorders, and the tumors of the histiocytic sarcoma complex;
it also identifies cells that are not of macrophage origin, so they
can be differentiated from other malignant cell types.

The purpose of this review of canine histiocytic neoplasia is to
clarify the expected clinical presentation, biologic behavior, and
available treatment options for these often confusing tumors.
This review also outlines methods that can be used to differ-
entiate histiocytic neoplasia from other malignant neoplasms.
Ultimately, this will allow veterinarians to more accurately define
the best treatment plan for a given disease, as well as provide the
most reliable prognostic information possible to clients whose
dogs are affected by these tumors.
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Figure 2. Photomicrograph of a cytology slide from an aspirate
of a cutaneous mass on a 2-year-old dog. The mass was
diagnosed as cutaneous histiocytoma. Note the pale cytoplasm
and round nuclei typical of this cell type. Image courtesy of

Dr. Jeff Sirninger, Louisiana State University. Bar =10 pum.

Literature review

The literature was reviewed by using the National Center
for Biotechnology Information (NCBI) PubMed database.
Search terms included canine histiocytoma, histiocytic sarcoma,
canine malignant histiocytosis, malignant fibrous histiocytoma,
immunohistochemistry, Langerhans’ cell, and synovial cell sar-
coma. All resources have been peer-reviewed, with the exception
of conference proceedings and Web site information provided
by Dr. Peter Moore, an internationally recognized expert on
histiocytic disorders in the dog.

Canine histiocytic disorders

Histiocytic disorders affecting dogs were first described in the
late 1970s. The first reports were of solitary histiocytic lesions,
that came to be known as canine cutaneous histiocytomas, but
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Table 1. Immunohistochemical markers for various cellular
antigens (3,4,10,14)

Table 2. Expected immunohistochemical expression patterns for
histiocytic sarcoma

Marker Cell type Tissue type Expression pattern
CDI (a, b, ¢) Langerhans’ cells, dendritic cells Snap-frozen tissue CD1+ CD4 - CDl1l1c+ CDI11d - MCH 11+
CD3 T cells, used to differentiate B vs. T cell lymphoma Thy-1 +/-
CD4 Helper T cells, activated dendritic cells Formalin-fixed tissue ~ CD3 - CDI 1d - CD18 + CD45 RA - CD79a -
E-cadherin -
CD11b Myeloid cells (macrophages), NK! cells
CDllc Dendritic cells, NK* cells Table 3. Expected immunohistochemical expression patterns of
CD11d Macrophages identified in the splenic red pulp and neoplastic histiocytic disorders in the dog
bone marrow .
Interstitial
CD18 Broad staining of leukocytes, prominent in histiocytic Markers LCs DC CCH HS MFH
tumors
CD1 (a,b,c) + + + + -
CD45RA B cells and naive T cells
CDI11b - ; ; ; +
CD79a B cells, used to differentiate B vs. T cell lymphoma
CDIlc + + + + +1-
MHCII Broad expression in cells functioning in antigen
presentation CDhi1d - - - - -
Thy-1 (CD90)  CD34+ hematopoietic cells, specifically interstitial CD18 + + + + +
dendritic cells CD4 _ + _ _ _
E-cadherin Specific to epidermal Langerhans cells, epithelial cells (if activated)
Vimentin Mesenchymal cells MHC II + + + + Unknown
Smooth Muscle  Identifies smooth muscle cells E-cadherin + _ + _ _
Actin
Thy-1 - + - - -
NK — natural killer cells Vimentin n/a n/a n/a + +
SM Actin n/a n/a n/a +/- +/-b

these were soon followed by descriptions of other histiocytic
disorders, primarily affecting Bernese mountain dogs (7,8).
Since the initial studies that documented histiocytic diseases
in animals, substantial research has better defined the charac-
teristics of each of the histiocytic conditions, resulting in the
identification and classification of several distinct disorders. As
in humans, some of the disorders are not considered malignant,
while others are highly aggressive malignancies with a high
mortality rate.

Most of the histiocytic disorders are well documented in dogs.
Cats, in contrast, are rarely affected by these diseases (9). In
dogs, the histiocytic disorders have been classified into 3 major
categories: the canine cutaneous histiocytoma; the canine reac-
tive histiocytoses (including both cutaneous and systemic); and
the histiocytic sarcoma complex (which includes both localized
and disseminated histiocytic sarcoma) (10). Another tumor,
which is actually a soft tissue sarcoma, is the MFH, which is
composed of both histiocytic and fibroblastic cell types (11).
This tumor is not histiocytic in origin, but because of its simi-
lar morphologic characteristics, it must be differentiated from
histiocytic sarcoma.

Canine cutaneous histiocytoma

Canine cutaneous histiocytoma is a tumor that generally arises as
a solitary lesion in young dogs (< 4 y old) (12). Brachycephalic
breeds, such as boxers and bulldogs, are predisposed, although
Scottish terriers, Doberman pinschers, and cocker spaniels also
are reported to be overrepresented as well (12). The tumor com-
monly arises on the head or pinna, but may occur anywhere on
the body. It has benign behavior and, generally, no treatment
is necessary, although surgery may be considered in older dogs
or for lesions that do not regress over long periods. Lesions
usually undergo spontanecous regression within 1 to 2 mo, a

CVJ /VOL 48 / OCTOBER 2007

LCs — Langerhans’ cells; MFH — malignant fibrous histiocytoma; CCH — canine

cutaneous histiocytoma; HS-histiocytic sarcoma (localized or disseminated)

2 Some scattered CD18 positive cells are often seen in staining of MFH due to the
infiltration of monocytes and macrophages into the tumor

®In one large study, the smooth muscle actin staining was of stromal cells or
vascular smooth muscle, not the actual tumor cells (26)

In macrophage disorders or malignancies, CD11b or CD11d expression is usually

identified rather than CD11c

process characterized by infiltration of mature lymphocytes on
cytologic or histopathologic examination (13). Dogs diagnosed
with solitary cutaneous histiocytomas are expected to have an
excellent prognosis. Some dogs may develop multiple lesions
or, in very rare cases, metastasis to a lymph node, but these are
exceptional examples of aggressive behavior (12).

Cutaneous histiocytomas are generally diagnosed easily by
cytopathologic examination (Figure 2), but histopathologic
examination with immunohistochemical staining provides a
definitive diagnosis. This tumor’s phenotype is identical to
that of canine epidermal Langerhans cells, with expression of
CD1a, CD1b, CDIc, major histocompatibility complex (MHC)
Class I, CD11c, and E-cadherin, all of which are performed on
snap-frozen sections. E-cadherin analysis can also be performed
on formalin-fixed paraffin sections, which are most readily
available to practitioners (3). Amongst leukocytes, E-cadherin
expression is unique to Langerhans’ cells, specifically identifying
canine histiocytoma as a localized epidermal Langerhans’ cell
tumor (10) (see Tables 1 and 3).

Histiocytic sarcoma complex

The histiocytic sarcoma complex of the dog, which includes
both localized and disseminated histiocytic sarcoma, comprises
malignant diseases characterized by infiltration of neoplastic
histiocytes, most frequently observed in middle-aged Bernese
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mountain dogs (often with a familial association), rottweilers,
flat-coated retrievers, and golden retrievers (14).

Localized histiocytic sarcoma most often occurs as a pri-
mary lesion involving the skin and subcutis of the extremities,
although it may also be found in periarticular tissues surround-
ing large appendicular joints, spleen, lymph nodes, lung, or bone
marrow (15). Affected dogs are usually presented for evaluation
of a soft tissue swelling on an extremity, but the owner may have
observed lameness in the affected limb, first, and discovered the
mass, subsequently. This form of histiocytic sarcoma is locally
invasive and local metastasis to draining lymph nodes is com-
monly noted (16).

Localized histiocytic sarcoma is treated either by surgical
excision or by amputation of the affected limb. Curative intent
radiation therapy, which may be recommended for incompletely
excised or nonresectable tumors, has been reported to have some
efficacy in a limited number of cases (16-18). However, the
optimal prescription of radiation with respect to scheduling and
total dose delivery has yet to be determined. It is also unknown
if aggressive definitive courses of radiation therapy would be
superior to palliative radiation protocols. Draining lymph nodes,
if they are involved, may be excised at the time of surgery or
treated with radiation therapy, postoperatively. Dogs with local-
ized histiocytic sarcoma have a more favorable prognosis than
dogs with disseminated disease, and euthanasia should not be
automatically considered or recommended in these cases (15).
However, owners should still be warned about the possibility of
spread beyond the primary site (16-18). Systemic chemotherapy
may be considered because of the potential for aggressive bio-
logic behavior and metastasis (16-18). In fact, localized and dis-
seminated histiocytic sarcoma may simply represent 2 different
stages along a continuum of the same disease.

Regardless of the extent of disease, a definitive diagnosis
is essential prior to the initiation of therapy, as histologically,
histiocytic sarcoma can resemble other neoplasms that vary
substantially with respect to recommended treatment and prog-
nosis. For example, 35 previously diagnosed synovial cell tumors
in dogs were reevaluated by histopathologic examination and
immunohistochemical staining. It was determined that of the
35 original synovial cell sarcomas, 18 were definitively identi-
fied, by staining with CD18 antibody, as histiocytic sarcomas,
suggesting that histiocytic sarcoma may be more prevalent in
the dog than previously believed (18).

The most common clinical signs in dogs suffering from
disseminated histiocytic sarcoma are anorexia, lethargy, and
weight loss (15). Lesions have been identified in every organ,
although primary sites usually include the spleen, lungs, and
bone marrow (16). Dogs may exhibit dyspnea due to pulmonary
involvement or lameness secondary to large extremity masses.
Intervertebral lesions have also resulted in ataxia and parapa-
resis (16). Necropsy of affected animals often reveals extensive
disease involving most organs (12). Disseminated histiocytic
sarcoma is difficult to differentiate from malignant histiocytosis,
a multisystem disorder primarily affecting Bernese mountain
dogs (15). The latter disease is characterized by disseminated
lesions that simultaneously arise in multiple organs, such as
skin, spleen, liver, lymph nodes, and bone marrow. Since it is
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virtually impossible to determine if these lesions metastasized
from a primary site or all arose simultaneously, the currently
accepted terminology refers to both conditions as disseminated
histiocytic sarcoma (15).

Both localized and disseminated histiocytic sarcoma have the
potential for highly aggressive behavior, so complete staging to
determine the extent of disease is recommended prior to therapy.
The minimum database for staging should include a complete
blood (cell) count, a biochemical panel, and urinalysis; chest
and abdominal radiographs or ultrasonographs, or both; and a
bone marrow biopsy. Aspirates of regional lymph nodes should
also be obtained for evaluation of metastatic disease. As already
discussed, local treatments, including surgery and radiation
therapy, may be appropriate for localized histiocytic sarcoma.
However, disseminated histiocytic sarcoma is a rapidly progres-
sive disease that carries a poor prognosis, even with aggressive
therapy, so the current treatment recommendation is systemic
chemotherapy. Responses have been reported in dogs treated
with lomustine; even with an initial response to chemotherapy,
median survival times remain in the 3- to 6-mo range (17). In
a recent multi-institutional study, lomustine was administered
at a median dose of 70.8 mg/m? (range, 60 to 90 mg/m?) every
3—4 weeks for a median of 4 doses. The median survival time
for the 59 dogs in this study was 106 d, although 3 dogs with
minimal residual disease at the time of initiation of chemo-
therapy lived 433 d or more, after the start of the lomustine
treatment (19). There are a few reports of responses to chemo-
therapy with doxorubicin, liposomal doxorubicin, or paclitaxel
(20,21). A dog with disseminated cutaneous histiocytic sarcoma
that temporarily responded to multiple protocols that included
cyclophosphamide, vincristine, prednisone, mitoxantrone,
dacarbazine, and etoposide has been reported (22). Many dogs
are euthanized at the time of diagnosis because of poor clinical
condition and poor prognosis.

Histopathologically, tumors of the histiocytic sarcoma com-
plex are poorly demarcated, and cell proliferation commonly
results in effacement of normal tissue architecture. A population
of large, vacuolated round cells is typically present, in combi-
nation with plump mesenchymal cells. Bizarre multinucleated
giant cells are also a characteristic finding (16,23). Generally, a
marked anisokaryosis and anisocytosis with a high mitotic rate
is present (Figure 3), and it is not uncommon to identify phago-
cytosis of neutrophils and red blood cells or cell fragments by
the tumor cells. The appearance is similar cytologically to large
round cells intermixed with spindle-shaped cells (Figure 4), and
multinucleated giant cells with atypical morphology are often
observed. An inflammatory infiltrate may also be seen (23).

Immunohistochemical staining has been used to help in
identifying the cell of origin of histiocytic sarcoma, and in
determining if there is a difference in cell phenotype between the
localized and disseminated forms of the disease. Unfortunately,
there are no known immunohistochemical or histopathological
means of differentiating between the localized and disseminated
forms of histiocytic sarcoma (16). Recently, various tissues from
39 dogs diagnosed with either localized or disseminated histio-
cytic sarcoma were stained immunohistochemically by using a
panel of leukocyte-specific antibodies; the tumor cell phenotype
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Figure 3. Photomicrograph of a biopsy from a mass surrounding
the right elbow of a 9-year-old rottweiler. Note the presence of
vacuolated round cells (small arrow) as well as mesenchymal
cells, along with a high degree of anisokaryosis (two large
arrows). The tumor was diagnosed as a histiocytic sarcoma.
Image courtesy of Dr. Scott Reed, Louisiana State University.
Bar=200 pm.

10 um

Figure 4. Photomicrograph of the aspirate from the rottweiler
in Figure 2. The photo shows a large round histiocytic cell with
the typical vacuolated appearance. Image courtesy of Dr. Jeff
Sirninger, Louisiana State University. Bar =10 um.

was determined to be consistent with a myeloid dendritic antigen-
presenting cell origin (16). This indicates that histiocytic sar-
comas arise from the dendritic lineage of histiocytes (either
interstitial or interdigitating dendritic cells), not the macrophage
lineage (16). All of the tumors in this study, whether localized or
disseminated, consistently expressed CD18 (a leukocyte marker;
Figure 5), CD1labc, CD11c, and MHC II, which is consistent
with a dendritic cell origin. Because they lack expression of
E-cadherin, the staining pattern of these cells is inconsistent
with a Langerhans’ cell origin. Lack of Thy-1 and CD4 expres-
sion also means their phenotype is inconsistent with the cells of
reactive histiocytosis. Lack of expression of CD79a or CD3 rules
out lymphoid origin, while lack of expression of CD11b rules
out macrophage origin (see Tables 1, 2, and 3) (16).

It is not yet possible to determine the exact sublineages of
dendritic cells from which histiocytic sarcomas arise. However,
use of immunophenotyping in conjunction with histopathologic
examination is very helpful in differentiating these tumors from
lymphomas, poorly differentiated mast cell tcumors, and malig-
nant fibrous histiocytomas (10).

CVJ /VOL 48 / OCTOBER 2007

Figure 5. Photomicrograph of splenic tissue exhibiting diffuse
CD18 staining by immunohistochemistry. The CD18 positive
cells are identified by their golden-brown staining pattern. CD18
staining is performed on formalin-fixed tissue and although it is
a broad leukocyte marker, staining is prominent in histiocytic
tumors. Image courtesy of Dr. Tim Morgan, Louisiana State
University. Bar =200 pm.

Malignant fibrous histiocytoma

Malignant fibrous histiocytoma is a soft tissue sarcoma that is
often confused with histiocytic sarcoma. This tumor was first
diagnosed in humans in the 1960s, and later recognized as the
most common soft tissue sarcoma to occur in adult life (24).
They were initially reported to have a high rate of local recur-
rence after surgical excision and a metastatic rate as high as 42%
(25). However, more recent work has revealed that many MFHs
after being reviewed histopathologically and immunohisto-
chemically need to be reclassified. Many tumors are reclassified
as leiomyosarcomas, myxofibrosarcomas, or undifferentiated
sarcomas of unknown cell origin (26). In fact, the most current
immunohistochemical and molecular studies performed on
so-called MFHs in humans suggest that MFH is not a true
clinical entity at all, but rather a group of undifferentiated
pleomorphic sarcomas. Accordingly, MFH has been removed
from the latest World Health Organization classification of
tumors (27).

Since the first documented reports of MFH in 2 dogs in
1979, the diagnosis has become more and more common in
veterinary medicine (28), most often in dogs on the limb or
trunk, but also in the spleen and other organs (28,29). Affected
animals are usually middle-aged to older, and rottweilers and
golden retrievers are reported to be predisposed (11). Tumor
behavior is believed by many authors to be similar to other soft
tissue sarcomas; that is, locally invasive with a low to moder-
ate rate of metastasis (~-15%) (30). Gleiser et al (28) described
MFH in 2 dogs and 3 cats, where all the tumors involved the
skin or subcutis and no distant metastases were identified in
any of the animals (28). Hendrick (29) reported 6 dogs with
MFH of the spleen, only 1 of which had evidence of hepatic
metastasis at the time of death; 3 of the dogs were still alive at
the time of the writing (29). Based on these reports, optimal
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Figure 6. Histopathology of a malignant fibrous histiocytoma
removed from the left lateral thorax of a 6-year-old rottweiler.
A large population of mesenchymal cells was identified.
Occasional multinucleate giant cells were noted (arrow).
Image courtesy of Dr. Tim Morgan, Louisiana State University.
Bar=200 pm.

therapy for MFH would appear to include complete surgical
resection, followed by definitive radiation therapy, as needed,
for residual disease (30). Unless histopathologic study reveals
evidence of a high grade tumor, the indication for chemotherapy
is questionable and a favorable prognosis is expected (75%
5-year survival rate) (30).

In contrast, however, some reports have suggested that canine
MFH is more aggressive than the typical soft tissue sarcoma:
the clinical course may be similar to that described in humans
in whom there is a high rate of local recurrence and metastasis,
in which case, affected dogs would be expected to have a poor
prognosis (31-33). Unfortunately, immunohistochemical stain-
ing to determine the cell of origin was not performed in most
of these early studies, and histopathologic similarities between
this tumor and histiocytic sarcoma or leiomyosarcoma make it
possible that some of these more aggressive tumors were, in fact,
of a different cell origin (33). Ten cases of MFH were identified
retrospectively, and the affected dogs were reported to have a
median survival time of only 61 d (31). However, no immuno-
histochemical staining was performed on any of these specimens
(31). A recent report describing MFH in 14 flat-coated retriev-
ers, known to be predisposed to histiocytic sarcoma, suggests
that MFH has a more aggressive course in these dogs compared
with that in other breeds (33).

Morphologically, MFHs are composed of a population of
mesenchymal cells that are often fibroblastic in appearance and
may be arranged in a storiform pattern (11). Many MFHs also
have scattered multinucleated giant cells resembling the giant
cells present in histiocytic sarcomas, but it is unclear if these
cells are part of the malignant population (Figure 6). Large
populations of reactive monocytes and macrophages have been
observed infiltrating the site of tumor implantation in severe
combined immunodeficiency (SCID) mice bearing human
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Figure 7. Immunohistochemical staining of tissue from the
same dog identified in Figure 5 with an MFH. Occasional

CD18 positive cells can be identified within the tissue; in this
tumor the CD18-positive cells are consistent with non-malignant
macrophages infiltrating tumor tissue. Image courtesy of Dr. Tim
Morgan, Louisiana State University. Bar = 200 pum.

MFH (34), leading the authors of this report to conclude that
these cells were not actually part of the malignant population,
a feeling shared by many pathologists in the human field with
respect to naturally occurring tumors in humans (35).
Definitive immunohistochemical staining patterns have not
been clearly identified for MFH in humans. The pleomorphic
sarcomas that were once considered MFH have been identified
as staining positive for vimentin and potentially smooth muscle
actin, but CD18 staining has not been done consistently (36).
The difficulty in establishing a definitive staining pattern has
carried over into veterinary medicine, and no standardized
antibody panel has been recommended for analysis of these
tumors. In dogs, histiocytic sarcomas are known to be uniformly
CD18 positive and usually vimentin positive, whereas MFH
are reported to exhibit a vimentin positive, CD18 negative
phenotype (16,18,33). Although positive staining for smooth
muscle actin was used to identify 2 canine MFH in 1 study (18),
in the largest study utilizing immunohistochemical staining
to differentiate between tumors of different cell types, it was
discovered that the smooth muscle actin was staining vascular
smooth muscle or stromal cells, not neoplastic cells (33). In
addition, scattered CD18 positive staining should be expected
in MFH because of tumor infiltration by leukocytes of the
monocyte/macrophage lineage (Figure 7). Interestingly, the
immunohistochemical phenotype that is reported for MFH in
both humans and dogs is almost identical to that of leiomyosar-
coma, and many of the tumors once thought to represent MFH
in humans have been reclassified as leiomyosarcomas (26,36).
Some veterinary pathologists also suggest that MFH may not
be a distinct entity in animals but, in fact, may be a group of
sarcomas with differing cell origins but similar histopathological
features (37,38). Certainly, the degree of variation in immuno-
histochemical staining patterns reported for MFH makes it
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likely that this tumor is not a distinct entity in the dog. Once
the appropriate staining patterns have been firmly established,
immunohistochemical analysis will provide an even more valu-
able tool for differentiating so-called MFH, histiocytic sarcoma,
leiomyosarcoma, and other tumors with similar morphologic
characteristics. This, in turn, will allow veterinarians to deter-
mine the best therapeutic options and provide the most precise
prognostic information to the client.

Future directions and conclusions

The ability to definitively diagnose the histiocytic diseases and
differentiate reactive from malignant conditions has been greatly
enhanced by the recent immunohistochemical distinctions found
amongst these disorders. However, it is still unclear how to best
differentiate histiocytic sarcoma from presumed MFH, both
morphologically and from an immunohistochemical perspec-
tive. This distinction is significant, because the recommended
treatment and survival times for these diseases may vary greatly:
local therapy alone can result in long-term control in cases of
so called MFH, while histiocytic sarcoma often exhibits highly
malignant behavior and effective treatment protocols have yet
to be identified for animals with aggressive local disease or
metastasis. Based on recent work, a panel of antibodies to detect
CD1, CD4, CD11c, CD11d, MCH 11, and Thy-1 is suggested
to diagnose histiocytic sarcomas (Table 2) (16). However, many
of these antibodies can only be utilized for the staining of snap-
frozen tissue samples, since they will not react with formalin-
fixed samples. A different panel is recommended for formalin-
fixed tissues, including antibodies to CD3, CD11d, CD18,
CD45RA, CD79a, and E-cadherin (Table 2) (16). These panels
are recommended for tumors of lymphoid origin, histiocytic
tumors, mast cell tumors, leiomyosarcomas, and so-called
MFHs (10). It is important for veterinary oncologists and
pathologists to work together to establish the most appro-
priate antibody panels for each tumor type, based on their
expected expression patterns. In addition, it is necessary to
establish explicit definitions of the histopathological features
of each tumor, so that the diagnosis of histiocytic sarcoma and
the soft tissue sarcomas, formerly designated MFH, becomes
unambiguous. Once this distinction has been made, veterinary
oncologists can determine if there truly is a subset of animals
with aggressive so-called MFH, or if the majority of these
tumors are, in fact, histiocytic sarcomas or leiomyosarcomas
that have been misdiagnosed. Consideration should be given
to following the human example and discarding the diagnosis
of MFH altogether, because of the confusion that surrounds
this terminology. v
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Book Review
Compte rendu de livre

Clinical Laboratory Animal Medicine,
3rd ed.

Hrapkiewicz K, Medina L. Blackwell Publishing, Ames, Iowa,
2006. 384 pp. ISBN 0-8138-2966-6. US$49.99.

he 3rd edition of this introductory text on clinical medicine

of laboratory animals has been significantly updated, and
includes a new study CD of images demonstrating common
techniques and strains of various laboratory animal species.

The initial chapters cover an introduction to laboratory ani-
mal medicine, United States policies and regulations concern-
ing laboratory animal care and use, facility management and
equipment, followed by general outlines of care, management,
and diseases of common species, including mice, rats, gerbils,
hamsters, rabbits, ferrets, chinchillas, and nonhuman primates.
The text is attractively structured into subsections for quick
referencing, and there are numerous black and white line draw-
ings and photographs along with several color plates illustrating
concepts discussed in the text. Each chapter concludes with a
succinct listing of recommended Internet resources and techni-
cal references. An appendix is also included which has normal
reference ranges for various clinical chemistry parameters for
each species discussed.

The initial chapters on laboratory animal medicine provide
an excellent overview of US legislation, regulations, and policy.
However, there is no coverage of policies or guidelines regarding
laboratory animal care and use outside the United States, and the
reader may be disappointed if looking for this information. The
ethical discussion surrounding the use of animals for research
is superficial and dated, suggesting that the primary reason for
substituting rodents for dogs or nonhuman primates in studies
is because they are less sentient species.
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36. Hasegawa T, Hasegawa E, Hirose T, Sano T, Matsuno Y. Expression of
smooth muscle markers in so called malignant fibrous histiocytomas.
J Clin Pathol 2003;56:666—671.

37. Thoolen R], Vos JH, van der Linde-Sipman JS, et al. Malignant fibrous
histiocytomas in dogs and cats: an immuno-histochemical study. Res
Vet Sci 1992;53:198-204.

38. Kerlin RL, Hendrick M]. Malignant fibrous histiocytoma and malig-
nant histiocytosis in the dog — convergent or divergent phenotypic

differentiation? Vet Pathol 1996;33:713-716.

The chapters on different animal species provide a good
summary of basic biological data including behavioral require-
ments for appropriate housing and a thorough formulary for
various therapeutic treatments, as well as recommendations
for administering medications and anesthesia, and collecting
samples for each species. Reproductive husbandry and radi-
ography techniques are summarized, and recent changes in
acceptable treatment and care of laboratory animals are noted.
For example, there are good discussions on the use of carbon
dioxide (CO,) inhalation for rodent euthanasia and about the
common misconception that rodents are not susceptible to
secondary post-operative infections. A few areas still require
updating, for example, retroorbital bleeding is mentioned as a
recommended technique for small rodents, ketamine/xylazine is
recommended as an injectable anesthetic regime without men-
tion of ketamine/medetomidine with atipamezole reversal, and
the use of ether and chloral hydrate are discussed as acceptable
general anesthetic agents for small rodents.

The book is meant to be a guide for veterinarians, students,
technicians, and researchers. The content is somewhat superficial
as a sole general laboratory animal medicine reference; however,
the concise outlines on a range of topics, the CD of images,
and the easy to read format make it a recommended addition
to an institutional library for teaching and training purposes.
Although it is largely geared to laboratory animal practice, there
are a number of useful tips and formularies that would also make
this a valuable resource for small mammal practitioners.

Reviewed by Patricia V. Turner, MS, DVM, DVSc, DACLAM,

Associate Professor, Department of Pathobiology, Ontario Veterinary
College, University of Guelph, Guelph, Ontario N1G 2W1.
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