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Laboratory Findings, Histopathology, and Immunophenotype of
Lymphoma in Domestic Ferrets

M. AMMERSBACH, J. DELAY, J. L. CASWELL, D. A. SMITH, W. M. TAYLOR, AND D. BIENZLE

Department of Pathobiology (MA, JLC, DAS, DB1), Animal Health Laboratory (JD), and Veterinary
Teaching Hospital (WMT), University of Guelph, Guelph, ON, Canada

Abstract. Lymphoma is a common tumor in ferrets, but anatomic distribution, histomorphology,
immunophenotype, laboratory abnormalities, and response to chemotherapy are incompletely defined. In
this study, lymphoma was diagnosed by histopathology of tumor tissue in 29 ferrets ranging in age from
0.8 to 8.5 years, including 12 males and 17 females. Tumors involved the viscera of the abdominal cavity (n
5 11), thoracic cavity (n5 1), or abdominal and thoracic cavities (n5 7); the skin (n5 2); or the viscera of
both body cavities plus other sites (n 5 8). Microscopically, all tumors had diffuse architecture.
Assessment by histomorphology and immunophenotype classified tumors as peripheral T-cell lymphoma
(n5 17), anaplastic large T-cell lymphoma (n5 5), anaplastic large B-cell lymphoma (n5 4), diffuse large
B-cell lymphoma (n 5 1), and Hodgkin-like lymphoma (n5 2). Cytologic evaluation of tumor tissue was
diagnostic in 11 of 13 cases. Twenty-two of 27 ferrets had anemia, 2 had leukemia, and 5 were neutropenic.
Common comorbid disorders were adrenal disease (n 5 27) and insulinoma (n 5 6). Tumors most
frequently involved mesenteric lymph nodes, while enlargement of peripheral lymph nodes was uncommon
(n 5 3). Ferrets with Hodgkin-like lymphoma had massive enlargement of single lymph nodes. Mean
survival of ferrets not immediately euthanized was 5.0 months (T-cell lymphoma) and 8.4 months (B-cell
lymphoma). Ferrets treated with chemotherapy survived an average of 4.3 months (T-cell lymphoma, n5
9) or 8.8 months (B-cell lymphoma, n 5 4). Results indicate that lymphomas in ferrets most commonly
affect abdominal viscera, may be amenable to cytologic diagnosis, are frequently associated with anemia
and, in some cases, may be chemosensitive, resulting in relatively long survival times.

Key words: Hodgkin-like lymphoma; immunohistochemistry; lymphoma; lymphosarcoma; Mustela
putorius furo.

Introduction

Lymphoma (lymphosarcoma) and other cancers
have been reported with increasing frequency in
ferrets over the last decades.1,19 Contributing factors
may be the greater popularity of ferrets as compan-
ion and laboratory animals, their increased longev-
ity in captivity, and more sophisticated diagnostic
investigations. In a large survey, lymphoma was
reported to be the third most common neoplasm
after adrenocortical and endocrine pancreatic tu-
mors and the most common malignancy in domestic
ferrets (Mustela putorius fero),19 while a similar
review of neoplasms in black-footed ferrets did not
identify lymphoma at all.16 As in other species,
lymphoma in ferrets is a heterogeneous disease
entity with variable presentation and organ involve-
ment.7–9,11,16,20 Mediastinal T-cell lymphoma arising
from the thymus was described in young ferrets and
had an aggressive disease course,7 but neither feline

leukemia virus nor parvovirus (Aleutian disease
virus) infections were detected in 3 ferrets with
mediastinal lymphomas.2 Retroviral involvement
was suspected after development of lymphoprolif-
erative disease in some ferrets following tumor cell
administration12 and occurrence of tumors in
clusters of animals,10 but an infectious etiology
remains to be substantiated. Gastric lymphoma in
older ferrets has been described in association with
Helicobacter mustelae infection and was of B-
lymphocyte origin.9 Cutaneous lymphoma is anoth-
er distinct form of lymphoma in ferrets and may
present either with dermal and/or subcutaneous
masses or diffusely target the epidermis as epithelio-
tropic lymphoma.17,21 In addition, a case of dissem-
inated Hodgkin-like lymphoma with hypereosino-
philia was reported.4

Histopathologically, most ferret lymphomas were
described as diffuse, and various histomorphologic
classifications have been applied.8,11,13 Immunophe-
notypic assessment of ferret lymphomas by tissue
array or whole mount indicated that T-cell origin
was, overall, more common.13 Limited information

1 Present address: Department of Pathobiology, Uni-
versity of Guelph, Guelph, ON N1G 2W1, Canada.
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published on laboratory abnormalities in ferrets with
lymphoma suggested that lymphocytosis and leuke-
mia were more common in young ferrets, while
lymphopenia was more common in older ferrets.8

Treatment for ferrets with lymphoma has included
chemotherapy, surgical tumor removal, radiation
therapy, and combinations thereof. Responses to
therapy were unpredictable, as some ferrets lived up
to 2 years after diagnosis without treatment, while
others died within 2 weeks of diagnosis despite
chemotherapy.11 Hence, providing an accurate prog-
nosis for lymphoma in ferrets remains challenging.
In this study, a comprehensive review of lymphoma
in 29 ferrets is reported, including histo-
morphology, immunophenotype, laboratory abnor-
malities, response to therapy, and cytopathology.

Materials and Methods

Cases

Twenty-nine ferrets with a histologic diagnosis of
lymphoma and complete follow-up information were
identified at the Veterinary Teaching Hospital or at the
Animal Health Laboratory of the University of Guelph
between 1994 and 2007 for inclusion in this study.
Formalin-fixed tissues from necropsy (n 5 22), biopsy
of tumor tissue and subsequent necropsy (n 5 4), or
biopsy alone (n 5 3) were available for histopathologic
evaluation. Cytopathology specimens of tumors were
available for 13 of the 29 cases.

Laboratory assessment

Blood samples from ferrets were assessed in auto-
mated hematology analyzers with manual leukocyte
differential counts. Hematologic data from the time of
lymphoma diagnosis were analyzed, and blood smears
were reviewed by pathologists. Serum clinical chemistry
analysis was performed with automated analyzers. If
anemia was present, it was classified as ‘‘mild’’ if the
hematocrit (HCT) was 0.36–0.42 L/L, ‘‘moderate’’ if the
HCT was 0.26–0.35 L/L, and ‘‘marked’’ if the HCT was
,0.25 L/L (reference interval 0.42–0.60 L/L).

Histopathology and cytopathology

For cytopathology, tumor samples were obtained by
tissue aspiration or imprinting, and effusion fluid
samples were prepared by cytocentrifugation and direct
smear. All slides were stained with Wright’s stain and
routinely reviewed.

Tissue samples were fixed in 10% buffered formalin,
embedded in paraffin, sectioned at 6 mm, and stained
with hematoxylin and eosin. Assessment of tumor
distribution and tissue architecture (diffuse versus follic-
ular); amount of cytoplasm; nuclear size and shape;
presence of necrosis, fibrosis, or inflammation; and
estimates of mitotic index were performed on hematox-
ylin and eosin–stained sections. Lymphocytes with nuclei
#1.5 red blood cell (RBC) diameters were classified as
‘‘small,’’ 1.5–2.0 RBC diameters as ‘‘medium,’’ and $2.0

RBC diameters as ‘‘large.’’ Tumor cell size was defined
according to the predominant (.50%) cell population.
Mitotic figures were counted in 10 fields at 403
magnification and averaged, and an index of ‘‘low’’ was
assigned for mean counts/403 field of#5 mitotic figures,
‘‘intermediate’’ for mean counts/403 field of 6–19 mitotic
figures, and ‘‘high’’ for mean counts/403 field of $20
mitotic figures. Tumors were classified according to the
World Health Organization (WHO) classification with
consideration of immunophenotype.4,15,25

Immunohistochemistry

Immunohistochemistry (IHC) was performed on 4-
mm sections mounted on silane-treated glass slides.
Reactivity of each antibody was initially assessed on
sections of normal ferret lymph node or skin, and such
sections were subsequently included in each staining
batch. Rabbit polyclonal antibody against CD3 (A0452)
and monoclonal antibody against CD79a (clone HM57)
were applied to all tissue sections. In select cases,
cytokeratin (AE1/AE3) or CD18 expression was as-
sessed. All antibodies were from DakoCytomation
(Mississauga, ON), except CD18 antibodies (clones
CA16.3C10 and FE3.9F2), which were from the
Leukocyte Antigen Biology Laboratory (UC Davis,
Davis, CA). Omission of the primary antibody was used
as a negative reagent control in all procedures with
monoclonal antibodies; for CD3, nonimmune rabbit
serum with protein concentration equivalent to the anti-
CD3 antiserum was substituted for the primary anti-
body. Sections from 2 cases were submitted for IHC
with antibody BLA3.6 (clone A27–42, BioGenex, San
Ramon, CA) to Prairie Diagnostic Services, University
of Saskatchewan (Saskatoon, SK). For all antibodies,
prestain treatment involved 3 sequential xylene washes
to deparaffinize the sections, followed by serial graded
ethanol washes for rehydration. Sections were treated
with 3% hydrogen peroxide for 10 minutes to block
endogenous tissue peroxidases. Heat-induced epitope
retrieval was performed in a commercial steamer, with
tissue sections incubated in target retrieval solution (pH
6.0, DakoCytomation) at 95uC for 20–45 minutes. After
cooling to room temperature over 10–20 minutes,
sections were treated with universal blocker (DakoCy-
tomation). Target retrieval was not performed for
BLA3.6 staining. Tissue sections were incubated for
30 minutes at room temperature with primary antibody.
Then, horseradish peroxidase–labeled polymer (EnVi-
sion HRP, DakoCytomation) secondary antibody sys-
tems were applied for 30 minutes. Finally, sections were
incubated with Nova Red chromogen (Vector Labora-
tories, Burlington, ON) for 10 minutes, counterstained
with Harris’ hematoxylin, and mounted with a non-
aqueous permanent mounting medium.

Results

Cases

Tissues and clinical information were available
from 29 ferrets with lymphoma. These included 10
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neutered and 2 intact males and 15 neutered and 2
intact females. The mean age was 5.6 years, with a
range from 0.8 to 8.5 years (Table 1). The animal
0.8 years of age was a relative outlier because the
next oldest animal was 3.0 years of age. Twenty-
seven ferrets had concurrent adreno-cortical disor-
der, 6 had insulinoma, and 10 had either hepatic or
renal cysts. All ferrets with adreno-cortical hyper-
function had been treated with monthly leuprolide
acetate injections. In 3 ferrets with cutaneous
lymphoma, the predominant presenting clinical
signs had been alopecia and severe pruritus (ferret
Nos. 1–3). One of these ferrets (No. 3) had a
history of pruritus for 2 years and then had a
diagnosis of cutaneous lymphoma on biopsy. This
animal was euthanized 2 months later and, at
necropsy, multicentric lymphoma with skin in-
volvement was diagnosed. The other 2 ferrets (Nos.
1 and 2) with cutaneous lymphoma were not
necropsied. One ferret with jejunal epitheliotropic
lymphoma had chronic severe diarrhea and melena
for 6 weeks (No. 4).
All animals necropsied except one (No. 8) that

had abdominal visceral involvement. The tissues
most frequently affected by lymphoma were the
mesenteric lymph nodes (n 5 25). Splenomegaly
due to lymphoma was present in 23 ferrets, and the
liver and small intestine had neoplastic involvement
in 11 and 6 animals, respectively. One mediastinal
lymphoma in a 5.3-year-old ferret (No. 8) had
remained restricted to the thoracic cavity, and the
jejunal epitheliotropic lymphoma (No. 4) was
apparent only in the small intestine at necropsy.
Eight cases of multicentric lymphoma involved
tissues, most commonly brain, peripheral nerves, or
skeletal muscle, outside the body cavities. Periph-
eral lymph nodes were enlarged in only 3 ferrets
(Nos. 23, 24, and 29). Three cutaneous lymphomas
were diagnosed on skin biopsies, and 2 of these
ferrets (Nos. 1 and 2) were euthanized 9 and
5 months later, respectively, due to physical
deterioration, but no necropsy was performed. In
2 ferrets (Nos. 28 and 29), Hodgkin-like lymphoma
was diagnosed from biopsy of single massively
enlarged lymph nodes (cervical and mesenteric,
respectively) with subsequent progression of the

tumors to multicentric lymphoma. Frequent inci-
dental lesions identified at necropsy were cystic
structures involving the liver (Nos. 1, 2, 4, 5, and
21), kidney (Nos. 17 and 29), or both organs (Nos.
7, 8, and 18).

Laboratory assessment

Hematologic and clinical chemistry data were
available for 27 and 28 ferrets, respectively. At the
time of lymphoma diagnosis, 22 ferrets had
anemia. In 10 ferrets, the anemia was severe and,
in the remainder, it was moderate (n 5 8) or mild
(n 5 4). All anemias were nonregenerative. Five
ferrets were neutropenic (Nos. 8, 10, 15, 17, and
30), and 2 had thrombocytopenia (Nos. 24 and 27).
Neutropenia and thrombocytopenia corresponded
to presence of myelophthisis on postmortem
examination in all but one case. Two ferrets had
lymphocytosis (Nos. 5 and 25), which was diag-
nosed as leukemia based on the presence of
monomorphic large lymphocytes in blood smears.
Three ferrets had hyperglobulinemia and hyper-
proteinemia (No. 3, 16, 21, with total protein
concentrations of 73, 110, and 78 g/L) associated
with T-cell lymphoma and a polyclonal electro-
phoresis pattern in each case. Five ferrets (Nos. 4,
7, 9, 10, and 26) had hypoalbuminemia, which
corresponded to tumor involvement of the small
intestine. Hypoalbuminemia was most severe (8 g/
L) in the animal with primary epitheliotropic
jejunal lymphoma (No. 4). Two ferrets with T-cell
lymphoma had hypercalcemia (Nos. 8 and 9), and 2
ferrets had chronic renal failure (Nos. 23 and 24)
with lymphoma involving kidneys in one animal
(No. 24).

Cytopathology, histopathology,
and immunohistochemistry

Cytologic assessment of tumor aspirates indicat-
ed lymphoma in 11 of 13 cases; one sample was
interpreted as ‘‘plasma cell hyperplasia’’ (No. 25)
and one was considered ‘‘suggestive of lymphoma’’
(No. 3). Most subtypes of lymphoma were initially
diagnosed by cytology, including those subsequent-
ly immunophenotyped as peripheral T-cell lym-
phoma (PTCL), anaplastic large T-cell lymphoma

Table 1. Clinical and laboratory features in ferrets with lymphoma.

Age
(years)

Sex

Hematology (n 5 27) Clinical Chemistry (n 5 28) Concurrent Disease

Male Female Anemia
Neutro-
penia

Leuke-
mia

Low
Albumin

High
Globulin

Hypercal-
cemia

Adrenal
Disease

Insulin-
oma

Organ
Cysts*

0.8–8.5 12 17 22 5 2 5 3 2 27 6 10

*Renal or hepatic cysts.
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(ALTCL), anaplastic large B-cell lymphoma
(ALBCL), or Hodgkin-like lymphoma.
Histopathologically, most (n 5 17) tumors were

composed of cells with small, round to angular
nuclei and a moderate amount of cytoplasm
(Table 2, Fig. 1A–C). On cytopathology, these
tumors were composed of medium-sized cells with
relatively abundant pale cytoplasm, uniform nuclear
size, and lack of mitotic activity (Fig. 1D). Tumor
cells had low mitotic indices and expressed CD3, but
not CD79a, antigens, except for in occasional
‘‘remnant’’ follicles (Fig. 1E, F). Compression and
displacement of small cortical follicles by an
expanding homogenous tumor population appar-
ently arising from paracortical regions was frequent-
ly apparent. A few tumors in this group had medium
to large nuclei. Tumors with these features included
all anatomic distributions and were classified as
PTCL. Lymphomas affecting the skin had a similar
histopathologic appearance, with minimal epider-
mal infiltrates and sparing of adnexal structures and
were, hence, also classified as PTCL.
Five tumors (Nos. 9–12 and 16) were composed

of highly pleiomorphic cells with marked anisokar-
yosis; nuclear shape variability, including folded
and horseshoe-shaped nuclei; and high mitotic
rates (Fig. 2A, B). These tumors expressed CD3
in the large and mitotically active cells and were,

therefore, classified as ALTCL. Four ALTCL were
restricted to abdominal or thoracic viscera, and
one, in addition, extensively involved the central
and peripheral nervous systems.

Four tumors (Nos. 23 and 25–27) with marked
anisokaryosis, frequent nuclear ‘‘blebs,’’ and abun-
dant cytoplasm expressed CD79a but not CD3
antigens and were, therefore, classified as ALBCL
(Fig. 3). These tumors consistently had high
mitotic rates and a predominance of large cells.
One tumor had prominent Golgi zones and a
plasmacytoid appearance (Fig. 3A); 2 others had
faint Golgi zones. All ALBCL involved viscera in
both body cavities, and one, in addition, affected
peripheral lymph nodes. Cytologically, ALBCL
were characterized by marked anisocytosis and
nuclear pleiomorphism (Fig. 3B).

One multicentric lymphoma classified as diffuse
large B-cell lymphoma-centroblastic type (DLBCL-
CB, No. 24) was composed of cells with medium to
large round nuclei, minimal anisokaryosis, high
mitotic rate, and prominent nucleoli (Fig. 4). Cells
had strong CD79a reactivity and complete absence
of CD3 labeling. This tumor was multicentric in
distribution, affecting viscera in both body cavities
and peripheral lymph nodes.

In 2 ferrets (Nos. 28 and 29), biopsy of a
massively enlarged (approximately 3.5 3 2 3 2 cm)

Table 2. Histopathologic features and survival in ferrets with lymphoma.

Tumor Type Location Nuclear Size Mitotic Rate

Mean (range) Survival
Time Per Tumor Type

(months)I

PTCL* (n 5 17) Skin (2) Small Low 5.6 (0.5–14.0), n5 12
Jejunum (1) Small Low
Thoracic cavity (1) Large High
Abdominal cavity (8) Small (7), medium (1) Low
Abdominal and

thoracic cavities (2)
Small (1), medium (1) High

Multicentric (3) Medium (2), large (1) Low (2), high (1)
ALTCL{ (n 5 5) Abdominal cavity (2) Large High 1.0, n 5 2

Abdominal and
thoracic cavities (2)

Large High

Multicentric (1) Large High
ALBCL{ (n 5 4) Abdominal and

thoracic cavities (3)
Large High 12.3 (7–19), n 5 3

Multicentric (1) Large High
DLBCL-CB1 (n 5 1) Multicentric Medium High —
Hodgkin-Like

Lymphoma (n 5 2)
Multicentric Large High 2.5 (2–3), n 5 2

* Peripheral T-cell lymphoma.

{Anaplastic large T-cell lymphoma.

{Anaplastic large B-cell lymphoma.

1Diffuse large B-cell lymphoma, centroblastic.

IExclusive of animals with a diagnosis immediately prior to or after euthanasia.
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Fig. 1. Lymph node; ferret No. 19. Peripheral T-cell lymphoma consisting of small lymphocytes with round to
angular nuclei and a low mitotic rate. HE. Fig. 1A. Bar 5 20 mm. Fig. 1B. Bar 5 20 mm. Fig. 1C. Bar 5 10 mm. The
appearance of tumor cells is similar on cytopathology. Wright’s stain. Fig. 1D. Bar 5 10 mm. Tumor cells are
negative for CD79a and positive for CD3 (Fig. 1E and Fig. 1F, respectively), consistent with T-cell origin. Bar 5
20 mm.

Vet Pathol 45:5, 2008 Ferret Lymphoma 667

 by guest on July 29, 2010vet.sagepub.comDownloaded from 

http://vet.sagepub.com/


Fig. 2. Lymph node; ferret No. 12. Anaplastic large T-cell lymphoma characterized by marked nuclear
pleiomorphism (Fig. 2A. Bar 5 20 mm) with horseshoe-shaped nuclei (Fig. 2B. Bar 5 10 mm). HE.

Fig. 3. Spleen; ferret No. 25. Anaplastic large B-cell lymphoma with marked nuclear variability, frequent
mitoses, and abundant cytoplasm (Fig. 3A. Bar 5 10 mm). HE. Cytologically, there is marked nuclear
pleiomorphism and anisocytosis (Fig. 3B. Bar 5 10 mm). Wright’s stain. Approximately 60% of cells, including
cells with pleiomorphic nuclei, express CD79a and lack CD3 (Fig. 3C and Fig. 3D. Bar 5 20 mm).
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cervical or abdominal lymph node identified large
areas of necrosis; foci of fibrosis; numerous small
lymphocytes; histiocytes; and scattered, very large
uni-, bi-, or multinucleated cells (Fig. 5A–C). These
cells ranged from 40 to 60 mm in diameter, were
frequently in mitosis, had nuclei approximately
20 mm in diameter, and had prominent nucleoli of
approximately 10 mm in diameter (Fig. 5C, D).

They resembled Reed-Sternberg cells as described
in Hodgkin lymphoma of people.21 Sections of
these tumors were subjected to multiple immuno-
histochemical assays, which showed that small
lymphocytes were located toward the periphery of
the mass and consisted of a mixture of CD3-
(Fig. 3E) and CD79a-expressing cells, whereas the
very large cells (the presumed neoplastic popula-

Fig. 4. Lymph node; ferret No. 24. Diffuse large B-cell lymphoma (centroblastic) with replacement of the
normal architecture of the node by a uniform population of medium to large lymphocytes with prominent nucleoli.
Fig. 4A. Bar 5 20 mm. Fig. 4B. Bar 5 20 mm. HE.

Fig. 5. Abdominal mass; ferret No. 28. The mass is encapsulated and has numerous small lymphocytes,
extensive necrosis, and scattered individual large cells (Fig. 5A. Bar 5 100 mm). The large cells are frequently
binucleate, resemble Reed-Sternberg cells with very large nucleoli (Fig. 5B. Bar 5 20 mm), and have a high mitotic
rate (arrows, Fig. 5C. Bar 5 50 mm). The cytologic appearance is similar (Fig. 5D. Bar 5 10 mm). CD3 expression is
prominent among lymphocytes displaced toward the periphery of the mass (Fig. 5E. Bar 5 100 mm). Antibody
BLA3.6 labels rare Reed-Sternberg-like cells and many small lymphocytes (Fig. 5F. Bar 5 100 mm). Fig. 5A–C. HE.
Fig. 5D. Wright’s stain. Fig. 5E and Fig. 5F. Immunohistochemistry with hematoxylin counterstain.

Vet Pathol 45:5, 2008 Ferret Lymphoma 669
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tion) did not express CD3 or CD79a molecules.
The BLA3.6 antibody labeled scattered small and
medium-sized lymphocytes, but the very large cells
were inconsistently labeled (Fig. 5F). Cytokeratin
labeling was absent. Neither CD18 antibody
labeled cells in normal ferret lymph nodes; hence,
they were not used for further characterization of
the neoplastic cells. These tumors were classified as
Hodgkin-like lymphoma due to their similarity to
Hodgkin lymphoma in humans.21 These 2 ferrets
were euthanized 2 and 3 months after diagnosis
due to poor condition and, at necropsy, tumors
with similar histomorphologies were widely dis-
seminated throughout parenchymal organs in both
body cavities and other tissues.
Additional lesions identified either incidentally

or of unknown pathogenicity were cysts involving
liver or kidney. These cysts ranged in diameter
from 2 mm to approximately 2.1 cm, were lined by
a single layer of cuboidal epithelium, and lacked
fibrous connective tissue.

Survival

Survival data for ferrets, exclusive of those where
the diagnosis was made immediately prior to (n5 7)
or after euthanasia (n 5 3), were as follows: Overall
mean survival was 6.0 months (range 0.5–19.0). The
mean survival for ferrets with T-cell lymphoma (n5
14) was 5.0 months (range 0.5–14.0); for ferrets with
B-cell lymphoma (n 5 5), it was 8.4 months (range
2.0–19.0). Ferrets that received chemotherapy with
T-cell lymphoma (n 5 9) survived on average
4.3 months (range 0.5–14.0), and those with treated
B-cell lymphoma (n 5 4) survived on average
8.8 months (range 2.0–19.0). Ferrets not treated
with chemotherapy survived 5.7 months (n 5 5,
PTCL) and 7.0 months (n 5 1, ALBCL). Mean
survival time by morphologic subtype was
5.6 months (range 0.5–14.0) for PTCL (n 5 12),
1 month for ALTCL (n5 2), 12.3 months (range 7–
19) for ALBCL (n5 3), and 2.5 months (range 2–3)
for Hodgkin-like lymphoma (n5 2). The single case
of DLBCL-CB was diagnosed at necropsy (Ta-
ble 2). Thirteen ferrets treated with various single
agent or combination chemotherapy (including
prednisone as the sole therapy) had mean survivals
of 5.3 months (PTCL, n 5 8), 1 month (ALTCL, n
5 1), 15 months (ALBCL, n 5 2), and 2.5 months
(Hodgkin-like lymphoma, n 5 2). Treatment with
cyclophosphamide and vincristine was frequently
associated with therapy-limiting neutropenia.

Discussion

Lymphoma in ferrets in this study occurred
predominantly in middle-aged to older animals,

and comorbidity with chronic adrenocortical hy-
perfunction was present in all except the 2 youngest
individuals. Age was shown a risk factor for
neoplasia in nondomestic ferrets16 and may have
contributed to the development of lymphoma in
ferrets in this study. It is likely that adrenocortical
dysfunction in ferrets is a sequel to early gonadal
removal3 and unrelated to risk for lymphoma. The
frequency of cystic structures in the viscera of
ferrets was somewhat surprising. Cysts were lined
with cuboidal epithelium and, thus, were consid-
ered to be primary cysts rather than posttraumatic
tissue abnormalities.23 Visceral cysts appear to be
relatively common in domestic and black-footed
ferrets and are, most frequently, clinically si-
lent.6,16,18 Anemia in ferrets with lymphoma was
frequent, and detection on routine assessment
might serve as an indicator for in-depth clinical
examination. Overproduction of estrogen in adre-
nal dysfunction may result in bone marrow
suppression; however, in our experience, this rarely
occurs in ferrets treated with leuprolide. Neutro-
penia or thrombocytopenia was present in 7 ferrets
and, in 6 of these, the cytopenia was attributed to
myelophthisis with lymphoma in the bone marrow.
One ferret with neutropenia (No. 9) had a solitary
large thoracic T-cell lymphoma, lack of bone
marrow involvement by tumor, and adrenal disease
treated with leuprolide. The cause for neutropenia
was not identified in this animal. Reduced granu-
locyte proliferation and survival due to formation
of immune complexes and overexpression of
apoptotic mediators occur in certain lymphomas
derived from cytotoxic T cells in people,5 and
similar mechanisms may account for the neutrope-
nia observed in some animals with lymphoma.
Hypercalcemia was only noted in 2 ferrets, both of
which had T-cell lymphoma. Endocrine mediators
increasing serum calcium concentration in ferrets
have not been identified but, presumably, consist of
parathyroid hormone-like substances produced by
the tumor, as in other species. Hyperglobulinemia
was present in 3 ferrets with T-cell lymphoma and
was of a polyclonal nature with increases in the
gamma region on serum electrophoresis. Excess
production of immunoglobulins as a result of
nonspecific stimulation of plasma cells by T-cell–
derived cytokines was the most likely reason
because neither infectious agents nor intestinal
inflammation was identified. Aleutian disease virus
infection can cause profound hyperglobulinemia in
ferrets,20 but was considered an unlikely cause of
hyperproteinemia in this population of pet ferrets.
Other laboratory abnormalities were infrequent.
The age of ferrets with lymphoma, and the
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infrequency of leukemia, were similar to previous
reports.8,11 Leukemia was a more common feature
in ferrets with juvenile lymphoma and mediastinal
masses,7 but this study only included one such
young ferret with multicentric tumor distribution in
addition to a mediastinal mass.
Gastric lymphomas, as previously observed in

association with the site of Helicobacter spp.
colonization,9 were not identified. The cutaneous
lymphomas in ferrets in this study manifested
predominantly with alopecia, persistent pruritus,
skin scaling, and indistinct masses. Epithelial and
adnexal involvement was minimal; hence, these
tumors were not considered to be an epitheliotropic
(mycosis fungoides) type of lymphoma.20 In 2
ferrets with cutaneous lymphoma (Nos. 1 and 2),
necropsy was not performed after euthanasia;
therefore, tumor progression could not be assessed.
However, in the third ferret with an initial
diagnosis of cutaneous lymphoma (No. 3), the
tumor had apparently progressed to multicentric
involvement at necropsy 2 months later. Three
cases allow only very limited conclusions regarding
the natural history of this tumor subtype, but it
appears possible that, in some instances, the
diagnosis of cutaneous lymphoma in ferrets may
be delayed because alopecia and pruritus could be
attributed to endocrine dysfunction.
Enlargement of peripheral lymph nodes was

remarkably uncommon in this series of cases and
probably contributed to lack of early recognition of
cancer by owners. Consistent involvement of
mesenteric lymph nodes, and discovery of ‘‘inci-
dental’’ lymphoma at that site in 2 ferrets
euthanized due endocrine disease, suggested that
this might be the most frequent site of tumor
development. Enlarged mesenteric lymph nodes
may be ultrasonically visualized and palpable and
may, therefore, be amenable to aspiration or
biopsy. Cytologic examination of tumor specimens
was identified as a valuable diagnostic procedure in
this study and may be useful for noninvasive and
early diagnosis of visceral lymphoma in ferrets.
The WHO classification criteria for lymphoma in

animals were reasonably applicable in this case
series.14,22,25 There was variability in nuclear size,
mitotic rate, and degree of organ involvement
among tumors classified as PTCL, which would
suggest that application of additional tumor
features or immunologic markers might identify
subtypes with greater similarity. We identified a
relatively high proportion of anaplastic large cell
tumors, consistent with some,8,11 but not all,13

previous studies in ferrets. It is conceivable that
there is overlap in the morphologic classification of

lymphoblastic and anaplastic large cell lymphoma,
which may account for some of these differences.
Without immunophenotyping, it would not have
been possible to consistently distinguish ALTCL
from ALBCL but, despite the small number of
cases assessed, potentially marked differences
between these 2 lymphoma subtypes in their
natural history and response to therapy may
warrant such distinction.

Hodgkin-like lymphoma in ferrets may be a
discrete clinical and pathologic entity. In humans, 2
distinct entities of Hodgkin lymphoma are recog-
nized: nodular lymphocyte-predominant Hodgkin
lymphoma and classical Hodgkin lymphoma.22

These entities differ in their clinical features,
infection by the Epstein-Barr virus, morphology,
immunophenotype, genetics, and behavior.22 Clas-
sical Hodgkin lymphoma in people is further
subdivided into 4 types according to the presence
of nodular sclerosis and lymphocytes or other
inflammatory cells.24 Hodgkin-like lymphoma in 2
ferrets in this study was diagnosed based on
gradual and massive enlargement of a single lymph
node; replacement of lymph node architecture by a
diffuse mixture of small lymphocytes, histiocytes,
epithelioid histiocytes, and large Reed-Sternberg-
like cells; extensive necrosis; and foci of fibrosis.
The neoplastic cells in human nodular lymphocyte-
predominant Hodgkin lymphoma are thought to
originate from germinal center centroblastic B cells
and, in classical Hodgkin lymphoma, from mature
germinal center B cells.24 Only the former cell type
is associated with expression of the immunoglob-
ulin-associated alpha chain, CD79a.24 Hence, based
on histomorphology and immunophenotype, the
ferret Hodgkin-like lymphomas in this study were
most similar to the mixed cellularity subtype of
classical Hodgkin lymphoma in people.22 Previous
cases of Hodgkin-like lymphoma in ferrets were
described in association with hypereosinophilia4 or
as a type of immunoblastic lymphoma.8 Tumors in
previous reports, and in this study, appeared to
rapidly progress and disseminate and were poorly
chemoresponsive. Although the histomorphology
of this type of lymphoma was unique, immunologic
reagents for definitive identification of Reed-
Sternberg-like cells in ferrets are lacking. Antibody
BLA3.6 was raised against human Reed-Sternberg
cell-associated antigens,15 but binds nonspecifically
to animal B and T lymphocytes. There was
reactivity with small lymphocytes in ferret tumor
sections and with some large, multinucleated cells,
but lack of specificity precluded consistent cell
identification. Heterogeneous tumors composed of
such abundant, presumably nonneoplastic bystand-
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er lymphoid populations may be difficult to
represent adequately on tissue arrays.13 Additional
antibodies reactive with ferret immature B lympho-
cytes, and plasma cells would have been desirable to
further characterize the Hodgkin-like and plasma-
cytoid lymphomas, but are unavailable at this time.
Although findings in this study suggest that some

subtypes of lymphoma in ferrets may have a
relatively protracted disease course, overall only
limited conclusions regarding survival and response
to therapy in ferrets with lymphoma can be drawn
from results reported here. Because animals with a
diagnosis immediately prior to or after euthanasia
were excluded from survival analysis, the actual
survival of ferrets with lymphoma may be shorter
than indicated. Inconsistent veterinary attention
and clinical assessment may have resulted in highly
variable tumor burdens at the time of diagnosis,
and ferrets were treated with a range of chemo-
therapeutic protocols. Studies with uniform diag-
nostic investigations and consistent treatments
would be required to identify objective prognostic
associations with tumor type.
Lymphoma may arise from a wide variety of

lymphocytes with unique and precise anatomic
locations, physiologic functions, and circulatory
patterns. Studies classifying lymphoma based on
identification of single T- and B-lymphocyte
markers will be limited in characterizing the
diversity of such neoplasms. However, until a
greater range of reagents is available for ferrets
and other species, combining laboratory features,
histomorphology, and immunophenotyping may
assist at deriving more accurate prognoses.
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